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ID: PL1, 2015-08-31 10:00 - 10:45, Mozart Room 
 (Plenary) 

Slow neutrons and the early Universe 

Peter Fierlinger1  

1) TU München & Exzellenzcluster ‘Universe’, Boltzmannstr. 2, 85748 Garching

* Peter Fierlinger, peter.fierlinger@tum.de

The neutron is a unique probe for the investigation of fundamental questions in particle physics 
and cosmology. With high measurement precision at extremely low energies, neutrons can be 
used to search for diluted traces of physics that dominated the early Universe, far beyond the 
reach of accelerators. In the next years, a significant boost in the statistical quality of 
experiments is expected, using super-thermal sources of ultra-cold neutrons (UCN) at various 
facilities. A prominent UCN experiment is the search for the neutron’s electric dipole moment 
(EDM) using spin-clock comparisons combined with Ramsey’s method of separated oscillatory 
fields. A non-zero neutron EDM would be a manifestation of yet unknown, broken symmetries 
above the TeV scale, and, in most theories beyond the standard model, an important ingredient 
for the explanation of the matter-antimatter asymmetry of the Universe. Another scientific 
highlight is the demonstration of a gravity-resonance spectroscopy technique, a first step toward 
a Ramsey-like experiment without electromagnetic interactions. This type of measurement 
benefits from the absence of an electron shell surrounding the neutron, e.g. for the investigation 
of interactions at short distances due to new gravity-like forces or possible spin-matter 
couplings. An example of the technological developments necessary for such precise 
measurements is an experimental environment with the smallest magnetic fields on earth. In 
this talk, an overview of this field of research and selected recent developments and ideas will 
be discussed. 
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ID: PL2, 2015-08-31 15:00 - 15:45, Mozart Room 
 (Plenary) 

Studying the oldest and youngest minerals on Earth using neutron powder diffraction 

Paul Schofield1 , Kevin Knight2 , Patricia Doyle3 , Andrew Berry4 , Stephen Covey-Crump5 , 
Joseph Tant5  

1) Department of Earth Sciences, Natural History Museum, UK 2) ISIS Science Division,
Rutherford Appleton Laboratory, UK 3) Department of Geological Sciences, University of Cape 
Town, South Africa 4) Research School of Earth Sciences, Australia National University, 
Australia 5) School of Earth, Atmospheric and Environmental Sciences, University of 
Manchester, UK  

* Paul Schofield, p.schofield@nhm.ac.uk

Some of the oldest materials in the Solar System are the calcium-aluminium-rich inclusions 
(CAIs) found in undifferentiated chondritic meteorites. Hibonite (CaAl12O19), a mineral found 
within CAIs, is thought to be the second major phase to condense from a gas of solar 
composition and is the first mineral to condense that can incorporate significant amounts of 
polyvalent elements such as Ti into its structure. As a result, hibonite has the potential to record 
the conditions present in the early Solar System (or during some later reprocessing event), in 
particular the composition and hence oxygen fugacity (fO2) of the nebular gas. Hibonite exhibits 
the magnetoplumbite structure-type which has five distinct cation sites into which Ti may 
substitute. Ti3+ may substitute directly for Al3+, whereas Ti4+ undergoes a coupled substitution 
with Mg2+ for two Al3+ (Mg2+ + Ti4+ ↔ 2Al3+). Estimates of fO2 determined from spectroscopic 
measurements of Ti in hibonite can be up to 10 times more oxidised than expected, or span 
nine orders of magnitude. Our recent investigation of the substitution mechanism of Ti into 
hibonite using neutron powder diffraction revealed that the crystal chemical model upon which 
these models depend is erroneous. Consequently, fO2 estimates from spectroscopic 
measurements need to be re-evaluated in light of our new crystal chemical model. 

Within tectonically active regions, such as deformation zones, minerals are constantly evolving 
and being recycled. Attempts to further our understanding of the elastic and plastic behaviour of 
polymineralic rocks during deformation are hampered by the fact that usually only whole sample 
properties can be monitored during rock deformation experiments, and so knowledge of how 
each mineral phase contributes to those properties must be inferred from the microstructures of 
the experimental products. However, by performing the deformation experiments in a neutron 
beamline, the elastic strains accommodated by each of the phases present within the sample 
can be monitored as the test proceeds. If the elastic properties of those phases are known, then 
these elastic strains can be converted to stresses, and so the contribution of each phase to the 
overall properties can be monitored during plastic as well as elastic deformation. We have 
performed neutron diffraction experiments of this kind on suites of samples in which the 
deformation remains fully elastic (olivine+magnesiowustite mixtures) and where one of the 
phases undergoes plastic deformation (calcite+halite samples). During the fully elastic part of 
the deformation, the observed behaviour (strain partitioning between phases and the within 
phase stresses) in samples in which the phases are randomly intermixed is well-described by 
various theoretical analyses of the elastic properties of composites. Given this validation of our 
approach, we have extended the experiments to examine the significance of phenomena such 
as load transfer that strongly influence plastic yielding behaviour in microstructurally complex 
polymineralic rocks, and have begun to investigate the properties of protonated, hydrous 
materials that play a critical role in geodynamics. 
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ID: PL3, 2015-09-01 09:00 -  09:45, Mozart Room 
 (Plenary) 

Small-angle neutron scattering in biology: recent developments and future perspectives 
for challenging biomacromolecular complexes 

Frank Gabel1  

1) Insitut de Biologie Structurale and Institut Laue-Langevin, Grenoble, France

* Frank Gabel, frank.gabel@ibs.fr

I will present an overview over recently published work on a number of large and challenging 
multi-subunit protein-protein and protein-RNA complexes. In all cases, small-angle neutron 
scattering (SANS) contributed crucial and unique information that complemented other 
structural biology techniques (crystallography and NMR) and/or biochemical results. 

The examples presented will include the ternary protein-RNA complex Sxl-Unr-RNA (Fig. 1A) 
which is a key player in gene regulation and sexual development [1], the Box C/D complex (Fig. 
1B) which regulates the function of ribosomes by chemically modifying ribosomal RNA [2], the 
TET aminopeptidase which is major component in the destruction pathways of the ensemble of 
proteins (i.e. the proteome) in biological cells [3] and a membrane protein of a pathogen 
involved in whooping cough [4].  

In all four cases, SANS was essential to determine the three-dimensional structures of the 
complexes by defining the respective topology of the individual protein, RNA and detergent 
partners within the complexes and by providing complementary structural restraints with respect 
to other techniques used (crystallography, NMR and biochemistry).  

In the light of these recent examples on important systems I will elaborate on the state-of-the-art 
of combining SANS (and SAXS) information with structural restraints from complementary 
biophysical and biochemical techniques. Finally, I will discuss future perspectives of such hybrid 
approaches and requirements to apply them on a number of important and challenging 
molecular biology systems of biomedical relevance. 

References 

[1] J. Hennig, C. Militti, G.M. Popowicz, I. Wang, M. Sonntag, A. Geerlof, F. Gabel, F. Gebauer, 
M. Sattler (2014) Nature 515(7526) 287-290. 

[2] A. Lapinaite, B. Simon, L. Skjaerven, M. Rakwalska-Bange, F. Gabel, T. Carlomagno (2013) 
Nature 502(7472) 519-523. 

[3] A. Appolaire, E. Girard, M. Colombo, M.A. Durá, M. Moulin, M. Härtlein, B. Franzetti, F. 
Gabel (2014) Acta Crystallogr. D Biol. Crystallogr. 70 (Pt 11) 2983-2993. 

[4] F. Gabel, M.F. Lensink, B. Clantin, F. Jacob-Dubuisson, V. Villeret, C. Ebel. Probing the 
conformation of FhaC with small-angle neutron scattering and molecular modeling. (2014) 
Biophys. J. 107(1), 185-196. 
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ID: PL4, 2015-09-01 09:45 - 10:30, Mozart Room 
  (Plenary) 

A neutron journey in the multipolar world of actinide dioxides: from hidden magnetic 
order to electric quadrupole waves 

Roberto Caciuffo1  

1) European Commission, Joint Research Centre (JRC), Institute for Transuranium Elements
(ITU), Karlsruhe, Germany  

* Roberto Caciuffo, roberto.caciuffo@ec.europa.eu

Strong spin–orbit coupling and the presence of unquenched orbital degrees of freedom are a 
source of complexity in actinide materials, giving rise to a rich variety of phenomena involving 
dipole and higher-order electromagnetic multipole interactions. These interactions influence the 
dynamics of the system and may also drive exotic phase transitions with hidden (non-dipolar) 
order parameters. Fluctuations of multipolar-order parameters, on the other hand, can provide 
the mediating bosons in exotic superconductors or lead to the emergence of novel heavy-
fermion states [1]. 

The first example of hidden order observed in actinides was the one manifested by NpO2. In the 
1950s, a phase transition was observed to occur at 25 K and it took almost 50 years to assess 
that the primary order parameter in this transition is a rank-5 magnetic multipole, a 
triakontadipole, accompanied by the order of electric quadrupoles. A similar arrangement is 
observed also in the ordered phase of UO2, but in that case the primary-order parameter is the 
magnetic dipole, which drives the ordering of electric quadrupoles and induces an internal 
distortion of the oxygen sublattice [2].  

In my talk, I will make a brief summary of the ground-state properties of uranium and neptunium 
dioxides, lingering on the role played by inelastic neutron scattering experiments in revealing 
the multipolar order in these compounds. I will focus, in particular, on issues concerning the 
complex lattice dynamics of UO2, which is strongly affected by quadrupolar interactions 
mediated by phonons (Jahn-Teller) and superexchange mechanisms [3]. Collective excitations 
of the quadrupolar ordered structure in UO2 can be described as quadrupolar waves, 
representing a propagating pattern of charge densities in the form of a modulation of the 
quadrupole moments [4]. Quadrupolar waves are not easily detected and had previously 
remained an elusive entity. The breakthrough in UO2 was obtained by using inelastic neutron 
scattering for measuring the magnetic or phonon components associated with the propagation 
of electric-quadrupole oscillations [5]. The signatures of quadrupolar waves are however subtle, 
and a combination of theory and experiment was crucial to the understanding of the 
phenomenology. 

While such exotic collective excitations are expected to be relatively common in systems with 
active orbital degrees of freedom, UO2 represents the only compound where direct 
measurements exist.  

[1] R. Caciuffo (Ed.), Emergent phenomena in actinides: Multipolar order, correlation effects, 
and unconventional superconductivity, C. R. Physique 15, issue 7 (2014). 
[2] N. Magnani, C. R. Physique 15, 580-586 (2014).  
[3] P. Santini, C. R. Physique 15, 573-579 (2014). 
[4] S. Carretta et al., Phys. Rev. Lett. 105, 167201 (2010). 
[5] R. Caciuffo et al., Phys. Rev. B 84, 104409 (2011). 
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ID: PL5, 2015-09-02 09:00 - 09:45, Mozart Room 
 (Plenary) 

Advanced morphology characterization based on grazing incidence small angle neutron 
scattering 

Peter Müller-Buschbaum1  

1) Technische Universität München, Physik-Department, Lehrstuhl für Funktionelle Materialien,
James-Franck-Str.1, 85748 Garching, Germany  

* Peter Müller-Buschbaum, muellerb@ph.tum.de

The investigation of nanostructures at surfaces, interfaces and in thin films requires dedicated 
analytical techniques, which provide information from a molecular to a mesoscopic scale. [1] 
Grazing incidence small angle neutron scattering (GISANS) overcomes the limitations of 
conventional small-angle neutron scattering with respect to extremely small sample volumes in 
the thin film geometry by the use of the reflection geometry [2-4]. GISANS involves a 
combination of two techniques, GID (grazing incidence diffraction), which uses a reflection 
geometry to obtain surface and near surface sensitive scattering, and SAS (small angle 
scattering), which measures structures of 1 - 100 nm length in normal transmission mode. It is a 
non-destructive structural probe and does not require a special sample preparation. GISANS 
yields excellent sampling statistics (averages over macroscopic regions to provide information 
on nanometer scale) and provides information on particle geometry, size distributions and 
spatial correlations. In GISANS experiments however, the high demand on collimation requests 
the use of high flux sources. 

After a basic introduction to the GISANS technique, several different examples of thin 
nanostructured polymer films are presented, to illustrate the possibilities and challenges of 
GISANS. In addition, the challenges and potentials of time-of-flight GISANS (short TOF-
GISANS), which will be of high interest for the upcoming neutron sources such as ESS, are 
discussed in detail. [5,6] 

References 
[1] A.Hexemer, P.Müller-Buschbaum: Advanced grazing incidence techniques for modern soft 
matter materials analysis (feature article); IUCrJ 2, 106-125 (2015) 
[2] P.Müller-Buschbaum, J.S.Gutmann, M.Stamm, R.Cubitt, S.Cunis, G.von Krosigk, R.Gehrke, 
W.Petry: Dewetting of thin polymer blend films: Examined with GISAS; Physica B 283, 53 
(2000) 
[3] P.Müller-Buschbaum: Grazing incidence small angle neutron scattering: Challenges and 
possibilities; Polymer Journal (invited review) 45, 34-42 (2013) 
[4] P.Müller-Buschbaum, M.Wolkenhauer, O.Wunnicke, M.Stamm, R.Cubitt, W.Petry: Structure 
formation in two-dimensionally confined diblock copolymer films; Langmuir 17, 5567 (2001) 
[5] P.Müller-Buschbaum, E.Metwalli, J.-F.Moulin, V.Kudryashov, M.Haese-Seiller, 
R.Kampmann: Time-of flight grazing incidence small angle neutron scattering - a novel 
scattering technique for the investigation of nanostructured polymer films; Euro. Phys. J. E ST. 
167, 107-112 (2009) 
[6] P.Müller-Buschbaum, G.Kaune, M.Haese-Seiler, J.-F. Moulin: Morphology determination of 
defect-rich diblock copolymer films with time-of flight grazing incidence small angle neutron 
scattering; J. Appl. Cryst. 47, 1228-1237 (2014) 
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ID: PL6, 2015-09-02 09:45 - 10:30, Mozart Room 
  (Plenary) 

Structure/property relationships of advanced electrode materials for rechargeable Li-ion 
batteries. 

Jean Marie TARASCON1  

1) Chimie du Solide-Energie, FRE 3677, Collège de France, 11 Place Marcelin Berthelot, 75231
Paris Cedex 05, France; Réseau sur le Stockage Electrochimique de l’Energie (RS2E), FR 
CNRS 3459, 80039 Amiens, France ALISTORE-European Research Institute, 80039 Am 

* jean-marie Tarascon, jean-marie.tarascon@college-de-france.fr

Li-ion batteries have conquered the world of portable electronics and represent the leading 
technology being considered to power electric vehicles. Besides, they are regarded as serious 
candidates within the field of renewable sources (wind, solar) for balancing their intermittency 
with users’ demands. However, for this technology to support such large volume markets, 
efforts must be focused on increasing their energy density and lowering their costs, while 
considering sustainability issues. This calls, among others, for better positive electrodes, with 
the present research being parted between i) designing new polyanionic compounds presenting 
cost and safety advantages and ii) formulating new layered oxide materials for greater 
capacities. This lecture will address both of them from structural points of view. 

Polyanionic compounds such as LiFePO4 with a 3.45 V Fe+3/F2+ redox couple are intensively 
studied. Therefore in view of increasing this  Fe redox couple we have explored, guided by the 
inductive effect concept, the synthesis of sulfate-based polyanionic compounds and 
uncovered  many new phases whose rich crystal chemistry and attractive electrochemical 
performance will be reported, with the last one being the 4.7V oxysulfate Li2Cu2O(SO4)2 phase. 

Turning to the Li-rich layered oxides of general formula [Li0.2NixCoyMnz]O2, termed as Li-rich 
NMC, they have recently generated great excitement because of their staggering capacities ~ 
270 mAh/g whose origin was remaining unknown. Through a totally new chemical approach and 
complementary analytical techniques (XPS, EPR, Microscopy and neutrons) we demonstrated 
the origin of this extra capacity to be rooted in the cumulative reversibility of both cationic and 
anionic redox processes. We will show how this finding represents a transformational approach 
for creating advanced energy materials not only for energy storage, but also for other energy-
related applications. 
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ID: PL7, 2015-09-03 09:00 - 09:45, Mozart Room  

 (Plenary) 

The role of integration in a highly differentiated scientific landscape 

Helmut Schober1  

1) Institut Laue-Langevin

* helmut schober, schober@ill.fr

There is currently a lot of discussion about how to handle Big Data. However, Big Data is just 
one of the many illustrations of a more fundamental challenge. How can we structure vast 
amounts of acquired factual knowledge in such a way as to avoid suffocation? The tremendous 
growth of knowledge that we are currently witnessing in all fields of science comes at the price 
of ever-increasing specialization. In order to benefit as much as possible from this differentiated 
knowledge, we have no choice but to integrate the various disciplines with each other. This 
requires the condensation of facts into emerging scientific concepts and the transverse 
communication of these concepts. 

Due to their very nature, analytical probes such as neutron scattering find themselves at the 
crossroads of many disciplines and are thus at the heart of this scientific translation exercise. As 
researchers from fields as diverse as geology, archaeology and biology start to make up an 
ever higher proportion of the neutron user base, facilities will need to ensure that they optimize 
their services to accommodate this new generation of users by providing adequate answers to 
their questions in a language that they understand.  

To provide these services, it is essential to anticipate the wider trends that will shape research 
in the various fields. The trend towards specialization is mirrored within the scientific community 
by the drive for researchers to move beyond a general understanding of broad scientific 
concepts towards ever more specific analyses of samples under tightly controlled conditions 
with technological relevance. 

This push towards the particular and away from the universal in material sciences is only set to 
grow as the global scientific community comes under pressure to provide technological 
solutions for the challenges facing society. Neutron science is already playing an important role 
in core fields such as energy storage and computing performance, and is set to play a key part 
in the characterization of new and existing materials for future use. 

I will try to illustrate current trends in neutron science by means of a few selected examples from 
various scientific disciplines. Starting from the current situation, I will give my personal appraisal 
of the challenges facing neutron science in the near future and how we as a community can 
prepare for them. 
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(Walter Hälg Award Ceremony) 

Neutrons as quantum objects 

Helmut Rauch1  

1) Atominstitut, Vienna University of Technology, Vienna, Austria
* Helmut Rauch, rauch@ati.ac.at

Since our 250 kW TRIGA reactor in Vienna become operational in 1962 we become interested 
in elastic scattering and especially in neutron optics. Thus we developed neutron radiography 
and we started new technologies to handle polarized neutrons, where the development an 
electronic spin flip chopper achieved most attention. As a highlight at that time we consider the 
verification of neutron diffraction from ruled gratings [1]. This paved the way to become 
interested in neutron interferometry when we noticed the success of Bonse and Hart in the field 
of X-ray interferometry [2]. In a joint project we could observe the first neutron interference 
fringes in 1974 at our small 250 kW reactor [3]. Afterwards Professor Hans Maier-Leibnitz 
invited us to install such a perfect crystal neutron interferometer at the high flux reactor in 
Grenoble. Since that time neutron interferometry provides new information about basic features 
how particles behave in a quantum environment and it provided the basis of interferometry for 
even heavier particles as atoms, molecules and clusters. Thermal neutrons are a proper tool for 
such investigations since widely separated coherent beams can be produced and manipulated 
individually. Neutrons experience nuclear-, electromagnetic- and gravitational interactions and 
they appear as particle or as waves depending on the experimental situation. The perfect 
crystal silicon interferometer uses the perfect arrangement of the lattice planes for coherent 
beam splitting and coherent superposition (see figure). The 4π- spinor symmetry of fermions [4], 
the spin-superposition law and various gravitational effects have been verified. Topological 
(geometric) phases can be measured and used for advanced wave function reconstruction 
work. Just the geometric phase shows a surprisingly high robustness against any fluctuation or 
dissipation process. This may have consequences on quantum communication and quantum 
information systems. Coherence and decoherence are basic quantum features, which influence 
the dynamical and the topological quantum phases as well. More recent quantum contextuality 
became a new topic, which indicates an intrinsic entanglement of different degrees of freedom. 
In a further step Kochen-Specker phenomena have been investigated which shows stronger 
correlations of basic features in quantum and particle physics than in classical physics. Most of 
the achievements are documented in a recent book [5]. 

[1] H. Kurz, H. Rauch, Z. Physik 220 (1969) 419 
[2] U.Bonse, M. Hart, Z. Physik 190 (1966) 455 
[3] H. Rauch, W. Treimer, U. Bonse, Phys. Lett. 

47 A (1974) 369 
[4] H. Rauch, A. Zeilinger, G. Badurek, A. Wilfing, 

W. Bauspess, U. Bonse, Phys. Lett. 54A 
(1975) 425 

[5] H. Rauch, S.A. Werner, “Neutron Inter- 
ferometry“,2nd Ed. Oxford Univ. Press 2015 

1. H. Rauch and S.A. Werner, "Neutron
Interferometry", Clarendon Press, Oxford
2000 

2. Y. Hasegawa, R. Loidl, G. Badurek, M. Baron,
H. Rauch, Nature 425 (2003) 45

3. S. Filipp, J. Klepp, Y. Hasegawa, C. Plonka-
Spehr, U. Schmidt, P. Geltenbort, H. Rauch,
Phys. Rev. Lett. 102 (2009) 030404
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  (Plenary) 

Magnetic crystallography: a novel framework for the analysis of magnetic structures. 

J. Manuel Perez-Mato1  

1) Universidad del País Vasco, UPV/EHU

* J Manuel  Perez-Mato, wmppemam@lg.ehu.es

In recent years two important developments have opened a new path for the characterization of 
magnetic structures. Firstly, computer-readable listings of the magnetic space groups 
(Shubnikov groups) have been made available. Secondly, the superspace formalism (the 
standard approach to the quantitative description of nonmagnetic incommensurate structures) 
has been extended in detail to incommensurate magnetic structures. These steps have been 
the basis for the development of a series of computer tools that allow an efficient and 
comprehensive application of symmetry properties to the analysis of commensurate and 
incommensurate magnetic phases. 

The fundamental concepts, on which these computational instruments are based, will be briefly 
reviewed with various examples. Special focus will be placed on the programs available online 
at the Bilbao Crystallographic Server (http://www.cryst.ehu.es). It will be shown how the 
systematic application of symmetry properties, considering either a magnetic space group for 
commensurate structures, or a magnetic superspace group in the case of incommensurate 
ones, can be employed not only to store and retrieve in a robust and unambiguous form any 
magnetic structure, but also to predict their tensor properties without appealing to any specific 
atomistic mechanism. This is especially important in the investigation of multiferroic properties. 
This symmetry-based crystallographic approach also permits the exploration of the possible 
magnetic orderings associated with one or more propagation vectors in a form that 
complements and goes beyond the traditional representation method. A principle of maximal 
symmetry underlies most of the observed magnetic configurations, and this in general implies 
symmetry constraints on the magnetic ordering that cannot be explained by the assignment of 
an irreducible representation, if this is multidimensional. 

Another important step in the direction of an efficient archiving and unambiguous exchange of 
magnetic structure information is the development by the IUCr of the so-called magCIF file 
format, i.e. an extension of the CIF (Crystallographic Information File) format, which in its 
preliminary form is being supported by the new symmetry-based computer tools, and by some 
popular crystal visualization programs. In this framework an incipient database of 
commensurate and incommensurate magnetic structures is being developed at the Bilbao 
Crystallographic Server, where all the examples to be discussed in this talk will be found. 
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From water molecules to amyloid fibrils:exploring the structural dynamics of biological 
matter by neutron (and X-ray) scattering 

 
Giorgio Schirò1  
 
1) CNRS – Institut de Biologie Structurale, Grenoble (France)  
* Giorgio Schiro, giorgio.schiro@ibs.fr 

Proteins are the molecular machines of living systems. Understanding how biological matter 
functions requires the study of proteins at work. Neutron scattering is a powerful technique for 
protein biophysics because it is able to probe such biological macromolecules with atomic detail 
and on the time scale of relevant functional motions. Protein structural fluctuations at equilibrium 
can be measured and they reveal the presence of highly anharmonic dynamics which is 
deemed to be essential for function. An approach based on the study by neutron scattering of 
protein systems at different levels of increasing structural complexity, from single amino acids to 
homopeptides and up to native proteins and large supramolecular assemblies allowed us 
mapping the molecular origin of the different anharmonic onsets in proteins. The use of protein 
perdeuteration and of synthetic model systems enabled us to reveal the physical basis of the 
essential role played by water molecules on the protein surface, the so called hydration water, 
in promoting the activation of anharmonic dynamics. The possibility of challenging the exclusive 
importance of water by fully replacing it with a polymer matrix was also explored. The 
complementary use of time-resolved X-ray scattering at a free electron laser allowed us 
unveiling the nature of the ultrafast out-of-equilibrium dynamical counterpart of the equilibrium 
dynamics probed by neutron scattering. 

References 
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Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Keynote) 

New capability & increased efficiency in Sample Environment provision 

Eddy Lelievre-Berna1 , Helmut Schober1 , Charles Simon1  

1) Institut Laue Langevin
* Eddy Lelièvre-Berna, lelievre@ill.eu

Sample Environment (SE) becomes increasingly a limiting factor in neutron experiments. To 
maintain its leading capabilities and not fall behind its own neutron instrumentation, ILL 
reinvests in its SE provision. 

We presented 4 years ago in Prague a “sample environment roadmap for ILL future” covering 
the areas of soft matter, low/high temperature, high pressure and high magnetic field. As the 
scientific programme is constantly changing, we have adopted a dynamic approach when 
setting priorities, and today we are glad to present the first results of efforts performed in fruitful 
cooperation with colleagues from other neutron facilities and experts from companies and 
research laboratories: 

New capability: 

 Quartz-glass cells optimised for investigating liquid-liquid interfaces.
 2 and 6 kbar pressure cells for investigating biological samples on back-scattering

spectrometers. The sample container is parallelipedic to simplify data analysis.
 5 kbar pressure cell for SANS and NSE which is very simple to operate and providing

30° scattering angle to Ø6 mm incident beam (close collaboration with LLB).
 Uniaxial low-pressure sample stick to de-twin crystals inside cryostats.
 Goniostick to orient single crystals inside top-loading cryostats and cryomagnets.
 Cryocradle to orient single crystals in the zero-field chamber of Cryopad.
 11 Tesla vertical field cryomagnet for TOF/IN5 (built by Cryogenic, available in 2016).
 40 Tesla pulsed field cryomagnet to pave the way for the investigations of materials

bearing small magnetic moments (close collaboration with LNCMI-Toulouse, CNRS &
CEA Grenoble).

Increased efficiency: 

 New humidity chamber with the ability to reach humidity environments extremely close
to saturation over a wide temperature range (close collaboration with HZB).

 New stopped-flow observation head reducing the sample preparation time and cost and
improving the temperature stability (close collaboration with ISIS).

 Upgrade of the IN5 cryostat and IN16B cryofurnace to reduce the time taken for
changing temperature (gain factor of 3).

 Upgrade of the 110 mK gravity-insensitive dilution refrigerator of D10 to improve the
autonomy and the temperature stability (close collaboration with CNRS Grenoble).

 Upgrade and automatization of some devices to secure the very high efficiency of the
helium recovery system (95.5% helium recovered over the past 7 years i.e. 120 k€
saved per cycle).

This is the beginning and many other sub-projects will follow within the framework of the 
Endurance project. 
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Magnetism, Superconductivity and other Electronic Phenomena 

 (Keynote) 
 

The extraordinary magnetic properties of some Cu2+ ribbon chain systems 
 
Reinhard K. Kremer1  
 
1) Max Planck Institute for Solid State Research, Stuttgart, Germany  
* Reinhard K. Kremer, rekre@fkf.mpg.de 

The magnetic properties of antiferromagnetic quantum spin-chains with competing nearest-
neighbor (NN) and next-nearest-neighbor (NNN) spin-exchange interactions have attracted 
particular attention since they may exhibit unusual magnetic properties. Of special interest are 
systems that develop incommensurate helicoidal magnetic ordering which can e.g. induce 
multiferroic behavior. This has been observed in a number compounds containing CuX2 ribbon 
chains (see Figure). The ribbon chains form when Jahn-Teller distorted anion octahedra 
surrounding the Cu2+ cations (3d9 electronic configuration with spin S = 1/2) are linked via 
opposite edges of their basal planes to form infinite aggregates. In such ribbon chains, NN spin 
exchange interaction via a Cu - X - Cu bond with bonding angle close to 90° is small and 
typically ferromagnetic so that NNN spin exchange interaction via two intermediate anions can 
dominate the spin exchange interactions. In my lecture I shall review our recent research on 
such ribbon chain compounds and discuss especially some cases where neutron scattering 
helped to reveal the unusual magnetic features of such systems. 
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Health and Life Sciences 

 (Keynote) 

Neutron Spin Echo experiments provide novel insight on the diffusion of proteins in 
crowded solutions 

 
Saskia Bucciarelli1 , Lucia Casal-Dujat1 , Peter Schurtenberger1 , Jin-Suk Myung2 , Shibananda 
Das2 , Gerrit Vliegenthart2 , Roland G. Winkler2 , Gerhard Gompper2 , Olaf Holderer3 , George 
Thurston4 , Bela Farago5 , Anna Stradner1  
 
1) Division of Physical Chemistry, Lund University, Lund, Sweden 2) Forschungszentrum Jülich, 
Jülich, Germany 3) JCNS Outstation at MLZ, Garching, Germany 4) Department of Physics, 
Rochester Institute of Technology, Rochester, USA 5) Institut Laue-Langevin, Grenoble, France  
* Anna Stradner, anna.stradner@fkem1.lu.se 

Diffusion of proteins in cells is essential, as it strongly influences the cellular machinery through 
numerous processes such as signal transmission or reactions between proteins. In a dense and 
crowded environment such as the cell, an individual protein will feel the presence and 
interaction potential of all the surrounding proteins. One has realized that there is thus a need to 
extend the commonly done investigations of protein interactions in dilute solutions and mixtures, 
and tackle the problem of measuring, understanding and predicting the diffusion of proteins 
under crowded conditions. Here we demonstrate that neutron spin echo (NSE) is an ideal 
technique to study protein dynamics on the required length and time scales. We present results 
for the short and long time diffusion of different protein solutions up to very high concentrations 
similar to those found in living cells. We combine NSE with complementary techniques such as 
small-angle neutron and x-ray scattering, dynamic and static light scattering, and rheology. We 
demonstrate that an application of colloid models, together with appropriate theoretical and 
simulation tools that allow to incorporate direct and hydrodynamic interactions, provides detailed 
insight into the dynamics of crowded protein solutions and mixtures. We in particular highlight 
the dramatic effects of weak attractive interactions known to exist between many globular 
proteins on the short time diffusion, and point out the enormous consequences that they can 
have on many cellular processes. 
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Glasses and Liquids 

 (Keynote) 
 

Effective temperatures and scattering cross sections in water mixtures determined by 
Deep Inelastic Neutron Scattering 

 
Javier Dawidowski1  
 
1) Comisión Nacional de Energía Atómica, Consejo Nacional de Investigaciones Científicas y 
Técnicas, Argentina  
* Javier Dawidowski, jdawidowski@gmail.com 

Besides its well-known application in the study of momentum distributions, Deep Inelastic 
Neutron Scattering (DINS) allows a direct measurement of the effective temperatures of the 
atoms that compose the sample, a magnitude of particular importance in Nuclear Engineering 
since it is at the core of nuclear reactors calculations. Also, the peak intensities have a direct 
relationship with the scattering cross sections and the sample composition, that allows also a 
study of direct impact in Applied Physics such as the mass-selective neutron spectroscopy [1]. 
Both topics, open new prospects for the DINS technique aimed at applied research.  
 
In this talk, we will refer to the analysis carried out to determine effective temperatures in 
mixtures of light water and heavy water  by a direct analysis of the time-of-flight spectra on 
individual detectors, without going through the intermediate step of transformation into the y-
scale. We will comment about the direct applications of these determinations  in Nuclear 
Engineering. This kind of analysis is well suited to small- and medium size- neutron facilities, 
where the DINS technique proved to be feasible, even when a small number of detectors is 
available. 
 
We will also revisit the old topic of the DINS technique about the peak intensities observed in 
water samples, and its relation with the scattering cross sections of the atoms [2]. We show a 
full agreement with tabulated cross sections, thus adding support to the idea of mass-selective 
neutron spectroscopy. 

[1] M. Krzystyniak, A. G. Seel, S. E. Richards, M. J. Gutmann and F. Fernandez-Alonso, Mass-
selective Neutron Spectroscopy Beyond the Proton Journal of Physics: Conference Series, 571, 
012002, (2014). 

[2] J. J. Blostein,  L. A. Rodríguez Palomino, and J. Dawidowski, Phys. Rev. Lett. 102, 097401, 
(2009). 
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Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Keynote) 

A Neutron Microscope for Energy and Materials Research 

 
Daniel S. Hussey1 , David L. Jacobson1 , Muhammad Muhammad1 , Boris Khaykovich2 , Mikhail 
Gubarev3  
 
1) Physical Measurement Laboratory, National Institute of Standards and Technology, 100 
Bureau Dr. MS 8461, Gaithersburg, MD 20899, USA 2) Nuclear Reactor Laboratory, 
Massachusetts Institute of Technology, 77 Massachusetts Ave., Cambridge, MA 02139, USA 3) 
Marshall Space Flight Center, 320 Sparkman Drive, Huntsville, AL 35805, USA  
* Daniel S Hussey, daniel.hussey@nist.gov 

Neutron imaging is a rapidly evolving in terms of contrast mechanisms and application space. 
One of the fundamental limits of imaging is the need to collimate the beam in order to achieve 
high spatial resolution due to the traditional pinhole optics geometry. NIST, in collaboration with 
MIT and NASA are developing axisymmetric reflective neutron mirrors that act as a true neutron 
image-forming lens. The mirrors are based on Wolter optics which are widely used in x-ray 
telescopes. NASA has developed a mirror fabrication method for thin nickel foils which can be 
readily adapted for use with neutrons. These optics are achromatic and the Wolter optic 
prescription cancels coma so that good off-axis imaging is possible. With such a lens, it is 
expected that the time resolution will increase by a factor of up to 100 (10 s exposure times 
instead of 20 min for high resolution imaging), the spatial resolution can be improved by 
magnification to reach 1 µm imaging resolution, and large separation distances between beam 
line components will mean one can realize high spatial resolution even when the sample is 
inside a bulky sample environment. Details and status of the optics development as well as a 
short overview of the new cold neutron imaging instrument at NIST will be discussed. 

Figure . Images of a pinhole mask in Gd, left, standard geometry, right, Wolter optics image with 
magnification of 4. 
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Magnetism, Superconductivity and other Electronic Phenomena 

 (Keynote) 
 

Chemical control of the compositions, structures and properties of iron-based 
superconductors and related materials. 

 
Simon Clarke1  
 
1) Department of Chemistry, University of Oxford  
* Simon Clarke, simon.clarke@chem.ox.ac.uk 

This lecture will discuss the chemical control of the compositions, crystal structures and 
properties of several transition metal chalcogenide materials. In one strand of the talk synthetic 
methods for realising new members of the class of iron-based superconductors will be 
described. One focus will be on compounds containing iron selenide layers with electropositive 
metals and small molecules, notably ammonia, in the interlamellar space, which have been 
characterised using neutron diffraction investigations [1,2] and in-situ X-ray powder diffraction 
investigations carried out during synthesis [2]. A second focus of this strand will be on a series 
of related hydroxide selenide compounds. Here the ability to control the composition 
continuously through soft chemical synthesis enables the electronic and structural factors which 
dictate whether or not layered iron selenides superconduct to be examined and tested [3]. A 
second strand of the talk will describe soft chemical control of the structures and properties of a 
series of layered oxide chalcogenides in which the composition of a coinage metal (Cu or Ag) 
chalcogenide layer is controlled using redox chemistry to control the electronic and 
magnetic  properties of an intervening transition metal oxide layer. The importance of probing 
these compounds using neutron and synchrotron sources will be emphasised. 

 
References 

[1] M. Burrard-Lucas et al., Nature Materials 12, 15 (2013). 
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Health and Life Sciences 

 (Keynote) 

Joint neutron and NMR structural studies of tyrosine: implications for enzyme-mediated 
proton transfer. 

Ryszard Michalczyk1 , Clifford Unkefer1 , John Bacik1 , Tobias Schrader2 , Andreas 
Ostermann3 , Andrey Kovalevsky4 , Robert McKenna5 , Zoë Fisher6  

1) Bioscience Division, Mailstop G758, Los Alamos National Laboratory, Los Alamos, NM
87545 USA 2) Jülich Center for Neutron Science, Forschungszentrum Jülich GmbH, Outstation 
at MLZ, Lichtenbergstr. 1, Garching, 85747, Germany 3) Heinz Maier-Leibnitz Zentrum (MLZ), 
Technische Universität München, Lichtenbergstr. 1, Garching, 85748, Germany 4) Biology and 
Soft Matter Division, Oak Ridge National Laboratory, Oak Ridge TN, USA 5) Department of 
Biochemistry and Molecular Biology, P.O. Box 100245, University of Florida, Gainesville FL, 
32610 6) Scientific Activities Division, European Spallation Source, 24 Tunavagen, Lund 22100, 
Sweden  
* Zoe Fisher, zoe.fisher@esss.se

Proton transfer is a fundamental mechanism at the core of many enzyme-catalyzed reactions. 
Fast and efficient proton transfer is exquisitely sensitive to a number of factors, including pH, 
electrostatics, proper active site geometry and chemistry. Carbonic anhydrase has evolved a 
very fast and efficient way to conduct protons through a combination of hydrophilic amino acid 
side chains that coordinate a highly ordered hydrogen-bonded water network. Our most recent 
work uses a powerful approach, combining NMR solution studies with neutron protein 
crystallography, to study the effect of pH and divalent cations on key residues and how they 
modulate ultra-fast proton transfer. Human carbonic anhydrase II (HCA II) uses a Zn-bound OH-

/H2O mechanism to catalyze the reversible hydration of CO2. HCA II uses a rate-limiting proton 
transfer step during catalysis. Proton transfer is thought to occur through a series of highly 
ordered water molecules that are coordinated by hydrophilic active site residues. One of these 
residues, Tyr7, was previously shown to be deprotonated in the neutron crystal structure at pH 
10. This suggested that Tyr7 has a perturbed pKa compared to other tyrosines. To further probe
the pKa of this residue, NMR spectroscopic measurements of HCA II were preformed in 
conjunction with complementary neutron crystallographic studies. Our data represents a 
detailed interrogation of all tyrosines in HCA II over a broad pH range, and with/without metal in 
the active site. Results show a significantly perturbed pKa for Tyr7 and implies pH and proximity 
to Zn as major modulators of hydrogen bonding interactions. The results have broad 
implications for our understanding of proton transfer and how subtle changes in ionization and 
hydrogen-bonding interactions can modulate enzyme catalysis. 
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Cultural Heritage and Archaeometry 

 (Keynote) 
 

Non destructive quantitative determination of the manufacturing methods of ancient 
Indian swords through neutron diffraction and neutron tomography 

 
Francesco Grazzi1 , Alessio De Francesco2 , Elisa Barzagli1 , Filomena Salvemini3 , Antonella 
Scherillo4 , Burkhard Schillinger5 , Alan Williams6 , David Edge6 , Marco Zoppi1  
 
1) Consiglio Nazionale delle Ricerche, Istituto dei Sistemi Complessi, Sesto Fiorentino, Italy 2) 
Consiglio Nazionale delle Ricerche, Istituto Officina dei Materiali c/o OGG, Grenoble, France 3) 
Bragg Institute, Australian Nuclear Science and Technology Organisation (ANSTO), Lucas 
Heights NSW, Australia 4) Science and Technology Facility Council, ISIS Neutron Source, 
Didcot, UK 5) Technische Universitaet Muenchen, Forschungsneutronenquelle Heinz Maier-
Leibnitz (FRM II), Garching, Germany 6) The Wallace Collection, London, UK  
* Francesco Grazzi, francesco.grazzi@isc.cnr.it 

Indian blades were famed in literary and history accounts since Greek and Roman time for their 
attractive combinations of ductility and high impact hardness, together with a stunning 
superficial pattern. Over time the Indian arms technology passed to the Persians and from them 
to Arabs who spread it through the Middle East and lately Europe. Unfortunately, the ancient 
manufacturing technique is a lost art and the date of the last blades produced with the highest-
quality feature is uncertain, but is probably around the 18th century. 
The analysis of the micro-structural features of ancient Indian swords has been carried out by 
neutron diffraction and neutron tomography. The results provide a clear identification of the 
different types of steel used to produce such weapons. Among them, only a small proportion of 
the large number of swords produced in India were made of the hypereutectoid textured steel, 
namely wootz, also known as “Damascus steel”. The others present characteristics very similar 
to those of European swords produced in the same period, including composites of low and 
high carbon steels assembled together and in the application of thermal treatments. 
Neutron diffraction analysis was applied to a group of eight swords and their micro-structural 
and compositional characteristics were all identified non-destructively, revealing the use of 
strongly differentiated construction materials in producing the swords, from low carbon steel for 
the cheapest weapons to the highly refined and peculiar micro-structural features of at least one 
kind of wootz steel. Four of these swords were analyzed using neutron tomography in both 
white beam and in energy selective configurations permitting the determination of the spatial 
distribution of the iron and steel components within the swords and the size and orientation of 
the ferrite and cementite grains in the wootz. 
These results are an important starting point in leading to comprehension of the metal selection 
and the forging procedures used to produce swords made of wootz. This is a further proof of the 
validity of the use of neutron techniques for the non-destructive  yet quantitative characterization 
of ancient metal artifacts. 
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 (Keynote) 
 

The challenges of an imaging instrument at ESS 
 
Markus Strobl1  
 
1) European Spallation Source ESS AB  
* Markus Strobl, markus.strobl@esss.se 

While neutron imaging has proven its vast potential for scientific and industrial applications at 
continuous sources, neutron imaging taking advantage of a pulsed source and hence time-of-
flight (ToF) methods is a new field unlocking yet unexplored methods and fields of applications. 
Within the last decade various novel imaging modalities have been developed taking advantage 
of wavelength resolution and in particular of scattering information amenable in addition to 
conventional real space image resolution (Fig. 1). Hence, neutron imaging is not only revealing 
macroscopic inner structures of different material compositions or densities anymore, but also 
inhomogeneities of crystalline structure and phase, corresponding structural transitions, 
magnetic phenomena as well as microscopic structural behavior in space and time. An 
optimized imaging instrument at the ESS long pulse source will have the unique potential to 
cover all these areas with highest efficiency and performance by taking advantage not only of 
the high time averaged flux but also the flexibility provided by the source time structure for a 
versatile instrument. However, exploiting such potential through an instrument that will be the 
first of its kind does not only require significant efforts in developing corresponding methodical 
approaches but also sets an unusual range of requirements for the instrumentation. Such a 
versatile ToF instrument as designed in the ODIN project at ESS in many instrumentation 
aspects and technical solutions compares to scattering instruments rather than to a 
conventional imaging station at a continuous source and therefore constitutes a novel 
instrumentation challenge in this field. 
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Magnetism, Superconductivity and other Electronic Phenomena 

 (Keynote) 

Chiral helimagnet through the polarized probes 

 
Jun-ichiro Kishine1 , Alexander Ovchinnikov2  
 
1) The Open University of Japan 2) Ural Federal University  
* Jun-ichiro Kishine, kishine@ouj.ac.jp 

Symmetry-broken states with incommensurate modulation have attracted considerable attention 
in condensed-matter physics. Typical examples are charge- and spin-density waves in metals, 
magnetic structures in insulators, helicoidal structures in liquid crystals, and superconducting 
states with spatially non-uniform order parameters. In spite of differences in microscopic origins, 
their physical properties are universally characterized by macroscopic phase coherence of the 
condensates and collective dynamics associated with them. In particular, the condensates with 
multi-component order parameters are of special importance, because they have orientational 
degrees of freedom in physical space. Consequently, not only amplitude but phase of the order 
parameter can exhibit long-range-order. 

In a magnetic crystal belonging to a mono-axial (tetragonal, hexagonal, or trigonal) chiral space 
group, competition of the Dzyaloshinskii-Moriya interaction and ferromagnetic exchange 
interaction causes a helical magnetic arrangement with definite vector chirality. The most 
intriguing property of chiral helimagnet is that there appears a nonlinear regular lattice of spin 
magnetic moments under weak magnetic field applied perpendicular to the helical axis. This 
state, called chiral soliton lattice (CSL), is an extremely robust topological ground state, where 
magnetic topological charges condense into regular lattice[1]. In this presentation I present 
physical properties of the CSL from theoretical viewpoints[2-7]. In particular, I will stress that 
chiral degrees of freedom couple with any polarized probe such as neutron, X-ray, muon and 
ultrasound. I will review how these probes detect chiral magnetic structures and novel dynamics 
associated with them, with special emphasis on neutron scattering experiments. 

Refs. 
[1] Y.Togawa, T.Koyama, K.Takayanagi, S.Mori, Y.Kousaka, J.Akimitsu, S.Nishihara, K.Inoue, 
A.S.Ovchinnikov, and J.Kishine, Phys.Rev.Lett.108, 107202 (2012), selected as APS 
Spotlighting Exceptional Research on March 5, 2012. 
[2] I.G.Bostrem, J.Kishine and A.S.Ovchinnikov, Phys.Rev.B78, 064425(2008) 
[3] A.B.Borisov, J.Kishine, I.G.Bostrem, and A.S.Ovchinnikov, Phys.Rev.B79, 134436(2009) 
[4] J.Kishine and A.S.Ovchinnikov, Phys.Rev.B79, 220405(R) (2009) 
[5] J.Kishine, A.S.Ovchinnikov, and I.V.Proskurin, Phys.Rev.B82, 064407 (2010) 
[6] J.Kishine, I.V.Proskurin and A.S.Ovchinnikov, Phys.Rev.Lett. 107, 017205 (2011) 
[7] J.Kishine, I.G.Bostrem, A.S.Ovchinnikov, and Vl.E.Sinitsyn,Phys.Rev.B89, 014419 (2014) 
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Small-angle neutron (SANS) and X-ray (SAXS) scattering are complementary techniques 
largely exploited to determine the structure of complex biological macromolecules in solution, 
such as proteins or protein assemblies. Since proteins in solutions are randomly oriented 
particles, the scattering signal is purely one-dimensional so that the basic challenge is to 
develop methods able to extract the most reliable three- dimensional structure from 
experimental data. Different strategies can be followed to increase the information provided by 
scattering experiments and to restrict the number of possible structures that can equally fit the 
data. A first choice is to perform both SANS and SAXS experiments on the same system, 
allowing two complementary interaction mechanisms: neutrons with atomic nuclei (with different 
power for the isotopes of the same element) and photons X with the electron clouds of atoms, 
respectively. To restrict the number of possible structures that can equally fit experimental data, 
it is important to develop analysis strategies that take into account the structure of domains or 
sub-domains of the macromolecules that are already avail- able. Very often biological 
macromolecules in solutions are polydisperse systems and the relative amount of the different 
species or conformations is dictated by thermodynamic rules. To solve the complexity of such 
systems, the more advanced analysis methods deal with batches of SANS and/or SAXS curves 
recorded on different chemical-physical conditions (temperature, pressure, concentration, pH, 
ionic strength, etc.) and, by adopting a proper thermodynamic view point, make it possible to 
simultaneously extract the lacking structural information together with the most relevant 
thermodynamic parameters. 

Two examples of the application of these concepts to the analysis of solution proteins will be 
shown. The first example regards the description of the solvation properties of lysozyme in 
water/ethanol mixtures [1], which has been obtained by a simultaneous analysis of SANS and 
differential scanning calorimetry (DSC) experiments. All data have been analysed by the genfit 
software tool [2], which make it possible to apply the exchange equilibrium model between 
water and ethanol molecules at the protein surface and activity coefficients data of 
water/ethanol binary mixtures. 

The second example reports a combined SANS and SAXS study of the structure of the 
hemocyanin from Octopus vulgaris, a decameric protein that shows a particular self-assembling 
pattern. Data have been analysed with the quafit software, which has been specifically designed 
for determining the quaternary structure of proteins assemblies [3, 4]. Asymmetric monomers, 
formed by rigid domains of known atomic structure and flexible linkers of known sequence, are 
assembled according to a point group symmetry combined with a screw axis. In order to avoid 
any overlap among domains, the “contact distance” between two asymmetric domains is 
determined as a function of their orientation by a novel algorithm. As a results the structure of 
the decamer and the distribution of its dissociation products have been determined. 

[1] M. G. Ortore, P. Mariani, F. Carsughi, S. Cinelli, G. Onori, J. Teixeira, and F. Spinozzi, J. 
Chem. Phys. 135, 245103 (2011). 
[2] F. Spinozzi, C. Ferrero, M. G. Ortore, A. D. M. Antolinos, and P. Mariani, J. App. Cryst. 47, 
1132 (2014). 
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[3] F. Spinozzi and M. Beltramini, Biophys. J. 103, 511 (2012). 
[4] F. Spinozzi, P. Mariani, I. Miˇceti´c, C. Ferrero, D. Pontoni, and M. Beltramini, PLOS one 7, 
e49644 (2012). 
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Exchange bias (EB) is the interfacial coupling between a ferromagnet (FM) and an 
antiferromagnet (AFM). It induces a unidirectional magnetic anisotropy in the FM upon cooling 
in a magnetic field. Since its discovery, this phenomenon has been widely studied in bilayers, 
core-shell clusters, and patterned films. Neutron reflectivity has played an important role in the 
study of exchange bias, in particular for the identification of the unusual asymmetry in the 
magnetization reversal mechanism that is present in e.g. Co/CoO and Fe/FeF2. Recently we 
explored a new approach, namely EB systems produced by oxygen ion implantation into Co thin 
films [1]. The oxygen implantation leads to the local formation of antiferromagnetic CoO buried 
within the ferromagnetic Co layer, thus creating multiple internal FM/AFM 
interfaces.  Implantation typically leads to a Gaussian depth profile of the local oxygen 
concentration and, hence, of the amount of CoO formed.  Polarized neutron reflectivity allows to 
reconstruct the magnetization depth profile in such an implanted system.  

Ferromagnetic Co layers with a thickness of 100 nm were prepared by molecular beam epitaxy. 
These layers were implanted with oxygen ions using an implantation energy of 60 keV.  A 
strong exchange bias shift is observed once a minimum oxygen fluence has been implanted. 
Both the shift and broadening of the hysteresis loop enhance with increasing fluence, a trend 
that saturates above a value of 2.0×1017 O/cm2 [2]. We have investigated the correlation 
between the implantation depth profile and the magnetic depth profile using specular polarized 
neutron reflectometry (PNR) and found that the local Co magnetization varies in depth as a 
result of the Gaussian-like implantation profile [3, 4]. PNR experiments also indicated that the 
implanted exchange bias system does not have the asymmetric magnetization reversal modes 
typically observed in Co/CoO bilayers. Optimizing the film growth and implantation parameters, 
it has become possible to obtain a more uniform implantation profile, in turn leading to a more 
homogeneous magnetic depth profile.  Furthermore, performing ion implantation on 
lithographically prepared shadow masks allows to make laterally modulated EB systems, which 
were characterized by off-specular neutron reflectivity. 

[1] J. Demeter, J. Meersschaut, F. Almeida, S. Brems, C. Van Haesendonck, A. Teichert, R. 
Steitz, K. Temst and A. Vantomme, Appl. Phys. Lett. 96, 132503 (2010) 
 
[2] J. Demeter, E. Menéndez, K. Temst and A. Vantomme, J. Appl. Phys. 110, 123902 (2011) 
 
[3] J. Demeter, E. Menéndez, A. Schrauwen, A. Teichert, R. Steitz, S. Vandezande, A.R. 
Wildes, W. Vandervorst, K. Temst and A. Vantomme,  J. Phys. D – Appl. Phys. 45, 405004 
(2012) 
 
[4] E. Menéndez, T. Dias, J. Geshev, J.F. Lopez-Barbera, J. Nogués, R. Steitz, B.J. Kirby, J.A. 
Borchers, L.M.C. Pereira, A. Vantomme, and K. Temst, Phys. Rev B 89, 144407 (2014) 
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This year Helmholtz-Zentrum Berlin (HZB), Germany, launches a high field facility for neutron 
scattering. Its main components, the High Field Magnet (HFM) and the Extreme Environment 
Diffractometer (EXED), have been successfully tested and now are going into joint 
commissioning. After its completion the facility will enable elastic neutron scattering experiments 
in magnetic fields up to 26 T and temperatures down to 0.5 K. In addition, an inelastic mode of 
operation is foreseen and being under construction. 
The HFM is a horizontal-field hybrid magnet, designed and constructed in collaboration with the 
National High Magnetic Field Laboratory (Tallahassee, USA). It enables not only novel 
experiments but it is at the forefront of development in magnet technology itself. With a set of a 
superconducting cable-in-conduit coil and resistive coils, maximum fields between 26 T - 31 T 
can be reached for cooling power between 4 and 8 MW for the resistive part. The inner resistive 
coil provides a conical room temperature bore at each end to allow neutron scattering up to 
±15° off the beam axis. At the end of 2014, after 7.5 years of design and construction, the High 
Field Magnet reached the maximum current of 20 kA and full field of 26.2 T. The magnet is 
equipped with a dedicated 3He cryostat that enables cooling samples as large as 13x13 mm2 
down to 0.5 K. 
The EXED instrument, where the magnet is permanently installed, is a multi-purpose time-of-
flight (TOF) instrument optimized for operation with angular limitations imposed by the HFM. 
Due to the variable time resolution (from a few μs to the ms-range) and the width of wavelength 
band (0.6-14.5 Å), the primary instrument is very flexible and adjustable to a particular problem. 
TOF technique combined with 15° magnet rotation, enables gapless coverage of Q-range from 
0.1 up to 12 Å-1 for diffraction experiments. The low-Q range can be extended beyond 10-2 Å-1 
using a pin-hole TOF SANS mode implemented on EXED. In near future, in addition to the 
elastic capabilities, the instrument will be upgraded to direct TOF spectrometer. The latter will 
enable inelastic neutron scattering experiments over a limited Q-range < 1.8 Å-1 with an energy 
resolution of a few percent and Ei < 25 meV. 
In this contribution the present status and capabilities of the HFM-EXED user facility will be 
presented together with the established procedures for planning the experiments and applying 
for the beamtime. 
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The interplay of magnetic and charge fluctuations can lead to novel quantum phases with 
exceptional electronic properties. Magnetic order in such quantum phases can fundamentally 
affect the underlying symmetry and generate new physical properties. Importantly, it has been 
predicted that spin-density wave (SDW) order in a singlet d-wave superconductor is coupled to 
triplet superconductivity. We performed neutron diffraction studies of the Q-phase SDW [1] in 
CeCoIn5, and we make two important observations [2]. We observe a complete and extremely 
sharp SDW domain switching that is unexplained by current microscopic theories for CeCoIn5. 
Using representational theory, we interpret our experimental results as evidence for the 
presence of p-wave superconductivity that coexists with d-wave superconductivity and SDW 
order. The triplet component is of p-wave symmetry, similar to that found in the A-phase of 
superfluid 3He, and is modulated as a Cooper pair density wave. Our findings identify the Q-
phase as a unique quantum phase where d-wave and modulated p-wave superconductivity are 
coupled to SDW order, and which emerges in a magneto-superconducting quantum critical 
point [2]. 
[1] M. Kenzelmann et al, Science 321, 1652 (2008).  
[2] S. Gerber et al, Nature Physics 10, 126 (2014). 
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Nano-particles (NP’s) in general are nowadays considered as building blocks for a variety of 
nano-technological applications. This field started with inorganic and/or metallic NP’s. However, 
in recent years, soft polymer nano-particles entered the game. In particular, the so-called single-
chain-nano-particles (SCNP’s) – soft nano-objects obtained by intra-molecular cross-linking of 
individual linear macromolecules. One of the driving forces for this interest are the envisaged 
end-use applications for such SCNP’s, ranging from artificial functional soft nano-objects 
(catalysis, sensing, drug delivery, etc.) to components of all-polymer nano-composites. 
However, in spite of the efforts made over last years for controlling the chemical synthesis of 
SCNP’s, the structure and dynamics of such objects, under different conditions, is still far from 
being understood. 

In recent years we have made a strong effort in this field, not only concerning chemical 
synthesis guided by computer simulations, but also in the characterization of the structure and 
dynamics of the obtained SCNP’s by means of neutron and X-ray scattering and molecular 
dynamics (MD) simulations. The goal of this talk is to give an overview of the current status in 
this field and in particular of the results recently obtained by us, corresponding to SCNP’s in 
solution and in bulk conditions (nano-composites). 
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The talk will emphasise the synergy between structural methods, spectroscopy and 
computational studies. Neutron vibrational (INS) spectroscopy of chemical systems is usually 
carried out with direct geometry spectrometers. It has become apparent that direct geometry 
spectrometers offer new ways of studying catalysts and energy materials. I will illustrate this 
with some recent work on the quantification of the hydrogen content in hydrocarbonaceous 
overlayers on methane reforming catalysts. The relative determination of the beta-PdH content 
of Pd-based selective hydrogenation catalysts will be shown. Work demonstrating how the 
combination of QENS, INS and modelling has revealed unexpected aspects of the first stage in 
the methanol-to-hydrocarbons process will be shown. A new area for INS spectroscopy is the 
investigation of proton conducting inorganic oxides and I will show how the combination of 
methods can give insight into the local structure. 
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Diamonds and pressure go hand in hand. Pressure is required to drive carbon into sp3 
hybridisation and stabilise the bulk diamond phase. Meanwhile, with their unmatched hardness, 
diamonds (as anvil in pressure cells) are our primary tool for generating pressure. Although 
unavoidable limitations on sample size have traditionally limited the use of diamond cells in 
neutron science, the advent of new, brighter neutron sources is rapidly unlocking their potential 
across multiple frontiers. Crystalline diffraction has led the way, with the recent four-fold 
increase in the accessible pressure range - now approaching 100 GPa. But, beyond this, more 
challenging in situ measurements such as pair-distribution and even inelastic studies are 
becoming increasingly feasible. Here, the state-of-the-art of this rapidly evolving field will be 
reviewed with a look to the exciting possibilities of the near future. 
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Both superconducting vortex (VL) [1,2] and skyrmion lattices (SKL) in chiral magnets [3] can be 
regarded as macroscopic lattices, formed by topological entities. Analogous to condensed 
matter, a large variety of phases is also observed for vortex-matter (VM) and Skyrmion matter, 
resembling the particle like character and reflecting the underlying physical properties. 
Moreover, both VL and SKL represent ideal model systems for questions of general importance 
as topological stability and decay. 

The elastic matrix of a VL describes the energy of a distorted VL. We report direct 
measurements of the VL tilt modulus c44 in ultra-pure bulk Niobium using time-resolved 
stroboscopic SANS [2]. By a periodic tilting of the magnetic field, we induce a relaxation process 
of the VL which shows increasing stiffness with increasing magnetic field and reduced damping 
with increasing temperature and agrees well with calculations performed within a diffusion 
model. 

Skyrmion lines can be seen as magnetic whirls – sharing strong similarities with vortices of type 
II superconductors where the particle-like character of the Skyrmions is reflected in the integer 
winding number of their magnetization [3]. As for superconducting VM, SKL melting transitions, 
Skyrmion liquids and Skyrmion glass phases are expected to exist in the various B20 materials. 
Due to their topology, SKLs provide an excellent showcase for the investigation of topological 
phase conversion [4]. A further consequence of the special topological properties of Skyrmions 
is called emergent electrodynamics: While moving through the SKL, conduction electrons 
collect a Berry´s phase in real space which leads to a very efficient coupling of transport current 
and magnetic structure. This leads to considerable spin transfer torque effects at current 
densities as low as 106 A/m2 [5]. 

Similar to our study on VLs, we present time resolved SANS experiments of the elasticity of the 
SKL in MnSi, exploiting the technique TISANE. Our study paves the way how to directly access 
VL and SKL melting as well as their current induced motion and dynamic properties. Finally, we 
preent the implementation of TISANE at the new SANS-1 instrument at MLZ, Garching. 

* Work in collaboration with: J. Kindervater, T. Adams, A. Chacon, F. Jonietz, A. Bauer, A. 
Neubauer, W. Wünzer, R. Georgii, M. Janoschek, S. Dunsiger, P. Böni, C. Pfleiderer, M. Garst, 
K. Everschor-Sitte, C. Schütte, J. Waizner, S. Buhrandt, A. Rosch, P.Milde, L. Eng, J. Seidel, H. 
Berger, E. M. Forgan, M. Laver, E. H. Brandt, U. Keiderling, A. Wiedenmann 

 
[1] S. Mühlbauer et al., Phys. Rev. Lett 102 136408 (2009) 

[2] S. Mühlbauer et al., Phys. Rev. B 83, 184502 (2011) 

[3] S. Mühlbauer et al., Science 323 915 (2009)  

[4] P. Milde et al., Science 340, 6136, (2013) 

[5] F. Jonietz et al., Science 330, 6011, 1648 (2010) 
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Currently, there is considerable interest in polymer/inorganic hybrids, particularly those 
incorporating nanosize particles. These types of composite/nanocomposite have huge potential, 
promising to deliver materials with optimum combinations of physical, thermo-mechanical or 
electrical properties for a wide range of industrial applications. Although the type of physical 
property enhancement to be achieved is intimately related to the particle/polymer system under 
study, some common features can be identified. For example, studies have shown that the 
properties of polymer nanocomposites are strongly coupled to the morphology of the particle 
dispersion. In some cases, uniform particle dispersion may be required whereas in other 
instances a controlled filler network structure may be needed. A further contribution arises from 
favourable polymer/nanofiller interactions; these are key to promote thermodynamically stable 
particle dispersions and long-term property enhancement. Although particle surface treatment 
has been in use for many years, more recently, chain-grafting has emerged as a superior tool to 
overcome polymer/particle incompatibility. The development of controlled polymerisation 
techniques has been instrumental in the synthesis of well-defined polymer-nanofiller systems. 
 
Making use of atom transfer radical polymerisation (ATRP) we have been able to graft polymer 
chains onto the surface of various silica nanoparticles; grafting improves the mechanical 
stability of the polymers but the extent of reinforcement correlates with the formation of a filler 
network structure. 

Here we focus on polymer/inorganic nanofillers (fullerene and silica particles) and discuss their 
structural and dynamic properties as determined by SANS and QENS, respectively. The 
polystyrene/fullerene nanocomposites provide a model system to carry out structural studies in 
solution at concentrations ranging from the dilute to the semi-dilute regime. These results are 
discussed in relation to the unusual viscoelastic properties displayed by these materials, as 
shown by the shear thickening behaviour in concentrated solutions. We also discuss preliminary 
structural data from SANS measurements on grafted core-shell PMMA/silica and compare these 
results to the grafted PS/fullerene nanocomposites and literature. 

A further contribution to reinforcement is believed to arise from the interfacial layer between 
polymer and nanoparticles. This is often linked to the idea of a polymer bound layer (or glassy 
layer), suggesting that the dynamics of chains adjacent to the filler’s surface is greatly affected. 
Using QENS, we compare the dynamics of different polymer/particle dispersions and show that, 
contrary to expectations, grafting does not have a great impact on high frequency polymer 
motion. 
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The development of energy conversion and storage devices required to deliver clean and 
sustainable energy relies on the design, synthesis and characterization of novel materials with 
suitable properties concerning ionic and/or electronic conductivity, ionic insertion capabilities, 
redox activity, catalytic properties, etc. The structural characterization of these energy-related 
materials is of paramount importance so as to understand and improve the wanted behavior in 
relation to the properties of interest. In this regard, neutron diffraction constitutes a unique tool 
to provide a detailed structural information concerning the features intimately related to these 
properties and their evolution with external factors (temperature, atmosphere composition, 
pressure etc). Well-known applications of neutron diffraction are the location of oxygen atoms 
and oxygen vacancies in oxide-ion conductors, Li ions in Li electrolytes or Li-battery cathodes; 
protons in fast H+ conductors etc. In this talk we will present some recent own results 
concerning different types of energy-related materials, including electrodes and electrolytes in 
solid-oxide fuel cells (SOFC) and Li, Na and H conductors. 

Concerning SOFC cathodes, we have developed a number of derivatives of SrCoO3-d with a 
high electrical conductivity and oxygen permeation flux. The wanted cubic structure has been 
stabilized by suitable dopings at Sr or Co sites; the oxygen conduction paths have been 
unveiled by neutron powder diffraction collected “in-situ” at the working conditions of SOFC. 
Similar procedures have been followed for anode SOFC materials derived from SrMoO3 
perovskite, as well as novel families of (Sr,Na)SiO3 electrolytes, where NPD helped to 
determine the oxide-ion diffusion pathways.  An example of proton conductors where the H 
posion of hydronium H3O

+ was determined from difference Fourier maps is (H3O)SbTeO6 
pyrochlore, with a H+ conductivity over passing that of NafionR above 200ºC. Neutrons were 
also useful to determine the Li location in La0.5Li0.5TiO3 perovskite and Li7La3Zr2O12 garnet, this 
last material being technologically important for Li-air batteries. Extraordinary Na conductivity 
was also reported in Na3[Ti2P2O10F], with applications in Na-ion batteries; a neutron study 
helped to visualize the Na diffusion across the structure. In the field of hydrogen storage, 
neutrons helped to characterize hydrogen-containing perovskites of composition NaMgH3. In 
this talk a brief review of these different materials will be given, with emphasis on the specific 
structural features determined by neutrons that account for their appealing properties. 
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In-situ techniques proved to be exceptionally useful tools to understand electrode materials for 
Li-ion batteries (1). Despite the great interest generated by neutrons’ sensitivity to lithium, in-situ 
neutron diffraction (ND) knew a slow development due to the intrinsic difficulties it held (2). We 
recently designed an electrochemical cell manufactured with a completely neutron-transparent 
(Ti,Zr) alloy (3). Used with deuterated electrolytes, the cell is able to combine good 
electrochemical properties and the ability to collect ND patterns operando, with good statistics 
and no other Bragg peaks than those of the electrode material of interest. Importantly, this 
allows detailed structural determinations by Rietveld refinement during operation. The cell was 
validated using well-known battery materials such as LiFePO4 and Li1.1Mn1.9O4 (3) 
demonstrating real operando experiments conducted on the D20 high flux neutron powder 
diffractometer at ILL Grenoble, France. The cell was then used to study new challenging 
materials. We report here in particular on a series of spinel materials  
Li1+xMn2-xO4 (x=0, 0.05, 0.1). The well-known difference in electrochemical performances 
(capacity fading) observed in this family of materials was thoroughly investigated using 
operando neutron diffraction. The study (4) showed that not only the volume change induced by 
the delithiation is reduced while going from LiMn2O4 to Li1.10Mn1.90O4, but more importantly that 
the mechanism by which this happens is modified. In fact, while Li1.10Mn1.90O4 reacts though a 
“simple” monophasic reaction (a solid solution), Li1.05Mn1.95O4 shows the existence of a solid 
solution process followed by a biphasic reaction and LiMn2O4 even shows a sequence of two 
biphasic reactions. Both the above mentioned features contribute to make overlithiated 
Li1.10Mn1.90O4 a much better candidate for use in Li-ion batteries than the standard 
stoichiometric LiMn2O4. In more details, neutrons allow us to be sensitive to lithium’s atomic 
parameters, such as atomic coordinates and even site occupancy factors (SOFs), and thus to 
include them in our analysis by the Rietveld method to increase the accuracy of our time-
dependent structural model. In the specific case of Li1+xMn2-xO4 spinels, this meant the 
possibility to correlate, for the first time, the evolution of lithium’s SOF with the electrochemical 
features of the materials, which is of key importance for understanding and therefore improving 
Li-ion battery materials.  

38



 

 

  

39



 
 

ID: NI6-K, 2015-09-03 11:30 - 12:00, Mozart Room 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Keynote) 

Neutron scattering at the OPAL research reactor 
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Australian neutron scattering leapt into the 21st century with the start up of the 20 MW OPAL 
nuclear research reactor at ANSTO in 2006. The major part of the initial success has been in 
crystallography, carrying on the excellent tradition established since the late 1950s at the 
HIFAR reactor at Lucas Heights. As befits a national facility, the science is largely driven by the 
external user programme, through a peer-review proposal system for access to the neutron-
beam instruments. Certain scientific themes, where neutrons offer distinct advantages as a 
research tool, are also promoted internally. These themes currently include energy materials, 
thermo-mechanical processes, magnetism, food science, biomolecules, and cultural heritage. 
The combination of state-of-the-art instrumentation, support facilities, expert scientific staff, and 
enthusiastic users of OPAL has yielded an impressive series of scientific results, as well as a 
fledgling industrial programme. With currently 13 state-of-the-art neutron-scattering instruments, 
including a radiography/tomography instrument, ANSTO is well on the way to achieving its 
commitment to make OPAL one of the top three research reactors for neutron scattering in the 
world. 

In this presentation I will introduce the OPAL neutron-beam facility, describe some recent 
scientific highlights, including in operando studies of real-life batteries, unmasking of 2000-year 
old coin forgeries, and then delve into further detail on my particular favourite, modern neutron 
Laue diffraction, where the volumetric view of reciprocal space afforded by a high-flux beam and 
a large-area image-plate detector allows rapid structural crystallography on small samples, 
precise data collection using minature diamond-anvil cells, as well as more exotic studies of 
aperiodic structures, low-dimensional magnetic ordering, and low-energy phonons. 
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Spin excitations in malachite, a two-dimensional strongly coupled dimer system 
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* Björn Fåk, fak@ill.fr 

We have studied the magnetic excitations in the mineral malachite using inelastic neutron 
scattering on a fully deuterated powder sample. Malachite, with chemical formula 
Cu2(OH)2CO3, is known and used since the antiquity as a green pigment and gemstone, but its 
magnetic properties have only recently attracted attention. Malachite has no long-range 
magnetic order down to at least T=0.4 K, and was initially thought to be an alternating chain. 
Our neutron scattering measurements show that malachite has a quantum spin-liquid ground 
state and that the excitation spectrum consists of dispersive gapped singlet-triplet excitations, 
characteristic of spin-1/2 dimer-forming Heisenberg antiferromagnets. We identify a new two-
dimensional dimerized coupling scheme with strong interdimer coupling, that places malachite 
between strongly coupled alternating chains, square lattice antiferromagnets, and infinite-legged 
ladders. The geometry of the interaction scheme resembles the staggered dimer lattice, with 
potential for unconventional quantum criticality. The observed excitation spectrum is well 
described by a model based on the harmonic triplon approximation. 
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Smart Nanogels: Soft polymer colloids with adaptive structure 
 
Walter Richtering1  
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Multi-sensitive, “smart” microgels display a variety of properties that distinguish them from 
colloidal particles as well as from (hyper-) branched polymers. The swelling of the soft microgels 
can be controlled via the chemical composition as well as the morphology of the particle. The 
size can respond to variations, e.g., of temperature, pH, pressure or solvent composition. The 
porosity of the microgels allows for the uptake and release of guest species. 

Hollow responsive microgels are particularly promising materials. The stimuli-sensitive void size, 
shell thickness and permeability are of outmost relevance for the design of new, functional 
vehicles. 

We will discuss how structure and dynamics of responsive nanogels can be investigated by 
means of Small Angle Neutron and X-ray Scattering and Neutron Spin Echo experiments 
employing contrast variation, high presssure and time-resolved measurements. [1,2] 

We demonstrate the structure-sensitivity dilemma: hollow nanogels with a slightly cross-linked 
shell reveal distinct sensitivity but possess nearly no void and are thus hardly “hollow”. 
Nanogels with a stiff shell are indeed hollow but less temperature-sensitive.[3] 

The concept was extended to develop unique doubly temperature responsive hollow microgels 
with individually tunable properties on the particle inside and outside.[4] 
  
[1] Maccarrone, S.; Scherzinger, C.; Holderer, O.; Lindner, P.; Sharp, M.; Richtering, W.; 
Richter, D. Macromolecules 2014, 47, 5982. 
[2]  Hofmann, C. H.; Grobelny, S.; Erlkamp, M.; Winter, R.; Richtering, W. Polymer 2014, 55, 
2000. 
[3] Dubbert, J.; Honold, T.; Pedersen, J. S.; Radulescu, A.; Drechsler, M.; Karg, M.; Richtering, 
W. Macromolecules 2014, 47, 8700. 
[4]  Dubbert, J.; Nothdurft, K.; Karg, M.; Richtering, W.  Macromol. Rapid Communications 2015, 
36, 159. 
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Theoretical Analysis of Neutron Scattering Experiments in 
  liquid He-3 and He-4 

 
Eckhard Krotscheck1 , Thomas Lichtenegger2  
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JKU LInz, Austria  
* Eckhard Krotscheck, eckhardk@buffalo.edu 

The microscopic understanding of the excitation spectrum of He-4 as well as density- and spin-
density fluctuations in liquid He-3 at T=0 K has reached a level where the agreement between 
experiments and theory becomes quantitative.  We have developed a dynamic version of the 
Variational/Correlated Basis Functions Theory in which all correlations are time-
dependent.  The theory implies a consistent treatment of single-particle and multi-particle 
excitations. In particular multi-particle fluctuations, i.e. processes that describe 
the dynamics of the short--ranged structure of the liquid, are essential for a correct description 
of the physics in both He-4 and He-3.  In He-4, the theory describes, besides the familiar 
phonon-maxon-roton spectrum, also fine features like roton-roton, maxon-roton, and phonon-
phonon coupling in quantitative agreement with recent high-precision neutron-scattering 
experiments by Godfrin and collaborators. In He-3, we highlight the important connection 
between fermionic exchange effects, spin-density fluctuations, and the single 
particle spectrum.  
 
 1. C. E. Campbell, E. Krotscheck and T. Lichtenegger (2015). ``Dynamic Many-Body Theory: 
Dynamic Many-Body Theory. Multiparticle Fluctuations and the dynamic structure of He-4.\'\' 
Phys. Rev. B (submitted). 
 
2. E. Krotscheck and T. Lichtenegger (2015). ``Dynamic Many-Body Theory: Single particle 
properties, (spin-)density fluctuations, and exchange in normal-liquid He-3\'\' Phys. Rev. B (in 
preparation). 
 
3. Faak et al (1998). ``Temperature dependence of spin--density fluctuations in liquid $^3$He\'\'. 
J. Low Temp. Phys. 110, 417--424.  
 
4. H. Godfrin, Presentation at ECNS 2015 
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Where imaging meets neutron scattering 

 
Nikolay Kardjilov1 , Ingo Manke1 , André Hilger1 , Robin Woracek2 , Markus Strobl2 , Rudolf 
Schäfer3 , Dayakar Penumadu4 , John Banhart1  
 
1) 1Helmholtz-Zentrum Berlin, Hahn-Meitner-Platz 1, 14109 Berlin, Germany 2) European 
Spallation Source ESS AB, Tunavaegen 24, 22100 Lund, Sweden 3) Leibniz Institute for Solid 
State and Materials Research, Helmholtzstraße 20, 01069 Dresden, Germany 4) The University 
of Tennessee, College of Engineering, Knoxville, TN 37996-2313, USA  
* Nikolay  Kardjilov, kardjilov@helmholtz-berlin.de 

Neutron imaging is a direct method for non-destructive investigations of objects in science and 
technology. New innovative methods for neutron imaging are being developed which connect 
real space with reciprocal space approaches. This allows for simultaneous investigations of 
micro and nanostructures in bulk materials. 

New high resolution detector systems already allows for investigations of microsystems with 
spatial resolutions down to 20 µm. The combination of high spatial resolution with innovative 
imaging methods – that accentuate certain contrast mechanisms – allow for direct visualization 
of features such as magnetic domains, stress and strain fields, texture related areas, 
heterogeneous microstructures and so on. The step towards nano-resolution can be made with 
the help of imaging methods which connect the real with the reciprocal space like grating 
interferometry and Bragg-edge mapping in propagation geometry. 

Neutron Imaging distinguishes itself from other modalities (for example synchrotron and 
laboratory photons) by imaging large objects at length scales of relevance to engineering, 
geology, and cultural heritage community, providing detailed information on solid state, porosity, 
cracks, crystalline phase, some indication of texture, and has the unique ability to map light 
elements (hydrogen, carbon) inside high z-materials. 

Results from neutron imaging and scattering experiments will be presented and discussed. 
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X-ray and neutron scattering in Invar alloys 

Jesus Angel Blanco1  
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An almost-zero thermal expansion is an intriguing physical property of solids, which is a 
consequence of a complex interplay between the lattice, phonons, and electrons. The original 
work of Ch. E. Guillaume on the Invar effect in FeNi alloys has stimulated a great deal of activity 
that remains widespread cutting-edge research in both experimental and theoretical aspects. 
The reason for this increasing interest is two-fold. First, the observation of Invar anomalies 
remained by no means bound to only ferromagnetic fcc FeNi alloys, besides it was found in 
antiferromagnetic binary, ternary or multicomponent alloy systems with crystal structures of 
lower symmetry than the cubic one, or even in amorphous materials. Second, although the 
name Invar resulted from the anomaly in the thermal expansion, a broad variety of physical 
anomalies have to be considered because of the existence of Invar effect. Interestingly, a large 
number of Invar materials have been found in various types of functional materials. In this talk, I 
will review some of contributions neutron and x-ray scattering have made to unravel the nature 
of Invar alloys. The emphasis will be on both magnetic neutron and x-ray scattering techniques. 
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Unraveling new positive electrode material for Li-ion batteries 

Gwenaelle Rousse1  
 
1) UPMC-Collège de France, Paris, France  
* Gwenaelle Rousse, gwenaelle.rousse@college-de-france.fr 

Li-ion batteries have empowered consumer electronics and are now seen as the best choice to 
propel forward the development of eco-friendly (hybrid) electric vehicles. To enhance the energy 
density of the positive electrode materials, two ways can be explored: 1) enhancing the capacity 
by taking advantage of the anionic redox activity coming in addition to the well-known cationic 
one; this occurs in layered-type materials Li2MO3 (M=Mn, Ni, Co..); 2) increasing the voltage by 
deviating from commercialized polyanionic compound LiFePO4. A key tool to do this relies in 
exploiting the inductive effect of polyanions PO4

3-. It is now well established that modifying the 
electronegativity of the polyanions provides as an important way to tune redox potentials in a 
wide variety of systems. 

Pursuing this approach, our group embarked in the study of replacing PO4
3-

  in the well-known 
LiFePO4 by a more electronegative group SO4

2-  to prepare a novel family  of electrode 
materials termed fluorosuphates and having  the general formula AMSO4F (A=Li or Na, 
M=transition metal). This fluorosulphate family exhibits a rich crystal chemistry, e.g. LiFeSO4F 
may crystallize in the tavorite or triplite polymorphs, the latter presenting a potential of 3.9V1 

which is the largest ever observed in an iron-based material. 

 We extended this approach with the discovery of a new polymorph of KFeSO4F at low 
temperature that transforms in a KTiOPO4-like structure on heating, and moreover to 
oxysulfates: we could synthetize and fully characterize Fe2O(SO4)2 and Li2Cu2O(SO4)2, that 
offer new directions in the quest for new polyanionic electrode materials.2,3   

Lastly, departing from the sulfate-based chemistry, we explored metal-organic frameworks; We 
recently solved the structure of iron oxalate tetrahydrate from combined X-Ray and neutron 
powder diffraction (figure 1).4 This commercialized compound, whose structure remained 
unsolved for many years, demonstrates reversible electrochemical activity at 3.6 V vs Li. 

Figure 1: Structural determination (a, b, c) and electrochemical performances (d) of iron oxalate 
Fe2(C2O4)3.4H2O. 

(1)          Barpanda, P.; Ati, M.; Melot, B. C.; Rousse, G.; Chotard, J. N.; Doublet, M. L.; 
Sougrati, M. T.; Corr, S. A.; Jumas, J. C.; Tarascon, J. M. Nature Materials 2011, 10, 772–779. 
(2)          Sun, M.; Rousse, G.; Abakumov, A. M.; Van Tendeloo, G.; Sougrati, M.-T.; Courty, M.; 
Doublet, M.-L.; Tarascon, J.-M. Journal of the American Chemical Society 2014, 136 (36), 
12658–12666. 
(3)          Sun, M.; Rousse, G.; Abakumov, A. M.; Saubanère, M.; Doublet, M.-L.; Rodríguez-
Carvajal, J.; Van Tendeloo, G.; Tarascon, J.-M. Chem. Mater. 2015, 27 (8), 3077–3087. 
(4)          Ahouari, H.; Rousse, G.; Rodríguez-Carvajal, J.; Sougrati, M.-T.; Saubanère, M.; 
Courty, M.; Recham, N.; Tarascon, J.-M. Chemistry of Materials 2015, 27 (5), 1631–1639. 
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The civil construction of the European Spallation Source is well underway in the outskirts of 
Lund Sweden with great progress been realised so far. Likewise  technical work to complete the 
facility is progressing well with the anticipation that component deliveries will meet schedule. 
The scientific programme at ESS has made significant advances in the last 18 months. ESS 
and it’s partners have defined a moderator-reflector package and target station layout that will 
provide both for capability and capacity to meet the needs of the neutron science 
community.  Several instrument projects have began while the instrument selection process that 
will define the instrument suite to be build as part of the ESS construction is coming to its 
conclusion.  With the science programme now defined our focus and that of our partners is 
shifting into delivery of the science programme. I will provide an overview of the current 
progress of the science programme at ESS, the scientific opportunities that it will offer and how 
we are meeting the challenges that lie ahead.  
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The next step forward in high resolution NSE spectroscopy, the IN15 upgrade. 
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NSE resolution is limited by the magnetic field homogeneity, which is dictated by the quality of 
the correction elements. While a lot of effort was invested in improving the correction coils at all 
NSE spectrometers, progress seems to be very limited. Instead of further tuning of the 
corrections we took a new direction by re-optimizing the shape of the main solenoids, to 
decrease the amount of correction needed. Our calculations show a possible gain of factor two, 
which means even keeping our present correction elements a factor two increase in field 
integral is realistic. Taking into account another factor two, which we could already use at short 
wavelengths, we are aiming at a four fold field integral increase. The goal of the IN15 upgrade is 
to stretch the boundaries of the Neutron Spin Echo technique by significantly improving stability 
and resolution, as well as achieving a much higher effective flux. This shall allow extending the 
useful q-range to probe smaller structures and increasing the useful Fourier times in the μs-
range. The improvements in resolution and effective flux are foreseen to be achieved by 
minimizing field inhomogeneities by a novel design of the precession magnets and 
compensation elements. While IN15 has already reached a demonstrative 1 μs fourier time with 
27.5Å wavelength, with these improvements we expect to offer the same performance with ten 
times higher flux at 18Å. Commissioning of the upgraded instrument has been started and latest 
results will be presented. 
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Investigation of the spin dynamics in geometrically frustrated pyrochlores by Time of 
flight and triple-axis neutron scattering techniques 

 
SYLVAIN PETIT1 , SOLENE GUITTENY1 , ISABELLE MIREBEAU1 , CLAUDIA DECORSE3 , 
PIERRE BONVILLE2 , JULIEN ROBERT4 , ELSA LHOTEL4  
 
1) Laboratoire Léon Brillouin, CEA Saclay, 91190 Gif sur Yvette, France 2) SPEC, CEA Saclay, 
91190 Gif sur Yvette, France 3) ICMMO, Université Paris XI, 91405 Orsay, France 4) Institut 
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Geometrical magnetic frustration is a central concept in condensed matter physics, at the heart 
of a number of issues. In this field, rare earth pyrochlore magnets R2Ti2O7 (R is a rare earth) 
play a prominent role, as they form model systems showing a rich variety of ground states, 
depending on the balance between dipolar, exchange interactions and crystal field [1]. Actually, 
the CEF scheme drives different kinds of anisotropies, for instance Ising-like or XY, with 
magnetic moments respectively constrained along or perpendicular to the local <111> axes. In 
the Ising-like case, an effective ferromagnetic interaction leads to a degenerate ground state. 
The ground state is then a "spin-ice", as for instance in Ho2Ti2O7 and Dy2Ti2O7 and exhibits 
fractionalized excitations (the celebrated magnetic monopoles). In contrast, Tb2Ti2O7 remains a 
cooperative paramagnet, or a “quantum spin ice”, with strongly correlated moments still 
fluctuating at 50 mK [2]. The reason for this behavior remains so far a theoretical puzzle and an 
experimental challenge [1]. Recent time of flight neutron and triple-axis neutron scattering 
experiments have recently shed light in this field, revealing a complex ground state 
characterized by “pinch points” [3] (a so-called Coulomb phase) and supporting a low energy 
(bosonic) excitation [4]. These studies reveal further that a coupling between CEF transitions 
and an acoustic phonon mode is likely at the origin of these properties [3,4]. By combining the 
same kind of experiments, we will also review the case of an antiferromagnetic XY system, 
namely Er2Ti2O7. In this case a transition towards a Néel state is observed, probably induced by 
an order-by-disorder mechanism, but very likely accompanied by crystal field effects. Effective 
exchange parameters can then be extracted from S(Q,w) [5]. The latter are confronted to the 
evolution of the spin dynamics under an applied magnetic field. Based on these two 
examples, we will try to show the complementarity between time of flight and triple-axis neutron 
spectroscopy. 

[1] J Gardner, M. Gingras and J. Greedan, Reviews of modern Physics, Vol 82 (2010) 

[2] J. Gardner et al PRL 82, 1012, (1999) 

[3] T. Fennell et al, PRL 109, 017201 (2012) and (2013) 

[4] S. Guitteny et al PRL 111, 087201 (2013) 

[5] S. Petit et al, PRB 90, 060410(R) (2014) 
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Cononsolvency in thermoresponsive micellar solutions: Pathway of aggregate formation 
investigated using time-resolved SANS 

 
Konstantinos Kyriakos1 , Anatoly V. Berezkin1 , Martine Philipp1 , Alessio Zaccone1 , Isabelle 
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Papadakis1  
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Potsdam, Institut für Chemie, 14476 Potsdam-Golm, Germany 4) Universität Potsdam, Institut 
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Thermoresponsive polymers are used for a number of applications where their collapse and 
switching behavior is of interest, e.g. valves in microfluidics of drug delivery systems. The 
kinetics of switching is of great importance. 
  
Diblock copolymers consisting of a short hydrophobic polystyrene (PS) and a long 
thermoresponsive poly(N-isopropylacrylamide) (PNIPAM) block form core-shell micelles in 
aqueous solution. PNIPAM displays lower critical solution temperature behavior, i.e. the chains 
collapse and form large aggregates when the aqueous solution is heated through the cloud 
point. Moreover, PNIPAM features cononsolvency, i.e. addition of a cosolvent, e.g. methanol, 
results in a depression of the cloud point. 
  
We have investigated the effect of the cosolvent methanol on aqueous solutions of PS-b-
PNIPAM diblock copolymers [1]. Using a stopped-flow instrument, fully deuterated methanol (d-
MeOD) was added to a solution of PS-b-PNIPAM in D2O at mixing ratios between 5 and 20 vol.-
%. The structural changes on mesoscopic length scales were followed by time-resolved small-
angle neutron scattering (TR-SANS) with a time resolution of 0.1 s. The growth of the 
aggregates in the PS-b-PNIPAM system features several regimes with a final aggregate size of 
~50 nm, i.e. mesoglobules have formed. The time-dependence of the aggregate radius can be 
described by two models: In the initial stage, the diffusion-limited coalescence model describes 
the data well; however, the resulting coalescence time is unreasonably high. In the late stage, a 
model including an energy barrier which is proportional to the aggregate radius is successfully 
applied. 
  
Crossing the phase boundary by rapid heating of PS-b-PNIPAM solutions in D2O/d-MeOD 
solvent mixtures displays a completely different growth behavior of the aggregates than upon 
addition of the cosolvent. The growth rate depends on the methanol content, which may be 
explained by the perturbation of the hydration shell of the aggregates by methanol. 
  
Thus, time-resolved SANS with appropriate sample environments gives detailed information 
about the pathway of mesoglobule growth and may help in elucidating the underlying molecular 
mechanisms. The findings are of importance for applications which require certain switching 
kinetics. 
 
[1] K. Kyriakos, M. Philipp, J. Adelsberger, S. Jaksch, A.V. Berezkin, D.M. Lugo, W. Richtering, 
I. Grillo, A. Miasnikova, A. Laschewsky, P. Müller-Buschbaum, C.M. Papadakis, 
Macromolecules 2014, 47, 6867 
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Getting more out of your Neutron Scattering Data: a couple of possible strategies to use 
neutrons as an industrial problem-solving tool 

 
Giovanni Bruno1  
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* Giovanni Bruno, giovanni.bruno@bam.de 

For how trivial or provocative it can sound, the best neutron spectrometer in the world does not 
produce science by itself. By definition of “Materials Science”, neutron scattering data on 
engineering materials must be used as a tool to understand, and even tailor, materials 
performance. In order for this to happen, it is clear that neutron data need to be 

1. Acquired under the most relevant condition possible 
2. Coupled to other experimental techniques 
3. Capitalized by means of proper simulations and data analysis 

Point 1- calls for an intense use and the development of top-notch of in-situ techniques; Point 2- 
means that the sole use of neutron data will not lead to any solution of a global problem; All 
points above hint to the fact that access to neutron sources is not routine, and therefore it is 
imperative to search ways to make neutron data rentable for the material science and industrial 
research community. 

In this presentation, and based on the example of ceramic diesel particulate filters, we will show 
a couple of strategies to combine neutron data with other experiments, and with theoretical 
models to raise the value of experiments to the level of problem-solving. As one might imagine, 
these are only a few among the almost infinite combinations possible to help improving material 
properties, performance, and safety. 
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Development of an opposed gem anvil cell for cryogenic neutron diffraction. 
 
Christopher Ridley1 , Oleg Kirichek2 , Pascal Manuel2 , Dmitry Khalyavin2 , Konstantin 
Kamenev1  
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Neutron diffraction at high pressure and low temperature provides a precise tool for the 
measurement of structural and magnetic transitions between material phases. If this is coupled 
with applied magnetic field, then additional information on magnetic structure may be obtained. 
Such conditions are crucial for the mapping of quantum phase transitions, which require the 
lowest temperatures due to being easily destabilised by thermal motion. Pressure and field are 
then used to `tune\' the state of the material. [1] However, neutron diffraction under high 
pressure is limited by the need for large sample volumes, unless the beam is tightly focussed, 
and long count times are used. This also limits the ability to use both pressure and field, as 
large sample volumes require cells which are typically too large to be used in most magnets. 

Currently the highest pressures are obtained using Paris-Edinburgh cells (10-25 GPa), [1] 
though these cells are not suitable for routine use at the lowest temperatures achievable, due to 
the large dimensions and thermal mass of the cell. The dimensions also usually limit the 
possibility for use in most magnets, except perhaps where the smaller VX1 cell is used. Here a 
compact gem-anvil cell is presented for low temperature neutron diffraction up to 15 GPa, with 
the ability to change the pressure whilst remaining at base temperature, using a helium driven 
bellows system to apply the load. [2] The cell is suitable for use in 100mm bore cryostats, and 
CCRs, and is currently being commissioned for use in the large bore Vericold E18 dilution fridge 
at ISIS, which will also enable fields up to 4T to be applied to the sample.  

To overcome the effects of reduced sample volume a novel 3D laser sintered 
collimation/masking system has been constructed for the pressure cell. This was designed to 
reduce the background signal from the gasket to levels where sample volumes less than 1mm3 
should remain clearly visible to neutrons after reasonable count times. The cell may operate 
with sapphire or diamond anvils, and new collimation hopes to extend the pressure range 
through enabling reduced sample volumes. 
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Lubrication is of vital importance in technology. Hence a good understanding of the interface 
layer in liquids under shear is in high need. Due to the interaction with the nucleus, neutrons 
offer unique opportunities for the study of condensed matter. Combining surface sensitive 
neutron scattering with rheology offers unique possibilities to explore the inter-facial behavior of 
liquids under mechanical load. 

Recently, it was shown that SANS measurements with a sub-ms time resolution can be 
achieved with continuous beam for periodic excitations [1]. Taking this idea one step further and 
exploiting the possibilities of data taken in neutron event mode combined with time-of-flight 
neutron scattering techniques give rise to completely new opportunities for stroboscopic 
experiments. By linking the neutron detection time to specific times during the periodic 
excitation the challenge of low neutron flux is overcome. 

We have implemented and tested this promising approach by using the rheometer setup [2] 
(see Figure 1) at the Liquids Reflectometer located at SNS, Oak Ridge, TN (USA). 

LAOS (Large Amplitude Oscillatory Shear) was applied to highlight the complex rheological 
behavior. All neutron events as well as the oscillatory shear have been acquired with a “Global 
Positioning System (GPS)” time stamp and are synchronized via fiber optics. To fully link the 
neutron events to the complementary shear load over the detector distance, a wavelength 
dependent correction has been applied compensating for the chromatic velocity deviation. 

To visualize significant effects we have chosen an aqueous solution of Pluronic F127 as a 
model system, since this material offers a rich scattering behaviour and shows large sensitivity 
to deformation, including the formation of stress plateaus, which indicates the presence of 
complex regimes corresponding to a state of higher order up to layering in the flow directions 
[3,4]. 

We will discuss experimental results and the capabilities and limitations of this new technique. 
Figure 1: Schematics of the experimental set-up [5]. All signals are synchronized via fiber 
optical wires and a wavelength dependent time correction is applied. 

References 
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The study of novel phenomena in materials science is continuously pushing the sample 
environment to the technical limits. For example, very high magnetic fields and high pressures 
can usually only be achieved by sacrificing sample volume. In addition, homogeneous single 
crystals can often only be grown in a very small size. Therefore, there is an urgent need to 
provide highly intense and small neutron beams to study samples with a size in the sub-mm 
range. Presently, neutron scattering techniques are mainly limited by the available brilliance of 
the neutron sources and the non-adapted neutron beams. Therefore, investigations of small 
samples suffer from a decreased count rate and an accompanied decrease in the signal to 
noise ratio resulting in unrealistically long measurement times often rendering the experiment 
impossible. Modern focusing techniques for neutrons allow to circumvent these problems by 
both increasing the number of neutrons hitting the sample and reducing the background as only 
the sample is illuminated.  We have successfully performed a powder diffraction experiment at 
various pressures on the powder diffractometer DMC at SINQ combining a pressure cell with an 
integrated focusing element combined with an external adaptable prefocusing neutron lens. The 
results are compared with measurements using the standard setup of the instrument with slit-
geometry and Monte Carlo simulations. We will also present first results with a focusing element 
at cryogenic temperatures. 
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CAMEA @ PSI - A novel multiplexing backend for an extreme environment spectrometer 
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The neutron spectrometer CAMEA (Continuous Angle Multiple Energy Analysis) will be installed 
as a new analyzer system on the cold-neutron triple-axis instrument RITA-2 at SINQ, PSI. 
CAMEA is optimized for efficiency in the horizontal scattering plane enabling detailed and rapid 
mapping of excitations [1]. As a novelty the design employs a series of several sequential 
upward scattering analyser arcs. Each arc is set to a different, fixed final energy scattering 
towards position sensitive detectors (PSDs). Thus, neutrons with different final energies are 
collected simultaneously over a large angular range. 

For CAMEA in a single data-acquisition several entire constant-energy lines in the horizontal 
scattering plane are recorded for a quasi-continuous angular coverage of about 60°, whereby 
tremendous gains in data collection rates can be achieved. With a large combined coverage in 
energy and momentum, this will result in a very powerful and efficient spectrometer, which will 
be particularly suited for parametric studies under extreme conditions with restrictive sample 
environments (high magnetic field magnets or pressure cells) and for small samples of novel 
materials. We will present the analyzer concept, performance simulations, technical solutions 
and prototype verifications. 

This project is a joint venture of the Laboratory for Neutron Scattering and Imaging (LNS, PSI), 
Laboratory for Developments and Methods (LDM, PSI) and the Laboratory for Quantum 
Magnetism (LQM, EPFL) financed by the R’Equip program of the Swiss National Science 
Foundation (SNF), EPFL and PSI. 
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J. Jacobsen, Ch. Niedermayer, F. Juranyi and H.M. Ronnow,  EPJ Web of Conferences 83, 
03005 (2015) 

 E-mail for corresponding author: felix.groitl@psi.ch 

59



 
 

ID: NI1-O5, 2015-08-31 13:00 - 13:15, Mozart Room 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Oral) 
 

Ground-up Redesign of the Solid-Liquid Sample Environment for Neutron Reflectometry 
 
Robert Barker1 , Simon Wood1  
 
1) Institut Laue-Langevin, Grenoble. France.  
* Robert Barker, barker@ill.eu 

Experiments at the solid-liquid interface are fundamental to any soft matter reflectometer. 
However, with an ever-diversifying complexity in the sample- requirements of users and the 
increased flux of sources reducing the count times, the limitations of the current generation of 
solid-liquid sample cells has become the limiting factor holding back the science carried out on 
our reflectometers.  

Here we present a collaborative project, after extensive consultation with our user community 
and the soft matters sample environment teams at ISIS and the ILL, to outline the requirements 
of a next generation solid-liquid cell. Over 50 individual components, comprising the entire 
sample-environment, were redefined and redesigned from the ground up, each one 
experimentally tested and optimised to push beyond the requirements of our community.  

The result is a sample environment compatible with all possible reflectometer geometries, with 
high precision of temperature control and rapid temperature switching, extremely low volume 
exchange (irrespective of geometry) & a simplified, reproducible approach to mounting on the 
reflectometer. All within a more robust design with fewer individual components, reducing 
significantly the chances of unsupervised error in handling by non-expert users.  

As a consequence of this project, a number of standards were defined between institutions, 
allowing for a consistent user experience between neutron sources and an easy integration of 
current user cells into this next-generation environment.  

 

  

60



 
 

ID: NI1-O6, 2015-08-31 13:15 - 13:30, Mozart Room 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Oral) 
 

Neutron powder diffraction up to 35 GPa in diamond anvil cell: recent developments and 
results at a long pulse neutron source 

 
Denis Kozlenko1 , Sergey Kichanov1 , Evgeny Lukin1 , Boris Savenko1  
 
1) Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna, 
Russia  
* Denis Kozlenko, denk@nf.jinr.ru 

For a long time, standard probes of magnetic order in matter under ultrahigh pressures up to a 
megabar (100 GPa) range were indirect Moessbauer and synchrotron based techniques 
(XMCD, XPS, etc). The application of most direct probe of magnetism – neutron scattering was 
generally limited to about of an order of magnitude lower pressure range due to low intensities 
of the neutron sources, especially in the case of polycrystalline materials. 
A technique for neutron powder diffraction measurements using diamond anvil cells (DAC) have 
been recently developed at the DN-6 diffractometer of the IBR-2 high flux reactor with a long 
neutron pulse. Using diamond culets of 0.6 mm and sample volume of 0.03 mm3, pressures up 
to 35 GPa can be generated. Special CCR-based cryostat allows to perform experiments with 
DAC in the 4 – 300 K temperature range. The parameters of both atomic and magnetic 
structures of studied materials can be refined simultaneously with a satisfactory quality from the 
collected experimental data. Results of the first neutron diffraction study of the evolution of the 
atomic and magnetic structure of magnetite Fe3O4 over the spin state transition at pressures up 
to 35 GPa in the temperature range 4 – 300 K are presented. 
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We have studied the magnetic and superconducting properties of the iron pnictide 
Ba(Fe0.95Co0.05)2As2 as a function of temperature and external magnetic field using neutron 
diffraction and muon spin rotation. Below the superconducting transition temperature, Tc, the 
magnetic and superconducting order parameters coexist and compete. This is evident from the 
decrease of the antiferromagnetic Bragg peak intensity below Tc, as indicated in the figure [1]. 

An external magnetic field was found to significantly enhance the antiferromagnetic diffraction 
signal in the superconducting state, roughly doubling the magnetic Bragg peak intensity from 0 
T to 13.5 T at 2 K, as seen in the figure. We have performed a microscopic modeling of the data 
by use of a five-band Hamiltonian relevant to iron pnictides. In the superconducting state, 
vortices can slow down and freeze spin fluctuations locally. When such regions couple they 
result in a long-range ordered antiferromagnetic phase producing the enhanced magnetic 
diffraction signal in agreement with experiments [1]. 

[1] J. Larsen et al., Phys. Rev. B 91, 024504 (2015) 
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For superconducting vortices in the presence of disorder, it was originally thought that any 
disorder would destroy the long-range order of the vortex lattice. In the 1990s it was realised 
that this only happens for small separations below the Larkin length RL. For R > RL, the vortices 
behave collectively as an elastic manifold and displacements, as measured by the correlation 
function B(R) = < (uj – ul)

2 >, grow sub-linearly with B(R) ~ R2ζ, 2ζ ≈ 0.4. Additionally, for weak 
quenched disorder, an asymptotic regime emerges in which the vortex displacements grow only 
logarithmically with distance, giving rise to algebraically decaying peaks in the structure factor 
[1, 2]. This so-called “Bragg glass” is the most ordered phase of vortex matter. With increasing 
disorder, magnetic fields or temperatures, dislocations proliferate and the Bragg glass is 
destroyed, leaving a short-range-ordered “vortex glass” phase. The properties of the vortex 
glass are far from clear. Several isotropic, hexatic, and ‘‘fractured’’ phases have been proposed 
by theorists [3]. The nature of vortex correlations in the vortex glass is elusive and hard to probe 
directly using neutron diffraction techniques. We have recently identified an order – disorder 
transition at intermediate fields in our superconducting vanadium sample from a neutron 
scattering study [4]. Our reverse Monte Carlo refinements show the ordered phase is a Bragg 
glass with a logarithmic increase in displacements. Moreover, we find that orientational 
correlations survive as the Bragg glass decomposes, while translational correlations are lost. 
This indicates that the vortex glass is hexatic in this low-Tc superconductor. Increasing the 
applied field even further, we find a weak peak effect close to Hc2, followed by a rapid drop in the 
critical current signifying a de-pinning of the vortex lattice. The clear separation of the peak 
effect regime from the decomposition of the Bragg glass suggests that this loss of long range 
translational order is not the direct cause of the peak effect. Combining neutron diffraction, 
reverse Monte Carlo simulations and bulk measurements, we present a complete and complex 
phase diagram of this Type-II superconductor. 
  
[1] Giamarchi, T. & Le Doussal, P. Phys. Rev. B 52, 1242 (1995). 
[2] Laver, M. et al. Phys. Rev. Lett. 100, 100701 (2008). 
[3] Examples include Fisher, M. P. A. Phys. Rev. Lett. 62, 1415 (1989); Chudnovsky, E. M. 
Phys. Rev. B 40, 11355 (1989); Banerjee, S. S. et al., Physica 355C, 39 (2001); Menon, 
G. I. Phys. Rev. B 65, 104527 (2002). 
[4] Toft-Petersen, R., Abrahamsen, A. B., Balog, S., L. Porcar & Laver, M. In review at Nature 
Comms. 
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In the spinel FeSc2S4, the magnetic A-sites map out a diamond lattice and are occupied by Fe2+ 
ions, which as free ions would be described S=2, L=2 objects. Typically, once placed in the 
lattice, orbital degrees of freedom are quenched due to the geometry of the surrounding ligands 
(i.e. the Jahn-Teller effect). However, in FeSc2S4, even though Fe2+ is JT-active (having a single 
hole in the e-doublet) the lattice remains undistorted [1], meaning that the orbital degrees of 
freedom remain relevant at low temperatures. Moreover, this system does not order in the spin 
degrees of freedom, as attested by specific heat and susceptibility measurements which show 
no anomalies indicative of a transition to order down to the lowest measureable temperatures 
[1]. This is in spite of a clear high Temperature Curie-Weiss behavior (θCW = -45 K), exhibiting 
strong antiferromagnetic exchange between Fe2+ sites. 

For the orbital moment to remain unquenched and the spins unordered at low temperature in a 
system of Jahn-Teller active magnetic ions, coupled by strong exchange interactions is highly 
unusual. To describe these puzzling experimental results, a novel quantum “spin-orbital singlet” 
(SOS) state has recently been proposed [2]. Here, the spin and orbital moments of an Fe2+ ion 
at each lattice site couple to form a zero-moment ground state which is a highly non-trivial 
admixture of spin and orbital terms. Such a configuration is analogous to a spin-singlet state in 
a dimerized spin system (e.g. TlCuCl3 [3]) with the difference being that dimerization in FeSc2S4 
occurs between spin and orbital moments at a single lattice site. 

Here I will present the results of inelastic, time-of-flight neutron scattering experiments that 
probe the full bandwidth of the magnetic excitations in a powder sample of FeSc2S4, and 
provide a consistent model of the observed dynamics in terms of spin-orbital excitations, in both 
zero-field and in-field measurements. I will discuss in particular how the application of a 
magnetic field elucidates the spin and orbital nature of these excitations, as the system shows 
behaviour drastically contrary to its spin-only analogue. 

[1] V. Fritsch, J. Hemberger, N. Büttgen, E.-W. Scheidt, H.-A. Krug von Nidda, A. Loidl, and V. 
Tsurkan. Phys Rev Lett, 92, 116401 (2004) 

[2] G. Chen, L. Balents, and A. P. Schnyder, Phys. Rev. Lett. 102, 096406 (2009). 

[3] C. Rüegg, B. Normand, M. Matsumoto, A. Furrer, D. McMorrow, K. Krämer, H. Güdel, S. 
Gvasaliya, H. Mutka, and M. Boehm, Phys. Rev. Lett. 100, 205701 (2008) 
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It is well-known that the traditional hole-doping of the ceramic Mott insulator La2CuO4 (LCO) by 
cation-substitution of La3+ to Sr2+ to become LSCO yields superconductors in the Sr doping 
range 0.055<x<0.25. Their critical temperature depends strongly on the exact doping value and 
reaches a maximum value of Tc~38(1) K around x~0.15(1). LSCO in the region of optimal 
doping is characterised by a 4-7 meV spin gap as T->0 and applied B->0 [1]. It is furthermore 
characterised by proximity of a quantum phase transition indicated by diverging correlation 
length of the fluctuating spins on an interchangeable temperature and frequency scale [2], as 
well as softnening of the spingap with increasing applied field [3]. Static incommensurate 
magnetism can be induced beyond a finite critical field in optimally doped LSCO. 

More recently we found found that co-hole-doping LSCO by intercalation of oxygen anions to 
yield LSCO+O gives even higher Tc~40 K, a value which is independent of Sr doping below 
x~0.14 [4]. For these samples the superconducting volume however only occupies a seemingly 
random part even at zero applied field while the rest is occupied by a modulated 
antiferromagnetism with TN~Tc and order with the hallmarks of the striped cuprates, such as 
long correlation length and an in-plane period of 8 [5]. This provision of this low-temperature 
zero-field long-range electronic phase-separation is attributed to the intercalated oxygen anions. 

We have very recently produced a large co-hole-doped single crystal of LSCO+O with Sr doping 
x=0.06 on which we have conducted neutron scattering and muon spin rotation experiments, 
both in high fields applied perpendicular to the superconducting CuO2 planes. Our results show 
that our system resembles the optimally cation-doped LSCO x~0.15 for (T,B) -> 0. Thus in zero 
applied field it is a superconductor with Tc=38(1)K and no static magnetism is observed, only 
fluctuating order with diverging correlation length of the fluctuating spins on an interchangeable 
temperature and frequency scale. By application of a vanishing field however, static 
incommensurate antiferromagnetism with TN~Tc emerges with a volumefraction which is 
proportional to the applied field without a gradual slowing down of the spin fluctuations. This is 
in contrast to LSCO x~0.15 where the fluctuating spins slow down continously untill magnetic 
order is reached.  

These observations support our conclusion that we can by co-doping tune the doping-level in a 
100% optimally doped LSCO+O superconductor to a critical point beyond which electronic 
phase-separation occurs simultanously with application of a vanishing field. 
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In unconventional superconductors (cuprates, Fe-based compounds and heavy fermions 
systems), a feedback effect of the superconductivity on the magnetic excitation spectrum, 
measured by inelastic neutron scattering, occurs through the appearance below Tc of a new 
well-defined mode: the resonance. In CeCoIn5, a heavy fermion superconductor, with Tc=2.3 K 
and a gap symmetry of singlet dx2-y2 type, the resonance is observed at the antiferromagnetic 
wave-vector QAF=(0.5, 0.5, 0.5) for an energy of 0.60 meV that scales with about 5.kBTc [1]. A 
fascinating behaviour is observed under magnetic field owing to the low energy scale inherent 
to the low Tc and the strong paramagnetic limit nature of the superconductivity in CeCoIn5. 
Indeed, a Zeeman splitting of the resonance excitation occurs [2,3], a phenomenon not clearly 
reported for other unconventional superconductors so far. In parallel to these aspects for the 
spin dynamics, one of the most intriguing properties of this compound is the occurrence above 
10.5 T of magnetic field induced incommensurate magnetic order with QIC=(0.44, 0.44. 0.5), the 
so-called Q-phase [4]. Strikingly, this order disappears above the upper critical field Hc2= 11.7 T, 
indicating a strong collaborative effect between the magnetic ordering and the 
superconductivity. 

New detailed inelastic neutron scattering experiments were performed at zero magnetic field on 
CeCoIn5 using respectively high-resolution and longitudinal polarimetry setups.  It is evidenced 
that the dynamical spin resonance and the static incommensurate order share the same 
symmetry for (i) the characteristic wave-vector (QIC) and (ii) the direction of magnetic moment 
fluctuations (c-axis) [5]. This new links between the magnetic excitation spectrum and the Q-
phase strongly supports the scenario where the magnetic ordering results of a field induced 
condensation of the spin resonance mode [6]. 

 [1] C. Stock, C. Broholm, J. Hudis, H.J. Kang and C. Petrovic,  Phys. Rev. Lett. 100, 087001 
(2008). 

[2] C. Stock, C. Broholm, Y. Zhao, F. Demmel, H.J. Kang, K.C. Rule and C. Petrovic, Phys. Rev. 
Lett. 109, 167207 (2012). 

[3] S. Raymond, K. Kaneko, A. Hiess, P. Steffens and G. Lapertot, Phys. Rev. Lett. 109, 237210 
(2012). 

[4] M. Kenzelmann, Th. Strässle, C. Niedermayer, M. Sigrist, B. Padmanabhan, M. Zolliker, A.D. 
Bianchi, R. Movshovich, E.D. Bauer, J.L. Sarrao and J.D. Thompson, Science 321, 1652-1654 
(2008). 

[5] S. Raymond and G. Lapertot, in preparation. 

[6] V. P. Michal and V.P. Mineev, Phys. Rev. B 84, 052508 (2011). 
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Momentum-space structure of quasielastic spin fluctuations in Ce3Pd20Si6 
 
Dmytro Inosov1 , Pavlo Portnichenko1 , Pascal Deen2 , Silke Paschen3 , Andrey Prokofiev3  
 
1) Technical University of Dresden, Germany 2) ESS, Sweden 3) Institute of Solid State 
Physics, Vienna University of Technology, Austria  
* Dmytro Inosov, dmytro.inosov@tu-dresden.de 

Among heavy-fermion metals, Ce3Pd20Si6 is one of the heaviest-electron systems known to 
date. Here we used high-resolution neutron spectroscopy to observe low-energy magnetic 
scattering from a single crystal of this compound in the paramagnetic state. We investigated its 
temperature dependence and distribution in momentum space, which was not accessible in 
earlier measurements on polycrystalline samples. At low temperatures, a quasielastic magnetic 
response with a half-width Γ ~ 0.1 meV persists with varying intensity all over the Brillouin zone. 
It forms a broad hump centered at the (111) scattering vector, surrounded by minima of intensity 
at (002), (220) and equivalent wave vectors. The momentum-space structure distinguishes this 
signal from a simple crystal-field excitation at 0.31 meV, suggested previously, and rather lets 
us ascribe it to short-range dynamical correlations between the neighboring Ce ions, mediated 
by the itinerant heavy f-electrons via the RKKY mechanism. With increasing temperature, the 
energy width of the signal follows the conventional √T law. The momentum-space symmetry of 
the quasielastic response suggests that it stems from the simple-cubic Ce sublattice occupying 
the 8c Wyckoff site, whereas the crystallographically inequivalent 4a site remains magnetically 
silent in this material. 
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Influence of Ibuprofen and Humidity on Phospholipid Membranes 
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Holderer1 , Oxana Ivanova1 , Henrich Frielinghaus1 , Samira Hertrich2 , Stefan F. Fischer2 , Bert 
Nickel2  
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München, Germany  
* Henrich Frielinghaus, h.frielinghaus@fz-juelich.de 

Nonsteroidal anti-inflammatory drugs (NSAID) such as ibuprofen have a wide range of medical 
applications, ranging from pain relieve to cancer treatment [1]. However, some applications 
require long-term application, which can lead to gastrointestinal complications and even fatal 
ulcers [2]. Neutron reflectometry and grazing incidence neutron scattering (GISANS) 
investigations of phospholipid films, revealed a change in layer thickness upon the introduction 
of Ibuprofen [3]. This change in layer thickness can be attributed to a different apparent 
hydration of the film [4]. We investigated the influence of ibuprofen on phospholipid layers of L-
α-phosphatidylcholine (SoyPC), as a model system for cell membranes, between 0 and 53.3 
mol% of ibuprofen [5]. Our investigations revealed that ibuprofen induces a two-step ordering in 
such films depending on the concentration. While there is no ordering for the pure SoyPC film, 
at higher concentrations ordering occurs. There is a re-organization at even higher 
concentrations of ibuprofen, leaving only a single hexagonal structure. The findings are 
compared with measurements at different relative humidities of pure SoyPC. Knowledge about 
this behavior of phospholipid membranes in the presence of ibuprofen may help elucidate the 
reason for long-term toxicity of ibuprofen. 

[1] Thun, M. J.; Henley, S. J.; Patrono, C. J. Natl. Cancer Inst. 2002, 94, 252−266. 

[2] Lichtenberger, L. M.; Wang, Z. M.; Romero, J. J.; Ulloa, C.; Perez, J. C.; Giraud, M. N.; 
Barreto, J. C. Nat. Med. 1995, 1, 154−158. 

[3] Boggara, M. B.; Mihailescu, M. ,Krishnamoorti, R. J. Am. Chem. Soc., 2012, 134, 19669-
19676. 

[4] Aeffner S.; Reusch, T.; Weinhausen, B.; Salditt, T. Proc. Natl. Acad. Sci. USA, online, 
doi:10.1073/pnas.1119442109. 

[5] Jaksch, S.; Lipfert, F.; Koutsioubas, A.; Mattauch, S.; Holderer, O.; Ivanova, O.; Frielinghaus, 
H.; Hertrich, S.; Fischer, S. F.; Nickel, B. arXiv:1406.3616v4 [physics.bio-ph], 2014, online. 
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ceramide in lipid bilayers 
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Ceramide is a lipid species found in nearly all tissue having important function in cell signalling, 
cell differentiation, stress stimuli, and apoptosis. Usually, they are found only in trace level in 
membrane tissue with the exception of stratum corneum, where it reaches a level of as much as 
50% of the total lipids. The stratum corneum is the outermost layer of the mammalian skin and 
responsible for its barrier function. It consists of dead corneocyte cells and nearly equi-molar 
amounts of ceramide, free fatty acids and cholesterol. Today, 11 different forms of ceramide 
have been identified and some of these skin ceramides differ remarkably from forms of other 
tissue. Because of this, the lipid organisation in membranes of stratum corneum is different of 
membranes of other biological membranes, as it exhibits two lamellar phases with membrane 
thickness of approximately 6 nm and 13 nm. To unravel the mostly unknown exact organisation 
of ceramides in (skin) membranes we designed an experimental route employing specifically 
deuterated ceramides and neutron lamellar diffraction. Neutron diffraction in combination with 
specific deuteration is indeed a powerful method to localise hydrogen positions even at a low 
special resolution. We will report on the results of diffraction experiments of ceramide doped 
DPPC membranes with ceramide-NS, deuterated in different positions. 
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Macromolecular crowding and protein stability 
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Macromolecular crowding, as a consequence of the highly filled cellular environment, is 
expected to have some influence on protein stability. Theoretically A. Minton [1] predicted 
significant protein stabilization at physiological volume fraction due to excluded volume in a 
model system of hard spheres. Protein stabilization mechanism is due to the preferential 
destabilization of the more extended states (including the unfolded state that is compressed) by 
macromolecular crowding, thus shifting the equilibrium toward the folded state. Experimental 
studies, on different model systems of protein and co-solutes molecules (mimicking crowding) 
show various behaviors, ranging from stabilization to destabilization. Small angle neutron 
scattering, using contrast matching, is an ideal tool to study the conformation of 
macromolecules as a function of a huge quantity of other molecules whose signal is matched by 
an appropriate mixture of H20 and D20. We have shown a few years ago that macromolecular 
crowding induces the compression of a Gaussian chain (model for unfolded protein), whose 
radius of gyration is divided by a factor of two at physiological concentration of co-solutes [2,3]. 
In order to observe the effect of macromolecular crowding on protein stability, proteins are often 
diluted in a destabilizing solvent such as urea or guanidine chloride, whose interaction with co-
solutes molecules can be questioned. We have performed a systematic study of myoglobin 
stability as a function of urea concentration and macromolecular crowding. We used different 
molecules as crowder, such as Ficoll 70, PEG and a small osmolyte molecule called TMAO. We 
will report combined studies of circular dichroism and SANS showing the effect of 
macromolecular crowding on the secondary structure and the global conformation of the 
protein, we specifically emphasize on the specific interactions between urea and 
macromolecular crowders. We show that co-solute can destabilize protein at low urea 
concentration whereas it stabilizes it at high urea concentration [4,5]. 

  

[1] A. Minton, Biophys. J., 88 (2005 ) 971-985 

[2] C. Le Coeur et al Phys. Rev E, 79 (2009) 031910, 

[3] C. Le Coeur et al Phys. Rev E, 81 (2010) 061914 

[4] S. Combet-Jeancel et al (2015), to be published 

[5] S. Longeville et al (2015), to be published 
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Dynamical Aspects of Ganglioside-Containing Membranes 
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Many macromolecules of biological relevance are characterized by the presence of sugar 
moieties with different degree of complexity. A particular class of sugar-containing molecules is 
that of gangliosides, glycolipids abundant in neuronal plasma membranes which are believed to 
be involved in processes like protein binding, cell recognition and signal transduction. 
Gangliosides are amphiphilic molecules, which self-aggregate in water to form micelles, these 
present a bistable behaviour between stable states which does not involve any change in the 
primary structure of the molecule [1]. The two states are due to a conformational change, which 
involves the oligosaccharide chain of the ganglioside molecule and is triggered by some 
external agent like temperature. They have different average dimensions due to different 
packing geometries with a different area per head group. 
We have now extended a previous QENS study [2] on the dynamics of ganglioside micelles and 
of the associated hydration water. The measurements have now been performed in both 
conformational states at two micelle concentrations (8 % and 15 %) using both H2O and D2O as 
solvents. The dynamics of the ganglioside molecule turns out to be quite slow as a 
consequence of the rather close packing of the bulky sugar head groups in the hydrophilic shell 
of the micelle. The data have been analyzed taking into account presence of dynamical 
heterogeneities within the ganglioside molecule: the hydrogens in the head groups and in the 
initial part of the hydrophobic chains perform slow diffusive motions in a confined volume; those 
belonging to the end part of the chains show a faster confined diffusivity together with torsional 
isomerization transitions. 
 
 
[1] L. Cantù, M. Corti, E. Del Favero, E. Digirolamo, S. Sonnino and G. Tettamanti, Chem. Phys. 
Lipids 79, 137 (1996). 
 
[2] P. Brocca, L. Cantù, F. Cavatorta, M. Corti, E. Del Favero, A. Deriu and M. Di Bari, Physica 
B 350 e619 (2004). 
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Unravelling translocation and membrane protein integration : neutron scattering analysis 
of the bacterial holotranslocon 
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In all kingdoms of life, a substantial part of proteins is addressed to the translocation pathway in 
order to be either exported out of the cell or integrated into the membrane compartment. In 
bacteria, these translocation events rely on the core secYEG translocon, which forms a channel 
through the membrane and can open laterally to release membrane proteins into the 
surrounding lipid bilayer. The secYEG translocon can recruit accessory subunits : secDF-YajC 
and YidC. SecDF-YajC subcomplex has been associated to a proton-motive dependent 
translocation while YidC is known to be involved in membrane protein insertion. This seven 
subunits complex is referred as the holotranslocon and has been shown to be more efficient for 
membrane protein integration. 
 
Cryo-electron microscopy studies on the cross-linked complex revealed its organization and 
small angle neutron scattering showed the complex has a flexible central cavity that is filled with 
lipid. We believe this cavity plays a decisive role in membrane protein integration mechanisms 
and will investigate its dynamic as the holotranslocon interacts with its cytosolic partners. 
 
We are now taking advantage of a new purification protocol, allowing us to get rid of the cross-
link and yields a stable and homogeneous detergent-free protein solution. Neutron diffraction 
and contrast matching experiments allow us to distinguish proteins from lipids so we can 
monitor the behavior of the central lipid cavity upon partners binding. We believe these 
informations will allow us to build a molecular model, completing the current view of protein 
translocation and membrane protein integration. 
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Neutron reflection reveals intermediate states in pore formation by the eukaryotic pore-
forming cytolysin equinatoxin II 
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Equinatoxin II (EqtII), a eukaryotic pore-forming toxin, lyses several types of cell membranes 
through a mechanism involving the insertion of its N-terminal α-helix into the membrane. EqtII 
pore formation is dependent on sphingomyelin (SM), but cholesterol (Chol) and membrane 
microdomains have also been suggested to enhance its activity. We have investigated the 
mechanism of EqtII binding and insertion by using neutron reflection to determine the structures 
of EqtII-membrane assemblies in situ. EqtII has several different modes of binding to 
membranes depending on the lipid composition. In pure dimyristoyl-phosphatidylcholine 
(DMPC) membranes, EqtII interacts weakly and reversibly with the lipid head groups in an 
orientation relatively parallel to the membrane surface. The presence of sphingomyelin (SM) 
gives rise to a more upright orientation of EqtII, but Chol is required for insertion into the core of 
the membrane. Pore formation is not observed over a period of several hours, indicating that 
the intermediate inserted state of EqtII is stable in these membranes. Cooling the EqtII-lipid 
assembly below the lipid phase transition temperature leads to deep water penetration and a 
significant reduction in the extension of the protein outside the membrane, indicating that 
phase-separation plays a role in EqtII pore-formation. An inactive double-cysteine mutant of 
EqtII in which the α-helix is covalently tethered to the rest of the protein, interacts only reversibly 
with all the membranes. Releasing the α-helix in situ by reduction of the disulphide bridge, 
however, causes the mutant protein to penetrate in DMPC-SM-Chol membranes in a manner 
identical to the wild-type protein, which confirms that helix dissociation is prerequisite to 
membrane insertion. Our results help clarify the early steps in pore formation by EqtII and 
highlight the valuable information on protein-membrane interactions available from neutron 
reflection measurements. 
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The view that the dynamics of biological macro-molecules is enslaved to the surrounding water 
is fairly accepted. We hypothesize that the observed dynamical transition in these systems is 
merely a specific case of a universal, solvent-driven transition in solute dynamics. Thus, we 
carried out a series of quasi-elastic neutron scattering experiments and molecular dynamics 
simulations of polystyrene solvated in toluene as a model system devoid of water as well as 
polar interactions between solvent and solute. We find that polystyrene in contact with a 
sufficient number of toluene molecules exhibits a dynamical transition related to the glass 
transition temperature (Tg) of toluene of 116 K, even though polystyrene is characterized by 
Tg=373 K. The transition temperature is dependent on the solvation level, approaching toluene 
Tg with increasing solvation. Our results support the view that a glass transition in the solvent, 
together with coupling interactions between solvent and solute, are sufficient conditions to 
initiate the dynamic transition in solute dynamics, independent of the nature of solvent and 
coupling. 
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Quantum mechanical calculations of the ground state energy for a pure electron gas at different 
densities reveal a thermodynamic instability in terms of a negative compressibility [1-5] if the 
gas is expanded to values where the Wigner-Seitz Parameter is rs » 4.5-5, if rS is given in units 
of the Bohr radius. We have investigated this feature exploring fluid alkali metals which appear 
to be perfect model systems for this purpose. Their electronic properties can be well described 
within the free-electron approximation and their ion density and hence their electronic density 
can be gradually reduced along the liquid vapour coexistence line (indicated by the red dashed 
lines in the Figure). Appropriate scaling of rS [6,7] reveals that the predicted instability should 
occur at about four times the critical density in these systems (»1200 K, »25 bar in liquid Rb). 
Estimates of the thermodynamic stability employing equation of state data for Rb and Cs (see 
[6] and references therein) show indeed that the stability criteria seems to be violated when 
these fluids are expanded beyond this density range (blue shaded areas in Fig. 1) The liquid 
state however, persists to even lower densities and the electrical conductivity is still relatively 
high, but this may be related to the high temperatures of the fluids under real conditions (in 
contrast to the zero Kelvin calculations). The occurrence of a negative compressibility also 
causes a negative dielectric constant of the electron gas. This however, would lead to drastic 
variations in the interparticle interactions and should hence be reflected in structure and 
dynamics of the fluid. Such structural variations were recently observed in a series of highly 
accurate S(Q)-measurements on liquid rubidium [7], but this effect must also lead to a variation 
of the mode frequencies of the collective dynamics. In order to investigate this, we have 
measured S(Q,w) of fluid Rubidium at lower Q values for a variety of thermodynamic states 
close to the vapour pressure curve at temperatures between melting and 1673 K. For this we 
have used the small angle capabilities of the instruments BRISP and IN4 which are located at 
the High-Flux-Reactor of the ILL in Grenoble. We will present the obtained dynamic data in the 
talk and discuss our findings within the context of the predicted thermodynamic instability. 

1. D. M. Ceperly and B. Alder, Phys. Rev. Lett. 45, 566 (1980) 
2. G. Giuliani and G.Vignale, Quantum Theory of the Electron Liquid, Cambridge 

University Press, Cambridge UK 2005 
3. G. D. Mahan, Many Particle Physics, Kluwer Academic/Plenum, New York, 2000 
4. N. Wiser and M. H. Cohen, J. Phys C2, 193 (1969)                                                        
5. M. D. Llano and V. V. Tolmachev, Phys. Lett. B 37, 37 (1971) 
6. F. Hensel and W. W. Warren, in Fluid Metals, Princeton, NJ: Princeton Press, 1999 
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Cuprous iodide is a typical superionic conductor in a high-temperature solid phase (α-phase) 
where cuprous ions migrate between interstitial sites in the sublattice of face-centered cubic 
structure formed by iodine ions. Even in the molten phase, cupper ions exhibit several times 
faster diffusion than iodine[1,2]. The structure of molten phase is far from what typical ionic 
liquids have. Cu-Cu partial pair correlation function (ppcf) deeply penetrates into the first 
neighboring shell formed the Cu-I ppcf [3]. Theoretical study by ab-initio molecular dynamics 
(MD) [1] revealed that cupper has relatively strong covalenct bond with iodine at short distances 
in a rearest neighboring shell and weak covalency even with cupper in a short distance. We 
have performed quasielastic neutron scattering (QENS) measurements of molten CuI by using 
a cold disk-chopper spectrometer, AMATERAS, installed at BL14, MLF, J-PARC [4].  To 
interpret ion dynamics of molten CuI from the total dynamic structure factor obtained from 
QENS, we have performed MD simulation with Vashishta-Rahman potential and polarizable ion 
model using the same parameters as the earlier work [2]. Partial time-space correlation 
functions, so called van Hove functions, Gij(r,t), were deduced from MD. GCuCu(r,t) is easily 
deformed with evolving time from the static Cu-Cu structure at t=0 and lost structural memory in 
a few picosecond, while GII(r,t) shows long memory of static I-I correlation. We will discuss 
structure-related coherent dynamics of molten CuI both from experimental data and MD 
results.     
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The determination of the coherent structure factor of hydrogenous liquids is very difficult: X-rays 
are barely sensitive to hydrogen, while neutron results still lack accuracy due to the 
contamination of the scattering intensities by a huge spin-incoherent signal from 1H, in some 
cases reaching over 90% of the measured signal. Theoretical efforts to estimate the incoherent 
neutron “background” have not yet led to a unique solution, and as a result, the hydrogen bond 
in e.g. water is still highly debated. 
 
Using polarised neutrons with polarisation analysis, one can experimentally separate the 
coherent and incoherent contributions to the scattered intensity, since nuclear coherent 
scattering is purely non-spin-flip, while spin-incoherent scattering is partially (2/3) spin-flip. 
 
The D3 polarised hot neutron diffractometer at ILL, formerly devoted to magnetic studies on 
single crystals, has been upgraded and now offers a new setup for the studies of liquids over a 
wide Q-range using polarised neutrons. 

We show the first results obtained on several mixtures of heavy and light water at ambient 
pressure and temperature: for the first time, we could directly measure the purely incoherent 
cross section, proportional to the spin-flip scattering, hence allowing an unprecedented 
accuracy in the extraction of the coherent signal, representative of the structure. Similarly, we 
show the very successful results obtained recently on more complex systems like propanol. 

On the more theoretical side, we present recent progress in both the use of Monte Carlo 
calculations to correct the data for multiple scattering and reverse Monte Carlo calculations, 
which are shown to properly account for the observed structure factors, also including inelastic 
contributions (molecular recoil effects). 
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Alkali borosilicate glasses are widely used as substrate materials for manufacturing neutron 
mirrors and guides. Their interest, compared to purely Silica-based glasses, lies in their boron 
oxide content. It provides an efficient shielding for the environment thanks to the (n,alpha) 
Boron capture reactions of the particles transmitted across the neutron reflecting layers. The 
relevance of the presented study stems from the splintering and implosion of neutron beam 
lines due to over-irradiation registered at several neutron scientific facilities worldwide. To tackle 
this issue, the Institut Laue-Langevin (Grenoble, France)  with the financial support of ESS-
Bilbao have launched an investigation onto the mechanisms linking the neutron exposition to 
the glass failure. 

The guide damage has been attributed to He and Li ions resulting from (n,alpha) reactions with 
energies of 1470 keV and 840 keV respectively. Due to their high energy compared to the inter-
atomic binding ones, these ions induce a ballistic mixing in the glass network. The aim of this 
study was then to relate the glass network modifications with changes occurring on its 
macroscopic shape [1]. The study consisted in monitoring the glass properties as a function of 
the neutron dose received by means of the concurrent use of different experimental techniques 
such as: SANS, NMR, RAMAN etc. 

Our results show that mechanical breakup is due to a compaction of the structure and is highly 
dependent on the chemical composition of the glass. More into specifics, the origin of such 
macroscopic changes has been tracked down to scales of medium and short range order, and 
highlighted the appearance of a segregated phase. The figure attached shows SANS signals 
measured on D11 (ILL) on irradiated and non irradiated Borofloat powders. It clearly shows the 
appearance of structures in the range of 50 Angstroms. The generation of such phase would 
explain the important change in the density of this glass that make it prompt to splintering 
compared to the other Alkali-borosilicate analysed. 

This work enabled us to understand the differences of behaviour among the different mirror 
substrates analysed. These results will be used to select what material should be used as 
reference for the manufacture of future guides. The current results are relevant for the next 
renovation plans at ILL and also for other high flux facilities such as the European Spallation 
Source which is currently under development. 

[1] R. Boffy, M. Kreuz , J. Beaucour, U. Koester, F.J. Bermejo , submitted to NIMb 
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Hydrogen self dynamics in liquid H2-D2 mixtures studied through inelastic neutron 
scattering 
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We have measured the dynamic structure factor of liquid para-hydrogen mixed with normal 
deuterium (T=20 K) at two different concentration levels using incoherent inelastic neutron 
scattering. The experiment was carried out on IN4C, a time-of-flight chopper spectrometer. After 
an accurate data reduction, recorded neutron spectra were studied through the modified Young 
and Koppel model and the H2 center-of-mass self dynamic structure factor was finally extracted 
for the two mixtures. Some physical quantities (i.e. self diffusion coefficient and mean kinetic 
energy) were determined and compared with accurate quantum Monte Carlo calculations, 
which, in addition, also provided estimates of the velocity auto-correlation function for the H2 
centers-of-mass. These estimates, in conjunction with the Gaussian approximation, were used 
to simulate the H2 center-of-mass self dynamic structure factor in the same range as the 
experimental one. The agreement between measured and calculated spectra was globally 
good, but some discrepancies proved the unquestionable breakdown of the Gaussian 
approximation in these semi-quantum systems at a level comparable to that already observed in 
pure liquid para-hydrogen. 
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Visualization of bulk magnetic properties by Neutron Grating Interferometry 
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The neutron Grating Interferometer (nGI) is a standard user instrument at the cold neutron 
imaging beamline ICON [1] at the neutron source SINQ at Paul Scherrer Institute (PSI), 
Switzerland. The setup is able to deliver simultaneously information about the attenuation, 
phase shift (DPC) [2] and scattering properties in the so-called dark-field image (DFI) [3] of a 
sample. Since neutrons only interact with the nucleus they are often able to penetrate deeper 
into matter than X-rays, in particular heavier materials. A further advantage of neutrons 
compared to X-rays is the interaction of the neutron’s magnetic moment with magnetic 
structures that allows for the bulk investigation of magnetic domain structures using the nGI 
technique [4]. The nGI-setup and its technique for imaging with cold neutrons will be presented. 
The main focus will be on magnetic investigations of electrical steel laminations using the nGI 
technique. Both, grain-oriented (GO) and non-oriented (NO) laminations will be presented. GO-
laminations are widely used in industrial transformer applications, while NO-sheets are common 
in electrical machines. For grain-oriented sheet, domain walls were visualized as well as their 
dynamic displacement process in external applied magnetic fields. In figure 1a) a dark-field 
image of a grain oriented transformer sheet is shown in the absence of an externally applied 
magnetic field. In well-oriented Goss grains single domains walls are visible (horizontal dark 
lines), the corresponding domains have a size of several milimeters. Furthermore, dark areas 
are observed. These are misoriented grains where supplementary domains superimpose wide 
basic domains, see [5], that destroy the dark field image due to multiple scattering. By applying 
a magnetic field, favorably magnetized domains grow and less domain walls become visible. In 
a magnetic field of 6000 A/m (see figure 1b)), the well-oriented grains are saturated and only 
the misoriented grains show a remaining contrast. This contrast indicates that supplementary 
domains are still present in these grains. By further increasing the external magnetic field, also 
these areas become transparent and the whole sample is in the saturated state. 

References 

[1] A.P. Kaestner, et al. The ICON beamline - A facility for cold neutron imaging at SINQ, Nuc. 
Instr. Met. 659, 387 (2011) 
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Neutron radiography and tomography facility at IBR-2 reactor: design and first results 
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   The neutron radiography and tomography methods are the powerful tool of non-destructive 
analysis, which demonstrates importance in industrial and scientific research. The IBR-2 high 
flux pulsed reactor is one of the most powerful pulsed neutron sources in the world with the 
average power 2 MW, power per neutron pulse 1850 MW. The pulsed operation regime of the 
IBR-2 reactor with 5 Hz frequency and long pulse duration for thermal neutrons of 350 ms 
makes it attractive not only for traditional neutron imaging applications but in particular also for 
development of modern energy-selective techniques used time-of-flight methods. 
   In recent years the neutron radiography and tomography facility at the IBR-2 reactor has been 
developed. In talk, the design, main parameters of this facility and a short overview of the first 
obtained results are presented. 
  
   The facility is operated with the CCD-camera based detector having maximal field of view of 
20x20 cm, and the L/D ratio can be varied in the range 200 – 2000. The obtained technical 
parameters are suitable for a wide range of applications, as demonstrated in the given review of 
the performed studies of industrial, paleontological, geophysical and meteorite objects. The first 
obtained results of the energy-selected experiments by means of time-of-flight methods realised 
on neutron radiography and tomography station on high-flux pulsed reactor IBR-2 are 
presented. 
 
   Further developments will be focused on the improvement of the technical parameters and 
implementation of energy selective time-of-flight based techniques. 
 
   The work has been supported by IAEA research contract 17217 and RFBR grant 14-22-
01001-ofi_m. 
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Tempus Fugit, a parallel-beam time-focusing spectrometer for long-pulse and continuous 
neutron sources. 
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TFi (Tempus Fugit instrument) is a neutron spectrometer concept based on a new 
implementation of the time-focusing technique, which allows for the use of a spatially parallel 
beam on both long-pulse sources, like the European Spallation Source (Lund, Sweden), and 
steady sources. The heart of the instrument consists of a double rotating-crystal 
monochromator that takes out of the primary neutron pulse a large time slice, by simultaneously 
picking up a chosen bandwidth of incident wavelengths while maintaining a rather good energy 
resolution. The major advantages of this technical solution are a significantly enhanced neutron 
flux at the sample and a significant background drop due to the intrinsic shift of the sample 
beam line with respect to the source primary beam. In the case of a low-frequency pulsed 
source, multiplexing can be implemented to simultaneously extract different wavelengths from a 
single pulse. 

An instrument of this kind provides a flexible design, as the primary path can be fairly short, the 
beam at the sample position has a rather small divergence dominated by the mosaic of the 
monochromating crystals, and a large area monochromator with vertical focusing can be used. 

The secondary spectrometer can be a standard one but, considering the small divergence of 
the incoming beam, a detector with rather small pixels can be employed to exploit at best the 
resulting high momentum resolution. 

Due to a relatively long distance between the monochromator and the sample position, the 
sample area can be fairly large, thus allowing also for better sample environment and real-time 
ancillary measurements, e.g. Raman scattering, magnetic measurements, etc. Finally the 
spectrometer basic design is such that polarization analysis can be naturally employed in all 
applications. 

In conclusion, thanks to its novel conceptual design, this spectrometer promises unprecedented 
performances like: high neutron flux focused at the sample, multiplexing by replica of time-
focusing monochromatization, wide accessible dynamic range, energy resolution optimized over 
selected inelastic spectral regions, sharpened overall angular divergence of the incoming beam, 
enhanced signal-to-noise ratio. 
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Commissioning study of the energy-resolved neutron imaging system “RADEN” in J-
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A new pulsed neutron instrument for the energy-resolved neutron imaging, named RADEN, in 
the Materials and Life science experimental Facility (MLF) of J-PARC has completed its 
construction work in March 2015, and the user program for the instrument will be started in 
April. This is the first instrument dedicated for the pulsed neutron imaging in the world. The aim 
of this instrument is to perform energy-resolved neutron imaging experiments with high 
energy/wavelength resolution and high efficiency by means of utilizing short-pulsed neutron 
beam nature intensively. Hence, it was designed to cover wide energy range form several tens 
of keV (epi-thermal neutrons) to meV (cold neutrons) and to achieve fine wavelength resolution 
up to 0.2%. In addition, this instrument has a role as a high performance neutron radiography 
and tomography facility in Japan, with high flux (~1x108 n/sec/cm2), a large field of view (< 300 
mm x 300 mm) and a good beam collimation (L/D < 7500). 

In November 2014, we have successfully delivered the first neutron beam to the beam line and 
have started commissioning study to evaluate the performance of this instrument. As the results 
of the commissioning, it was confirmed that the neutron spectrum and the pulse shape were 
agreed well with expected ones from the numerical simulation, and several neutron 
transmission images and reconstruction images by neutron tomography measurements were 
obtained. 

In this presentation, we introduce about our new instrument and explain the current status. And 
also we show the latest results of commissioning study. 
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New neutron imaging techniques to close the gap to scattering applications 
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Neutron imaging techniques are under further development driven by the needs and requests 
from the customers, in particular from industry. Using the well-known advantage of neutrons in 
comparison to X-rays to enable the transmission of thick metallic layers and to study very thin 
samples of organic materials, already a wide application range can be covered.  
However, the limitation with respect to spatial resolution is an important issue, which we want to 
overcome with our "Neutron Microscope" project. The pilot results from the first prototype are 
presented.  
We introduce further the method of "diffractive imaging" where crystalline structures are 
visualized and measured simultaneously to the transmission mode. In this manner, a full 
characterization of the crystal growing properties can be performed, e.g. for single-crystalline 
turbine blades (see the attached figure). Different phases and orientations inside the sample 
can be distinguished.  
By means of the "neutron grating interferometry" - technique and in particular the obtained "dark 
field signal" we are able to study small-angle scattering properties on the macroscopic scale for 
the full sample arrangement. Next to the characterization of colloids and alloys it becomes 
possible to investigate magnetic domain structures and their changes in magnetization 
processes.  
All these approaches are offered to scientific and industrial partners and several practical 
applications have already taken profit: fuel-cell studies with resolution in the micro-meter range, 
detection of soot in DPFs, cutting processes of electro-magnetic sheets, … 

At the future imaging facility ODIN, foreseen to be a day-1 instrument at ESS, all these attempts 
can be improved and optimized since the higher energy-resolution via a selection in the TOF 
mode will enable much more sophisticated studies, combining neutron imaging and scattering.  
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Status of the High-Resolution Neutron Imaging Facility at Paul Scherrer Institut - The 
Neutron Microscope Project 
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While X-ray imaging can be nowadays performed routinely with 1 µm spatial resolution at many 
facilities worldwide, the spatial resolution of neutron imaging with sub-10-micrometres spatial 
resolution is rather rare even at the most powerful neutron sources.  At the same time the 
highrer resolution neutron imaging has been flagged up as one of the key demands of out user 
community (both academic and industrial). 

At Paul Scherrer Institut (PSI), we have recently managed to surpass the 10 micrometres 
threshold using the first prototype of a Neutron Microscope. The prototype has been based on 
high numerical aperture high-resolution optics and dedicated neutron-sensitive scintillator. The 
scintillator screens were made of very thin layer of natural gadolinium oxysulfide (natGd2O2S:Tb) 
and the entire system delivered images of the test objects about 7.6 micrometres spatial 
resolution [1]. 

Further, we demonstrate the feasibility of the production of isotopically-enriched gadolinium 
oxysulfide scintillator screens for the high spatial-resolution neutron imaging. We managed to 
produce several gramms of isotopically-enriched 157Gd2O2S:Tb in the form of fine powder 
(particle size approximately 2 micrometres). The level of 157Gd enrichment has been above 
88%. Approximately 2.5 micrometres thick 157Gd2O2S:Tb scintillator screens have been 
produced and tested for the absorption power and the light output. The results are compared to 
the reference screens based on natGd2O2S:Tb. The isotopically enriched screens provide an 
increase by a factor of 3.8 and 3.6 for the absorption power and light output, respectively [2]. 
The potential of the isotopically enriched 157Gd2O2S scintillator screens for the further 
enhancement of the spatiotemporal resolution for the purpose of the (high-resolution) neutron 
imaging will be presented and discussed. 

Beyond the results stemming from the first prototype, the general status of the Neutron 
Microscope facility is going to be concisely presented with the accents on (i) the results from the 
dedicated lens tailored for the purpose of the high-resolution neutron imaging and (ii) its 
incorporation into the PSI portfolio of the neutron imaging facilities available for the external 
users via the standard PSI User programme. 
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CeCoIn5 is one of the most interesting and most intensively studied heavy-fermion (HF) 
systems. In CeCoIn5 an antiferromagnetic (AF) phase develops at very low temperatures and 
high magnetic fields deep inside the superconducting phase. This incommensurated amplitude-
modulated phase with Q = (q, ±q, 0.5), with q = 0.45, was named Q-phase [1]. This intriguing 
phase has been matter of wide discussions and only recently it has been further clarified 
indicating a coupling of magnetism and the superconducting phase [2]. 

Substituting Nd for Ce in CeCoIn5 results in a rich phase diagram involving different phases: (i) 
HF ground state for CeCoIn5, (ii) superconductivity and (iii) local magnetic moment magnetism 
for NdCoIn5 [3]. A magnetically ordered phase develops deep inside the superconducting phase 
of Nd0.05Ce0.95CoIn5. Results from thermal property measurements revealed a Tc = 1.8 K and TN 
= 0.9 K at zero magnetic field [3]. Recently, Raymond et. al. found that the AF state of 
Nd0.05Ce0.95CoIn5 (at zero field) has the same propagation vector Q\' = (q, ±q, 1/2), with q = 
0.45, as the Q-phase in CeCoIn5 [4]. These unexpected results add interest to the discussion 
about the nature of the Q-phase. 

Our latest muon and neutron measurements further confirmed a weak magnetic signal at Q\'. 
Further investigations on Nd0.05Ce0.95CoIn5 revealed the magnetic structure and phase diagram 
of the AF phase. However, while the propagation vector of the AF phase in Nd0.05Ce0.95CoIn5 is 
similar to the Q-phase, we observe some drastic differences regarding the characteristic domain 
population (see Ref. [2]). 

[1] M. Kenzelmann et al., Science, 321, 1652 (2008). 
[2] S. Gerber et al., Nature Physics, 10, 126 (2014). 
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[4] S. Raymond et al., J. Phys. Soc. Jpn., 83, 13707 (2014). 
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explored by SANS 

 
Alexander Holmes1 , Louis Lemberger2 , Randeep Riyat2 , Elizabeth Blackburn2 , Ted Forgan2 , 
Charles Dewhurst3 , Jorge Gavilano4 , Bhanu Joshi5 , Srinivasan Ramakrishnan5 , Arumugam 
Thamizavel5  
 
1) University of Birmingham, European Spallation Source 2) University of Birmingham 3) Institut 
Laue Langevin 4) Paul Scherrer Institute 5) Tata Institute of Fundamental Research  
* Alex Holmes, alextholmes+icns2015@gmail.com 

α-BiPd is a noncentrosymmetric superconductor with a Tc of 3.7 K and a monoclinic crystal 
structure. Noncentrosymmetric superconductors have been of strong interest due to the 
possibility of mixed singlet-triplet pairing, however this has proven elusive in 
practise.  Superconducting α-BiPd however does display another very rare phenomenon, the 
intermediate mixed state (IMS), where a flux line lattice (FLL) and Meissner state coexist in 
phase separated regions. 

Small Angle Neutron Scattering (SANS) is a powerful technique for the investigation of FLLs in 
superconductors; we use it to investigate the properties of the intermediate mixed state.  Figure 
1(a) shows the diffraction pattern due to the FLL at 250 G in α-BiPd.  Below a field B0 of about 
220G, the lattice parameter is found to saturate at B0, whilst additional scattering is found and 
very low q which can be attributed to the existence of phase boundaries. 
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After more than two decades, the mechanism at the origin of high temperature 
superconductivity has remained an unsolved problem. Several broken symmetry states could 
compete with superconductivity, but could also produce electronic or magnetic fluctuations 
potentially important for the understanding of the superconducting pairing mechanism and the 
anomalous electronic properties observed in the normal state. Using polarized neutron 
scattering in four cuprates families [1-4], including YBa2Cu3O6+x, the existence of a new 
magnetic order was reported. This order develops below the pseudo-gap (PG) transition 
temperature, Tmag. Combined with ultrasound measurements [5], it has been established that 
the PG is a broken symmetry state. This new magnetic phase could be induced by the 
staggered orbital magnetism within the unit cell as proposed in the loop current model for the 
PG state [6]. This Intra-Unit-Cell (IUC) magnetic order indicates that time reversal symmetry is 
broken in the PG state, but translation invariance is preserved. The ordering temperature 
matches the hole doping dependence of the PG state and is likely to vanish around a quantum 
critical point (QCP) close to p~0.2. The existence of the IUC magnetic order is well documented 
in a wide hole doping range. However, its evolution at larger hole doping (in particular, upon 
approaching the QCP) had not yet been addressed. 
 
Our study on YBa2Cu3O6.85 (p=0.15) revealed that the IUC order settles in below T~200K>Tc, 
proving the persistence of the IUC order near optimal doping. Compared to samples with a 
lower hole doping level, the measured intensity at the Bragg peak is strongly reduced [7], 
suggesting a shortening of the magnetic correlation lengths upon increasing hole doping [8]. By 
performing momentum scans across the Bragg reflection, we indeed report for the first time 
finite magnetic correlation lengths [9]. Using polarization analysis, we are able in addition to 
extract the components of the magnetic moment which display different temperature 
dependence. At low temperature, both in-plane and out-of-plane components are present, in 
agreement with the observation of a tilt of the magnetic moment [7]. Above Tmag, the in-plane 
component vanishes. At high temperature we thus have an Ising-like response, originally 
predicted in the loop current model [6]. The behaviors of these two components actually provide 
new insight in the PG physics. 
 
[1] B. Fauqué et al, PRL 96 197001 (2006) 
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[7] P. Bourges and Y. Sidis, CR Physique 12 461 (2011) 
[8] L. Mangin-Thro et al, PRB 89 094523 (2014) 
[9] L. Mangin-Thro et al, arXiv:1501.04919 
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Since the discovery of unconventional superconductivity in doped BaFe2As2 compounds, 
interest developed in the study of Ba(Fe1-xCox)2As2 as prototypical of the class of iron based 
high-temperature superconductors. It is believed that spin fluctuations may provide the 
superconducting pairing mechanism in this class of materials. The low energy magnetic 
fluctuation spectra of Ba(Fe1-xCox)2As2 single crystals in the range 0.015≤x≤0.055 were studied 
in their antiferromagnetically ordered state, above and below their superconducting transition 
temperature (Tc), using inelastic neutron scattering. While the high-energy-transfer magnetic 
excitations in Ba(Fe1-xCox)2As2 are nearly independent of cobalt concentration, the low-energy-
transfer magnetic excitations change character from well-defined spin waves to overdamped 
and diffusive spin excitations despite the presence of long-range antiferromagetic order. This 
crossover coincides with a sharp increase in low-energy spectral weight and the appearance of 
superconductivity, thereby highlighting the importance of overdamped spin fluctuations for 
superconductiviy in the iron pnictides. Upon entering the superconducting state the excitation 
spectra is modified by the superconducting resonance which also evolves with cobalt 
concentration. 
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The system (Li1-xFex)OH(Fe1-yLiy)Se has recently been reported to become superconducting at 
TC≈43 K and then developing ferromagnetism in terms of a spontaneous vortex lattice below 
TM≈10 K.[1]  We have prepared the tetragonal (Li1-xFexOD)FeSe phase by hydrothermal 
synthesis in D₂O to reduce the neutron incoherent scattering cross section. We also prepared 
the samples using isotopically purified ⁷LiOD as a starting material to reduce the neutron 
adsorption cross section. The lattice parameters according to neutron and X-ray diffraction 
varied with 3.79 Å < a < 3.82 Å and 9.16 Å < c < 9.20 Å, but the superconducting regime occurs 
at different values than for the proton system. We have carried out bulk magnetization, high 
resolution powder diffraction measurements to determine the crystal structure, high intensity 
diffraction measurements for the magnetic structure, and small angle scattering measurements 
to investigate the vortex lattice and interaction with the ferromagnetic order.  The sites in the 
FeSe layer are fully occupied.  A ferromagnetic contribution to the SANS scattering arises below 
12 K in zero field which indicates an inhomogeneous ferromagnetic state has developed.  The 
temperature and field dependence of this scattering is consistent with ferromagnetic domains or 
domain walls, or with scattering from individual vortices that form spontaneously.  The position 
of the vortex peak in a magnetic field occurs at the expected position within uncertainties 
without a significant contribution from the ferromagnetism.  Both the SANS and diffraction data 
indicate that the site-averaged ordered ferromagnetic moment is small, below ~ 0.1 mB.  

 [1] U. Pachmayr, et al., Angew. Chem. Int. Ed. 54, 293 (2015). 
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We report on the coexistence of trivalent and intermediate-valence Ce ions in CeRuSn studied 
by polarized neutron diffraction. We have determined by spin densities at elevated and at low 
temperatures using assuming approximate crystal structures.  At 285 K, where the  CeRuSn 
crystal structure contains two different crystallographic Ce sites, we observe that a Ce site with 
larger nearest-neighbour distances is clearly more susceptible to the applied magnetic field 
whereas the other is hardly polarizable. This finding clearly documents that different local 
environment of the two Ce sites causes the Ce ions to split into magnetic Ce3+ and non-
magnetic Ce(4-delta)+ valence states. With lowering the temperature, the crystal structure 
transforms to a structure incommensurately modulated along the c axis. This leads to new 
inequivalent crystallographic Ce sites resulting in a re-distribution of spin densities. Our analysis 
using the simplest structural approximant shows that in this metallic system Ce ions co-exist in 
different valence states. Localized 4f states that fulfill the third Hund\'s rule are found to be close 
to the ideal Ce3+ state (at sites with the largest Ce-Ru interatomic distances) whereas Ce(4-delta)+ 
valence states are found to be itinerant and situated at Ce sites with much shorter Ce-Ru 
distances. The similarity to the famous gamma-alpha transition in elemental cerium is 
discussed. 
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The Target Nano-Pharmaceutics project shall improve therapy and diagnosis of severe 
diseases, e.g. cancer, by individual targeting of drug-loaded nano-pharmaceuticals towards 
cancer cells, and drug uptake receptors in other diseases. Specific ligands, which are 
recognized by the diseased cells or drug uptake, are bound to the nanoparticle surface, and 
thus capable of directing the drug carriers. In the current concept a ligand set is coupled by a 
fast assembly technique (click link) in the very last step of the formulation. The strategy has two 
branches: a) In the later clinical cancer therapy application the ligands set (2-5 different, 
membrane-linked) will be selected according to the biopsy analysis of the patient tissue e.g. 
from tumor.; b) in the oral drug delivery part the drug transport is enforced by 
excipients/detergents in combination with targeting materials for cellular receptors resulting in 
an induced uptake. Both  targeting nanomaterials are characterized by a combination of SANS, 
DLS and SAXS or ASAXS in a feedback process during development.. 

We synthesize targeting modifiers of metal drug loaded nanoparticles which consist of four 
structure domains (fig.). For cancer therapy the components are varied and optimized in a case 
specific manner. The nanoparticles, e.g. biodegradable polymer (PLGA),  lipid particles as well 
as the anchor domain are hydrophobic. The linker binds the ligand in two steps: adsorption and 
a covalent bond formation as terminal step. The structure of the modified nanoparticles is 
analyzed by dynamic light scattering DLS, neutron small angle scattering SANS and metal 
specific X-ray scattering ASAXS, while the effect of the drug is proven with kinetic cell cultures 
as tumor models. The multi-targeting modification (fig) is applied for radiation therapy to 
lanthanide loaded polymer nanoparticles (PLGA) and liposomes as fast development system. 

Many new drugs are lipophilic or badly soluble (BCS2,4), which results in a dependence of the 
uptake by interaction with dynamic nanoparticle-bile systems in the gastro-intestinal system. 
The nanoparticles – micelles and liposomes – develop sequentially in the gut after influx of the 
bile, a mixture of bile acids, lecithin, cholesterol. In a project part the formation and drug delivery 
of those nanoparticle drug systems important for drug uptake is studied and improved with 
model systems of the GI. This serves as a tool for structure and dynamics characterization of 
nano-pharmaceutics, which are modified by excipients (detergents) and novel targeting lipids 
(fig.) with covalent bound receptor ligands. The development is enforced in a feedback process 
with structure investigations by time resolved and spatial resolved scattering methods: TR-
SANS, TR-DLS. 

1) Nawroth T et al. Mol. Pharm.  2011, 8, 2162-2172 

2) Buch K et al, 2012 Radiation Oncology  7, 1-7 
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4) Johnson R. et al. Eur.J.Lipid Sci. Technol 2014 1167-73 
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A key issue in making use of nanoparticles (NP) for biomedical purposes is an understanding of 
their interaction with cells beyond the designated functions. Since the first contact that all 
nanomaterials will always have with any living organism is through the cell membrane, this 
study focuses on the interaction of a particular class of NP with model cell membranes. 

Besides size, shape, ligand structure, and composition, the way in which biological cells take up 
nanoparticles is significantly affected by the nanoparticles’ surface charge [2]. While cationic NP 
are thought to enter the cell by membrane diffusion, anionic NP probably insert through 
endocytosis. 

 To provide insight into the fate of gold nanoparticles (AuNPs) and their impact on cell 
membrane integrity, we analysed with neutron reflectometry the interaction of two classes of 
AuNPs functionalized with cationic and anionic groups with single and double component model 
membranes. As model membrane, we chose a system composed by a solid supported double 
lipid bilayer, in which the second bilayer floats 20 - 30 Å above the first one and bypasses the 
interaction between the first lipid bilayer and the substrate. This results in a highly hydrated, 
fluctuating bilayer that represents a membrane system with dynamic properties comparable to 
biological membranes. 
 
 The AuNPs functionalised with cationic head groups penetrate into the hydrophobic moiety of 
the lipid bilayers and cause membrane disruption at an increased concentration. Furthermore, 
at lower concentration they tend to pass through the fluid phase of the lipid membrane and 
remain embedded in the hydrophobic moiety of the floating bilayer. In contrast, the AuNPs 
functionalised with anionic head groups did not enter but seemed to impede the destruction of 
the lipid bilayer at an alkaline pH. They did not have the tendency to penetrate the lipid 
membrane, but rather interact with its surface [3]. 
 
 By a precise modeling of the reflectivity data, we could locate where the AuNP are 
incorporated, quantify their amount of AuNPs and identified the changes in the nanostructural 
properties induced in the lipid bilayers by the AuNP as a function of the charge of the AuNPs 
and of the charge of the lipid bilayers. 
 This knowledge is crucial to effectively design safe nanoparticles for biomedical applications 
and also to define practices and procedures for the secure handling of nanoparticles in general. 
The information obtained might influence the strategy for a better nanoparticle risk assessment 
based on a surface charge evaluation and contribute to nano - safety considerations during their 
design. 
 
[1] Y.-C. Yeh, B. Creran and V.M. Rotello, Nanoscale 4 (2012) 1871 
[2] C. M.Goodman, C.D. McCusker, T. Yilmaz, and V.M. Rotello, Bioconjugate Chem. 15 (2004) 
897 
[3] Tatur, S.; Maccarini, M.; Barker, R.; Fragneto, G.; Langumir (2013), scientific highlight of ILL 
2013 
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Non-lamellar lipid liquid crystalline nanoparticles (LCNPs) have a wide range of attractive 
properties as delivery systems in pharmaceutical, food and cosmetic applications. Their internal 
structure is composed of intricately ordered 3D networks of hydrophilic and hydrophobic 
regions, which provide high drug loading capacity for both hydrophilic and hydrophobic 
substances. The nanostructures themselves protect from enzymatic degradation while 
extending and controlling the release of the active substance [1], such as somatostatin and 
propofol [2,3]. While there is still a lot to be learned about LCNPs as colloidal objects, it is also 
important to understand surface interactions along the route of production and delivery. There 
are also instances where a maximum adsorption is desirable, i.e. to enhance drug delivery 
devices with LCNP-based surface coatings. We have previously investigated the adsorption of 
LCNPs on various surfaces using neutron reflectivity [4, 5]. A common feature is that the 
particles adsorb and partly spread on the surface, leaving a thin and dense layer enriched in the 
stabilizer on top of which LCNPs are attached. However, the challenge is to obtain a sufficient 
amount of contrast without deuteration of the compounds. Here we discuss the use of 
substrates with magnetic reference layers combined with a polarized neutron beam as 
demonstrated with recent results from Super Adam, the Swedish CRG reflectometer at ILL. 
Silicon blocks were coated with magnetic reference layers made of amorphous Co90Zr10 [6, 7]. 
The LCNPs used (diglycerol monooleate:GMO-50 (40:60), dispersed in water, stabilised with 
polysorbate 80) had a liquid crystalline phase interior and an average size ~170 nm. The use of 
polarized neutrons allowed us to determine the LCNP layer dimensions with high resolution, 
where the adsorption and subsequent spreading of the non-lamellar particles on silicon oxide 
resulted in formation a bilayer structure (Fig.1). We will also discuss the results from the 
adsorption of the LCNP to lipid bilayers, mimicking cell-membranes, which show more intriguing 
non-bilayer features.  

[1] S. Engström, B. Ericsson, T. Landh, Proceed. Intern. Symp. Control. Rel. Bioact. 
Mater.,1996, 23, 89.  
[2] C. Cervin, P. Vandoolaeghe, C. Nistor, F. Tiberg, M. Johnsson, Eur. J. Pharm. Sci., 2009, 
36, 377.  
[3] M. Johnsson, J. Barauskas, A. Norlin, F. Tiberg, J. Nanosci. Nanotech. 2006, 6, 3017.  
[4] P. Vandoolaeghe, R.A. Campbell, A.R. Rennie, R.K. Thomas, F. Tiberg, F. Höök, G. 
Fragneto, T. Nylander, Soft Matter, 2008, 4, 2267.  
[5] M Wadsater, J. Barauskas, S. Rogers, M. Skoda, R.K. Thomas, F. Tiberg, T. Nylander. Soft 
Matter, 2015, 11, 1140.  
[6] R. Moubah, F. Magnus, E. Östman, Y. Mohammad, U.B. Arnalds, M. Ahlberg, B. 
Hjörvarsson, G. Andersson, J. Phys.: Condens. Matter, 2013, 25, 416004.  
[7] F Magnus, R. Moubah, A.H. Roos, A. Kruk, V. Kapaklis, T. Hase, B. Hjörvarsson, G. 
Andersson, Appl. Phys. Lett., 2013, 102, 162402. 
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Breast cancer is a public health problem throughout the world. New treatment approaches are 
constantly being researched and in our group we con- tributed to the development of a new 
method, which is based on the application of magnetic nanoparticles. These are covered with 
the polymer chitosan modified with hydroxyapatite [1], which has a great affinity to breast 
cancer cells [2]. The bio-NCP is designed to deliver the cancer drug to the damaged cells, 
without affecting the healthy ones. For a good performance of this bio-NCP, the structure and 
magnetic properties of the nanoparticles have to be known. 

Here, using neutron powder diffraction experiments performed with the thermal beam line HRPT 
at PSI, Switzerland, the structure of manganese-zinc ferrite nanoparticles (Zn0.25Mn0.75FeyO4) 
with  
y = 1.70 and 2 for different synthesis times was mapped. In addition, in order to determine the 
surface composition of these nanoparticles, Near-Edge X-Ray Absorption Fine Structure 
(NEXAFS) technique and Scanning Transmission X-Ray Microspectroscopy (STXM) were used. 
Finally, magnetization measurements were performed on the samples with different synthesis 
times, both at room temperature (MxH) and for different temperatures (FC/ZFC). 

Our results show that the structure of the nanoparticles does not change with different synthesis 
times and that Fe and Mn are the dominant metals on the surface. The magnetization 
measurements show no differences at room temperature for the sam- ples, but the FC/ZFC 
curves suggest important surface effects on the nanoparticles.  

[1] M.L. Martins et al., Characterization of a new bio-nanocomposite (bio-NCP) for diagnosis 
and treatment of breast cancer, Jourmal of Alloys and Compounds, 2014, 584:514-519 
[2] S.P. Pathi, D.D.W. Lin, J.R. Dorvee, L.A. Estroff and C. Fischbach, Hydroxapatite 
Nanoparticle-containing Scaffolds for the Study of Breast Cancer Bone Metastasis, 
Biomaterials, 2011, 32:5112-5122 

Murillo L. Martins\'s research at the Niels Bohr Institute was financed by The Science without 
Borders program. Heloisa N. Bordallo\'s work is partially funded by the European Spallation 
Source ESS AB.  
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Paclitaxel (PTX) is one of the most effective anti-cancer drugs currently available. However the 
conventional use of this drug, based on the maximum tolerable dose, causes a number of 
undesirable side effects, which can be reduced by encapsulating the drug into a biocompatible 
matrix. Here, we report on the encapsulation of PTX into a bio-nanocomposite (bio-NCP), 
combining the magnetic properties of Mn-Zn ferrite nanoparticles with the biocompatibility of 
chitosan and the affinity of apatite to breast cancer cells. We discuss an analysis of the 
structure of bio-NCP, its toxicity and affinity towards healthy monocytes and fibroblasts (healthy 
cells model) and breast cancer cells (MCF-7), as well as how it carries PTX, including the 
distribution of the drug, the encapsulated and released states of PTX. Our conclusions are 
supported by evidence from a number of state-of-the-art spectroscopy techniques, such as 
Near Edge X-Ray Absorption Fine Structure (NEXAFS), neutron scattering and infrared 
spectroscopies combined with DFT calculations, Scanning Transmission X-ray Microscopy 
(STXM) and Scanning Electron Microscopy (SEM). We show that the bio-NCP nanoparticles 
have a core-shell structure of a magnetic Mn-Zn ferrite core surrounded by a chitosan and 
apatite shell, with the PTX drug loading located in the shell. Restrictions of the PTX vibrational 
modes related to the active parts of the molecule were observed and indicate a change in 
molecular conformation that could inhibit the biological activity of the drug. However, the full 
molecular flexibility seems to be recovered after the release. 

The in-vitro assays show the affinity of breast cancer cells to the bio-NCP. Most importantly, 
great morphological changes and reduction of number of cancer cells were observed, 
suggesting that these cells are able to disrupt the encapsulation and release PTX. Meanwhile, 
no in-vitro phagocytosis by monocytes as well as toxicity to fibroblasts were observed, 
indicating that besides the great effects of bio-NCP to breast cancer cells, the material is non-
toxic to the healthy ones.  
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Highly structured reversed lipid liquid crystalline nanoparticles (LCNPs) of the cubic micellar (I2) 
phase have been demonstrated to have large potential in drug delivery applications due to their 
good drug loading ability and small size, which allows them to penetrate tissue and reach 
targeted organs. Recently, the formation of well-defined, stable and highly structured I2 (Fd3m) 
nanoparticles of 50/50 (wt/wt) soy phosphatidylcholine (SPC)/glycerol dioleate (GDO), using a 
low fraction (5-10 wt%) of the dispersing polymeric surfactant Polyoxyethylene (20) sorbitan 
monooleate (Polysorbate 80 or P80) was reported. [1] 

 The effect of stabiliser on nanoparticles of 50/50 SPC/GDO was determined using different 
fractions (5-15 %) of d-P80 and using SANS and SAXD. [2] This study show that the P80 
concentration should be kept as low as possible to avoid surfactant-related structurally 
disordering effects on the particles and minimize the fractions of coexisting mixed 
surfactant/lipid micelles in the dispersions at the same time as the bulk concentration is high 
enough to form stable dispersions of the LC phase. A concentration of 5 % P80 was found to be 
sufficient to disperse the bulk 50/50 SPC/GDO crystal and SANS data suggests that some d-
P80 penetrates the particle core already for 5% d-P80. However, the fraction of d-P80 
solubilized in the interior of the particles is still low enough not to significantly interfere with the 
internal Fd3m structure of the nanoparticles. At higher fractions of P80 a phase separation 
occurs, in which a SPC and P80 rich phase is formed at the particle surface, previously 
depicted by cryo-TEM for SPC/GDO nanoparticles at high fractions of P80. The surface layer 
becomes gradually richer in both solvent and d-P80 when the surfactant concentration is 
increased from 5-15 %, while the core of the particle is enriched by GDO, resulting in loss of 
internal structure and reduced hydration. 

We have used neutron reflectometry to reveal the location of the stabilizer within the adsorbed 
layer on an anionic silica and cationic (aminopropyltriethoxysilane (APTES) silanized) surface. 
The interaction of the LCNPs with various interfaces and the consequences for the particle 
structure and integrity are relevant not only for their capability as drug delivery vehicles but also 
as to prepare functional surface coatings. 

 Litterature 
 
[1] M. Wadsäter, J. Barauskas, T. Nylander, F. Tiberg. ACS Appl. Mater. Interfaces, 2014, 6, 
7063-7069.  

[2] M. Wadsäter, J. Barauskas, S. Rogers,  M. W. A. Skoda, R. K. Thomas, F. Tiberg, T. 
Nylander. Soft Matter 2015, 11, 1140-1150 
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The violinist (1920), one of the few sculptures made by Gargallo during the so called lead 
interval, was created using a wooden kernel onto which several layers of lead sheet were fixed 
with nails and soldered. The outburst of some blisters on both legs made it clear for the first 
time that the lead is severely attacked by carbonation, most probably due to the organic 
vapours from the wood, a material not chemically compatible with lead. Before treatment, a 
complete exploration and diagnosis of the sculpture was necessary. Neutron imaging was the 
non-destructive technique best suited to assess its real state of conservation and the 
manufacturing technique used by the artist. 
 
This very fragile sculpture travelled to Switzerland to be investigated in NEUTRA, the thermal 
neutron radiographic facility in PSI.  A scintillator and a CCD camera were used for neutron 
detection and neutron imaging respectively. The radiographic projection images were filtered to 
improve image quality before data processing to obtain the computed tomography showing all 
the structural information inside the sculpture. A three-dimensional volume image was also 
created. All the different materials of the sculpture can be identified in the images, both in 
projection and in tomography. These materials include lead, lead carbonate, wood, iron, flux 
from soldering, stucco filling and other unidentified bits in both elbows. 
 
The results show some highly attenuated areas, due either to the geometry of the sculpture or 
to the attenuation coefficient of materials. Although information on the greatest part is available, 
some areas cannot be appropriately described. These are areas lie in concave regions of the 
sculpture, such as the area between the trousers or in front of the chest near the bent elbow, 
and were therefore never or only in very few angles directly visible in the projections.   
 
Some interesting information has been obtained about the wooden kernel. The joins, visible 
when looking at the bottom of the base, appear at different levels in the horizontal tomography 
indicating it was carved from a single block made with three different pieces glued together. The 
virtual wood kernel will be used to produce a new one made of a compatible synthetic material. 
The iron nails used for fixing the lead sheets on to the wooden kernel are clearly visible in the 
tomographic sections and 3D reconstruction, and so is the flux used for soldering several lead 
pieces. 
 
Lead carbonate corrosion showed up clearly in the tomography, allowing us to map the location 
of most corroded areas inside the lead sheets. Both the thickness of the sound lead and that of 
the layer of lead carbonate can be measured in the tomographic sections, helping us to 
understand the dynamics of the pathology. 
 
Finally, the new technical knowledge about the present state of corrosion and the manufacturing 
process and materials acquired through neutron imaging, will be of great importance when 
setting the strategies for future restoration. 
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The stained glass is a fire art, versatile, symbolic and doctrinal. It has been developed linked to 
Architecture (such as building integrated art), to Sculpture, Painting and Minor Arts (for its 
aesthetic and doctrinal programs), as well as the prevailing Languages at different times. 

In History it has enjoyed moments of greater and lesser development. Including the Middle Age 
(the time of greater activity, linked to the Monarchy and the Church mainly), the Renaissance, 
and the resurgence in the nineteenth century to nowadays. It is performed with its 
own  techniques, but formal and stylistically parallel to other artistic manifestations (Sculpture, 
Painting, Minor Arts). 

Europe has concentrated most of the activity of stained glass in the History. About this, 
historical heritage is exceptional -because of the number of preserved windows, its quality, 
processing techniques, and patrons-promoters-. Fortunately interest in its conservation and / 
or restoration is growing exponentially. But it is necessary a strict patrimonial study, which 
necessarily requires an interdisciplinary work, because it involves the historical and artistic 
study, analysis of its material composition and preparation of proposals for prevention, 
conservation and / or intervention. So far, scientist works about it are relatively very few. 

All this would answer the interests of society and the scientific community as it is the knowledge 
transfer (through the preparation of studies and surveys, heritage cataloging, valuation and 
appraisal, and / or counseling), design and prototyping for the material analysis, 
and design techniques of intervention for the prevention, conservation and restoration of stained 
glass. 

Advances in instrumental techniques for the study of stone, ceramics and glass have performed 
well: it allows analyzing the composition of these materials, date them, discover the elements of 
degradation and corrosion, and confirm or clarify the sources and the historical art studies. 
 
In this sense, the neutron techniques are beginning to be applied in cultural heritage and their 
materials. The main results, are establishing comparative studies between European stained 
glass. For these are necessary the analysis by the activation of neutrons, for all its features: as 
non-destructive technique, for allowing the characterization of historical glass, characterize 
impurities and by determining differences in raw materials used and their origin. 
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 It is said that traditional Japanese iron has good workability and does not rust easily. The 
reasons of these characteristics are derived from the raw materials, iron making technique, and 
iron manufacturing technique in ancient Japan. In traditional Japanese iron making, tatara 
smelting, iron sand was used as a raw material. Even today, tanahagane steel with different 
carbon content made by the tatara smelting process is used for sword making. It is said that 
material characteristics of tamahagane steel makes Japanese swords strong, and produces 
intricate and beautiful patterns in the blade. Also, the temperature and the frequency of forging 
decide the mechanical characteristics and the aesthetic value of Japanese iron artifacts. For 
example, many sophisticated manufacturing techniques such as forge-welding, quenching, 
tempering, grinding and so on have been used to make a traditional Japanese sword. However, 
the details of the traditional Japanese iron making and manufacturing techniques are not clear 
as they were mainly carried out in secret.  

Ten tamahagane steel samples manufactured by a contemporary sword smith which show the 
each manufacturing process of traditional Japanese sword have been investigated by pulsed 
neutron imaging to evaluate their crystallographic texture and microstructure. The experiment 
was carried out by the pulsed neutron imaging using the TOF method at J-PARC/MLF.  A 2D-
PSD, GEM, was used to get the spatial dependent TOF data. Each steel sample showed a 
distinctive shape of Bragg edge which tells information of the crystal structure, density, 
preferred orientation, and the lattice spacing. Those differences in microstructure remarkably 
reflect their material characteristics and the sword manufacturing techniques. Specifically, the 
differences of the carbon content of two kinds of raw material, tamahagane, grain refining and 
orientation variation by forge-welding, martensite formation by quenching, lattice spacing 
change by tempering were observed. 

 It is concluded that by using pulsed neutron imaging, we can clarify the metallurgical 
characteristics and reveal the traditional Japanese sword making techniques nondestruvtively. 
We plan to use the results as a basic data and to extend our study towards a systematic 
measurement on Japanese iron artifacts. The final goal of our study is to contribute to the 
development of the nondestructive study of precious cultural heritage, such as iron artifacts by 
pulsed neutron imaging. 

References: 

1. M. Tanaka and M. Kitada: Journal of the Japan Institute of Metals Vol.76, pp. 489-495, 
(2012). 

2. Y. Kiyanagi, H Sato, T Kamiyama and T Shinohara: Journal of Physics, Conference Series 
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The hybrid organic-inorganic compounds exhibit original chemical-physical properties, which 
are shown neither by minerals nor by organic compounds only. In the last decades, a niche but 
active research on the synthesis and the properties of innovative composite materials, has 
developed, becoming a new match point among material science, physics, chemistry, geology 
and cultural heritage. The most ancient hybrid compound, is the pigment Maya Blue (MB), 
appeared around the 800 A.D, made and used in murales, pottery, sculptures by Mayas and 
other people in Mesoamerica [1]. In MB molecules of organic dye (Indigo) are confined inside in 
a clayey matrix (palygorskite), which permits to join the distinctive blue color with the 
characteristic mineral properties, as chemical inertia and thermal and mechanical stabilities. MB 
is very resistant to age, acid, weathering, biodegradation and even modern chemical solvents. 
The chemical reasons explaining how the compound becomes inert to the chemical 
aggressions are still under debate. 
 
Water plays a fundamental role in the interactions between indigo and clay. In this work we 
present a study by means of elastic and inelastic neutron scattering of the dynamics of the 
clay’s zeolitic and structural water molecules during the formation of MB, usually stabilized by 
moderate heating. Neutron incoherent scattering in the MB is only due to the hydrogen atoms, 
so the signal is very sensitive to the amount of released water, providing detailed information on 
the dehydration process. Comparative analysis of the incoherent/coherent elastic/inelastic 
scattering provides a unique possibility to observe at the same time the dehydration process 
and the changes on the structure of the pigment. We show that the thermal treatments applied 
(up to 600 K) are not sufficient to evacuate structural water and we quantify the amount of 
zeolitic water released during the MB formation. A quite resistant pigment is obtained from the 
zeolitic dehydration process of the palygorskite-indigo mixture only by means of vacuum without 
any thermal treatment [2]. That indicates that indigo bonds the palygorskite during the 
dehydration process forming a stable compound. This process is accelerated when heating is 
applied, but heating is not required to stabilize the pigment. The structural studies, by neutron 
diffraction, show that the modification in cell dimensions accompanying the zeolitic dehydration 
are similar to those obtained in previous works [1] and they support the hypothesis that partially, 
molecules of indigo blocks the palygorskite tunnel entrance and partially they may penetrate 
inside the channels. Indigo seems to anticipate the folding in the structure, that may be occur 
even if not all the zeolitic water as been evacuated. We show here that the stabilization process 
of MB-like pigments, involves the necessity of structural modifications in clay framework, and 
the loss of zeolitic water from the channels.  
 
References: 
[1]       M. Sánchez del Río, et al., J. of Material Science 44 (2009) 5524. 
[2]       C. Mondelli, et al. Journal of Physics: Conference Series 340 (2012) 012109 
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Gunpowder weapons were introduced to the battlefield towards the end of the 14th century. By 
the second half of the 15th century, highly mobile and effective guns were being used regularly 
apparently due to major changes in gun, gunpowder and projectile manufacture.  The 
archaeological evidence (principally from the fired lead projectiles) is beginning to provide a 
detailed picture of the scale and chronology of the use of guns in the field, including information 
on their bore, type and how they were used, and is complemented by knowledge obtained from 
surviving guns; from documentary sources; from unfired projectiles and obturators from wrecks, 
but we still do not fully understand the key changes that were made and where and why they 
first took place to enable these guns to become battle-winning weapons. 

 As part of a much larger project to understand the changes in projectile manufacture, how they 
contributed to warfare and what they can tell us about this key transition in the history of warfare 
we have carried out an investigation into composition and structure of early 15th, 16th and 17th 
century round shot using neutron diffraction and neutron tomography.  

 This paper presents the results of neutron experiments on roundshot from the Mary Rose 
(1545), and the battles of Towton (1461), Bosworth (1485), Pinkie (1547) and Basing House 
(1643-5).  Neutron radiographs and tomographs were collected on NEUTRA at PSI to 
determine the structural features.  The experiments showed that projectiles are generally 
spheres of lead, and that some contain metallic cores, stone pebbles or flint shards.  Neutron 
diffraction patterns were collected from a selection of roundshot at ambient temperatures using 
D2B at ILL.  The diffraction patterns confirmed that all the round shot studied were  essentially 
pure lead or pure iron and that the metallic cores were iron. 

 As an example of our results we have included an image of one Bosworth roundshot (below) 
which  shows a lead ball containing an irregular iron dice (rather than a perfect cube) possibly 
having been crudely chopped from a bar of wrought iron. It has been located off-centre and it is 
not clear if this is deliberate or accidental.  The purpose of such inclusions is strongly debated 
and will be discussed in detail in this paper. Suggestions range from careful control of ballistic 
properties – by making a lead ball fly as if it was of iron or to introduce a more random trajectory 
on firing; weight reduction to reduce internal pressures in early gun barrels, which were prone to 
exploding; or simply to save lead, which was expensive. 

 The authors wish to thank Amanda Wynne, Anders Kaestner, Jan Hovind, Emmanuelle Suard 
and Clemens Ritter for their assistance and guidance during the neutron experiments.   
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Neutrons are perfect tools of archaeometrical studies due to their non-destructive and non-
invasive nature. Various kinds of neutron techniques can be used to explore the compositional 
or structural features of the samples. Based on the detection of characteristic γ-photons 
produced in (n, γ) reaction, one can determine the ‘bulk’ elemental composition of the objects. 
Or, investigation of neutron scattering patterns gives information on the atomic, molecular or 
nano-scale structural properties: crystalline/amorphous morphology, phase composition, 
mechanical strains, impurities, etc. Furthermore, neutron imaging techniques 
(tomography/radiography) play an important role in the exploration of the deep bulk topology or 
inside content of artefacts. 

The Budapest Neutron Centre (BNC) has long traditions in application of neutrons for 
archaeology research. Between 2009 and 2014 BNC was contributing to the EU FP7 Cultural 
Heritage Research project called CHARISMA. The continuation of CHARISMA called IPERION-
CH is expected to start in 2015. The project gathers large European museums as well as 
provides access to a network of large scale facilities; BNC is one of the transnational access 
providers by the services offered at its neutron facilities. Complementary measurements are 
offered by the use of External Beam PIXE and compact XRF Spectrometers, microscopes, 
mass spectrometers etc. also at BNC site. 

The most common use of neutron methods and complementary techniques in Cultural Heritage 
is investigating different type of metal objects (archaeometallurgy). A review of case studies as 
comprehensive analysis of artefacts by combined neutron techniques will be demonstrated. 
Manufacturing processes of the earliest Hungarian Bronze Age defensive armour such as 
helmets, greaves and cuirass were studied by PGAA, PIXE and TOF-ND [1]. Medieval steel 
objects e.g. swords of Vikings, knifes from India and Syria were investigated to reveal their iron 
phase structure and composition relevant for the ancient manufacturing technologies [2]. 
Another highlight resulting from a sequence of neutron studies is the material analysis of an 
egyptizing statuette of a Canaanian goddess acquired by the Museum of Fine Arts, Budapest. 
The measurements showed that the statuette was manufactured of two different raw material, 
e.g. bronze and iron (PGAA, PIXE). The bronze alloy was cast, while the iron body might have 
been hammered and annealed (TOF-ND, NR/NT). The most probable known technique for such 
a complex statuette was wax casting [3]. 

References 

[1] Zs. Kasztovszky, L. Rosta; How can neutron contribute to Cultural Heritage Research; 
Neutron News, 23, 25-28, 2012 

[2] Gy. Káli, L. Rosta, Zs. Sánta, G. Eszenyi; Characterization of archaeological and 
museological metal-related artefacts by TOF-ND at Budapest Neutron Centre, ICNS 2013, 
Edinburgh 

[3] L. Rosta, K. Bajnok; Neutrons and complementary methods for archaeometallurgy 
investigations; SR2A-2014, Musée du Louvre, Paris, 9–12 Sept 2014 – poster 

114



 

 
ID: NI3-O1, 2015-09-01 16:30 - 16:45, Mozart Room 

Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 
 (Oral) 

MAGiC: a polarized single crystal magnetism diffractometer at ESS 

Xavier FABREGES1 , Arsen GOUKASOV1 , Werner SCHWEIKA2 , Michel KENZELMANN3  
 
1) Laboratoire Léon Brillouin CEA Saclay 91191 Gif sur Yvette, France 2) European Spallation 
Source ESS AB, Lund SE22100 Sweden 3) Paul Scherrer Institut, 5232 Villigen PSI, 
Switzerland  
* Xavier FABREGES, xavier.fabreges@cea.fr 

With the advent of the European Spallation Source, its instrument suite is forming shape. We 
have developed and propose a novel concept for a single crystal time-of-flight Laue 
diffractometer, called MAGiC, which will be specifically dedicated to a broad research field 
related magnetic structural properties. 

The combination of the time-of-flight Laue technique with a large 2 sr detector and the intense 
long pulse of ESS yields a new efficiency for magnetic structure determination, which will open 
new horizons and can be favorably applied for even very small, "x-ray sized" crystals and 
epitaxial films. It will significantly enlarge the scope in faster parametric studies and meets 
requests for high magnetic fields, high pressure and low temperatures. 

The instrument will make use of the optimized peak fluxes of the thermal and cold ESS 
moderators. Choppers provide a large flexibility by shaping the pulse length and shifting the 
instrumental wavelength band of 1.7 Å from a minimum of 0.6 Å to larger wavelength and cold 
neutrons. The possibility to choose between thermal or cold fluxes will ensures MAGiC high 
versatility, by using cold neutrons for high Q-resolution studies of complex magnetic structures 
and thermal neutrons to cover a high Q-space and correlate atomic positions with magnetic 
properties. The instrument design will be appropriate  for the needs of the community both for 
Bragg diffraction and diffuse scattering. 

We present concepts for high polarization for the available wavelength band, with a polarized 
flux of up to ~4´109 n/s/cm2. Polarization analysis will be possible for wavelength larger than 2 Å, 
using an analyzer based on FeSi supermirror coated Si-wafers in front of an additional 0.2 sr 
detector in the horizontal scattering plane. Polarized neutrons are crucial to meet the challenges 
raised by the interplay between magnetism and superconductivity, and studies of frustrated 
systems with emergent and topological states such as magnetic monopoles in spin-ice, chirality 
and skyrmions. 

In this talk, we will present the science case supporting the instrument as well as an overview of 
the instrument design. The instrument design has been supported and optimized by McStas 
simulations. Finally, we used the McStas description of the instrument to analyze its 
performance in simulated experiments. We will present a range of interesting cases with full 
instrument simulations to illustrate the instrument potential: the feasibility of magnetic structure 
determination for smallest (µg) crystals, applications related to small moments and to 
superconductivity, diffuse scattering of spin-ice examples, and give examples for mapping 
spatial distributions of magnetic moments in molecular magnets, and for resolving long period 
magnetic spirals with high resolution. 
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The Small-K Advanced DIffractometer SKADI is a versatile SANS instrument, proposed for the 
European Spallation Source, which enables scientists to perform a wide range of investigations 
on topics requiring small Q-values to access long length scales. The scientific areas targeted by 
SKADI include investigations of smart materials, biological and medical research, magnetic 
materials and materials for energy storage, as well as experiments on nanomaterials and 
nanocomposites or colloidal systems. To maximize the applicability of these studies SKADI is 
designed to accommodate in-situ measurements with custom made sample environments to 
provide "real-world" conditions 

To achieve all these goals SKADI will feature the following general design properties:  

 Flexibility (sample area is approx. 3x3 m2, and versatile collimation) 
 Very small Q accessible through VSANS (using focusing collimation elements) 
 Polarization for magnetic samples and incoherent background subtraction 
 Good wavelength resolution, being the longest SANS instrument 
 High dynamic Q-range (using two detectors)  

With a flux at about 25 times higher than at the D22, an accessible size regime between the 
Anstrom and micrometer scale and the high dynamic Q range for fast data acquisition with a 
high resolution both in Q and time, this instrument will open the ESS for a wide scientific 
community. 

[1] S. Jaksch, H. Frielinghaus et al., arXiv:1403.2534v1[physics.ins-det], 2014 or S. Jaksch, H. 
Frielinghaus et al. NIMA - A, 2014, 762, 22-30 
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The CAMEA instrument concept is a neutron spectrometer designed for optimal efficiency for 
detection of neutrons scattered in the horizontal plane that enables detailed and rapid mapping 
of excitations[1]. This optimization is ideally suited to studies of materials under extreme 
environments, the complex sample environs of in-situ experiments, or concentrated studies of 
specific regions of reciprocal space. CAMEA has been selected for construction at the 
European Spallation Source as part of the inelastic neutron scattering spectrometer suite. 
 
We will introduce the indirect geometry spectrometer CAMEA concept, and show how 
combining CAMEA with the time-of-flight method at the European Spallation Source produces a 
quantum leap in neutron instrumentation for spectroscopy. This instrument can be further 
enhanced by using in combination with the prismatic analyser concept for increased energy 
resolution, and increased coverage or reciprocal space [2]. Specifically we will highlight the 
experimental capabilities of CAMEA for measuring materials under extreme conditions. 
 
[1] P.G. Freeman, et. al., EPJ Web of Conferences 83, 03005 (2015) 
[2] Jonas O. Birk, et. al, .Rev. Sci. Instrum. 85, 113908 (2014) 
[3] Instrument proposal for CAMEA to be built at the European Spallation Source: 
http://infoscience.epfl.ch/record/190509/files/Instrument_Proposal_CAMEA.pdf 
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HEIMDAL is a multiple length scale instrument designed for the ESS, HEIMDAL combines - 
powder diffraction (NPD), small angle scattering (SANS) and neutron imaging (NI) in a single 
instrumental setup using both a thermal and a cold neutron guide to satisfy the conditions need 
for diffraction and small angle scattering. The designed allows quasi simultaneous coverage of 
multiple lengths scales and with a time resolution sufficient to follow chemical and physical 
processes in real time. 
 
Advanced functional materials with specific physical properties are owing their characteristics to 
the structure on multiple length scales. The properties are governed by the combined atomic-, 
nano-, meso-, and microstructure. Heterogeneous catalysts are a good example of such 
materials, here catalytic nanocrystallites are placed in a microporous matrix, and both are 
relevant for the efficiency of the catalytic process. Understanding of advanced functional 
materials often involves external stimuli e.g. light activation, gas flow or elevated temperature. 
Often information on different length scales on advanced functional materials is collected 
separately and quite often post mortem i.e. after the process have taken place. 
 
Combining PND and SANS is not trivial, because the different techniques have highly different 
requirements to the incoming neutron beam. We are using a new concept, where two guides 
are viewing the cold and thermal part of the moderator. The two beams are extracted from the 
same beamport and transported to the sample. The thermal guide will be optimized for NPD, 
while the cold guide will be optimized for SANS and NI. By having two guides it is possible to 
individually optimize the beam conditions. HEIMDAL will also outperform as a powder 
diffractometer with easy adaptable resolution optimal for in-situ in-operandi investigations taking 
full advantage of the long ESS pulse. 
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We present the proposal of a direct geometry time-of-flight (TOF) chopper spectrometer for the 
future European Spallation Source (ESS). The instrument is optimized for mapping excitations 
and fluctuations in a wide dynamic range that extends from 20 µeV to 150 meV in energy 
transfer and from 0.01 Å-1 to 17 Å-1 in wave-vector transfer. The elastic energy resolution 
(FWHM) can be freely adjusted in the range from 1% to 3% at 3 meV and from 4% to 8% at 100 
meV. The instrument has access to the thermal moderator, thus enabling uncompromised 
performance for neutron energies between 20 and 150 meV. The neutron guide can be fed with 
a replaceable extraction system from the cold moderator, which can also serve as a polarizer for 
cold neutrons, featuring an efficiency of 80-90% in the cold energy range. The core of the novel 
design is in the chopper system [1], which is specifically designed to make an efficient use of 
the source long pulse by means of Repetition Rate Multiplication (RRM), and enables one to 
reach a time resolution of 10 µs (FWHM). A specially developed pulse suppression chopper 
enables variable acquisition time frames to account for the variable incident neutron energy. 
Ray-tracing simulations for standard instrument configurations show gain factors around two 
orders of magnitude compared to simulations of world leading chopper spectrometers. The total 
instrument length of nearly 170 m enables different means to avoid that the sample area has 
direct view onto the moderator to provide a very good signal-to-noise ratio. 

The science areas to be covered by T-REX include: magnetism, strongly correlated electron 
materials, functional materials, soft-matter, biophysics and disordered systems. It will implement 
TOF spectroscopy with Polarization Analysis as a standard option, e. g. for studying the effect 
of confinement on the magnetic excitations in nano-particles or to uniquely derive the vibrational 
hydrogen excitations in soft matter through separation of the nuclear spin incoherent scattering. 
Besides the polarizing extraction system, a 3He spin filter cell will be used to polarize thermal 
neutrons. The XYZ polarization analysis will be possible thanks to a specifically developed 
guide field and the so-called MAGIC Pastis coil layout. A prototype is under construction for the 
TOPAS spectrometer at the FMR II, which uses a wide-angle banana-shaped 3He Neutron Spin 
Filter cell to cover a large range of scattering angles, both in the horizontal and vertical 
direction. 

[1] J. Voigt et al., NIMA 741, 26 (2014) 
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The instrument concept for a very high intensity neutron spin-echo spectrometer, ESSENSE, 
with ultimate resolution properties has been worked out and cast into an instrument proposal for 
the ESS. Effective intensity gain factors in the range of 30 compared to the best current 
instruments are anticipated. In addition the resolution will be boosted to the technical limits by 
newly designed superconducting precession solenoids. The intensity gain results from use of an  
optimized guide transporting the high flux from the ESS cold moderator on the one side and the 
utilization of an extended wavelength frame of 8 A yielding a multiplication of information 
collection rate. The instrument thus enables among many other fields novel views on dynamics 
of biological molecules with relevance for MD development for drug design, eventually 
employing new techniques for surface NSE (GINSE) it may contribute to knowledge in tribology 
and lubrication and other surface phenomena that currently are hampered by low intensity. 
Further, new developments in "intelligent" polymers as e.g. self-healing depend on molecular 
mobility and dynamics that require many 100ns of correlation times at high intensity. ESSENSE 
will be able to open many new views in these topics and many other systems with "soft" 
response.        
  
[1] With financial support by BMBF through the ESS Design-Update Project 05E10CJ1. 
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Future long pulse sources (e.g. ESS) will provide an exciting opportunity to design a 
reflectometer of the next generation to meet the increasing demand and anticipated scientific 
challenges. The presented instrumental concept is focused on designing a machine that is 
dedicated to the major tasks under consideration of the scientific case. As the main outcome of 
it, the scientific community is requesting a reflectometer with high intensity at the lowest 
possible background due to the fact that most of the users will investigate thin layers or 
interfacial areas in the sub-nanometer regime. To investigate such samples by neutrons one 
requires unpolarized and polarized specular reflectivity for probing the thin layers and off-
specular scattering (µm range) as well as the GISANS option (.2-500 nm range) to derive the 
lateral structures of the sample. Kinetic features of the sample can be stufied in the kinetic 
modes with Qmax/Qmin ratio of 9 (140ms), 12 (210ms), and 16 (280ms)  allowing for in situ 
studies of growing interfaces. These key features are optimized for the proposed instrument to 
deliver the maximum possible performance. For shure there is a high resolution 
wavelength  mode (1%, 3% and 5%) that will allow for higher Q-resolution, when needed. 

The choice of instrument length of 36m allows to achieve the resolution of 10% for the maximal 
use of neutrons emitted within a 2.86 ms long pulse (ESS). The integrated intensity over the full 
wavelength band of 8Å delivered to the sample amounts to 3.4⋅109 n/cm2/sec for a 3mrad 
vertically collimated beam and is about 30 times higher than one can achieve at best 
reflectometers today, thus allowing to measure reflectivities down to 10-8 within minutes and 
down to 10-9 are accessible. 
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The European Spallation Source (ESS) will be a long pulse 5MW spallation neutron source built 
in Lund, Sweden. It is expected that 7 out of a final suite of 22 instruments will enter 
commissioning in 2019/2020, with the remainder coming online by 2025. 

Since SANS instruments can operate with a somewhat relaxed resolution, there should be a 
large benefit from the ability to make use of most, if not all, of the long pulse and the significant 
flux gain over existing sources that this implies. 

LoKI is a beamline designed primarily with the needs of the soft matter, biophysics and 
materials science communities in mind. The trend in all of these fields is towards complexity and 
heterogeneity. These factors are manifested both spatially and temporally and so high flux, 
small beam sizes and a wide simultaneous Q range are required.  

We are thus constructing a 10 m + 10 m SANS instrument with the sample position 22m from 
the source. This provides a wavelength band of 7 Å at 14 Hz or 17.5 Å at 7 Hz whilst 
maintaining reasonable resolution.  The resolution can be enhanced with an optional series of 
additional choppers. Combining this with multiple banks of detectors covering a large solid 
angle, maximal use is made of the flux available from the ESS source and measurements with 
over 3 orders of magnitude in simultaneous Q range are possible. 
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The chirality plays an important role in symmetry properties of nature at all length scales from 
elementary particles to cosmic science. In material science, chiral materials are often 
investigated in molecules or crystals with helical structures, which break mirror and inversion 
symmetries but combine rotational and translational symmetries. From the viewpoint of 
magnetism, left- and/or right-handed screw arrangements of magnetic moments are defined as 
a chiral magnetic structure. The helimagnetic structure is generally formed by competition of 
exchange interaction between the first and second nearest magnetic ions. In this case, the left- 
and right-handed helimagnetic structures are equally distributed. Recently, large attention has 
been paid to chiral helimagnetic ordering, forming only left- or right-handed spiral spin 
structure. The sense of the spiral spin structure in chiral magnetic compounds depends on the 
right- or left-handed chiral crystal structure that allows an asymmetric Dzyaloshinskii-Moriya 
(DM) interaction. Under an applied magnetic field, it forms unique magnetic structures such as 
Skyrmion and chiral magnetic soliton lattice. Formation of the chiral magnetic soliton lattice is 
theoretically expected to exhibit attracting new phenomena like chiral giant magnetoresistance 
effect. 
 
In inorganic compounds, it is still a big challenge to control the crystallographic chirality. MnSi, 
having B20 type chiral crystal structure, is a unique example to form only left-handed crystal 
structure and left-handed chiral helimagnetic structure. However, in case of the other inorganic 
magnetic materials, single crystalline samples form racemic-twinned crystals, having both the 
left- and right-handed crystalline domains. Therefore, there have been few experimental results 
on the interplay between crystallographic chirality and helimagnetic chiality, because of difficulty 
in controlling the crystallographic chirality. 

Firstly, we will present a unique crystallization technique to make a single crystallographic 
chirality in CsCuCl3. By adapting our crystallization technique, we succeeded in obtaining the 
mm-ordered enantiopure single crystals. Secondly, we will present neutron diffraction works 
performed at BL15 (TAIKAN) in the Materials and Life Science Experimental Facility (MLF) of J-
PARC. We performed small and wide angle polarized neutron scattering, and observed chiral 
incommensurate magnetic structures in CsCuCl3 and MnSi. The difference in magnetic satellite 
intensity between up- and down-spin neutron indicates chiral helimagnetic ordering. Moreover, 
under an applied magnetic field, we succeeded in observing higher harmonics in MnSi. The 
diffraction intensity of the higher harmonics grew with increasing applied magnetic field. These 
results can be interpreted by formation of the chiral magnetic soliton lattice. 
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The discovery of materials where magnetic and ferroelectric orders are strongly coupled has 
raised a great deal of interest in view of its possible use in data storage technologies. 
Nevertheless, while their potential for applications was rapidly recognized, the possibility of 
combining ferroelectricity with ferromagnetism has been obscured by two facts: on one side, 
most of them are antiferromagnetic, on the other, their transition temperatures, typically below 
40K, are too low for most practical applications. 

The oxygen-defficient double perovskite YBaFeCuO5 constitutes a remarkable 
exception.  Spontaneous electric polarization has been recently reported to exist below an 
unusually high temperature of TC ≈ 240K [1] coinciding with the occurrence of a commensurate - 
to - incommensurate reorientation of the Fe3+ and Cu2+ magnetic moments [2,3]. From a more 
fundamental point of view the observation of incommensurable magnetic order in a tetragonal 
material at such high temperatures is rather surprising. In particular, the nature of the relevant 
competing magnetic interactions and its possible link to low dimensionality or geometrical 
frustration is not understood at present.  

Although the existence of the spin reorientation in this material is known since 1995 [2], the low 
temperature incommensurate magnetic structure has not been reported. Using neutron powder 
diffraction we have recently been able for the first time to propose a spiral model - which 
satisfactorily reproduces the observed magnetic intensities below TC [3]. Further, investigation 
of the crystal structure showed the existence of small anomalies in the lattice parameters and 
some interatomic distances at TC. The relevance of these findings for the magnetoelectric 
coupling, the direction of the polarization, the modification of the different exchange paths in the 
structure and the stabilization of the incommensurate magnetic order below TC will be 
discussed. 

[1] B. Kundys et al., Appl. Phys. Lett. 94,  072506, (2009). 

[2] V. Caignaert et al., J. Solid State Chem. 114, 24, (1995). 

[3] M. Morin et al., Phys. Rev. B 91, 064408 (2015)  
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In zero magnetic field MnSi displays a paramagnetic to helimagnetic transition, in which the 
nearly isotropic phase space accessible for helimagnetic fluctuations on the surface of a small 
sphere in reciprocal space leads to fluctuation-induced first order behaviour consistent with a 
seminal theoretical proposal by Brazovskii [1,2,3]. In small applied magnetic fields the 
topological character of the long-range magnetic order in MnSi changes and assumes the form 
of a skyrmion lattice phase [4]. We report a detailed study of the paramagnetic to the skyrmion 
lattice transition comprising of small angle neutron scattering, all-electrical broadband GHz 
spectroscopy using coplanar wave guides (cf. Ref. [5]) as well as selected bulk properties. Our 
measurements reveal a spectrum of fluctuations with clear skyrmionic character in the 
paramagnetic state under small applied fields. In turn the nature of the crystallisation process 
underlying the associated fluctuation-induced first-order paramagnetic to skyrmion lattice 
transition differs distinctly from that of the helimagnetic transition at zero field [6]. These 
observations shed new light on the formation of an extended topological non-Fermi liquid phase 
in MnSi at high pressures [7]. 

[1] M. Janoschek et al., PRB 87, 134407 (2013). 

[2] J. Kindervater et al., PRB. 89, 1804088(R) (2014). 

[3] S. Brasovskii, JETP 41, 86 (1975). 

[4] S. Mühlbauer et al., Science 323, 915 (2009). 

[5] T. Schwarze et al., Nature Materials, advance online publication, doi:10.1038/NMAT4223 
(2015). 

[6] S.A. Brazovskii et al., JETP 66, 625 (1987). 

[7] C. Pfleiderer et al., Nature 414, 427 (2001), R. Ritz et al., Nature 497, 231 (2013). 
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The intermetallic compound MnSi is of great interest as a magnetic model system exhibiting 
helical spin ordering and topologically non-trivial spin correlations. In particular, an unusual two 
dimensional skyrmion lattice exists in small applied magnetic fields at the border between 
paramagnetism and long-range helimagnetic order. 

 
The skyrmion crystal can be treated as a phase coherent superposition of three spin spirals 
which are aligned in an equilateral triangle. It forms a 2D hexagonal lattice perpendicular to the 
applied field composed of magnetic vortices (skyrmions). These vortices are stable due to their 
topology and therefore of high technological interest for data storage. A single skyrmion is 
shown in Fig. (a) where the out-of-plane magnetization is color coded. The magnetization is 
pointing downwards and upwards at the center and the boundary of the skyrmion, respectively. 
There are three collective excitations at q = 0, which can be excited using microwaves, see Fig. 
(b). Two of them describe the excentric rotation of the skyrmion center in a (counter) clockwise 
sense. The remaining so-called breathing mode corresponds to a periodic growth and shrinking 
of the core of the skyrmion. The panels (a) and (b) are taken from Y. Onose et al., PRL 109, 
037603 (2012). 
 
Recently, we observed three spin-wave branches (skyrmimagnons) in MnSi for finite momenta q 
parallel to the skyrmion plane at the two cold TAS instruments IN12@ILL and MIRA@FRM-II. 
These modes obey a linear dispersion with slopes of the order of 100 m/s. The lower and upper 
branches show only little variation for different directions within the skyrmion plane while the 
stiffness and the spectral weight of the center mode varies significantly. This result gives a clue 
about the assignment given in the example const-q scan performed at MIRA@FRM-II, see Fig. 
(c). 
 
There exists already a well established spin-wave model that reproduces the measured 
magnons in the helical phase. The spin-wave model is now extended to the topological 
skyrmion phase. A quantitative analysis is in progress. 
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The magnetic structure of the cubic helimagnet MnGe was studied by small angle neutron 
scattering in a wide temperature range from 10 K to 300 K. We show that MnGe undergoes a 
complex para- to heli- magnetic phase transition spreading over more than 100 K above the 
critical temperature TN = 130K. Moreover, the helical structure is intrinsically unstable below TN, 
since the reflection at kh = 2.2 nm-1 associated with the spin helix can be described by the sum 
of Gaussian and Lorentzian contributions. The Gaussian associated with the stable helix 
contributes 100% to the reflection at the very low temperature and decreases smoothly 
diminishing at TN. The Lorentzian associated with the spin helix fluctuations is negligiable at low 
temperatures and increases with temperature. The spin helix fluctuations observed below TN are 
accompanied by the intensive spin excitations detected in small angle neutron scattering as the 
Q-independent scattering at Q < kh. The intensities of both the spin excitations and 
spin  fluctuations obey exactly the same temperature law exp(T/Ta) with the activation 
temperature Ta = 80 K. These two contributions coexist above TN, being strongly intermixed.  
 
They transform into the diffuse scattering at TM = 175K. The diffuse scattering is well described 
by the Guinier law above TSR = 200K, ascribed to the static short-range ferromagnetic 
inhomogeneities with the correlation length of order of 3 nm. The observed features of the 
magnetic phase transition and instability of the helix structure in MnGe have not been observed 
in the isostructural cubic helimagnets MnSi and FeGe. Possible reasons for this descrepancy is 
discussed. 
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MnGe belongs to the highly topical class of magnets with the non-centrosymmetric B20 cubic 
crystal structure. In these systems, the interplay between ferromagnetic exchange and 
Dzyaloshinskii-Moriya anisotropy notably leads to the occurence of a helical twist of the 
microscopic magnetization. In MnGe, the spin helices display an exceptionnaly short 
wavelength λH ≈ 29 Å and form below a relatively high critical temperature TC ≈ 170 K ([1]). At 
ambient pressure, Mößbauer spectroscopy ([2]) and small-angle neutron scattering ([3]) have 
revealed a chiral fluctuating phase that exists over an unusually broad temperature range of ±70 
K around TC ([2]). This is at odds with other B20 magnets (MnSi, FeGe, etc.) where such 
fluctuations are confined in a much narrower window (TC ± 1-2 K). 

Additionally, DFT band calculations predict the existence of a low spin (LS) state in an 
intermediate pressure range, followed by a suppression of the magnetic moment carried by the 
Mn ions upon further lattice compression in MnGe ([4]). A comprehensive neutron diffraction 
study has recently evidenced a reduction of the ordered magnetic moment above a critical 
pressure PC ≈ 6 GPa ([5]), in conformity with theoretical expectations. This intermediate LS 
state is reminiscent of the quasi-static inhomogeneous phase of FeGe ([6]) or the partial order 
regime observed in MnSi ([7]). 

The disappearance of the magnetic moment is anticipated for pressures > 20 GPa. Due to 
technical issues, neutron scattering studies or magnetic measurements under pressures larger 
than ≈ 10 GPa are extremely difficult. In order to directly address the question of a pressure-
induced two-step magnetic collapse in MnGe, we have undertaken a thorough synchrotron X-
ray diffraction, magnetic circular dichroism and emission spectroscopy study. The obtention of 
an accurate (P,V) equation of state up to ≈ 30 GPa and the survey of the P-dependence of the 
local Mn moment beyond the LS phase provide us with a prime insight into the mechanisms 
driving the pressure-induced spin transitions. This study illustrates the value of combining 
different probes for understanding the peculiarities of MnGe and, more generally, the 
characterization of high pressure magnetic ground states in itinerant helimagnets. 

[1] O. Makarova et al., Phys. Rev. B 85, 205205 (2012) 
[2] M. Deutsch et al., Phys. Rev. B 90, 144401 (2014) 
[3] A. Altynbaev et al., Phys. Rev. B 90, 174420 (2014) 
[4] U.K. Rößler, J. Phys. Conf. Ser. 391 (2012) 012104 
[5] M. Deutsch et al., Phys. Rev. B 89, 180407(R) (2014) 
[6] A. Barla et al., Phys. Rev. Lett. 114, 016803 (2015) 
[7] C. Pfleiderer et al., Nature 427, 227 (2004) 
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Magnetic chirality is the key ingredient to stabilize skyrmion textures and lattices, which combine 
fascinating properties with the potential of becoming the spintronic devices of the future. These 
new states of matter are generated by the anti-symmetric Dzyaloshinskii-Moriya interaction 
resulting from the absence of a center of symmetry in the crystal structure, as this occurs in thin 
films or in transition metal mono-silicides and mono-germandies crystallizing in the B20 
structure type (space group P213). In this topical field of research polarized neutrons provide 
unique insight on the structure and topology of the magnetic correlations, due to the specificities 
of the neutron spin. The presentation will focus on the case of FeGe which orders close to room 
temperature (TC = 278.4 K) into a chiral helical state with a period of ~ 700 Å along the (100) 
direction. Polarised neutrons and polarisation analysis in SANS geometry were used to 
investigate the chiral properties. We will discuss the low temperature behavior, where the 
helices propagate along (111), and the gradual change from (111) to (100) that occurs around 
230 K. We will then focus on a systematic study of the scattering above ~250 K, also under a 
magnetic field, which leads to a complex temperature-field phase diagram with a well-defined 
skyrmion lattice phase and precursor features that seem to extend even above TC. The results 
will be discussed in the general context of chiral magnetism. 
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Skyrmions are magnetic spin vortex-like objects that can be stabilized in chiral magnets with 
Dzyaloshinskii-Moriya (DM) interactions. Due to their topological property and nanometric size 
(∼10–100 nm), Skyrmions presently attract attention as candidate components of new spin-
based applications. Key to their implementation in real devices is the ability to control their 
motion. Indeed, spin-transfer torques generated by either magnon currents, or ultra-low electric 
currents, are well-established to cause Skyrmion motion. Despite these breakthroughs, it is 
remains of paramount importance to discover new control mechanisms which may also be 
considered for use in efficient Skyrmion-based functionalities. 

Among the known Skyrmion lattice host materials, Cu2OSeO3 is the only insulator. This makes 
Cu2OSeO3 a model system in which to explore the control of Skyrmions in the absence of 
conduction electrons. Importantly Cu2OSeO3 also displays a magnetoelectric coupling, which 
allows the mutual control of the electric and magnetic degrees of freedom via the application of 
a single controlling electric or magnetic field. Taken together, these properties naturally raise 
the unique prospect of addressing questions concerning the suspected ability to manipulate 
Skyrmions using electric fields, this being more efficient than using electric currents that are 
subject to resistive losses. 

Here, we explore the electric field coupling to the magnetoelectric Skyrmion lattice phase and 
study the response using small-angle neutron scattering. Taking advantage of a novel 
experimental protocol, giant electric field-induced rotations of the Skyrmion lattice are achieved 
that span a range of ∼25°. Our data can be well-described by the expectations of an analytic 
model which shows that an electric field-induced Skyrmion distortion lies behind the lattice 
rotation. Overall, we present a new approach to Skyrmion control that makes no use of spin-
transfer torques due to currents of either electrons or magnons. 

 [1] J.S. White et al., Phys. Rev. Lett. 113, 107203 (2014) 
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Intrinsically disordered proteins lack a well-defined folded structure and contain a high degree of 
structural freedom and conformational flexibility. In solution and in the lipid-free state myelin 
basic protein belongs to that class of proteins. Using small-angle scattering the protein was 
found to be structurally disordered similar to Gaussian chains. Modelling by a coarse-grained 
structural ensemble gave indications for a compact core with flexible ends. Neutron spin-echo 
spectroscopy (NSE) measurements revealed a large contribution of internal dynamics to the 
overall diffusion [1]. The NSE results showed a high flexibility of the structural ensemble. The 
observed dynamics represent nanosecond conformational fluctuations within the reconstructed 
coarse-grained structural ensemble allowing the exploration of a large configurational space. In 
an alternative approach, we investigated, if models from polymer theory are suitable for the 
interpretation of the observed motions. Within the framework of the Zimm model with internal 
friction (ZIF) a large offset of 81.6 ns is needed as an addition to all relaxation times due to 
intra-chain friction sources. The ZIF model, however, shows small but systematic deviations 
from the measured data. The large value of the internal friction leads to the breakdown of the 
Zimm model. 
  
[1]     A. Stadler et al., J. Am. Chem. Soc. 136 (19), 6987–6994 (2014) 
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The proteasome activating nucleotidase (PAN) complex is an archaeabacterial homologue to 
the AAA+ unfoldases involved in the regulation of the eukaryotic proteasome. PAN is a 
molecular nano-machine that can be considered as an inverse chaperonin, aimed at preparing 
proteins to be degraded. The PAN subunits control and ensure the access of cytosolic proteins 
to the proteolytic heart in a multi-step process. The PAN system represents a good working 
model for the function of molecular machines of protein degradation in all kingdoms of life. Its 
simplicity and its important thermal and structural stability represent major advantages for the 
study of the structure-function flexibility relationship with biophysical techniques in particular 
small angle neutron scattering (SANS). The ATP-driven protein unfolding mechanism 
processed by PAN remains unclear and the conformational changes of the PAN complex or its 
protein substrate during the unfolding process needs to be elucidated. 
 
The aim of this project is to follow in real time at a molecular level the conformational changes 
of the PAN complex and its model protein substrate (GFP) needed for the unfolding process by 
using small angle neutron scattering (SANS) study with deuteration and contrast variation 
between the two partners. The PAN system has been characterized biochemically using 
different techniques and the PAN-GFP interaction has been studied by Surface Plasmon 
Resonance (SPR) prior to the SANS experiments. Preliminary SANS data were collected on the 
deuterated and hydrogenated proteins showing a technical feasibility of the real time 
experiment. The conformational changes of each partner in the PAN-GFP complex will be 
followed during the unfolding process. Many other biophysical techniques have been used for 
complete structural characterization of the PAN system, in particular cryo-electron microscopy 
(cryo-EM) and small angle x-ray scattering (SAXS). The accuracy of the cryo-EM models was 
checked by SAXS and SANS showing good agreement with the structural features of the 
complex in solution. Taken together, all these data show a unique and complete biochemical, 
functional, structural and dynamical study of the PAN activator. 
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Rubredoxins are a family of small monomeric non-haem, iron-sulphur cluster proteins found in 
prokaryotes and in some eukaryotes and are thought to be redox partners of other proteins. We 
have previously reported the discovery of new features in both the reduced and oxidised iron 
forms of perdeuterated Pyrococcus furiosus rubredoxin at ambient temperature, namely 
hydronium ions and carboxylic hydrogen atoms1. Subsequently, a protein crystal cryocooling 
and mounting system has been used to perform high quality and high resolution neutron 
diffraction data collection, again using instrument D19 at ILL. Here we report new neutron 
diffraction results obtained at atomic resolution and at cryogenic temperature (100K) from large 
crystals of perdeuterated Pf. Rubredoxin. Datasets were collected from samples hydrated with 
D2O and samples hydrated with H2O, and the reduced and oxidized Fe crystal structures were 
both studied. The neutron density maps show a remarkable hydration network: the complex 
solvent network assembles into circular hydrogen bonded groups. Similar networks have been 
reported in dense ice crystals but this is the first time that such observations have been made in 
protein crystals at atmospheric pressure2. Large hydrogen bonded clusters help charge 
delocalization or proton hopping as reported for model clusters like H13O6

+  3. Comparison of the 
ambient and cryogenic temperature neutron structures reveals structural modifications involving 
hydrogen atoms in the vicinity (less than 10 A) of the redox centre of the iron protein. This study 
demonstrates the major gains possible from high resolution monochromatic studies of 
perdeuterated proteins at cryogenic temperatures. 

The image below shows a diffraction pattern recorded from a perdeuterated crystal of 
rubredoxin at 100K. 

1 Cuypers et al., Angewandte Chemie (2013), 52, 1022-25. 

2 Guthrie et al., PNAS (2013) 110, 10552.  

3 Stoyanov et al.,  Chemical. Science. (2011), 2, 462-472. 
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Small Angle Scattering of Neutrons (SANS) and X-rays (SAXS) is gaining increasing attention 
from the structural biology community due to the valuable complementary information that can 
provide concerning the low resolution structure of biological molecules and their complexes in 
solution. The popularity of this class of experimental techniques has been boosted in late years 
by the development of data analysis tools that maximize the amount of information that can be 
obtained. Among these tools, the so called ab-initio bead models treat biomolecules as an 
interconnected and compact collection of dummy-atoms (beads) and by the use of proper 
minimization algorithms the bead arrangement that better reproduces the experimentally 
acquired small-angle scattering curves is found, and serves as a low-resolution approximation 
of biomacromolecular shape. 

However in previous availiable models, the consideration of bio-molecules as particles of 
constant average contrast does not take into account the inherent hydration layer around the 
molecule, which typically consists of a thin layer of slightly increased contrast relative to the bulk 
solvent, due to the special packing of water molecules near the outer surface of a protein or 
nucleic acid. In a recent work [A. Koutsioubas, J. Pérez, J. Appl. Cryst. (2013) 46, 1884-1888] 
we have proposed a solution to this problem for SAXS scattering data, by introducing a two-
phase bead model where in the final solution, beads that represent the bio-molecule are 
covered by a second type of beads that represent the hydration layer (see fig, 1). This approach 
has been implemented in the publically available program DENFERT [http://www.synchrotron-
soleil.fr/Recherche/LignesLumiere/SWING/denfert]. In the present contribution we are reviewing 
the advantages of the proposed model for the recovery of protein shape and also discuss in 
detail the upcoming extension in the case of SANS experimental data.  
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Our understanding about the molecular mechanisms of light energy conversion and knowledge 
on atomic resolution structures of the major protein components of the photosynthetic 
machineries have advanced substantially during the past decades. Much less is known, 
however, about the self-assembly and structural-functional flexibility of the highly organized 
thylakoid membranes in vivo. The non-invasive technique of small-angle neutron scattering 
(SANS) has provided statistically and spatially averaged information on the structure of these 
multilamellar membrane systems in different organisms and under different physico-chemical 
and environmental conditions [1-3]. Using the unique capability of SANS to monitor membrane 
reorganizations under physiologically relevant conditions, we have revealed unexpectedly high 
structural flexibility of the thylakoid membranes in different photosynthetic organisms with an 
unprecedented time resolution of several seconds to minutes - in relation to the onset of 
photosynthesis and some key regulatory mechanisms [4-7]. 

In this work we focus on the structure and structural flexibility of thylakoid membranes in 
Monstera deliciosa leaves, which is known to exhibit an extremely large non-photochemical 
quenching (NPQ) of the first singlet excited state of chlorophyll-a, an important photoprotection 
mechanism of the photosynthetic apparati in oxygenic photosynthetic organisms. By measuring 
time-resolved SANS profiles of leaf sections of this plant, we have found reversible changes in 
the q-region corresponding to the peak originating from the periodicity of the granum thylakoid 
membranes. Under strong illumination this peak is largely diminished on a timescale of 1-2 min, 
parallel with the formation of NPQ, with similar light-intensity dependent kinetics [8]. These 
changes were almost fully reversible: both the SANS profile and the fluorescence yield 
recovered in several minutes (Fig. 1). These experimental findings revealed, to our knowledge 
for the first time in intact leaves, that NPQ is associated with major reorganizations affecting the 
periodic organization of the thylakoid membranes. Similar SANS changes can be induced by 
exposing isolated thylakoid membranes to low pH, which also induces NPQ. Model calculations, 
adopted from SAXS studies [9], suggest that structural changes in the membranes, related to 
e.g. lateral reorganizations of proteins [8], can explain the observed SANS and NPQ changes. 

[1] Nagy et al. (2013) Eur. Phys. J. E 36:9883  

[2] Ünnep et al. (2014) Plant. Physiol. Biochem. 81:197  

[3] Posselt et al. (2012) Biochim. Biophys. Acta 1817:1220  
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[4] Nagy et al. (2011) Biochem. J. 436: 225  

[5] Nagy  et al. (2014) Proc. Natl. Acad. Sci. USA, 111:5042  

[6] Ünnep et al. (2014) Biochim. Biophys. Acta. 1837:1572  

[7] Nagy et al. (2012) Photosynt. Res. 111:71  

[8] Paul et al. (2015) Biochim. Biophys. Acta, submitted  

[9] Bóta et al. (1999) Langmuir 15:3101  
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CD4 is the primary receptor for the Human Immunodeficiency Virus (HIV) which binds to human 
T cells via the surface glycoprotein gp120. CD4 has 4 ectodomains (D1-4) of which domains 
D1, D2 and D4 contain disulphide bonds. Althought disulphide bonds most commonly serve 
structural or catalytic functions, a rare class of disulphide bonds (referred to as \'allosteric\' or 
\'functional\' disulphides) are thought to have an impact on protein function by shuffling their 
redox state (1). One such configuration asssociated with allosteric disulphide bonds is "-
RHStaple" - an example of which can be found in the second domain (D2) of CD4 (1). This 
disulphide bond has an unusually high dihedral energy resulting in its relatively facile reduction, 
and potential structural realignment. Whilst it is becoming more widely acknowledged that 
CD4\'s redox state is implicated in HIV-1 infection (2,3), there has yet to be any structural date 
publiushed that can explain why CD4\'s redox state is essential for gp120 binding to the CD4 
receptor of the host during HIV infection. 

Crystallography studies of the gp120-CD4 complex have suggested that both the D1 and D2 
disulphides of CD4 are oxidised during the gp120 interaction (4). However biochemical 
analyses carried out by collaborators at the HIV Pathogenesis Research Laborartory (HPRL), 
South Africa, have shown that gp120 can only bind to CD4 in which its D2 allosteric disulpide 
bond is reduced (5). We therefore intend to carry out contrast variation studies using SANS in 
which either CD4 or gp120 can be matched out. This will allow us to observed the 
conformational changes as a function of the redox state of CD4 domains 1 and 2 and hence 
how this affects CD4\'s ability to bind gp120. SAXS and X-ray crystallography data will be used 
to complement results obtained by SANS. We anticipate that reduction of the D2 disulphide of 
CD4 will result in important and previously undescribed conformational changes crucial to 
gp120 binding. 

1) Wong, J.W.H. & Hogg, P.J. Allosteric disulphide bonds. Protein Rev. 14, 151-182 (2011). 
2) Matthias, L.J., Yam, P.T.W., Jiang, X-M., Vandergraaff, N., Li, P., Poumbourios, P., 

Donoghue, N. & Hogg, P.J. Disulphide exchange in domain 2 of CD4 is required for entry 
of HIV-1. Nat. Immunol. 3, 727-732 (2002). 

3) Matthias, L.J., Azimi, I., Tabrett, C.A. & Hogg, P.J. Reduced monomeric CD4 is the 
preferred receptor for HIV. J. Biol. Chem. 285, 40793-40799 (2010). 

4) Kwong, P.D., Wyatt, R., Robinson, J., Sweet, R.W., Sodroski, J. & Hendrickson, W.A. 
Structure of an HIV gp120 envelope glycoprotein in complex with the CD4 receptor and a 
neutralizing human antibody. Nature. 393, 648-659 (1998). 

5) Cerutti, N., Killick, M., Jugnarian, V., Papathanasopoulos, M. & Capovilla, A. Disulfide 
reduction in CD4 domain 1 or 2 is essential for interaction with HIV glycoprotein 120 
(gp120), which impairs thiredoxin-driven CD4 dimerization. J. Bio. Chem. 289, 10455-
10465 (2014). 
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The protein from seeds of Moringa trees, which are widespread in Africa, India and South 
America, is effective as a flocculating agent to aggregate impurity particles in water and it can 
be used as an effective first stage in purifying supplies of domestic water.  Understanding the 
way in which the protein binds to interfaces is important to optimise the use so that procedures 
for widespread use can be developed.  Several parallel investigations have provided 
complementary data that assists in these developments.  Neutron reflection allows the 
determination of the structure and amount at different surfaces, the fractal structure of flocs and 
their suitability for separation processes can be assessed by small-angle scattering [1].  In 
parallel with this, X-ray diffraction studies have been used to solve the molecular structure of the 
main protein component the seed, and combined with systematic proteolysis work that has 
yielded a sequence that is consistent with this structure.  These studies add to laboratory 
investigations, including tests on bactericidal and fungicidal properties of the purified 
protein.  Highlights of the results include the discovery that Moringa oleifera protein can produce 
very dense flocs with a high fractal dimension.  Although also effective as a flocculent Moringa 
stenopetala protein gives slightly less dense aggregates and the fractal dimension increases 
with particle concentration.  This can be compared with hydrodynamic effects in aggregating 
colloids [1].  New results compare the flocs formed with conventional chemicals with those using 
protein.  The lower amount of protein adsorbed at surfaces with a higher isoelectric point allows 
optimisation of the purification and avoids leaving unnecessary material in treated water.  The 
combination of the protein with surfactants suggests ways the protein could also be used in 
separation processes relevant to the mining industry [2]. 

[1]  M. S. Hellsing, et al. Colloids and Surfaces A: Physicochem. Eng. Aspects 460, (2014), 
460–467. 

[2]  H. M. Kwaambwa, et al. J. Colloid Interf. Sci. 448, (2015), 339–346. 
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We present neutron and X-ray fibre diffraction studies of amyloid fibrils formed by peptide 
sequences derived from the shaft structure of adenovirus. Adenoviridae is a family of virus 
which contains hundreds of viruses that infect various species including humans. The 
adenovirus shaft is composed of trimeric fibres that protrude at each of the 12 vertices of the 
virion and are involved in receptor attachment to the host. This fibre consists of a triple beta 
spiral that is a key element in the stability of the shaft1. However outside the viral context, in the 
absence of a registration motif that is assumed to arise from the globular head of the shaft 
structure, many of the fibre peptide sequences adopt amyloid type structures2,3. Previous 
studies4,5 have investigated the relative stability of a range of these peptides and it has 
subsequently become obvious that hydration is of central interest.  
Here we describe high and low-angle neutron fibre diffraction studies which, coupled with 
H2O/D2O isotopic replacement, have allowed the study of the distribution of water within and 
around the amyloid fibrils5. Synchrotron X-ray work has revealed a fully reversible hydration-
driven structural transition6 that we have found to occur for all amyloid systems tested so far and 
which has independently been observed in the HETs prion7. We have subsequently carried out 
detailed FEL studies for several of these systems. This work has provided novel insight to the 
nature of amyloid fibre diffraction and the structure of the fibril itself. The data quality was 
greatly enhanced by the complete lack of radiation damage. The results obtained from this 
unique combination of techniques will be presented in the context of the current models for 
amyloid structure as well as nucleation issues associated with their assembly. 
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Nanometer-size mechanical systems will be at the heart of advanced technology in the coming 
decades. It is, however, highly non-trivial to measure real time motion with nanometer spatial 
resolution at technically relevant conditions, i.e., at temperatures of more than 10 K. In 
particular, poly-aromatic hydrocarbons (PAH)such as benzene, naphthalene or pyrene serve as 
modes systems to understand the microscopic origin of friction [1]. The nature of friction attracts 
multiple interests, in one hand due to its high economical impact, and in the other hand, 
because it sheds light on the fundamental processes which govern the diffusive behavior 
of  atomic species at surfaces [2]. However it involves complex mechanisms taking place in a 
time and length scale beyond the scope of most microscopy and spectroscopy techniques.  
In this field, high resolution neutron spectroscopy can present fundamental insight: using time-
of-flight and neutron spin-echo spectroscopy we have been able to understand the dynamics of 
the benzene C6H6 when it is adsorbed on graphite at the atomic time/length window (pico-
seconds and sub-nanometer length scale) [3].  We have monitored the transition of the diffusive 
behavior from a super-diffusive regime at low coverages, 0.1 monolayers [ML] (10 % of 
occupancy of the adsorptions sites) towards a Brownian diffusive regime at coverages above 
0.5 ML. We find that the interactions between molecule are an efficient mechanism for the 
kinetic energy dissipation, giving rise to a friction parameter which is strongly coverage 
dependent. Besides, at coverages below 0.5 ML, we achieve  an accurate description of the 
molecule/molecule interaction through a model of rough hard disks which exchange linear and 
angular momentum during binary collisions (see left panel in Fig. 1). This result suggests that 
rotations play a significant role in enhancing the molecule’s kinetic energy dissipation. In order 
to understand how rotations are a central agent of friction in graphitic systems, we have also 
inspected the diffusive behavior of larger PAH such as naphthalene, C10H8, or pyrene, C16H10 
(see right panel in Fig. 1).  
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The phospholipid bilayer is the basic structural motif of most biological membranes. As such, 
many biological processes occur within or in the proximity of the cell membrane, and therefore, 
interest in the properties and behavior of lipids in membranes is considerable. For example, it is 
found that in nature the lipid distribution across the inner and outer leaflet of cell membranes is 
asymmetric [1] and this asymmetry plays a prominent role in processes like cell fusion, 
activation of the coagulation processes and the recognition and removal of apoptotic cells by 
macrophages. Therefore there is great interest in studying the factors determining lipid 
movement across membranes as well as the resulting lipid mapping in the membrane, both of 
which are far from being understood and characterized. 

In the literature it is found that there are big discrepancies in the timescale of the occurrence of 
lipid flip-flop in model bilayer systems, partly due to the fact that these measurements were 
based on the indirect observation of the process [2,3]. However, with the sub-nanometer spatial 
resolution of neutron reflectometry, it is possible to directly obtain lipid composition differences 
in the leaflets of a bilayer, and in particularly resolve them for times scales as short as a few 
minutes. 

Starting from these results we extensively studied, by neutron reflectometry, temperature and 
time dependence of the structure of lipid bilayers looking for traces of structural asymmetry and 
consequent relaxation towards an equilibrated symmetric bilayer. 

We discovered that the structure of an asymmetric reconstituted lipid bilayer spontaneously 
relaxes, on a subsecond time-scale, if the lipids are in the fluid phase i.e. in biological relevant 
conditions [4]. 

The same results were confirmed by the monitoring the time- and temperature-dependence of 
the structure of a solid supported lipid bilayer exposed to a solution of isotopically labeled 
vesicles [5]. In this case, lipid interbilayer exchange was shown to be the time limiting process, 
while lipid intra-bilayer movement (flip-flop) was too fast to be visualized within the experimental 
acquisition time. The exchange process was characterized by an Arrhenius-like behavior and 
the activation energy of the process was found to be concentration-independent. The 
combination of the two results offers a novel point of view on the characteristics of inter- and 
intra-bilayer rearrangement processes. 
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A Combined Neutron Reflectometry and ATR-FTIR Study on the Effects of Shear on Lipid 
Membranes 
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Shear forces play a major role in degenerative joint diseases such as osteoarthritis (OA). Due to 
abrasion cartilage and surface active phospholipids are removed from the bones which lead to 
increased friction and shows symptoms such as joint pain, stiffness and inflammation. While 
there are already many different treatments of OA, the understanding of these treatments on a 
molecular level is still scarce. Medications may include the intra-articular application of 
hyaluronic acid, one of the main components of the synovial fluid. 

In a previous study, we found that solid-supported oligolamellar lipid membranes show an 
enormous swelling of a factor up to 4 after incubation with HA. In addition, the lipid coating 
remained on the support even in the liquid phase whereas without HA the coating detached 
when crossing the main phase transition [1]. In order to investigate shear effects on systems 
modelling joints, a novel setup was designed and built. We now present first results obtained 
with this newly developed shear cell which allows the simultaneous measurement of neutron 
reflectivity and ATR-FTIR data up to shear rates of 6000rpm. The systems under investigation 
were again solid-supported oligolamellar lipid membranes incubated with the polyelectrolyte 
poly(allyl amine hydrochloride) (PAH).  

After incubation the d-spacing of the system shows an increase of a factor of about 5, similar to 
the behaviour observed when lipid membranes are incubated with HA [1]. 

The neutron data reveal a substantially increased water fraction with increasing shear rate. 
Simultaneously recorded IR data indicate that the applied shear also causes a phase transition 
into the liquid state. Yet the coating remains attached to the substrate, but changes composition 
and morphology. This effect can be attributed to the stabilisation introduced through the 
bridgingof individual lipid bilayers by PAH. 
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As resources in chemical elements become scarce, and the demand is expected to rocket, 
recycling becomes crucial. The key point in recycling from waste is separation[1]. For this 
purpose, liquid-liquid (LL) or solvent extraction partitioning methods have been developed to 
separate compounds based on their different solubilities in immiscible liquids, usually water and 
an organic solvent. Among the many solvent extraction technologies, those used for metal 
recovering are quite challenging due to the poor solubility of inorganic ions in oils. Metal 
extraction thus requires the use of lipophilic extractant molecules to complex the cations and 
solubilise the complex in the oil phase[2]. 

Despite all the attention solvent extraction has received, the molecular structure of the LL 
interface remains quite elusive and, as a result, the mechanisms of complex formation and 
transfer, that influence the kinetics of extraction, are not well understood. Ion-extraction can be 
referred to as a diffusion-limited or a reaction-limited process depending on how high is the 
energy barrier at the LL interface[3].  

Reflectivity measurements are very suitable to probe the Liquid-Liquid interface and combining 
x-ray and neutron experiments we can access to complementary informations about water, oil 
and extractanct structure at the interface hard to obtains with other techniques. 
Despite this, neutron experiments at Liquid-Liquid interface are difficult for multiple reasons as 
interfacial curvature, neutron attenuation, low intensity signal. 

For this purpose, we designed at the Institut Laue Langevin a Liquid-Liquid cell with the same 
geometry for x-ray and neutron reflectivity experiments, improved during experiments on ID10 at 
the ESRF and FIGARO at ILL designed to study liquid surfaces and interfaces with neutron 
reflectivity. 

Differently from previous neutron reflectivity experiments where oil monolayers were created on 
water surface[4], with the cell we made we are able to contact two bulk phase (an organic and an 
aqueous one) and we are able to record changings in the interfacial structure between two 
immiscible liquids playing with concentrations of exctractant (DMDBTDMA) in oil and Ln3+ salts 
in water. 

Thanks to the x-ray measurements, sensitive to the electron density, we can catch information 
on the ions distribution, especially working with Lantanhides salts. On the other hand, the 
neutron experiments allows us to paly with isotopic substitution, obtaining information on the 
adsorption of amphiphilic molecules at the interface. The two techniques coupled gave us 
access to informations we wouldn’t have otherwise. 
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Field cooling of a transition metal–rare earth (TM–RE) Fe/Tb-multilayer system is shown to form 
a double hysteresis loop with exchange-bias-like shifts along and opposite to the field cooling 
axis below the ordering temperature of the RE. The measured polarized neutron reflectivity data 
at various applied fields confirm an antiferromagnetic alignment between the individual layers of 
Fe and Tb associated with a significant value of the magnetic moment for the Tb layers, even at 
room temperature. We attribute the shifts of the hysteresis loops to the formation of 2pi–domain 
walls by the interface moments that are pinned by the magnetically hard Tb layers forming 
bidomain-like states in this layered artificial ferrimagnetic system. This excludes an explanation 
in terms of pi–domain walls, which are believed to be responsible for the exchange bias in other 
RE–TM bilayer systems. Further, the formation of nanoparticulated Fe layers in the Cu-matrix 
within a Fe-Cu/Tb multilayer show a superspin-glass type of freezing behavior which is 
conjectured to be mediating the pinned moments within the individual clusters Eventually this 
has helped in increasing the exchange bias field in the system to a high value of 1.3 kOe. This 
study shows that magnetic dilution can be an effective way to manipulate the possible domain 
walls or the clusters in TM and thereby the exchange bias in TM-RE systems. 
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Neutron reflectometry measurements of a-Si:H/Si bilayers for photovoltaic applications 
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Neutron reflectometry is a favored technique for characterizing thin film heterostructures with 
sub-nanometer resolution. It is unique in its ability to see buried interfaces and density gradients 
of light elements such as hydrogen (H). In this work, we investigated bilayers of amorphous 
hydrogenated silicon thin films (a-Si:H) on monocrystalline silicon (Si) wafers by the combined 
use of neutron and X-ray reflectometry measurements. The a-Si:H thin films are used to 
passivate the surface of Si solar cells in order to reduce recombination losses and it is 
interesting to probe the temperature stability of the passivation from both an academic and a 
technological viewpoint. As seen in the figure, the effective life time of minority carriers, 
deduced from photoconductance measurements, is dependent on both the thickness of the a-
Si:H film and the annealing temperature the bilayer has been subjected to. Since the scattering 
contrast between Si and H is strong, it was possible to determine the H-concentration in the a-
Si:H thin films from the reflectometry measurements. A series of bilayers with different a-Si:H 
film thickness subjected to annealing temperatures in a range from 0 to 500 °C were 
investigated with the above three techniques. It is shown that when H has been desorbed from 
the a-Si:H by annealing, the minority carrier lifetime is strongly reduced. 

Acknowledgement: We thank the SYNKNØYT program of The Research Council of Norway for 
financial support. 
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Thin magnetic layers and heterostructures thereof are the basic building blocks of a large 
number of magneto-electronic devices. Their performance strongly relies on the magnetic 
properties of the layers they consist of. These are functions of the layers\' morphology and 
microstructure and on the coupling between them. Since these parameters can change during 
the process of growth, it is important for the understanding and optimisation of 
magnetoelectronic devices to not only accurately monitor the structural but also the magnetic 
properties during the process of growth. 

While the structural characterisation of thin films during growth by various techniques is 
common practice (as e.g. commonly done by RHEED/LEED, STM or synchrotron radiation), the 
in-situ measurement of the magnetic properties of films using (polarised) neutron reflectometry 
is a challenging task. Within a collaboration of TU München, University Augsburg and MPI 
Stuttgart, we operate a mobile sputtering facility for the growth and in-situ monitoring of 
magnetic multilayers, which can be installed at suitable neutron beamlines. In our contribution, 
the setup and first proof of principle polarised in-situ neutron reflectivity measurements on in-
situ grown Fe/Cr carried out at the ToF reflectometer REFSANS at the FRM II neutron source 
and at the AMOR beamline at PSI will be presented. At the latter, use of the Selene neutron 
optical concept allows very fast polarised neutron reflectivity measurements to be performed 
within only 15min per spin direction. 
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The L10 phase of FePt is an ordered alloy constituted of Fe and Pt sublattices, assembled as 
alternate Fe and Pt planes in the fct tetragonal phase where Pt plays a primary role in 
determining the huge values of magnetocrystalline anisotropy (in excess of 1 MJ m-3) [1]. FePt 
L10 has been widely studied for potential applications as perpendicular magnetic recording . 

The huge magnetocrystalline anisotropy of FePt in the L10 phase is related to the chemical 
order. The alternating stacking of Fe and Pt layers induce a slight (+2.8%) tetragonal strain in 
the face-centered cubic lattice along the stacking direction (namely the c-axis) that causes the 
large magnetic anisotropy of the L10 phase. On the other hand, FePt in the chemically 
disordered phase, called the A1 phase, is magnetically soft due to the lack of tetragonal 
distortion, even if the atomic composition and coordination of A1 is identical to L10. 

Using this difference between the magnetic anisotropy of the chemically ordered L10 phase and 
disordered phase a new method has been developed to fabricate FePt films with graded 
chemical order and consequently graded magnetocrystalline anisotropy [2]. Ion irradiation has 
been found to be effective in turning the L10 chemically ordered, magnetically hard phase, into 
the A1 chemically disordered, magnetically soft. In general, the chemical disordering induced by 
ion irradiation occurs within the ion penetration depth, while the level of disordering is controlled 
by the ion beam parameters (e.g. ion dose, ion energy and incidence angle) results in an 
anisotropy graded magnetic media whose anisotropy profile can be designed on purpose. 

We have performed polarized neutron reflectivity (PNR) experiments to understand the 
magnetic behaviour of the irradiated FePt thin films. In a PNR experiment a scan over a suitable 
range of qz provides information on the magnetic depth profile of the film. We have studied FePt 
films irradiated with a dose of 5·1013 ions cm-2 (low dose), 5·1014 ions cm-2 (medium dose) and 
5·1015 ions cm-2 (high dose) and 2 incidence angles (45º and 85º) for dose. The main results 
obtained can be summarized as follow: The samples irradiated at 85º with medium and low 
dose are magnetically homogeneous and show perpendicular anisotropy. The perpendicular 
anisotropy decreases as the dose increases. For these dose the samples are not saturated at 
the maximum applied field of 11 kOe. The sample with higher dose is magnetically 
inhomogenous with 2 regions:  the external is soft and saturated at fields above 5 kOe. The 
inner one is harder and not saturated at 11 kOe. 
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The sample irradiated at 45º with lower dose is magnetically inhomogeneous, with hard and soft 
regions. The sample with medium dose is homogeneous presenting some magnetic anisotropy. 
The sample with the highest dose is easy plane. 
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The performance of neutron scattering instruments scales with the brightness of the neutron 
source, which depends strongly on the geometry of the moderator-reflector assembly, while the 
efficiency of the neutron transport system is strongly coupled to the source geometry. The 
optimum instrument performance is thus best obtained by iteratively optimizing the source 
brightness and the design of the guides and layout of the instrument suite. 

Over the last two years, the ESS moderator and instrument designs have followed such an 
iterative design process, resulting in performance increases on the instruments of about a factor 
of 2, compared to the performance outlined in the ESS Technical Design Report. In addition to 
the quantifiable instrument flux, a number of important qualitative advantages will be realized by 
the new moderator configuration: All instruments will be able to choose both between cold and 
thermal sources and between moderator heights of 3 cm and 6 cm, depending on their 
measurement needs. 

The moderator neutronics work is based on the continuing development of low-dimensional 
configurations, including flattened “pancake” or “butterfly” geometries. 

The instrument redesign work has been a community effort distributed among the ESS partner 
countries, evaluating the full reference suite of 22+ instruments. 

The result is a combination of moderator performance and beam extraction which allows to both 
maximize instrument performance and provide the framework for catering for the diversity of 
science on the instruments and the flexibility needed for future upgrades.  
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Monochromators are commonly used to focus monochromatic neutron beams at the sample 
position. Traditionnally, a focusing device consists of an assembly of rectangular crystal plates 
mounted onto a mechanics allowing the orientation of each crystal to be varied [1].  A vertical 
focusing monochromator can give large intensity gains compared to a flat monochromator. 
Nevertheless, gain factors may be affected by optical aberrations due to both crystal size and 
deviations from the exact geometry, especially when small samples in the mm3 range are 
studied. 

Better focusing properties should be obtained by the use of bent mosaic crystals as they can 
perfectly match a given curvature. Curved mosaic crystals of Copper and Germanium were then 
produced at ILL in the Service for Neutron Optics [2]. Neutron tests will be performed on several 
samples with different bending radius during the next cycle at I.L.L. in April 2015. Performances 
of such bent crystals will be compared to that of flat crystals. First results will be presented and 
discussed.  

  

[1]. A. Hiess et al., Physica B 385–386, 1077 (2006). 
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158



 
 

ID: NI4-O3, 2015-09-02 12:30 - 12:45, Mozart Room 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Oral) 
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The principle of operation of nano-diamond reflectors for slow neutrons [1-4] is analogous to 
that of standard reactor reflectors; however with atoms replaced by nanoparticles. Neutrons are 
reflected from such a medium provided their losses during diffusion in the reflector are less 
probable than their return to the reflector surface. The huge enhancement of the diffusion is due 
to the coherent enhancement of scattering of slow neutrons on objects with sizes comparable to 
the neutron wavelength. 
 
In particular, efficient reflection of very cold neutrons (VCNs) at any incidence angle [2-3], and 
quasi-specular reflection of cold neutrons (CNs) at small grazing incidence angles [4], have 
been demonstrated experimentally. 
 
Nano-diamond reflectors are useful in neutron experiments, for construction of sources of CNs, 
VCNs and UCNs, as well as for efficient (in particular directional) extraction of slow neutrons [1-
5]. The range of application depends strongly on the probability of reflection as well as on the 
maximum neutron velocity of efficient reflection. Although even the very first reflectors 
demonstrated record characteristics, their parameters were limited by the presence of hydrogen 
in the nanoparticle shells, by the non-optimum size and shape of nanoparticles as well as by 
other parameters. 
 
In this talk, we will present recent experimental and theoretical developments ([6-7] plus 
unpublished works) towards nano-diamond reflectors with advanced properties (hydrogen-free 
nanoparticles, diamond nanorods etc). These developments allow us to approach, already 
today, nearly "ideal" characteristics for such reflectors, thus making feasible their broader 
application. 
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(2011) 1 
6. Krylov, A.R., Lychagin, E.V., et al, Study of bound hydrogen in powders of diamond 
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State of the art supermirror technology provides reproducibly non-magnetic and polarizing 
supermirror with large m-values and excellent reflectivity up to or even exceeding m = 7 and m 
= 5.5, respectively. In combination with elaborated concepts for neutron optics the tailoring of 
hot neutron beams becomes feasible because beams with a divergence of more than 0.7° can 
be handled efficiently.  Therefore, an optimized extraction of neutron beams using elliptic guides 
in the focusing mode and/or compact focusing devices enable now elastic and inelastic neutron 
scattering experiments on samples with a size ranging from 0.3 mm to 30 mm using even hot 
neutrons. Major areas of applications are the investigation of strongly correlated electron 
systems under extreme conditions as well as hydrogen containing samples. In our contribution 
we show the excellent agreement of experiments using focusing guides for cold/thermal 
neutrons with Monte-Carlo simulations. Based on these results we demonstrate the high 
performance of focusing devices using state of the art supermirror technology with m = 7 for hot 
and thermal neutrons. 

Similarly, we demonstrate that polarizing supermirror exceeding m = 5.5 enable the realization 
of devices in energy regimes and for applications typically governed by 3He spin filters such as 
wide angle polarization analysis with thermal neutrons. Using simulations we demonstrate that 
the direct implementation of polarizing supermirror into focusing devices leads to quality factors 
Q = P2T close to the theoretical limit. Clearly, the combination of the large gains in intensity and 
the massive reduction in background will open up new applications in inelastic neutron 
scattering, namely the investigation of the dynamics in strongly correlated electron systems or in 
incoherently scattering samples comprising a size of only a few mm3. 
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The Polarized Neutron Development beamline, recently commissioned at the HB-2D position on 
the High Flux Isotope Reactor (HFIR) at Oak Ridge National Laboratory, provides a tool for 
development and testing of polarizers, polarized neutron devices, and prototyping of polarized 
neutron techniques.  With available monochromators including pyrolytic graphite and polarizing 
enriched Fe-57 (Si), The instrument has operated at 4.25 and 2.6 A wavelengths, using crystal, 
supermirror, or He-3 polarizers an analyzers in various configurations.  The Neutron Optics and 
Development Team has used the beamline for testing of He-3 polarizers for use at other HFIR 
and Spallation Neutron Source (SNS) instruments, as well as a variety of flipper devices.  The 
team and collaborators also have continuing demonstration experiments of spin echo focusing 
techniques, and plans to conduct polarized diffraction measurements.  The beamline will be 
used to support a growing use of polarization techniques at present and future instruments at 
SNS and HFIR. 
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The Beamline for European Materials Engineering Research (BEER) has been recently 
proposed to be built at the European Spallation Source (ESS). It is a 156 m long time-of-flight 
diffractometer offering large variability of resolution/intensity options. Special attention had to be 
therefore paid to the concept of the neutron transport system, addressing the problems of bi-
spectral beam extraction, variability of beam divergence matching the wavelength resolution, 
closing of the direct line of sight and, of course, high brilliance transfer ratio over a broad 
wavelength range starting at λ>0.7 Å. Details of this concept together with relevant performance 
characteristics obtained by Monte Carlo simulations with the programs SIMRES and McStas will 
be presented. The neutron optics system includes the monolith insert with multi-channel guide 
for bi-spectral extraction and a feeder focused at the low-dimensional ESS moderator. The 
insert is followed by 3.5 m long chopper cave with a narrow (2 cm) guide with gaps for a set of 
choppers, a 15 m long elliptically expanding part and a 115 m long curved guide with the cross-
section 4x8 cm2 allowing for closing twice the direct line of sight. At the end, the beam is 
focused with an elliptically tapered guide including exchangeable segments. Together with 
adjustable slits, this system allows for variation of the beam divergence at the sample, both 
horizontally and vertically. This beam tailoring is necessary for tuning the diffractometer 
resolution and intensity. In addition, it permits application of the complementary techniques of 
direct imaging and small-angle scattering without impairing the diffractometer performance. 

Several variants of the neutron optics concept will be presented, showing that the system can 
be adapted to various existing designs of the ESS low-dimensional source (pancake or thermal-
optimized tube moderators), while employing the Laue lens effect of the bi-spectral extraction 
element. In addition, significant cost optimization is possible via reduction of the main guide 
cross-section and minimisation of the coating m-value along a major part of the neutron path, 
which is paid for by only a minor (~ 10 %) reduction of the brilliance transfer ratio over the most 
demanded wavelength range. 
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Unusual continuous magnetic excitations evidenced by polarized neutron scattering 
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Magnons (or spin waves) are generally considered as the elementary excitation of Mott 
insulators magnets, at least in presence of long-range magnetic order. They are characterized 
by a distinct energy-momentum relation which resembles those of phonons. Even in absence of 
long-range order, for many singlet quantum ground states, the elementary excitation is a triplet 
with a sharp dispersion relation. A well-known exception is the one-dimensional spin 1/2 
Heisenberg antiferromagnetic with singlet ground state and fractional excitations, spinons, that 
occur in pairs and quartetts and therefore display a continuous excitation spectrum in spite of a 
sharp elementary dispersion relation [1]. In presence of frustrated or very small interchain 
interactions, spinon continua are known to survive. There is a growing number of 
antiferromagnetic materials where the dynamic susceptibility appears continuous and ``spinon-
like\'\', while, nevertheless, the corresponding Hamiltonian cannot be considered as a small 
perturbation of the seminal Heisenberg nearest-neighbour antiferromagnetic chain. Fractional 
excitations are likewise discussed in the context of spin 1/2 Kagome- and hyper-Kagome 
lattices and even three-dimensionally connected spin ice. We present polarized neutron 
scattering evidence for magnetic continuous scattering in two examples with reduced-moment 
long-range order, which are very far from the seminal spin 1/2 Heisenberg antiferromagnetic 
chain: the square-lattice spin 1/2  antiferromagnet Cu(DCOO)2.4D2O [2,3], and the triangular 
spin-1 Heisenberg antiferromagnet CsNiCl3 [4]. We demonstrate that in both cases, the 
polarization analysis with several cross sections is essential in order to distinguish the magnetic 
excitations from phonons that easily mislead the interpretation of the data in these compounds. 
We further show how polarization analysis can be applied to distinguish two-magnon scattering 
from more exotic  excitation continua. 
 
 
[1] M. Mourigal et al., Nature Physics 9, 435 (2013). 
[2] N.B. Christensen, et al., Proc. Natl. Acad. Sci. USA 104, 15264 (2007). 
[3] B. Dalla Piazza et al., Nature Physics 11, 62 (2015). 
[4] M. Kenzelmann et al., Phys. Rev. Lett. 87, 017201 (2001); Phys. Rev. B 66, 174412 (2002). 
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Interplay between magnetic order, anisotropy and ferroelectricity in Mn1-xCoxWO4 
multiferroics with intermediate doping 
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We have investigated a variety of coupled magnetic and ferroelectric phase transitions 
in     Mn1-xCoxWO4 multiferroics by single crystal and powder neutron diffraction, symmetry 
analysis and polarization measurements. The competition between the magnetic anisotropy and 
the isotropic exchange interactions or the external field produces a rich variety of competing 
multiferroic magnetoelectric phases, in which the anisotropy of the ferroelectriciy behaves 
according to the inverse Dzyaloshinskii-Moriya model.  

Spin-orbit coupling effects associated to the presence of Co+2O6 octahedra strongly modify the 
magnetic anisotropy and produce changes in the magnetic structures. Up to five distinct 
collinear and non-collinear spin orders (commensurate and incommensurate) compete 
in     Mn1-xCoxWO4 multiferroics with Co concentrations in the range x≈0.12-0.15.  

Here we report the investigation of the magnetic and ferroelectric properties of these frustrated 
oxides in the intermediate doping regime (0.15≤x≤0.50, above the complex x≈0.15 
composition). By combining neutron diffraction data collected at PSI and ILL using powder and 
single-crystal samples the evolution of the magnetic behavior has been investigated and 
described up to the composition with x=0.50. The results obtained allow extending our 
understanding of the magnetic and ferroelectric phase diagram in the full doping range of this 
family.  
 
We have found that the magnetic and ferroelectric properties in the intermediate doping range 
can be rationalized in terms of the influence of Co atoms on the competition between 
commensurate collinear (AF4) and incommensurate cycloidal (AF2) spin structures. Finally, 
single-crystal and powder neutron results are faced to previous resonant magnetic x-ray 
scattering studies using soft x-rays and full polarization analysis. 
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High-field re-entrance of the magnetoelectric effect in LiNiPO4 investigated in pulsed 
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In this work we investigate the phase diagram of magnetoelectric LiNiPO4 using a combination 
of time-of-flight neutron Laue diffraction, bulk magnetization and electric polarization 
measurements. All experiments were performed in pulsed magnetic fields up to 30T applied 
along the c-axis and the data were modelled using symmetry arguments. 
 
For fields in the range 19-21T we find a phase characterized by a commensurate propagation 
vector Q = (0 1 0) and re-entrant ferroelectric polarization along the a-axis. The linearly 
increasing polarization in this phase is shown to result from the combined effects of exchange 
and Dzyaloshinsky-Moriya interactions. Above 21T the propagation vector changes to Q = (0 
2/3 0) and the electric polarization vanishes. 
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Determining a magnetic structure from neutron diffraction data can be a rather tough problem, 
and frequently the data analysis is manually constrained in order to achieve a satisfactory 
convergence. Nevertheless, in most of the cases those constraints are made using arbitrary 
criteria, and this is more evidenced in the field of incommensurate magnetic structures (ICMS). 
In this work we show how the use of the superspace symmetry formalism allows to rationalize 
not only the data treatment, but also the physical properties induced by a magnetic ordering [1]. 

The ICMS in Mn1-xCoxWO4 have been studied using symmetry arguments. MnWO4 is a 
multiferroic material in which the magnetic order of one of its magnetic phases induces 
ferroelectricity. Like most multiferroic materials MnWO4 is extremely sensitive to small 
perturbations. It turned out that doping with Co2+ is particularly interesting since it strongly 
stabilizes the multiferroic phase at low temperatures, and moreover, by increasing the cobalt 
amount in the crystals its properties change (electric polarization flops from the b axis to the ac 
plane) [2]. This change of orientation is linked to a symmetry change. The ICMS of the x = 0 and 
x = 0.10 compounds, have been studied thoroughly. We have found, not only the symmetry of 
the magnetic structures and their intrinsic restrictions, but also information about the tensor 
properties, such as ferroelectric and magnetostructural properties [3]: in the paramagnetic state, 
there is a unique independent magnetic atom in the crystallographic unit cell in both cases, but 
when the system enters into the multiferroic phase, this is no-longer true. In the multiferroic 
phase of MnWO4, the two Mn atoms in the unit cell become symmetry independent, whereas in 
the x = 0.10 substituted compound, they are still symmetry-related. This difference is related to 
the change of the electric polarization. 

  

[1] J. M. Perez-Mato, J. L. Ribeiro, V. Petriceko, et al., J. Phys.: Condens. Matter 24, 163201 
(2012). 
[2]Y.-S. Song, L. Q. Yan, B. Lee, et al., Phys.Rev. B 82, 214418 (2010). 
[3]I. Urcelay-Olabarria, J. M. Perez-Mato, J. L. Ribeiro, et al., Phys. Rev. B 87, 014419 (2013). 
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The crystal structure of α-Fe2O3 and α-Cr2O3 is usually described with the corundum-type 
trigonal crystal structure based on the space group R-3c. There are however some observations 
of the magnetic ordering of both α-Fe2O3 and α-Cr2O3 that are incompatible with the trigonal 
symmetry. We show experimental evidence based on X-ray powder diffraction and supported 
by TEM that the symmetry of the crystal structure of both α-Fe2O3 and α-Cr2O3 is monoclinic 
and it is described with the space group C2/c (obtained from R-3c by removing the 3-fold 
rotation axis). The magnetic orderings of α-Fe2O3 and α-Cr2O3 are compatible with the 
magnetic space groups C2/c and C2/c’, respectively. These  
findings are in agreement with the idea from P. Curie (1894) that the dissymmetry of the 
magnetic ordering should be associated with a dissymmetry of the crystal structure. 
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In solids, the electric and magnetic ordering are often considered incompatible due to their 
different origins. The strong coupling of these degrees of freedom can be observed in 
magnetoelectric (ME) materials. Multiferroics of spin origin, for which magnetic long range order 
and electric polarization appear simultaneously, have been attracting considerable interest both 
from fundamental and technological point of view. These multiferroics usually present special 
spin configurations, such as cycloidal and conical incommensurate magnetic structures, for 
which space inversion and time reversal symmetries are both broken. Such magnetic order thus 
leads to a strong coupling between magnetism and ferroelectricity. Neutron diffraction therefore 
plays a key role for the investigation of multiferroics and magnetoelectric materials. 
 
Compounds of the pyroxene family with chemical formulas AMGe2O6 (A =mono- or divalent 
metal, M=di- or trivalent transition metal) form one of the most abundant mineral species in the 
earth crust and upper mantle, and have therefore been subject to a wealth of detailed studies 
investigating their structures and crystallo-chemistry. Recently, clinopyroxenes incorporating 
magnetic cations have attracted revitalized interest from the viewpoint of physical properties 
because some of them were found to present multiferroic properties, ME effect, ferrotoroidal 
order and quasi-one-dimensional properties. These intriguing physical properties mainly ascribe 
from their respective magnetic symmetry (incommensurate or commensurate) which is 
determined by their unique crystal structure with zigzag arrangement of MO6 octahedra along 
the c axis. In addition, the competition between inter- and intra-chain magnetic interactions may 
lead to magnetic frustration and the appearance of various exotic magnetic properties such as 
spin-orbit ordering, spin singlet ground state, spin-Peierls transition and Haldane chains. 
 
We have synthesized and investigated magnetic pyroxene compounds based on divalent A and 
M cations, using neutron powder diffraction (NPD) at D1B-ILL. Based on NPD data, we 
determined the magnetic structure of CaMnGe2O6, the symmetry of which allows for linear ME 
effect. We observed this effect experimentally by polarization measurements under magnetic 
field. In agreement with our magnetization data, a small diffuse magnetic scattering signal was 
observed in NPD diagrams well above the Néel temperature, which we could interpret using an 
intrachain 1D spin correlations model. 
 
Moreover, a new family of Sr-based pyroxene compounds was prepared. Among these, 
SrMnGe2O6 with C2/c symmetry was synthesized, and its crystal and magnetic structures were 
characterized by means of single crystal x-ray diffraction and NPD. Magnetoelectric 
measurements and NPD data indicate that this compound is a multiferroic of spin origin with a 
magnetic order characterized by a cycloidal spin configurations. It is striking to see that both Sr- 
and Ca-compounds display a quite different magnetoelectric behavior even though they adopt 
the same symmetry and bear the same magnetic cations. This intriguing question will be 
addressed in our presentation. 
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Ferro-fluids are liquids with magnetic nano-particles dispersed in a solvent and show a super-
paramagnetic behavior. The magnetic moment makes the particles sensitive to magnetic fields. 
The application of such a field can drive self-assembly and result in e.g. smectic like ordering. 

We investigated the adsorption of magnetic nano-particles close to a ferrofluid-SiO2 interface as 
a function of external magnetic and flow fields. The particles are stabilized by surface coatings, 
which makes them extremely sensitive to the termination of a solid boundary and mono- or 
multilayers can form. The surface energy and polarity of the solid boundary is tuned by self-
assembled monolayers. 

In situ neutron reflectometry and grazing incidence has been utilized to obtain a detailed 
microscopic picture of this ordering phenomenon. Thus, the equilibrium as well as kinetics of the 
self-assembly is studied systematically. Both, applied magnetic field as well as flow facilitates 
pronounced layering at the interface, revealing a controlled growth of magnetically nano 
structured interfaces on the time scales of hours. 

References 
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Microgels are polymeric soft particles consisting generally of a densely cross-linked core and a 
fuzzy shell. These particles are stimuli-responsive systems, i.e. their solvation properties 
change in response to the application of external stimuli such as temperature or pH. The 
responsiveness of microgels, which results in a change of the particle size, makes them a 
perfect model system to study inter- and intra-particle interactions, crystal and glass transitions 
of soft systems by tuning their size (and thus volume fraction, Φeff) and particle-particle 
interactions in-situ [1-6]. While the structural and dynamic properties of these systems at ultra-
high volume fractions have been extensively studied, it is not clear yet how the individual 
particles respond at such ultra-dense states. There are two possible scenarios when 
approaching closed packing, Φcp, and beyond: soft particles may facet and shrink to 
accommodate themselves and/or they may interpenetrate. Hence the structural and viscoelastic 
properties of these systems will depend to a great extend on the particle behavior at these high 
volume fractions. 
  
In the present work we report on the study of the influence of temperature and particle number 
density on the individual particle properties of a microgel system, poly(N-isopropylacylamide) 
(PNIPAM), at high effective volume fractions. For this purpose we have used a combination of 
direct and indirect space techniques such as confocal laser scanning microscopy (CLSM), 
cross-correlation light scattering, small-angle x-ray scattering (SAXS) and small-angle neutron 
scattering (SANS). We used in particular SANS at so-called zero average contrast, ZAC, 
conditions in order to access the particle form factor even at effective volume fractions well 
above closed packing. When combined with SAXS, this allows us to unambiguously decouple 
interaction effects from density-dependent variations of the particle size and shape at all 
effective volume fractions. We demonstrate that microgels significantly interpenetrate and thus 
change their size and shape only marginally even for Φeff >> Φcp, a finding that will require 
changes in the interpretation of a number of previously published studies on the structural and 
dynamic properties of dense soft particle systems. 
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SANS is a common technique to study different types of biological systems in solution. However 
in case of large molecular complexes using only SANS methods can only reveal the low-
resolution features of such systems. Another approach to study biological systems in solution is 
the use of theoretical methods such as molecular modeling and dynamics simulations. The 
main problem of the theoretical approach is to verify whether or not the complex biomolecular 
system really behaves as predicted by the model. Combination of these two methods allows to 
create and verify all-atom models even for large and complex molecular system. 

A method to calculate SANS [1] and NSE [2] curves from MD trajectories was developed and 
implemented as analysis modules for molecular dynamics software package GROMACS. We 
used this method on number of multicomponent biological systems such as RecA::ssDNA, 
RecA::RecX::ssDNA [3] complexes, 70S ribosomal complexes, different RNP complexes from 
Influenza A virus and on glycoprotein complexes such as Glucoamilase from Asp. Awamori. In 
some cases using this combined approach not only yielded new realistic models of the 
complexes of biomacromolecules in solution but also predict formation of the new 
macromolecular assemblies 

Acknowledgment: This work was funded by the Russian Foundation for Basic Research grant 
14-24-01103-ofi-m 
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The mechanical properties of nanocomposite materials are controlled to a large extent by the 
filler-filler interactions. Nevertheless, another important contribution - less well understood - is 
due to the polymer chain-filler interactions. Experimentally, the radius of gyration (Rg) of polymer 
chains in nanocomposites can be measured by SANS using the zero average contrast 
conditions (mixing hydrogenated (H) and deuterated (D) chains) in order to match the filler 
signal and measure the chain form factor. However, many studies display an unexplained 
polluted SANS signal in the low-q range. 

In this talk, we will discuss the measurement of polymer chain signal in nanocomposites 
prepared from the drying of a colloidal dispersion of silica and polymer particles. In such 
samples, the mixture of H and D chains results from the dissolution of H and D latex beads. This 
dissolution was followed by SANS in the low q range, as function of thermal annealing (figure 1) 
and filler content using an original model [1]. Experimental results demonstrate that the 
dissolution dynamics of polymer chains is significantly slowed down by the presence of silica 
nanoparticles [1]. 

Besides, the effect of the filler size on the chain signal in the nanocomposites was studied by a 
combination of SAXS and SANS measurements and reveal that the filler contribute to the SANS 
signal in nanocomposites filled with small silica nanoparticles (compared to the latex beads) 
contrarily to nanocomposites filled with bigger silica particles. We rationalize this observation 
considering an attractive interaction between polymers and silica particles leading to an 
inhibited interdiffusion of latex particles in the vicinity of silica particles, and a statistical local 
assymmetry due to the small number of latex beads defining the environment of small silica 
particles. Finally, no evolution of the polymer Rg was found in our samples. 
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We report a complete analysis of model silica/Styrene-Butadiene Rubber (SBR) 
nanocomposites including a direct and quantitative correlation between the filler structure, the 
chain conformation and the mechanical reinforcement. Two different ways of sample processing 
were analyzed: a solvent casting route with well-defined colloidal silica and the manufacturing 
process of internal mixing with industrial silica powder. We associated specific chain (d) 
labeling, and the so-called Zero Average Contrast (ZAC) method, with SANS, in-situ SANS 
experiments to extract the polymer chain scattering signal at rest for non-cross linked and under 
stretching for cross linked PNCs. The multi-scale filler dispersion was characterized with a 
combination of SAXS/TEM in both reciprocal and direct space and the mechanical properties 
determined with oscillatory shear measurements. We evaluated the influence of interfacial 
additives on the filler dispersion and on the polymer chain conformation, a coating agent and a 
coupling agent for different particle concentrations. The modeling the filler dispersion is made 
using simple analytical calculation including Percus-Yevick function while chain conformation is 
calculated from the Random Phase Approximation (RPA). The primary particles form fractal 
primary aggregates inside the matrix as a result of a diffusion limited aggregation process 
driven by the interfacial additive. The coupling agent, who can form covalent bonds with the 
matrix chains, leads to smaller and denser primary aggregates while the coating one gives rise 
to larger and more ramified objects [1]. When increasing the filler concentration, the spatial 
correlations between the primary aggregates lead to result in more or less interpenetrated 
networks in a situation of percolation (Figure a). The SANS analysis of the chain conformation 
[2] reveals that whatever the filler content and the additive agent, the mean chain conformation 
as well as the chain deformation is unperturbed by the presence of the filler (Figure b). This 
conclusion shows that the contribution of the chain conformation/deformation on the mechanical 
behavior is limited to a small fraction of chain. Then mechanical can be interpreted mainly in 
terms of filler contribution: below the percolation threshold, the reinforcement is mostly driven by 
the cluster compactness. Above the percolation threshold, the network modulus varies as the 
power three of filler network density which is determined from geometrical assumptions (Figure 
c). The filler network density, traducing the degree of interpenetration of the aggregates inside 
the network, is driven both by the interfacial additive and the samples preparation: the coupling 
agent as well as the internal mixing process gives rise to a denser network with a resulting 
improved modulus. 

[1] A. Bouty, L. Petitjean, C. Degrandcourt, J. Gummel, P. Kwasniewski, F. Meneau, F. Boué, 
M. Couty, J. Jestin, Nanofiller Structure and Reinforcement in Model Silica/Rubber Composites: 
A Quantitative Correlation Driven by Interfacial Agents, Macromolecules, 47 (15), 5365-5378, 
2014. 
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* Kell Mortensen, kell@nbi.dk 

Liquid bridges occur in a variety of situations in nature - yet our understanding of the dynamics 
and stability is very limited. Examples of liquid bridges are the process used by spiders to form 
draglines and the process used by cats lapping milk. We have an extended program aiming to 
provide generic knowledge about the process in which macromolecular fluid filaments are 
extended and stretched and show how the extensional properties are related to the properties 
on individual molecules. We combine structural and rheological studies of a series of model 
polymers with different composition and architectures. The project entails synthesizing model 
polymer systems of precisely known molecular architecture, subjecting these materials to 
controlled extensional flows and to measure the molecular deformation under controlled flow 
situation by SANS. Neutron contrast is obtained using specific deuterium labeled molecules. 

We have targeted different systems: first a “simple” sample of homogeneous high-molar mass 
polymers, where only the central part of a fraction of the polymers were D-labelled with the aim 
to highlight the polymer deformation and avoid influence of fast relaxation near the polymer 
ends [1]. Another example is a bimodal mixture of linear polymer chains with respectively high 
and low molar mass, and we have studied samples with more complex geometry, including 
POM-POM architecture. The 2D-SANS data have typically Lozenge shaped contour which is 
analyzed using the Read- McLeish-model of stretched polymer network [2]. The structure and 
rheology are measured both as a function of stain flow velocity, final Hencky strain ratio and 
during the relaxation after cessation of extensional flow.   

 References 

[1]   Ole Hassager, Kell Mortensen, Anders Bach, Kristoffer Almdal, Henrik Koblitz Rasmussen, 
Wim Pyckhout-Hintzen. Rheologica Acta 51, (2012) 385.  

[2]   D. J. Read, T. C. B. McLeish. Macromolecules 30 (1997) 6376. 
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Proton dynamics of phosphoric acid in the catalytic layer of gas diffusion electrodes and 
in the membrane electrode assembly. 
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High-temperature polymer electrolyte fuel cells (HT-PEFC) are promising electrochemical 
energy converters for automotive, stationary and portable equipment due to their 
environmentally friendly operation. 

Recent works on the development of HT- PEFC are focused mostly on the performance and 
technical optimization. However, the fundamental investigation of the proton conductivity will 
help to optimize performance and increase sufficiency of the fuel cells. For example, the 
understanding of proton diffusion mechanism in membrane electrode assembly (MEA) plays a 
key role in proton conductivity of fuel cells. 

MEA is the central part of the HT-PEFC, which consists of two catalytic layers separated by a 
proton exchange membrane. Water-free proton conducting membranes, typically 
polybenzimidazole-type (PBI) polymer films doped with phosphoric acid (PA) [1,2] are the most 
studied part of the MEA nowadays. However, careful design of the catalyst layer is one of the 
key issues with respect to the improvement of the fuel cell performance. The catalyst layer is a 
composite material containing nanoporous carbon, poly(tetrafluoroethylene) (PTFE) and 
platinum nanoparticles. Knowledge about the structural features of the catalyst layer and 
understanding the distribution of PA between structural elements of the catalyst could help to 
design more efficient electrodes for fuel cells. Since the catalyst layer is in direct contact with 
the PBI membrane doped with PA it also contains some amount of acid, which is needed to 
provide good proton conductivity in the electrode. The contact between electrodes and the 
membrane is one of the important parameters, which influence the cell performance [3]. 

Neutron scattering offers a unique opportunity to study static and dynamical properties of 
hydrogenated materials on nanometer scale. Thus, the proton dynamics can be studied using 
quasielastic neutron scattering (QENS). Using neutron backscattering spectroscopy we 
investigated the dynamical behavior of PA in the catalytic layer of the electrodes as well as in 
the MEA. It has shown that proton diffusion inside the pores of the catalytic layer can be 
described by a continuous jump-diffusion model. It allows extracting the diffusion coefficients, 
the residence time of the protons as well as their jump length. Dynamics of the PA in the 
electrodes is compared with dynamics of the PA in freshly prepared MEA and the MEA having 
experienced operation of the fuel cell for several hours. After hours of operation dynamics of the 
PA slows down.  

[1] J.S. Wainright et. al, J. Electrochem. Soc., Vol. 142. No 7 (1995)   
[2] Q. Li et al., Progress in Polymer Science, 34 (2009) 449-477 
[3] W. Lehnert et. al, Innovations in Fuel Cell Technologies, RSC (2010) 
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The study of hydrogenated graphene, with muon spin spectroscopy (ISIS-Rutherford Appleton 
Laboratory, UK) and 1H-NMR has clearly revealed the capacity of the carbon material to capture 
hydrogen. Two types of H atoms attached to the carbon framework were identified, one being 
static and one mobile, giving specific signatures in the NMR spectrum.  The inelastic neutron 
scattering investigations confirmed the presence of H atoms covalently bonded to the graphene 
surface [1, 2].  
 
We present in this communication a precise analysis of the bending modes region of the 
spectra typical of the different types of H attached in various positions on the graphene planes. 
While some are located at the edge of the carbon frame, others are localized into defects « on 
top » of the carbon surface. The temperature dependence of their spectral lines revealed an 
activated evolution of the surface H dynamics with an energy barrier in agreement with that 
derived from NMR. 

This work has important consequences: not only it reveals the presence of defects at the 
graphene surface but most important, it also provides an experimental solution to characterize 
them qualitatively and quantitatively. This is of major importance in the graphene industry so as 
to monitor the process of this material with a controlled amount of defects. 

Fundamental questions also arise from this work, and in particular the mechanisms at the origin 
of the H mobility at the relatively low temperatures in these systems. From a thermodynamic 
point of view, this scenario has to conciliate large bonding energy with small activation barriers. 
This difficult task necessitates considering the quantum nature of the H atom, the availability of 
neighboring reactive sites together with large amplitude movements of the carbon framework. 
 
[1] Tracking the Hydrogen Motion in Defective Graphene, D. Pontiroli, M. Aramini, M. Gaboardi, 
M. Mazzani, S. Sanna, F. Caracciolo, P. Carretta, C. Cavallari, S. Rols, R. Tatti, L. Aversa, R. 
Verucchi, M. Riccó, J. Phys. Chem. C, 2014. 

[2] Hydrogen on Graphene Investigated by Inelastic Neutron Scattering, C. Cavallari, D. 
Pontiroli, M. Jiménez-Ruiz, A. Ivanov, M. Mazzani, M. Gaboardi, M.Aramini, M. Brunelli, M. 
Riccó and S. Rols, Journal of Physics: Conference Series, 2014. 
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The hydrogen fuel cell is one of the most promising, yet challenging, clean energy technologies. 
The development of fuel cells working at so-called intermediate temperatures (~200-500 °C) is 
attracting considerable interest due their potential use as both stationary and mobile energy 
production devices [1]. A crucial requirement for the operation of these devices is a high proton 
conductivity of the electrolyte. Targeted conductivities exceed 10-2 Scm-1 and in this respect 
acceptor doped perovskite type oxides, such as In doped BaZrO3, have emerged as most 
promising [2]. However, the conductivity of even the best electrolytes available today remains to 
be 1-2 orders of magnitude too low for operation in the intermediate temperature range [2]. The 
development of new materials, with higher conductivities, is therefore critical to further 
development of intermediate temperature fuel cell technology. This development depends 
crucially on a better understanding of the fundamental science, such as structure and dynamics, 
of the most promising materials available as well as on the exploration of brand new classes of 
materials. For this reason, we have investigated here the local coordination and vibrational 
properties of protons in the proton conducting perovskite BaZr0.5In0.5O3H0.5, by means of 
inelastic neutron scattering (INS) together with infrared (IR) spectroscopy, with the aim to obtain 
details about the vibrational spectrum and proton sites present in the material.  A key result is 
the observation of a range of different O-H stretch vibrations, related to symmetrical and 
asymmetrical local proton environments, respectively. In particular, we observe the presence of 
proton sites characterized by very strong hydrogen bonding between the proton and 
neighboring oxygen. A comparison to results obtained from first-principles calculations [3] 
suggests these sites to be related to “extreme” local proton configurations, such as in the 
vicinity of several protons and/or oxygen vacancies. Furthermore, on the basis Q-dependence 
of the INS spectrum we were able to conclusively distinguish between fundamental modes and 
combinations of the O-H vibrations, which has been a matter of debate. 

[1] E. Traversa, Electrochemical Society Interface, 18 (2009) 49-52. 

[2] L. Malavasi et al., Chemical Society Reviews, 39 (2010) 4370-4387. 

[3] M. Karlsson et al., Physical Review B, 72 (2005) 094303. 
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Physicals gels formed by low molecular weight organic gelators (LMMOG) are composed of a 
rigid network formed by the gelators, in which is trapped a large quantity of solvent. Gathering 
properties of both liquids and solids, they find applications as functionalised nanomaterials in 
diverse domains, such as temperature sensors or drug delivery [1]. However, applications suffer 
several limitations, due to the metastability of the gels that may collapse after some time, and to 
the difficulty to predict gelation ability of new molecules [1]. The subtle interplay of the different 
forces exerted between the solvent and gelators, involving hydrogen bonds, hydrophobic forces, 
π- π interactions or dipolar forces, enable the gels to reversibly assemble in a restricted 
temperature range in a complex structure that depends on the solvent. Because of the instrinsic 
complexity, at the molecular level, of the structural organisation and the dynamics, these 
materials are quantitatively studied with difficulty. In this context, we undertook the study of the 
microscopic dynamics in a model physical molecular gel, with the goal of characterising the 
molecular interactions and understanding the formation and stability of the gel phase.  

The dynamics methyl-4,6-O-benzylidene-α-D-mannopyranoside (α-manno) [2] in water and 
toluene are probed by neutron scattering [3]. The α-manno is an amphiphilic gelator that adopts 
different organisation in both solvents. We were able to determine, on a timescale from a few ps 
to 1 ns, the number of solvent molecules that are immobilised by the rigid network formed by 
the gelators. We found that only few toluene molecules per gelator participate to the network 
which is formed by hydrogen bonding between the gelators’ sugar moieties. In water, however, 
the interactions leading to the gel formations are weaker, involving dipolar, hydrophobic or π − 
π interactions and H-bonds are formed between the gelators and the surrounding water. 
Therefore, around 10 to 14 water molecules per gelator are immobilised by the presence of the 
network. This study shows that neutron scattering can give valuable information about the 
behaviour of solvent confined in a molecular gel. 

[1] N. Sangeetha and U. Maitra, Chem. Soc. Rev., 34 (2005), 821-836.; R.G. Weiss, Langmuir 
25 (2009), 8369-8369. 

[2] O. Gronwald et S. Shinkai, Chem. Eur. J 7 (2001), 4329-4334. 

[3] I. Morfin, S. Spagnoli, M.A. Gonzalez, P. Carcabal and M. Plazanet, Langmuir (2015) 31, 
2554−2560. 
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Currently, there is a large effort devoted to the development of technologies that use hydrogen 
as an energy source. A specific challenge is to design a hydrogen storage material that is safe, 
economic and efficient. Recently it has been shown that the alkali silanides ASiH3 (A = K and 
Rb) are promising materials, which are able to store up to 4.3% of hydrogen reversibly within a 
p-T window that fits perfectly for several technological applications [1]. At temperatures below 
200 K ASiH3 are characterized by an ordered phase (β), whereas at higher temperatures they 
are characterized by a disordered phase (α) [2]. Structure analysis of the α-phase has 
established a structure with H atoms distributed on a weakly occupied (12%) Wyckoff site 96k 
(space group Fm3 ̅m), so the distribution of the hydrogen atoms may be represented by a quasi-
spherical environment with 24 H positions surrounding one Si atom [1], see Fig. 1(a). However, 
the reported structural investigations also report a large spread of the Si-H bond length, from 
1.47 to 1.52 Å. Here, the upper value, 1.52 Å corresponds more closely to the bond length for 
SiH3

- anions in solution ([2] and references therein), which may indicate that the SiH3
- anions 

show a quite more free rotational behavior, as in solution or even as in a gaseous phase [2]; 
hence this would suggest that the phase transition is dynamic rather than static in nature. In 
order to clarify this issue, we have investigated the rotational motions of the pyramidal SiH3

- ions 
in the alkali silanides ASiH3 (A = K and Rb) by means of quasielastic neutron scattering over a 
range of temperatures and momentum transfers. A key result is that we found a strong 
quasielastic phase transition when going from 200 K and up in temperature, which would then 
verify that the α-phase is indeed dynamic in nature. In addition, upon cycles of heating and 
cooling we observed a large hysteresis, shifting the phase transition from 305 K to 270 K and 
from 285 K to 240 K for KSiH3 and RbSiH3, respectively. We hypothesis that the difference in 
phase transition temperature is due to the smaller alkali metal ion (K+), which makes the 
structure more densely packed and therefore increases the phase transition temperature. In the 
high-temperature, disordered phase, with the SiH3

- anions distributed in various rotational 
orientations in the crystal structure, a comparison between the experimental and calculated 
elastic incoherent structure factor (EISF) [Fig. 1(b) KSiH3 at 310 K] suggests that the SiH3

- 
anions undergo a rotational motion, resulting in 24 H sites positioned around the Si atom with 
approximately 10% of the H atoms immobile [Fig. 1(b)]. This result is in agreement with the 
structure depicted in Fig. 1(a). 

[1] Chotard, J. -N.; Tang, W. S.; Raybaud, P.; Janot R. Chem. Eur. J. 2011, 17, 12302-12309 
[2] Kranak, V. F.; Lin, Y. -C.; Karlsson, M.; Mink, J.; Norberg, S. T.; Häussermann, U. Inorg. 
Chem. 2015, 54, 2300-2309 

182



 
 

  

183



 
 

ID: CHM1-O6, 2015-09-02 13:15 - 13:30, Room 11 
Chemistry of Materials (structure and spectroscopy) 

 (Oral) 
 

Vibrational Dynamics In Dendritic Oligoarylamines by Raman Spectroscopy and 
Incoherent Inelastic Neutron Scattering 

 
David Djurado1 , Irena Kulszewicz-Bajer2 , Guy Louarn3 , Lukasz Skorka2 , Adam Pron2 , Marek 
Szymanski1 , Stéphane Rols3 , Alexander Ivanov3 , Jérôme Faure-Vincent1  
 
1) INAC/ SPrAM - UMR 5819 (CEA-CNRS-UJF) CEA Grenoble, 17 rue des Martyrs 38054 - 
Grenoble - France 2) Faculty of Chemistry, Warsaw University of Technology, Noakowskiego 3, 
00-664 Warsaw - Poland 3) Institut des Matériaux Jean Rouxel, CNRS - University of Nantes, 2 
rue de la Houssinière, 44322 - Nantes - France 4) Institut Laue Langevin, 6 rue Jules Horovitz, 
38042 - Grenoble, France  
* David Djurado, david.djurado@cea.fr 

Vibrational dynamics in triarylamne dendrimers was studied in a complementary way by Raman 
and infrared (IR) spectroscopies and incoherent inelastic neutron scattering (IINS) [1]. Three 
molecules were investigated, namely unsubstituted triarylamine dendrimer of the first generation 
and two dendrimers of the 1st and 2nd generation, substituted in the crown with butyl groups. To 
facilitate the assignment of the observed IR and Raman modes as well as the IINS peaks, 
vibrational models based on the General Valence Force Field Method (GVFF), were calculated 
for all three compounds studied. A perfect consistency between the calculated and exprimental 
results was found. An important complementarity of the vibrational spectroscopies and IINS was 
established for the investigated dendrimers. The IINS peaks originating mainly from the C-H 
motions were not restricted by particular selection rules and only dependent on the IINS cross 
sections. To the contrary Raman and IR bands were imposed by the selection rule and the local 
geometry of the dendrimers, yielding mainly C-C and C-N deformations modes with those of C-
H nature of much lower intensity. Raman spectroscopy was also applied to the studies of the 
dendrimers oxidation to their cationic forms. Strong Raman resonance effect were observed 
since the spectra of the studied compounds, registered at different levels of their oxidation, 
strongly depended on the position of the excitation line with respect to their electronic spectrum. 
All these data will be fully discussed and more recent data obtained more recently on IN4-TOF 
spectrometer at ILL will be also tentatively icluded in the discussion. 

 
Reference 
 
1- Vibrational dynamics in dendridic oligoarylamines by Raman spectroscopy and incoherent 
inelastic neutron scattering, I. Kulszewicz-Bajer, G. Louarn, M. Szymanski, D. Djurado, J.Y. 
Mevellec, S. Rols, A. Pron, J. Phys. Chem. B. 118 (2014) 5278-5288. 
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Nowadays the need to study systems involving longer length scales, which in turn require an 
increase of the corresponding time scale, i.e. higher energy resolution, is pressing. Moreover, 
the rapid rise in computer power and better simulation algorithms has led to significant 
improvements in the capability of molecular dynamics simulation for aiding the understanding of 
dynamic molecular order on various time scales. These factors lead to a strong scientific 
demand for neutron spectrometers with not only high, but also variable energy resolution, 
balanced by the availability of a broad dynamic range. Here, shorter timescales can also be 
included via the variation of the incident neutron wavelength. 

The time of flight backscattering instrument MIRACLES (Multiple Resolution Analyzer Crystal for 
Life and Energy Science) will fulfill these needs by providing unprecedented flux, energy 
resolution tunable between 2 and 32 μeV, wide Q-range, flexible energy transfer with a range of 
± 0.6 meV around the elastic line and option of working in inelastic mode. These features can 
be expected to bring appreciable progress in our understanding of the dynamics of complex 
systems, ranging from biological organisms to energy and novel magnetic materials. 

The technical origin of these striking capabilities rests with the chopper cascade architecture 
used in the instrument design that is able to maximize the use of a long pulse [1,2]. This will 
make MIRACLES the best in the world in its class allowing to not only do what can be done 
today much faster, but more importantly, enabling experiments beyond the edge of present 
feasibility. 

In this talk the broadly conceived neutron backscattering spectrometer MIRACLES will be 
presented, and the specific conditions related with the long-pulse time structure of the European 
Spallation Source will be taken into account explicitly. 

References: 

[1] R.E. Lechner, Calculation of Flux, Elastic and Inelastic Energy Resolution of the 
Spectrometer MIRACLES, Manuscript in preparation. 

[2] N. Tsapatsaris, P.K. Willendrup, R.E. Lechner and H.N. Bordallo (2015) From BASIS to 
MIRACLES: Benchmarking and perspectives for high- resolution neutron spectroscopy at the 
ESS. EPJ Web of Conferences, 83, 03015 (6 pages). 

NT & HNB are also affiliated to the European Spallation Source ESS AB, PO Box 176, SE-
22100 Lund, Sweden. 
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Neutron vibrational spectroscopy (NVS) is a growing experimental technique where elementary 
excitations, extending from the quasi-elastic region up to relatively high frequency, are detected 
via inelastic neutron scattering. This technique attracts a high interest in a large scientific 
community in the fields of physics, chemistry, materials science, and biology, since one of its 
main applications exploits the large incoherent scattering cross section of the proton, with 
respect to all the other elements, whose dynamics can be spectroscopically detected, even if 
dissolved in very low concentration in materials composed of much heavier atoms. Thus NVS 
finds its principal application in the study of catalysis-related problems, hydrogen storage 
materials, hydrogen bonded systems, advanced functional materials, protein dynamics, biologic 
samples, organic compounds, and so on. 

We are proposing the NVS instrument VESPA (Vibrational Excitations Spectroscopy with 
Pyrolytic-Graphite Analyser) for the pulsed neutron source ESS. 

Different from the present operating NVS instruments, VESPA will take advantage of the ESS 
long-pulse structure, and the consequent unconventional instrument length, to exploit the 
peculiar features which will make this instrument unique. 

Starting from the basic design parameters, namely the implementation of the ToF technique 
with an inverse geometry instrument design, the requested spectral range and energy resolving 
power, the time duration of the high energy proton beam and the duty cycle of the spallation 
neutron source, and last, but not least, the space constraints imposed by the ESS neutron 
source, we have evaluated the natural length of the instrument and its evolution when the 
Frame Overlap Multiplication Technique is applied. 

The resulting features, in terms of resolving power and counting rate, appear to be extremely 
promising and are substantially confirmed by the results of McStas simulation. 

E-mail for corresponding author: marco.zoppi@isc.cnr.it 
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The Open Pool Australian Lightwater (OPAL) reactor opened more than 10 years ago and the 
phase two suite of instruments has just been completed.  After a brief introduction to the 
neutron beam lines at the Australian Nuclear Science and Technology Organisation (ANSTO) 
on the OPAL reactor, I will introduce  the  cold triple axis spectrometer, SIKA. 

SIKA is the only independently funded spectrometer in the Bragg Institute.  It was funded and 
constructed by Prof. WH Li, through grants from the National Science Council of Taiwan and it 
is now, operated by the National Synchrotron Radiation Research Center (NSRRC).    

SIKA, a high flux cold triple axis spectrometer equipped with a double focusing pyrolytic 
Graphite (PG) monochromator. The secondary spectrometer has several detector systems 
associated with its 13-blade analyser, including a 41-wire multi-detector and a high efficiency 
3He tube. 

SIKA accepted it first friendly user in February 2015 and entered the Bragg Institute User 
program in the March 2015 call for proposals.  Several commissioning experiments have been 
performed and a summary of what was learnt from these experiments will be included in this 
presentation. 
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Engineering materials recognize a transition towards more complex, multiphase and composite 
materials with designed microstructures and tailored functionalities. Successful research efforts 
for development of these materials require understanding of their micro/nanostructure, phase 
transformations, residual stress evolutions and other structure related properties. Furthermore 
the optimization of functionalities of modern engineering materials needs an access to these 
structural properties in-situ and in-operando during processing and under manufacturing 
conditions. Knowledge of structural and microstructural changes and their evolution within real-
time processing of modern complex materials is essential for the production of more efficient, 
more environmentally friendly and more durable engineering components. To achieve such a 
knowledge, the Beamline for European Materials Engineering Research (BEER) is proposed to 
be built at the European Spallation Source (ESS). This diffractometer combines the high 
brilliance of the long pulsed neutron source of ESS with high instrument flexibility. It employs a 
novel chopper technique that extracts several short pulses out of the long pulse, leading to 
substantial intensity gain of up to an order of magnitude for materials with high crystal symmetry 
in comparison to the pulse shaping methods. This intensity gain is achieved without 
compromising resolution. More complex crystal symmetries or multi-phase materials will be 
investigated by the pulse shaping method employing chopper pairs rotating in optically blind 
mode for constant / resolution. The variability of chopper set-ups together with 
exchangeable focusing optics and bi-spectral beam extraction offer an extremely broad range of 
intensity/resolution options, which today does not exist at any other engineering instrument. 
Furthermore BEER offers a possibility of simultaneous SANS or imaging measurements without 
compromising diffraction investigations. This flexibility opens up new possibilities for in-situ 
experiments to study materials processing and performance under operation conditions. To fulfil 
this task, advanced sample environments dedicated to thermo-mechanical processing are 
foreseen, e.g. Gleeble® or a quenching and deformation dilatometer. Due to its outstanding 
performance BEER will push the frontiers of in-situ as well as ex-situ characterization of 
engineering materials by neutron diffraction. 
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The new 7C2 neutron diffractometer for liquids and disordered materials 
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The disordered-materials diffractometer 7C2 at the Laboratoire Léon Brillouin (LLB), Saclay, 
France has been upgraded through the replacement of its detector. The old one, a banana like 
BF3 detector, has been replaced by a new ensemble of 3He tubes arranged on a cylindrical 
surface concentric with the sample position, covering an angular range of 132°, with an angular 
step of 0.52°. At the shortest wavelength, 0.57 Å, this represents a maximum momentum 
transfer of 20 Å–1. The gas pressure in the 3He tubes is 30 bars, what increases the efficiency to 
80% for 0.7 Å neutrons, compared to the 17% for the previous detector. A larger solid angle of 
detection and an improved efficiency have increased the total counting rate by a factor of 25, 
thereby reducing random error in the diffraction measurements. 

We present an overview of the 7C2 instrument as well as some preliminary results of first 
experiments performed since the commissioning in February 2012. 
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The new SANS instrument at LLB, PA20, has been installed and completed in 2015. It delivers 
cold neutrons with 3 Å < λ < 20 Å. The overall length of the instrument is 40 m and is composed 
of a 3 m long blockhouse housing a Dornier velocity selector for monochromation and a 
polarizing and spin flipper device under vacuum allowing beam polarization of 98% down to 4 
Å.  The collimator is 16 m long under vacuum and has 6 sets of slits allowing beam shaping 
from square collimation for regular SANS to thin rectangular slits designed for GISANS (Grazing 
Incidence SANS). An additional set of slits is located at the blockhouse entrance to allow a 
20/20m collimation/detector distance configuration in non-polarized mode. The collimator 
includes 5 removable sets of guides, a guide field for polarized measurements and two 
removable sets of focusing lenses placed near the exit of the collimator, close to the 
sample.  Installed in 2014, the 64 cm x 64 cm 3He detector with 5mm resolution can move 
inside a 19m long evacuated Aluminum detector tank that allows a sample-to-detector distance 
from 1 to 20 m.  A second detector dedicated to larger angles is under construction and the 
simultaneous use of both detectors will allow measurements of the full Q-range in one shot with 
a dynamic Q-range Qmax/Qmin ≈ 25. PA20 will thus allow faster measurements, with "single-shot" 
access to a wider range of scattering vectors. Faster data acquisition rates enable kinetic 
measurements or systematic studies as a function of temperature near phase transitions where 
better resolution are critical to differentiate between models or theories. To this end, the 
potential future use of Time of Flight with the insertion of two choppers inside the blockhouse 
will improve the ∆λ/λ resolution between 1 and 2% and extend the dynamic q-range by a factor 
10. Also, the increased Q-range coverage allowed by the 2D front and rear detectors will permit 
a more rigorous analysis of interface effects,  their fractal aspects (Porod regime) compared to 
volume effects (Guinier regime).  PA20 makes it possible to tackle such studies and 
complements the LLB SANS suite (PAXY, PACE, TPA) already available for soft matter, 
material sciences and magnetic studies. Regarding in particular magnetic studies, PA20 will be 
the first SANS/GISANS facility with multi-wavelength neutron polarization at LLB, fulfilling the 
needs to study magnetization processes in nano-objects and thin films. The GISANS setup will 
be particularly useful to study nanostructured surfaces and interfaces (deposited or embedded 
nano-objects), magnetic domain formation, multilayered materials or magnetic thin films through 
specular and off-specular signals. Polarized SANS will thus increase the possibilities to study 
strongly correlated electrons systems, complex magnetic configurations (long-range periodicity, 
frustrated), photomagnetic molecular systems, and composite magnetic materials. 
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IN16B is the new neutron backscattering spectrometer commissioned in 2013 at the Institut 
Laue-Langevin (ILL) in Grenoble, France [1]. Within the framework of an approved collaborative 
research grant (“Verbundforschung”) by the German Federal Ministry of Education and 
Research, two additional options will be installed on the instrument until 2016. One option 
reported here concerns an extension of the accessible energy transfer range in a 
Backscattering And Time-of-flight Spectrometer (BATS), while the other option consisting of a 
prototype spectrometer envisaging significantly improved energy resolution using gallium 
arsenide crystals (GaAs) is presented in another contribution to this meeting [2]. Both 
extensions were already foreseen in the existing instrument design and will not interfere with the 
normal backscattering configuration of the instrument, but will additionally allow for different 
modes of operation. 

In BATS mode, the incident neutron energy will be determined by a Time-of-Flight (ToF) 
measurement [3]. While the energy resolution is relaxed with respect to normal backscattering 
operation, the maximum energy transfer range is extended by one order of magnitude. This 
option offers μeV-resolution at large Q in a range not accessible to direct geometry ToF 
instruments. With the standard Si111 analyzer the expected energy resolution is tunable in the 
range of 2 μeV to 9 μeV FWHM, the energy transfer range is ±250 μeV (movable) and the 
Q range 0.2 Å-1 to 1.87 Å-1. We present a flexible pulse chopper design consisting of two pairs 
of high speed counter-rotating choppers with multiple slits that will be installed 34 m upstream of 
the sample, allowing the user to select from a set of different pulse lengths to optimize intensity 
vs. resolution. Additionally, a high pulse repetition rate option (236 Hz) allows for a fourfold 
increase in flux, albeit at the cost of reducing the accessible energy transfer range to one third.  
Due to the extremely short chopper opening time requirement of only about 9 μs in order to 
achieve best resolution, the chopper slits need to be smaller than the existing large guide cross 
section. We are currently exploring the possibilities of an exchangeable and/or adaptive 
focusing-defocusing guide system to regain the flux compromise for BATS that comes with this 
design requirement, without affecting the excellent performance of normal backscattering 
operation of the IN16B spectrometer. 

[1] B. Frick et al., to be published 
[2] K. Kuhlmann, M. Appel, B. Frick, A. Magerl, this meeting. 
[3] L. van Eijck et al., Nucl. Inst. and Methods A 672, 64-68 (2012) 
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Reactor based constant-wavelength neutron powder diffractometers follow the same generic 
design since the 1950’s. However, according to L. Cussen [1] different options exist that may 
lead to higher performance. The diffractometer PEARL at the 2MW reactor of the TU Delft has 
now been realised along these ideas. The instrument, that entered commissioning in 2015, has 
a fixed monochromator take-off angle and operates with 3 wavelengths (1.3, 1.7, 2.5 Å) 
covering d-spacings from 0.7 to 7Å with δd/d >= 2.0e-3 without the use of any collimators. The 
neutrons are detected by a scintillator banana detector, that covers 148° with 2 mm resolution 
and is based on a technology developed at ISIS. The detector combines high efficiency for 
thermal neutrons with gamma discrimination sufficient for the use at a steady-state neutron 
source [2]. The design of the instrument will be discussed and first experimental results will be 
presented that illustrate the performance of the concept: a rather competitive instrument is now 
in operation at the TU Delft despite the low power of the research reactor. 
 
[1] L. D. Cussen, Nuclear Instruments and Methods in Physics Research A 583 (2007) 394–
406. 
[2] G. J. Sykora et al., IEEE Nuclear Science Symposium and Medical Imaging Conference 
Record (NSS/MIC) (2012) 1567-1571. 
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The interactions of spin, lattice and electronic degrees of freedom in materials are at the origin 
of complex phase diagrams resulting in new emergent phenomena and technical applications. 
The coupling between lattice and electronic degrees of freedom is well understood, and the 
interaction between spin and electronic excitations has been investigated intensely, e.g., in the 
research on high-temperature superconductivity . However, only little is known about the 
dynamic interactions between spin and lattice excitations, apart from the well-established 
magneto-elastic coupling. Noncentrosymmetric FeSi is known to undergo a transition from 
insulating to metallic behavior with increasing temperature, and exhibits strongly temperature 
dependent phonon energies. Here we show by detailed inelastic neutron scattering 
measurements that the phonon renormalization in FeSi is in fact linked to its unconventional 
magnetic properties. In combination with ab-initio calculations, we demonstrate that two 
different mechanisms cause the unusual behavior: Electronic states mediating conventional 
electron-phonon coupling are only activated in the presence of strong magnetic 
fluctuations.  Secondly, phonons are damped via a dynamic coupling to the temperature-
induced magnetic moment with the highest impact on phonons having strongly varying Fe-Fe 
distances. Our findings highlight FeSi as one of the rare materials with direct spin-phonon 
coupling and a prime example for multiple interaction paths. 
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The magnetic helix realizes a one-dimensional magnetic crystal with a period given by the pitch 
length λh. Its spin-wave excitations – the helimagnons – experience Bragg scattering off this 
periodicity leading to gaps in the spectrum that inhibit their propagation along the pitch direction 
defined by the wavevector kn. Using high-resolution inelastic neutron scattering this band 
structure of helimagnons was resolved by preparing a single crystal of MnSi in a single 
magnetic-helix domain. At least five helimagnon bands (see figure) could be identified that 
cover the crossover from flat bands at low energies with helimagnons basically localized along 
the pitch direction to dispersing bands at higher energies. In the low-energy limit, we find the 
helimagnon spectrum to be determined by a universal, parameter-free theory. Taking into 
account corrections to the low-energy theory, quantitative agreement is obtained in the whole 
investigated energy range with the help of a single fitting parameter. 
 
The figure shows an energy scan measured at 20 K and for a fixed momentum 
transfer q perpendicular to the wavevector kn of the helix. Five bands are readily resolved and 
can be parametrized using a multi-Gaussian spectrum. The elastic peak appears due 
to  incoherent scattering. In addition, the three dispersive branches for q strictly along kn were 
measured (not shown).  
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The applied magnetic field and temperature phase diagram of the archetypal frustrated magnet, 
Gd3Ga5O12 (GGG), has been reinvestigated using single-crystal magnetometry and polarized 
neutron diffraction [1]. The updated phase diagram is substantially more complicated than 
previously reported [2] and can be understood in terms of competing interactions with loops of 
spins, trimers, and decagons [3], in addition to competition and interplay between 
antiferromagnetic, incommensurate, and ferromagnetic order. Several additional distinct phase 
boundaries are presented. The phase diagram centers around a multiphase convergence to a 
single point at 0.9 T and ∼ 0.35 K, below which, in temperature, a very narrow magnetically 
disordered region exists. 

Neutron diffraction on a non-isotope enriched single crystal of GGG, has been performed for the 
first time, and have provided the structure factor from emergent loops of spins in the low 
temperature phase (H = 0, T <= 0.25 K) [4]. Neutron backscattering have furthermore provided 
an insight into their unusual low energy dynamics [5]. These data illustrate the richness and 
diversity that arise from frustrated exchange on the three-dimensional hyperkagome lattice. 

 
[1] P.  P. Deen et al., PRB 91, 014419 (2015) 
[2] P. Schiffer et al., PRL 73, 2500 (1994) 
[3] S. Ghosh et al., PRL 101, 157205 (2008) 
[4] J. Paddison et al., (under review, 2015) 
[5] H. Jacobsen et al., (in preparation, 2015) 
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The layered kagome system in the hexagonal swedenborgite structure [1] displays similarly to 
the pyrochlores a highly frustrated network of tetrahedral coordinated magnetic ions. However, 
its broken inversion symmetry raises further the complexity of ordering due to non-vanishing 
Dzyaloshinskii-Moriya interactions. Recently investigated compounds of this family show various 
signs for unusual geometric frustration and disordered ground states despite of the typically 
strong antiferromagnetic exchange [2-5]. 
 
From X-ray powder and neutron single crystal scattering measurements the nuclear structure of 
the compound CaBaCo2Fe2O7 was successfully refined in P63mc symmetry (lattice parameters 
a = 6.36Å and c = 10.28Å) and determined to be structural invariant under temperature within 
the resolution limits [6]. In regards to the magnetic order, we have studied single crystals, by 
neutron diffraction including polarization analysis, and observed an antiferromagnetic ordering 
below TN ≈ 160K  in a √3×√3 larger supercell, which essentially agrees with expectations from a 
simple Heisenberg model with only in-plane (Jin) and out-of (kagome) plane (Jout) nearest 
neighbor interactions [5]. 
 
A gradual spin reorientation with temperature is evidenced by polarization analysis. A further 
particular intriguing result is the chiral interference observed as an apparent asymmetry of the 
magnetic Bragg intensities, from which a cycloidal character of the antiferromagnetic order can 
be concluded and related to small Dzyaloshinskii-Moriya interactions. 
 
At low temperatures, high resolution powder and single crystal diffraction experiments reveal an 
long periodic splitting of the antiferromagnetic peaks, with a propagation vector τ = 0.016Å-1 
corresponding to a periodicity of about 400Å. The long periodic ordering is discussed within the 
Heisenberg model  for Jout/Jin < 1.5, which is the phase boundary to commensurate ordering. 
 
[1] M. Valldor et al. Solid State Sci., 4(7):923–931, July 2002. 
[2] W. Schweika et al. Phys. Rev. Lett., 98(6):067201, February 2007. 
[3] J. R. Stewart et al. Phys. Rev. B, 83(2):024405, January 2011. 
[4] P. Manuel et al. Phys. Rev. Lett., 103(3):037202, July 2009. 
[5] D. D. Khalyavin et al. Phys. Rev. B, 82(9):094401, September 2010. 
[6] J. D. Reim et al. J. Appl. Crystallogr., 47(10):2038-2047, December 2014. 
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Spintronics research has had a tremendous impact on magnetic memory design while also 
offering rich physics to explore: Giant magnetoresistance and tunnel magnetoresistance effects 
form the basis of state of the art hard disc read heads and novel magnetic random access 
memory [1].  However, the achievable storage density in planar devices is limited and current 
technology rapidly approaches the quantum limit. To fulfil the demand for future high density 
memory, and indeed electronic devices, it has become clear that the third dimension needs to 
be explored. Magnetic memory technology is still at the forefront of these developments, not 
least because of its promise of extremely low power consumption and long term stability. 
Potential architectures for a novel type of 3d magnetic memory are being developed by Parkin 
[2] and Cowburn [3]. 

Here we explore the possibility of using localised topological magnetic solitons to encode 
information. The solitons are local magnetic frustrations in anti-ferrimagnetically coupled 
magnetic multilayer stacks made of CoFeB/Ru. Careful sample design allows these solitons to 
be injected with reliably and stably. This approach overcomes several limitations of the domain-
wall based ‘racetrack’ memory. Successful soliton propagation has recently been demonstrated 
by this group [4,5]. 

We used polarised neutron reflectometry (PNR) with polarisation analysis to investigate the 
travel of the magnetic soliton through the superlattice as a function of applied magnetic field. 
The results are compared with MOKE and MR measurements and macrospin model 
calculations. It is shown that only the depth sensitivity of PNR can distinguish between 
competing models. We find that the soliton travels through the stack but that unexpectedly 
cannot be stabilised on the bottom two layers of the system. 

[1] C. A. Chappert et al., Nat. Mat. 6, 813 (2007), [2] S. S. P. P. Parkin et al., Science 320, 190 
(2008), [3] Cowburn patent PCT/GB2007/001650, [4] A. Fernández-Pacheco et al. Phys. Rev. B 
86, 104422 (2012), [5] R. Lavrijsen et al. Nature 493, 647–650 (2013) 
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The series of rare earth titanate pyrochlores contains several interesting frustrated magnets with 
very diverse magnetic phenonema, depending of the balance of spin-spin interactions and 
crystal field anisotropy [1]. There is increasing evidence that interactions between the spin and 
lattice degrees of freedom play an important role in these materials, in contrasting ways. In this 
study, we are investigating magnetoelastic interactions in the spin ices Dy2Ti2O7 and Ho2Ti2O7 
and the enigmatic spin liquid Tb2Ti2O7. 

In the spin ices, at low temperatures, the spin configurations follow a magnetic version of the ice 
rule in water ice [2], allowing a mapping to a Coulomb phase and endowing local defects in the 
ice rule with the properties of emergent magnetic monopoles [3].  These deconfined 
quasiparticles can be described by an effective theory of a magnetic Coulomb liquid, which 
currently provides the best description of the magnetization dynamics of a spin ice [4]. In 
Tb2Ti2O7, long range magnetic order and/or a structural distortion are expected, but neither 
have been observed in experiments for temperatures down to 50 mK. Instead, the compound 
enters a spin liquid regime at low temperatures with a wealth of magnetoelastic effects [5] and 
algebraic spin ice-like power-law correlations [6].  

Using neutron Larmor diffraction we have now studied a detailed temperature dependence of 
the absolute lattice constants and mosaicities of all three pyrochlores with unprecedented 
accuracy. I will show how these measurements not only determine the most precise value of the 
charge of the magnetic monopoles, a sensitive parameter in the magnetic Coulomb liquid theory 
of the low temperature state in spin ice, but also strongly highlight the spin-lattice coupling in all 
three materials. In particular in Tb2Ti2O7, our measurements negate the presence of anisotropic 
strain broadening and negative thermal expansion in the low temperature regime that have 
been reported previously [7], and questioned subsequently [8]. 

[1] Gardner et al., Rev. Mod. Phys. 82, 53 (2010) 

[2] Bramwell and Gingras, Science 294, 1495 (2001); Fennell et al., Science 326, 415 (2009) 

[3] Castelnovo et al., Nature 451, 42 (2008) 

[4] Jaubert and Holdsworth, Nat. Phys. 5, 258 (2009) 

[5] Fennell et al., PRL 112, 017203 (2014); Guitteny et al., PRL 111, 087201 (2013); Nakanishi 
et al., PRB 83, 184434 (2011) 

[6] Fennell et al., PRL 109, 017201 (2012); Petit et al., PRB 86, 174403 (2012); Fritsch et al., 
PRB 87, 094410 (2013) 

[7] Ruff et al., PRL 99, 237202 (2007) 

[8] Goto et al., J. Phys. Soc. Jpn. 81, 015001 (2012); Dalmas de Reotier et al., JPCS 551, 
012021 (2014) 
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The search for new states of matter is a fundamental theme of condensed matter science. 
Frustrated magnetic materials are promising candidates for new states because lattice 
geometry suppresses conventional magnetic dipole order. Frustration thus drives novel 
emergent states. 

Gd3Ga5O12 is the canonical frustrated magnet as the compound that does not order via the 
pervasive “order by disorder” mechanism down to the lowest temperatures probed, 25 mK [1 
and ref. therein]. Short-range correlations, determined via neutron diffraction, have long been 
assumed to originate from near neighbour short-range interactions. A non-dipole (“hidden”) 
order has been uncovered via recent developments in Reverse Monte Carlo techniques [2] in 
conjunction with optimised neutron scattering instrumentation that enabled S(Q) of non-isotope 
enriched Gd3Ga5O12 to be probed. The hidden-order state of Gd3Ga5O12, the only known 
example of a magnetic multipole crystal in a spin liquid, does not break the crystal symmetry 
and is built from individually fluctuating groups of spins. Indeed the multipolar order creates 
loops that are long-range ordered while individual spins show only short-range correlations, see 
Figure 1. 

[1] O. A. Petrenko, C. Ritter, M. Yethiraj, D. McK Paul, Phys. Rev. Lett. 80, 4570 (1998). 

[2] J. A. M. Paddison, A. L. Goodwin, Phys. Rev. Lett. 108, 017204 (2012). 

[3] J. A. M. Paddison,H. Jacobsen, O. A. Petrenko, M.T. Fernandez-Diaz, P. P. Deen, A.L. 
Goodwin. Under review March 2015. 
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Quasiparticles are collective excitations emerging from a strongly interacting system. Generally, 
magnons are regarded as weakly interacting quasiparticles with lifetime long enough to be 
detectable only by high-resolution resonant neutron spin echo technique. The first class of 
system where dynamics significantly differs from conventional semi classical approximation is 
the antiferromagnetic chain, where the fundamental excitations are spinons. However, recent 
theoretical results revealed surprisingly strong magnon-magnon interactions in non-collinear 
magnets at zero temperature that causes spontaneous decay of magnons and finite lifetime [1]. 
The simplest model system with non-collinear ground state is the triangular lattice 
antiferromagnet where the spontaneous decay is predicted even for S=3/2 systems. Beside the 
large body of experimental data on triangular lattice compounds, there is no compelling 
experimental evidence for the predicted broadening. We show that LiCrO2 is an almost ideal 
spin-3/2 triangular lattice antiferromagnet and present our experimental evidence of strong 
magnon decay at the zone boundary. 

  
[1] M. E. Zhitomirsky, et al., Rev. Mod. Phys. 85, 219 (2013). 
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Structure and Dynamics of Single-Chain Nano-Particles in Solution 
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Single-chain polymer nano-particles (SCNPs) obtained by intramolecular cross-linking of linear 
macromolecules (precursors) are emerging soft nano-objects showing unique and remarkable 
physicochemical, rheological, and sensing properties as a result of their locally collapsed 
structure and ultrasmall size [1]. In principle, tuning the synthesis procedure, these SCNPs can 
exhibit tailor-made bio-mimetic properties. For example, through one of the possible routes –
‘Michael’ addition-mediated self-assembly— SCNPs can offer a controlled delivery of 
substances like vitamin B9 [2] or even a combined delivery of dermal protective and anti-cancer 
bioactive cargos [3]. Recently, the topology of these nano-particles in solution (good solvent) 
has been found to strongly resemble that of intrinsically disordered proteins (IDP) [4], currently 
believed to be a key ingredient in biological processes. In both cases, it is clear that the 
properties/functionality have to be determined not only by the structure but also by the dynamics 
of these ‘nano-objects’. In this work, we have investigated the structure and dynamics of 
solutions of SCNPs obtained through two different synthesis methods, namely the above 
mentioned ‘Michael’ route and through Cu-complexation. As reference, the precursor (the same 
for both kinds of SCNPs) in solution has also been characterized. In a first step, the form factor 
has been characterized by SANS experiments, determining thereby the degree of internal 
compaction achieved in each case. Then, NSE experiments have allowed us to have unique 
insight into the internal modes of the SCNPs, while by means of DLS independent information 
about the diffusion of their center of mass has been obtained. We compare the outcome of this 
study with recently published results on the dynamics of the IDP myelin [5]. 

1 M. E. Mackay, T. T. Dao, A. Tuteja, D. L. Ho, B. V. Horn, H.-C. Kim, C. J. Hawker, Nat. Mater. 
2, 762 (2003) 

2 A. Sanchez-Sanchez, S. Akbari, A. Etxeberria, A. Arbe, U. Gasser, A. J. Moreno, J. 
Colmenero, J. A. Pomposo, ACS MacroLetters 2, 491 (2013) 

3 I. Pérez-Baena, F. Barroso-Bujans, U. Gasser, A. Arbe, A. J. Moreno, J. Colmenero, J. A. 
Pomposo, ACS MacroLetters 2, 775 (2013) 

4 J. A. Pomposo, I. Pérez-Baena, F. Lo Verso, A. J. Moreno, A. Arbe, J. Colmenero, ACS 
MacroLetters 3, 767 (2014) 
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Polymeric hydrogels made of the thermoresponsive polymer N-isopropyl acrylamide (NIPAM) 
and the crosslinker BIS are of great interest due to their unique and tuneable swelling 
behaviour. If the gel has spherical dimensions in the nm range (100-1000 nm in diameter) they 
are called microgels and are generally synthesised by precipitation polymerisation above the 
lower critical solution temperature (LCST) of the polymer. Due to the so called “bad” solvent 
conditions during the synthesis and due to the differences in reactivity between the monomers 
and the crosslinker, an inhomogeneous crosslinker distribution in the network is created. In 
contrast to this, gels with a macroscopic size (mm to cm dimensions) are polymerised below the 
LCST (gold solvent conditions) and therefore comprise a more statistically crosslinked network. 

To study the polymer network diffusion on a local length scale neutron spin-echo (NSE) is the 
method of choice. As described before, micro- and macrogels have a different crosslinker 
distribution and as a consequence differences in the collective diffusion of the network might be 
expected. 

Here, we present a comperative neutron spin-echo study on the internal network motion of 
different micro- and macrogels.[1] The measured intermediate scattering functions can be 
described by a single exponential decay without a q-dependent baseline. The obtained 
breathing mode diffusion coefficients of the gel networks and the dynamic correlation length ξ 
were compared. 

 [1] Y.Hertle, M. Zeiser, P. Fouquet, M. Maccarini and T. Hellweg, Z. Phys. Chem. 2014; 
228(10–12): 1053–1075 
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SANS on highly monodisperse maghemite nanoparticle compacts: structure factor at 
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Interest in the random packing of “objects” is ubiquitous among many areas of science and 
technology, and has motivated a great deal of theoretical effort [1]. Here we experimentally 
investigate the packing of monodisperse spherical nanoparticles (NPs). Sample 1 is a compact 
of a reasonably large quantity (~ 100 mg) of essentially bare maghemite NPs. The degree of 
monodispersity is high: the NP diameter distribution width from transmission electron 
microscopy is just 2 % of the mean (NP) diameter. Sample 2 is a similar quantity of NPs from 
the same batch but annealed in air (prior to compaction) to boil off the small (> 3 % by mass) 
residue of oleic acid surfactant. Preparation of both samples is by die compaction at a (uniaxial) 
pressure of approximately 0.8 GPa. Both samples are studied by small angle neutron scattering 
(SANS) at the Loq instrument (ISIS). A saturating magnetic field (H = 15 kOe) is applied to get a 
handle on the magnetic contribution to the total scattering and, hence, allow the nuclear 
(chemical structure) scattering to be isolated. Data fitting using a random hard solid sphere 
structure factor indicates a similar particle packing fraction (p = 0.53) in both samples, near to 
the random close packing value (prcp = 0.64). Notwithstanding, there are qualitative differences 
between their SANS (nuclear only) patterns. For example, a correlation peak at a position near 
to that expected for RCPacking of spherical particles is clearly observed in Sample 1 but is 
absent in Sample 2. 

A second motivation for our SANS study relates to the ideal superspin glass (SSG) behavior 
found in similar maghemite NP compacts, recently reported by some of us [2]. While neutron 
scattering on spin glass materials is found in the literature [3], SANS on the NP counterpart (viz. 
an ideal SSG system) is lacking. Magnetometry finds Sample 1 and 2 to both be model SSGs, 
exhibiting spin freezing at 165 K and 202 K, respectively. Saturating magnetic field is found to 
drive the majority of magnetic correlations to length scales beyond the capability of the Loq 
setup (i.e., below Qmin = 0.1 nm-1) in both samples, however, differences in the temperature and 
field dependence of the magnetic scattering exist. In Sample 1, for example, depending on the 
system’s magnetic history, field also induces magnetic correlations at the position of the near-
RCP correlation peak.  

[1] S. Torquato and F. H. Stillinger (2010), Rev. Mod. Phys. 82, 2633. 

[2] De Toro et al. (2013): Appl. Phys. Lett. 102, 183104; J. Phys. Chem. C 117, 10213. 

[3] G. Aeppli et al. (1983), Phys. Rev. B 28, 5160. 
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When processing raw materials to final consumer food products, their structures undergo 
changes at all length scales.  These structures govern critical product functionalities such as 
shelf life stability, water holding capacity, texture and mouth feel. To be able to rationally design 
food processing routes, insights into these hierarchical structures is a prerequisite. 

A relatively new technique to quantitatively measure bulk structures is spin-echo small-angle 
neutron scattering (SESANS). It has three important features distinguishing it from other 
techniques: 

1) It accesses supramolecular length scales from 0.03 – 20 micrometre. 
2) It is non-invasive (no dilution, no freezing, no drying). 
3) By contrast variation, it is possible to selectively highlight parts of a structure. 

 We illustrate SESANS with two examples: 

We measured the size distribution of casein micelles, after which we added a slowly dissolving 
acid to mimic the process of yoghurt formation to quantify the process of casein network 
formation [1]. The measurments are in good agreement with the simulations shown in the figure. 

Colloid-polymer mixtures are a model for many food systems. We measured the colloid-colloid 
interaction potential for variable electrostatic repulsion and/or polymer induced attraction. 
SESANS shows how subtle changes in the repulsion affect gel formation. [2] 

References 

[1] L.F. van Heijkamp, I.M. de Schepper, M. Strobl, R.H. Tromp, J.R. Heringa, W.G. Bouwman, 
J. Phys. Chem. A 114 2412-2426 (2010), http://dx.doi.org/10.1021/jp9067735 

[2] K. van Gruijthuijsen, W.G. Bouwman, P. Schurtenberger and A. Stradner, EPL 106 28002 
(2014), http://dx.doi.org/10.1209/0295-5075/106/28002 
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Compared to liposomes, hybrid vesicles resulting from the combined self-assembly of 
amphiphilic copolymers (P) and phospholipids (L) integrate the best from the two different 
systems (bio-functionality of lipids, improved stability and various coupling chemistries of 
polymers) in a single hybrid vesicular structure.[1],[2] In the case of nano-vesicles, Small Angle 
Neutron Scattering offers the unique possibility to study nanostructural changes at the 
membrane level.[3] The phase diagram is explored by playing on the composition (polymer/lipid 
ratio) and polymer architecture (graft copolymer vs. diblock or triblock) to obtain either 
homogeneous or nanostructured membranes. The methodology combines SANS, FRET and 
cryoTEM.[4] The copolymer hydrophobic block length was varied to tune the thickness mismatch 
between lipid polymer membranes and play with the conformational constraints of the polymer 
chains at the L/P boundary. 

At first we used a commercial grafted copolymer of flexible poly(dimethylsiloxane) backbone 
and two poly(ethylene oxide) pendant moieties (PDMS-g-(PEO)2) of Mw=3000 g×mol-1 well 
known to form membranes of thickness (~5-6 nm) close to that of liposomes (~3-4 nm). It was 
mixed with deuterated 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (d62-DPPC) at ~80/20 (P/L) 
weight ratio.  D2O/H2O mixtures were used to separate the respective L/P contributions.4 

For polymer matching, SANS curves do not show the usual shell form factor of pure liposomes 
or polymersomes, but they were well fitted by a flat cylinder (disc-like) form factor. In lipid 
matching condition, data could be fitted neither by a disc nor a shell form factor. They were 
rather compared to a recently reported holey shell form factor computed numerically.[5] New 
results will be presented on hybrid vesicles made from triblock PEO-b-PDMS-b-PEO of varied 
PDMS mass (Mw=1.5, 3 and 5 kD) and varied composition, studied at 20°C and 46°C to change 
the lipid state. 

 
 

[1] M. Chemin, P-M. Brun, S. Lecommandoux, O. Sandre, J-F. Le Meins, Hybrid polymer/lipid 
vesicles: fine control of the lipid and polymer distribution in the binary membrane. Soft Matter 
2012, 8, 2867-2874. 
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[5] L. M. Bergström, S. Skoglund, K. Edwards, J. Eriksson, I. Grillo, Spontaneous 
Transformations between Surfactant Bilayers of Different Topologies Observed in Mixtures of 
Sodium Octyl Sulfate and Hexadecyltrimethylammonium Bromide, Langmuir 2014, 30, 3928-
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SANS study of a gluten protein gel: Why are SAXS and SANS profiles different? 
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Small Angle Scattering techniques are regularly used to probe the structure of proteins and 
proteins assemblies in a solvent. X-rays enable fast and localized measurements thanks to the 
high flux and the small beam size, but there is a risk of protein degradation that is prevented 
with neutron scattering. In order to increase the contrast between proteins and the solvent, 
deuterated solvents are usually used for SANS measurements. Normally, if the contrast is due 
to scattering density differences between proteins and the solvent, SAXS and SANS profiles are 
identical. 

In this talk, we will present the study of gluten protein gels that display radically different SAXS 
and SANS profiles when the solvent is deuterated. The shape of the high q signal is identical for 
both measurements, whereas totally different features are measured at low q (figure). The 
SAXS profile can be successfully described with a model combining a Lorentzian and a q-2 
power law [1]. This model was previously used to describe polymeric gels under good solvent 
conditions and relates the random coil Gaussian chain conformation of proteins and large-scale 
concentration heterogeneities. For the range of q where a q-2 power law regime is measured for 
SAXS, SANS profile displays instead a scattered intensity that scales as q-4 and a shoulder at 
even smaller q from which a characteristic size can be extracted.  

Measurements with various levels of solvent deuteration were performed to understand these 
surprising scattering profiles. Quantitative analysis of the contrast with deuteration indicates a 
progressive H-D exchange of protein chains. Moreover, an increase of the low q q-4 contribution 
is observed with solvent deuteration. Results were rationalized considering a heterogeneous H-
D exchange of protein protons that would be due to local high concentration of proteins where 
hydrogen would be involved in hydrogen bonds, preventing thus H-D exchange. In particular, 
the q-4 behavior would originate from the sharp interfaces between protein rich regions which 
are more hydrogenated and protein diluted regions which are more deuterated. The cross-over 
between the q-4 and the quasi-plateau at smaller q correspond to a distance of 60 nm, similar to 
the size of the protein assemblies measured in the dilute regime, reflecting the characteristic 
size over which H-D exchange can take place. 

[1] M. Dahesh, A. Banc, A. Duri, M.-H. Morel and L. Ramos, “Polymeric Assembly of Gluten 
Proteins in an Aqueous Ethanol Solvent”, J. Phys. Chem. B 118 (2014) 11065. 
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Syndiotactic polystyrene (sPS) exhibits a variety of solid states. One of its important 
characteristics is the formation of cocrystals, where organic compounds are stored as guests in 
the crystalline region. It has been clarified that a wide range of compounds can be incorporated 
into sPS lattice. Now sPS cocrystals are regarded as of high potential for polymer based 
composite materials. Although we employed time-resolved SANS (TR-SANS) for the study on 
sPS cocrystals [1,2], we recently have tried to develop a new measuring system, which combine 
TR-SANS with the merit of FTIR spectroscopy, i.e., high potential of quantitative analysis of 
chemical constituents and high sensitivity to chemical structure and molecular conformation, to 
enrich structural information and interpret SANS data in a more reliable manner [3]. In this 
contribution, we would like to introduce the simultaneous time-resolved SANS and FTIR (STR-
SANS/FTIR) system and its application to sPS cocrystals. 

Fig.1(left) shows schematically our newly developed STR-SANS/FTIR measurement system, 
composed of an FTIR spectrometer and our own designed optical system, which enables the IR 
radiation and the neutron beam to impinge the sample film coaxially. The device was installed 
on a small-angle neutron diffractometer KWS2 of JCNS at Heinz Maier-Leibnitz Center in 
Germany, as shown in Fig. 1(middle).  The structural changes in a cocrystal of deuterated sPS 
(d-sPS) with triethylene glycol dimethyl ether (TEGDME) during the course of heating were 
followed with this system. 

Fig. 1(right) reproduces the changes in SANS 2D images and FTIR spectra measured in 
parallel. As for SANS images, the two lamellar reflections gradually decreased in intensity as 
the temperature increased and then increased slowly above 100 . The infrared bands due to 
TEGDME significantly decreased in intensity, whereas the bands due to d-sPS remained almost 
unchanged. These spectral changes indicate that only TEGDME continues to decrease in 
amount during this heating process. By combining the SANS and FTIR information, the 
following structural changes can be envisaged. Initially, TEGDME having a negative molecular 
scattering length is included more in the crystalline region than in the amorphous region, which 
results in the two intense lamellar reflections. An increase in temperature up to around 100 °C 
would induce the migration of TEGDME from the crystalline region to the amorphous region and 
also the evaporation of TEGDME from the film, and accordingly, a strong intensity reduction of 
the lamellar reflection occurs. A further heating brings about the gradual transition to the γ 
phase that cannot possess any guest molecules and has a higher density, which results in the 
modest intensity resurgence of the lamellar reflections. 

References [1] F.Kaneko et al., Polymer. 2013, 54, 3145. [2] F. Kaneko et al., J. Appl. 
Crystallogr. 2014, 47, 6. [3] F. Kaneko et al., Chem. Lett. 2015, in press. doi:10.1246/cl.141179. 
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In general, ionic co-assembly of polyelectrolytes and surfactants leads to a rich variety of 
structures, that depends on the molecular architecture of the components. Parameters such as 
persistence length, and type and spacing of the charges have a remarkable effect on the co-
assembly of polyelectrolytes and oppositely charged surfactants [1]. Accordingly, pronounced 
differences are observed between the behavior of complexes with polysaccharide basis and 
synthetic polymers (typically based on vinyl monomers). 

Here, we present the co-assembly of the positively charged biopolymer chitosan with weakly 
anionic alkyl oligoethyleneoxide carboxylic acids as a fully biocompatible alternative to 
conventional synthetic polyelectrolytes [2-3]. A detailed investigation of the resulting structures 
allows to correlate phase behaviour and the stuctures formed with the molecular structures of 
the components, e.g., rigidity of the polymer or packing parameter of the surfactant (see Figure 
1 below). Furthermore these complex mixtures are very interesting due to their high pH-
responsiveness arising from both components. 

The structural evolution of these complexes in aqueous solutions as a function of the mixing 
ratio Z of chitosan/surfactant and pH has been determined by a detailed SANS study combined 
with light scattering experiments. SANS shows that, depending on Z or pH one may end up with 
a weak attachment of micelles to the chitosan network, a linear arrangement of micelles 
facilitated by the rather stiff chitosan, or densely packed micelles “glued together” by the 
chitosan. For bilayer forming surfactant also the formation of multilamellar vesicles can be 
induced where the degree of multilamellarity is controlled by the addition of oppositely charged 
chitosan. 

Such systems allow for the formulation of highly responsive systems, which can be employed 
for a large spectrum of applications. This was been demonstrated by a series of showcase 
experiments in which chitosan/alkyl oligoethylene-oxide carboxylic acids mixtures are employed 
for the selective removal or release of target molecules, sequestering multivalent cations [4]. In 
summary, these are highly biocompatible systems with a large tunable structural versatility, 
which can easily be employed for a multitude of interesting applications in aqueous dispersion. 

References. 

1. Chiappisi, L.; Hoffmann, I.; Gradzielski, M. Soft Matter 2013, 9, 3896–3909. 
2. Chiappisi, L.; Prévost, S.; Grillo, I.; Gradzielski, M.  2014, 30, 1778–1787. 
3. Chiappisi, L.; Prévost, S.; Grillo, I.; Gradzielski, M. Langmuir 2014, 30, 10608–10616. 
4. Chiappisi, L.; Simon, M.; Gradzielski,      M. ACS Appl. Mater. Interfaces, 2015. DOI: 
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Many chemical reactions as well as biological and technological processes involve protons (i.e. 
acid-base, redox, enzymatic catalysis, etc.). Protons play an important role in atmospheric 
chemistry, corrosion processes, hydrogen fuel cells, or biological ATP synthesis. Transport 
through membranes can take place though 1-D hydrogen bonded chains where water 
molecules remain static while an excess proton is transferred from one molecule to another. 
This mechanism is known as a “proton or water wire” and is observed in “protonic 
semiconductors.” 

We recently reported (1) the characterization of a compound with formula [Mn(H2O)6]2n{-
[Mn4(C6H4O7)4]m-[Mn(H2O)4][Mn(H2O)5]}n·8n(H2O) based on a manganese cubane complex, 
which has no channels or pores but which undergoes partial dehydration when a crystal is 
exposed to air under normal ambient conditions of temperature and humidity. This process is 
reversible, and when rehydration is conducted under a D2O atmosphere, the sample undergoes 
a total exchange of the water hydrogen atoms for deuterium. This reversible exchange is 
observed for both coordinated and unbound molecules of water. The significant contrast in the 
scattering length of hydrogen and deuterium makes neutron diffraction a conclusive tool for the 
study of this isotope exchange. We identified a proton wire in the crystal based on the disorder 
observed at some of the crystallographic sites occupied by the H and D atoms  and 
corresponding to the two canonical representations of the Grotthuss mechanism. The steps 
involved in that proton wire were described with no ambiguity. 

Here we explore other possible proton transport pathways that provide new insights into the 
understanding of proton mobility in solids. We will discuss the relevant patterns of water 
hydrogen atoms observed in other regions of the structure, where the observed disorder is not 
as straightforward as in the processes described to date. A more complete description of these 
regions gives a fuller picture of the processes that enable the total replacement of H by D. 

(1)   Angew. Chem. Int. Ed., 2013, 52, 13463 
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Neutron scattering in structural research of nanodiamonds 
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The report summarizes the recent applications of small-angle neutron scattering (SANS) in 
structural research of detonation nanodiamonds (DND), ultra-fine particles based on single 
crystals (characteristic size below 10 nm) of cubic diamond synthesized by explosion of oxygen-
carbon imbalanced organic explosives. DND is a rather attractive material for nanotechnology 
regarding the wide possibilities for different kinds of functionalization, especially for medical 
purposes if one takes into account their good biocompatibility. One of the major general 
directions in the research of DND is the synthesis of their stable liquid suspensions as a basis 
for storage and chemical modification. The availability of such kind of systems allows the most 
effective applications of SANS including the contrast variation technique based on H/D isotopic 
substitution in the solvent. The main aspects of the presented investigations concern the 
structure of DND particles (structural level below 10 nm) and the formation of DND clusters in 
liquid carriers (structural level up to 100 nm and higher). 

Thus, the theory of the scattering from polydisperse DND nanoparticles characterized by a 
diffusive surface has been considered with a special accent to the case of small diffusivity 
observed in the experiments. The new approach has been successfully applied for interpreting 
the experimental data on the SANS contrast variation from DND suspensions based on polar 
solvents. It has revealed a wide spatial transition in the DND particles from the inner diamond 
states (sp3-hybridization) to the graphite-like surface states (sp2-hybridization), which can be 
described well in terms of the continuous radial scattering length density profile represented by 
a simple power-law type function. The full reproducibility of the cluster organization in the 
concentrated DND suspensions of various producers suggests a unique mechanism of cluster 
growth, which is close to the diffusion-limited aggregation (DLA) in accordance with the 
observed fractal dimension of the clusters of about 2.3. It has been shown that both structural 
levels in the systems under study are characterized by high (up to 50%) polydispersity, so to 
explain the experimental data, the standard DLA model has been extended to the case of 
polydisperse structural units. The formation of microgel-type associations in the solutions at 
some concentration (around 5 wt. %) is concluded from the analysis of the structure-factor 
effect for different fractions of suspensions and is shown to be a result of the overlap of 
branched clusters. 

[1] M.V.Avdeev, V.L.Aksenov, O.V.Tomchuk, L.A.Bulavin, V.M.Garamus, E.Ōsawa, J. Phys. 
Cond. Matt. 25 (2013) 445001 

[2] O.V.Tomchuk, L.A.Bulavin, V.L.Aksenov, V.M.Garamus, O.I.Ivankov, A.Ya.Vul’, A.T.Dideikin, 
M.V.Avdeev, J. Appl. Cryst. 47 (2014) 642 

[3] O.V.Tomchuk, D.S.Volkov, L.A.Bulavin, A.V.Rogachev, M.A.Proskurnin, M.V.Korobov, 
M.V.Avdeev, J. Phys. Chem. C 119 (2015) 794 
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Mode-crystallography and parametrized refinements for a better approach to the crystal 
structure and its evolution with T 
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The presence in some of the materials under study of light elements, the fact that the most 
accesible structural determination technique, x-rays, is not capable to discriminate between 
some elements, due to the absence of contrast for some elements, the not-so-easy-access to 
best suited high-resolution techniques for the structural determination, has lead us, among 
some other reasons, to think on a more efficient workflow for the refinement of the patterns of 
perovskite materials, simple and double. 

The existence of the Bilbao Crystallographic Server, amongst others, with AMPLIMODES, and 
related Solid State Theory Applications and the Structure Utilities, has facilitated the path to 
elaborate a new structural analysis workflow, less expensive, more autonomous and 
independent, less time-consuming to reach the final solution and more efficient, at least when 
analyzing the kind of materials we are interested in. 

It is based on a special parametrization (P), in the refinements, of some degrees of freedom. 
The P is done guided by the experimental results from high-resolution data on the material (or 
on related materials). The P is based on mode-crystallography, the structural degrees of 
freedom are not the atomic co-ordinates, but the amplitudes of symmetry-adapted-modes. 

The method is based on the recent work1. We have applied it to NaKNbO32 and used, in 
La2CoMnO63. This report summarizes some results obtained in a broad study. In our opinion, 
they serve to validated the approach we are proposing. 

We show that among the studied set of materials there are a few outliers. They correspond, to 
the non-high-resolution data, so should be discarded. The structural solutions of the outliers 
from high-resolution data should be re-visited, in our view. We show that all the accepted 
solutions have a partial distortion that shares a common direction in the internal space. We 
show that the direction is unique, although they show up in both senses it, corresponding to 
equivalent structural descriptions, energetically equal. The outliers correspond to non-equivalent 
descriptions, energetically different. 

The method (workflow) gives a first approach to the final solution. It reduces considerably the 
need to perform high-resolution experiments of the same kind in temperature, for instance. 
Makes more usable data from newly designed (not only as characterizing) preliminary x-ray 
diffraction experiments. Thus, home-made experiments have extended capabilities for research 
groups with no access to big facilities, but giving them reliable tools for their own systematic 
structural analysis or for suitable re-visit of cases subjected to controversy.    

1) Kocsis B, Perez-Mato JM, Tasci ES, de la Flor, G & Aroyo, MI (2014) J. Appl. Cryst. 47, 
1165-1179 

2) B Orayech, A. Faik, GA López, O Fabelo and J. M. Igartua, (2015) J. Appl. Cryst. 48, 
1165-1179 

3) B Orayech, GA López, O Fabelo and J. M. Igartua, (2015) sent to Dalton Transactions 
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Quantum entanglement in Manganese(II)hexakisimidazole nitrate, electronic structure 
imaging: A polarized neutron diffraction, density functional theory study. 
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Technology Organization 
* Warren Wallace, warrenwallace@gmail.com

Quantum entanglement [1] has been visualized for the first time, in view of the spin density 
distribution, electronic structure for manganese in manganese(II)hexakisimidazole nitrate. Using 
polarized neutron diffraction [2], density functional theory modeling, we have found for the titled 
complex, which crystallizes in the R¯3 spacegroup, a = b = 12.4898(3) Å, c = 14.5526 (4) Å, a = 
g = 90 0, b = 120 0, Z = 3, that spatially antisymmetric and spatially symmetric regions of 
negative spin density for manganese, in the spin density map for manganese, are a result of 
entanglement of the high spin d5 configuration due to dative imidazole-manganese p-donation 
and s-bonding interactions respectively. We also found partial decoupling of the entangled state 
for manganese observed as regions of positive spin density with spherical contribution (3.758 
mB) and non-spherical contributions (1.242 mB). These results for the titled complex show a 
conceptual view of imidazole-manganese dative bonding interactions within the context of two 
particle state spin exchange. More importantly, these results shed light on the growing 
understanding of electronic structure, magnetism, the paradoxically views of entanglement and 
quantum mechanics. 

[1] Jaeger, G. “Entanglement, Information, and the Interpretation of Quantum Mechanics” XIV 
(2009) 307. 

[2]  Alperin H. A., Brown P. J., Nathans R., Pickart S. J. J. of App. Phys 34 (1963) 1182. 
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Structural complexity in non-stoichiometric oxides: from fundamental aspects to 
application 
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Certain oxides with the composition R2MO4 (R = rare earth, M = transition metal) crystallizing in 
the K2NiF4 structure have been found to intercalate oxygen at ambient temperatures through a 
topotactic reaction. The intercalated oxygen strongly influences the oxygen mobility [1] and the 
electronic properties presumably both through structural order and change of valence for the 
transition metal ions. In La2CuO4+d (d = 0 … 0.07) oxygen intercalation changes the electronic 
properties from an antiferromagnetic semiconductor to a high-temperature superconductor [2]. 
In Pr2NiO4+d (d = 0 … 0.25) small amounts of intercalated oxygen suppresses the 
antiferromagnetic order of the Ni-sublattice [3,4]. Further oxygenation leads to defined, long-
range ordered superstructures over the full crystal volume with unit cells up to cell volumes of 
3,000,000 Å3. In Pr2NiO4+d these oxygen-rich phases can be electrochemically prepared at room 
temperature leading to kinetically stabilized phases which are inaccessible through high 
temperature synthesis. Moreover, the electrochemical process allows varying the oxygen 
content with precision thus allowing tuning electronic state and resulting superstructure. 
Therefore, Pr2NiO4+d is especially suited to study the correlation between structural, charge and 
orbital order and the resulting electronic properties. 

In our contribution we will present a detailed single crystal study on electrochemically prepared 
Pr2NiO4+d using single crystal neutron and x-ray diffraction data. Exemplarily shown in Fig. 1 
these data show the complex oxygen superstructures as a function of the oxygen content d. 
With the complementary use of neutrons and x-ray we are able to distinguish charge, spin and 
orbital order. Apparently the presence of intercalated oxygen implies valence order of Ni2+/Ni3+ 
stemming from orbital ordering. 

Further, the long-range oxygen order points to the presence of an organizing interaction. Based 
on neutron spectroscopic measurements we will show that in the oxygen rich phases additional 
phonon modes are present. These modes are the fundamental interaction leading to the 
structural order and also to the room temperature mobility of the intercalated oxygen ions. This 
phonon-assisted transport would be new phenomenon of oxygen transport and its 
understanding could lead to solid oxide fuel cells application at room temperature. 

[1] A. Villezusanne, W. Paulus, J. Schefer et al., J Solid State Electrochem 15 (2011) 357 

[2] J. D. Jorgensen et al. PRB 38 (1988) 11337 

[3] D. Prabhakaran et al., J. Mater. Sci. Mater. Electron. 14 (2003) 583 

[4] S. M. Aspera et al. J. Phys. Cond. Mat. 24 (2012) 405504 
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Fig. 1: Reciprocal HK0 maps of Pr2NiO4+d with d = 0.25 (left) and 0.12 (right) at T = 100 K 
collected at DMC@SINQ. The HK values relate to the tetragonal cell with a ~ 3.8 Å, c ~ 12.3 Å. 

Additional peaks originate from the oxygen superstructure 
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Determination of SbVO4 Catalyst Structure from Magnetic and Nuclear Neutron 
Scattering 
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Hoser3 , Fernando Agulló-Rueda1 , Angel Landa-Cánovas1  
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SbVO4 series of compounds could be a promising catalyst for the production of 20% cheaper 
acrylonitrile by the ammoxidation of propane compared to current method from propylene 
producing 8×106 ton/year, i.e. more than 1 Kg per human inhabitant of the planet. In the non-
stoichiometric series with ratio Sb:V ~1:1 described as Sb0.9V0.9+x[] 0.2-xO4 (0≤ x≤0.2), cation 
vacancies ([] ) are introduced in the basic rutile type-structure following the mechanism: 4V3+→ 
3V4++[] , while antimony remains as Sb5+. Composition, oxidation state and subtle structural 
features influence the activity and selectivity for the highest performance catalyst. 
The reduced phase richest in V3+ has been reported to be Sb0.9V1.1O4 , which shows by electron 
diffraction (ED) superlattice reflections characteristic of a 2-fold rutile superstructure along c-
axis. However the X-ray powder diffraction pattern showed only basic rutile reflections. The 
reciprocal lattice study by ED has revealed the following unit cell for the rutile superstructure: a 

=Ö2ar, b = Ö2br, c = 2cr (subindex r refers to the basic rutile unit cell in P42/mnm). The 
superstructure space group, I41md, was determined by means of convergent beam electron 
diffraction CBED. A structural model based on alternating Sb and V cations ordering along c in 
the chains of edge-sharing octahedra was proposed. 

No cation vacancies have been observed for this reduced phase, while for the compounds 
synthesized in oxidizing conditions the presence of vacancies has been confirmed. Magnetic 
susceptibility data indicate for the first time possible magnetic ordering in reduced phases rich 
on V3+ which are close to the nuclear superstructure by Sb-V ordering. For the simultaneous 
crystal and magnetic structure determination we have performed a neutron diffraction study on 
different samples of the series with composition ~SbVO4. 

Below TN ≤ 50K, new Bragg reflections of pure magnetic nature appear due to the 3D-AF 
interaction of the vanadium spins changing gradually from the paramagnetic disorder to the 
magnetically ordered state as the temperature decreases. The periodicity of the magnetic 
structure develops being close to doubling again the two-fold commensurate supercell of rutile 
type described by the alternate ordering of Sb and V along the rutile c-axis in SbVO4, giving rise 
to a final 4-fold rutile superstructure. 

However, the exact periodicity of the spin arrangement is clearly not commensurate with the 
nuclear cell but close to that. The refinement of the incommensurate magnetic propagation 
vector to k= [0, 0, ±kz] with kz= 0.266(1) r.l.u. is close to the commensurate value ¼. It accounts 
both for the magnetic satellites and it is compatible with the absence of a commensurate 
nuclear 2-fold supercell but the observed modulated chemical structure with modulation vector 
q = 0.532 c*. 

Acknowledgments: 
We thank the MEC funding through project MAT2011-27192 FLEXOCAT. Also we thank the 
beamtime provided through FP7-NMI3-HZB and CRG-SpINS. 
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Realistic Monte Carlo simulations for neutron diffraction and imaging applications 
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Monte Carlo neutron simulations have proven to be a powerful tool for instrumentation and 
validation of experimental results. A new multi-purpose sample simulation module has been 
created, that calculates the neutron absorption and scattering cross sections for the interaction 
with cold and thermal neutrons. The module can handle all 230 crystallographic space groups, 
while realistic and arbitrary sample geometries can be defined. The implementation has been 
made reusable and available for a number of existing simulation frameworks, such as McStas, 
Vitess and Geant4. Thus, the developed sample module has been utilised in a number of 
different neutron applications. This presentation will highlight some examples, including: 

a) the support in developing a new neutron beamline, 
b) evaluating a new imaging method to investigate texture, strain and phase distributions 

in engineering materials, 
c) improving the experimental accuracy when measuring interfaces with neutron diffraction 
d) and assisting the development for novel neutron detectors. 

 
 

References: 
 

1. Boin, M. (2012). J. Appl. Cryst., 45(3), 603–607. 
2. Boin, M., Hilger, A., Kardjilov, N., Zhang, S. Y., Oliver, E. C., James, J. A., Randau, C. 

& Wimpory, R. C. (2011). J. Appl. Cryst., 44(5), 1040–1046. 
3. Woracek, R., Penumadu, D., Kardjilov, N., Hilger, A., Boin, M., Banhart, J., & Manke, I. 

(2014). Advanced Materials 26(24), 4069–73. 
4. Kittelmann, T. & Boin, M. (2015). Computer Physics Communications 189, 114–118. 
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The Mantid[1] project was started by ISIS (RAL UK) in 2007 to provide a framework to perform 
data reduction and analysis for neutron and muon instruments and to accommodate the 
increasing data volumes from newer instruments[2].  The project has grown into a significant 
international collaboration, with SNS and HFIR joining in 2009, the ESS joining last year and we 
expect the ILL to become a member this year. 

The scope of data reduction and analysis challenges that Mantid faces, together with the need 
to create a cross platform solution, fuels the need for Mantid to be developed in collaboration 
between facilities.  Mantid has, from inception, been an open source project, and having been 
built to the flexible enough to be instrument and technique independent, was initially planned to 
support collaboration with other development teams. Through collaboration with the SNS, 
development practices and tools have evolved to support the distributed development team in 
this challenge.  These new members have added development capacity, invaluable experience 
and significant improvements to the project, both in direct functionality adding world leading 
event processing and multi-dimensional visualization, and improvements to the project and 
development infrastructure. 

Mantid continues to face many challenging requirements both from developments within its 
existing facilities and additional challenges from new and prospective members.  Some of these 
include extending Mantid’s multi-dimensional visualisation to support imaging techniques, 
improving the handling of moving instruments to better support triple axis spectrometry. 
Providing ‘live’ access to reduced data during the experiment, even in the extreme cases of 
large excitations experiments. 

This talk will highlight some of the current capabilities and developments within Mantid, and 
present plans for Mantid in the future. 

References 
[1] www.mantidproject.org 
[2] O. Arnold, et al., Mantid—Data analysis and visualization package for neutron scattering and 

μSR experiments, Nuclear Instruments and Methods in Physics Research Section A, Volume 
764, 11, 156-166 (2014), http://dx.doi.org/10.1016/j.nima.2014.07.029 
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Automated data reduction at ISIS 
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Introduction of the Mantid[1,2] data reduction framework at ISIS has simplified the data reduction 
for several experiments to the extent that the user interaction can be repetitive and could be 
automated. Automating the data reduction for these experiments frees up time for instrument 
scientists and users of neutron facilities to focus on making the best use of their allocated beam 
time and extracting value earlier with data analysis. We have introduced an automated data 
reduction system requiring minimal human intervention, which can support varied data reduction 
workflows, however simple or complex. 
 
This approach was pioneered by the SNS [3] and, as part of the Mantid collaboration, a similar 
system was deployed in March this year at ISIS and is being rolled across the instrument suite. 
The system kicks off data reduction jobs as soon as runs are completed on an instrument. Job 
management is performed using message queues and a central message broker.  The data 
reduction jobs are pre-defined user editable python scripts with access to many software 
libraries, including Mantid. A mobile friendly web interface, which can be accessed anywhere, 
enables access to viewing reduction results. The interface allows data reduction to be rerun with 
different parameters, parameters to be set for future runs as well as monitoring the progress of 
your jobs. 
 
This new system will be demonstrated using ISIS data and using Mantid data reduction, to give 
an overview of its benefits and insight into how the system works under the bonnet. 
 
References 
[1] www.mantidproject.org 
[2] O. Arnold, et al., Mantid—Data analysis and visualization package for neutron scattering and 

μSR experiments, Nuclear Instruments and Methods in Physics Research Section A, Volume 
764, 11 November 2014, Pages 156-166 

[3] 2014 IEEE 10th International Conference on eScience, DOI 10.1109/eScience.2014.31 
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We present extensions for the Geant4 simulation framework which moves beyond the usual 
free-gas approximation and enables scattering of thermal and cold neutrons with a high degree 
of realism in crystalline materials: in either polycrystalline or powdered form or as oriented single 
crystals with finite mosaicity. Based on user-specified crystal structures in the form of unit cells, 
the coherent-elastic parts of the cross-sections, responsible for Bragg diffraction, are calculated 
from first principles through usage of embedded crystallographic libraries; while the remaining 
parts of the cross-section are described by appropriate well-known models for single- and multi-
phonon scattering. 

The extensions were developed in the context of the collaborative coding and simulation 
framework of the ESS Detector Group, which is used to assist with the development of 
detectors and other beam-line components. We discuss how, with the added functionality, 
Geant4 becomes a suitable tool for performing consistent investigations of both high and low 
energy phenomena at neutron scattering facilities, enabling simulations involving also 
monochromators, beam filters, realistic support materials and crystalline samples. 
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Various Li compounds are commonly used at neutron facilities [1] as beam dumps. They 
provide one of the highest ratios of neutron attenuation to -ray production. Unfortunately, these 
compounds also produce fast neutrons of energies up to almost 16 MeV. The physics process 
beyond that is due to the fact that tritons of energies up to 2.73 MeV, produced by the 
6Li(n,t)4He reaction, interact with Li and other constituents of the compounds to produce fast 
neutrons and -rays. These fast neutron processes could be missing in some modelling 
packages. We tested the Geant4 package to assess the performance of this simulation toolkit 
for the processes described above. We compare the results of the simulation performed with 
Geant4 with the measurements of the fast neutron production in 6Li from the following paper [2]. 
The results of our study seems to show that the Geant4 simulation package gives very good 
results comparable with the available measurements for 6Li fast neutron production. This study 
is important for simulation of beam line elements at the Europeans Spallation Source for 
different instruments. 

[1] M.A. Lone and W.M.~Inglis, in Neutron Capture -ray spectroscopy (eds. R.E. Chrien and 
W.R. Kane; Plenum Press,~New~York,1979) p. 678. 

[2] M.A. Lone D.C.~Santry and W.M.~Inglis. MeV Neutron Production from Thermal Neutron 
Capture in Li and B compounds, Nuclear Instruments and Methods 174 (1980) 521-529 
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The use of large scale facilities by researchers in the field of condensed matter, soft matter and 
the life sciences is becoming ever more prevalent in the modern research landscape. Existing 
facilities such as SNS, HiFNR, ISIS and ILL have ever-increasing user demand and produce 
ever-increasing volumes of data. One of the single most important barriers between experiment 
and publication is the complex and time-consuming effort that individual researchers apply to 
data reduction and analysis. 

The next generation of long pulse neutron sources such as the ESS will present a new 
challenge for data management and scientific software development. 

This talk will concentrate on the vision and mission for the Data Management and Software 
Centre (DMSC) for day one and continuing operations at ESS for experiment control, data 
reduction and data analysis. 

The key aspects of an integrated software suite will be discussed in light of the use of existing 
software frameworks and our future plans for scientific software development, those key 
aspects being: 

 Live event mode neutron data reduction and visualisation. 
 Integrated “intelligent” instrument control 
 Linking Data reduction and data analysis. 
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Many magnetic functional materials like magnetic shape memory alloys, CMR manganites, 
magnetocalorics and multiferroics exhibit first order transitions which are often broadened either 
due to disorder or strain. Usually temperature is the primary thermodynamic variable here but 
pressure, electric and magnetic fields could be useful second thermodynamic variables. By 
using an effective combination of the two variables, it is possible to interrupt the phase 
transition, resulting in phase coexistence of magnetically ordered metastable states and 
equilibrium phases, collectively called kinetically arrested state or magnetic glass. In order to 
establish this phase coexistence and distinguish the metastable and equilibrium phases of such 
a kinetically arrested state, a novel measurement protocol called CHUF (Cooling and Heating in 
Unequal Fields) was utilized. Just as conventional structurally disordered glasses devitrify under 
the influence of temperature or strain, it is observed that the kinetically arrested magnetic glass 
could devitrify into the equilibrium state at a lower temperature and subsequently reenter the 
original high temperature phase. Neutron diffraction is considered as an ideal technique to 
probe magnetic and chemical structures of materials and is capable of detecting the 
simultaneous presence of ferromagnetic (FM) and antiferromagnetic (AFM) order in a material 
in the form of unique magnetic reflections for the AFM order. We have used neutron diffraction 
along with the CHUF protocol, for the first time [1], to show the phenomenon of kinetic arrest of 
(i) the austenite to martensite transformation in a magnetic shape memory alloy (MSMA), (ii) the 
ferromagnetic to CE-type antiferromagnetic transition in the well-studied compound 
La0.5Ca0.5MnO3 (LCMO) and, (iii) the high field magnetic state in a stoichiometric compound, 
Nd7Rh3 [2]. The devitrification of the arrested austenite and FM phases into the low temperature 
equilibrium martensite and AFM phases at the characteristic temperature TK(H) for MSMA and 
LCMO, respectively, and their subsequent reentrant transition to the high temperature, high 
entropy austenite and paramagnetic phases, unambiguously demonstrate the glassy nature of 
the arrested states. The use of magnetic field as a second thermodynamic control variable via 
the novel CHUF protocol to observe arrest and de-arrest of a magnetic glass could help in 
establishing the fact that the dynamics involved in such a glass could be fundamentally no 
different from that observed for structural glasses [3]. 

  

[1] V. Siruguri, S.D. Kaushik, P.D. Babu, A. Biswas, S.K. Sarkar, K. Madangopal and P. 
Chaddah, J. Phys.: Condens. Matter 25, 496011 (2013) and references therein 

[2] S. Rayaprol, V. Siruguri, A. Hoser, C. Ritter and E.V. Sampathkumaran, Phys. Rev. B90, 
134417 (2014) 

[3] W. Wu, C. Israel, N. Hur, S. Park, S.-W. Cheong and A. de Lozanne, Nature Mater. 5, 881 
(2006) 
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Neutron diffraction and magnetic behavior of Mn2MSbO6 (M = Fe, Cr) polymorphs. 
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ABO3 compounds are commonly associated with the perovskite-type structure. They have been 
widely studied due to the rich variety of physical properties [1]. However, there are compounds 
sharing this stoichiometry but crystallizing in other structural-types [2], such as corundum, 
ilmenite or lithium niobate-type. Furthermore, these structural types can be related among them 
by high pressure phase transformations allowing the existence of several polymorphs and 
thereby to tune the physical properties of a parent compound. This is the case of Mn(MSb)O3 
oxides (formulated as Mn2MSbO6 from now on) with M=Fe, Cr. High pressure is needed to 
stabilize the small Mn2+ cations in the highly coordinated A site of the perovskite structure and 
the use of moderate pressures leads to the formation of ilmenite polymorphs. 
These compounds were characterized by means of X-ray, high resolution neutron diffraction 
and high resolution transmission electron microscopy. Their magnetic behavior, studied through 
magnetization and magnetic susceptibility measurements at different temperatures and 
magnetic field strengths show dramatic changes according to their different compositions and 
crystal structures. 

The ilmenite polymorphs crystallize with rhombohedral R-3 structure. A ferrimagnetic behavior is 
observed for the M=Fe compound below TN=260 K. The magnetic structure can be described as 
an antiparallel alignment of 2Mn2+ and Fe3+ with a propagation vector k=[0 0 0]. Surprisingly, a 
second magnetic transition has been observed below T=50 K, becoming incommensurate by 
developing a helical spin ordering ruled by a propagation vector k=[0 0 0.07] with the spins 
confined to the ab plane [3]. In spite of their similar nuclear structures both oxides show quite 
different magnetic structures below their ordering temperatures. The Mn2CrSbO6 oxide 
develops immediately below TN=60 K a helical magnetic structure determined by k=[0 0 z] with 
z being strongly temperature dependent [4]. 

Increasing pressure, perovskite structures crystallizing with the monoclinic P21/n space group 
have been isolated. The M=Cr compound shows a simpler magnetic behavior than its ilmenite 
counterpart, defined by antiferromagnetic interactions of Mn2+ and Cr3+ sublattices, giving rise to 
a magnetic structure with k=[½ 0 ½]. On the other hand, the Mn2FeSbO6 perovskite presents a 
complex magnetic behavior with short-range magnetic correlations being operative below 160 K 
and giving rise to a hysteretic behavior of the resistivity. Below TN=60 K the magnetic structure 
turns to an elliptical spiral with k=[0 0.426 0], where spins are confined to the ac plane [5]. 

[1] E. Climent-Pascual et al. Phys. Rev. B, 83, (2011), 174512. 
[2] R. H. Mitchell, “Perovskites. Modern and Ancient”. Almaz Press, Ontario (2002). 
[3] E. Solana-Madruga et al. unpublished work. 
[4] A. J. Dos Santos-García et al. Dalton Trans. (2015), DOI: 10.1039/c4dt03849e. 
[5] A. J. Dos Santos-García et al. J. Phys.: Condens. Matter, 25, (2013), 206004. 
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We propose a neutron waveguide based on magnetic contrast for studying the magnetic state 
of complex oxide structures. Compared to conventional waveguides based on nuclear contrast 
the magnetic contrast waveguides provides a very good depth selectivity of the different 
resonance modes. As experimental example, the magnetic state of 
Au(24nm)/La0.7Sr0.3MnO3(45nm)/LaMnO3(8nm)/SrRuO3(50nm)/NdGaO3 was studied using 
Polarized Neutron Reflectometry. By covering the system with the layer of gold a waveguide 
structure is created where the first and second resonance spin-flip peaks are sensitive mainly to 
the magnetic state of the LSMO/LMO and SRO layers, respectively. Using this approach we 
were able to detect a suppression of the 2nd waveguide peak at T < 130K after field cooling. 
Such a suppression is interpreted as appearance of a small positive in-plane magnetic moment 
of only 0.34 mB/Ru in the SRO layer. 

Fig. (a) Model (solid lines) and experimental (dots) reflectivity curves measured at T = 160K, H 
= 30 Oe. Arrows show positions of the 1st and 2nd waveguide peaks. Inset shows the depth 
profiles of magnetization at 160K and 10K. (b) Model (solid lines) and experimental (dots) 
reflectivity curves measured at T = 10K, H = 30Oe after cooling in H= 4.5kOe. Inset: 
Temperature dependence of the area of the waveguide spin-flip peaks (dots). Solid lines are 
drawn to guide eye. (c) and (d) are neutron densities at the waveguide modes and SLD profiles 
for spin-down (c) and spin-up (d) neutrons. 
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Influence of Fe addition on structural and magnetic properties of Mn49Ni42-xFexSn9  
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Recently, Mn-based Mn-Ni-X (X = In, Sb, and Sn) metamagnetic shape memory alloys 
(MMSMAs) have become the focus of intense research due to the observation of magnetic-
field-induced martensitic transformation (MT) [1-2]. In these alloys a metamagnetic phase 
transformation from a low magnetization martensitic phase to a high magnetization austenite 
phase results in a large magnetization difference across the transformation, ∆M. Associated 
with this behaviour, some interesting properties such as large magnetocaloric effect and giant 
magnetoresistance effect have been reported [3], which make these alloys excellent candidates 
for multifunctional applications. As in the case of the Ferromagnetic Shape Memory Alloys, the 
martensitic structure, magnetic order and magnetic moment per formula unit, are extremely 
sensitive to the composition of the alloys, and key parameters to develop these effects. With the 
objective of increasing the ∆M and narrowing the temperature range of the magnetic field 
induced martensitic transformation, it is essential understanding the role of the magnetic 
moment contribution of the different atomic species in off-stoichiometric compounds. 

In this work, a neutron diffraction study in a series of alloys with compositions Mn49Ni42-xFexSn9 

(x = 0, 2, 3, 4, 5 and 6) was performed at the D1B diffractometer (ILL, Grenoble) in order to 
elucidate the influence of the Fe addition on the martensitic transformation characteristics.  In 
these alloys, the addition of Fe instead of Ni induces a variation in the electronic concentration 
that promotes both a change of structural parameters of MT and the magnetic order which, in 
turn, influences ∆M. 

The diffraction patterns reveal that the alloys doped with less than 5 % at. Fe show a structural 
transformation, from a cubic high symmetry austenite phase, to a lower symmetry orthorhombic 
martensitic phase. Some amount of the austenite phase still remains at 50 K (a temperature far 
from MT). Moreover, the structural transformation temperatures and transformation volume 
effect were determined from the temperature dependences of lattice parameters, and decrease 
with the increment of the Fe content. The alloys containing 5 and 6 % at. Fe do not show clearly 
MT whereby a high symmetry structure was found invariant down to 50 K.  

References 

[1] Advances in Shape Memory Materials, Ed. By V. A. Chernenko, Mat. Sci. Forum, 583, TTP 
Switzerland, 2008 

[2] Kainuma et al., Nature Materials, 439 (2006) 957 

[3] Z. D. Han et al., Phys. Lett. 90 (2007) 042507 
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Magnetic ionic liquids are promising new materials that allow to add further features to the 
typical properties of ILs: such as magnetic, photophysical/optical, or electrochromic behaviour, 
which are due to the incorporated metal ions [1]. One of this compounds, Dimim[FeCl4], (Dimim 
= 1,3 dimethylimidazolium) crystallizes in a P21 monoclinic space group at room temperature 
[2]. Using suitable rates of cooling from room temperature (R.T), two crystalline states can be 
obtained with different magnetic behaviours. The 1 (a) is achieved cooling down slowly (space 
group P21/c). The second one, 1 (b), is found by quenching at 100 K from R.T inside a cryostat 
(space group P212121). At low temperatures, the field-cooled molar susceptibility (Xm) measured 
under 25 Oe increases by decreasing the temperature and reaches a maximum at 
approximately 5.6 K and 3.1 K for 1(a) and 1(b) respectively, suggesting the existence of a long-
range magnetic ordering (Fig. 1) in both phases. A comparative view of the high resolution 
neutron powder diffraction patterns above (10 K) and below (2 K) the magnetic ordering 
temperature of 1(a) reveals the occurrence of a long range magnetic ordering confirming the Xm 
measurements. However, for 1(b) the comparative view of these patterns show only a very 
broad diffuse background at low angles (Fig. 2). Therefore, the magnetic coupling through the 
superexchange interactions [3], Fe-Cl··Cl-Fe, are modified by the cooling process. Here we 
present a detailed study of the unusual effect of the cooling speed on the structural and 
magnetic behavior of Dimim[FeCl4]. This study was carried out using several techniques, such 
as dc magnetic susceptibility, heat capacity, Mössbauer spectroscopy, X-ray synchrotron and in 
particular, neutron powder diffraction in order to have a wide insight about the magneto-
structural correlations. 

[1] (a) M. Okuhata, et al; Chem. Commun. 2013, 49, 7662-7664. (b) I. de Pedro, et al.; J. Phys: 
Condens. Matter, 2010 22 296006. [2] A. García-Saiz, et al.; Chem. Eur. J. 2014, 20, 72-76. [3] 
A. García-Saiz,et al;, Inorg. Chem. 2014, 53, 8384 
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The hexagonal Y3T13B2 compounds (T= Co, Ni) have arisen interest because they could exhibit 
attractive magnetic properties for applications due to a smaller fraction of boron than in the 
Rn+1Co3n+5B2n series [1-4]. In this contribution we present results obtained by neutron scattering, 
x-ray diffraction and first principles calculations performed on the Y3Ni13B2, Y3Co13B2, and 
Y3Ni10Co3B2 compounds. The neutron investigations were carried out at the Institute Laue 
Langevin, on the Y3Ni13B2 and Y3Ni10Co3B2 phases, using the D20 diffractometer in the 
temperature range 1.8–249 K. The Y3Co13B2 phase was structurally 
characterized by x-ray diffraction, at room temperature. The ab initio calculated local magnetic 
moments were taken as initial values in the refinement of the magnetic contributions in Y3Ni13B2 
and Y3Ni10Co3B2 at 1.8 K. Fully relativistic calculations within the Generalized Gradient 
Approximation (GGA-PBE) were performed to determine the local spin and orbital magnetic 
moments, as well as the MAE values of the compounds. All calculations were performed at the 
equilibrium structure parameters. A weak in-plane magnetic anisotropy is predicted for Y3Ni13B2, 
under the assumption of a crystallographic-like magnetic unit cell and collinear magnetic 
moments. The calculations predict considerable c-axis anisotropy for Y3Co13B2 and 
Y3Ni10Co3B2, but smaller than that of YCo5. The MAE values correlate well with both the 
magnitude of the orbital magnetic moment and the orbital magnetic moment anisotropy. The 
mixing between Co or Ni 3d states and B 2p states, observable at the bottom of the valence 
band of the 3d metal having a boron atom nearest neighbor, decreases the 3d spin and 
especially, the 3d orbital magnetic moments. Calculations performed within the Virtual Crystal 
Approximation predict a significantly reduced MAE value, 0.96 meV/f.u., in the mixed 
compound, contrasting the results of supercell calculations, 3.94 meV/f.u.. The Co and 
Ni site averaged magnetic moments calculated in the mixed compound are in fair agreement 
with the values obtained by the refinement of the magnetic contribution to the neutron spectra. 
 
[1] N. Plugaru, J. Rubin, J. Bartolomé and V. Pop, Phys. Rev. B 71, 024433(1-13) (2005). 
[2] C. Chacon and O. Isnard, Appl. Phys. A 74(1), S831 (2002). 
[3] O. Isnard, M. D. Kuz’min, M. Richter, M. Loewenhaupt, and R. Bewley, J. Appl. Phys. 104, 

013922 (2008). 
[4] N. Plugaru, M. Valeanu, R. Plugaru, and J. Campo, J. Appl. Phys., 115(2), 023907 (2014). 
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Syndiotactic polystyrene (sPS) is able to form different kinds of co-crystalline phases with guest 
molecules of various size, shape, and property. Several advanced materials have been 
produced starting from sPS co-crystalline films [1]. In particular, sulfonated sPS (s-sPS) can be 
used as proton conductive membrane for fuel cells, as it presents high proton conductivity 
(comparable with that of the Nafion), it shows a high chemical and thermo-mechanical stability 
and it has a low cost [2]. The morphology of different sPS clathrates and the structural behavior 
of s-sPS upon hydration can be more thoroughly understood by combining X-ray scattering and 
FT-IR with SANS [3]. Exploiting the neutron contrast variation between different hydrogented 
and deuterated components of sPS and hydrated s-sPS clathrates additional and unique 
information about the distribution of guest molecules in the crystalline and amorphous regions 
and about the hydrated domains in the polymer membrane can be obtained. Moreover, the 
stretching of films leads to occurrence and distribution of scattering features from typical 
morphologies on specific directions and sectors of detection plan, which enables an accurate 
structural study of such complex polymeric systems. 
  
A complete SANS investigation of uniaxially oriented sPS films, starting from their crystallization 
with guest molecules, through thermal treatment for obtaining the guest-free γ phase and 
followed by subsequent sulfonation and hydration, was carried out at the high-intensity SANS 
diffractometer KWS-2 of the JCNS. This experimental analysis has highlighted that the 
morphology of these polymeric membranes is characterized by hydrated channels in the 
amorphous phase alternated to staples of crystalline lamellae, along the stretching direction.   
    
[1] G. Guerra et al., J. Pol. Sci. B-Polymer Physics 50, 305, 2012. 
[2] G. Fasano et al., Int. J. Hydrogen Energy 36, 8038, 2013. 
[3] F. Kaneko et al., Polymer 54, 3145, 2013; Chemistry Letters (in press). 
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A family of organic ionic compounds collectively known as Room-Temperature Ionic Liquids 
(RTILs) have recently emerged as a new class of materials with extremely interesting properties 
and multiple potential applications. RTILs are particularly promising as solvents, but applications 
in electrochemistry, batteries, fuel and dye-sensitized solar cells, catalysis and lubrication are 
being developed as well. 

RTILs are often considered to be environmentally friendly or “green” compounds, but their 
biological effects are not known in detail. Filling this gap in our understanding of RTILs is a 
prerequisite to any major expansion of their usage in industrial processes, and could open new 
vistas in pharmacology and in bio-medical technologies. 

To progress along this path, we undertook the comprehensive investigation of RTIL interactions 
with paradigmatic bio-structures, such as phospholipid bilayers, proteins and nucleic acids. 

In all these systems, the molecularly thin layer of water in direct contact with bio-molecules 
plays a major role in determining their properties and functions. In this context, ions dissolved in 
water are needed to ensure the stability of bio-systems, and greatly contribute to their complex 
behaviour. Because of their vast number and chemical variety, RTIL ions could provide a 
powerful and flexible tool to influence the properties of water at the bio-molecules-electrolyte 
solution interface, greatly expanding our control of biological processes. 

Thus, our study concerns the microscopic mechanisms underlying RTIL effects on bio-systems 
through their hydration water, and relies on the combination of neutron scattering and molecular 
dynamics (MD) simulations. In all of these cases, the crucial aspect is represented by the 
interplay of hydrophobic/hydrophilic conditions, and, eventually, all depends on the structure 
and, especially dynamics, of hydrogen bonds. Both neutron scattering and computer simulation 
are ideal tools to investigate these properties. 

Neutron scattering, in particular, is our main technique because of its unique ability to measure 
the structure and dynamics of hydrogen atoms, and because of its natural link with MD 
simulations. 

We present here the results for the interaction of short-tail, imidazolium-based RTIL molecules 
with phospholipid bilayers [1,2]. Neutron reflectometry and MD simulations confirm the tendency 
of imidazolium cations to be absorbed into the lipid phase. This has the effect of decreasing the 
lipid/water interfacial tension and bending rigidity, enhancing the penetration of water into the 
bilayer. Quasi-elastic neutron scattering, and, again, MD simulations carried out over an 
extended range of temperatures reveal and partly explain apparent changes in the relaxation 
time of water in close contact of the lipid head upon addition of RTIL molecules, that reflect 
phase changes in the system. 
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A shear-induced lamellar to onion transition of a surfactant solution has attracted considerable 
attention in these decades. Diat and Roux have shown that shear flow induces a transformation 
from planer lamellar structure to multilamellar vesicles (onions) with a polyhedral shape, which 
fill all the space without excess water and lead shear thickening. [1] In a nonionic surfactant 
aqueous solution, pentaethylene glycol monododecyl ether (C12E5) and D2O, onion formation 
associated with shear thickening is observed in 40 wt% C12E5 solution at T=55 . [2] Effects of 
charge on the nonionic surfactant mixture were investigated by adding ionic surfactant and 
onion structure is induced by the suppression of Helfrich undulation of surfactant membranes. 
[3]  

Here we investigated the rheological behavior of a dilute solution of C12E5 (10 wt%) and D2O 
and the effect of charge. We have already shown that a disordered structure of C12E5 and D2O 
at T=59  transforms to an ordered lamellar structure by adding an antagonistic salt such as 
sodium tetraphenyl-borate (NaBPh4). An electrostatic interaction between surfactant 
membranes caused by a heterogeneous distribution of anions and cations originates the 
transformation as the effect of adding ionic surfactant sodium dodecyl sulfate (SDS). Figure 1 
shows molar ratio between SDS and C12E5, S, dependence of viscosity as a function of shear 
rate. It is clear that shear thickening is observed for all the samples measured including SDS 
and a shoulder at 2 s-1 is observed for the sample without charged molecules. The present 
SANS experiment confirmed that the lamellar layers are oriented parallel to the flow direction at 
low shear rate, while onion structure is formed as evident by isotropic scattering pattern, which 
is eventually broken by further increase of shear rate. This is the first evidence of the shear 
thickening and the onion formation in the dilute solution of nonionic surfactant. 
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The concept of energy landscapes has been successfully and extensively applied for the 
understanding of a broad range of phenomena in complex soft matter systems, such as the 
glass transition and protein folding. However, many experimental accounts - e.g. single-particle 
tracking, scattering methods and diffusion MRI - access dynamical properties, and not the free 
energy landscape directly. Thus, it is important to understand and exploit the effects of 
diffusivity landscapes, i.e. an inhomogeneous diffusivity and viscosity. First, we discuss 
applicability, implications and limitations of the concept of diffusivity landscapes. Second, we 
provide analytical approximate solutions for the diffusion equation in dynamically heterogeneous 
environments. Third, the results can be connected to experiments on e.g. water diffusion in 
hydration shells, or tracer diffusion through membranes or porous structures. 
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The density profiles of proteins adsorbed onto poly(ethylene glycol) (PEG) brushes are 
characterized by neutron reflectometry (NR). In contrast to conventional methods, NR allows 
directly distinguishing among primary adsorption at the grafting surface, secondary adsorption 
at the brush outer edge, and ternary adsorption to the polymer chains [1,2]. For hydrophobic 
grafting surfaces, myoglobin (Mb) exhibits primary adsorption, which consists of two distinct 
protein layers. The amount of Mb adsorbed in the inner layer is independent of the 
polymerization degree N but varies with the grafting density s, while for the outer layer it is 
correlated to the amount of grafted PEG and is thus sensitive to both N and s [1]. PEG 
antibodies, whose implications in the field of biocompatible functionalization are still 
underexplored, exhibit terminal binding to the chain end groups and form dense layers covering 
the brush periphery. The precise structural information revealed by NR may help understanding 
the mechanisms by which antibodies lead to brush failure in in-vivo applications. Structural 
studies in general constitute a valuable basis for the rational design of protein-repellent surface 
functionalization [2]. 
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We studied a viral K+ channel, Kcv, which is the smallest potassium channel known to be 
expressed naturally in a eukaryotic cell, in interaction with biomimetic membranes. Neutron 
reflectometry have been applied to study the structural changes induced by the presence of Kcv 
on single model membranes. The protein insertion has also been studied in  floating membrane 
systems prepared by the Langmuir-Schaefer/Langmuir-Blodgett technique. The protein was 
found to force the thickness of the hosting membranes and the powerful reflectometry technique 
allowed us to reveal the geometry of  insertion of the protein, characterized by a preferential 
orientation. SAXS, WAXS and calorimetry have been also applied and showed that Kcv 
presence affects the average local order of the hydrophobic chains and the lipid Pβ’ phase. 

  

 Rondelli V.,  Del Favero E., Motta S., Cantù L., Fragneto G., Brocca P., ‘Neutrons for 
rafts, rafts for neutrons, European Physical Journal E 36 (2013) 73 

 Rondelli V.,  Fragneto G., Motta S., Del Favero E., Brocca P., Sonnino S., Cantù L., 
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Presently the design of target-moderator-reflector system (TMR) of the future European 
Spallation Source is being finalized. The ESS will be a long pulsed (2.86ms) neutron source 
where neutrons are created by spallation due to a 2GeV proton beam impacting on a rotating 
tungsten target. 

As of yet, the components of the TMR system has not been sent to construction, but the design 
is entering it\'s final phase, so now is the time to think ahead and consider applications of the 
ESS in addition to neutron scattering for which it is built.  

One important example would be as a Ultra Cold Neutron (UCN) source for studies of 
fundamental physics – in particular to allow for precision measurements of the standard model 
parameters governing the neutron decay. 

Several possibilities of UCN moderator-extraction designs have been explored based on 
implementation in the baseline monte carlo model of the target-moderator-reflector system of 
ESS [1].  

In addition to precision measurements of Standard Model parameters as a UCN source could 
facility, also options to use the ESS to search for new physics beyond the Standard Model are 
explored. In particular, the proposed neutron-anti-neutron oscillation experiment is discussed, 
as well as the possibly to due a beam dump type experiment to search for “dark photons” - a 
dark matter candidate. 

[1] S. Peggs (executive editor), ESS Technical Design Report, ESS-doc-274, ISBN 978-91-
980173-2-8 (April 23, 2013).  
 

URL:http://europeanspallationsource.se/documentation/tdr.pdf 
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Neutron interferometry [1,2], where an interference effect of matter-waves passing through a 
perfect silicon-crystal interferometer is observed, and neutron polarimetry (also referred to as 
spin-interferometry) have established as a powerful tool for investigations of fundamental 
quantum mechanical concepts using massive particles. The former technique enabled several 
textbook experiments, such as demonstrations of the 4pi spinor symmetry of spin-1/2 particles, 
spin superposition, gravitational and topological phase effects, as well as studies of intra-partite 
entanglement, i.e., entanglement between different degrees of freedom. The latter was utilized 
for demonstration of anti-commuting properties of Pauli spin matrices, topological phase 
measurements, and tests of alternative theories of quantum mechanics. 

Heisenberg’s uncertainty principle is probably the most famous statement of quantum physics 
and its essential aspects are well described by formulations in terms of standard deviations. 
However, a naive Heisenberg-type error-disturbance relation (EDR) is not valid in general. An 
improved error-disturbance uncertainty relation, proposed in 2003 by Ozawa [3]. I will present 
an overview of our neutron optical approaches [4] towards investigations of error-disturbance 
uncertainty relations via a successive measurement of incompatible neutron spin observables. 
Though universally valid Ozawa’s relations is not optimal. Recently, Branciard has derived a 
tight EDR, describing the optimal trade-off relation between error and disturbance. Our 
experimental results clearly demonstrate the validity of Ozawa’s and Branciard’s EDR and that 
the original Heisenberg EDR is violated throughout a wide range of experimental parameters 
[5]. 

In addition, a new counter-intuitive phenomenon, the so-called quantum Cheshire Cat [6], is 
demonstrated in a neutron interferometric experiment [7]: If a quantum system is subject to a 
certain pre- and post-selection, it can behave as if a particle and its property are spatially 
separated. In our experiment weak values of the neutron’s path and spin are determined, 
suggesting that for the successfully post-selected ensemble the neutrons go through one beam 
path of the interferometer, while their spin travels along the other. 

[1] H. Rauch and S.A. Werner, Neutron Interferometry, (Clarendon, 2000). 

[2] J. Klepp, S. Sponar and Y. Hasegawa, Prog. Theor. Exp. Phys. 2014, 082A01 (2014). 

[3] M. Ozawa, Phys. Rev. A 67, 042105 (2003). 

[4] J. Erhart, S. Sponar, G. Sulyok, G. Badurek, M. Ozawa, and Y. Hasegawa, Nat. Phys. 8, 

     185 (2012). 

[5] S. Sponar, G. Sulyok, J. Erhart, and Y. Hasegawa, Advances in High Energy Physics 

      2014, 735398 (2014). 
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Molecular surgery techniques have been developed recently which provide novel samples in 
suitable (~100 mg) quantities for neutron scattering. Fullerenes can be surgically opened, 
loaded with small molecules and then closed to provide pristine, nano-scale objects. The range 
of endofullerenes includes (to-date) single molecules of H2, H2O and HF entrapped in C60 
while C70 can contain two H2 molecules. They are unique samples for studying quantum rotors 
in extremely well-defined molecular environments and inelastic neutron scattering is the ideal 
probe to determine the energy level diagrams, the life-times of the rotational states limited by 
nuclear spin conversion and unexpected selection rules [e.g. 1-4]. 

Over and above the fundamental interest in these samples, quantum rotors provide a unique 
opportunity to enhance nuclear magnetisation via the coupling between rotational and nuclear 
spin states and therefore the sensitivity of NMR experiments, which is otherwise limited by the 
strength of magnetic fields. The Zeeman splitting between proton spin states in a 10T magnetic 
field is only ~500 MHz (25 mK). The strategy is to functionalise target molecules with 
endofullerenes in which the nuclear spin will be manipulated based critically on the knowledge 
determined from INS experiments. The fact that the quantum rotors are largely isolated from 
their environment by the fullerene is key to these developments. 

[1] A.J. Horsewill et al., Phys. Rev. Lett. 102, 13001 (2009) 

[2] C. Beduz et al., Proc. Natl. Acad. Sci. 109, 12894 (2012) 

[3] A.J. Horsewill et al., Phil. Trans. R. Soc. A. 371, 20110627 (2013) 

[4] M. Xu et al., Phys. Rev. Lett. 113, 123001 (2014) 
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Several fundamental concepts in physics, such as particle-wave duality, equivalence of inertial 
and gravitational mass, and the description of a gravitational field in quantum mechanics, play 
an important role in this research. In an interferometer, the neutron De Broglie wave is 
coherently split and later recombined. The difference in the Earth’s gravitational field in the two 
paths results in a phase shift of the combined wave. In earlier experiments, a silicon single-
crystal Bonse-Hart type interferometer was used, resulting in a 1% discrepancy between the 
theoretically predicted and experimentally determined phase. 

We conducted an experiment [1] in a neutron interferometer where the neutron beam is 
coherently split in two wave packets, representing the plus and minus spin state of the neutron. 
By entering a tilted magnetic field both spin states experience opposite Zeeman potential 
energy and refract differently. Due to this, the corresponding wave vectors will change both in 
direction and magnitude (see figure). We performed experiments with splitting in both the 
horizontal and vertical plane and measured a gravitation induced phase that agrees with an 
accuracy of 0.1% with the theoretical one. Moreover, we showed that an inclination angle of the 
interferometer with respect to the horizontal of 1 degree leads to a deviation of 1%. 

[1]   V.O. de Haan, J. Plomp, A.A. van Well, M.T. Rekveldt, Y.H. Hasegawa, R.M. Dalgliesh, 
N.J. Steinke, Phys. Rev. A 89 (2014) 063611 
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The report gives a short review of the studies dedicated to the investigation and applications of 
non-stationary quantum effects in neutron diffraction from moving periodic structures. The 
studies were performed in 1994-2015. 

The search for experimental possibilities to test the nonstationary Schrödinger equation has led 
in the early nineties of the last century to the idea of a fast (quantum) neutron beam chopper of 
periodic operation, which transforms a monochromatic plane wave into the nonstationary 
superposition of waves with a discrete spectrum. It has been soon realized that a periodic 
structure moving across the monochromatic neutron beam forms a similar spectrum. 

At the same time an experiment was proposed to observe the quantum transformation of the 
neutron spectrum using a gravity UCN spectrometer with Fabry-Perot interferometers. It was 
performed in 2001. Besides the clear demonstration of nonstationary effects on the neutron 
wave and the validity of the Galilean transformation of the wave function the experiment has 
paved the way for developing new experimental methods. In particular it has been 
experimentally demonstrated that by using an aperiodic moving structure it is possible to create 
a time lens, which is a time analogue of the well-known Fresnel zone plate. 

The progress in the gravity spectroscopy of the state arising in the UCN diffraction by a moving 
grating (DMG) has led to the idea of a new type of gravity experiments with neutrons. The basic 
idea was to compensate for the change in the energy of the neutron falling from a known height 
in the Earth’s gravitational field by the known quantum of energy transferred to the neutron by a 
moving grating. The experiment to test the weak equivalence principle for the neutron grounded 
on this idea has been successfully performed a few years ago. The next-generation experiment 
based on similar ideas is in progress now. During its implementation it has been realized that 
the basic quantum phenomenon of NDD that underlies the experiment has not been well 
studied either theoretically or experimentally. This fact has stimulated the appearance of new 
theoretical results as well as the development of a new experimental method for observation of 
discrete spectra at NDD, namely, time-of-flight Fourier diffractometry with UCN. The first spectra 
of this kind have been successfully observed recently. 

A unique feature of NDD is that the energy which is transferred to the neutron is exactly known 
and the resulting spectra are strictly equidistant. This provides unique possibilities for realizing 
experiments of absolutely new type. The idea of one of them will be briefly discussed in the final 
part of the report. 
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The search for a permanent neutron electric dipole moment with ultracold i.e. storable neutrons 
(UCN) is one of the prominent experiments to test CP-violation at the low-energy precision 
frontier. Extensions to the standard model (SM) can provide enough CP violation to 
accommodate for the observed baryon asymmetry of the universe, while at the same time 
predicting an nEDM in the range of 10^-26 to 10^-28 ecm. This is just below the last limit 2.9*10^-26 
ecm [1] which was constrained by neutron counting  statistics. A ten-to-hundred-fold 
improvement in sensitivity of the nEDM experiment would be desirable to test new models 
beyond the SM in the low energy range. The nEDM Collaboration of 14 European and US 
institutes [2] is taking data at the superthermal UCN source at Paul Scherrer Institut [3] aiming 
to lower the current best nEDM limit by several factors with potential for discovery of a finite 
value. The final scope of the collaboration is an additional factor 10 improvement with a newly 
designed instrument. First data analysis efforts, connected systematics calculations, and 
research for the new apparatus will be briefly presented. We will also report on UCN spin echo 
measurements and their use for nEDM experiments. 

 
[1] C.A. Baker et al.,Phys. Rev. Lett 97 (2006) 131801  
[2] http://nedm.web.psi.ch  
[3] http://ucn.web.psi.ch  
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This contribution presents briefly the current status of detectors for the ESS instruments, and 
outlines the timeline to completion. These instruments present numerous challenges for 
detector technology in the absence of the availability of Helium-3, which is the default choice for 
detectors for instruments built until today and due to the extreme rates expected across the 
ESS instrument suite. Additionally a new generation of source requires a new generation of 
detector technologies to fully exploit the opportunities that this source provides. To meet this 
challenge at a green-field site, the detectors will be sources from partners across Europe 
through numerous in-kind partners; a process that is somewhat novel for the neutron scattering 
community.  
 
Based upon chosen instruments and submitted instrument concepts, a recently updated 
snapshot of the current expected detector requirements for the ESS instrument suite is 
presented. A strategy outline as to how these requirements might be tackled by novel detector 
developments is shown. In terms of future developments for the neutron community, synergies 
should be sought with other disciples, as recognised by various recent initiatives in Europe, in 
the context of the fundamentally multi-disciplinary nature of detectors. This strategy has at its 
basis the in-kind and collaborative partnerships necessary to be able to produce optimally 
performant detectors that allow the ESS instruments to be world- leading. This foresees and 
encourages a high level of collaboration and interdependence at its core, and rather than each 
group being all-rounders in every technology, the further development of centres of excellence 
across Europe for particular technologies and niches. 
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The globally increased demand of Helium-3 along with the limited availability for this gas asks 
for the development of alternative technologies for the large ESS instrumentation pool. 

We report on the CASCADE Project [1] - a novel detection system, which has been developed 
for the purposes of neutron spin echo spectroscopy. It features 2D spatially resolved detection 
of thermal neutrons at high rates. The CASCADE detector is comprised of a stack of solid 10B 
coated Gas Electron Multiplier (GEM) foils, which serve both as a neutron converter and as an 
amplifier for the primary ionization deposited in the standard Argon-CO2 counting gas 
environment. This multi-layer setup efficiently increases the detection efficiency to serve as a 
Helium-3 alternative. 

For the application in MIEZE spin echo techniques with interference patterns in the order of 
millimetres it has furthermore been managed to extract the signal of the charge traversing the 
stack to identify the very thin conversion layer of about 1μm. This allows to precisely determine 
the time-of-flight [2]. 

The detector concept and measurements results will be presented. 

  

[1] M. Klein, C.J. Schmidt, Nucl. Instr. and Meth. A 628 (2011) 9-18 

[2] W. Häussler et al., J. Phys.: Conf. Ser. 251 012067 (2010)  
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Neutron diffractometers are part of the instrument suite of all current major neutron facilities. 
The extensive applications of neutron diffraction  in material science, physics, chemistry, 
mineralogy, and engineering led naturally to the decision that the ESS diffraction reference suite 
as presented in the TDR1 shall be covered by five instruments.  These instruments must be able 
to use efficiently the long and intense ESS pulse. This implies that the detector system must be 
able to cope with a high dynamic range of intensities emitted by the sample. This high dynamic 
range results from a broad range of scattering cross-sections of samples and the high neutron 
flux envisaged at the ESS. 

During the selection round in 2014, three diffraction instruments were recommended by the 
ESS Scientific Advisory Committee to enter the preliminary construction phase in 2015-2016. 
Results of McStas or Vitess simulations of the proposed instrument concepts indicate that the 
expected fluxes on the samples  are up to two orders of magnitude larger than the current limit 
at other neutron scattering facilities. In this paper we will review and discuss in detail the rate 
requirements for the detection systems at the future ESS diffractometers and compare them to 
real data from reference samples taken at existing instruments. Based upon these findings, we 
will also present the strategy for detector and readout electronics developments by ESS and In-
Kind partners in order to meet the high rate capability  and other detector requirements for 
neutron  diffraction instruments.      

1ESS Technical Design Report, 2013, http://eval.esss.lu.se/cgi-
bin/public/DocDB/ShowDocument?docid=274. 
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Polarisation and analysis for the new thermal time of flight spectrometer, TOPAS, at the MLZ 
will be a highly demanding application of polarised 3He neutron spin filter techniques.  The 
approach for TOPAS will build on experience within the JCNS in the areas of in-situ polarisation 
of 3He gas, 3He neutron spin filter glass cells, and magnetic systems and modelling 
thereof.  Given the complexity of the installation, and the use of up to 150 meV neutrons a 
holistic approach must be used. The "PASTIS" style magnetic system must be integrated with 
an optimal neutron spin filter cell, and sample environment that allows the proper work flow of 
using such cells.  The neutron guide field must be integrated with the various vacuum shutters 
and chopper systems on TOPAS while maintaining both good neutron polarisation transport for 
the 7000 m/s incident neutrons on TOPAS and maintaining magnetic field compatibility with the 
polarised 3He cell.  The incident beam polariser must similarly be integrated with the neutron 
optics and mechanics of the insident beam.  This talk will present our approach and current 
progress towards the realization of polarization analysis for TOPAS. 
 
  

253



 
 

ID: NI7-O5, 2015-09-03 17:30 - 17:45, Mozart Room 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Oral) 
 

Novel Scintillation based Position Sensitive Neutron Detector development platform 
 
Jose Manuel Nuñez Garcia1 , Lander Gonzalez Larrea1  
 
1) Scientifica International, S.L.U.  
* Lander Gonzalez Larrea, lglarrea@scientifica.es 

After several years of development and industrial activity, Scientifica International has 
developed a novel platform for the development and manufacturing of Position Sensitive 
Neutron Detectors (PSNDs) based on scintillating materials. 

This platform comprises knowledge and technology along all the PSND development chain: 
mechanical design capabilities for the detector and components design; manufacturing means 
and know-how to be able to manufacture detectors and detector components; electronics 
development capabilities to supply specific discrimination, read-out and power supply 
electronics; and software development capabilities to provide control and data management. 

Scientifica can, therefore, adapt the platform to the needs of facilities, offering the means to 
cope with a variety of different tasks where necessary. 

In this presentation a detailed description of the capabilities of sample detectors developed with 
this technology will be presented, together with the explanation of the results obtained from 
tests in operation under various conditions on neutron sources. 
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A neutron detection concept is presented that is based on superconductive niobium (Nb) strips 
coated by a boron (B) layer. The working principle of the detector relies on the nuclear reaction 
n+10B→α+7Li , with α and 7Li ions generating a hot spot on the current-biased Nb strip which in 
turn induces a superconducting-normal state transition. The latter is recognized as a voltage 
signal which is the evidence of the incident neutron. The above described detection principle 
has been experimentally assessed and verified by irradiating the samples with a pulsed neutron 
beam at the ISIS spallation neutron source (UK). It is found that the boron coated 
superconducting strips, kept at a temperature T = 8 K and current-biased below the critical 
current Ic, are driven into the normal state upon thermal neutron irradiation. As a result of the 
transition, voltage pulses in excess of 40 mV are measured while the bias current can be 
properly modulated to bring the strip back to the superconducting state, thus resetting the 
detector. Measurements on the counting rate of the device are presented and the basic physical 
features of the detector are discussed 
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Characterization of 10B4C coatings and application in alternative neutron detectors 
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For neutron detection in scientific and industrial applications, detectors based on 10B4C thin films 
are envisaged to replace conventional 3He counters. These replacement efforts are triggered by 
the extreme limited availability and raising price for 3He. Therefore, thin-film preparation and 
analysis of 10B4C coatings are in the focus of R&D for novel detector systems using conversion 
layers containing 10B. The Helmholtz-Zentrum Geesthacht (HZG) operates a unique facility for 
magnetron sputter deposition of large-area single and multilayer coatings (up to 1500 mm x 120 
mm) as needed at FEL and synchrotron sources. Neutron conversion layers of 10B4C have been 
deposited with thicknesses of up to 2 μm on Si and up to 10 µm on Al substrates with this 
facility. The 10B4C coatings show excellent adhesion to the selected substrates. The achieved 
thickness uniformity was determined to be less than 2 % over the entire deposition area. 
Furthermore, the magnetron sputter process has been applied to coat thin Al substrates with a 
thickness of 0.3 mm and lateral dimensions of 1430 mm x 100 mm with 1.2 µm of 10B4C. The 
chemical and isotopic compositions of the 10B4C coatings were investigated by means of XPS, 
SIMS, and RBS [1]. The manufactured coatings have been applied in two neutron detector 
concepts studies based on inclined (A1-CLD) and perpendicular neutron incidence (Am-CLD) of 
the neutrons on thin film converter. The neutron detection efficiency was tested at the ToF-
beamline REFSANS at MLZ (Munich). At small angles of incidence (αi = 1°- 2°) of the neutron 
beam with respect to the converter surface a quantum efficiency of up to 80 % (compared to an 
1 inch 3He tube (10 bar)) was measured for a 1.2 μm thick 10B4C converter coating. The 
achieved position resolution by the investigated detector concepts ranges from 4 mm down to 
sub-mm range. In summary, the results demonstrate the high potential of the investigated 
detector concepts based on the magnetron sputtered 10B4C converter coatings for cold and 
thermal neutrons. The achieved detector performances for both detector concepts open a 3He-
free detector alternative for diffraction beamlines at the ESS. A possible detector configuration, 
including read-out electronics developed by HZG Electronic Department (HZG-TKE), as an 
example for a detector system at the engineering diffractometer (BEER) will be presented. This 
activity is performed as an in-kind contribution to the ESS instrumentation, and is part of the 
German support to the ESS Pre-Construction Phase and Design Update. 

[1] G. Nowak, M. Störmer, H.-W. Becker, C. Horstmann, R. Kampmann, D. Höche, M. Haese-
Seiller, J. - F. Moulin, M. Pomm, C. Randau, U. Lorenz, R. Hall-Wilton, M. Müller, A. Schreyer, 
J. Appl. Phys. 117, 034901 (2015) 
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Development of the Multi-Grid detector: conclusion of the CRISP project 
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Most of the Large Area Neutron Detectors used for TOF instruments are based on linear 3He 
PSDs (Position Sensitive Detectors) mounted side by side to cover tens of m2. As a result of the 
3He shortage, the volume of gas needed to build one of these instruments is not accessible 
anymore. In 2008, the development of alternative techniques without 3He has been given high 
priority to secure the future of neutron scattering instrumentation. 

One of the promising alternatives is the Multi-Grid, introduced at the ILL in 2009, and developed 
in close collaboration between ILL and ESS. This detector is composed of several independent 
modules mounted side by side to cover a fraction of a cylinder centred on the sample position. 
A module is composed of segmented boron-lined proportional counters mounted in a gas 
vessel; the counters, of square section, are assembled with Aluminium grids electrically 
insulated and stacked together. 

This design provides two advantages: First, magnetron sputtering techniques can be used to 
coat B4C films on planar substrates, and second, the neutron position along the anode wires 
can be measured by reading out the grid signals with shaping-amplifiers/discriminator circuits. 
Unlike charge division localisation in linear PSDs, the individual readout of the grids allows 
operating the Multi-Grid at a low gas amplification gain, hence this detector is tolerant to 
mechanical defects and its production accessible to laboratories equipped with standard 
equipment. 

Prototypes of different configurations and sizes have been developed and tested by ILL and 
ESS. A demonstrator, with a sensitive area of 0.8 m x 3 m, has been studied during the CRISP 
European project (2011 - 2014); it contains 1024 grids, and a surface of isotopically enriched 
B4C film close to 80 m2. The size of the detector, the surface of convertor films, as well as the 
number of detection elements (grids and wires) required a rigorous organisation of the tasks. 
Another challenge was to make the gas chamber mechanically compatible with operation in a 
vacuum TOF chamber. Optimal working condition of this detector was achieved by flushing Ar-
CO2 at a pressure of 50 mbar, and by applying 400 Volts on the anodes. This low gas pressure 
allows to greatly simplifying the mechanics of the gas vessel in vacuum, and to minimise the 
gamma sensitivity. 

The detection efficiency has been measured with high precision for different film thicknesses. 
52% has been obtained at 2.5 Angstrom, in good agreement with the MC simulation. By using 
the TOT-COG algorithm (Time Over Threshold - Center Of Gravity) for signals measured on 
neighbouring grids, we could achieve a position resolution significantly better than the vertical 
dimension of the grids. 

The principle of the detector will be recall, the fabrication process will be described, and 
experimental results will be presented. 
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Magnetic structure of the low temperature magentocalorics Gd(HCOO)3 and GdVO4 
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Adiabatic demagnetization is enjoying a revival as a procedure for refrigeration in the 
temperature range of liquid helium (LH), due to the increasing prix of 3He, necessary for other 
technologies, mainly 3He/4He dilution. In the fifties, the classical strategy to design good 
materials for this purpose was to dilute high spin magnetic atoms in a wide matrix of inert atoms 
preventing the ordering via dipolar or exchange interactions, down to very low temperatures. 
That is so in order to reach the lowest possible temperatures. In this sense a reference 
compound is GGG ( Gd3Ga5O12), with no long-range ordering above 0.35 K and and isothermal 
entropy decrement -∆ST near 40 J/kg.K for a field increment of 7 T. 

Another strategy is to design compounds with a high magnetic density and frustrating crystal 
structures, consequently powerful refrigerants and moderate ordering temperatures, near 1 K, 
low enough for the LH range. In this sense Gd(HCOO)3 (TN = 0.78 K) was the record of 
entropy  decrement -∆ST =53 J/kg.K for the same field [1]. Very recently a much higher value -
∆ST = 62  J/kg.K has been reported for GdPO4 (monazite structure) and TN = 0.77 K. 
Surprisingly the zircon-type compounds GdVO4 (TN = 2.5 K) and GsAsO4 (TN = 1.5 K) have 
much higher ordering temperatures, ins spite of larger Gd-Gd distances. We think the different 
structure type is the key. 

The magnetic structure can be studied by hot neutron diffraction, avoiding the huge absorption 
cross section of Gd for thermal neutrons. We did single crystal diffraction (ILL instrument D9) on 
GdPO4 [2],   Gd(HCOO)3 and GdVO4, resulting very different magnetic structures in all cases. 
GdPO4 and  Gd(HCOO)3 order by dipolar interaction but as a non-collinear antiferromagnet in 
the former case and in ferromagnetic chains in the last one.  In both cases the structure results 
of a competition of the dipolar (the strongest), exchange and anisotropy energies.  Contrarily 
GdVO4, orders at much higher temperature in a simple collinear antiferromagnetic way by 
exchange interaction. 
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Small-angle neutron scattering (SANS) is a very powerful technique for the investigation of 
magnetic materials, since it provides information from within the bulk of magnetic media and on 
a length scale between a few nanometers and a few hundred of nanometers (~ 1-300 nm). In 
this talk, we summarize recent theoretical and experimental work in the field of magnetic SANS 
of bulk ferromagnets [1-3]. The response of the magnetization to spatially inhomogeneous 
magnetic anisotropy and magnetostatic stray fields is computed using micromagnetic theory, 
and the ensuing spin-misalignment SANS is deduced. This approach — originally pioneered by 
Kronmüller, Seeger, and Wilkens [4] — goes beyond the traditional description of SANS in 
terms of particle form and structure factors. Analysis of experimental magnetic-field-dependent 
SANS data corroborates the usefulness of the approach, which provides important quantitative 
information on the magnetic-interaction parameters such as the exchange-stiffness constant, 
the mean magnetic anisotropy field, and the mean magnetostatic field due to jumps ∆M of the 
magnetization at internal interfaces. Besides the value of the applied magnetic field, it turns out 
to be the ratio of the magnetic anisotropy field Hp to ∆M, which determines the properties of the 
magnetic SANS cross section of bulk ferromagnets; specifically, the angular anisotropy on a 
two-dimensional detector (see figure below), the asymptotic power-law exponent, and the 
characteristic decay length of spin-misalignment fluctuations. Unpolarized and polarized neutron 
data on hard and soft magnetic nanocomposites will be discussed. 

[1] A. Michels, Journal of Physics: Condensed Matter 26, 383201 (2014). 

[2] D. Honecker and A. Michels, Physical Review B 87, 224426 (2013); D. Honecker et al., 
Physical Review B 88, 094428 (2013). 

[3] E.A. Périgo, E.P. Gilbert, K.L. Metlov, and A. Michels, New J. Phys. 16, 123031 (2014); E.A. 
Périgo, E.P. Gilbert, and A. Michels, Acta Mater. 87, 142-149 (2015). 

[4] H. Kronmüller, A. Seeger, and M. Wilkens, Zeitschrift für Physik 171, 291 (1963). 
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Probing antiferromagnetic order in NiO nanoparticles: a combined neutron diffraction 
and x-ray absorption spectroscopy investigation 
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Nanostructures often appear to play by a different set of physical mechanisms compared to 
those governing bulk materials. Size reduction down to nanometer scale may change the 
mechanical, thermal, electrical or magnetic properties of the material. In particular, a handful of 
magnetic system in nanoparticle (NP) shape often display a core/shell structure greatly 
influenced by surface atoms. This structure gives rise to a rich variety of behaviors due to 
interfacial coupling and also to subtle modification of the atomic arrangements. This is more the 
case whenever the NP is very reduced in size. Among all, NPs made up of materials that are 
antiferromagnetic (AFM) in their bulk form constitute ideal systems for studying finite size 
magnetism. As AFM materials need a high degree of symmetry in order to maintain a balanced 
magnetic structure, their magnetic behavior experiences noticeable changes when reducing 
size. 

In this work we perform a structural and magnetic joint analysis to show how the magnetic 
response of a paradigmatic AFM bulk material like NiO (with a Néel temperature of 523 K) can 
change drastically at the nanometric scale [1]. By combining x-ray and neutron diffraction, x-ray 
absorption spectroscopy and magnetic measurements, we show that the progressive reduction 
of the NP diameter induces border effects such as average undercoordination, bond relaxation 
and static disorder. The competing scenario between surface spin frustration and the expected 
AFM order typical of bulk NiO results in different size-dependent magnetic behaviors. As 
decreasing the NP diameter, a spin glass (SG)-like state originates at the surface of the NPs 
and, if the NPs are smaller than 4 nm, the magnetic disorder affects the whole particle and no 
AFM core is formed. The presence/absence of an inner AFM region is crucial for understanding 
the phenomenology of the SG-like state and the appearance and features of the exchange bias 
effect. 
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The multi-k magnetic structures with propagation vectors k being the arms of the propagation 
vector star rarely can be justified experimentally. We show that the antiferromagnetic structure 
in the low dimensional quantum spin trimer system Ca3CuNi2(PO4)4 is based on the full star of 
propagation vector k=[1/2,1/2,0] of the paramagnetic space group C2/c. The relation between 
representation analysis in the propagation vector formalism and Shubnikov magnetic space 
group (MSG) symmetry is examined in details. A symmetry restrictive MSG that excellently fits 
the experimental data can be constructed only with the use of the full star. To further prove the 
specific magnetic structure we have performed the calculations of the spin expectation values in 
the isolated Ni2+–Cu2+–Ni2+ trimer with realistic Hamiltonian. The calculated spin values 〈SNi
〉 = 0.9 and 〈SCu〉 = 0.3 are within 10% accuracy in agreement with the experiment, 
providing a strong complementary argument in favor of a multi-arm magnetic structure. 

V. Pomjakushin 2014 J. Phys.: Condens. Matter 26 496002 
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Magnetic nanoparticles (MNP) present appealing properties for applications, such as the 
increasing the capacity of magnetic storage media, improving the contrast for magnetic 
resonance imaging and even the possible treatment of cancer through magnetic hyperthermia 
[1,2,3]. To achieve such ambitious goals, it is of paramount importance to understand the 
influence of the interactions between the nanoparticles.  

MNP ensembles present very different behaviours when the strength of the interactions 
between the nanoparticles change. Superparamagnetism is found when the interaction are 
negligible, a superspin glass (SSG) state when the magnetic ground state is frozen at low 
temperatures, and finally superferromagnetism (SFM) when most of the MNP are 
spontaneously aligned [4,5]. 

In this work we have studied the crossover between SSG and SFM [5] in nanogranular 
FexAg100-x (7<x<45 %) thin films. One of the main open questions in these systems is how the 
magnetic correlation length changes in the different regimes and its dependence on 
temperature. To explore it, we have performed non-linear susceptibility and small angle neutron 
scattering (SANS) measurements with varying temperature and magnetic field in samples with 
x=15,35%, which respectively present SSG and SFM behaviour [6]. 

The real non-linear susceptibility shows how in the case of the SSG sample a sharp peak is 
present, as is typical for glassy systems. The Fe35Ag65 displays a more rounded peak which 
decreases with increasing frequency. At the highest frequency available, the shape of the curve 
changes, reproducing the archetypical shape of conventional ferromagnets.  The increase 
of  the SANS magnetic intensity when reducing the temperature (see Fig. 1) shows how the 
magnetic correlation length grows when reducing the temperature in both SSG and SFM 
system. More interestingly, we have been able to estimate (through the simple formula D =2π/Q 
) the magnetic correlation length that spontaneously arises in both systems. In the case of the 
Fe15Ag85 the magnetic correlation length spans  15 nm, where in the case of the case of the 
SFM sample it exceeds several hundreds of nanometres. 
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The FexO/Fe3O4 system demonstrates a broad dispersion of magnetic properties observed by 
different methods. Neutron diffraction investigation of the smallest and largest FexO/Fe3O4 
core/shell nanoparticles (9 nm and 45 nm) reveal a non-stoichiometric Fe0.8O core for the 
smaller particles, which leads to the non-magnetic character of the FexO core. While the larger 
core Fe0.95O exhibits an antiferromagnetic behaviour. In both cases, the magnetite shell displays 
an usual ferrimagnetic order. 

It was shown that the moments in the FexO core deviate from the [111] direction observed in the 
bulk and are aligned along the [110] axis. The large enhancement of Neel temperature in the 
core with respect to the bulk value was observed as well. The different mechanisms, which can 
be responsible for these peculiarities are discussed. 

 M. Estrader, A. López-Ortega, I.V. Golosovsky, S. Estradé, A.G. Roca, G. Salazar-Alvarez, L. 
López-Conesa, D. Tobia, E. Winkler, J.D. Ardisson, W.A.A. Macedo, A. Morphis, M. Vasilakaki, 
K.N. Trohidou, A. Gukasov, I. Mirebeau, O.L. Makarova, R.D. Zysler, F. Peiró, M.D. Baró, L. 
Bergström, and Josep Nogués, "Origin of the Large Dispersion of Magnetic Properties in 
Nanostructured Oxides: FexO/Fe3O4 Nanoparticles as a Case Study", Published on-line, 
NanoScale, DOI: 10.1039/c4nr06351a, 2015. 
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The formation of spin ice is a well-established phenomenon in pyrochlore oxides like Ho2Ti2O7 
and Dy2Ti2O7. In these compounds, the crystal field constrains the spins to point \'in\' or \'out\' of 
the tetrahedron along the local <111> cubic axis and the dominant dipolar interaction imposes a 
strong \'two-in-two-out\' ice rule. Such a state possesses excitations of emergent magnetic 
monopoles and further study calls for identification of new classes spin ice compounds. 

Recently, the spinel material CdEr2Se4 was proposed to be the first spin ice outside the rare 
earth pyrochlore oxide paradigm [1]. In this compound, the Er3+ ions occupy the spinel B sites 
and form a corner-sharing network of tetrahedra, as in the rare-earth titanate pyrochlores. 
Specific heat measurements verified the zero-point entropy of (R/2)ln(3/2), and magnetization 
measurements demonstrated the Ising spin symmetry [1]. Here we present microscopic proofs 
for this new spin ice state based on neutron scattering experiments. 

Neutron inelastic scattering experiments were performed on the IN4 and IN6 time-of-flight 
spectrometers at ILL. The crystal electric-field parameters and the wave functions for the 
ground state were determined using the McPhase program [2]. A strong Ising character of the 
ground state is identified, and the energy gap for the first excited state is relatively high (3.96 
meV). This ensures the validity of the Ising model, which is a prerequisite for the spin ice state. 

Integration of the data around the elastic line reveals Q-dependent diffuse scattering patterns at 
different temperatures. Below 25 K, strong diffuse scattering is observed and finally leads to two 
broad peaks centered around 0.6 and 1.4 Å-1 at 2 K. Monte Carlo simulations implemented with 
the ALPS program [3] for the dipolar spin ice model [4] were used to fit the pattern. The 
resulting ratio for the nearest-neighbor dipolar interaction Dnn to the exchange coupling Jnn is 
|Dnn|/|Jnn| = 6.50, which agrees very well with estimates from bulk measurements and 
corroborates the dominance of the ferromagnetic dipolar interactions. 

As a conclusion, our crystal field study confirms the Ising character of the Er3+ spin and diffuse 
scattering data proves the dominance of dipolar interactions in CdEr2Se4. In this way, we 
establish the first microscopic evidences that CdEr2Se4 is a novel spin ice. 

[1] J. Lago et al., Phys. Rev. Lett. 104, 247203 (2010) 

[2] McPhase: http://www.mcphase.de 

[3] Bauer et al., J. Stat. Mech. P05001 (2011) 

[4] B. C. den Hertog et al., Phys. Rev. Lett. 84, 3430 (2000) 
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Atoms in perfect crystals are arranged in a periodic lattice. However, perfect crystals do not 
exist in nature. All crystals have some inherent defects, e.g., vacancies or substitutional atoms 
due to the limited purity of the material. Moreover, defects are often intentionally introduced into 
the crystal in order to manipulate its physical properties. Doping has become an important tool 
for magnetic materials in the context of high-temperature superconductivity and quantum 
magnetism as well as for semiconductors to induce ferromagnetism. Defects produce local 
lattice distortions, i.e., the atoms around the defect are displaced from their crystallographic 
equilibrium positions, and the exchange interactions around the defects deviate from the 
average exchange. Experimental information on local exchange interactions and local 
structures is important to understand the physical mechanisms of the defect crystals. From the 
theoretical side, the defect problem was investigated by Krivoglaz [1] who predicted that the 
atomic displacements in three- and two-dimensional crystals decay asymptotically as 1/r2  and 
1/r, respectively (r denotes the distance of the displaced atoms from the defect). In one-
dimensional crystals the atomic displacements do not decrease with increasing distance r at all. 
All these predictions were experimentally confirmed by inelastic neutron scattering studies of 
three-, two- and one-dimensional materials doped with manganese ions [2]. More specifically, 
the observed singlet-triplet transitions associated with manganese pairs were found to exhibit 
remarkable fine structures, which provide detailed information on both local structural effects 
and local exchange interactions. As a consquence, the exchange interaction in doped materials 
is no longer uniformly distributed, but it can markedly deviate from the average exchange as 
illustrated in the present work. 
 
[1]   M. A. Krivoglaz, X-Ray and Neutron Diffraction in Nonideal Crystals (Springer, Berlin, 
1996). 

[2]   A. Furrer et al., Phys. Rev. Lett. 107, 115502 (2011); Phys. Rev. B 89, 144402 (2014); 
Phys. Rev. B 90, 144434 (2014). 
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We have recently reported an in-situ mineralization protocol designed for the preparation of 
magnetic hydrogels consisting of biodegradable polymer gelatin and magnetic iron oxide 
nanoparticles [1]. The gelatin hydrogels have a spatial confined cavities structure so that 
magnetite particles were placed in the meshes homogeneously distributed throughout the gel 
matrix. We explore the roles of gelatin hydrogels on the bio-inspired magnetite mineralization 
mechanisms by using Small (SANS) and very-small (VSANS) angle neutron scattering in 
conjunction with SAXS/TEM/AFM/XRD measurements. 

The studies focus on the nucleation and growth of the magnetite in gelatin gel, which are bio-
inspired hybrid materials from natural bio-minerals. The contrast variation method was used by 
exchange of solvent in order to analyze the individual components of the structure. These 
results are expected to provide structural information in-situ for understanding the mechanisms 
of magnetite mineralization. Several hypotheses have been introduced to explain how organic 
matrix function in magnetite biomineralization. These structural and mineralization mechanism 
are compared with the biological samples (Chiton teeth). We aim to provide novel insights for 
establishing a direct relation between the gelatin matrices of spacing confinement and gelatin 
molecular controlling on the mineralization mechanism in order to eventually produce highly 
sophisticated materials with optimal properties. 

References 

[1] M. Helminger et al, Adv. Funct. Mater., 24 (2014) 3187. 
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Copper selenide attracted interest due to high ionic conductivity and efficient thermoelectric 
properties. For both properties the presence of low-energy phonon modes similar to observed in 
other fast ionic conductors plays important role. Phonon dispersion curves were measured in 
superionic α -Cu1.85Se at 300K and in α - β phases of Cu1.96Se at 300 and 450K using triple-axis 
neutron spectrometer at ANSTO [1]. Transverse acoustic branches demonstrate an optic-like 
behaviour and strong broadening of phonon peaks at q > 0.5. The DFT calculations show the 
presence of unstable phonon modes. These modes relate to the ordering of Cu atoms observed 
in α-Cu1.8Se at 300 K followed by α - β phase transition at lower temperature and formation of 
superstructure [2]. The high density of low-energy modes along with observed strong phonon 
damping is probably responsible for the low values of lattice component of thermal conductivity 
in this material. The effect of low energy phonon modes on thermal conductivity is somewhat 
similar to those observed in the Ga – clathrates, but the mechanism is different. 

Brownmillerites are solid-state materials with high oxygen ion conductivity at moderate 
temperatures. Due to the layered nature, the phonon scattering at the octahedral–tetrahedral 
interfaces could reduce thermal conductivity. According to the study [3] the inelastic neutron 
scattering pattern of brownmillerites powders consists of the acoustic phonons emerging from 
the Bragg peaks and dominating low-frequency band of optical vibrations merging into acoustic 
modes. This is a result of large displacements of apical oxygen atoms, which even able to 
migrate into the vacancy channels of the tetrahedral layer. The oxygen migration in Sr2Fe2O5 is 
based on structural instabilities and corresponding dynamical fluctuations of oxygen in the 
tetrahedral chains. We recently grew the large single crystals of Sr2Fe2O5 and Ca2Fe2O5 by the 
floating-zone method and perform INS measurements of phonon dispersion curves. We found 
that acoustic transverse mode demonstrates a linear behaviour at small phonon wave vectors 
and flattens up at energy of ~ 6 meV at q > 0.5. Some optic modes have unusually low 
frequency at Brillouin zone centre. At energies below ~ 4 meV  these phonons are overdamped 
and merge into acoustic intensity. In this regime phonons are dynamical fluctuations with large 
amplitude coupled with oxygen migration motions. This results in low thermal conductivity and 
gives some indications that fast oxygen transport at ambient conditions is phonon-assisted. 

References 

1. S.A. Danilkin; M. Yethiraj, Neutron News, 20 (2009) 37. 

2. S.A. Danilkin, M. Yethiraj, and G. J. Kearley, J. Phys. Soc. Jpn. 79 (2010) 25. 
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Lithium-ion batteries are nowadays part of our everyday life. Increasing their life span and 
energy density is a great issue since many years, as these are basic needs for small mobile 
devices. Applications related to electromobility and energy storage also call for pushing 
parameters like power density and rate capability even further. In both contexts one is aiming 
for an investigation of single cells or even integrated batteries under real operating conditions. 
Hereby great emphasis is put on gaining detailed information about the processes taking place 
inside the cell, reaching down to the atomic length scale, whereby structural changes and phase 
transitions induced by lithium intercalation and deintercalation can be analysed. Neutrons offer 
a capability to investigate large cells, because they are able to penetrate many materials much 
easier than other kind of radiation. It is therefore possible to conduct in operando investigations 
on standard size Li-ion cells. In addition the sensitivity of neutron radiation to differentiate 
between neighbouring elements and even isotopes via large variations of the corresponding 
scattering and absorption cross sections not only makes it possible to trace light elements like 
lithium but also provides information about cation exchange reactions, e.g. in cathode materials 
[1]. Applying wavelength dependent imaging techniques enables to optimize contrast and 
transmission of a given sample and to reduce beam hardening artefacts during a tomographic 
reconstruction, which are present for a polychromatic neutron beam. Furthermore the 
wavelength dependent neutron transmission signal is sensitive for Bragg edges of the different 
crystallographic phases occurring inside Li-ion cells. Like spatially resolved neutron diffraction 
this might provide additional information on the homogeneity of the state of charge inside an 
operating cell with increased spatial resolution. Spatially resolved neutron diffraction on the 
other hand has been proven to allow for an investigation of possible inhomogeneities in 
connection to the state of charge inside Li-ion [2]. 
 
New findings based on neutron imaging and scattering techniques in combination with 
electrochemical cell characterization on Li-ion battery of 1865-type will be presented. Obtained 
results will be discussed in terms of their influence for the future design of Li-ion cells, for 
example with respect to the cell geometry (tab positions) and the cell balancing. 
  
References: 
[1]     O. Dolotko, A. Senyshyn, M.J. Mühlbauer, K. Nikolowski, H. Ehrenberg,“Understanding 
structural changes in NMC Li-ion cells by in situ neutron diffraction”, Journal of Power Sources, 
245 197-203 (2014). 
[2]     A. Senyshyn, M.J. Mühlbauer, O. Dolotko, M. Hofmann, T. Pirling, H. Ehrenberg, “Spatially 
resolved in operando neutron scattering studies on Li-ion batteries”, Journal of Power Sources 
245 678-683 (2014). 
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The crystal structure and magnetic properties of the RbMnPO4 zeolite-ABW-type material have 
been studied by temperature dependent neutron and x-ray powder diffraction, magnetometry, 
and heat capacity measurements. RbMnPO4 represents a rare example of a weak 
ferromagnetic polar material, containing Mn2+ ions with TN = 4.7 K. A close inspection of the 
crystal structure of RbMnPO4 shows that this material presents two different types of zigzag 
chains running along the b axis. This is a unique feature among the zeolite-ABW-type materials 
exhibiting the P21 symmetry. At low temperature, RbMnPO4 exhibits a canted antiferromagnetic 
structure characterized by the propagation vector k1 = 0, resulting in the magnetic symmetry 
P21′. Due to the geometrical frustration present in this system, an intermediate phase appears 
within the temperature range 4.7−5.1 K characterized by the propagation vector k2 = (kx, 0, kz) 
with kx/kz ≈ 2. This ratio is reminiscent of the multiferroic phase of the orthorhombic RMnO3 
phases (R =rare earth), suggesting that RbMnPO4 is a multiferroic type II in this temperature 
range. Additional high temperature x-ray diffraction data shows a rich phase diagram where the 
system evolves from P21 symmetry to Pna21 at 175°C and to finally Pnma around 260°C. The 
ferroelectric state present at room temperature with the k1 = 0 magnetic order at low 
temperature coupled to the likely type II multiferroic state in the range 4.7 – 5.1 K make this 
material a mixed type I/II multiferroic system. 

G. Nénert et al., Inorg. Chem. 2013, 52, 9627−9635 

G. Nénert et al., in preparation 
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First generation photovoltaic materials were based on Si, which has a low optical absorption 
coefficient. Since then, an active area of research has been focused in replacing Si with other 
materials with a higher absorption coefficient. Thin films made of CdTe, Cu(In,Ga)Se2 were the 
second generation of photovoltaic material, with light-electricity conversion comparable to those 
based on Si. However, the cost and lack of Te and In, together with the high toxicity of Cd are 
problems to be solved. Due to this, considerable attention is paid to Cu2Zn(Sn,Ge)(S,Se) thin 
film materials which are proposed to be next generation of absorbers for photovoltaic solar cells. 
The interest on them is double; on the one hand the abundance and low toxicity of all these 
elements, on the other their efficiency as photon absorbers comparable to their former 
counterpart [1, 2]. The crystallographic phase, composition and position of each element within 
the lattice, strongly affects the final material performance in its possible technological uses. The 
cations Cu+ and Zn2+ are isoelectronic, which makes them indistinguishable from one another in 
an X-ray diffraction experiment, however due to their different scattering length, neutron 
diffraction is a suitable technique for a complete structure description[3]. Here we present a 
neutron study of selected Cu2Zn(Sn,Ge)(S,Se) nanoparticles, which are good candidates to be 
implemented in thin films photovoltaic devices [4,5]. Correlations between the exhibited 
crystalline structure and the synthesis conditions will be shown. Moreover, results concerning a 
phase transformation from wurtzite to tetragonal crystalline phase will be discussed. 

 

[1] H. Katagiri, K. Jimbo, et al. Appl. Phys Express 2008, 1, 041201. 

[2] T.K. Todorov, K.B. Reuter, D.B. Mitzi, Adv. Energy Mater., 2010, 22, 1. 

[3] S. Schorr, Solar Energy Materials & Solar Cells, 2011, 95, 1482. 

[4] M. Ibañez, R. Zamani, et al. J. Am. Chem. Soc, 2012, 134, 4060. 

[5] A. Carreté, A. Shavel, et al J. Am. Chem. Soc., 2013, 135, 15982. 
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Polymer electrolyte fuel cells using hydrogen can serve as clean and efficient energy 
converters. One of the crucial components of these electrochemical cells is the proton 
conducting membrane. The proton conductivity, mechanical stability and durability of these 
membranes are strongly affected by the phase segregation found on the nanoscale, a topic 
extensively studied with various methods [1-2] such as small-angle neutron scattering, an ideal 
technique for this class of materials [3]. We combined the structural characterization tools of 
small-angle neutron (SANS) and X-ray scattering (SAXS), the energy dispersive X-ray analysis 
(EDX), dynamic experimental methods of nuclear magnetic resonance (NMR) spectroscopy [4] 
and quasi-elastic neutron scattering (QENS) to gain insight into the fuel-cell relevant properties 
of membranes synthesized via radiation grafting. For the preparation of the membranes we 
used a commercially available base film (ETFE, poly(ethylene-alt-tetrafluoroethylene)) grafted 
with polystyrene, sulfonated subsequently. 

We found structural and/or dynamic variations of the membranes upon changing the following 
parameters: basefilm manufacturer (DuPont/Saint-Gobain), level of grafting, radiation grafting 
protocol and sulfonation. We also revealed how the structural and dynamic parameters vary 
along different directions in the membrane. Structural studies were facilitated by the 
development of a sample environment allowing measurements at different membrane 
orientations and humidity conditions. The obtained results were correlated with membrane 
performance relevant measurements, such as membrane conductivity, and with macroscopic 
characteristics, such as dimensional changes. 

These results allow us to better understand the correlation between synthesis, structure, 
(proton) dynamics, and functionality of radiation grafted membranes, which will lead to the 
development of membranes with improved performance. 

[1] Balog, S. et al. (2013) Polymer 54; [2] Balog, S. et al. (2011) J. Membr. Sci. 383; [3] Balog, 
S. et al. (2010) Macromol. Chem. Phys. 211; [4] Sproll, V. et al. (2015) Radiat. Phys. Chem. (in 
press) 
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The hybrid perovskite phase methylammonium lead iodide (MAPbI3) has attracted increasing 
amounts of scientific attention since its identification as a highly efficient and low cost 
photovoltaic material. [1] Device efficiencies have rapidly risen to 17.9%, [2] while significant 
questions still remain regarding the 
device physics, especially the dynamic response under working conditions, [3] and also the 
fundamental structural properties of the material as a bulk solid and dynamically in operando. 
Full structural definition of the phases of MAPbI3 has been hindered by the inherent complexity 
of the hybrid perovskite, with disorder in both organic and inorganic components observed in 
the higher temperature phases, [4] and the inherent limitations of X-ray diffraction techniques; 
these include an inability to distinguish the near isoelectronic atoms carbon and nitrogen, and 
difficulty in locating the light atom positions in the presence of the heavy atoms, Pb and I.  The 
high temperature phase (>327 K) is cubic [5], the intermediate phase (165 < T < 327 K) 
tetragonal [6] and the low temperature phase orthorhombic [7]. However, the hydrogen 
positions and the orientation of the methylammonium cation remain unclear. 

In this work we have investigated the full structure of [CH3NH3]PbI3 using neutron powder 
diffraction on a fully hydrogenous sample. This has provided key information on light atom 
positions in this heavy metal compound and distinguished carbon and nitrogen, due to their 
contrasting scattering lengths. Investigation of hydrogenous samples also has the advantage of 
avoiding isotope effects, which can markedly change phase behaviour in ammonium and 
alkylammonium compounds while also providing a strong contrast between carbon, nitrogen, 
and hydrogen due to the latter’s negative scattering length. 
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Proton conducting oxides, which may be classified according to their structure type, are 
currently accumulating considerable attention due to their potential as efficient electrolytes in 
various electrochemical technologies [1]. Amongst the most promising materials, is the 
brownmillerite structured oxide Ba2In2O5, which may be described as an oxygen deficient 
variant of the perovskite structure, with alternating layers of InO6 octahedra and InO4 tetrahedra. 
Like most other oxygen-deficient oxides, Ba2In2O5 transforms upon hydration into a hydrogen-
containing, proton conducting, material, leading, ideally, to a, perovskite-like material of the form 
BaInO3H. In this context, we have investigated the vibrational spectra and short-range structure 
of both Ba2In2O5 and its hydrated analogue BaInO3H, using a combination of Raman, infrared, 
and neutron spectroscopy, together with density functional theory calculations [2]. For Ba2In2O5, 
the results affirm a short-range structure of Icmm symmetry, which is characterized by random 
orientation of successive layers of InO4 tetrahedra. For the hydrated, proton conducting, form, 
the results suggest that the short-range structure is more complicated than the P4/mbm 
symmetry that can been proposed previously on the basis of neutron diffraction, thus 
highlighting the need for more local structural probes to determine the correct structure of 
BaInO3H.  

Moreover, we have studied the dehydration mechanism of BaInO3H [3]. The results suggest that 
the structure evolves from a perovskite-like structure for the fully hydrated material at room 
temperature, through a partially hydrated structure with the degree of dehydration increasing 
gradually with increasing temperature, to a brownmillerite-type structured material at essentially 
complete dehydration at 600 °C. In particular, our spectroscopic results reveal the appearance 
of an intermediate phase at ca. 370 °C, which is similar to the structure of the fully dehydrated 
material but with the difference that it is characterized by a non-centrosymmetric distortion of the 
InO6 octahedra not present in the earlier. Below the hydrated-to-intermediate phase transition at 
ca. 370 °C, the dehydration process is featured by the release of protons confined to the layers 
of InO4 tetrahedra, whereas at even higher temperatures also protons bound to oxygens of the 
layers of InO6 are released. 

[1] L. Malavasi, C. A. J. Fisher, M. S. Islam, Chem. Soc. Rev. 39 (2010) 4370 

[2] J. Bielecki, S. F. Parker, D. Ekanayake, S. M. H. Rahman, L. Börjesson, M. Karlsson, J. 
Mater. Chem. A 2 (2014) 16915 
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The Swiss Spallation Neutron Source SINQ is in operation since 1996. Today 
neutrons are provided to 18 neutron instruments. In addition SINQ was the first neutron 
source where supermirror neutron guides were installed for all cold instruments. 
Recently we have started to investigate different upgrade options for SINQ. In particular a 
guide upgrade seems promising. Different guide options as well as possible moderator 
improvements will be presented. 
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The High-Flux Reactor PIK with 100 MW power will allow to obtain the thermal neutron flux 
density in the heavy water reflector tank more than 1015 n/ cm2 s and a record that has no 
analogues in the world -  
5 * 1015 n/ cm2 in the central experimental beam. 

The experimental capabilities of the reactor PIK are determined not only by the high intensity of 
the thermal neutron beams, which is approximately an order of magnitude higher than the 
existing medium-power reactors have, but also the planned development of a hot, cold and 
ultracold neutron sources, that will produce neutron beams with neutrons of other energies with 
high performances. 

At the reactor PIK there are planned to build three cold neutron sources for neutron experiments 
on the horizontal beams HEC-3, HEC-2 and HEC-4-4\'. In all cold neutron sources a liquid 
deuterium will be used as moderator at a temperature of 20 - 25 K, which is the best moderator 
for the reactor with heavy water reflector. We expected to get the cold neutron flux density at 
the reactor face around 6 1010  - 1.77 *10 11  n/ cm2 s and with heat deposition in CNS  6.5 – 11 
kW in different places of their location. 

At the same time there is a plan to build one ultracold neutron source on base of a new method 
for production of ultracold neutrons (UCNs) in superfluid helium at an external beam of neutrons 
at the PIK reactor. 

The maximum UCN density in such a source and fed experimental installations is constrained 
by the source cryogenics. According to our calculations, it could be equal to ~105 UCN/cm-3 and 
the production rate could be equal ~107 UCN/sec-1, provided that we use solid methane at the 
temperature of 4 K as a moderator/reflector, the critical energy of the source walls is 250 neV, 
and the probability of UCN loss per bounce is ~10-4. The thermal load to the source at these 
parameters can be ~1 W. The use of a cold neutron beam can increase the UCN density by a 
factor 3. 

The constructed at reactor PIK in NIC “KI” PNPI the cold and ultracold neutron sources are the 
world class scientific instruments, and their neutron behaviours allow the reactor PIK be one of 
the few in the world, which has considerable potential in cold and ultracold neutrons application 
in various fields of science and technology. The cold and ultracold neutron sources will 
significantly expand the instrument experimental base of the reactor PIK. 
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Deuterium labelling at the Australian National Deuteration Facility: demand, supply and 
impact on neutron scattering studies 
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Technology Organisation, Lucas Heights, New South Wales 2232, Australia.  
* Tamim Darwish, tamim.darwish@ansto.gov.au 

Molecular deuteration significantly increases the options in structure function investigations 
using neutron scattering and diffraction techniques.  There have been limited global initiatives in 
the field of molecular deuteration where the majority of these programs focus on biological 
deuteration of proteins and lipids, while more complex deuterated small molecules haven’t been 
widely available to the neutron community. This has limited the experiments that can be 
performed, and formed a bottle-neck for advancing the applications of neutron scattering. 

In this paper we will discuss the recent advancements and the impact of deuteration on the 
research outcomes achieved by using deuterated molecules produced by the chemical 
deuteration laboratories at the National Deuteration Facility in the Bragg Institute, ANSTO. 
Recent high-impact case studies will be presented which reveal the exciting and diverse 
characterisation studies which are now available for the neutron community. 

We describe here the synthesis and application of deuterated organic molecules used to 
investigate complex nanoscale systems in the fields of molecular electronics, structural biology, 
and biotechnology. The chemical deuteration of surfactants, sugars, heterocyclic and aromatic 
compounds has made possible a wide range of investigations. This includes the study of (i) 
match-out deuterated analogues of commonly used membrane protein storage detergents in 
combination with SANS, (ii) the localisation of sugars in lipid membranes to give insights into 
cryoprotective mechanisms [1], (iii) the pH-responsiveness of the assembly of lipid digestion 
products in biologically relevant systems [2], and (iv) the structure and host-guest properties of 
metal-organic frameworks (MOFs) using neutron diffraction [3,4]. 

  

[1] Kent, B. et al., J. R. Soc. Interface, 11, 95 (2014). 

[2] Salentinig, S. et al., Langmuir, 30, 7296-7303 (2014). 

[3] Wu, Y. et al., Angew. Chem. Int. Ed. 53 (20), 5175-5178 (2014). 

[4] Wendy L. et al.  Chem. Sci. 5, 4569-4581 (2014). 
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Upgrades to the SINQ Cold Neutron Source 
 
Ryan Bergmann1 , Uwe Filges1 , Daniela Kiselev1 , Tibor Reiss1 , Vadim Talanov1 , Michael 
Wohlmuther1  
 
1) Paul Scherrer Institut  
* Ryan Bergmann, ryan.bergmann@psi.ch 

Changing the configuration of the cold neutron source during an extended shutdown of Swiss 
Spallation Neutron Source (SINQ) is being considered for improving performance of the 
instruments that use the cold source.  The cold neutron source consists of a 20 L volume of 
liquid D2 at approximately 25 K.  Previous upgrades included adding a re-entrant hole into one 
side of the D2 volume to allow cold neutrons to stream uninhibited from the center of the source 
towards the instrument neutron guides.  Calculations done prior to these changes predicted cold 
neutron fluence gains from 1.2 to 1.9, with gains increasing with wavelength. These increases 
have not been observed, and it is suspected that the re-entrant hole is not fully voided.  Voiding 
the re-entrant hole relies on radiative heating to boil D2 which in turn fills the re-entrant hole 
cavity, pushing the liquid D2 out.  Proposed plans include making the re-entrant hole external 
(ensuring that it is not filled with liquid D2), removing some extra structural material around the 
D2 tank, redesigning the re-entrant hole geometry to be more optically ideal, introducing a Pb-
208 reflector to minimize cold neutron up-scattering from the surrounding D2O moderator tank, 
and implementing a small liquid H2 volume to provide a cold neutron “hot spot” for certain 
instruments.  These changes are predicted to increase neutron fluence between 1.1 to 2.0 times 
the current levels, depending on instrument location, view, and wavelengths of interest. 
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Combined neutron moderator for the IBR-2 reactor. Project of cold neutron source with 
moderator with continuous change of pellets in the chamber on the basis of the 

combined moderator. Cryogenic system for cold moderator complex. Technical device 
and support for moderators. 

 
Konstantin Mukhin1 , Vladimir Anan'ev1 , Alexander Belyakov1 , Alexander Lubimsev1 , 
Alexander Kustov1  
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* Konstantin Mukhin, kostik001@mail.ru 

In the plan of the modernization IBR-2 reactor around  a reactor core will be   installed 3 
cryogenic neutron moderators. For slowdown neutrons in moderators use a mesitylene with m-
xylene as frozen beads with a diameter of 3-4 mm. These pellets are served in a moderator 
chamber by a helium flow. Currently, one of the moderators (202) is already installed and 
working on the experiment. 

Given the positive experience of the moderator (202) is now commissioned a full-scale stand 
retarder 201 with reference to the premises. The report will be submitted to the moderator 201. 
The main problem of transportation is download pellets in a moderator chamber (pellets should 
raise up the height of 3 meters at an angle of 50 degrees). It condition is defined by the 
geometric position of the moderator in a reactor biodefense . Will present the results of 
experiments on the loading pellets into the moderator chamber and proposed the concept of a 
moderator with the continuous change of pellets without stop of the reactor cycle. 

In presentation will be show a cryogenic system for all cryogenic complex of cold moderator. It 
is including two cryogenic refrigerators 700 watt and 1200 watt. If necessary, refrigerators can 
replace each other. 
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The H5 Program – the latest innovative guide system at the ILL for 8 state of the art new 
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The H5 program is part of the MILLENNIUM program, the latest cycle of ILL upgrades which 
has brought an astonishing gain increasing the average detection rate across the ILL instrument 
suite by a factor of more than 25 over the last decade. 

Within the H5 program, the ILL has redesigned and replaced the entire H5 guide system to feed 
more useful neutrons to four new instruments ( ThALES, WASP, D50 and a 9A neutron beam 
facility), and to four upgraded spectrometers: IN15, D22, Super Adam, and D16. 

The new H5 guide system. To achieve such a program, a 750m2 guide hall extension was 
realized while the previous guide system was replaced by a brand new guide system with a total 
length of 300m with significantly reinforced radioprotection casemates. The design of the new 
guide system exploits modern guide technologies to the fullest – high-performance supermirror 
coatings, multiple guide elements and a new metallic substrate material for the in-pile part.   

The first measurements of neutron flux have been realized and show a gain factor of 2 to 3 for 
the capture flux transported by the new neutron guides now coated with high index super mirror. 

The new H5 Instruments suite. Concerning the instruments, IN14 has been replaced by 
ThALES, a new tripple axis spectrometer unique in the world which benefits from a dedicated 
m=3 neutron guide. Two other instruments have been added: WASP, a modern spin-echo 
machine, which will replace IN11 in 2016, and D50, an innovative prism based reflectometer for 
industrial applications. The back scattering spectrometer IN16 hosted on the previous H5 guide 
has been replaced by IN16B in the ILL7 guide hall. 

The diffractometer D16 disposes now of an optimized beam geometry and an improved 
detector. In total, the flux on samples has increased by a factor of 10 with respect to the old H5 
position! 

The reflectometer SuperADAM now enjoys a vast experimental area nearly three times larger 
than before, new monochromators and a new detector. Combining new guide and better 
equipment lead to a flux gain by a factor of 5. 

The CryoEDM experiment which was one of the flagships for the ILL in the last 30 years has 
now been decomissioned, but the 9Å beam on H5 is ready for a future new EDM using the 
liquid He downscattering for the production of ultracold neutrons. 

IN15, the second spin echo spectrometer of the ILL is now equipped with much more powerful 
magnetic system which should considerably boost its performance. 
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The SANS D22 has now been equipped with a new high-tech collimator system which will 
drastically improve its reliability as well as its beam shaping accuracy. D22 upgrade includes the 
TISANE option based on a unique very high speed double chopper, and additional shielding 
compatible with white beam requirements which should allow for a major rise in flux (estimated 
at a factor of 20) for fast kinetic studies when a high Q resolution is not required. First users of 
D22 and IN15 are expected for the first cycle of 2015. 
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Neutrons emerging from a moderator spread out in all directions, and guides are typically used 
to transport them efficiently over long distances. At high-intensity spallation sources, concerns 
associated with existing spatial constraints, radiation damage, and potentially high costs 
involved in accessing the target area have largely prevented detailed studies aimed at 
maximising neutron collection from the moderator face using state-of-the-art neutron-guide 
technologies. The recent advent of a number of low- and medium-power accelerator-driven 
neutron sources around the world provides a timely opportunity to re-examine this particular 
point, with a view to improving the rather inefficient process of producing thermal and cold 
neutrons at these neutron sources. With these considerations in mind, the present study 
provides quantitative estimates of potential neutron gains arising from optimal moderator-guide 
configurations. To this end, we have carried out extensive Monte Carlo simulations and 
supplemented these with analytical models. These models have been used to explore optimal 
geometries for several neutron sources. The achievable flux gains are also compared with 
those possible at higher-power sources like ESS. 
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A Proposal for a Next Generation European Neutron Source 
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Peter Egelstaff gave talks in the 1980s demonstrating that the period of gestation of large 
scientific facilities had been increasing by one year for every year that has elapsed since the 
end of the second world war. He supported this assertion by comparing the gestation period of 
the Dido and Pluto reactors at Harwell (~5 years) with the ISIS pulsed source (~15 years), 
amongst other examples. Nowadays to see the truth of his statement we need look no further 
than the elapsed time between the original proposal for the ESS in 1991 and its projected 
attainment of full specification with a complete instrument suite, which will be close to 40 years 
– a scientific lifetime. 
 
It is not too early therefore to contemplate the idea of a next generation neutron source for 
Europe if neutron scattering is to survive into and beyond the middle of the century. We 
propose, as a viable candidate, a high power pulsed spallation source where the incoming 
proton pulse is matched to the moderating time of slow neutrons. The incoming proton pulse 
widths of the third generation MW-class spallation sources around the world (SNS, J-PARC and 
ESS) are all mismatched to the neutron moderating times by significant factors, either too short 
or too long. The Goldilocks solution – just right - would be to have the proton and neutron time 
constants as nearly equal as possible. In such a case both the peak and time-average slow-
neutron brightness can be simultaneously maximised for a given accelerator power. Gain 
factors of one to two orders of magnitude in terms of intensity for a given resolution would 
accrue at the neutron instruments and would represent a significant increase in sensitivity for 
neutron scattering - a technique benefiting from a range of unique advantages for studies of 
condensed-matter science, but facing fierce competition with the inexorable rise in intensity of 
photon sources. 

Our proposal is for an H- linear accelerator feeding into a compressor ring that generates proton 
pulses of some tens of �s width feeding into a rotating tungsten target similar to that of the 
ESS. We demonstrate the scientific potential of such a source by calculating the performance of 
four generic instruments and comparing them to state-of-the-art instruments that exist today or 
are to be built. We have chosen: 

(i) a general-purpose powder diffractometer; 

(ii)   a horizontal-sample reflectometer; 

(iii)   a versatile cold neutron chopper spectrometer, and 

(iv)   a high-flux crystal-analyser spectrometer. 

Calculated gain factors are impressive. We present a range of performance figures for source 
pulse lengths ranging from 10 to 100 �s and for accelerator powers ranging from 500 kW to 5 
MW. A medium power source of this type, complete with instruments could, optimistically, be 
operational 15 to 20 years from now, whereas a high power facility would not realistically be 
operational for at least 30 years and probably longer. 2035 to 2050 is therefore the time horizon 
that we are talking of for the full completion of such facilities. 
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Spin-Echo Modulated Small Angle Neutron Scattering 
in Time-of-Flight Mode 
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Spin-Echo Modulated Small Angle Neutron Scattering (SEMSANS) utilises the manipulation of 
the spins of polarised neutrons by the use of magnetic fields with inclined surfaces to map a 
small angle scattering signal from a sample into a dampening of the amplitude of a spatially 
intensity modulated neutron beam. Our work involves the characterization and use of such an 
instrument in Time-of-Flight (ToF) mode where a white pulsed neutron beam is used to probe a 
set-up of multiple samples simultaneously[1]. Such an instrument would be able to excel at 
pulsed neutron sources such as the European Spallation Source (ESS) currently under 
construction. Our method enables straightforward quantitative dark-field neutron imaging, i.e. 
quantitative microstructural characterization combined with spatial image resolution. For the first 
time quantitative microstructural reciprocal space information from small angle scattering can be 
combined with the macroscopic image information creating the potential to cover several orders 
of magnitude in structure sizes simultaneously.  

References 
[1] Sales, M. et al, J. Appl. Crystallogr. 48, 92–96 (2015).  

Figure 1: Multi-sample set-up. Shim image. Normalized amplitude image. Example of 
modulation. Normalized amplitude vs spin-echo length, SEMSANS. Comparison with SESANS 
data and theoretical curves for random two phase media. 
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First performance of travelling wave neutron magnetic spin resonators 
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Magnetic spin resonance in spatially alternating magnetic fields allows us to influence polarised 
neutron beams with regard to their spectral distribution and their time structure [1]. In pulsed 
operation of such resonators we may produce an almost arbitrarily shaped temporal sub-
structure of the neutron beams. The flexibilty is significantly increased when realising the pulsed 
magnetic resonator field as magnetic travelling wave [2]. Here, we introduce the first technical 
realisations of such travelling wave resonators and present first experimental results obtained 
with thermal neutrons at the TRIGA reactor of the Atominstitut at the Vienna University of 
Technology and with very cold neutrons at the PF2-VCN instrument of the Instititut Laue-
Langevin, Grenoble. The current development is mainly motivated by its potential application in 
novel neutron instrumentation. Among the envisaged applications are the neutron decay 
experiment PERC for the high-precision characterisation of the weak interaction by neutron beta 
decay as well as the ultra-flexible tailoring of polarised neutron beams at the upcoming 
European Spallation Source ESS. The experimental results presented will highlight the inherent 
potential of these neutron resonators with regard to the intended applications. 
 
 
[1] C. Gösselsberger et al., J. Phys.: Conf. Ser. 340 (2012) 012028. 
[2] C. Gösselsberger et al., Physics Procedia 42 (2013) 106. 
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Current neutron polarizers act as spin-filters that select only one spin-state and discard the 
other. Thus polarized neutron beams suffer an intensity loss of at least 50% depending on the 
performance of e.g. 3He filters or polarizing super-mirror-based devices. We present a new 
design that overcomes this limitation and involves a polarising neutron cavity system that 
separates the two spin states in three beams: one transmitted with spin  and two reflected with 
spin . The polarization of the transmitted beam is then flipped using a broad band 
radiofrequency flipper and then the beams are recombined. To satisfy Liouville’s theorem, 
phase space volume necessarily increases in divergence, but the beam is homogeneous and 
thus can be used for several neutron scattering applications.  
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Wide-angle polarization analysis with polarized 3He-based neutron spin filters (NSFs) has 
recently been employed on the Multi-Axis Crystal Spectrometer (MACS) at the National Institute 
of Standards and Technology Center for Neutron Research (NCNR).  The polarized beam 
apparatus consists of a cylindrical 3He spin filter cell in a radio frequency-shielded solenoid to 
polarize the incident neutron beam and two three-sectioned, “banana”-shaped, wide-angle 3He 
cells located on opposite sides of the beam to spin-analyze the scattered beam [1]. Both the 
cells and the sample are contained within a uniform magnetic field of less than 4 mT provided 
by a vertical, neutron compatible solenoid. Neutron spin flipping of the polarized beam is 
accomplished by inverting the 3He polarization using the adiabatic fast passage nuclear 
magnetic resonance technique. The 3He gas is polarized in sealed cells off the neutron beam 
line by spin-exchange optical pumping (SEOP) and the cells are transported to the beam line in 
a portable solenoid. We present results for operation of the apparatus for experiments on 
MACS. 

The MACS instrument allows for 220 degrees of angular coverage for the scattered beam, 
demanding the same angular coverage for the analyzer(s) for polarization analysis. We 
currently employ three-sectioned, GE180 analyzer cells that cover 110 degrees each, and have 
long relaxation times (100-400 hrs).  Using hybrid SEOP with high power diode lasers spectrally 
narrowed by chirped volume holographic gratings we have obtained 3He polarizations up to 
84% for MACS polarizer cells and typical values of 65%-80% for analyzer cells. More recently 
we have developed “horseshoe”-shaped wide-angle cells that are fabricated from a 260-degree 
section of a toroid. These cells have several advantages over three-sectioned cells: (1) the gas 
path length (analyzing power) of the analyzer is more uniform for all scattering angles, (2) the 
cross section of the cell is close to rectangular, yielding a uniform path length for all scattered 
neutrons, (3) only one 3He spin analyzer is necessary, reducing the demand on our optical 
pumping system and simplifying polarization corrections from 3He polarization time-
dependence, and (4) since the cell is made from fully blown glass, long relaxation times can be 
obtained with greater reliability. We will present our current results for such horseshoe-shaped 
wide-angle cells. Finally we will discuss the management of stray magnetic field produced by 
operation of superconducting magnets on the MACS instrument, which can reduce the 3He 
polarization relaxation time. 

[1] Q. Ye et al., Physics Procedia, 42, 206-212 (2013); C. B. Fu et al., Physica B 406, 2419-
2423 (2011). 
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The new Time-of-Flight and Monochromatic polarization capability of D17 
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We present the new polarization setup of the polarized neutron reflectometer D17 at the Institut 
Laue Langevin, Grenoble. Four modes of operation can be chosen with minimal interference 
with the instrument, offering an experimental setup ideally suited for the experiment at hand. We 
will show first experimental results measured in different configurations, which underline the 
benefits of this advanced flexibility. 

Polarized neutron reflectometry (PNR) is a well-established technique for determining 
quantitative information on buried magnetic moments in thin films and at interfaces. Likewise, 
the instrument D17 is a well-established neutron reflectometer with vertical sample geometry, 
serving the neutron user community close to 15 years [1]. D17 is constructed with a great deal 
of flexibility, allowing for operation in both time-of-flight (TOF) and monochromatic mode. 
Traditionally, PNR experiments on D17 were limited to the monochromatic mode using a 
polarizing Fe/Si periodic multilayer with polarization efficiencies exceeding 97%. Alternatively, a 
non-polarizing Ni/Ti periodic multilayer is available. Both devices deliver a neutron wavelength 
of λ = 5.5 Å (∆λ/λ = 3.5%) at a take-off angle of 4°. 

Our recently completed upgrade of D17 now additionally offers TOF PNR using a polarizing 
supermirror S-Bender (m = 3.2) [2]. An essentially flat polarization efficiency above 99% is 
transmitted over a wavelength band of 12 Å. This can be extended close to the full bandwidth of 
D17 (λ = 3 - 27Å) with the cost of a linear decreasing efficiency. Two adiabatic RF spin-flippers 
before and after the sample control the orientation of the neutron spin with respect to the static 
guide and sample magnetic fields. The flipping efficiencies of the flippers exceed 99% over the 
full available wavelength band with only a small decrease towards short wavelength. Spin 
analysis takes place over a 270 mm long and 130 mm wide Fe/Si supermirror (m = 2.9) used in 
reflection. For polarized off-specular studies, a polarized 3He cell is installed covering a large 
solid angle [3]. Within the steadily expanding range of sample environment, D17 offers vertical 
(7 T) and horizontal (8 T) cryomagnets with sample base temperatures of 2 K at dimensions of 
20×20mm2.         

[1]    R. Cubitt and G. Fragneto, D17: the new reflectometer at the ILL, Applied Physics A 74, 
s329 (2002). 

[2]    A. Stunault, K.H. Andersen, S. Roux, T. Bigault, K. Ben-Saidane and H.M. Rønnow, New 
solid state polarizing bender for cold neutrons, Physica B: Condensed Matter 385–386, 
Part 2, 1152 (2006). 

[3]    K.H. Andersen, R. Cubitt, H. Humblot, D. Jullien, A. Petoukhov, F. Tasset, C. Schanzer, 
V.R. Shah and A.R. Wildes, The 3He polarizing filter on the neutron reflectometer D17, 
Physica B: Condensed Matter 385-386, 1134 (2006). 
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The report presents a description of the first experience of using a time-of-flight Fourier 
spectrometer of ultracold neutrons. The recognition of the need to develop such an instrument 
first emerged in the course of an experiment to test the equivalence principle for neutrons using 
a technique based on the combined use of a moving diffraction grating and Fabry Perot 
interferometers [1]. But both the possibilities of the instrument and the first results obtained on it 
are far beyond the scope of the experiment. 
 
The description of the spectrometer design and first results of its testing are presented. Neutron 
interference filters of three types were used as test objects. It was shown that at a neutron 
energy of the order of 110 neV the energy resolution of the instrument was no worse than 4% 
and the range of measured energies was from 50 to 150 neV. 
 
The application of the time-of-flight Fourier spectrometry technique allowed us for the first time 
to obtain the energy spectra from the diffraction of monochromatic ultracold neutrons on a 
moving grating. Lines of 0, ±1 and ±2 diffraction orders were simultaneously recorded, which 
had previously been impossible to be done by other methods. Even these first results have 
made it possible to make a comparison with the recent theoretical calculations [2] based on the 
dynamical theory of neutron diffraction on a moving phase grating. In qualitative agreement with 
the theory we observed a change of the ratios in the line intensity of different diffraction orders 
with varying velocity of the grating.  
 
As for the systematic effects observed in the experiment [1] the answers to the questions 
concerning their nature have also been found. 
 
[1]. G.V. Kulin, A.I. Frank, S.V. Goryunov, D.V. Kustov, P. Geltenbort, M. Jentschel , A.N. 
Strepetov, V.A. Bushuev arXiv:1502.03243v1.  
 
[2] V.A. Bushuev, A.I. Frank and G.V. Kulin.  arXiv:1502.04751v1 
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Neutron scattering is a very flux limited technique unlike its photon based cousin. Neutron 
spectroscopy in particular is extremely flux limited, where one is forced to use a monochromatic 
incident neutron beam, direct geometry, or a monochromatic analysed beam after scattering 
from the sample, in-direct geometry. As science has progressed it is natural that users want to 
look at ever more complex samples in ever more complex sample environments which 
inevitably means samples sizes have also tended to reduce over the years which compounds 
the problem. Although there has been many advances in neutron instrumentation to improve 
count rates, such as neutron optics and much larger arrays of detectors, many experiments still 
struggle or fail completely due to lack of signal to noise. 

In this presentation the author describes a new ‘hybrid’ spectrometer which is specifically 
designed to maximise the count rate for small samples, maximum 1cm3. The term ‘hybrid’ is 
used to mean that the best features of direct geometry and in-direct geometry machines are 
combined. The machine is optimised for excitations in the 0-25 meV range and with an energy 
resolution of around 1%. This machine is specifically aimed at complete mapping of all the 
excitations within a Brillouin zone of a single crystal, the so called HORACE [1] technique. This 
involves making many measurements of the crystal at different rotation angles and then 
combining the data into a single 4 dimensional S(Q,w) file. This can be very time consuming 
and typically takes 2-3 days to make one 4D map on a modern spectrometer like LET [2] at ISIS 
or IN5 [3] at the ILL. However, the new spectrometer presented has a count rate some 200 
times larger than LET for the same energy resolution. Such a high count rate would allow one to 
map the complete 4D Brillouin zone in an hour or so, such that 4D parametric studies become 
feasible. 

[1] http://Horace.isis.rl.ac.uk 

[2] R. I. Bewley, J. W. Taylor, and S. M. Bennington; Nucl. Instr. and Meth. Phys. Res. 637, 128-
134 (2011). 

[3] Jacques Ollivier, Hannu Mutka and Luc Didier; Neutron News Volume 21, issue2, (2010) 
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Neutron Larmor diffraction (LD) is a high resotlution diffraction technique invented by Rekveldt 
about an dacate ago.  LD is based on the Larmor precession of the neutron spins in properly 
shaped magnetic fields placed along the incident and scattered beams. LD permits the exact 
measure-ment of lattice spacings dhkl and their spread with a relative resolution of 10-6 and 10-

4, respectively. LD was mainly used to determine the thermal expansion under pressure and at 
low temperature, particularly in cases where dilatometry fails. The spread of the lattice spacing 
yields information on internal strain, magnetostriction, the size of structural and magnetic 
domains, and small splittings of Bragg peaks, resulting, for example, from an orthorhombic 
distortion of a tetragonal lattice. Antiferromagnetic domain sizes were first determined by LD to 
explain features of the magnon life time and the thermal conductivity in the model 
antiferromagnets.  
 
Although LD can be regarded as an established technique, it is hardly known to the potential 
user community. Thus in this contribution we will shortly review the basic proporeties and then 
show examples from recent experiments at the TRISP instrument at the FRM II, including 
typical experiments on thermal expansion, small lattice distortion, and antiferromagnetic domain 
sizes. As the current instrument is limited both in resolution and in the possibility to study 
ferromagnetic samples, we will briefly discuss design options for future dedicated Larmor 
diffractometers. 
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Antiferromagnet BaCo2V2O8 

 
Emmanuel Canevet1 , Béatrice Grenier2 , Martin Klanjsek3 , Virginie Simonet4 , Claude 
Berthier5 , Mladen Horvatic5 , Pascal Lejay4  
 
1) Paul Scherrer Institut, Laboratory for Neutron Scattering and Imaging, 5232 Villigen PSI, 
Switzerland 2) Université Grenoble Alpes & INAC-SPSMS, CEA-Grenoble, 38000 Grenoble, 
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Néel, 38042 Grenoble, France 5) Laboratoire National des Champs Magnétiques Intenses, 
38000 Grenoble, France  
* Emmanuel Canevet, emmanuel.canevet@psi.ch 

Low-dimensional quantum spin systems exhibit a wide range of fascinating ground states 
governed by the complex nature of the interactions between spins and by strong quantum 
fluctuations. BaCo2V2O8 is a nice example of a quasi-one-dimensional quantum spin system 
that can be described in terms of Tomonaga-Luttinger liquid physics [1]. The spin is carried by 
the Co2+ ions which are surrounded by six oxygen atoms forming octahedra. The edge sharing 
octahedra form screw chains along the c-axis, which is also the easy axis. At low temperature, 
the magnetic state of Co2+ is described by a highly anisotropic spin-1/2, yielding strong quantum 
fluctuations. 

At zero magnetic field, a Néel ordering occurs below TN ≈ 5.5 K [2]. At very low temperature (T 
< 1.4 K), when a magnetic field is applied along the chains direction, a quantum phase transition 
takes place at Hc = 3.9 T. In Heisenberg systems, the transverse correlations are dominant as 
soon as a magnetic field is applied and the ordered magnetic moments are thus perpendicular 
to the field. In Ising-like XXZ systems, an inversion of the Tomonaga-Luttinger exponents 
occurs and the incommensurate longitudinal correlations dominate the transverse ones in a low 
magnetic field range. In that particular case, the magnetic structure is described by a 
longitudinal spin density wave and the propagation vector is modulated by the strength of the 
applied magnetic field. 

We will present a detailed exploration of H-T phase diagram up to 12 T and down to 50 mK, by 
means of single-crystal neutron diffraction [3]. The phase boundary of the H-T phase diagram 
has been determined (see figure) and is compared to theoretical predictions [4]. The magnetic 
structure in the Néel phase and in the field-induced phase, proving the longitudinal character of 
the incommensurate spin density wave, will be presented. In the low-field part (H < Hc) of the 
phase diagram, we have performed a precise study of the critical exponents. Finally, a detailed 
survey of the modulation of the propagation vector with the magnetic field will also be presented 
and compared to theoretical predictions. 

References: 

[1] F. D. M. Haldane, Phys. Rev. Lett. 45, 1358 (1980). 

[2] Z. He, D. Fu, T. Kyômen, T. Taniyama, and M. Itoh, Chem. Mater. 17, 2924 (2005). 

[3] E. Canévet, B. Grenier, M. Klanjšek, C. Berthier, M. Horvatić, V. Simonet and P. Lejay, Phys. 
Rev. B 87, 054408 (2013) . 

[4] K. Okunishi and T. Suzuki, Phys. Rev. B 76, 224411 (2007). 
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The nature of the excitations in spin half antiferromagnets is a topic of considerable current 
interest in the field of quantum magnetism. The one-dimensional case is especially interesting 
as quantum fluctuations melt the classical long-range Néel order. The ground state remains 
disordered, with a spin excitation spectrum consisting of a continuum composed of spinons, 
created or destroyed in pairs, like domain walls in an Ising magnet. Physical realizations of 1D 
systems, however, eventually order at very low temperature, owing to a small coupling between 
chains. The metamorphosis of the two-spinon continuum that accompany this dimensional 
crossover towards a 3D state is an appealing issue. In this context, we explore the spin 
dynamics emerging from the Néel phase of the chain compound BaCo2V2O8. 

This compound is a remarkable example of a quasi-1D Ising-like antiferromagnet, that can be 
described in terms of Tomonaga-Luttinger liquid physics [1]. It consists of Co2+ spin-3/2 screw 
chains, showing a strong anisotropy and sizable frustration. The low temperature magnetic state 
of the Co2+ ion is described by a highly anisotropic effective spin-1/2, yielding strong quantum 
fluctuations. At zero field, a Néel antiferromagnetic ordering occurs below TN = 5.5 K [2]. 

Our inelastic neutron scattering study in the Néel phase of BaCo2V2O8 reveals unconventional 
discrete spin excitations, so called Zeeman ladders, understood in terms of spinon confinement, 
due to the interchain attractive linear potential [3]. These excitations consist of two interlaced 
series of modes, respectively, with transverse and longitudinal polarization (see figure below). 
The latter, which correspond to a longitudinal fluctuation of the ordered moment, have no 
classical counterpart and are related to the zero-point fluctuations that weaken the ordered 
moment in weakly coupled quantum chains. Our analysis reveals that BaCo2V2O8, with 
moderate Ising anisotropy and sizable interchain interactions, remarkably fulfills the conditions 
necessary for the observation of discrete long-lived longitudinal excitations. 

References: 

[1] F. D. M. Haldane, Phys. Rev. Lett. 45, 1358 (1980). 

[2] Z. He, D. Fu, T. Kyômen, T. Taniyama, and M. Itoh, Chem. Mater. 17, 2924 (2005). 

[3] B. Grenier, S. Petit, V. Simonet, E. Canévet, L.-P. Regnault, S. Raymond, B. Canals, 
C. Berthier, and P. Lejay, Phys. Rev. Lett. 114 (2015) 017201. 
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Figure caption: 

Q-constant energy scans, at various Bragg positions shown in the inset (solid symbols), fitted by 
a series of Gaussian functions (solid lines). This figure emphasizes two series of interlaced 
sharp transverse and longitudinal modes, the latter arising and increasing in intensity when the 
Q vector rotates from the c-axis towards the a-axis direction. 

 
 
  

296



ID: MSEP8-O3, 2015-09-04 12:00 - 12:15, Luis Galve Room
Magnetism, Superconductivity and other Electronic Phenomena

 (Oral) 

S

Laura Cañadillas-Delgado1,2 , Oscar Fabelo2,3 , J. Alberto Rodríguez-Velamazán2,3 , J.-P. 
Zhao4 , X.-H. Bu4  and Juan Rodríguez-Carvajal3

1) Centro Universitario de la Defensa de Zaragoza, Ctra. de Huesca s/n, 50090 Zaragoza,
Spain 2) Instituto de Ciencia de Materiales de Aragón, CSIC-Universidad de Zaragoza, C/ 
Pedro Cerbuna 12, E-50009, Zaragoza, Spain 3) Institut Laue-Langevin, Grenoble, 6 rue Jules 
Horowitz, B.P. 156, 38042 Grenoble Cedex 9, France. 4) Department of Chemistry, Nankai 
University, 300071 Tianjin, China

* Laura Cañadillas-Delgado, lauracx@unizar.es

One of the main features of molecular compounds is the possibility of combining different 
properties in a synergic way giving a multifunctional material. Here we will discuss the case of a 
metal-organic compound which combines electric and magnetic order, thus giving a 
“multiferroic” molecular material. 

On one hand, the disorder-order of the dimethylammonium molecule in 
[NH2(CH3)2]n[FeIIIFeII(HCOO)6]n (1) is the origin of the observed electric transition from 
paraelectric to antiferroelectric. 

The structure of 1 has been characterized by means of neutron diffraction at VIVALDI and D19 
instruments at ILL, where A crystallographic phase transition was observed from the room 
temperature structure in P¬31c to R-3c below 155K. 

On the other hand, this compound shows also magnetic order in the form of Néel N-Type 
ferrimagnetism.[1] The magnetic behaviour can be described as a result of two sublattices anti-
ferromagnetically coupled, containing different spin carriers FeIII and FeII, respectively, with an 
ordering temperature of 37 K.[2] The ferrimagnetic moment which arises as a result of the 
noncompensation of the FeII-FeIII sublattices, calculated as the vector sum of the magnetic 
moments obtained from neutron diffraction, is slightly lower than that obtained from SQUID 
measurements. 

Here we present polarized neutron diffraction measurements, carried out at D3 instrument (ILL), 
aimed at clarifying the spin density map in order to analyse the magnitude of the magnetic 
moments over the magnetic and the nonmagnetic atoms, to understand the influence of the 
formate ligand and the counter ion in the magnetic properties.

[1] L. Cañadillas-Delgado, O. Fabelo, J.A. Rodríguez-Velamazán, et al. J. Am. Chem.Soc. 2013, 
134, 19772

[2] J-P. Zhao, B-W. Hu, F. Lloret, et al. Inorg. Chem. 2010, 49 10390
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Frustration due to competing magnetic exchange interactions can give rise to exotic ground 
states and excitations. In extreme cases long-range magnetic order is completely suppressed 
and fluctuations persist down to the lowest temperatures. Here, we present a new candidate 
compound for such a spin-liquid ground state built on spin-½ Cr5+ ions. In Ca10Cr7O28, long-
range magnetic order is absent down to a temperature of 19 mK while the excitations are 
diffuse and gapless as shown by inelastic neutron scattering. Muon spin relaxation and AC 
susceptibility confirm the absence of static magnetism and reveal that the ground state is fully 
dynamical. 

Ca10Cr7O28 can be driven towards long range ferromagnetic order by applying an external 
magnetic field of 12 T.  In contrast to the zero-field excitations, the excitations in the saturated 
state resemble sharp magnon modes, and by fitting their dispersions to linear spin wave theory 
the exchange constants were extracted. A mixture of FM and AFM interactions were found 
where the FM interactions are greater than the AFM interactions. The coupling scheme consists 
of bi-triangles where ferromagnetic triangles lie directly over antiferromagnetic triangles and the 
intertriangle coupling is weakly ferromagnetic (see the figure below where green and red bonds 
are FM while blue bonds are AFM). The frustration arises from the opposite sign of the coupling 
within the two triangles and neither triangle can realize its intrinsic spin arrangement due to the 
intertriangle coupling. This motif forms a 2D bilayer structure where in each layer the AFM 
triangles are coupled to FM triangles via their corners in a kagome like arrangement. FRG 
calculations confirm the absence of long-range order and the spin-liquid ground state in this 
new type of frustrated system. 
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The ferromagnetically coupled molecule Mn19 with its huge high-spin ground state S = 83/2 has 
attracted considerable interest in the past [1]. From the chemistry point of view determining the 
exchange coupling constants and their comparison to e.g. ab-initio result is of interest, while 
physically it is highly interesting to understand its ferromagnetic cluster spin-wave excitations. 
The huge Hilbert space and intricate topology of Mn19 complicates the analysis of experimental 
data enormously, and hence the simpler molecules Mn10 and Mn18Sr, which can be regarded 
as model compounds for the exchange couplings in Mn19, were also studied. The inelastic 
neutron scattering (INS) spectrum in Mn10 was previously successfully interpreted in terms of 
ferromagnetic cluster spin waves [2]. 

Here we present a detailed study of the magnetic excitations in Mn18Sr and Mn19 by INS. For 
Mn18Sr we determined the magnetic coupling constants from combined least-square fits to the 
positions of two cold peaks in the measured INS spectra and the temperature-dependent 
magnetic susceptibility. The magnetic susceptibility was calculated with the Quantum Monte 
Carlo algorithm [3]. 

Both Mn18Sr and Mn19 exhibit two cold peaks at ca. 3.0 meV and 5.7 meV. However, in Mn19 
one additional excitation is observed at ca. 0.25 meV (see figure), which is not present in Mn10 
and Mn18Sr, and shows an unusual behaviour for exchange-only clusters: Both the Stoke’s and 
Antistoke’s lines increase in intensity with temperature, and shift in energy, reminiscent to 
collective excitations. As a result Mn19 cannot be treated by a non-interacting spin-wave picture, 
but requires an inherent many-body description. Mn19 is hence a unique example of a magnetic 
molecule showing both cluster-type and collective-type magnetic excitations. 

[1] A. M. Ako, et. al, Angew. Chem. Int. Ed., 2006, 45, 4926-4929. 

[2] S. Stuiber, et. al, Chem. Eur. J., 2011, 17, 9094-9106. 

[3] B Bauer et al, J. Stat. Mech. Theor. Exp., 2011, P05001  
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Competing interactions in geometrically frustrated magnets can lead to ground states with large 
degeneracies and open the way to novel states of matter. Compounds of SrR2O4 family (R=Gd, 
Tb, Dy, Ho, Er, Tm and Yb) have first been pointed out to be candidates for frustrated 
magnetism in 2005[1]. Since then, various interesting properties have been observed in these 
systems: spin-liquid-like ground-states, coexistence of two different magnetic orderings, low-
dimensional correlations, magnetization plateaus and magnetic field induced order.  

Zig-zag chains in the structure are thought to be an important source of frustration in these 
compounds. The physics in the zig-zag chains is equivalent to a 1D chain with nearest 
neighbour J1 and next-nearest neighbour J2 interactions, usually called Ising J1-J2 chain 
model[2]. The presence of two inequivalent rare earth sites in the structure probably leads to the 
coexistence of two different orders in compounds such as SrHo2O4 and SrEr2O4[3,4].  

The SrDy2O4 compound is especially interesting because it does not feature long range order 
down to 50 mK, thus showing a high degree a frustration. Different neutron scattering 
techniques have been used to characterize the low temperature properties of SrDy2O4 and to 
understand the absence of long range order. Diffuse scattering indicates short range 
correlations mainly along the c-axis originating from only one of the two inequivalent sites. 
Inelastic neutron scattering reveals the presence of a dispersive crystal field level and a gap 
opening at 60 mK, whose origin is not understood at present. Under applied field, a 1/3 
magnetization plateau has previously been observed. This field-induced phase features a 
propagation vector consistent with the up-up-down state expected from theory. 

[1] H. Karunadasa et al. Physical Review B 71, 144414 (2005). 

[2] A. Fennell et al., Physical Review B 89, 224511 (2014). 

[3] O. Young et al., Physical Review B 88, 024411 (2013). 

[4] T. Hayes, et al. Physical Review B 84, 174435 (2011). 
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We present a comprehensive study on PrCaFeO4, a compound with a single-layered perovskite 
structure, using macroscopic methods, neutron and X-ray diffraction as well as inelastic neutron 
scattering. PrCaFeO4 undergoes two structural phase transitions from a high-temperature 
tetragonal to an intermediate-temperature orthorhombic phase and finally to a low-temperature 
orthorhombic phase of reduced symmetry. Antiferromagnetic order sets in below 330 K and a 
magnetic spin-flop phase transition was observed where the magnetic moments turn from an in-
plane to an out-of-plane configuration upon cooling. However, the transition temperatures and 
especially the temperature width of the magnetic transition are strikingly different between 
polycrystalline and single-crystalline samples suggesting a strong influence from the real 
structure.  
 
The magnon dispersion was studied by inelastic neutron scattering revealing a clear interlayer 
dispersion resulting from the structural distortions and the relief of geometrical frustration due to 
the orthorhombic splitting. 
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Modern condensed matter physics increasingly deals with exotic collective states and emergent 
quasi-particles arising from competing interactions in a many-body electron system. One 
prominent example is the magnetic Coulomb phase in highly frustrated spin ice materials with 
pyrochlore structure, where local constraints can be mapped to a divergence-free flux and 
magnetic monopoles would emerge as a consequence of the violation of the “2-in/2-out” ice 
rules.  Polarized neutron scattering has played an essential role in the experimental realizations 
of such an exotic state in Dy2Ti2O7 and Ho2Ti2O7 [1-2]. With the presence of enhanced 
quantum fluctuations, long-range magnetic ordering may emerge from a highly entropic 
magnetic Coulomb phase. For instance, in quantum spin ice, magnetic monopole charges are 
carried by fractionalized bosonic quasi-particle spinons, which can undergo a Bose-Einstein 
condensation through a first-order transition via the Higgs mechanism. Our polarized neutron 
scattering experiments have provided strong evidence for a Higgs transition from a magnetic 
Coulomb liquid to a ferromagnet in Yb2Ti2O7 [3]. Furthermore, it has been suggested that even 
classical spin ice such as Dy2Ti2O7 may undergo a quantum melting to long-range magnetic 
ordering in the low-temperature equilibrated state [4-5].  In this talk, I will mainly present our 
recent polarized neutron scattering studies of the magnetic ground states in a number of highly 
frustrated pyrochlore compounds.  In classical spin ice Dy2Ti2O7 and Ho2Ti2O7, evidence for 
possible instability towards an ordered phase in the frozen state of spin ice has been obtained. 
In 5d transition-metal pyrochlore compounds such as R2Ir2O7, the important role of the RKKY 
interaction, mediated by the itinerant Ir electrons, in selecting a specific magnetic ground state 
has been realized experimentally. These new results will help to gain new insights into 
emergent phenomena and novel magnetic phases in frustrated pyrochlore compounds. 

 
Co-workers: E.X. Feng, Th. Wolf, Th. Brueckel, L.J. Chang, S. Onoda, G. Balakrishan, M.R. 
Lees, X.F. Sun et al. 

 

[1] T. Fennell, P.P. Deen, A.R. Wildes, K. Schmalzl, D. Prabhakaran, A.T. Boothroyd, R. J. 
Aldus, D. F. McMorrow, S. T. Bramwell, Science 326, 415 (2009). 

[2] L.J. Chang, Y. Su, Y.J. Kao, Y.Z. Chou, R. Mittal, H. Schneider, Th. Brueckel, G. 
Balakrishan, and M. R. Lees, Phys. Rev. B 82, 172403 (2010). 

[3] L.J. Chang, S. Onoda, Y. Su, Y.J. Kao, K.D. Tsuei, Y. Yasui, K. Kakurai and M.R. Lees, 
Nature Communications 3, 992 (2012). 

[4] D. Pomaranski, et al., Nature Physics 9, 353 (2013). 

[5] P.A. McClarty, O. Sikora, R. Moessner, K. Penc, F. Pollmann and N. Shannon, arXiv: 
1410.0451 (2014). 
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From nature to innovative smart materials - using the dynamic hydrogen bond to tailor 
the properties of polydiene elastomers 

Barbara Gold1 , Claas Hövelmann1 , Wim Pyckhout-Hintzen1 , Andreas Wischnewski1 , Dieter 
Richter1  
 
1) Forschungszentrum Jülich GmbH, JCNS-1 & ICS-1, 52428 Jülich, Germany  
* Barbara Gold, b.gold@fz-juelich.de 

Nature uses a combination of dynamic hydrogen and static covalent bonds e.g. in the muscle 
protein TITIN [1] to achieve toughness in otherwise elastic materials. Under load the dynamic 
bonds rupture and allow the dissipation of stress overload. Subsequent recombination leads to 
recovered stabilization in a more stress-free state. By attaching hydrogen bonding urazole 
groups to the backbones of polydienes before covalent cross-linking we transferred this nature 
inspired mechanism into conventional elastomers (Fig. 1). During stress-strain investigations on 
these dual networks we observed a significant increase of the mechanical resistance compared 
to pure elastomers.  
 
The influence of the functional groups on the microscopic dynamics of linear as well as cross-
linked entangled polyisoprene chains (Mw = 100 kg/mol) has been studied by neutron spin echo 
spectroscopy and complementary macroscopic methods as linear shear rheology, dielectric 
spectroscopy and stress-strain measurements. A clear temperature dependence (increase of 
effects for decreasing temperature) on the relaxation time spectra resulting in a longer chain 
relaxation time, higher segmental friction as well as a secondary relaxation process related to 
the associating groups has been obtained. Small angle neutron scattering experiments show 
that the Gaussian chain structure remains unaffected by the additional functional groups which 
excludes phase separation. The association behaviour of the groups changes from intra-
molecular (up to 30 groups/chain) to inter-molecular association for higher functionalization 
degrees (> 60 groups/chain). 

[1] R. Wojtecki, M. Meador, and S. Rowan, Nature Materials 2011, 10(1), 14-27 

[2] G. Butler, Ind. Eng. Chem. Pro. Res. Dev. 1980, 19(4), 512-528 

[3] A. Botti, W. Pyckhout-Hintzen, D. Richter, and E. Straube, Rheologica Acta 2002,   41(5), 
475-482 
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Effects of magnetic field upon hard-segment domains in magnetorheological elastomers 
studied by Small Angle Neutron Scattering 

Wojciech Zajac1 , Anna Boczkowska2 , Stefan Awietjan2  
 
1) Institute of Nuclear Physics Polish Academy of Sciences 2) Warsaw University of 
Technology, Faculty of Materials Science and Engineering  
* Wojciech Zajac, wojciech.zajac@ifj.edu.pl 

The development of hi-tech coupled mechanical systems with enhanced energetic effectiveness 
calls for leading-edge technology of implementing active elements made of “smart” materials. 
Such are magnetorheological elastomers (MREs) due to their rheological properties, that can be 
changed continuously, rapidly and reversibly, by varying an external magnetic field.  They 
consist of µm-sized magnetically permeable particles (here: carbonyl iron) in a non-magnetic 
matrix (here: elastomer). During elastomer curing in magnetic field, the Fe particles align along 
the field direction, defining the sample anisotropy axis. Such a material is capable of responding 
to an external magnetic field with a fast and reversible change of macroscopic mechanical 
properties  (so called “magnetorheological effect”). Magnetorheological elastomers developed at 
Warsaw University of Technology exhibit extremely large relative magnetorheological effect 
(above 900%).  

The SANS experiment was performed with and without magnetic field on thin flat samples with 
their anisotropy axes oriented vertically, perpendicular to the incident beam (λ = 5.999 Å, within 
0.008 Å‒1 < Q < 0.013 Å‒1). The sample environment involved magnetic field perpendicular both 
to the direction of incident beam ad to the sample anisotropy axis. Two matrix types were 
tested, the “soft one” and the “hard one”.  The influence of mechanical history upon the domain 
structure was checked by measuring scattering from the samples that had undergone 0, 50, and 
1000 field-on/off cycles prior to the experiment. Samples with two concentrations of carbonyl 
iron: 11.5 vol% and 33 vol% were measured. The scattering from the elastomer relies on the in-
sample contrast variation caused by density fluctuations within material of domain structure, the 
domains being irregular objects of undefined shape and often lacking regular boundaries. The 
shape-independent model scattering function, originally developed for gels, fits the data very 
well. 
Conclusions: 

1. Not only does the model applied give reasonably good fits to the data, but also the 
dependence of the resulting parameter values upon sample parameters is consistent 
and allows to draw sensible conclusions.  

2. In both anisotropic matrix types, magnetic field has the effect of increasing apparent Rg, 
3. Magnetic field has the same effect on both matrix types, i.e. “soft” and “hard”, 
4. In “soft” matrix, greater SANS anisotropy seen for samples with 11.5 vol% Fe, than 

for  33  vol% Fe, 
5. Samples with 33  vol% Fe show more average SANS contrast than those with 

11.5 vol% Fe. 
6. “Harder” matrix has higher average SANS contrast than “softer”, as expected. 
7. The influence of sample “training” (field on/off cycling) is evident and can be explained. 

The figure below: The influence of the applied magnetic field of 300 mT upon small angle 
scattering from magnetorheological elastomer. 
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Real-time neutron scattering studies of molecular intercalation in Graphite Oxide 

Carlos Cabrillo1 , Fabienne Barroso-Bujans2 , Ricardo Fernandez-Perea1 , Felix Fernandez-
Alonso3 , Daniel Bowron4 , Francisco Javier Bermejo1  
 
1) Instituto de Estructura de la Materia (CSIC), Serrano 123, 28006 Madrid, Spain. 2) Centro de 
Física de Materiales (CSIC-UPV/EHU)-MPC, Paseo Manuel Lardizábal 5, 20018 San 
Sebastian, Spain 3) ISIS Facility, Rutherford Appleton Laboratory, Chilton, Oxfordshire OX11 
0QX & Department of Physics and Astronomy, University College London, Gower Street, 
London, WC1E 6BT, U. K. 4) ISIS Facility, Rutherford Appleton Laboratory, Chilton, Oxfordshire 
OX11 0QX, U. K.  
* Carlos Cabrillo, ccabrilo@foton0.iem.csic.es 

Graphite Oxide (GO) has gained renewed interest for separation technologies [1] or gas storage 
[2]. The pillaring of GO via molecular intercalation provides a route to prepare porous materials 
with tunable pore size [2]. Guest-host interactions in GO can involve hydrogen bonding (HB), as 
in the case of alcohols. As expected for HB interactions, intercalation is reversible to a high 
degree [3]. In addition, alcohols display a particularly rich phenomenology. For example, GO 
immersed in methanol and ethanol undergoes structural expansion upon cooling [4]. 

By making recourse of the unique capabilities of the NIMROD diffractometer at the ISIS facility, 
we have studied in real time the intercalation of liquid 1-Propanol (1-Pr) into a Brodie-type GO. 
NIMROD is a pulsed-neutron diffractometer that spans a very wide range of momentum 
transfers (0.02 > Q > 100 Å-1) with an exceptionally high counting rate. Such a wide Q-range is 
ideally suited to explore mesoscopic length scales involved in molecular intercalation (~1 nm) 
and also provides robust estimates of chemical stoichiometry. 

Using a paracrystalline model, we have developed practical formulae to perform a quantitative 
analysis of staking disorder in layered materials. Such a quantitative assessment has revealed 
an unexpectedly rich phenomenology associated with the intercalation of liquid 1-Pr our GO 
substrate. In particular, 1-Pr intercalation leads to the formation of a monolayer structure with a 
much-improved stacking order than that of the pristine GO, and this intercalated phase remains 
mobile down to 130 K. Heating up slowly from below 130 K, we observe an ordering transition 
to a thermally stable structure at ~200 K. This transition is also observed via dielectric 
spectroscopy. 

Further, the stabilized intercalated material allows for the reversible intercalation of a second 1-
Pr layer. This new nanostructure is stable enough to undergo a harsh drying process (in vacuo 
heating) without structural changes. The final ‘dry’ nanostructure is characterised by a much-
improved stacking order relative to pristine GO. Finally, we have also observed a strong isotopic 
effect with fully deuterated 1-Pr. This intercalant undergoes a vastly different absorption kinetics 
relative to its hydrogenated counterpart. After heating in vacuo, the same final density of 
intercalated molecules is obtained for either isotopic varying, enabling a further structural 
analysis of this novel composite material. 

Figure caption: Temporal evolution of neutron-diffraction data during 1-Pr loading. The inset 
shows the evolution of 1-Pr wt % and sample temperature. Arrows indicate the times 
corresponding to the neutron data shown in the main figure.  

[1] R. K. Joshi et al, Science 343, 752 (2014) 
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[2] Y. Matsuo et al, Int. J. Hydrogen Energy 37, 10702 (2012). 

[3] F. Barroso-Bujans et al, Carbon 48, 3277 (2010). 

[4] S. You et al, ACS Nano 7, 1395 (2013) 
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Tuning diffusion properties of molecular hydrogen confined into clathrates hydrates 

 
Margarita Russina1  
 
1) Helmholtz Zentrum Berlin, Hahn-Meitner Platz 1, 14109 Berlin  
* Margarita Russina, margarita.russina@helmholtz-berlin.de 

Safe and effective hydrogen storage is widely recognized as a key technology for hydrogen 
economy in the 21st century, with porous materials being one of the highly potential storage 
media. However, it proved to be challenging to achieve target goals in 2015 set up by DOE for 
hydrogen storage systems and more systematic studies of the storage processes are needed 
for fundamental understanding of storage mechanism as a basis for the successful design and 
synthesis of new materials. 
 
Clathrates hydrates are nanostructured porous materials, where hydrogen is stored in cages of 
two different sizes of 0.75 and 0.946 nm, resulting in storage capacity of up to 5.3 wt.% [1]. We 
used clathrates hydrates as model systems to study the role of confinement dimension on the 
storage mechanism since the interactions between ice-based clathrates framework and H2 in 
cages are of the same hydrophobic nature. We observed strong differences of the diffusion and 
microscopic mobility of hydrogen depending on the confinement size. In the “small” cage of 0.75 
nm average diameter hydrogen is strongly localized in the center of the cages even at 
temperatures up to 200K [2]. Moderate increase of the confinement dimension to 0.946 nm 
leads to the large increase of mobility already at T=10K, where bulk hydrogen is frozen at 
ambient pressure. Thus, we observed the onset of the jump diffusion between tetrahedrally 
shaped sorption sites in large cages with separation length of 2.79±0.23 Å [3], much shorter 
than H2-H2 distance of 3.776 Å in bulk solid. Such differences in microscopic dynamics help to 
explain the differences in the macroscopic parameters: trapping of hydrogen in smaller pores 
matching the molecule size leads to higher temperature stability and reduction of sorption 
pressure. Similar effect was also observed in the porous carbon [4]: the obtained H2 diffusion 
coefficient in the pores of 0.8 nm size is 2.35 ±0.7 Å2/ps at T=100K, which is only the third of the 
diffusion coefficient observed previously for H2 at T=25K in carbon nanohorns with confinement 
dimension of 8 nm [5]. 
 
To conclude, our study reveals clearly that by varying the size of the pore we can modify the 
diffusive mobility of confined hydrogen in both directions of reducing and enhancing mobility 
compared to the bulk. Latest impedance measurements of porous carbon hints that similar 
mechanism could play a role in the processes of electrochemical storage: better storage 
capacities are observed for smaller cavities, while better ionic conduction has been facilitated by 
larger pores. 
 
[1] W.L. Mao et al, Science 297, 2247 (2002) and S Tse et all, Nat. Mater. 4, 917 (2005) 

[2] E. Pefoute, E. Kemner, J. C. Soetens, A. Desmedt, M. Russina, J. of Phys. Chem. C, 116, 
16823 (2012) 

[3] M. Russina, E. Kemner, F. Mezei, submitted 

[4] H. Kürig, M., Russina et al, in preparation 

[5] F. Fernandez-Alonso et al, PRL 98, 215503 (2007) 

[6] A. Laheäär, A. Jänes, E. Lust, ECS Transactions, 50, 153-161 (2013) 
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Dynamics across the structural transitions at elevated temperatures in Na0.7CoO2 

 
Fanni Juranyi1 , Martin Månsson2 , Marisa Medarde3 , Jorge L. Gavilano1 , Mattia Mena1 , 
Ekaterina Pomjakushina3 , Jun Sugiyama4 , Kazuya Kamazawa5 , Vladimir Yu. Pomjakushin1 , 
Denis Cheptyakov1 , Bertram Batlogg6 , Hans R. Ott6 , Tilo Seydel7  
 
1) Laboratory for Neutron Scattering and Imaging, Paul Scherrer Institute, CH-5232 Villigen PSI, 
Switzerland 2) KTH Royal Institute of Technology, SE-164 40 Stockholm, Kista, Sweden 3) 
Laboratory for Development and Methods, Paul Scherrer Institute, CH-5232 Villigen PSI, 
Switzerland 4) Toyota Central Research and Development Laboratories, Inc., Nagakute, Aichi, 
Japan 5) Comprehensive Research Organisation for Science and Society, Tokai, Ibaraki, Japan 
6) ETH Zürich, Laboratory for Solid State Physics, Zürich, Switzerland 7) Institut Laue-Langevin, 
Grenoble, France  
* Fanni Juranyi, fanni.juranyi@psi.ch 

The increasing demand for energy storage leads to intensive research on battery materials. 
Although Na ion batteries are less promising than the Li ones, shortage of Li resources makes 
them competitive. As cathode materials, layered transition-metal oxides are very promising. 
NaxCoO2 is the Na analogue of the commonly used Li compound, furthermore it is interesting 
from many other aspects. Using high resolution neutron powder diffraction we observe two 
structural transitions at T1=290K and T2=400K [1]. Analyses of the anomalies in the Na-Na 
distances, the Debye-Waller factors and the scattering density in the paths connecting 
neighboring  
Na sites strongly suggest that both transitions are related to changes in the Na-ion mobility [1-
3]. Our data are consistent with a two-step diffusion mechanism through the successive opening 
of first quasi-1D (T1<T<T2) and then 2D (T>T2) Na diffusion paths [1]. Although, a sudden 
increase in the Na dynamics can be observed by neutron scattering at both structural 
transitions, quasielastic signal is present only above T2. From the week signal a diffusion 
coefficient of 10-9 to 10-10 m2/s can be estimated, which differs four orders of magnitude from the 
results of our muon-spin relaxation spectroscopy experiments. Alternatively, the data can be 
analysed by a localized diffusion model. In this case the characteristic relaxation time tau = 
hbar/E is in the order of 50 ps. Both possibilities indicate that Na ion diffusion is more 
complicated than a uniform 2D diffusion on a hexagonal lattice as suggested by the diffraction 
data. At T1 the increasing Na dynamics can be related to the enhancement in the 
low energy phonon density of states. Furthermore, small but measurable change of the Na 
phonons occurs at both temperatures. 

[1] M. Medarde et al., PRL 110 (2013) 266401 

[2] F. Juranyi et al., EPJ Web of Conferences 83 (2015) 02008 

[3] M. Månsson and J. Sugiyama, Phys. Scr. 88 (2013) 068509 
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 Quasi-elastic Neutron Scattering and Molecular Dynamics applied to dental cements: 
can we do better? 

Marcella Cabrera Berg1 , Ana R. Benetti2 , Thomas Schrøder3 , Mark T. F. Telling4 , Tilo 
Seydel5 , Heloisa N. Bordallo1  
 
1) The Niels Bohr Institute, University of Copenhagen, DK-2100, Copenhagen, Denmark 2) 
Department of Odontology, Faculty of Health and Medical Sciences, University of Copenhagen, 
DK-2200,Copenhagen, Denmark; 3) Glass and Time, Roskilde University, PO Box 260, DK-
4000 Roskilde, Denmark 4) ISIS Facility, Rutherford Appleton Laboratory, Chilton, Oxon, UK 
OX11 0QX 5) Institut Laue-Langevin, BP 156, F-38042, Grenoble, France  
* Marcella Cabrera Berg, marcellac.berg@gmail.com 

 It would be advantageous if there was one type of dental cement for all clinical situations. 
Ideally, such a cement would  be easily mixed and follow a setting reaction  governed by the 
delicacy of the cementation case. The key to developing such a material is controlling hydration. 
However, to do so we must not only understand how solvent mobility evolve during the cement 
curing process but also gain insight into how the material’s pore structure develops. 

To tackle this problem we have investigated two types of glass ionomer cement (GIC), hereafter 
named Poly and Aqua. These materials were chosen because they possess good 
biocompatibility and differing mechanical strength; the Poly cement being the stronger of the 
two. Recently, our group has shown that on the nano-second (ns) time-scale, the immobile 
protons bound faster to the microstructure in the Aqua cement, while if we look at ps time-scale 
the protons bound faster to the microstructure in the poly cement [1]. To further this work, we 
now aim to correlate the different setting processes of the two materials with the diffusivity of the 
solvent used to mix the GIC. To achieve this, we have studied the dynamics of the confined 
liquid using both quasi-elastic neutron scattering (QENS) and molecular dynamics simulations 
(MD). Understanding hydration routes in these two materials will provide unique insight for 
future development of dental cements. 

  

[1] Benetti, A.R. et al. How mobile are protons in the structure of dental glass ionomer cements? 
Sci. Rep. 5, 8972; DOI:10.1038/srep08972 (2015). 

MCB and HNB work is partially funded by the European Spallation Source ESS AB, PO Box 
176, SE-221 00 Lund, Sweden 
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Tackling complexity in neutron reflectometry 
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Wellert1 , Regine von Klitzing1  
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* Muriel Rovira-Esteva, muriel.neutrons@gmail.com 

Neutron reflectometry has been used to study the structure of polymer brush-gold nanoparticle 
composites. However, the complex structure of the system yields measurements that can not be 
interpreted unambiguously, which is a common problem in neutron reflectometry 
measurements, as well as in other scattering techniques. 
 
The favourited model is often choosen solely on its ability to yield a prediction that resembles 
the experiment, but the model that yields the best fit is not always the most adequate, other 
important characteristics have to be taken into account as well. The χ2 distribution of the model 
with respect to our measurement gives an immense amount of information that can be used to 
make that decision, and several available algorithms for data analysis already allow to make 
this calculation routinely. 
 
Although this is a powerful tool to solve the structure of any complex system, it is rarely used. 
Here it will be explained how χ2 maps have been used to better understand the information 
contained in our data and to determine the model that best describes the structure of polymer 
brush-gold nanoparticle composites. 
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In-situ studies on the stabilizer layer of nanoparticles in solution 
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The stabilization of colloidal dispersions is an ubiquitous challenge in many fields of application. 
Coalescence and aggregation of the dispersed phase in pharmaceutical formulations for 
parenteral application could lead to embolism and the death of the patient. For large batches of 
colloidal dispersions used for paper production or as paints, stability issues could lead to 
gelation and the loss of the whole cargo of a bulk carrier. Finally, the functionality of smart 
materials as e.g. quantum dots for electronic applications severely depend on the details of the 
molecular stabilization of the particles. Thus, the understanding of the stabilization mechanism 
is mandatory for a targeted production of stable dispersions. A prerequisite for getting a deeper 
insight into the stabilization mechanism is a detailed knowledge about the structure of the 
stabilizer layer on a molecular scale. Unfortunately, there is hardly any method available to 
observe this structure for a native dispersion with high enough spatial resolution and acceptable 
statistics [1]. 
 
In this contribution it is demonstrated that the combined evaluation of SAXS and SANS data 
allows in some cases to extract selectively the structural information of the stabilizer layer. For 
organic nanoparticles the additional use of contrast variation technique is necessary in many 
cases. Furthermore, the development of a dedicated ab-initio method for the calculation of the 
diffraction patterns within the limits of kinematical scattering theory but avoiding any small angle 
scattering approximation (X-ray and Neutron Powder Pattern Simulation Analysis, XNPPSA [2]) 
was essential for successful data analysis. Especially for dispersions of organic nanocrystals, 
the complex interference pattern of the diffuse small angle scattering, the Bragg scattering of 
the nanocrystals, and the scattering contribution of the dispersion medium could be 
disentangled successfully by this method [3]. It will be demonstrated that these complex 
scattering patterns comprise a tremendous amount of information on the mesoscopic structure 
of the dispersions including the stabilizer layer. Also the observation of liquid crystalline phases 
of dispersions at high concentrations will be reported [4]. 
 
Finally, the arrangement of molecules in the stabilizing layer will be presented for selected 
examples such as simple aqueous triglyceride and hydrocarbon nanosuspensions, highly 
complex triglyceride nanosuspensions with intercalated drug molecules, as well as zinc oxide in 
ethanolic and gold nanoparticles in aqueous solution. 
 
[1] H. Bunjes, T. Unruh, Advanced Drug Delivery Reviews 59 (2007) 379 
[2] T. Unruh, J. Appl. Cryst. 40 (2007) 1008; M. Schmiele et al., Phys. Rev. E 87 (2013) 062316 
[3] M. Schmiele et al., J. Phys. Chem. B 118 (2014) 8808 
[4] S. Gehrer et al., J. Phys. Chem. B (2014); M. Schmiele et al., J. Chem. Phys. 140 (2014) 
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Hydrogen accumulation at the origin of delamination at the a-carbon/SiO2 interface 
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This work was funded thanks to the French national program “programme d’Investissements 
d’Avenir, IRT Nanoelec” ANR-10-AIRT-05.The fabrication of integrated circuits (ICs) in the 
microelectronics industry frequently involves multilayer structures stacking different materials 
(metals, dielectrics) on a silicon substrate. Delamination at a particular interface is obviously a 
serious problem in manufacture not only due to the loss of the wafer itself, but mainly from the 
equipment downtime due to contamination. This is the main reason why the semiconductor 
industry is investing in research to prevent any risk of delamination well in advance to the start 
of the ICs manufacture. 

In this work, we have used NR to characterize the interface between a-C and SiO2. For this, 
two different deposition conditions were used to grow the SiO2 layer on top of a-C. One 
particular condition showed qualitative difference in terms of adhesion when attempting to 
detach layers using adhesive tape (scotch test). The goal of this study was to compare NR 
spectra of two types of interfaces between SiO2 and a-C (one delaminating with scotch test, the 
other one no). These measurements have been complemented with XRR in order to 
unambiguously determine the chemical composition of the structure as a function of depth. 

NR has shown the existence of an intermediate layer between the a-C and the SiO2 layers that 
was not evidenced by XRR. This IL has been associated with the accumulation of H inside the 
SiO2 layer near the interface with the a-C. Complementary XRR and NR characterization allows 
the independent determination of the mass density and the H-concentration of each layer 
respectively. The characteristics of the IL, in particular its H-concentration and thickness, seem 
to be correlated with higher strain and hence a greater susceptibility of cracking in the vicinity of 
this interface consistent with the appearance of off-specular scattering. A plot of the molecular 
weight as a function of the mass density for each layer graphically demonstrates the risk of 
delamination of each sample. The combination of NR and XRR is shown to be a powerful 
technique in the characterization of layers and interfaces used in the micro/nanoelectronics 
industry. The same approach can be refined to provide a quantitative value of the weakness of 
these types of interfaces, and can be extended to other interfaces of interest involving 
hydrogen. 
 
This work was funded thanks to the French national program “programme d’Investissements 
d’Avenir, IRT Nanoelec” ANR-10-AIRT-05. 
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Dislocation characteristics in lath martensitic steel by neutron diffraction 
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Lath martensitic steel is well know consisting of fine structure with high dislocation density and 
showing high strength. However, the elastic limit is low. This means that the yield stress is low 
and the work hardening at the early stage of deformation is large. To understand the 
strengthening mechanism, the in situ neutron diffraction experiments during the tensile test 
were performed using the engineering materials diffractometer TAKUMI at J-PARC. The lattice 
strain and dislocation evolutions were determined and compared with the ferritic and austenitic 
steels. The dislocation density in martensitic steels was determined to be unchanged even 
though the work hardening was observed. Meanwhile, the dislocation arrangement parameter 
decreased largely showing the change from the random to correlated distribution. 
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SANS Studies on Reverse Osmosis Waste Water Desalination 
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Formation of aggregates caused by the interaction of organic and inorganic molecules, in 
particular those involved in the formation of calcium phosphate minerals, has strong negative 
influence on membrane permeability in reverse osmosis (RO) waste water desalination. 
Presently, RO is an important tool for gaining and recovering potable water. A better 
understanding of the origin of these aggregates is urgently needed for economic reason but 
also for scientific purpose as these phenomena are very much related to the broad and versatile 
field of biomineralization [1]. Small-angle neutron scattering (SANS) is a very strong tool in this 
field as it is a non-destructive technique, allows quantitative analysis on microscopic length 
scale and differentiates between organic and inorganic components when using the technique 
of contrast variation [1-3]. 

One of our goals was the realization of in operando SANS experiments on RO desalination 
under most realistic conditions. For this purpose we developed a cell for real-time SANS 
experiments simulating the process of reverse osmosis (RO) wastewater desalination up to 30 
bar [4]. These studies are quite complex as scattering originates from three different sources of 
the sample, namely from the feed (salt water to be desalinated), the fouling layer at the surface 
of the membrane, as well as from the membrane itself, as its structure is changing due to large 
exposed pressure. In parallel we always measured the permeability of the membrane which is 
an important parameter for the engineer. 

In the presentation we first will give a short description of the cell which is followed by SANS 
data from the various topics of this project. These are: (i) Formation and characterization of 
aggregates formed in a simulated secondary effluent (SSE) after adding various organic 
molecules as partly described in refs. [2,3], (ii) the characterization of RO thin-film composite 
(TFC) membranes using contrast variation, as well as (iii) in operando results from desalination 
experiments performed at KWS3 of the FRM II (TUM in Garching). It came out that the VSANS 
transmission coefficient, as a measure of the total scattered neutrons, is a proper parameter 
which is discussed together with membrane permeability measured in parallel [4]. 
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[2] V. Pipich et al, Langmuir 29 (2013) 7607. 
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A number of non-destructive techniques to study the microstructure within metal welds with sub-
mm spatial resolution have been developed to date. Neutron imaging belongs to one of the non-
conventional methods due to the fact that studies can only be done at a limited number of bright 
neutron sources. However, the high degree of neutron penetration can provide a unique 
opportunity to investigate relatively thick samples, where residual strain is not relieved by cutting 
into thin samples required for more traditional methods, such as X-ray diffraction. Broad-
spectrum thermal and cold neutron radiography is well suited for the investigation of 
macroscopic internal defects, as well as the distribution of impurities and voids. The recent 
development of bright pulsed neutron sources and high resolution neutron counting detectors 
enables simultaneous acquisition of neutron transmission spectrum for each pixel of the image. 
These spectra can be used to reconstruct some microstructure parameters within the welds, 
such as strain, texture and phase composition through Bragg edge analysis and in some cases 
the elemental composition through resonance absorption analysis. 

In this paper we demonstrate the possibilities of energy-resolved neutron imaging to study the 
microstructure of two steel welds, where the spatial distribution of texture within the welds, as 
well as the residual strain are measured with sub-mm spatial resolution. A stir-friction weld 
between two steel plates and a conventional weld between two steel pipes are studied at pulsed 
neutron facilities. The Dl/l resolution as high as 0.1% can be achieved over a wide range of 
neutron wavelengths from 0.5 Å to 8 Å. 
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Novel neutron imaging techniques utilize diffraction contrast and offer the possibilities to exploit 
the microstructure of crystalline materials. Effects related to lattice strain, texture and 
crystallographic phase can be observed in the transmission spectrum. 
 
This contribution will highlight recent developments for microstructural investigations at the 
neutron imaging instrument CONRAD at Helmholtz Zentrum Berlin, that is equipped with a 
tunable double-crystal monochromator. For the first time, phase mapping in three dimensions 
was carried out. The non-destructive method uniquely provides phase fractions within the bulk 
of samples and is capable of detecting localization effects, which remain undetected by other 
techniques. 
 
Implications for the development of these capabilities at pulsed sources will be discussed as 
well, and example data that was recorded in transmission mode at ISIS will be shown. 

References: 

[1] R. Woracek, D. Penumadu, N. Kardjilov, A. Hilger, M. Boin, J. Banhart, I. Manke, 3D 
Mapping of Crystallographic Phase Distribution using Energy-Selective Neutron 
Tomography, Adv. Mater., 26: 4069–4073 (2014) 

[2] R. Woracek, D. Penumadu, N. Kardjilov, A. Hilger, M. Strobl, R. C. Wimpory, I. Manke, J. 
Banhart, Neutron Bragg-edge-imaging for strain mapping under in situ tensile loading, 
Journal of Applied Physics 109, p. 093506 (2011) 

Figure: Neutron Tomography reveals the extent of phase transformation in torsion and tensile 
samples, made from metastable stainless steel, after plastic deformation.   
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Studies of the elastic anisotropy of rocks are important for understanding the internal structure 
of the Earth, seismology and earthquake physics, geophysical prospecting. Rocks containing 
sheet silicates attract most attention. Sheet silicates are characterized by high anisotropy of 
elastic properties, specific grain morphology and strong preferred orientations of grains. Due to 
high penetration depth of thermal neutrons, these preferred orientations could be studied in bulk 
rocks. Data analysis methods, such as that realized in the MAUD software [1] allow to extract 
from neutron diffraction data preferred orientations of all minerals composing the rock, as well 
as mineral volume fractions, crystallographic information. With sophisticated self-consistent 
routines, e.g., GeoMixSelf [2] it is possible to include all the quantitative information on textures 
and morphological features of rock into the model of its bulk elastic properties. Pores and 
cracks could also be accounted for. In this contribution, we demonstrate the results of 
multimineral rock measurements on SKAT texture diffractometer in Frank Laboratory of Neutron 
Physics (JINR, Dubna) [3]. Obtained data are used in bulk elastic properties modeling that are 
compared with elastic wave velocities measurements at different pressures [4]. From this 
comparison, important information on porosity could be derived. It is shown, that the biggest 
source of discrepancy between the model and ultrasonic experiment are uncertainties in single 
crystal elastic properties. 

[1] Lutterotti L., Matthies S., Wenk H.-R., Schultz A. S., Richardson J.W. Combined texture and 
structure analysis of deformed limestone from time-of-flight neutron diffraction spectra. J. 
Appl. Phys. (1997) 81, 594-600. 

 
[2] Matthies S. GEO-MIX-SELF calculations of the elastic properties of a textured graphite 

sample at different hydrostatic pressures. J. Appl. Cryst. (2012) 45, 1-16. 
 
[3] Keppler R., Ullemeyer K., Behrmann J.H., Stipp M. Potential of full pattern fit methods for the 

texture analysis of geological materials: implications from texture measurements at the 
recently upgraded neutron time-of-flight diffractometer SKAT. J. Appl. Cryst. (2014) 47, 
1520-1534. 

 
[4] Lokajicek T., Svitek T. Laboratory measurement of elastic anisotropy on spherical rock 

samples by longitudinal and transverse sounding under confining pressure. Ultrasonics 
(2015) 56, 294-302. 
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Development of the neutron diffraction method for stress measurements in thick steel 
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  Thanks to development of the bent perfect crystal monochromators and dedicated position 
sensitive detectors  the maximum available path length, lm , for the stress measurements in 
steel was increased  up to lm=60mm, which allowed measurement of the stress distribution in 
40mm thick steel plates. 

   The present authors[1] showed that the maximum penetration path length in steels can be 
increased up to lm ~ 80mm by using neutrons with wavelength λ, corresponding to the local 
minimum of  neutron total cross section near but off the Bragg edges, e.g. λ =2.39Å for ferritic 
steel and  λ=2.19Å for austenitic steel. Using bent perfect Si crystal monochromators is 
preferable for the purpose. Stress distribution in 50 mm thick ferritic steel plate was measured 
using λ =2.39Å of Si(111) monochromator and reflection plane (110) of bcc ferritic steel. 

   Further development of this method [2,3] showed that available thickness of stress 
measurements in ferritic steel can be increased by using two different instrument configurations 
for measurement of different strain components. Wavelength λ =2.39Å and the reflection 110 of 
ferritic steel are preferable for the measurement of the longitudinal and transverse strain 
components, and wavelength λ =1.55Å and the reflection 112 for the measurement of the 
normal strain component. Using this “two wavelength” method, the stress distribution in 70mm 
and 80mm thick ferritic steel weld plates were measured. 

   As the neutron beam path increases in a specimen, significant peak broadening occurs, and 
this reduces the maximal available path length. Peak broadening was observed in ferritic steel 
and pure iron and was not observed in austenitic steel. Complementary neutron scattering 
experiments using small-angle neutron scattering (SANS) and wide-angle neutron diffraction 
(WAND)  broadening [4] showed that applied magnetic field of 1.2T considerably decreases 
intensity of the small angle scattering in ferritic steel samples. It was suggested that peak 
broadening is caused by multiple refraction small angle scattering of neutrons on magnetic 
domain boundaries. The domain sizes calculated based on peak broadening (WAND) support 
the relationship between magnetic domains and peak broadening.  Applied magnetic field of 
0.5T increases maximum available path length over 80mm. Therefore it is supposed that the 
available neutron beam path length in ferritic steel can be considerably increased (~95mm) by 
applying sufficiently strong (~1.5T) magnetic field. 

References 

1. Woo, W., Em, V. T., Seong, B. S., Shin E., Mikula, P., Joo, J., Kang, M. (2011). J. Appl. 
Cryst. 44, 747-754 
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4. Woo, W., Em, V. T., Shin E., Mikula, V., Ryukhtin (2015). J. Appl. Cryst. 48 
  

319



 
 

ID: EA-O8, 2015-09-04 13:15 - 13:30, Room 11 
Engineering applications 

 (Oral) 
 

Stress rig for neutron scattering measurements of bulk stress in engineering 
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Recent explosive progress in cryogenic technology requires deep understanding of material 
mechanical behaviour at cryogenic temperatures. This area covers a range of applications from 
strain sensitivity of superconducting wires and cryogenic texture processing of zirconium 
nuclear alloys to cryogenic structural steels and low temperature shape memory alloys for 
space applications.  Here we describe the design and test results of the cryogenic stress rig 
which provides cryogenic sample environment for ISIS engineering beam-line ENGINX. The 
system temperature range is 6.5K – 300K. Precooling of the system from the ambient to the 
base temperature takes less than 3 hours. The system enables measurement of internal strain 
in a sample by neutron diffraction simultaneously with critical current of a superconducting wire. 
This technique allows precise determining of the critical mechanical stress at which 
superconductivity gets destroyed. The critical stress is vital parameter required for modelling 
and designing of advanced MRI, NMR and other superconducting magnets and also variety of 
different superconducting applications based on Type II and MgB2 superconducting wires as 
well as second generation HTS tapes. 
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Neutron and X-ray imaging applied to archaeological barley seeds from the ESS 
excavation site (Lund, SE) 
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Around 4,000 BC a fundamental change in both economic and social life began across southern 
Scandinavia with the transition from a largely nomadic hunting/gathering society to a more 
settled, farming-based one. Early Neolithic agriculture (c. 4000-3500 BC) has been the subject 
of academic debate for decades, since its economical and social significance is still largely 
unknown. The subject remains live as new material and theoretical perspectives contribute. 
Plant remains from archaeological sites are a major source of information on the origin, spread 
and development of prehistoric and historic agriculture systems. Unfortunately they are usually 
found in scarce quantities on sites of the period. 

Many archaeological investigations and smaller excavations have taken place in the area the 
ESS site (Lund, SE) and the most interesting find so far is the evidence of farming that reaches 
back 6000 years, representing the earliest evidence of agriculture in Scandinavia. 
The material retrieved from the settlement is constituted by charred seeds of barley. Despite the 
antiquity and the charring process, in some cases unburnt parts may have survived in the core 
of those seeds, as shown in previous studies [1-3]. The presence of preserved organic material 
would allow us to perform ancient DNA studies and to answer the open questions on 
provenience, domestication of various plants locally available and plant breeding [3].  
Neutron imaging and complementary X-ray imaging techniques have hence been used as a 
non-destructive method for studying the morphology and the conservation status of 16 barley 
grains from the Stone Age and the Iron Age. 

White beam neutron tomographies were performed on the ICON beamline, PSI (CH), while X-
ray tomographies were partially performed at HZB micro-CT Lab and partially at Lund University 
(SE). 
The aim of this study was to explore the use of imaging techniques as an analytical tool for 
archaeological objects, for studying the internal mineralizations and inclusions, and determining 
possibilities for aDNA-analysis present in charred cereal grains. Due to uniqueness of cultural 
heritage and alchaeological objects, the use of non-invasive and non-destructive methods is 
highly relevant. 

[1] T. A. Brown, et al., Ancient Biomolecules 2, 185-193. (1998) 

[2] A. Schlumbaum, et al., Journal of Archaeological Science 25, 1111-1118 (1998) 

[3] D. Zohary, M. Hopf, M., Domestication of Plants in the Old World, Oxford University Press 
(2000) 
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Historical metallurgy is one of the most interesting fields of archaeometry, especially with 
regards to the production and use of steel for arms and armour components. In order to 
correlate similar samples to a specific period or provenance, it is important to build trustworthy 
classification parameters that do not simply rely on aesthetics features. Scientific and 
technological investigations into these kinds of artefacts were usually achieved by means of 
destructive analytical techniques, like metallography. On the contrary, neutron techniques allow 
to measure bulk properties in a non-invasive way. 

During the Middle Ages in Europe, the manufacture of ‘pattern-welded’ swords flourished. 
Pattern-welded blades were made by welding together more than half-a-dozen thin strips of iron 
and steel, that were then folded, twisted and forged in various ways, producing a herring-bone 
or spiral pattern on the surface of the blade [1, 2]. Forging together small pieces of carburised 
and uncarburised iron was one way of making a steel-like material with mechanical properties 
that were more or less controlled. In addition, this technique produced a highly esteemed 
decorative effect. 

By the Vendel period (550-790) pattern-welded swords were common in Scandinavia, but by 
the Viking age (790-1066 AD) the same result was obtained through a simpler process. The 
novel procedure consisted of piling few pieces of iron and steel into a bar and forging them 
together, without twisting or other elaboration [1]. Such a process produces a strongly 
differentiated distribution of the steel related phases (ferrite, cementite and martensite) in the 
different parts of the blade. The composite structure of sword blades from the Viking Age was 
usually obtained with this latter technique and represents one of the greatest examples of early 
metalworking methods. 

Scientific and technological investigations into these kinds of artefacts were usually achieved by 
means of destructive analytical techniques, like metallography. On the contrary, neutron 
techniques allow measuring bulk properties in a non-invasive way. 

In particular white beam and energy selective tomography were used to characterise the 
structure, morphology and composition of three sword-blades by providing detailed three-
dimensional information through a reconstruction of their macroscopic cross sections. All 
samples belong to Viking Age and have kindly been provided by the National Museum of 
Denmark. 

From this wealth of data it was possible to gather information on the conservation status of the 
artefacts, their morphological features and forging techniques. 
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The study was performed on the ANTARES neutron imaging beam-line at FRM II in Garching 
(DE) and has been carried out in cooperation with several Museum Institutions and European 
Research Centres. 

[1] A. R. Williams, Gladius XXIX, pp. 121-184 (2009) 
[2] A. R. Williams, Gladius XIII, pp. 75-101 (1977) 
[3] L. Josic, et al., Appl Phys A 99: pp. 515-522 (2010) 
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Different neutron analyses were applied to a set of ancient iron nails, dating back to the 1300-
1400 AD, coming from Valle delle Forme (Brescia, Northern Italy). In this archaeological site 
ongoing excavations have given back a smelting plant of iron minerals, a forge for elaboration of 
semi-finished products, but also an “archaic” blast-furnace, and it could represent the “missing 
link” testifying the evolution from the bloomer to the blast furnaces techniques in iron production 
in northern Italy [1,2]. The nails, presenting a heavily corroded surface (see figure 1). have been 
studied combining different techniques. In order to infer indications on the inner part too, with 
the benefit of a non-destructive technique, we first performed a neutron based characterization 
concerning mineralogical phases, through a neutron diffraction study ran at ISIS. However, 
lacking in position sensitivity, we combined this study with Raman and SEM analyses too, in 
order to assign different mineralogical phases to different regions of the nail samples. Finally, 
neutron radiographs were recorded at PSI, with the purpose to outline different morphological 
and cristallographic structures (see figure 2). 

The inner part of the nails contains several different mineralogical phases, and many indications 
can be derived about the production technology from the attribution of these mineralogical 
phases [3]. Our aim is to obtain these attributions through neutron analyses. Combining neutron 
diffraction and neutron energy selective imaging will be of benefit for further non destructive 
characterization in archaeometallurgy. 

[1] C. Cucini, M. Tizzoni, "La Valle delle Forme: i forni e le forge di epoca Bassomedievale", La 
Miniera Perduta, 1999, pp 201 - 214. 

[2] C. Cucini, "Il maglio, la fucina, i forni e il pestaloppe della Valle delle Forme (Bienno, 
Brescia)", Notizie Archeologiche Bergomensi 16, 227-248 (2008). 

[3] P. Dillmann, M. L’Héritier, J. of Archaeological Science 34, 2006, 1810-1823. 
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Hydrogen is seen as a clean and potentially plentiful energy source. The search for compounds 
that are capable of storing enough hydrogen and materials which could be used in efficient fuel 
cells is now an international priority. Neutron scattering is particularly suited for this purpose due 
to high sensitivity to hydrogen atoms. This vital tool is able to probe materials potentially 
promising for hydrogen technology under the extreme conditions such as high temperatures 
and high pressure. However these require specialised sophisticated gas handling systems, 
intensifiers and pressure cells. This poster will illustrate the hydrogen systems being assembled 
and tested at ISIS by the pressure and furnace section and the type of experiments these 
systems can be utilised for. 

     

 
  

327



 
 

ID: PS-1 - 5, 2015-09-01, Hipostila Area 
Glasses and Liquids 

 (Poster) 

Scattering cross sections of liquid propanol: Incoherent and coherent contributions 
using polarised neutrons 

Luis Alberto Rodríguez Palomino 1 , Gabriel J. Cuello2 , Anne Stunault2 , Javier Dawidowski1  
 
1) Centro Atómico Bariloche, Comisión Nacional de Energía Atómica and Consejo Nacional de 
Investigaciones Científicas y Técnicas, Bariloche, Río Negro, Argentina 2) Institut Laue 
Langevin, 71 rue des Martyrs, 38042 Grenoble, France  
* Gabriel CUELLO, cuello@ill.fr 
 
The use of polarised neutrons allows a direct separation of the coherent and incoherent 
contributions to the scattering cross section of hydrogenated materials. We applied this 
technique to determine the structure factor of liquid propanol at room temperature in a wide 
range of momentum transfer (0.8 to 21 Å−1) thanks to the unique capabilities of D3, the hot 
neutron diffractometer with polarisation analysis at ILL. This method produces more accurate 
structure factors because the huge incoherent spin dependent contribution from hydrogen 
atoms can be measured directly and not approximated as usual. The spin-independent 
incoherent contribution is still present and must be removed by the usual empirical fitting, but it 
is a small correction, what improves the accuracy of the final structure factor. The corrections by 
multiple scattering and attenuation of the experimental diffractograms are carried out employing 
a Monte Carlo code, which has been specially developed for this technique. This method has 
already proven its usefulness in the case of mixtures of light and heavy water, and now we 
extend its application to other hydrogenated liquids, like alcohols, and particularly to propanol. 
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Whereas the glass transition phenomenon of polymers has been widely studied, considerably 
less attention has been paid to secondary relaxations in the glassy state. This is due to the 
limited number of techniques that allow a direct study of molecular dynamics at the nanometric 
lengthscale. The details of the secondary processes are still a matter of controversy, however 
some are proved to be directly related to the structural relaxation, and therefore play an 
important role in the widely debated physical ageing process as well. 

The interest in using polymeric materials derived from renewable resources has increased 
significantly in re- cent years because of improved environmental awareness [1]. Poly(lactic 
acid) (PLA) is considered to be one of the most promising renewable bioplastics, providing a 
biodegradable alternative to conventional polymers and thus received much attention recently 
[2, 3]. Its widespread application is strongly limited by rapid physical ageing (i.e. changes in 
macroscopic properties with time) at ambient temperature. Overcoming this problem requires a 
detailed understanding of the occurring dynamics in the glassy state. 

Here we show that Neutron Spin-Echo (NSE) spectroscopy may offer a powerful mean to study 
the glassy state dynamics. In our study, by measuring protonated samples, the hydrogen self-
diffusion dynamics has been explored in a temperature range (193 K - 318 K) where the β-
relaxation is expected to govern glassy state dynamics. The obtained incoherent intermediate 
scattering functions exhibit stretched exponential form and the Kohlraush-William-Watts (KWW) 
formula describes the data well (Fig 1). The temperature dependence of the relaxation time 
(τself ) obeys the Arrhenius law (Fig 1b). 

[1] B. Imre and B. Pukánszky, Eur. Polym. J. 49, 1215-1233 (2013). 

[2] D. Garlotta, J. Polym. Environ. 9, 63-84 (2001).  

[3] R. Auras, B. Harte, S. Selke, Macromol. Biosci. 4, 835-864 (2004).  

[4] M. Mierzwa, G. Floudas, J. Dorgan, D. Knauss,  J. Wegner, J. Non-Cryst. Solids. 307-310, 
296-303 (2002). 
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Figure 1. (a) Incoherent intermediate scattering functions from neutron spin-echo experiments 
measured on PLA glass (Tg=≅333 K) at the maximum of the static structure factor (Q1=1.13Å-

1). Solid lines represent KWW fits. (b) Relaxation map of PLA. Circles: H-atom motion from 
incoherent NSE (values showed for Q1); diamond: β-relaxation from DMA measurements; 

triangles: α-relaxation from reference [4]. 
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Search for acoustic and optic vibrational modes in Zr-Be metallic glass. 
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Dynamic structure factor of the Zr50Be50 metallic glass have been obtained by performing an 
inelastic scattering experiment on the BRISP spectrometer (ILL, Grenoble) in the range of first 
pseudo-Brillouin-zone. We report the simultaneous observation of two density fluctuation modes 
in metallic glass with disparate mass components. Analysis of the dynamical parameters 
characterizing the two excitations reveals the acoustic nature of the low-energy mode and 
suggests an optic-like nature for the high-energy mode. 

E-mail for corresponding author: dyproso2011@mail.ru 
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Structure characterization of zinc boromolybdate glasses 

Margit Fabian1 , Erzsebet Svab2  
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Zinc boromolybdate glasses are known as low melting dielictric materials and they have high 
potential in several applications. Several network characteristics of the MoO3-ZnO-B2O3 glass 
sytem have been reported in ref. [1] investigated by various optical spectroscopic methods, 
however, basic structural characteristics are still open question. The structure characterization is 
challenging, as far as, they consist of the conditional network former MoO3, from the traditional 
network former B2O3, and the role of ZnO is a dibate concerning its modifier or network former 
role. In the present work we aim to study the atomic scale short- and intermediate range order 
of ternary xMoO3-50ZnO-(50-x)B2O3, x=10,20,30 mol% glasses synthesized by melt quench 
technique, prepared from B-11 isotope. 

Neutron diffraction (ND) and solid state nuclear magnetic resonance (NMR) spectroscopic 
experiments have been performed. ND experiments were carried out at the 10 MW Budapest 
research reactor using the PSD diffractometer [2] and at the 7C2 diffractometer in LLB/Saclay 
[3]. For the NMR investigations the 600MHz MAGIC spectrometer was used in the Slovenian 
NMR Centre [4]. 

For the analysis of the ND data both the traditional Fourier transformation and the reverse 
Monte Carlo (RMC) [5] simulation techniques have been applied. RMC simulation was applied 
to generate a 3-dimensional atomic configuration, which is consistent with the experimental 
data. From RMC modeling the partial atomic pair correlation functions, coordination number 
distributions and three-particle bond angle distributions have been revealed. The results show 
well-defined first neighbour distances for the Mo-O, Zn-O and B-O distributions. Significant 
intermediate-range correlations have been revealed for the second neighbor distances, 
indicating a stable and well-defined network. From the coordination number analyses we have 
established that tetrahedral MoO4 and ZnO4 units are formed in agreement with the results of 
ref. [1]. For the boron environment 3 and 4 coordinated atoms with mixed trigonal BO3 and 
tetrahedral BO4 structural units. Evaluation of NMR measurements shows that the studied 
system gives relevant concentration dependence; we observe the increase of 3 coordinated 
boron atoms with increasing of B/Mo ratio. 

Details of the structural characteristics will be presented. 

Acknowledgement - The authors are grateful to Dr. L. Alexandrov for sample preparation. The 
research was partly supported by EU-FP7 No.283883-NMI3, the Central European Research 
Infrastructure Consortium (CERIC-ERIC) and the OTKA-109384. 

 [1] L. Aleksandorov, T. Komatsu, R. Iordanova, Y. Dimitriev, Optical Materias 33 (2011) 839 

[2] E. Svab, Gy. Meszaros, F. Deak Mater. Sci. Forum 228 (1996) 247; http://www.bnc.hu/ 

[3] J. P. Ambroise, R. Bellissent Rev. Phys. Appl. 19 (1984) 731 ; http://www-llb.cea.fr/en/ 

[4] Slovenian NMR Centre, http://www.nmr.ki.si/600_magnet.html 

332



[5] R.L. McGreevy, L. Pusztai  Mol. Simul. 1 (1988) 359 

 
 

ID: PS-1 - 9, 2015-09-01, Hipostila Area 
Glasses and Liquids 

 (Poster) 
 

Application of GEANT4 and MCNP to Thermal Neutron Scattering Cross Section 
Measurements at NRU reactor 
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Accurate knowledge of neutron scattering cross-sections of the materials composing the 
nuclear reactor core, in particular moderator and coolant, is a necessary input for neutronic 
calculations and reactor simulation. For the planned GEN-IV supercritical water reactor only 
very few and sparse experimental nuclear cross sections data are available for either light or 
heavy water. The unavailability of this crucial information leaves no alternatives other than 
carrying out transport simulations using inadequate free gas scattering models, compromising 
the credibility of the results. New experiments are required to reduce uncertainties in nuclear 
data and to validate the existing free gas models or to propose new ones. As first step toward 
the cross section measurement of light and heavy supercritical water, a series of experiments 
were conducted at the NRU reactor using a triple-axis spectrometer. The total cross section, as 
well as single and double differential scattering cross sections were measured with incident 
neutron energies from 15 meV to 50 meV, and scattering angles up to 110°. It has been found 
that multiple scattering effects are an important correction factor to consider when analyzing 
double differential scattering cross section. Monte-Carlo particle transport codes, GEANT4 and 
MCNP, have been employed to estimate the multiple scattering contributions to the obtained 
absolute double differential cross section of light and heavy water. In the GEANT4 code the 
G4NeutronHPThermalScattering model, which takes into account the binding effects for 
molecularly bound nuclei at low energies, has been used to simulate the whole experiment and 
extract the multiple scattering part in the detected signal at different scattered energies and 
angles. Results were used to calculate the  scattering transfer function. For the MCNP code, the 
by default library was altered to perform multiple scattering and attenuation corrections. The 
procedure uses the NJOY module and applies the simulation iteratively by adjusting the MCNP 
data library. In the present talk, the experimental procedures as well as the GEANT 4 and 
MCNP data analysis methods are discussed. The light and heavy water scattering law for 
neutron energy transfer from 42.0 to 14.6 meV over scattering angles from 10° to 110 are 
presented and compared with the tabulated Evaluated Nuclear Data File (ENDF/B-VII). The 
final results show that multiple-scattering correction methods are reliable and data are 
consistent within uncertainties. This work demonstrates the feasibility of using a triple-axis 
spectrometer to measure neutron scattering cross section parameters, and the capability of 
GEANT4 and MCNP for analyzing thermal neutron scattering experimental data. The methods 
enable measurement of inelastic scattering cross section parameters using thicker samples 
then conventionally. 
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Structural aspects of ferrofluid stabilization: applications of small-angle neutron 
scattering 
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The understanding of stabilization mechanisms for ferrofluids (fine liquid dispersions of 
magnetic nanoparticles coated with surfactants) is an important factor in the synthesis of highly 
stable magnetic colloids with defined properties. The given report reviews the principal results of 
our recent works [1-4] devoted to the detailed investigations of ferrofluid stability regarding the 
change in the structure under various conditions including the diagnostics and determination of 
the aggregation regimes in biocompatible ferrofluids for medical applications. The structural 
features of the ferrofluids and subsidiary solutions were revealed and analyzed basing on the 
data of small-angle neutron scattering (SANS). Thus, for ferrofluids based on non-polar solvents 
(benzene, decalin) with nanomagnetite coated by a single layer of mono-carboxylic acids the 
study of the effect of free surfactant excess showed a significant increase in the attraction 
between non-adsorbed acid molecules, which explained the sharp loss in ferrofluid stability at 
some critical acid concentration as a result of the liquid crystal transition. The later strongly 
depends on the solvent-acid interaction and is characterized by different critical points in 
different solvents. For an aqueous ferrofluid (nanomagnetite coated by a double layer of sodium 
oleate (SO)) used as a precursor for the biocompatible modification with polyethylene glycol 
(PEG) the fraction of micelles of non-adsorbed surfactant and its change under modification 
was found by SANS. The comparison with the other kinds of water-based ferrofluids showed the 
different rate of surfactant adsorption on magnetite surface depending on the surfactant type. 
The aggregate reorganization and growth in the ferrofluid after PEGylation was observed. To 
clarify the possible influence of the micelle formation of free surfactant on this process in the 
presence of polymer the SANS study of the mixed SO/PEG aqueous solutions was carried out, 
which showed drastic changes in the structure and interaction of micelles under the effect of the 
PEG addition. In particular, the screening of the micelle interaction was concluded because of 
the formation of an effective PEG shell around micelles at high (about 10 vol. %) concentration 
of the polymer. 

[1] V.I.Petrenko, et al. Colloids Surf. A 369 (2010) 160–164. 

[2] V.I.Petrenko, L.A.Bulavin, M.V.Avdeev, P.Kopcansky. In “Nanobiphysics: Fundamental and 
Applications”. Chapter 5. Pan Stanford Publishing Pte Ltd. (2015) pp. 120-150. 

[3] A.V. Nagornyi, et al. Phys. Solid State 56(1) (2014) 91–96. 

[4] V.I.Petrenko, et al. Colloids Surf. A (2015) in press. 
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Holo- and apomyoglobin can be stabilized in native folded, partially folded molten globules 
(MGs) and denatured states depending on the solvent composition. Although the protein has 
been studied as a model system in the field of protein folding, little is known about internal 
dynamics of the different structural conformations on the picosecond time scale. In a 
comparative experimental study we investigated the correlation between protein folding and 
dynamics on the picosecond time scale using incoherent quasielastic neutron scattering 
(QENS). The measured mean square displacements (MSDs) of conformational motions depend 
significantly on the secondary structure content of the protein, whereas the correlation times of 
the observed internal dynamics were found to be similar irrespective of the degree of folding. 
The conformational entropy difference ∆Sconf between the folded conformations and the acid 
denatured state could be determined from the measured MSDs and was compared to the 
entropy difference ∆S obtained from thermodynamic parameters reported in the literature. The 
observed difference between ∆S and ∆Sconf was attributed to the entropy difference ∆Shydr of 
dynamically disordered water molecules of the hydration shell. The entropy content of the 
hydration water is significantly larger in the native folded proteins than in the partially folded 
MGs. We demonstrate the potential of incoherent neutron scattering for the investigation of the 
role of conformational dynamics in protein folding. 

Stadler et al, J. Phys. Chem. B, 2015, 119, 72−82 
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Structural Characterisation of Chromatin Proteins in the Human Malarial Parasite 
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Malaria remains a global public health burden with approximately 600,000 deaths per year, 
predominantly among young children in sub-Saharan Africa. The human malarial parasite, 
Plasmodium falciparum, causes illness by infecting human red blood cells. Chronic infections 
depend on antigenic variation of cell surface antigens expressed on these cells. P. falciparum 
erythrocyte membrane protein 1 (PfEMP1) is the major surface antigen and this protein 
mediates sequestration of infected cells within host blood vessels, which leads to severe 
malaria. Expression of this protein is controlled by a family of ‘var’ genes which are regulated 
via an epigenetic process through modifications to the encoding chromatin. The sirtuin enzyme, 
PfSir2a, is a NAD+ dependent histone deacetylase whose disruption has been shown to affect 
the expression of PfEMP1 It has a putative binding partner, PfAlba3, that is a DNA binding 
protein and may provide a bridge between PfSir2a and DNA, facilitating PfSir2a activity to help 
to silence var genes. We are using small angle neutron and x-ray solution scattering 
(SANS/SAXS) techniques to characterise the interactions between PfSir2a, PfAlba3 and 
DNA.  This work will give us a better understanding of the molecular mechanisms underlying 
antigenic silencing and switching - key virulence processes in the malaria parasite. 
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Combined NMR and SANS solution studies of membrane proteins in a native-like 
membrane mimetic environment using multiple isotope labeling 
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Membrane proteins are of significant biological and medical importance since they represent 
more than 50% of the current drug targets1. However, the structure determination of membrane 
proteins is very challenging. X-ray crystallography has been used to make major contributions 
towards the structure determination of membrane proteins2, but these proteins are difficult to 
crystallise without major modifications and are rarely crystallised in their native lipid 
environment. Currently, it has been estimated that less than one percent of the unique protein 
structures deposited in the Protein Databank are of membrane proteins. In addition, most of 
these structures were not obtained in a native-like environment, adding doubt to their 
physiological relevance. 

Recently, a novel membrane mimetic, the lipodisq, has been developed that could enable the 
study of integral membrane proteins in a native-like bilayer environment3. We propose to 
conduct a feasibility study by inserting the bacteriorhodopsin, a seven transmembrane (7TM) 
helical receptor, into lipodisqs and acquire both high-resolution solution NMR spectra and low 
resolution SANS data (Figure). Multiple isotope labelling of the bacteriorhodopsin protein4 will 
play a key role in this work, improving spectral resolution for NMR. It will also allow the use of 
contrast variation to match-out either the protein or the different components of the lipodisqs 
during SANS experiments. 

The successful completion of this project will be a proof of principle showing that seven-
transmembrane proteins can be studied while in a native-like lipid bilayer environment. This 
study will provide complementary high resolution intramolecular structural information by NMR, 
as well as global intermolecular information about oligomeric state and other protein-
protein/protein-macromolecular interactions by SANS. 

1. J. P. Overington et al., Nat. Rev. Drug Discovery 2006, 5, 993.
2. S. H. White, Nature 2009, 459, 344.
3. M. Orwick-Rydmark et al., Nano Lett. 2012, 12(9), 4867.
4. K. Varga et al., Biochim Biophys Acta-Biomembr. 2007, 1768, 3029.

Figure : Transmembrane protein bacteriorhodopsin (PDB 1C3W) inserted into nanosized bilayer 
lipodisq particles (figure reproduced from Orwick-Rydmark et al. 3). 
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Small angle neutron scattering provides information on Factor H interactions and the 
role they play in regulating the immune system  
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Contrast variation, when used with small angle neutron scattering (SANS) and selective 
deuteration, is a powerful technique for the study of protein-protein interactions. By deuterating 
one of the binding partners it is possible to use D2O/H2O solvent contrast variation methods to 
obtain valuable structural information on the individual components of a complex. This type of 
information is crucial for an understanding of how proteins interact in solution. Complement 
Factor H (CFH) is an important regulator of the complement system. The complement system in 
humans is a major component of the immune system and functions to remove foreign particles 
such as bacteria before they can cause disease. CFH protects healthy host cells against 
immune destruction through interactions with its many ligands. Mutations occur in CFH which 
disrupt its ligand binding, causing impairment in complement regulation. This causes severe 
diseases such as atypical haemolytic uraemic syndrome (aHUS). One such interaction is that 
with the C3d protein. High resolution crystal structures have so far been ambiguous as to the 
binding stoichiometry of this interaction. The CFH and C3d interaction has been studied by 
contrast variation with SANS along with small angle X-ray scattering (SAXS). The CFH C-
terminal domains were isotopically deuterated to approximately 75 % deuterium content. SANS 
confirmed the match-point at approximately 100 % D2O. SAXS data have confirmed that the 
isotopic composition of the sample has not significantly affected the protein shape. Contrast 
variation experiments were then carried out on the instrument D33 at the Institut Laue Langevin. 
These experiments have yielded structural information on each of the components within the 
complex. At 100 % D2O it was shown that no significant structural changes (at low resolution) 
occurred in C3d upon complex formation. It also confirmed that the interaction between CFH 
and C3d existed primarily with a 1:1 binding stoichiometry with a small percentage of 1:2 (two 
C3d molecules) also occurring. This means that the second binding site remains available for 
additional ligand binding. This information is of central importance in understanding how CFH 
regulates the immune system when it is correctly functioning. 
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Current research in membrane protein biophysics highlights the emerging role of lipids in 
shaping membrane protein function. Cells and organisms have developed sophisticated 
mechanisms for controlling the lipid composition and many diseases are related to the failure of 
these mechanisms. 

Neutron scattering techniques including small angle scattering, diffraction, reflectometry as well 
as inelastic methods are rapidly developing for these studies and are attracting an increasing 
number of biologists and biophysicists at large facilities. 

The talk will review some recent progress in the field and provide perspectives for future 
developments. It aims at highlighting neutron reflectometry and small angle diffraction as a 
versatile method to tackle questions dealing with the understanding and function of 
biomembranes and their components. 

The most effective use of neutron reflection involves extensive deuterium substitution and this is 
becoming more and more an available option in biological systems due to the creation of protein 
deuteriation laboratories. 

The biochemical and structural characterisation of lipid bilayers from natural yeast 
extracts [1,2] will be highlighted as well the effect of the potent but highly toxic antifungal 
drug Amphotericin B (AmB) [3]. 

The action of AmB, used intravenously to treat systemic fungal and parasitic infections, is widely 
accepted to result from its specific interaction with the fungal sterol ergosterol. While the effect 
of sterols on AmB activity has been intensely investigated, the role of membrane phospholipid 
composition has largely been ignored, and structural studies of native membranes have been 
hampered by their complex and disordered nature. We show for the first time that the structure 
of fungal membranes derived from Pichia pastoris yeast depends on the degree of lipid 
polyunsaturation, which has an impact on the structural consequences of AmB activity. AmB 
inserts in yeast membranes even in the absence of ergosterol, and forms an extra-
membraneous layer , into which it extracts ergosterol. The AmB-sponge mediated depletion of 
ergosterol from P.pastoris membranes gives rise to a significant membrane thinning effect that 
depends on the degree of lipid polyunsaturation. The resulting hydrophobic mismatch is likely to 
interfere with a much broader range of membrane protein functions than those directly involving 
ergosterol, and also suggests that polyunsaturated lipids could boost the efficiency of AmB 
formulations. A low degree of lipid polyunsaturation gives rise to least AmB insertion and may 
protect host cells against the toxic effects of AmB. These results provide a new framework 



based on lipid composition and membrane structure through which we can understand 
ergosterol-targeting antifungal action and develop better treatments. 

[1] Gerelli Y. et al. Acta Crystallographica Section D (2014); 70(12):3167  

[2] de Ghellinck et al. PLoS ONE 01/2014; 9(4):e92999 

[3] deGhellinck et al., BBA, under revision 
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Structure of the Intrinsically Disordered Protein Otholith in Solution at Different 
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Two members of the intrinsically disordered proteins (IDP) family (OMM-64 and STML) have 
been studied by means of small angle neutron scattering (SANS), dynamic light scattering 
(DLS) and fluorescence correlation spectroscopy (FCS). SANS curves of the proteins in D2O 
buffers have been measured for a range of Na+ and Ca++ salts concentrations. The same 
samples have been measured using DLS in order to estimate their apparent hydrodynamic radii 
(Rh) and the scattering intensity in the q = 0 limit. The size of the proteins as a function of Na+ 
and Ca++ concentrations had been measured in nanomolar concentrations using FCS. 
Preliminary fits to the SANS data suggest a coiled structure of the proteins in solution. For the 
first time SANS curves of proteins embedded in calcium carbonate crystals have been 
measured. Also a coiled structure has been found (slope = -2), see Figure, however the exact 
value of the radius of gyration (Rg) could not be estimated due to the limited q-range of SANS-II 
instrument. 

Figure Caption:SANS spectra of CaCO3 crystals grown with (full symbols) and without the 
proteins. Inset: q-2 dependence for the crystals grown with STML. 
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The market related to drugs for central nervous system is the second largest in the therapy 
industry, with the segment of antidepressants, antipsychotics and antiepileptics holding the 
highest percentage. However due to their mode of action, antipsychotic drugs, used for the 
treatment of central nervous system disorders generate a wide range of undesirable side 
effects. 

Last year, most of the brand-name antidepressant drugs on today’s market went off patent, 
opening a door to the pursuit of development of derivatives that are more effective. However, 
because of its marketing importance, pharmaceutical companies seem to have withheld 
significant information on this type of drugs. In fact, even the data of X-ray of polymorphs are 
generally only in patents, and very few academic papers can be found on the subject [1]. This is 
no less true of the characterization by vibrational spectroscopy (infrared, Raman and neutron 
scattering) of antipsychotics, and even less on the optical characterization (optical absorption 
and luminescence). In conclusion, there is a general lack in the understanding of the 
conformational habit of these molecules. 

This work is related to the investigation of three different antipsychotics, one of each generation: 
haloperidol (C21H23ClFNO), Seroquel (C21H25N3O2S) and aripiprazole (C23H27Cl2N3O2) using a 
combination of inelastic neutron scattering (INS) and density functional theory (DFT). These 
substances were selected because their crystalline structure and the concerns related to their 
polymorphism have been already reported in the literature [2]. 

Here we will report on data obtained using the spectrometers PELICAN and TOSCA located at 
the Bragg Institute (Australia) and ISIS (UK), respectively. Polymorphic transformations and 
purity of the studied samples were determined by calorimetric studies, while their structure was 
verified by X-rays diffraction. Furthermore, the origin of each of the observed modes will be 
discussed with the support of theoretical data provided by Density Functional Theory 
calculations (DFT). 

 References: 

[1] B.D. Robbins et al, Journal of Psychological Issues in Organizational Culture, 2011, 1, 32. 

[2] G.L. Destri et al, J. Pharmaceutical Sciences 2011, 100, 4896; K. Ravikumar and B. Sridhar, 
Acta Cryst. 2005, E61, o3245 & J.B. Nanubolu et al, CrystEngComm., 2012, 14, 4677. 
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Cyanobacteria are model microorganisms widely used for the study of photosynthesis, carbon 
and nitrogen assimilation, evolution of plants and adaptability to environmental stress. Light 
harvesting and photosynthesis in cyanobacteria occur in the thylakoid membranes that display 
concentric layers with various arrangements within the cell. Liberton et al., (2013) used a 
correlative approach incorporating transmission electron microscopy (TEM) and small-angle 
neutron scattering (SANS) to examine the thylakoid membrane organization in cyanobacterial 
cells. They showed that the distances between thylakoid membrane layers are correlated with 
the size of the light-harvesting phycobilisome antenna complexes and that these distances 
change reversibly upon illumination. Based on this earlier study we present a Neutron Spin 
Echo (NSE) experiment performed in vivo at the Spallation Neutron Source - Oak Ridge 
National Laboratory, on the wild type Synechocystis sp. PCC 6803 strain. We assessed 
qualitatively and quantitatively the flexibility and dynamics of cyanobacteria thylakoid membrane 
for light induced changes. Our analysis indicates that the electron transfer chain between 
photosynthetic reaction centers and the creation of an electrochemical gradient across the 
thylakoid membrane is a significant driving force for membrane dynamics. These observations 
are crucial for understanding the light harvesting mechanism and photosynthetic activity and the 
relationship of these processes to cellular architecture. 
  
Liberton M., L.E. Page, W.B. O’Dell, H. O’Neill, E. Mamontov, V.S. Urban, Pakrasi H.B., 2013, 
Organization and Flexibility of Cyanobacterial Thylakoid Membranes Examined by Neutron 
Scattering, 3632–3640, The Journal of Biological   Chemistry, vol. 288, no. 5.  
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Infection by the bacterium Pseudomonas aeruginosa is a serious problem for patients who are 
hospitalized with cancer, cystic fibrosis and burns [1]. The case fatality rate in these patients is 
near 50%. P. aeruginosa is primarily a nosocomial pathogen and the fourth most commonly-
isolated nosocomial pathogen accounting for 10% of all hospital-acquired infections. It causes 
urinary tract infections, respiratory system infections, dermatitis, soft tissue infections, 
bacteremia, bone and joint infections, gastrointestinal infections and a variety of systemic 
infections, particularly in patients with severe burns and in cancer and AIDS patients who are 
immunosuppressed. 

Strains of the P. Aeruginosa bacterium are resistant to most of the common antibiotics used in 
hospitals, due mainly to the low permeability of its outer membrane [2]. OprF, the main porin of 
the P. Aeruginosa  outer membrane, is responsible for this  low permeability and it is thought to 
have an important role in the antibiotic resistance of the bacterium. For this reason, it is a very 
novel target for new drugs that will kill bacteria resistant to standard antibiotics. In our 
laboratories a novel cell-free method to synthesis the protein has been developed. By means of 
advanced biochemical techniques we are able to incorporate it in model biological membranes 
that are grafted to gold electrodes. 

The crystallographic high-resolution structure of OprF is not available due to the difficulties 
involved in crystallising membrane proteins. By the use of neutron reflectometry, we provided 
an alternative route to obtain fundamental low-resolution information on the nanoscale structure 
OprF, in an environment that mimics its native condition. NR allowed us to characterize the 
nanostructural details of the lipid membrane, the amount of the protein embedded in the bilayer, 
the thickness and the orientation of the extramembrane domain of the proteins, which extends 
from the membrane. These investigations are not possible using the classical techniques of 
biology and reinforce the crucial role played by neutron scattering in evincing fundamental 
details of biological samples. 

This study showed that OprF purified using the cell free protocol and then incorporated into 
tethered lipid bilayer yelds a controllable (and measurable at the nanoscale) biomimetic system 
constructed in vitro. This system provides the means to identify ways to control membrane 
proteins, and hence to open possibilities of finding new drugs that are not antibiotics, which 
could help to fight the serious infections caused by P. Aeruginosa. 

[1] Blackwood, L. L., and J. E. Pennington. 1981. Infect. Immun. 32:443–448. 

[2] Hancock REW, Worobec EA (1998) Pseudomonas Biotechnology Handbooks Vol. 10: 
Plenum, London. 
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Hydrating globular proteins: is there evidence for the fragile-to-strong crossover? 
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The dynamics of water shows complex behaviour which has attracted much debate in the 
scientific literature [1,2]. In particular, and of relevance to this work, is the suggestion that at 
about 220 K, and for deeply super cooled water confined in MCM matrixes, a fragile-to-strong 
crossover (FSC) is observed in the temperature dependence of the relaxation times; the FSC 
being defined as the transition from non-Arrhenius (fragile) to a Arrhenius-like (strong) 
behaviour. The FSC phenomenon has been used to describe the hydration water of globular 
proteins. As such, it has been hypothesised that the FSC could be the physical origin of the 
dynamical transition observed in hydrated material at about 220 K [3]. However, more recent [4] 
neutron scattering studies have questioned the validity of this description. To further test 
whether the FSC description is relevant to hydration water, on the pico-second time scale, we 
present here results from three markedly different hydrated globular proteins 
 
 
[1] Swenson, J. Phys. Rev. Lett. 97, (2006). 
[2] Cerveny, S. et al, Phys. Rev. Lett. 97, (2006). 
[3] Chen S.-H. et al, Proc. Natl. Acad. Sci. USA, 103, (2006). 
[4] Doster W. et al, Phys. Rev. Lett. 104, (2010) 
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Structure-dynamics relationships in lyophilised proteins: the role of side groups 
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We present a systematic study of macromolecular motion in a series of lyophilised proteins 
carefully chosen for their differing secondary structures. Neutron spectrometers, which straddle 
the picosecond to nanosecond timescale, have been used to probe the contribution of side 
groups to the dynamic response observed. In particular we are interested to examine 
the dynamical influence of those side groups which contain labile protons. For example, our 
previous results [1] suggest that for the highly alpha-helix rich, and fully hydrogenous, protein, 
apoferritin, only methyl species contribute to the dynamic response on the nanosecond; labile 
protons appearing immobile. In contrast, lysosyme is described in the literature as exhibiting a 
similar response but only when the labile protons have been exchanged with deuterium. 
To gain clarity, and attempt to correlate structure with side group activity  we have performed 
experiments on a series of lyophilised materials both in fully hydrogenated and labile exchanged 
form. 
 
 
[1] M. T. F. Telling, L. Clifton, J. Combet, B. Frick, S. Howells and V. Garcia Sakai, Soft Matter, 
8, 9529-9532 (2012). 
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Radiotherapy Target Nanoparticles for Cancer Tretmant – SANS, ASAXS and 
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Heavy metal loaded target Nanoparticles project shall improve therapy and diagnosis of severe 
diseases, e.g. cancer, by individual targeting of drug-loaded nano-pharmaceuticals towards 
cancer cells. Specific ligands, which are recognized by the diseased cells or drug uptake, are 
bound to the nanoparticle surface, and thus capable of directing the drug carriers. In the current 
concept a ligand set is coupled by a fast assembly technique (click link) in the very last step of 
the formulation. In the later clinical cancer therapy application the ligands set (2-5 different, 
membrane-linked) will be selected according to the biopsy analysis of the patient tissue e.g. 
from tumor. The  targeting nanomaterials are characterized by a combination of SANS, DLS 
and SAXS, ASAXS in a feedback process during development.. 

We synthesize targeting modifiers of metal drug loaded nanoparticles which consist of four 
structure domains. For cancer therapy the components are varied and optimized in a case 
specific manner. The nanoparticles, e.g. biodegradable polymer (PLGA),  lipid particles as well 
as the anchor domain are hydrophobic. The linker binds the ligand in two steps: adsorption and 
a covalent bond formation as terminal step. The structure of the modified nanoparticles is 
analyzed by dynamic light scattering DLS, neutron small angle scattering SANS and metal 
specific X-ray scattering ASAXS, while the effect of the drug is proven with kinetic cell cultures 
as tumor models. The multi-targeting modification (fig) is applied for radiation therapy to 
lanthanide loaded polymer nanoparticles (PLGA, patent of the Gutenberg university) and 
liposomes as fast development system. 

The therapy tests are done with kinetic cell cultures (2D) as model of the tumor growth (3D), 
and some animal experiments.  The time kinetic cell tumor model enables a resolution of radio-
necrosis and the wanted delayed proliferation stop (cell growth inhibition and delayed apoptosis 
after treatment). This time resolved EPN test (exponential proliferation and necrosis test) is 
done with erbium, lutetium and loaded nanoparticles with photons of 50-100 keV at radiation 
therapy clinics (linear accelerator), and with Gadolinium+Erbium and Boron loaded 
nanoparticles with neutrons at reactor sources (B-NCT and Gd-NCT). 

1) Nawroth T et al. Mol. Pharm.  2011, 8, 2162-217 
2) Buch K et al, 2012 Radiation Oncology  7, 1-7 
3) “A particulate system for use in diminishing cell growth / inducing cell killing”   
EU-Patent  11 007 401.0 ; PCT 13 07 12;  Gutenberg-University Mainz: Buch K, Nawroth T, 
Langguth P, Schmidberger  H (2012) 
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The cryopreservation of biological objects is a popular method that is intensively used in 
medicine, biology and nature conservation science. The main limitation of cryopreservation 
method is the formation of intracellular ice that can damage biological components of living cell. 
Preventing crystalline ice emerging requires understanding of water crystallisation at molecular 
level. In our neutron scattering experiment we show that water in a cryopreservation solution at 
low temperatures range 75 – 180K forms nano-clusters confined into small volumes by the 
surrounding matrix formed by molecules of other components of the cryoprotectant solution. It is 
suggested that these small volumes prevent the formation of crystalline ice in aqueous solution 
because water in them does not have time to relax and expand during cryogenic quenching. 
Here we also present results of neutron scattering experiments which show that even if ice 
crystal formation has been suppressed during quench cooling, the water molecules, mobilised 
during warming, can crystallise as detectable ice. The crystallisation happens right after melting 
of the glass phase formed during quench cooling, whilst the sample is still transiting deep 
cryogenic temperatures. We also observe strong water isotope effects on ice crystallisation 
processes in the cryoprotectant mixture. In the neutron scattering experiment with a fully 
protiated water component, we observe ready crystallisation occurring just after the glass 
melting transition. On the contrary with a fully deuteriated water component, the process of 
crystallisation is either completely or substantially supressed. This behaviour might be explained 
by nuclear quantum effects in water. The strong isotope effect, observed here, may play an 
important role in development of new cryopreservation strategies. 
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Iron is an essential element for life and is used by microorganism to survive and replicate. It is 
also a key element for many pathogenic microorganisms. The iron uptake by lactoferrin makes 
this element inaccessible for pathogenic microorganisms, preventing them from further 
development. Iron acquisition by lactoferrin has an indirect role in the protection of living 
organism from oxidative stress. 

Lactoferrin reversibly binds ferric ions and therefore it can be found in the iron-free form 
(apolactoferrin) and associated with iron ions (hololactoferrin) [1]. Apolactoferrin has an open 
conformation whilst hololactoferrin has a closed conformation (Figure 1). This large 
conformational change is the mechanism that controls iron release. Studies on the iron removal 
from lactoferrin will contribute to a better understanding of its mechanism of iron binding. 

Figure 1. Structure representation of the N-lobe of human lactoferrin open form (a) and closed 
holo-form (b). The position of carbonate and iron ions in the closed form are indicated. N-lobe 
structure is presented in ribbon, ferric ion is presented as van der Waals sphere and carbonate 
ion as sticks. 

The ability of ethylenediaminetetraacetate to remove iron from human lactoferrin at 
physiological pH has been studied. Using UV-vis spectrophotometric titration method we have 
identified that the presence of ethylenediaminetetraacetate initiates the process of iron release 
from lactoferrin structure. 

The small-angle neutron scattering experiment will provide us a direct estimation for the 
molecular size and conformation of lactoferrin under physiological conditions in the presence 
and absence of ethylenediaminetetraacetate. Results of this study will help gain a better 
understanding about the mechanism that triggers iron release from lactoferrin structure in 
biological systems. 

[1] Baker E.N., Baker H.M., Molecular structure, binding properties and dynamics of lactoferrin, 
Cellular and Molecular Life Sciences, 2005, 62, pp.2531-2539 
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Atherosclerosis and its clinical consequences such as heart disease and stroke constitute the 
leading cause of death in westernized societies. A whole range of indicators is known to be 
associated with atherosclerosis including concentrations of various lipoprotein particles which 
are water-soluble aggregates of an amphipathic protein (apolipoprotein) and lipids.1,2  These 
lipoprotein particles usually have diameters of a few tens of nanometers,3,4 and can be 
classified depending on their density: The higher the protein content, the higher their density. 
Thus, we can find very low density lipoproteins (VLDL) with about 10% apolipoprotein to high 
density lipoproteins (HDL) with about 33% apolipoprotein.5 In humans, the apolipoprotein exists 
as two isoforms called apoB100 and apoB48 which are produced in the liver and the intestine, 
respectively.6 ApoB48 is a truncated form consisting of the first 48% for the N-terminal amino 
acids in apoB100.7  In the primary step in arthrosclerosis, the LDL particle is able to diffuse in 
the atrial wall tissue and lipoproteins stick and thereby accumulate at certain vascular sites.8-

11 Other lipoproteins also bind and accumulate at the vessel wall including Lipoprotein(a), 
intermediate density lipoprotein (IDL), HDL containing apolipoprotein E and their oxidized 
forms,12 even though the presence of HDL correlates with protection against cardiovascular 
diseases. The mode of interaction between the various types of lipoproteins and the vessel is 
thought to occur via competition:13 atherosclerosis does not depend so much on the absolute 
blood lipoprotein concentrations of LDL and HDL but rather on their ratio (LDL/HDL),14 as well 
as numerous other factors such as the presence of Lipprotein(a), presence of oxidized forms, 
SOD (Superoxide dismutase) levels, and many other factors.9,12 Thus, bulk and interfacial 
exchange between LDH and HDL is likely to be critical for the protective effect of HDL against 
atherosclerosis and therefore the stability of the lipoprotein particle should be carefully studied. 
Here we present our first results on lipoprotein interactions with blood vessel components, 
showing a clear dependency between the type of lipoprotein particle and the degree of 
oxidation. 

References 

  (1) Eur Heart J Supplements 2005, 7, F4. 
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Human Serum Albumin (HSA) is an important transport protein that interacts with substances as 
e.g. fatty acids [1,2] and pharmaceuticals in a specific manner.[3]  Also, transport by HSA plays 
an important role for renal clearance and the interaction of HSA with uremic toxins is an 
essential factor in the excessive cardiovascular mortality. Patients with a chronic kidney disease 
suffer from accumulation of a large number of uremic toxins, which are usually excreted by the 
kidney. [4,5] It is assumed that these patients possess structurally modified HSA which leads to 
an alteration of its natural function. The structure of such modified protein however is not 
known. 

SANS is a powerful technique to reveal structural information of such small macromolecules 
due to the high contrast of e.g. proteins to D2O and the possibility of contrast variation [6]. 
Furthermore, there have been a great improvement of modelling small-angle scattering data 
using computational methods.[7] Neutron scattering enables investigation of protein-ligand 
complexes in solution and under physiological conditions (37°C, physiological salts, etc.), which 
is not possible by protein-crystallography. We present structural investigations of healthy HSA 
upon interaction with a model ligand substance and modified HSA from patients suffering from 
chronical kidney disease in comparison using SANS. 

 [1] Curry S., Mandelkow H., Brick P., Franks N., Nat. Struct. Mol. Biol. 1998, 5, 827-35 

[2] Fasano M., Curry S. et al., IUBMB life 2005, 57, 787-96 

[3] Barbosa, Taboada P., Mosquera V., Chem. Phys. 2005, 310, 51-58 

[4] Devine E., Krieter D.H., Rüth M., Jankowski J., Lemke H.-D., Toxins 2014, 6, 416-429 

[5] Vanholder R., de Smet R., Zidek W. et al., Kidney International 2003, 63, 1934-1943 

[6] Jacques D. A., Trewhella J., Protein Science 2010, 3, 642-657 

[7] Tuukkanen A. T., Svergun D.I., FEBS Journal 2014, 291, 1974-1978 
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The newly built neutron single crystal diffractometer BIODIFF at the research reactor Heinz 
Maier-Leibnitz (FRM II) is especially designed to collect data from crystals with large unit cells. 
The main field of application is the structural analysis of proteins, especially the determination of 
hydrogen atom positions. BIODIFF is a joint project of the Jülich Centre for Neutron Science 
(JCNS) and the FRM II. Typical scientific questions addressed are the determination of 
protonation states of amino acid side chains and the characterization of the hydrogen bonding 
network between the protein active centre and an inhibitor or substrate. 

BIODIFF (see picture below) is designed as a monochromatic instrument with a narrow 
wavelength spread of less than 3 %. By using a highly orientated pyrolytic graphite 
monochromator (PG002) the diffractometer is able to change its central wavelength in the range 
between 2.4 Å and 5.6 Å. Contaminations of higher order wavelengths are removed by a 
neutron velocity selector. To cover a large solid angle the main detector of BIODIFF consists of 
a neutron imaging plate in a cylindrical geometry with online read-out capability. With a radius of 
200 mm and a height of 450 mm it covers a solid angle of approximately 2π with a spatial 
resolution of up to 125 µm. A fast Li/ZnS scintillator CCD camera is available for additional 
detection abilities. An optical CCD-camera pointing at the sample position is used to quickly 
align the sample with respect to the neutron beam. The main advantage of BIODIFF is the 
possibility to adapt the wavelength to the size of the unit cell of the sample crystal while 
operating with a cleanmonochromatic beam that keeps the background level low. 

BIODFF is equipped with a standard Oxford Cryosystem “Cryostream 700+” which allows 
measurements in the temperature range from 90 K up to 500 K. A standard closed cycle 
cryostat is also available for measurements down to 4 K in vacuum. This may be used for the 
determination of magnetic unit cells of inorganic crystals in zero magnetic field. Recent 
applications of BIODIFF also include clay powder diffraction and diffraction from lipid 
membranes in a controlled humidity environment. 
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The detailed knowledge and understanding of the properties of wool fibers is essential for the 
further development of textile treatment (more green) technology. Standard techniques are used 
to determine macro-fiber diameter, length and strength, however properties such as 
hygroscopicity, lustre and changes in fiber structure following chemical or mechanical treatment 
are not so well understood. Small angle neutron scattering were used to study changes in the 
supramolecular structure of wool fibers, particularly at the level of the microfibril-matrix complex. 
Although the hygroscopicity of wool has been known for many years there are no reported 
observations of where the water molecules are situated within the fiber structure. Using heavy 
water for contrast enhance, we observed where and how the water molecule is attached and 
detached from the wool fiber. This new knowledge will go far towards developing an 
understanding, at the molecular level, of the influence of the wetting and drying process of wool 
and mohair fibers. The fit results of helical structure of the microfibril-matrix complex are 
presented giving a hint of water molecules arrangement in the structure. 
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Transthyretin (TTR) amyloidosis is the most common hereditary form of amyloidosis that is 
characterised by extracellular deposition of insoluble amyloid fibrils derived from misfolded 
protein in one or more organ systems in the body.1 It is an irreversible and progressive disease 
and is fatal within 10 years of onset. Autosomal dominant mutations2 in the TTR gene alter the 
protein stability leading to tetramer dissociation and favouring an abnormal monomeric 
structure, which in turn polymerises into unknown intermediates and finally into amyloid fibrils.3 

Up to date, around 200 X-ray crystal structures are available for TTR, but there is no consistent 
model to conclude the molecular assembly of the fibril building blocks and the triggering factors 
for this process. Neutron protein crystallography is a powerful tool that strongly complements X-
ray structural studies by revealing key details of hydrogen atom interactions within the protein. 
Looking at the differences in hydrogen bonding, protonation states and hydration of two TTR 
mutants – S52P and T119M, which play opposite roles in the protein stability,4,5 will provide key 
insights into how they destabilise the tetramer and promote amyloidotic aggregation. Neutron 
analysis of the TTR in complex with various ligands will also provide useful information for 
improved drug design for the treatment of TTR amyloidoses. 
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Promising technologies for innovative and efficient clean refrigeration devices have been 
pursued for several years. In this direction, magnetic refrigeration has big advantages, such as 
larger efficiency, reduced CO2 production, energy savings and non-volatile refrigerant. 
Therefore, for further development, the quest for materials that present substantial 
magnetocaloric effect (MCE) is very important. In this context, the TbxPr1-xAl2 pseudobinary 
compounds, which belong to the (A,B)Al2 family where A and B are rare earth ions, emerge as a 
promising alternative for cryorefrigeration. Such compounds are interesting because different 
magnetic arrangements can occur depending on the coupling between the A and B ions. It is 
known these compounds are ferromagnetism (FM) if A and B are either light or heavy; however, 
when A and B are light and heavy rare earth ions the materials their coupling will be 
antiferromagnetic (AF). Additionally, the inverse MCE can be observed which in turn can induce 
compensation points, i.e. temperatures where the net magnetization is zero, as well as an 
exchange bias (EB)-like effect. Consequently, other than magnetic refrigeration at low 
temperatures, these materials show a great potential for numerous applications such as 
information storage technology devices, magnetic random access memory and magnetic field 
sensors. Compared to commonly used paramagnetic salts, the high thermal conductivity makes 
the TbxPr1-xAl2 system a good candidate for a material in cryorefrigeration. Beyond, its magnetic 
behavior can be “tuned” in order to set attractive and desirable physical properties by varying 
the Tb/Pr concentration ratio, leading for example to an increased temperature range in which 
MCE occurs and generate inverse MCE. 

To simulate and understand the magnetic behavior of TbxPr1-xAl2, with x = 0.10 and 0.25, we 
have used neutron powder diffraction (NPD) and inelastic neutron scattering (INS) [1]. The 
Rietveld analysis shows no crystallographic transition and it confirmed the high symmetry of the 
magnetic structure. The performed modeling of the specific heat, magnetization and INS data 
did provide a set of theoretical parameters that allowed describing the experimental results and 
explain their physical behaviors. Using the mean field approach for the systems consisting of 
two sub-lattices and observing the different contributions from the reflection planes, the 
ensemble of our results leads us to affirm that the quadrupolar interactions as well as an 
existence of some rearrangement of the magnetic moments (or a frustration) play an important 
role in the strong unidirectional anisotropy and the EB-like effect (characteristic for the x = 0.25 
sample) observed in this system. 

[1] J.C.G. Tedesco et al, (2015) J. Mater. Sci., 50, 2884-2892. 
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CaBaCo3FeO7 is an isostructural compound of the ferrimagnetic and pyroelectric CaBaCo4O7 

[1]. In both cases the crystal structure is non-centrosymmetric and there are four non-equivalent 
sites for the metal transition whose average valence is +2.5. However, the partial substitution of 
Co with Fe leads to drastic changes in the magnetic properties of these materials and 
CaBaCo3FeO7 does not exhibit spontaneous magnetization at low temperature. In order to 
disclose the changes produced by this substitution, neutron patterns were collected between 
360 and 2 K for both compounds. CaBaCo3FeO7, as CaBaCo4O7, crystallizes in an orthorhombic 
cell with space group Pbn21. The lattice parameters are a=6.3777(6) Å, b= 10.0386(12) Å and 
c=10.3028(5) Å at room temperature. The Co(Fe)-O sublattice is composed by Co(Fe)O4 
tetrahedra sharing corners giving rise to a geometrically frustrated network regarding magnetic 
interactions. The refinement of the occupancies indicates that the replacement of Co by Fe is 
not random but the latter atom occupies preferably two of the four available sites. 

With decreasing temperature, the usual contraction of the unit lattice is observed down to 160 K 
where an anomaly is detected in the ab-plane. Below this temperature, the a-axis remains 
almost unchanged. The onset of magnetic contribution is noticeable at 160 K with the 
occurrence of new diffraction peaks. The new magnetic Bragg peaks follow the propagation 
vector k= (1/3, 0, 0) so the magnetic cell is three times the nuclear one along the a-axis.  The 
magnitude of the ordered magnetic moment is smaller than the one found for the parent 
compound, CaBaCo4O7. The moments mainly lie in the ac-plane forming a conic arrangement, 
as can be seen on the attached figure, new for this family of compounds.  Using symmetry 
analysis, the magnetic transition can be accounted for by the condensation of a family of D-
modes. This magnetic structure is completely different to the parent CaBaCo4O7 compound 
where a ferrimagnetic structure following the propagation vector k=0 is observed. We argue that 
isovalent substitution of Co3+ with Fe3+ may change the magnetic interactions in the metal 
transition sublattice of these compounds leading to the stabilization of different a magnetic 
structure for CaBaCo3FeO7.  

[1] R.D. Johnson et al., Phys. Rev. B 90, 045129 (2014) 
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The rare earth – transition metal (R-TM) intermetallics demonstrate a number of the challenging 
physical phenomena - giant magnetoresistance and magnetocaloric effects, magnetoelastic 
lattice collapse, spin reorientation, structural and magnetic phase transitions, which are at the 
current focus of the extensive scientific research. A strong response of magnetic  and transport 
properties of these compounds on variation of thermodynamic parameters (temperature, 
pressure) as well as external magnetic field is traditionally explained in the framework of the 
itinerant electron metamagnetism (IEM) concept.  It gives rise to TM magnetization induced by 
spontaneous magnetization of surrounding R atoms due to strong coupling between magnetic 
sublattices. The RCo2 compounds were generally considered as model systems for 
understanding of basic properties of IEM intermetallics. However, microscopic mechanisms of 
magnetic properties formation still remain unclear. 

A crystal and magnetic structure of ErCo2 was studied by neutron diffraction in a in a wide range 
of thermodynamic parameters, pressures 0 – 4 GPa and temperatures 10 – 300 K [1]. A 
sequential collapse of cobalt sublattice magnetization in the background of nearly unchanged Er 
sublattice magnetization was revealed. The Curie temperature for the Co sublattice and the 
ordered cobalt magnetic moment at 10 K decrease with a pressure rates dTC/dP = -3.5 K/GPa 
and dMCo/dP = -0.1 μB/GPa, respectively. In contrast, Curie temperature for the Er sublattice 
and the ordered cobalt magnetic moment remain about the same under pressure, TC ≈ 35 K and 
MEr ≈ 9 μB. An extensive ab-initio calculations were performed to clarify relationship between 
modification of magnetic properties and electronic structure.  The observed uncoupled Er and 
Co magnetizations behavior challenges the IEM concept applicability and evidences more 
complex nature of magnetism in ErCo2

  and related RCo2 systems. 

[1] D.P. Kozlenko et al., Scientific Reports 5 : 8620 (2015). 
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NaxCoO2 has received much attention due to its high thermopower[1], its superconductivity 
under hydration[2] and its potential as a battery electrode material[3]. Recently, the underlying 
mechanism for its high thermopower was found to be linked to its superstructure[4,5]. 

Previous measurements of the spin-wave dispersion of NaxCoO2 show that the exchange 
constants are highly sensitive to the sodium composition, with a two-fold change in the 
interplanar exchange between x ~ 0.75 and 0.82[6,7]. We have measured the spin-wave 
dispersion for a sample of composition x ~ 0.8 with a well-defined superstructure, the so-called 
square trivacancy phase[4]. 

The measurements were performed on the triple-axis spectrometer, IN20, and polarization 
analysis allowed us to separate the magnetic excitations from the phonons. Our dispersion for x 
~ 0.8 is very similar to that reported for x ~ 0.75. In addition we are able to follow the dispersion 
further than before, and we find  an anomaly in the in-plane excitations. This anomaly is 
apparent in two main ways along [hh3]: an unexpected drop in intensity at ~12meV and by the 
dispersion becoming highly dispersive from 12 to 20 meV.  Similar behavior has been observed 
in relaxor ferroelectrics by Hlinka et al. [8] and has been named the “waterfall effect”. 

 

[1] I. Terasaki et al., Phys. Rev. B 56, R12685 (1997) 

[2] K. Takada et al., Nature (London) 422, 53 (2003) 

[3] R. Berthelot et al., Nature Mater. 10, 74-80 (2011) 

[4] M. Roger et al., Nature 445, 631-634 (2007) 

[5] D. J. Voneshen et al., Nature Mat. 12, 1028, (2013) 

[6] [7] S.P. Bayrakci et al., Phys. Rev. Lett. 94, 157205 (2005) 

[8] J. Hlinka et al., Phys. Rev. B, 91, 10 (2003) 
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Magnetic chirality is the key ingredient to stabilize skyrmion textures and lattices, which combine 
fascinating properties with the potential of becoming the spintronic devices of the future. These 
new states of matter are generated by the anti-symmetric Dzyaloshinskii-Moriya interaction 
resulting from the absence of a center of symmetry in the crystal structure, as this occurs in thin 
films, metallic compounds or insulators crystallizing in the B20 structure type (space group 
P213). In this topical field of research polarized neutrons provide unique insight on the structure 
and topology of the magnetic correlations, due to the specificities of the neutron spin. The 
presentation will focus on the case of a multiferroic insulator Cu2OSeO3 which orders at TC = 58 
K into a chiral helical state with a period of ~ 650 Å along the (100) direction. Polarised neutron 
scattering and neutron spin echo spectroscopy were used to investigate the chiral properties 
and dynamics in Cu2OSeO3. We will discuss the chiral magnetic correlations and fluctuations in 
the very close vicinity of TC. And then focus on a systematic study of the scattering under a 
magnetic field, which leads to a complex temperature-field phase diagram with a well-defined 
skyrmion lattice phase. We will also report the dynamic phase transitions where the Skyrmion 
lattice phases appear and then vanish spontaneously after switching off the magnetic field. The 
results will be discussed in the general context of chiral magnetism.  
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Recently, there has been a revival in studying the magnetoelectric behavior/state of magnetic 
ferroelectrics, especially due to the discovery of magnetic field-controllable ferroelectric 
polarization in perovskite manganite TbMnO3 single crystals. Specifically, the TbMnO3 
compound is a multiferroic magnetoelectric material at cryogenic temperatures due to a 
transition between two distinct magnetic states. In fact, TbMnO3 single crystals exhibit a para-
antiferromagnetic phase transition at 41 K, where the Mn3+ ions develop a sinusoidal ordering 
propagating along the b-direction of the unit cell. The magnetic modulation wave vector is 
incommensurate at the AF transition and becomes locked-in below 28 K, where TbMnO3 
develops a ferroelectric state. The incommensurate nature of the magnetic structures observed 
in REMnO3 (RE = Rare Earths) comes from an increase of the frustration effects due to 
exchange competitions in Mn-O-Mn bonds. The variation of the size of the RE-ion directly 
changes the Mn-O-Mn bond angles and modulates the strength of the super-exchange 
interaction between Mn-ions. For Tb(Dy)MnO3 manganites, specifically, the superexchange 
interaction between nearest-neighbor (NN) Mn spins, J1, of the ab-plane is ferromagnetic in 
nature, while the interaction along the c-axis, J2, is antiferromagnetic. When the ionic size of the 
RE becomes smaller, the orthorhombic distortion, or the Mn-O-Mn bond-angle distortion, 
increases and, accordingly, the in-plane next-nearest-neighbor (NNN) antiferromagnetic 
interaction J2 increases and starts to compete with J1. The consequence of such magnetic 
frustration is the emergence of an incommensurate non-collinear magnetic structure. In this 
contribution, nanostructured TbMnO3 polycrystals were synthesized by high-energy ball milling 
and annealed under different atmospheres (Argon or Oxygen). The obtained high-resolution X-
ray and Neutron powder diffraction, X-ray absorption fine-structure (XAFS), magnetic and 
dielectric measurements’ data allowed us to identify the presence of Mn vacancies in Oxygen 
synthesized samples and determine their influences on magnetic structure and ferroic 
properties of nanostructured TbMnO3. The study revealed that the two different atmospheres 
(Ar  or O2) were not enough to change Mn ion valance, but could promote the shrinkage of unit 
cell of O2 synthesized samples. The Mn vacancies on O2 synthesized sample seem to be 
hindering the non-collinear magnetic structure and, consequently, suppressing the ferroelectric 
ordering. Furthermore, the ordering of Tb magnetic moments was also hindered, since Tb- and 
Mn-spin lattices are strongly coupled. 
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Macromolecular perdeuteration has allowed us to show for the first time that neutron anomalous 
dispersion can be used in a routine way to determine experimental phases of a protein crystal 
structure. The use of neutron anomalous diffraction differences was suggested with crystals 
containing atoms such as 113Cd, 149Sm, 151Eu and 157Gd in the 1960s, but was far from tenable 
as a phasing method at the time. The feasibility of the approach is demonstrated here using the 
perdeuterated model protein rubredoxin from Pyrococcus furiosus. Rubredoxins are small 
monomeric non-heme mononuclear iron proteins found in prokaryotes and some eukaryotes. 
For the purpose of this study 113Cd replaced the Fe3+ at the iron-sulphur site. Neutron diffraction 
data were collected using ILL’s high flux thermal diffractometer D19 and showed a high 
anomalous signal to noise ratio across most of the resolution range. Using de novo phasing, the 
structure of the protein was successfully determined with standard software packages in a 
relatively short time-scale. We believe that the simplicity of the method can easily be applied to 
other protein systems. This new approach is significant in the context of the major investments 
being made in new neutron spallation sources. 
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Spin-transition phenomena found in some organo-metallic compounds are promising examples 
of molecular systems where magnetic bistability may be tuned and controlled by external stimuli 
like temperature, light or pressure. Their magnetic properties (in Low-Spin and High-Spin states) 
and interplay with structural properties are crucial information to address questions related to 
potential applications, like transition kinetics, magneto-structural correlations, quantum 
transitions between spin-states, etc. As a prototypical case, we have investigated by Inelastic 
Neutron Scattering (INS), neutron diffraction and magnetometry the magnetic properties of the 
spin-transition mononuclear complex [MnIII(pyrol)3tren] [1] in both high-spin (HS, S=2) and low-
spin (LS, S=1) states. The system presents an abrupt Spin-Transition around 46.5K with a small 
hysteresis, characteristics of a collective transition process. In the HS phase, the INS spectrum 
at 56K and zero-field show several peaks which have been properly assigned to transitions 
within a Zero-Field Split (ZFS) S=2 state. The D and E parameters are derived with excellent 
accuracy and are compared to High-Field EPR [2]. On cooling down through the transition, 
these low-energy peaks disappear and are replaced by a large single magnetic peak at 
4.85meV. Under magnetic field, this peak shifts up and broadens. We argue that the LS state 
can be described by a genuine S=1 spin-Hamiltonian, despite an unquenched orbital moment 
(L=1), where the observed peak corresponds to a transition M=0 to Ms=±1 with a large 
D=+39cm-1 and a small E term. A full Hamiltonian model is proposed based on these first INS 
results obtained in a thermal Spin-Transition molecular magnetic system 

 

[1] P. Guionneau, M. Marchivie, Y. Garcia, J. A. K. Howard, and D. Chasseau, Phys. Rev. B 
2005, 72, 214408;  

[2] S. Kimura, M. Hagiwara, Y. Narumi, M. Nakano and K. Kindo, J. Phys. : Conf. Ser. 2010, 
200, 022025 ;  

[3] K. Ridier, S. Petit, B. Gillon, G. Chaboussant, D.A. Safin, Y. Garcia, Phys. Rev. B, 90, 
104407 (2014). 
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The anisotropy inherent in low-dimensional (1-D) solid-state compounds leads to a variety of 
interesting magnetic, electronic, and optical properties, with applications including single-chain 
magnets for data storage,(1) multiferroics for bifunctional materials (2,3) and nonlinear optical 
materials for second harmonic generation (4,5). Certain types of 1-D materials containing 
isolated chains exhibit nearly ideal magnetic properties, acting as experimental models for Ising 
and Heisenberg spin chains, furthering our understanding of magnetic exchange in highly 
correlated systems (6). One of the strategies for building these 1-D magnetic materials is to 
incorporate small one- or three-atom linkers between magnetic centers to facilitate exchange 
along the chains or networks (7,8). Many of these compounds are known, but very few have 
been created using iron centers, and most rely on relatively large bridging ligands to separate 
the magnetically coupled components within the structure. 

We report here on the high resolution structural and low dimensional magnetic properties of the 
fluoride b-FeF3.3H2O using SQUID magnetometry, X-ray and neutron diffraction. This fluoride is 
related to the rosenbergite mineral. The structure consists of 1D-chains of corner-linked 
Fe[F4(H2O)2] octahedra running parallel to [001] and isolated water molecules. A dense network 
of hydrogen bonds strongly connects the Fe-F chains. The structural formula is 
FeF[F0.5(H2O)0.5]4.H2O. This material exhibits a very pronounced 1D character with a very broad 
maximum around 145 K in the magnetic susceptibility centered. Below TN = 20  K, long range 
magnetic order appears characterized by k = (0 0 ½ ). We show that this long range magnetic 
order is induced by the hydrogen bonding scheme. 

(1) Zhang, W.-X.; Ishikawa, R.; Breedlove, B.; Yamashita, M. RSC Adv. 2013, 3, 3772−3798. 

(2) Xu, G. C.; Ma, X. M.; Zhang, L.; Wang, Z. M.; Gao, S. J. Am. Chem. Soc. 2010, 132, 
9588−9590. 

(3) Xu, G. C.; Zhang, W.; Ma, X. M.; Chen, Y. H.; Zhang, L.; Cai, H. L.; Wang, Z. M.; Xiong, R. 
G.; Gao, S. J. Am. Chem. Soc. 2011, 133, 14948−14951. 

(4) Kandasamy, A.; Siddeswaran, R.; Murugakoothan, P.; Kumar, P. S.; Mohan, R. Cryst. 
Growth Des. 2007, 7, 183−186. 

(5) Anbuchezhiyan, M.; Ponnusamy, S.; Muthamizhchelvan, C.; Sivakumar, K. Mater. Res. Bull. 
2010, 45, 897−904. 

(6) Coulon, C.; Miyasaka, H.; Clerac, R. In Single-Molecule Magnets and Related Phenomena; 
Winpenny, R., Ed.; Springer-Verlag: Berlin, Germany, 2006; Vol. 122, pp 163−206. 

(7) Wang, X.-Y.; Wang, Z.-M.; Gao, S. Chem. Commun. 2008, 281−294. 

(8) Sun, H.-L.; Wang, Z.-M.; Gao, S. Coord. Chem. Rev. 2010, 254, 1081−1100. 
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The rare-earth ferroborates RFe3(BO3)4 (R = rare-earth metal) are a new series of multiferroic 
compounds containing R3+ and Fe3+ (3d5 S = 5/2) as magnetic ions. Variety of the magnetic 
anisotropy of the R3+ moments (R = Y, Pr, Nd, Sm, Gd and Tb) and that of the interaction 
between the Fe3+ and R3+ moments, f-d coupling, induce diverse magnetoelectric effects with 
respect to the R3+ ions [1]. In these compounds the mechanism of the magnetoelectricity is 
explained by the spin-dependent metal-ligand hybridization model [2,3]. 

We performed inelastic neutron scattering experiment to explore the magnetic excitations in 
NdFe3(

11BO3)4. The obtained spectra are analyzed by the spin-wave calculation to identify the 
magnetic Hamiltonian. It is revealed that Fe3+ chains along the c - axis are weakly coupled and 
that they strongly interact with Nd3+ ions. The anisotropy of Fe3+ ion is easy-axis type and that of 
Nd3+ ion is easy-plane type. The origin of the Fe3+ anisotropy is discussed in terms of single-ion 
anisotropy, magnetic-dipole interaction, and the polarization interaction in the framework of the 
crystal symmetry. None of the three explains the direction of the anisotropy, suggesting that 
undetectably small distortion is the origin of the anisotropy. 

[1] A. M. Kadomtseva et. al., Low Temp. Phys. 36, 511 (2010). 

[2] A. I. Popov et al., Phys. Rev. B 87, 024413 (2013). 

[3] T. Kurumaji et al., Phys. Rev. B 89, 195126 (2014). 
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VO2 has attracted major interest both from basic research and an applied point of view. It shows 
a reversible semiconductor-metal phase transition linked to a structural change in the related 
rutile structure: VO2 (Monoclinic) ® VO2 (Tetragonal). Pairing of vanadium cations at the 
transition is associated also with drastic changes in the optical properties with promising 
thermochromic applications. 
 
In order to study the structure-property relationship, we have recently developed a novel 
preparation method by chemical substitution to yield samples with controlled stoichiometry in 
the series MxV1-xO2 (M= Ti, Sb; 0 ≤ x ≤ 0.5). Magnetic susceptibility measurements have been 
performed and show marked differences along the family. The samples have been 
characterized by neutron diffraction experiments (Instruments D1B in ILL-Grenoble and E6, E9 
at HZB-Berlin). One of our aims is trying to elucidate in this complex system the magnetic 
behaviour of reduced SbxV1-xO2 coming from the interactions of vanadium magnetic moments, 
and to study how the substitution of V4+(S = ½) by V3+(S=1) increasing Sb5+ doping, affects the 
spin arrangement. It is worth noting that VO2 is non magnetic due to spin Peierls coupling. 
In this way, we determine that SbxV1-xO2 (x = 0.25, 0.33) i.e. SbV3O8, SbV2O6, behave as spin-
glass systems, while SbVO4 (i.e. x = 0.5) is AF-3D magnetically ordered, as shown by neutron 
diffraction data ranging at temperatures from room (RT) to 1.5K with an orange standard 
cryostat. 
 
Thus for x = 0.1, Sb0.1V0.9O2, Ti0.1V0.9O2 and “blank” undoped VO2 have been compared, taking 
into account that we have seen effects of breaking Spin-Peierls pairs by nonmagnetic Ti4+ 
doping (increasing susceptibility because of chain ends) while nonmagnetic Sb5+ doping creates 
1V3+(S=1) per 8V4+(S = ½) in chains and higher substitution promotes short range magnetic 
interactions to long range magnetic order, as noted above. 
 
With such strategy we have been able to modify the transition temperatures from 67ºC for VO2 
to 51ºC for Sb0.1V0.9O2 and a two-steps transition is observed in Ti0.1V0.9O2 where a different 
third crystal structure is stable around 330 to 355K. 
 
The samples have been also characterized by X-ray powder and electron diffraction, high 
resolution transmission microscopy HRTEM, DSC calorimetry and Raman spectroscopy. 
Neutron diffraction data show in this system the full panoply of different crystal  structures and 
magnetic behaviour and in situ phase transitions with temperature. 
 
Acknowledgments: 
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In magnetoelectric multiferroic materials, a subtle competition between different magnetic 
interactions is the responsible of the formation of a magnetic structure able to break inversion 
symmetry and therefore induce ferroelectric polarization.  The difficulty in controlling this 
interplay of interactions explains the scarce number of these materials reported. 
(ND4)2[FeCl5·D2O] is a rare case where improper ferroelectricity has been observed in a 
molecular material. We have used single crystal and powder neutron diffraction to study its 
crystal and magnetic structures, from which we determined the mechanism of multiferroicity in 
this compound. From the crystal structure determinations above and below 79 K, we have 
observed an order-disorder phase transition, which is related with the ordering of the 
ammonium counterion. Below the magnetic ordering temperature, at zero magnetic field, we 
have determined the magnetic structure, which corresponds with a cycloidal spin arrangement 
with the magnetic moments contained in the ac-plane and propagating along the c-direction. 
The observed ferroelectricity can be explained, from the obtained magnetic structure, via the 
inverse Dzyaloshinskii-Moriya mechanism. 

  



 
 

ID: PS-1 - 42, 2015-09-01, Hipostila Area 
Magnetism, Superconductivity and other Electronic Phenomena 

 (Poster) 
 

Magnetic structures in R2TX8 and RTX5 compounds - overview and the case of Ho2RhIn8 

Pavel Javorský1 , Petr Čermák2 , Bachir Ouladdiaf4 , Karel Prokeš3 , Martin Boehm4 , Marie 
Kratochvílová1  
 
1) Charles University in Prague, Department of Condensed Matter Physics, Ke Karlovu 5, 121 
16 Prague 2, The Czech Republic 2) Julich Centre for Neutron Science, JCNS, 
Forschungszentrum Julich GmbH, Outstation at MLZ, Lichtenbergstrasse 1, 85747 Garching, 
Germany 3) Helmholtz-Centre Berlin for Materials and Energy, SF-2, Glienicker Strasse 100, 
Berlin 14109, Germany 4) Institut Laue Langevin, 6 rue Jules Horowitz, BP 156, 38042 
Grenoble Cedex 9, France  
* Pavel Javorský, javor@mag.mff.cuni.cz 
 

The RmTnX3m+2n (space group P4/mmm, R = rare earth or actinide, T = transition metal, X = In or 
Ga, m, n are integers) form a broad family of structurally related tetragonal compounds which is 
particularly interesting as it involves several archetypal heavy-fermion superconductors based 
on Ce and also Pu. Most of compounds studied up to now order antiferromagnetically. 
Compounds with magnetic moments oriented along the tetragonal c axis exhibit magnetic 
phase diagrams with some generally valid features, namely the existence of an additional 
magnetic phase which is formed when applying the magnetic field along the c axis. Detailed 
magnetic structures are, however, known only for a relatively limited number of compounds of 
this broad family. In this presentation, we compare the structures known up to now, find some 
general tendencies and finally focus on the field-induced magnetic structure in Ho2RhIn8. 

The magnetic phase diagram of tetragonal Ho2RhIn8 has similar features to many related 
systems, revealing a zero field AF1 and a field induced AF2 phases. Details of the magnetic 
order in the AF2 phase were not yet reported for any of related RmTnX3m+2n compounds. In 
addition, only the Ho2RhIn8 phase diagram contains a small region of the incommensurate zero-
field phase AF3. We have performed a number of neutron diffraction experiments on single 
crystal of Ho2RhIn8 using several diffractometers including Laue diffraction experiment and 
experiments in both horizontal and vertical magnetic fields. We present details of the magnetic 
structures in all the magnetic phases of the rich phase diagram of Ho2RhIn8. The Ho magnetic 
moments point along the tetragonal c-axis in all the phases. The ground-state AF1 phase is 
characterized by propagation vector k = (1/2, 0, 0). The more complex ferrimagnetic AF2 phase 
is described by four propagation vectors k0 = (0, 0, 0), k1 = (1/2, 0,0), k2 = (0, 1/2, 1/2) and k3 = 
(1/2, 1/2, 1/2). The magnetic structure in the narrow AF3 phase is incommensurate with (0.5, q, 
0) propagation. The analogies of the magnetic properties including magnetic phase diagrams of 
other related compounds indicate that the determined magnetic structure of the field-induced 
phase in Ho2RhIn8 has a general validity in this broad family of materials. 
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Double perovskites are interesting systems owing to the variety of phenomena they display 
including large magnetocapacitance, magnetoresistance, cationic ordering, high temperature 
structural phase transitions and finally, predicted multiferroic properties in some compounds 
such as e.g. the Lu2CoMnO6.

1 However, detailed studies on the magnetic structures in these 
compounds are still incomplete. We here report a neutron diffraction study of four selected 
R2CoMnO6 samples with R=Y, Ho, Er and Tm. All of them adopt the crystal structure of a 
double perovskite, space group P21/n, with an almost perfect cationic ordering on the perovskite 
B-sublattice between Co and Mn atoms. The refined bond lengths agree with the ones expected 
from Co2+ and Mn4+ cations in the whole series of samples. 

The Y-based sample was studied as a reference compound because Y3+ is non-magnetic and 
its ionic radius is similar to Ho3+. This compound develops long range ferromagnetic ordering at 
~ 90 K.  The refinements are stabilized by using the same magnetic moment for both transition 
metals suggesting that both cations are in high spin state with S=3/2. The refined magnetic 
moment at 2 K, 2.90(2) μB/site, is very close to the theoretical value. The cell distortion allows 
determining the moment direction which is mainly located along the c-axis. Ho2CoMnO6 exhibits 
a similar magnetic structure with a predominantly ferromagnetic ordering of Co2+ and Mn4+ 
moments, mainly along the z-direction, achieving a value of 2.98(3)  μB/site at 2 K. At this 
temperature, diffuse scattering is clearly noticeable in the neutron pattern and it is ascribed to 
the short range ordering of the Ho3+ moments. It is likely that competing magnetic interactions – 
JHo-Ho and JHo-B (B=Mn, Co) – and crystal field effects prevent the long range magnetic ordering 
of Ho-sublattice. The magnetic ground state is different for Er2CoMnO6 and Tm2CoMnO6 

samples. Two magnetic transitions are clearly visible in the neutron patterns with decreasing 
temperature. Long range ferromagnetic ordering of Co-Mn sublattice occurs at ~ 70 K with 
similar properties to the two previous samples. However, another transition is seen below 30 K 
that arises from the long range magnetic ordering of the Er3+ (or Tm3+) moments. The coupling 
between Co-Mn and R-sublattices is antiferromagnetic. In addition, the Tm-based sample 
develops an antiferromagnetic component (C-type) along the y-axis below 15 K. Symmetry 
analysis indicates that all of these magnetic structures can be accounted for by the same 
irreducible representation. 

[1] S. Yañez-Vilar et al. Phys. Rev. B 84, 134427 (2011). 
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Rare-earth double perovskite compounds with small rare-earth cation are receiving much 
attention due to the possibility of obtaining new multiferroic materials. We here report the 
magnetic structure of Tb2MnNiO6 using neutron diffraction patterns collected at D2B (λ=1.59) 
and D20 (λ=2.41) instruments from the ILL reactor. We have prepared a polycrystalline 
specimen of great quality using the ceramic method in air with very low cooling rate down to 
room temperature in the last step in order to ensure a good Mn/Ni ordering. Macroscopic 
measurements revealed the occurrence of a ferromagnetic transition at TC~110 K in agreement 
with previous reports. Neutron pattern at room temperature confirms that this compound adopts 
the crystal structure of a distorted double perovskite with P21/n space group. In this structure, 
there are two available sites for the transition metals (Mn/Ni). The refinement of the respective 
occupancies confirms that our sample shows an almost perfect ordering of Mn and Ni atoms on 
the perovskite B-site with an amount of antisite defects (misplaced atoms) of only 2%. 
Moreover, the refined bond lengths agree with the presence of Mn4+ and Ni2+ cations. 

Neutron patterns were collected at selected temperatures between 1.7 and 295 K. Magnetic 
contribution is clearly noticeable in some diffraction peaks below 110 K. This contribution 
agrees with the developing of a long range ferromagnetic ordering of the Mn-Ni sublattice. The 
crystallographic distortion allows determining the spin direction which is oriented along the c-
axis.  Below ~63 K, a ferromagnetic component appears along the a-axis that grows up with 
decreasing temperature. Below ~12 K, magnetic ordering in the Tb-sublattices is developed 
following the FxCy-type leading to the appearing of new magnetic peaks in the neutron patterns. 
At lower temperatures instead (T≤ 3.2 K) a magnetic reorientation of the Tb-moments is 
produced giving rise to an ordering of AxGy-type. This sequence reveals the delicate balance 
between competitive magnetic interactions and crystal field effects in this compound. At high 
temperature, the JMn-Ni interaction produces the Mn-Ni ferromagnetic ordering. On cooling, 
competitive JTb-B (B=Mn,Ni) interaction leads to the mutual polarization of both sublattices giving 
rise to the canting of Mn-Ni ordering along the a-axis and a ferromagnetic component in the x-
direction for the ordering of the Tb3+ ion, a very anisotropic ion that develops long range 
ordering along two Ising directions in the xy-plane. Further temperature decrease enhances the 
JTb-Tb interaction leading to a Tb moments reorientation that also influences the orientation of 
transition metal moments. 
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The spin-state nature across the two electronic transitions in LaCoO3 has been matter of 
controversy for many years. Two competing pictures in LaCoO3 involve the spin transitions 
either LS→(HS+LS)→IS or LS→IS→(HS+IS). The ground and thermally excited states of 
LnCoO3 perovskites (Ln:lanthanide or rare earth) with heavy rare-earths and more distorted 
structures are also attracting great interest.       

We present neutron powder diffraction (NPD) studies aimed to characterize the electronic 
phenomena associated with the spin-state of Co3+ ions in the highly distorted ErCoO3 cobaltite. 
NPD measurements carried out on the high-resolution D2B diffractometer up to 1000 K were 
combined with low temperature measurements using several ILL diffractometers (which 
confirmed the ordering of Er moments below 2 K). To our knowledge, ErCoO3 (prepared under 
moderate pressure conditions) is the smallest Co3+ simple perovskite investigated so far in a 
temperature range up to 1000 K. The orthorhombic Pbnm symmetry was confirmed in this 
range, but the lattice evolution proves a remarkable occupation of excited magnetic states on 
heating above TSS≈575 K. The spin-state crossover extends over a broad temperature interval 
and can be monitored by an atypical augmentation of the orthorhombic strain (s). 

The anomalous contributions to the lattice above that temperature are clearly visible in the 
evolution of the anisotropic or global linear thermal expansion coefficients. The occupation of 
excited magnetic states (S=1 or 2) is activated at TSS≈575 K but it develops progressively along 
the interval 575-780 K. Above ~800 K the progression decreases. An estimation of the 
anomalous volume expansion accumulated at 1000 K due to spin state excitations gives ~2 %.  

Several correlated structural modifications above TSS are driven by the anomalous expansion of 
the CoO6 octahedra, which is partially anisotropic. The activation of IS or HS spin states brings 
about the augmentation of the Co-O distances in the a-b plane respect to the distance along the 
c-axis. This fact produces a non monotonous evolution of the tilting between adjacent octahedra 
and the intensification of the orthorhombic distortion. In spite of this, some evidences suggest 
the stabilization of a metallic state in the thermally excited phase.     
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With the goal of elucidating recent reports about colossal magnetoresistance (CMR) and 
photoinduced ferromagnetism found in (Pr,Ca) manganites [1], the low-temperature 
magnetostructure of the material Pr0.9Ca0.1MnO3 (PCMO) was revised using cold neutron 
powder diffraction (wavelengths 4.20 Å and 2.45 Å) and Rietveld refinement. The obtained zero-
field structure was in rough agreement with previously published results [2], i.e. PCMO could be 
approximated as an A-type antiferromagnet with ferromagnetic (FM) (001) planes that could 
rotate slightly to produce a net in-plane FM moment. However, a significant AFM canting of the 
moments, worth up to 2/3 of the in-plane AFM magnetic moment, had to be included in our 
model to account for the entire magnetic diffraction intensity. 
 
At the temperature of 55 K, right below the AFM transition, applying an external magnetic field 
of 2.7 T caused a canting of the magnetic moments in the (001) plane, preserving the net 
moment of about 3.0 µB (Bohr magnetons) per Mn ion. At 5 K, however, the effect of the applied 
field was to disrupt the magnetic order in a more exotic manner: the total moment dropped from 
about 3.8 µB/Mn (close to the theoretical Mn high-spin value of 3.9 µB/Mn for this compound) to 
3.0 µB/Mn although the FM component in the (001) plane grew by 35 % at the same time. The 
experimental error in the magnetic moments was determined to be below 0.2 µB/Mn. The 
lowering of the measured net moment was attributed to the formation of a disordered, spin-
glass-like structure in accordance with the modern phase separation scheme that is used to 
model CMR materials similar to PCMO [3, 4]. The FM easy axis of PCMO was determined to lie 
along [010] down to liquid helium temperature, in a slight contrast to the previously reported [2] 
direction [110]. The results carry implications that are possibly relevant to the design of thin film 
CMR devices. 
 

[1] S. Majumdar, T. Elovaara, H. Huhtinen, S. Granroth and P. Paturi, J. Appl. Phys. 113 (2013) 
063906. 

[2] Z. Jirák, S. Krupicka, Z. Simsa, M. Dlouhá and S. Vratislav, J. Magn. Magn. Mater. 53 (1985) 
153--166. 

[3] T. Elovaara, H. Huhtinen, S. Majumdar and P. Paturi, J. Phys.: Condens. Matter 26 (2014) 
266005 

[4] E. Dagotto, T. Hotta, A. Moreo, Phys. Rep. 344 (2001) 1--153. 
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The Nd3Co13-xNixB2 borides shows the Y3Ni13B2-type structure and a spin reorientation transition 
(TSR = 395 K for x = 0) from axial to planar anisotropy for x � 8 [1]. Room temperature neutron 
diffraction data [2] have suggested that the magnetic structure could be conical, but the 
discrepancy in the average Co moment with respect to that derived from magnetization 
measurements was about 25% for the case x = 0. A new powder neutron diffraction study of 
Nd3Co13-xNixB2 (x = 0 and 2) compounds is presented for the non-axial magnetic phase at 10 K. 
The magnetic structure and the Co and Nd magnetic moments are analysed in relation to the 
local magnetic moments obtained by first principles calculations in the GGA-PBE+U framework 
and magnetic anisotropy data for Nd3Co13B2, as well as for Nd3Co11Ni2B2 in order to assess the 
effect of disorder induced by Ni addition. 

  

[1] N. Plugaru, J. Rubín, J. Bartolomé & C. Piquer, J. Magn. Magn. Mater. 290-291 (2005) 1563. 

[2] N. Plugaru, J. Rubín, J. Bartolomé, J. Campo, G.J. Cuello, M- Tovar & O. Prokhnenko, J. 
Magn. Magn. Mater. 316 (2007) e438. 
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One of the main features of molecular compounds is the possibility of combining different 
properties in a synergic way giving a multifunctional material. Here we will discuss the case of a 
compound combining electric and magnetic order, thus giving a “multiferroic” molecular 
material. The disorder-order of the dimethylammnoium molecule in the Iron(II)-Iron(III) system 
[NH2(CH3)2]n[FeIIIFeII(HCOO)6]n is in the origin of the observed electric transition from 
paraelectric to antiferroelectric. In combination with the mentioned electric properties, this 
compound shows also magnetic order in the form of Néel N-Type ferrimagnetism [1]. 

The structure of [NH2(CH3)2]n[FeIIIFeII(HCOO)6]n has been characterized by means of neutron 
diffraction at VIVALDI and D19 instruments at Institut Laue-Langevin (ILL, Grenoble, France), 
where a crystallographic phase transition was observed from the high temperature structure [P-
31c; a =b=8.2550(12) and c=13.891(3) at room temperature] to a lower symmetry one [R-3c; a 
= b=14.2600(17) and c=41.443(8) at low temperature]. On the other hand, the magnetic 
behaviour of this compound can be described as a result of two sublattices anti-
ferromagnetically coupled, containing different spin carriers FeIII and FeII, respectively, with an 
ordering temperature of 37 K, and which are responsible of the different magnetic behaviours at 
low temperature.[2] The different spins of the neighbouring ions [S=5/2 and S=2] result in a 
ferrimagnetic state. Polarized neutron diffraction measurements aimed at clarifying the spin 
density map in order to understand the influence of the counter ion in the magnetic properties 
were carried out at D3 instrument (ILL). Measurements of the flipping ratios were performed 
with magnetic field of 9 Tesla at 45K, over the magnetic ordering temperature. The results point 
to an unusual weak spin density located around the counterions which suggests a non-
negligible role in the magnetic behavior for the amine group.  

[1] L. Cañadillas-Delgado, O. Fabelo, J.A. Rodríguez-Velamazán, et al. J. Am. Chem.Soc. 
2013, 134, 19772 

[2] J-P. Zhao, B-W. Hu, F. Lloret, et al. Inorg. Chem. 2010, 49 10390 
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Resolution for Neutron Reflectometer SOFIA in J-PARC 
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Kyoto University 4) The University of Tokyo 5) Hokkaido University  
* Norifumi Yamada, norifumi.yamada@kek.jp 
 

SOFIA is a horizontal-type neutron reflectometer constructed at Beamline 16 (BL16) of the 
Materials and Life Science Experimental Facility (MLF) of the Japan Proton Accelerator 
Research Complex (J-PARC). Owing to the high-flux beam of J-PARC, less than one hour is 
needed for taking a full Q-range data and only a few seconds for a limited Q-range data in the 
case of a sample with 3 inches (76 mm) in diameter; even though the beam power is still one-
third of the planned value, 1 MW. However, several hours are still needed for a small samples 
such as 10 mm × 10 mm, which is a typical size of a sample for X-ray reflectometry. 

For further upgrade of the SOFIA reflectometer, we plan to install an elliptical focusing mirror 
and a high efficiency detector near future. The focusing mirror enable us to illuminate a sample 
with a neutron beam with a large beam divergence. In the case of a conventional double slit 
collimation, the optimal beam divergence decrease with the sample size. Hence, the focusing 
optics with the mirror has an advantage on the beam flux especially for small samples. On the 
other hand, diverged beam causes less angular resolution. To avoid this problem, position 
sensitive detector is needed because an incident angle can be evaluated from the detection 
position under a specular condition. The angular resolution in this case is, however, limited by a 
spatial resolution of the detector. Therefore, a requirement of a detector is not only high 
counting efficiency but also a high spatial resolution for reflectometry with focusing optics. The 
goals of the specification of the focusing mirror and detector are a beam size of 0.1 mm at a 
sample position with the divergence of 2.5 mrad. and counting efficiency of 50% for thermal 
neutrons with the spatial resolution of 0.1 mm, respectively. 

In this presentation, we will report a development of the focusing mirror and one dimensional 
position sensitive detector in detail. 
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KWS-1 high-resolution small-angle neutron scattering instrument at JCNS: current state 
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The KWS-1 small-angle neutron scattering (SANS) instrument operated by the Jülich Centre for 
Neutron Science (JCNS) at the research reactor FRM II of the Heinz Maier-Leibnitz Zentrum in 
Garching near Munich is optimized to relatively high resolution measurements owing to its 
neutron velocity selector with ∆λ/λ = 10%. Combined with the maximum neutron flux on the 
sample of 1×108 cm−2 s−1, this makes KWS-1 one of the best SANS instruments in the world. 
The covered q-range of the instrument extends from 0.0007 to 0.5 Å−1, which corresponds to 
real sizes of features in the samples from 10 to 9000 Å. 

The KWS-1 instrument has been recently upgraded, from its active collimation apertures to the 
detector cabling. Most of the parts of the instrument were installed for the first time, including a 
broadband polarizer, a large-cross-section radio-frequency spin flipper, a chopper and neutron 
lenses. A custom-designed hexapod in the sample position allows heavy loads and precise 
sample positioning in the beam for conventional SANS experiments as well as for grazing-
incidence SANS under applied magnetic field. With the foreseen in situ polarization analysis the 
main scientific topic of the instrument tends towards magnetism. The performance of the 
polarizer and flipper was checked with a polarized 3He cell at the sample position. 
 
Figure 1: A schematic representation of the KWS-1 SANS diffractometer: (1) S-shaped neutron 
guide NL3b; (2) high-speed chopper (∆λ/λ = 1-10%); (3) polarizer changer; (4) radio-frequency 
spin flipper; (5) neutron guide sections (18×1 m); (6) MgF2 focusing lenses; (7) sample position 
with hexapod for heavy loading; (8) 3He analyzer with reversible polarization (to be 
implemented); (9) Anger-type scintillation detector. 
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HERITAGE: Horizontal Sample Reflectometer for studies of lateral structures at ESS 
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Geesthacht, Germany 3) Wigner Research Center for Physics 1525 Budapest, Hungary 4) 
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* Alexander Ioffe, a.ioffe@fz-juelich.de 

HERITAGE is a high-brilliance reflectometer providing an unprecedentedly high neutron flux on 
the sample. It is of horizontal sample geometry and allows for structural, magnetic and kinetic 
studies in a broad simultaneous Q-range. The instrument inherits the most outstanding features 
of existing reflectometers and those being designed to allow for comprehensive studies in hard 
and soft condensed matter and life sciences at extreme spatial resolution and sensitivity. 
HERITAGE enables one to study samples along the out-of-plane as well as the in-plane 
direction in an unusual wide range for neutron reflectometers leaving no gaps for the 
investigation of lateral length scale from the sub-nanometer to several micrometer scale. It 
allows thus a comprehensive three dimensional study of structures, in particularly in the case of 
thin film and multilayer samples. 

The instrumental concept focusses on designing an instrument delivering the highest possible 
flux for neutron off-specular and GISANS but without compromising the specular reflectivity 
option on a reflectometer. At the same time it provides an extreme high flexibility in respect to 
sample geometries and environments, including the feasibility to study all interface types from 
solid-solid, solid-air over solid-liquid to liquid-air or liquid-liquid interfaces. 

        In the specular and off-specular reflectivity mode to be used for precise depth profiling 
and probing lateral structures larger as 500nm, HERITAGE mode provides the highest intensity 
with an integrated intensity of about 7×109 neutrons/sec on a 10x10mm2 large sample with 10% 
wavelength resolution. 

        In the  GISANS mode aimed for investigations of lateral structures on a scale from 0.4nm 
to 2.8mm. It is built by the focusing up to about 40 sub-beams onto the detector plane [1]; the 
intensity for GISANS measurements will be more than two orders of magnitude higher than it is 
available today. Compromising on the intensity, the Q-resolution can be up to 1.4% thus 
allowing GISANS investigations with a high depth resolution that is an area today totally 
inaccessible to neutron research. 

HERITAGE allows for the study of free standing liquid interfaces in a Q-range up to 0.40Å-1 

without sample movements. The capability to quickly select beams subsequently by a fast 
shutter system (or by skipping up to 3 ESS pulses) allows the quasi-simultaneous recording of 
the complete Q-range for studying kinetics.  

The very high polarization for the entire wavelength band will be provided by a double V-shaped 
cavity or solid S-bender [2]. Polarization analysis will be performed either by transmission solid-
state polarizers (particularly for specular reflectometry mode) or by 3He neutron spin filters (for 
off-specular reflectivity and GISANS modes).  

[1] R. Kampmann et al. Physica B 385–386 (2006) 1161–1163 
[2] Th. Krist et al.  Nuclear Instruments and Methods in Physics Research A 698 (2013) 94–97  
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JCNS has recently commissioned the new, high-intensity reflectometer MARIA at the MLZ 
reactor in Garching. This instrument uses a velocity selector for the monochromatization of the 
beam, an elliptically focussing guide to increase the flux at the sample position and a double-
reflecting super mirror polarizer to polarize the entire cross-section of the beam. 

Unique features of MARIA include (i) vertical focussing with an elliptic guide from 170 mm down 
to 10 mm at the sample position, (ii) reflectometer and GISANS mode, (iii) polarization analysis 
over a large 2-d detector and (iv) a flexible sample table using a Hexapod for magnetic field - 
low temperature and solid-liquid sample environments. Together with a 400 x 400 mm² position 
sensitive detector and a time-stable ³He polarization analyser based on Spin-Exchange Optical 
Pumping (SEOP), the instrument is ideal for the investigation of specular reflectivity and off-
specular scattering from magnetic layered structures down to the monolayer regime. In addition 
the GISANS option can be used to investigate lateral correlations in the nm range. 

MARIA gives the opportunity to the “hard-matter” and “soft-matter”community to acquire 
reflectivity curves in a dynamic range of up to 7-8 orders of magnitude, off-specular and 
GISANS images, and even simple SANS curves at a fixed sample-detector distance. Here we 
illustrate recent experiments that were performed at MARIA, related to the study of magnetic 
and soft matter interfaces.  
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The small-angle neutron diffractometer KWS-2, operated by the Jülich Centre for Neutron 
Science at Heinz Maier-Leibnitz Zentrum, is dedicated to the investigation of mesoscopic 
structures and structural changes due to rapid kinetic processes in soft condensed matter and 
biophysical systems. It was recently subject of major upgrading aiming for boosting its 
performance with respect to the intensity on the sample, the instrumental resolution, and the Q-
range covered. In the high-intensity mode, up to 12 times intensity gain compared to the 
conventional pinhole mode for the same resolution can be achieved with lenses based on 
increasing of the sample size. In the tunable resolution mode, with chopper and TOF data 
acquisition, improved characterization of the scattering features within different Q ranges is 
enabled by the possibility to vary the wavelength spread ∆λ/λ between 20% and 2%. In the 
extended Q-range mode by means of lenses and a secondary high-resolution detector (pixel 
size of 0.45mm) a Qmin down to 1x10-4 Å-1 can be achieved, which in combination with the 
pinhole mode permits the exploration of a continuous length scale from 1nm to 1μm.  
Following a collaborative work between JCNS and GE Reuter Stokes Inc. the current 
scintillation detector will be replaced in the fall of 2015 by a new detection system based on an 
array of 3He tubes and a fast MHz electronics. This achievement will elliminate the actual 
drawback for an optimal use of the high flux of the instrument (up to 2x108 n cm-1 s-1 are 
available on the sample). 
 
The new detector consists of three different lengths of 8mm 8-pack modules, which will be 
installed on a frame inside the 1.4 m tank of KWS-2 and will cover an active detection area 
equivalent to 0.9m2. The new detection electronics is mounted in a closed case in the backside 
of the 3He tubes frame and will operate at ambient atmosphere under cooling air stream. Recent 
tests of the prototype (one 3He 8-pack module and electronics) that have been carried out at the 
JCNS instruments KWS-2 (in high flux conditions) and TREFF have confirmed the outstanding 
parameters of the new detection system: a) a count rate of ca. 720 kHz on the 8-pack module 
for 10% dead-time for homogeneous illumination of the detector, b) a stability of the pixel 
response which lies practically within statistical uncertainties and c) a position resolution better 
than 8mm with a stability better than 1%. It can be thus estimated that a count rate of several 
MHz will be detected with a very high stability and no dead-time at KWS-2 in the near future. 
This advantage will open new opportunities for static and time-resolved structural investigations 
of small soft-matter and biological systems that typically deliver at high Q weak scattering signal 
above the buffer or solvent level. 
 
The actual performance and the perspectives of the KWS-2 SANS diffractometer will be 
reported. 
 
  



 

 
 

ID: PS-1 - 55, 2015-09-01, Hipostila Area 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Poster) 

Development of the three-axis spectrometer IN8 at ILL. 

Alexandre Ivanov1 , Jiri Kulda1 , Andrea Piovano1  
 
1) Institut Max von Laue - Paul Langevin, Grenoble, France  
* Alexandre IVANOV, aivanov@ill.fr 
 

The three-axis spectrometer IN8 at ILL proposes to European users advanced conditions for 
studies of thermal excitations in single crystals and liquids. The instrument performance and 
flexibility are ensured by the use of large double-focusing monochromators and analysers 
providing high counting rate even for small and low scattering samples. Now we are rebuilding 
the monochromator unit, which operates in the naturally high radiation level. In the new design 
presented in the report we develop the experience accumulated in the TAS-group at ILL in 
using Bragg-focussing beam optics with independently variable horizontal and vertical bending 
of the crystal reflecting planes. The new monochromator for the thermal neutron beam will 
consist of 4 different crystal faces. Two faces will use mosaic crystals of pyrolytic graphite and 
copper with the principal reflections PG002 and Cu200 chosen to provide a broad range of 
monochromatic neutron wave vectors and energy resolution of the incident beam. The other two 
planes will be assembled with elastically bent perfect silicon crystals making use of the 
reflections Si111 and Si311 free of second-order harmonics. The mosaic crystal faces will be 
used in experiments requesting maximum monochromatic intensity at the sample position. The 
silicon crystal planes will provide particularly “clean” conditions for experiments with multi-
analyser configurations (such as FlatCone) at the expense of a marginally lower monochromatic 
flux. The following step in the modernisation of the spectrometer will be the optimisation of a 
classical single-detector secondary spectrometer. 
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New Very Small Angle Neutron Scattering (VSANS) Instrument 
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The design of a new Very Small Angle Neutron Scattering (VSANS) Instrument for use in 
National Institute of Standards And Technology (NIST) will be discussed. This instrument is 
similar to a shorter instrument we designed and delivered to ANSTO in Australia called the Bilby 
SANS instrument. The NIST VSANS and the Ansto Bilby SANS instruments have very similar 
dimensions for length and diameter and have similar requirements for internal detector motion, 
top access port, walkway supports, and ports; however, the Bilby SANS instrument vacuum 
requirement was lower (7.5x10-5 Torr) and the entire (60,000 pound) vessel was required to 
move 1.5 meters on external rails with a repeatability of 100 um, which ADC achieved. The 
NIST VSANS length is 24 meter, internal diameter 2.3 meter with three internal carriages.       

The NIST VSANS instrument, which covers the usual SANS range will also allow configuration 
to cover the range between q ≈ 10-4 Å-1 to 10-3 Å-1 with a sample beam current of (104 
neutrons/s). The key requirements are a second position-sensitive detector system having a 1 
mm pixel size and a longer sample-detector flight path of 20 m (i.e., a 40 m instrument).  

References 

[1] The 30 m Small-Angle Neutron Scattering Instruments at the National Institute of Standards 
and Technology; J. Appl. Cryst. (1998). 31, 430-445   

[2]  D33—a third small-angle neutron scattering instrument at the Institut Laue Langevin; IOP 
PUBLISHING Meas. Sci. Technol. 19 (2008) 034007 (8pp) 

[3]  Novel multiple-beam very small angle neutron scattering (VSANS) using a conventional 
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FIREPOD – the fine resolution powder diffractometer @ BER II 
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The fine-resolution neutron powder diffractometer E9 [1] at the BER II reactor at the Helmholtz-
Zentrum Berlin für Materialien und Energie is dedicated to collect diffractograms suited for 
crystal structure determinations Rietveld refinements. 

The detector bank consists of eight individual 2D detectors, arranged at an optimized, non-
constant distance from the sample, and a radial collimator to reduce background noise. 
Position-sensitive data integration results in a strongly reduced asymmetry of the peaks. 
Through the choice of sample diameter, axial focus length, and primary collimation a wide range 
of combinations of intensities, resolution curves, and sample volume can be obtained. 
Additionally, four of the individual detectors can be placed at variable distances from the 
sample. This allows two different modes: the high resolution and the high intensity 
conformation. In its default mode, the high resolution mode the instrument is dedicated to collect 
diffractograms suited for crystal structure determinations and Rietveld refinements with unit cell 
volumes up to 1000 Å3. 

The high intensity mode is suitable for atomic and magnetic structures with small unit cells and 
high symmetry, and also for particularly small samples. In this configuration each individual 
detector covers a large angular range. This is useful for data collection with fixed detector 
position, allowing for rapid parameterized scans, e.g. temperature or field strength dependency 
of magnetic structures, cavity fillings or phase transitions. 

In example, hydrogen positions in zeolites or metal-organic framework structures can be 
determined from fast measurements. This is especially interesting when combined with the 
option to equip more than 10 different gas-adsorption modules, covering a wide pressure and 
temperature range from 4 K to 1500 K and up to 10000 bar. Possible load gasses include 
nitrogen, hydrogen, heavy hydrogen, argon, helium, vapor and chemisorption. 
The combination of these two instrument modes makes it possible to do both fast parametric 
scans and the collection of high-quality diffraction patterns for Rietveld analysis at selected 
points for exactly the same sample conditions. 

Of course, the instrument still allows the use of the usual suit of sample environments, covering 
a wide range of low and high temperatures (1.5 - 2000 K), pressure (up to 2.5 kbar), variable 
magnetic fields (up to 5 T). The latest upgrade comprises a 10-fold automatic sample changer 
for room temperature measurements. 

[1] D. M. Többens et al., Mat. Sci. Forum. 378-381, 288 (2001) 
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The combination of 3D-cross correlation light scattering (3D-LS) with small-angle neutron 
scattering (SANS) will enable researchers to perform simultaneously neutron and light 
scattering experiments on highly concentrated samples. In particular in the field of soft matter 
the sample behavior may change with concentration. However the complementary 
characterization methods, namely LS and SANS, require different sample concentration ranges. 
Conventional LS-experiments can only be performed on diluted samples to assure that only 
singly-scattered light is detected, while for a SANS-measurement highly concentrated samples 
are required. 3D-LS suppress the multiple scattering by performing two simultaneously light 
scattering experiments. By combining the 3D-LS with the small-angle neutron scattering 
instrument V16 at the Helmholtz-Zentrum in Berlin, Germany, it will be possible to study 
samples under exact the same conditions for both scattering experiments. Moreover, this 
unique setup allows to extract simultaneously information of particles in solution regarding the 
dynamics of the system and the hydrodynamic volume of the particles (dynamic LS), the 
structural characteristics (particle-shape and -dimension, interactions) at low q (static LS) as 
well as the structural characteristics of the sample at high q (SANS). 
 
As proof of principle measurements were performed on cross-linked poly-N-isopropyl-
acrylamide (PNIPAM) [1] microgel particles, like shown schematically in figure 1. Such 
thermosensitive microgel particles exhibit a volume phase transition temperature (VPTT). Below 
the VPTT the polymer chains are water-soluble and the gel particles are swollen (fig. 1, left). 
However, is the temperature in-creased, the polymer undergoes a reversible phase transition 
and the gel collapses (fig. 1, right). This gives rise to a rigorous reduction of the particle volume. 
First the phase transition of the microgel particles was characterized with the 3D-LS at a diluted 
sample. The particles showed an obvious thermosensitive behavior: The hydrodynamic radius 
decreased from ~280 nm at 10 °C to ~ 140 nm at 40 °C. In further experiments these microgel 
systems were measured concentration-dependent with the 3D-LS – SANS combination in order 
to investigate the deformation of the soft particles with increasing concentration. 
  
References 
[1] N. Dingenouts, C. Norhausen and M. Ballauff, Macromolecules 31 (1998) 8912. 
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The ESS science drivers include soft condensed matter research, life science, studies of 
magnetic and electronic phenomena, chemistry of materials, energy research, engineering 
materials and geosciences, archaeology and heritage conservation, as well as fundamental and 
particle physics. ESS will provide unique possibilities for neutron research due to its beams of 
unparalleled brightness, delivering more neutrons than the world’s most powerful reactor-based 
neutron source with higher peak intensities than other spallation sources. ESS presented its 
Technical Design Report [1] in early 2013 with a reference suite of 22 instruments. 
Nevertheless, specialised instruments will not be sufficient by themselves to fully exploit the 
scientific potential of ESS but additional ‘Science Support Systems’ are required. They deliver 
the scientific and technical environment supporting the needs of the user programme to enable 
research using neutrons from scientific idea to publication. 

The work on ’Science Support Systems’ is organised into seven platforms, which together cover 
all needs for sample environment, laboratories and workshops as well as scientific coordination. 
These are ‘Temperature and Fields’, ‘Pressure and Mechanical Processing’, ‘Fluids incl Gases, 
Vapour and Complex Fluids’, ‘Deuteration and Macromolecular Crystallisation’, ‘Mechatronics 
and Software Integration’, ‘Sample Handling and General Use Labs’, and ‘Scientific 
Coordination and User Office’. This internal structure maximises cross benefits, ensures topical 
balance, smoothens instrument team interactions, streamlines interfaces, increases partner 
involvement and will improve the user experience during operations.  

Prioritisation is based on the above mentioned ESS science drivers and the ESS-specific 
challenges as well as the construction schedule for the instruments, by facility-wide integration 
aiming for streamlined user operation and most efficient use of beam time. Emphasis is given 
on integrating ‘readily-available’ equipment provided as in-kind contributions. ‘Highly-
specialized’ equipment is provided via the unique competences of facility- or university-based 
expert groups. The ESS-based core team ensures manning the interfaces within the Science 
Directorate, other parts of ESS and external partners.  

We will here present the status of ‘Science Support Systems’, provide details on its scope and 
schedule and discuss the prioritisation and planning of the various functionalities.  

[1] ESS Technical Design Report; http://esss.se/documents/tdr/TDR_final.pdf 
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The new multifunctional reflectometer GRAINS has started its operation at the high flux IBR-2 
pulsed reactor at the Frank Laboratory of Neutron Physics of the Joint Institute for Nuclear 
Research (Dubna, Russia). The principal feature of the setup is the horizontal sample plane 
which enables one to study liquid-containing interfaces including free liquid surfaces, as well as 
liquids and soft matter on solids. The reflectometer operates in the time-of-flight mode (current 
wavelength range of 0.05 – 1 nm) taking advantage of a broad wavelength band of the new cold 
moderator at the IBR-2. The inclined incident beam of thermal neutrons (grazing angle of 3 – 25 
mrad, flux at the sample of 2×106 s-1cm-2) is formed by deflecting mirrors (m = 2) in both non-
polarized and polarized options. The ‘basic configuration’ of the instrument provides 
measurements of specular and off-specular scattering (current q-range of 0.8 – 4 nm-1), as well 
as GISANS by a 2D position-sensitive detector (3He-based proportional chamber, detecting 
area of 200×200 mm2, spatial resolution of 2×2.5 mm2). The GRAINS reflectometer opens up 
new possibilities for research in the field of interface science at the IBR-2 reactor. Since 2015 it 
has become available to users through the IBR-2 proposal system. 
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We report on the development of a droplet based microfluidics chip designed for in-situ small 
angle neutron scattering. Droplet based microfluidics is a rapidly growing field in which nano-
liter sized droplets behave as separate compartments in which injected components can rapidly 
mix and form particles. A significant advantage of this is that it allows the chemical composition 
of the particles to be determined from the injected components while the physical properties of 
the particles are influenced by the fluidics(1). The nanoscale size and nature of microfluidic 
particles make them suitable candidates for small angle scattering(2). By combining with SANS, 
component and solvent contrasts can be varied allowing probing of the property of choice. 

Using quartz to provide a low neutron scattering background and high solvent compatibility, we 
have developed a microfluidics chip that combines two immiscible liquids in a microchannel to 
provide a continuous flow of monodisperse droplets through a scattering volume. In this way, 
injected components can undergo structural changes while being probed by SANS. The 
combination of the droplet formation and SANS measurement on the same chip allows probing 
of particles at various delay times following mixing. Thus by varying the scattering volume 
position temporal information of particle formation may be obtained. We demonstrate the utility 
of the chip with measurements of well defined particle systems undergoing formation and 
discuss potential applications. 
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The neutron time-of-flight diffractometer EPSILON for strain analysis on geological 
samples under uniaxial and triaxial load conditions 

Christian Scheffzük1 , Birgit I.R. Müller1 , Frank R. Schilling1  
 
1) KIT Karlsruhe, Institute of Applied Geosciences  
* Christian Scheffzük, christian.scheffzuek@kit.edu 

The investigation of strain in geological samples with conventional methods, like overcoring and 
grain size anisotropy, is limited. To detect the intracrystalline strain, diffraction methods can be 
applied. Because of the large variety of the grain size in geological samples, neutron diffraction 
is the preferred method. The application of neutron time-of-flight diffraction allows the 
determination of intracrystalline strain for all the Bragg diffraction lines in the range of the used 
wavelength (up to λmax= 7.2 Å, e.g. dmax= 5.1 Å, using a wavelength chopper: λmax= 14.4 Å, e.g. 
dmax= 10.2 Å). Therefore, the method is advantageous for multiphase materials with phases of 
lower crystal symmetries, like polycrystalline geological samples. 

The neutron TOF strain diffractometer EPSILON is operated at beam line 7A-1 at the pulsed 
neutron source IBR-2M, JINR Dubna. The diffractometer has been designed especially for the 
investigation of rock samples: because of the long flight path of about 107 m the resolution is 
about 4*10-3 for d = 2 Å. The diffractometer, equipped with 9 detector banks at 2θ=90° is 
designed in three triplets at radial angles of: -21°, 0°, 21 °, 69°, 90°, 111°,159°, 180°, and 201°, 
which provides the potential of strain tensor determination. Each detector bank contains nine 
3He detectors. Using the time focusing method the neutron diffraction pattern of the nine 
detectors at one bank can be stacked.  This enables to compensate the low neutron intensity at 
sample position reasoned by the very long flight path. 

Behind the neutron guide with dimensions of HxB = 95 x 50 mm2 the incident slip system is 
installed. It consists of two horizontal-vertical diaphragms in a distance of 1,160 mm to select 
the sample gauge volume. A uniaxial pressure device (F = 100 kN, p = 150 MPa) is designed 
for sample dimensions of 30 mm in diameter and 60 mm in length. The apparatus can be 
orientated in 45 ° to the incident neutron beam and allows the simultaneous investigation of 
strain in direction of σ1 and σ3. The pressure device allows the sample rotation under external 
load to determine oriented rock properties at different load states.  In addition, an acoustic 
emission sensor system with 12 channels is installed to detect acoustic signals of micro cracks 
during in situ deformation experiments. 
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SuperADAM: the upgraded polarized neutron reflectometer 

Anton Devishvili1 , Alexei Vorobiev1 , Gunnar Palsson1 , Max Wolf1 , Bjorgvin Hjorvarsson1  
 
1) Department of Physics and Astronomy, Upsala University, BP 530, 751 21 Upsala, Sweden  
* Anton Devishvili, devish@mail.ru 
 

Within the framework of the H5 upgrade program at the ILL the polarized neutron reflectometer 
SuperADAM has been rebuild. In order to take advantage of the new H5 guide system and 
guide hall extension the majority of the Instrument components and infrastructure elements 
have been redesigned to be more versatile. The new instrument features variable detector-
sample and monochromator-sample distances. Two monochromators are available to provide 
variable δλ/λ between 0.005 and 0.025 at different take-off angles. Polarization is performed 
with a new solid state polarizer/wavelength filter capable of providing a highly polarized (up to 
99.7%) monochromatic neutron flux of 1.6×105 n cm−2s−1. High flux option provides a flux of 1.5 
× 106n cm−2s−1 in the expense of reduced δλ/λ. The new instrument features both single and 
position sensitive detectors both with variable distance to the sample. Position sensitive 
detector with size of 300×300 mm has the spacial resolution of 2.8 mm and can be placed up to 
6 meters away from the sample therefore providing a broad angular resolution from 0.1 to 0.017 
deg. for the diffuse scattering maps. Polarization analysis can be performed with a solid state 
single or multi-mirror analyzers for offspecular scattering. The superb polarization with a flipping 
ratio of up to 300 can be used to study very weak magnetic phenomena and lateral domain 
structures. High efficiency detectors, low background and high flux provides the dynamic range 
of up to six decades of angle dispersive reflectivity which significantly broadens the scientific 
application range of the instrument. The detailed specifications and recent results in the field of 
solid state magnetism and soft matter research will be presented. 

 
  



 
 

ID: PS-1 - 64, 2015-09-01, Hipostila Area 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Poster) 
 

Parameters of the NERA spectrometer on the pulsed reactor IBR-2 

Dorota Chudoba1 , Łukasz Hetmańczyk2 , Ireneusz Natkaniec3 , Igor Sashin4  
 
1) Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia; 
Faculty of Physics, Adam Mickiewicz University, Poznań, Poland 2) Frank Laboratory of 
Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia; Faculty of Chemistry, 
Jagiellonian University, Kraków, Poland 3) Faculty of Physics, Adam Mickiewicz University, 
Poznań, Poland 4) Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 
Dubna, Russia;  
* Dorota Chudoba, dmn@amu.edu.pl 
 
NERA spectrometer is an inverse geometry time-of-flight instrument, built in the years 1987-
1991 on the 110 m base flight of the 7th canal of the pulsed reactor IBR-2 in Joint Institute for 
Nuclear Research in Dubna in Russia. It was designed to study inelastic neutron scattering with 
simultaneous control of the phase of the sample by neutron diffraction. 
 
The main objectives of the modernization program of the NERA spectrometer (replacement of 
the 100-m neutron guide) were realized and after modernization of the IBR-2 core the 
spectrometer was commissioned in September 2012. A new type of cold neutron source 
operating at the temperature of 30K was installed in the sector of six horizontal channels. The 
cold source in complex with water moderator allows one to effectively use incident neutrons in 
wide range of the wavelengths. The transmission of the new bent Ni-mirror guide limits the 
wavelength of thermal neutrons to about λ = 0.8 Å; as a result the neutron energy transfer for 
INS spectra is limited practically to 127 meV (1000 cm-1). The gain factor (2012/2005) for the 
water moderator regarding the average thermal neutron flux at the sample position is 1.2 . 
 
Commissioning of the cold moderator significantly changed the spectral distribution of incident 
neutrons. The gain factor cold to water moderator in the range of wavelength 2 Å < λ < 7 Å 
increases from 1 to 7, what provides much better conditions for measurements of neutron 
powder diffraction (NPD), low energy part of the inelastic neutron scattering (INS) spectra (up to 
20 meV) and quasielastic neutron scattering (QENS) spectra in a high resolution mode with 
near back-scattering crystal analyzers. 
 
In this paper the proposals for further modernization spectrometer NERA (increasing luminosity 
and resolution enhancement) are discussed. 
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Novel Neutron Detectors for the NMX instrument at the European Spallation Source 

Dorothea Pfeiffer7 , Filippo Resnati7 , Richard Hall-Wilton4 , Jens Birch3 , Carina Hoeglund8 , 
Lars Hultman3 , George Iakovidis5 , Eraldo Oliveri2 , Esko Oksanen1 , Leszek Ropelewski2 , 
Patrik Thuiner6  
 
1) European Spallation Source (ESS AB), Sweden 2) CERN, Switzerland 3) Linköping 
University, IFM, Sweden 4) European Spallation Source (ESS AB), Sweden and Mid-Sweden 
University, Sweden 5) Brookhaven National Laboratory, USA and CERN, Switzerland 6) Vienna 
University of Technology, Austria and CERN, Switzerland 7) European Spallation Source (ESS 
AB), Sweden and CERN, Switzerland 8) Linköping University, IFM, Sweden and European 
Spallation Source (ESS AB), Sweden  
* Richard Hall-Wilton, richard.hall-wilton@esss.se 
 
The European Spallation Source (ESS) in Lund/Sweden is foreseen to be operational in 2019. It 
will become the world\'s most powerful thermal neutron source, with a significantly higher 
brightness than existing reactor sources. Currently 22 neutron scattering instruments are 
planned as the baseline suite for the facility, one of these instruments is the macromolecular 
crystallography instrument NMX. Whereas macromolecular crystallography instruments at 
reactor sources typically use neutron image plates with ~200 µm spatial resolution, spallation 
source instruments require time resolution which image plates lack altogether. Scintillation 
based detectors on the other hand are currently limited to ca 1 mm spatial resolution. The solid 
neutron converter Gd in combination with Micro Pattern Gaseous Detectors (MPGDs) 
is a promising option to achieve the spatial resolution of the neutron image plate combined with 
time resolution, high-rate capabilities and a good neutron detection efficiency.  
 
The typical range in gas of the secondary charged particles produced by the neutron capture on 
the converter material is at least of the order of 1 cm in the case of alpha particles (10B4C) or 
electrons (Gd). This is apparently in contrast with the requirements of an uncertainty of the 
neutron conversion position of +/-200 µm. A data analysis technique based on the principle of 
the Time Projection Chamber (TPC) was developed, and has already been successfully applied 
to MPGDs with 10B4C converters. A position resolution < 200 um is obtained by determining the 
start of the ionization track. This so-called µTPC analysis has now been extended to use with 
Gas Electron Multipliers (GEM) detectors with Gd converters. This talk presents  proof-of-
principle measurements at the R2D2 beamline of the IFE research reactor in Norway. Here the 
Gd-GEM has shown great potential to match the NMX requirements regarding position 
resolation and efficiency. 
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Ramses: A new time and space focusing Time of Flight spectrometer at the ILL 

Erik Dreier Christensen1 , Kim Lefmann1 , Michael Marek Koza2  
 
1) Nano-Science Center, Niels Bohr Institute, University of Copenhagen, Copenhagen, 
Denmark 2) Institut Laue–Langevin, Grenoble, France  
* Erik Dreier Christensen, erik.dreier.chr@gmail.com 

Ramses will be a time- and space-focusing special environment time of flight spectrometer 
planned to replace the present ILL instrument IN6 as part of a general upgrade of the large 
guide hall at the ILL. Ramses is, unlike the present IN6, planned to be positioned at a guide-end 
position giving a larger wavelength range than IN6 and a possibility for in-guide choppers. 
Ramses is planned to cover the wavelength range between present IN6 and the instrument 
IN4c (2.5 Å -4.1 Å) together with IN6\'s present wavelength range (4.1 Å-5.9 Å).  It is hoped that 
the new Ramses instrument compared to present IN6 will have a higher flux on the sample and 
reduced frame overlap, while keeping the same energy resolution and signal to noise ratio. 

 In our study we performed initial simulation tests to optimize the Ramses instrument and to find 
an optimal guide configuration for a position at the cold guide H16.  The ILL guide-hall upgrade 
plans are still at an early phase and final guide configuration has not yet been decided. Our 
study should therefore not be seen as a study of the final design of Ramses but as an 
inspiration for the future Ramses simulation tests. The simulations of future Ramses were 
performed with neutron instrument Monte Carlo simulation program McStas [1, 2]. 

At the conference we will present some of the McStas simulation result for the Ramses guide 
design as well as initial optimization of the instrument. The focus will be on Ramses instrument 
design, and how well we can expect Ramses to perform compared to IN6. 

[1] K. Lefmann and K. Nielsen, Neutron News 10, 20, (1999) 

[2] P.K. Willendrup, E. Farhi, and K. Lefmann, Physica B 350, e735-e737 (2004). 
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Upgrade study for the time-of-flight spectrometer FOCUS at SINQ 
 

Fanni Juranyi1 , Uwe Filges2 , Marek Bartkowiak2 , Jan Peter Embs1 , Tom Fennell1  
 
1) Laboratory for Neutron Scattering and Imaging, Paul Scherrer Institute, CH-5232 Villigen PSI, 
Switzerland 2) Laboratory for Developments and Methods, Paul Scherrer Institute, CH-5232 
Villigen PSI, Switzerland  
* Fanni Juranyi, fanni.juranyi@psi.ch 
 
FOCUS [1] is a direct geometry time-of-flight spectrometer for cold neutrons at SINQ, which has 
been in operation since 1999. Although it is a well performing instrument, it would benefit from 
state of the art technology. The aim is that the upgraded FOCUS keep its characteristics (i.e. 
optimised for typical sample size of 10mm x 50mm, energy resolution etc.), but should have an 
option for small samples (<cm^3) e.g. when using extreme sample environment. Fortunately, 
the original flexible instrument design provides many opportunities. Firstly, mistakes arising from 
the time-evolution of the McStas instrument model have been corrected. Status analysis 
showed two main gain potentials: i) upgrade of the guide system to allow for larger divergences, 
and ii) reduction of the beam size at sample position by using adaptive optics [Uwe?] after the 
monochromator. By these measures both intensity and background would be significantly 
improved, with the estimated maximum intensity gain being more than an order of magnitude. 
The secondary instrument is not intended to be exchanged (the use of large divergences is 
conform with the "old fashioned" low spatial resolution of the detectors, and scattering through 
the Argon flight path is also acceptable). This would keep the upgrade costs at a feasible level. 
This presentation is an integral part of a general SINQ upgrade study. 
 
 
[1] J.Mesot et al., J. Neutr. Res. 3, 293 (1996) 

[2] M. Bartkowiak et al.: J. Phys.: Conf. Ser. 340 (2012) 012021 
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FSANS - A New Instrument at the Budapest Neutron Centre 

János Füzi2 , Zoltán László3 , Adél Len1  
 
1) Neutron Spectroscopy Department, Institute for Solid State Physics, Wigner Research Centre 
for Physics, Budapest, Hungary 2) NSD ISSP Wigner RCP; Automation Department, Pollack 
Mihály Faculty of Engineering and Information Technology, University of Pécs, Hungary 3) NSD 
ISSP Wigner RCP; Faculty of Mechanical Engineering, Szent István University, Gödöllő, 
Hungary  
* János Füzi, fuzi.janos@wigner.mta.hu 
 
The focusing small angle neutron scattering spectrometer (FSANS) developed and installed at 
the Budapest Neutron Centre has reached the commissioning stage. The instrument has a two-
fold mission: 1) extend the accessible scattering vector range of the highly demanded BNC YS 
SANS towards the smaller q values; 2) provide a versatile test bench for future development of 
neutron optical devices. It is able to accommodate a larger variety of collimation optics: classical 
pinhole collimation, multibeam converging collimation, magnetic focusing and reflective focusing 
by means of elliptical mirrors. Whle the first three options do not change the incident beam 
direction, the fourth does. Therefore the sample and detector positions can be adjusted to allow 
variation of incoming beam position and direction. Beam focusing reconciles to some extent the 
conflicting requirements of high spatial and energy resolution against high intensity incident on 
the sample. A large dynamic range is also desirable, generally limited by diffuse scattering from 
the reflecting surfaces. The 4-chopper flight time definition system is used for energy 
determination required by scattering vector computation. It also allows accurate and extensive 
mapping of the wavelength-dependent transfer functions of the tested optical devices. For 
SANS operation the focal spot size and shape for finite source aperture diameter as well as 
transmission parameter (source size x accepted solid angle), beam size at sample position and 
dynamic range provided by ray tracing calculations are verified by experiment. The scattering 
vector resolution and sample illumination are determined for various available configurations. 
The characteristic parameters are listed and the results of performance assessment 
experiments are presented. 
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The upgraded cold neutron triple-axis spectrometer FLEXX  
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Skoulatos3 , Kirrily C. Rule5 , Klaus Habicht1  
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Switzerland 3) Paul Scherrer Institut, Laboratory for Neutron Scattering, Villigen, Switzerland 4) 
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The BER II neutron source and its instruments have undergone major developments. The 
upgrade of the cold neutron triple axis spectrometer FLEXX [1], a work-horse instrument for 
inelastic neutron scattering matching the sample environment capabilities at HZB, has been 
successfully accomplished. 

FLEXX was relocated to a guide-end position in an area of the guide hall with intrinsically low 
background. The primary spectrometer of FLEXX was completely rebuilt with new m=3 guides 
including a converging elliptical section to focus neutrons onto a virtual source [2, 3]. The 
neutrons are subsequently imaged onto a new double focussing monochromator, ensuring an 
increase in neutrons reaching the sample [4]. In addition, a new velocity selector is used to 
remove higher order scattering which eliminates the need for filters. A polarising S-bender may 
be translated into the beam before the elliptical guide section where the beam is collimated, 
allowing the gains from focussing neutrons onto the sample to be realised for polarised 
measurements also. 

Experiments confirmed an order of magnitude gain in intensity (at the cost of coarser 
momentum resolution), and demonstrated that the incoherent elastic energy widths are 
measurably narrower than before the upgrade. The much improved count rate allows the use of 
smaller single crystals samples and thus enables the upgraded FLEXX spectrometer to 
continue making leading edge measurements. A Heusler analyzer is now available further 
enhancing polarised neutron capabilities at FLEXX. MultiFLEXX, the multi-energy analyzer 
option for FLEXX has entered its commissioning phase. 

In user service upgraded V2/FLEXX provides new capabilities for energy research, quantum 
magnetism, heavy-fermion systems and unconventional superconductivity. For example 
inelastic experiments in magnetic fields up to 17 T are now proven to be feasible. 
 
[1] M. D. Le, et al. Nucl. Instrum. Methods Phys. Res. A 729 (0) 220-226 (2013). 

[2] K. Habicht, M. Skoulatos, J. of Phys.: Conf. Series 340 (1) (2012) 012029. 

[3] M. Skoulatos, K. Habicht, K. Lieutenant, J. of Phys. Conf. Series 340 (1) (2012) 012019. 

[4] M. Skoulatos, K. Habicht, Nucl. Instrum. Meth. Phys. Res. A 647 (1) (2011) 100–106. 

E-mail for corresponding author: habicht@helmholtz-berlin.de  



 
 

ID: PS-1 - 71, 2015-09-01, Hipostila Area 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Poster) 

The FREIA reflectometer concept for fast kinetics at ESS 
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The FREIA concept - a Fast Reflectometer for Extended Interfacial Analysis, is optimised for 
time-resolved investigations of interfacial processes at timescales relevant to colloidal and 
macro-molecular interactions. The proposed instrument is based on an elliptical guide design, 
which focuses a neutron beam with a broad vertical divergence and wavelength range onto a 
horizontal surface, allowing measurements to be carried out without moving the sample. This is 
ideal for studying liquid interfaces and kinetics, as the angle of incidence can be changed by 
simply varying the slit positions. The geometry further allows using fast shutters to change 
between angles at up to the source frequency, for recording the full Q-range effectively 
simultaneously.   

The design has been optimised to advance the study of kinetics in soft condensed matter and 
the life sciences, where some of the scientific challenges are: 

 self-assembly of surfactants, polymers and proteins at solid and liquid interfaces 
 rearrangement processes in thin films (diffusion, annealing, exchange etc.) 
 encapsulation and release in e.g. drug delivery materials, sensors and energy storage 
 switchable materials and response to external stimuli 
 chemical and biochemical surface reactions 

FREIA can operate in a low-medium resolution mode using the full ESS pulse, and also 
incorporates a sophisticated chopper system for Wavelength Frame Multiplication (WFM) to 
provide experiments with a constant 2% wavelength resolution, expanding the scientific scope 
to cover the vast majority of experiments in soft condensed matter, advanced materials and life 
science.  An inverted beam and a polarised beam option, as well as collimation for GISANS are 
also included in the design. 
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Activation foils and sulphur tablets modelling used in criticality dosimeters 

Jorge Carelli1  
 
1) Nuclear Regulatory Authority (Argentina)  
* Jorge Carelli, jcarelli@arn.gob.ar 
 

The chemical elements of defined isotopic composition which are commonly used as sensitive 
part of criticality dosimeters possess a known cross-section of activation. However, there is a 
lack of a fluency/activity relation considering the geometry of the place in which the dosimeter is 
located in. The present paper shows the results of the (Au, In) relation modelled by Montecarlo 
that form activation foils and sulphur tablets, considering the thickness of the foil and the 
location in masonry walls, metal sheets in doors and outdoor sites. Neutron sources are 
modelled with both fast fission spectra and moderated fission spectra derived from the 
Technical Reports Series IAEA 180 and calibration sources described in the ISO standard 
8529-1 of Cf-252, Cf-252+D2O+Cd and AmBe. 
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Sample Environment at the upcoming Beamline for European Materials 
Engineering Research (BEER)  
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Brokmeier2 , Reinhard Kampmann1 , Jan Pilch5 , Petr Sittner4 , Premysl Beran3 , Jan Saroun3 , 
Pavel Strunz3 , Vasyl Ryukthin3 , Martin Müller1 , Petr Lukas3 , Andreas Schreyer1  
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Clausthal 3) Nuclear Physical Institute ASCR 4) Institute of Physics ASCR 5) Nuclear Physical 
Institute ASCR, Institute of Physics ASCR  
* Jochen Fenske, jochen.fenske@hzg.de

Continuous development of advanced structural materials and novel production processes are 
of vital importance for manufacturing industry e.g. in transport and clean energy production 
sectors. Future successful research efforts will require understanding micro/nanostructure, 
residual stress evolution and phase transformations during processing as well as their influence 
on the mechanisms that determine material and component performance. The upcoming 
Beamline for European Materials Engineering Research (BEER) to be built as part of the 
European Spallation Source (ESS) offers new opportunities for such investigations. The 
instrument provides extremely broad intensity/resolution ranges that can be further extended 
with a new pulse multiplexing technique which extracts several short pulses out of one long 
ESS pulse. Multiple short pulses enable diffraction with high resolution and high intensity at the 
same time. Furthermore, BEER has an option for simultaneous SANS or imaging 
measurements without compromising the diffraction performance. This outstanding 
performance of BEER opens up new possibilities for in situ experiments studying materials 
processing and materials performance under operation conditions. However, such experiments 
demand advanced sample environments. 

In this contribution, sample environments dedicated to thermo-mechanical processing at BEER 
will be presented: Gleeble® allows to simulate conditions close to real industrial production 
processes like forging, rolling, melting, etc. A quenching and deformation dilatometer allows to 
study materials under a broad range of loading and heat treating conditions. Furthermore, 
BEER will offer devices dedicated to in situ investigations of welding processes, e.g. laser 
welding or friction stir welding. A hexapod and a robot arm will be available for sample 
positioning. The latter can also be used as a sample or sample environment changer. Besides 
these sophisticated sample environments, a range of conventional devices are foreseen, e.g. 
stress-rigs and furnaces, and also user-provided sample environment will be possible to use on 
the beamline. 
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Estia a  focusing reflectometer for small samples at 
the ESS 
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The combination of the high-brilliance ESS source and the novel Selene guide concept, 
transferring as much of this brilliance as possible to the sample in a fully controlled way, results 
in a high-performance reflectometer with outstanding efficiency for small samples. Estia uses 
the full unchopped long pulse provided by the ESS. 
The scientific focus of Estia is the investigation of structural and magnetic depth profiles of solid 
film structures. But the optimisation for small samples also enables very efficient probing of 
liquid/solid interfaces in microfluidic chambers, or the determination of lateral correlations. 

The Selene neutron guide is the centrepiece of Estia. It transports only the useful neutrons, and 
enables beam manipulation similar to a photographic lens. 

The Selene guide (red in the image below, the neutron beam is yellow) is truly focusing in a 
sense that the phase space density is zero outside a volume defined by apertures far from the 
sample. Thus the beam footprint on the sample can be tuned and over-illumination can be 
avoided. The total beam intensity in the Selene guide is drastically reduced, which results in a 
low background. 

The special guide geometry allows to implement constant resolution without using pulse 
shaping choppers. The convergent beam can be used efficiently on sample surfaces from below 
1×1 mm2 to 50×10 mm2.  Estia provides several operation modes, where switching from one 
to  the other implies only the activation of an aperture.  Conventional time-of-flight neutron 
reflectometry is realised with a divergence-defining aperture behind the Selene guide end. 
Scanning this aperture across the beam during the pulse results in a wider qz-range and 
enables to control the resolution. Opening the aperture completely increases the intensity 
incident on the sample by an order of magnitude. Thus it is possible to investigate dynamic 
processes on a split-second time-scale, or to track the influence of external conditions e.g. on 
magnetic properties. 

The instrument will have a full polarisation and polarisation analysis option. It will be able to host 
heavy and bulky sample environment, and accept high magnetic fields. To allow for high 
detector angles and to reduce the influence of gravity, the scattering plane of Estia is horizontal. 
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Range at RESEDA 
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We report the implementation of neutron spectroscopy with sub-µ-eV resolution based on 
Longitudinal Neutron Resonance Spin-Echo (LNRSE) at the beam-line RESEDA at MLZ in 
Garching, Germany. Besides the standard LNRSE configuration, and two different variants of 
so-called Modulation of IntEnsity with Zero Effort (MIEZE) has been set up. The LNRSE and 
MIEZE option may be used to access a wide range of momentum transfers with high energy 
resolution under non-depolarizing conditions. Alternatively, the MIEZE set up may be configured 
such that studies under depolarising conditions, for instance in hydrogen-containing materials or 
in the presence of large magnetic fields, are possible for small momentum transfers. In first 
proof-of-principle tests we demonstrate operation of an efficient in-situ method for field integral 
subtraction to cover spin echo-times τ with an extreme dynamic range of nearly eight orders of 
magnitude up to 100ns. Moreover, using a superconducting magnet with magnetic fields up to 
17 T and uncompensated stray fields we find that the LNRSE-MIEZE contrast and thus the 
energy resolution is unaffected up to the highest fields accessible. 

 

  



 
 

ID: PS-1 - 76, 2015-09-01, Hipostila Area 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Poster) 
 

Recent developments at DNS, a versatile diffuse neutron scattering spectrometer with 
polarization analysis at MLZ 

Kirill Nemkovski1 , Yixi Su1 , Sultan Demirdiş1 , Werner Schweika2 , Alexander Ioffe1 , Thomas 
Brückel2  
 
1) Jülich Centre for Neutron Science JCNS, Forschungszentrum Jülich GmbH, Outstation at 
MLZ, 85747 Garching, Germany 2) Jülich Centre for Neutron Science JCNS und Peter 
Grünberg Institut PGI, JARA-FIT, Forschungszentrum Jülich GmbH, 52425 Jülich, Germany  
* Kirill Nemkovskiy, k.nemkovskiy@fz-juelich.de 
 
DNS is a versatile diffuse scattering instrument with polarization analysis operated by the JCNS 
at the Heinz Maier-Leibnitz Zentrum MLZ. Compact design, a large double-focusing PG 
monochromator and a highly efficient supermirror-based polarizer provide a polarized neutron 
flux of about 107 n/cm2s. DNS is used for the studies of highly frustrated spin systems, strongly 
correlated electrons, emergent functional materials and soft condensed matter. We present the 
current status of the instrument and recent scientific highlights at DNS as well as ongoing 
instrument upgrade. In the frame of this project, the neutron guide with m=1.2 has been 
replaced by the new one with m=2. Respectively, the flux for the short-wavelength range has 
been considerably enhanced. The available short wavelength range has been extended from 
2.4Å to 1.5 Å, with accessible Q-range up to 7.8 Å-1 instead of 4.8 Å-1. In order to deal with 
increased neutron flux, the monochromator shielding has been replaced and improved. In 
addition, a neutron velocity selector has been installed and successfully commissioned. The 
velocity selector allows suppressing the high-order contamination of the monochromatized 
beam. Alternatively, it can be used for selecting a shorter wavelength by the PG004 reflection 
with better resolution and without moving the secondary spectrometer. In February 2015 we 
have successfully installed a new high-frequency disc chopper for time-of-flight spectroscopy. 
With the combination of a large position-sensitive detector array, covering 1.9 sr solid angle, 
DNS is expected to excel as a high-flux medium resolution (δE/E~5-7%) cold time-of-flight 
spectrometer with an option for inelastic studies of single crystals with polarized neutrons. 
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The energy resolution of neutron backscattering spectrometers — such as IN16B at the Institut 
Laue-Langevin in Grenoble — is, among other factors, limited by primary extinction in the 
monochromator and analyser crystals. Structure factor calculations supported by previous 
investigations [1,2] derive the relative extinction width of the GaAs 200 reflection ∆k/k = 
1.57×10-6, which is about one order of magnitude smaller than that of Si 111, where ∆k/k = 
18.6×10-6. This gives the opportunity to build a backscattering spectrometer with a significantly 
improved energy resolution, provided other factors influencing the resolution can be controlled 
to a similar level. 

The implementation of a prototype GaAs monochromator and analyser with a total surface area 
of about 1 m2 on IN16B is part of an extension project approved for funding by the German 
Federal Ministry of Education and Research (BMBF) and will be installed over the next year, 
aiming at an energy resolution smaller than 50 neV FWHM with a maximum energy transfer 
range of ±15 µeV and covering a Q-range from 0.2 to 2.1 Å-1. 

We report on neutron and X-ray investigations of several properties of GaAs crystals potentially 
contributing to a broadening of the resolution function including the defect structure of GaAs 
wafers, variations of the lattice parameter and structural damage induced by singling wafers into 
4 × 4 mm² squares. Using a two crystal test setup on IN10 at ILL, neutron measurements of 
commercially available GaAs wafers yield convolved line widths of 20 – 30 neV, confirming the 
possibility to significantly improve the energy resolution of a backscattering spectrometer. 

However, since pure GaAs tends to form dislocation networks, Si doping at concentrations 
~ 1018 cm3 is required. Variations of this dopant concentration between wafers lead to a 
variation of the lattice parameter resulting in a broadening of the resolution function for a large 
scale monochromator and analyser. To minimise this effect, precise definition of the crystal 
parameters is imperative. Furthermore, extended structural defects located in the centre of 
GaAs wafers have shown to cause an additional broadening of the line width of more than 30%, 
requiring the removal of these regions of the crystals. In addition, X-ray measurements 
performed in an energy dispersive defocussed Laue geometry on crystals sawn into 4 × 4 mm² 
squares show edge damage which leads to a substantial increase in reflected intensity. By 
contrast, this is not observed for crystals obtained by scratching and breaking along (110) 
planes, rendering these better suited for use in the upcoming prototype spectrometer. 

[1] Alefeld, B., Physica B 283, 299–301 (2000) 

[2] Liss et al., Nucl. Inst. and Methods A 335, 523–527 (1993) 
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Despite the many advantages of neutrons – which include sensitivity to light atoms, magnetic 
structure and high real-space resolution – their role in high-pressure science has always been 
limited due to relatively weak available sources. However, in recent years, the advent of new 
and powerful sources, combined with upgrades and technical developments at existing facilities, 
has led to a range of breakthrough science. One example of this is the extension of pressure, 
for crystalline neutron diffraction, to almost 100 GPa at the Spallation Neutron Source in Oak 
Ridge, TN, USA1. Another is the recent measurement of structure in GeO2 glass to over 17 GPa 
at the ISIS source in the UK. Still another is the first application of quasi-elastic neutron 
scattering – sensitive to hydrogen diffusion – at pressures exceeding 3 GPa3 at the ILL. 

The rate of these advances suggests that neutron techniques at high pressure are on the cusp 
of rapid evolution. Within this context, the European Spallation Source (ESS), currently under 
construction in Lund, Sweden with first neutrons due in 2019, will clearly play a pivotal role. The 
ESS will be the brightest neutron source ever constructed, naturally creating new possibilities 
for science where sample volumes are limited. These early stages of construction are a critical 
opportunity to optimally interface high-pressure capabilities within the detailed instrument 
design. There is revolutionary potential for diffraction, spectroscopy and many other research 
techniques including imaging and small-angle scattering. Our approach is to support high 
pressure across all ESS instruments, demanding an exceptionally wide spectrum of technology 
and expertise. Here we will describe this broad platform and present some of the exciting new 
opportunities in high-pressure neutron science that will be realised at this new source. 

References 

[1] Boehler et al H. Pres. Res. 33 546-554 (2013). 

[2] Salmon et al J. Phys. Cond. Matt. 24 439601 (2012). 

[3] Bove et al Phys. Rev. Lett. 111 185901 (2013). 
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Neutron time-of-flight spectrometer NEAT has a long history of successful application to the 
study dynamics and function. It is best suited to probe dynamic phenomena directly in space 
and time in the large time domain 10-13 – 10-10 s and on the length scale ranging from 0.05 to up 
to about 5 nm. To address the needs of user community in more powerful instrumental 
capabilities, a concept of full NEAT upgrade for 40 fold intensity increase was developed in 
addition to the pending improvements of the cold neutron source of BER II. The advanced 
features of the new instrument include novel integrated guide-chopper system, which is 
optimized for both hard and soft matter studies and is several times more efficient in the use of 
the source power as world leader IN5 at ILL. It can deliver highly homogeneous neutron beam 
with low divergence for single crystals or “hot-spot” neutrons suitable for small samples. At the 
same time the new design of the chopper system alone is a substantial improvement that allows 
to double the flux at high resolution conditions compared to that of the former NEAT chopper 
lay-out. Using 412 3He position sensitive detectors from Reuter Stokes we will be able to 
substantially increase detector angle coverage. Combined with new instrumental and sample 
environmental capabilities the upgrade will allow NEAT to maintain at the best world class level 
for the decade to come and provide an outstanding experimental tool for broad range of 
research areas. The upgrade proposal underwent a rigorous internal and external selection 
process and starting in 2010 is currently close to completion 
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CAMEA (Continuous Angle Multiple Energy Analysis) [1] is a new type of back end for inelastic 
neutron spectrometer designed for mapping the excitations in the horizontal scattering plane 
with high efficiency. CAMEA has several series of quasi-conical analyser batches around the 
sample in the horizontal plane. The batches behind each other select different energies by 
scattering the neutrons out of the horizontal plane providing large angular coverage and multiple 
energy analysis in a single data acquisition. The efficiency of analysing the energy of the 
scattered neutrons is highly improved by the use of prismatic analyser concept [2] which 
enables us to analyse a small but continuous energy range with high resolution using only one 
single focusing analyser in a one-shot measurement. 

To prove the feasibility of both CAMEA and the Prismatic analyser concept, we built and tested 
a prototype of CAMEA. The porototype was built at DTU and installed in at MARS time-of-flight 
backscattering spectrometer at PSI. The data obtained on prototype proved the power of both 
concepts, and are in good agreement with the analytical calculations. Here we present the 
results of our investigations, resolution measurements, background conditions and also the 
results of scientific experiments at the CAMEA prototype.  

[1] P.G. Freeman, et. al., EPJ Web of Conferences 83, 03005 (2015) 

[2] Jonas O. Birk, et. al, .Rev. Sci. Instrum. 85, 113908 (2014) 
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Chemistry and physics have made major progresses, yielding much more complex systems with 
high hierarchical order on a manifold length scale. Accordingly, characterization tools need to 
elucidate such new materials on all length scales. SANS and moreover USANS become the 
ideal tool to study that complexity and they could be applied to very different fields of science. 
Whilst USANS probes similar length scales [≈0.01 – 20 µm] to those accessible by microscopy, 
it additionally offers all the advantages of neutron scattering techniques, such as probing turbid 
samples, elucidating one component of a complex structure by contrast variation, statistical 
averaging of sample structure, deep penetration depth into samples and magnetic sensitivity. 

OPUS (OPtion USans) is a project dedicated to study an USANS option for the ESS SANS 
instrumentation suite in particular for the time-of-flight SANS instrument, LoKI, which will be 
constructed at the European Spallation Source. The project will consist of a basic design and 
simulation by ray tracing techniques of the USANS option using as starting point and bench test 
the prototype designed for the upgrade of D11@ILL [1]. 

The basis of our approach is the SAMBA principle proposed by Roland Gähler in 2002 (Small 
Angle Multi Beam Analysis) [2, 3]. The technique is ideally suited as a SANS upgrade, as it 
uses the components of a classical SANS instrument. The only USANS-specific requirement is 
the addition of a high resolution detector. Therefore a CCD-based detection unit comprising two 
CCD cameras has been recently purchased for D11, together with a scintillator made of 6LiF 
and ZnS. The detection unit incorporates optics and mirrors to avoid the cameras being 
exposed to the direct neutron beam. The principle may be used on continuous beam as well as 
time-of-flight instruments. The fundamental idea is to multiplex the scattering experiment in 
order to achieve a gain in intensity over an equivalent single pinhole geometry. The accessible 
Q-range can be extended to at least 10-5 1/Å without a loss in intensity. 

This contribution will present first results of the upgrade project of D11@ILL with an additional 
high-resolution detector to allow for USANS experiments based on the principle described 
above. Furthermore, it will present first simulation results on a possible implementation of such 
an USANS option on LoKI in the frame of the project OPUS, which is financed as in-kind 
contribution to the ESS by the Italian government. 

References 
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[2] R. Gähler et al. Proceedings SPIE 4785; Advances in Neutron Scattering Instrumentation; 
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BEER, the Beamline for European Materials Engineering Research, will be a world-leading 
diffractometer for materials science, materials processing and engineering. Its concept evolved 
from two separate proposals developed previously for the European Spallation Source, ESS, by 
the Nuclear Physical Institute, Czech Republic; and the Helmholtz-Zentrum Geesthacht, 
Germany. The beamline can be operated in a novel pulse multiplexing mode, which allows a 
high transmission of the long ESS pulse for high resolution diffraction. Especially in this 
operation mode, the beamline is expected to outperform existing diffractometers for the case of 
high resolution diffractometry for strain analysis of highly symmetric materials. In addition, with 
other choppers the mode allows selecting neutrons from the thermal and cold ranges offering 
the opportunity for SANS investigations in parallel with high-resolution diffraction experiments. 

The performance of BEER for such SANS measurements will be outlined on the basis of 
McStas simulations and will be further compared with dedicated SANS instruments. 
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VOR, the versatile optimal resolution chopper spectrometer at the European Spallation 
Source,  is designed to probe dynamic phenomena that are currently inaccessible for neutron 
scattering due to flux limitations [1]. VOR is a short instrument, 30.2 m moderator to sample, 
and provides instantaneous access to a broad dynamic range, 1 - 80 meV within each ESS 
period. The short instrument length combined with the long ESS pulse width enables a 
quadratic flux increase by relaxing energy resolution from ∆E/E = 1% up to ∆E/E = 5%. This is 
impossible both on a long chopper spectrometer at the ESS and with instruments at short 
pulsed sources. In comparison to current day chopper spectrometers, VOR can offer an order of 
magnitude improvement in flux for equivalent energy resolutions, ∆E/E = 1-3%. Further relaxing 
the energy resolution enables VOR to gain an extra order of magnitude in flux. In addition, VOR 
has been optimised for repetition rate multiplication (RRM) and is therefore able to measure, in 
a single ESS period, 6 - 14 incident wavelengths, across a wavelength band off 1< λ< 8 Å, with 
a novel chopper configuration that measures all incident wavelengths with equivalent statistics 
[2]. The characteristics of VOR make it a unique instrument with capabilities to access small, 
limited lifetime samples and kinetic phenomena with inelastic neutron scattering that are 
currently inaccessible. 

[1] A design study of VOR: A versatile optimal resolution chopper spectrometer for   the 
ESS.   P.P. Deen, A. Vickery, K.H. Andersen and R. Hall-Wilton. EPJ Web of Conferences, 
Vol. 83 03002 (2015) 

[2] Choppers to optimise the repetition rate multiplication technique on a 
direct  geometry  neutron chopper spectrometer.  A. Vickery and P. P. Deen. Rev. 
Sci.  Instrum. 85, 115103 (2014) 
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POWTEX is a designated time-of-flight neutron powder diffractometer to be installed at beam 
line SR5 of FRM II. The instrument is designed and built by RWTH Aachen University and FZ 
Jülich with additional texture analysis and sample environments provided by Göttingen 
University, all funded by Germany’s Federal Ministry of Education and Research (BMBF). 
Several new concepts were developed for POWTEX including a 10B solid-state detector and a 
double-elliptic neutron-guide system sharing focal points at the positions of pulse chopper and 
sample. The common focal point can be regarded as an “eye of a needle” in time and space, 
optimizing time resolution and reducing the source background. The second neutron guide also 
features an octagonal cross section which, combined with the graded super-mirror coating, 
results in a Gaussian intensity and divergence distribution. 
 
The detector concept is based on 10B solid-state elements exclusively developed for POWTEX. 
The innovative 10B jalousie idea will allow for a detector arrangement with almost no blind 
spots, a remarkably large coverage of nearly 9 sr and a depth-resolved neutron detection, 
thereby allowing for an intrinsic collimation of background and an energy resolution, too. It will 
also allow to incorporate large sample environments, e.g., a unique uniaxial and triaxial 
deformation apparatus developed by the Göttingen group. The large angular coverage is 
important for texture measurements (in situ deformation, annealing, simultaneous stress, and 
texture measurements) because it avoids any need for sample tilting and rotation. For powder 
diffraction, the covered solid angle relates directly to the instrument’s efficiency. 
To best exploit the POWTEX data, we have developed new algorithms for refining angular- and 
wavelength-dispersive data sets (intensity I being a function of 2θ and λ). A proof of concept 
was achieved by successfully fitting simulated data based on the instrumental POWTEX design 
as well as real data obtained by measuring a powderous CuNCN sample at the POWGEN 
instrument (SNS, Oak Ridge). This approach benefits from the larger resolution in 
backscattering mode as well as the high intensity at lower angles. 
 
High intensities will not only allow for short measurement times and a large sample throughput, 
they will also give access to in situ chemical experiments, e.g., to characterize phase transitions 
as a function of temperature, pressure, and magnetic field. 
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In September 2014, the Institute Max von Laue-Paul Langevin (ILL) reopened the upgraded 
guide H5 and with it, the new Czech CRG instrument ThALES (Three Axis Low Energy 
Spectrometer) saw neutrons for the first time. The upgrade of the IN14 spectrometer was 
conceptually defined to maximize the flux on the sample, to provide an efficient polarizing option 
and an extended energy range as well as to allow the use of high-fields at the sample position. 

In order to reach these objectives, several technical challenges have been faced during the 
execution of the project, being one of them the installation of the monochromator shielding, a 
massive mechanical system 36T heavy and 5 meters high composed of automated moving 
blocks made of  lead, boron carbide and high density polyethylene. Despite of the weight, the 
system guarantees the accurate positioning of the sample with respect to the monochromator -
both in terms of coaxiality and angular resolution- while improving the angular range with an 
optimized instrument geometry. Mechanics are robust and radiation hardened. A surrounding 
chicaned casemate ensures the continuity of the shielding around the monochromator and acts 
as beam dump, avoiding radiation leakages and minimizing the noise at the detectors. All 
elements close to the sample are made of non-magnetic materials (aluminum, stainless steel, 
lead, polyethylene, B4C elastomer),  permitting the use of the 15T cryo-magnet at the sample 
position. An integrated PLC manages the movements of the blocks independently to the 
instrument control, complying with all safety and radioprotection requirements. The optical 
elements -including a guide changer with focusing optics, a velocity selector, a virtual source 
diaphragm and a main shutter- were installed in August 2014. Apart from the precision and 
stability requirements, these components stand the radiation conditions inside of the primary 
casemate. 

After several tests carried out during the commissioning phase, ThALES spectrometer has 
proven to be very reliable in terms of precision and radioprotection, even at very demanding 
conditions of flux imposed by the optics. This contribution will present the key mechanical 
design features of this new instrument and an overview of the tests carried out during the 
commissioning phase. 
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The thermal single-crystal diffractometer D10 will be subject to a major upgrade, which will 
consist of the recasting of the H24 neutron guide and the complete redesign of the secondary 
spectrometer in the framework of the ILL Endurance project. D10+ will provide a strongly 
increased performance in terms of neutron flux while keeping its outstanding properties like its 
low background and good Q-resolution. The redesign of the instrument by using non-magnetic 
materials wil permit the use of cryomagnets with a magnetic field of up to 15 T. Further options 
like the Flatcone multidetector for mapping whole reciprocal space planes or a polarized 
neutron beam for the use with the Cryopad device will increase D10\'s already large versatility.  

We present McStas simulations comparing key characteristics like neutron flux, wavelength 
distribution, divergence and resolution between the current instrument and proposed 
instrument. The gain in flux will increase the feasability of difficult experiments suffering from 
very weak signals, for example thin films with great application potentials, and enable 
experiments on much smaller crystal sizes. 
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The neutron diffraction is a useful tool for materials characterization. In this technique, the 
diffraction pattern quality depends on the resolution of the used diffractometer which is related 
to its collimation system. Lately, a lot of programs were developed to simulate neutron 
diffractometer and establish the effect of different parameters such as beam divergence. 

In this context, we propose to study the collimation effect on the resolution of the Neutron 
Diffraction System (NDS) installed around Es-Salam research reactor. Monte Carlo simulation 
of the collimations effect on the NDS resolution, using the instrument simulation program 
McStas, was checked by neutron diffraction experiments for various geometrical configurations. 

A good agreement between experimental and simulated results has been found. It permits the 
optimization of the NDS resolution-intensity which can be adapted to the diffraction experiment 
needs. 
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Demanding studies of magnetic structures using neutron diffraction on the high intensity 
powder diffractometer D20 at the Institut Laue Langevin 
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The determination of magnetic structures using neutron powder diffraction has a long-ongoing 
tradition. In order to explain magnetic phenomena in solid state physics the knowledge of the 
microscopic magnetic interactions between ordered unpaired electrons is in general the basic 
and necessary condition. The possibility to study magnetic transition phenomena as function of 
external parameters as temperature, magnetic field or pressure gives valuable information to be 
combined with macroscopic techniques like e.g. susceptibility, magnetization, and 
magnetostriction or specific heat measurements. The frontiers of attainable sensitivity for the 
detection of magnetic moments and of solvable complexity for non-trivial magnetic structures 
had to be, however, constantly shifted in recent years as the topics studied evolved. The 
physics of frustrated systems, of quantum phase transitions in spin ½ or spin 1 systems, of 
Kondo or organo-metallic systems or recently of arsenide superconductors is not seldom related 
to magnetic moments having values well below 1 μB.   At the same time the study of spin-orbit 
and spin-lattice interactions, of phase separation phenomena demands often the simultaneously 
determination of magnetic and crystallographic structures. Powder diffractometers able to take 
on this challenge are rare and in Europe limited to WISH installed at the second target station at 
ISIS, Didcot, UK, and D20 at the Institut Laue-Langevin, Grenoble, France. D20 is nowadays 
able to determine in favorable cases magnetic moments as low as 0.2 μB as we will show with 
the example of the Kondo compound Ce0.9La0.1Os2Al10. Magnetostructural transitions can be 
followed combining the high flux of D20 with the high resolution available with the Ge-
monochromator at high take-off angles as shown by the example of the coupled spin-orbital 
transitions in TmVO3. Other examples for the determination of non-trivial magnetic structures 
include the highly absorbing, spin ½ 5d compound Ca4IrO6, the 4d spin ½ compound α-RuCl3 , 
the multi-k structure of Ho11Ni4In9 containing 5 different rare earth sublattices and the helical 
magnetic structure of Ni2ScSbO6 with k = (0, 0.03, 0). This last example highlights the need for 
even better resolution for the high d-spacing region which should be attainable with the 
foreseen installation of a new Ge 111 monochromator on D20 for λ = 3.5 Å at a take-off angle of 
60°. 
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RESPECT: A LNRSE spin-echo instrument for ESS 
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We report on the proposal of an innovative REsonance SPin-echo spectrometer for exTreme 
studies at the ESS, RESPECT, which is based on the longitudinal neutron resonance spin-echo 
(LNRSE) technique. The high geometric symmetry of the LNRSE principle allows Larmor 
labelling, where the energy densities of the required magnetic fields are massively reduced as 
compared to state of the art NSE instrumentation. RESPECT provides access to an 
unprecedented momentum and time range covering that of NSE-, backscattering-, triple-axis-, 
and chopper-spectrometers for high energy and momentum resolution in studies of non-
dispersive processes such as diffusion, crystallisation, slow dynamics, tunnelling processes or 
crystal electric fields. Maturity of all components required for the construction of RESPECT has 
been established in proof-of-principle and user experiments, demonstrating spin-echo resolution 
under magnetic fields up to 17 T as well as very large spin-echo times. 
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New designed optimal solenoids for a high-resolution neutron spin echo at ESS 
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Neutron spin echo (NSE) spectrometers provide the ultimate energy resolution in inelastic 
thermal neutron scattering spectroscopy. High-resolution means the extension of the Fourier 
time into the regime of μs, a goal that is difficult to reach at the moment due to the technical 
limitations in the performance of the correction coils – these are essential elements for the 
reduction of the field-integral inhomogeneity down to the some ppm, a limit required for a 
correct functioning of the NSE. A semi-analytical approach and a numerical method were 
developed to find the optimum shape of the precession field with minimal intrinsic field 
inhomogeneity. Here we report on the layout and properties of these coils and on their 
embedding into ESSENSE, the new high-resolution NSE proposed for ESS, as well as into the 
J-NSE, where they will replace the currently used normal conducting coils. The new design will 
boost the resolution by a factor 2 to 3 through a reduction of the necessary correction strength. 
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IN12: The upgraded cold neutron three-axis spectrometer at the ILL 
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IN12 is a cold neutron three-axis spectrometer at the Institut Laue-Langevin in Grenoble, 
France. It is operated by the Juelich center for neutron science (JCNS) in collaboration with the 
CEA Grenoble. 
 
During the recent relocation of IN12 the whole primary spectrometer has been rebuilt and 
upgraded. 
IN12 is situated now at an end position. A new guide with adapted coating and the virtual 
source concept together with a new double focusing monochromator guarantee a high flux. 
A gain in flux of about one order of magnitude has been achieved compared to the former 
instrument and IN12s wavelength range now extends far into the warmish region. A velocity 
selector in the guide ensures a clean beam and a very low background. Together with its high 
polarized neutron flux IN12 allows for demanding experiments. 
Standard polarization analysis is available as well as the Cryopad set-up, low and high 
temperatures, high magnetic fields, as well as high pressure set-ups. With the high gain in flux, 
the large accessible wavelength range, the intrinsic low background and the high resolution 
IN12 retains its position as one of the best cold three-axis spectrometers world wide. 

In future IN12 will be also equipped with a new multi-analyser multi-detector option, IN12-UFO, 
easily interchangeable with the standard secondary spectrometer. It consists of 15 analysers 
which can be positioned on rails and rotated individually together with a two-dimensional 
position sensitive detector consisting of 15 individual He3 tubes.  This set-up allows to program 
simultaneous scans in Q-w space, e.g., scans along a specific direction in Q. A movable 
diaphragm defines a focus point as the only opening between analyser and detector shielding. 
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The JEEP II reactor at IFE in Kjeller is presently the only neutron source in the Nordic 
Countries. Its neutron scattering instrumentation has continuously been updated in the last few 
years in order to address the growing challenges faced by the national and international 
research community in the characterization of advanced functional materials. In particular, one 
new instrument, Optimized Diffraction Instrument for Neutrons (ODIN) has been under 
development and construction lately and its completion is currently in its final stages. ODIN will 
be a flexible diffractometer to be used for: (i) high resolution measurement down to 0.8 Å d-
spacing; and (ii) high intensity measurements with lower resolution. The design was optimized 
by analytical calculations and simulations (McStas and VITESS packages) combined with 
numerical optimization (VITESS). For the same resolution, the intensity will be about 3 times as 
high as on PUS, the other diffractometer operating at JEEP II. 

ODIN will be a powerful tool for characterizing a wide selection of materials ranging from 
complex hydrides for energy storage applications to magnetic oxides. Its flexible configuration 
will allow either high-resolution measurement for crystal structure determination or in-situ 
measurement to follow structural changes as a function of temperature and other parameters 
such as gas pressure (hydrides), voltage (battery materials), low magnetic fields (permanent 
magnets). Furthermore, it will be employed for total scattering measurements to investigate 
disordered materials via reverse Monte Carlo analysis. 

ODIN was financed by the NANOMAT program of the Research Council of Norway, the 
University of Oslo and IFE. 
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The Engineering Materials Diffractometer “TAKUMI” has been built at BL19 in Materials and Life 
Science Experimental Facility, J-PARC and is operated to promote scientific and industrial 
studies in various areas such as materials science and engineering and mechanical 
engineering. TAKUMI was designed not only to have high resolution providing high accuracy in 
lattice strain, to have also high intensity enabling to time transient diffraction per seconds or 
less. The construction of BL19 TAKUMI was completed at the beginning of 2009, and user 
programs have been started almost in the same time. The operation was terminated during 
2011 due to the damages caused by the Tohoku earthquake, but was restarted on 2012 after 
the repairing and commissioning within a year. Current status of TAKUMI will be briefly 
introduced; (i) instrument specifications, (ii) covering applications, (iii) unique sample 
environmental devices and available experiments, (iv) research examples and (v) new 
challenges and upgrading plans. 
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The new cold neutron spectrometer ThALES at the Institut Laue-Langevin has been optimized 
for exploring correlated magnetic systems beyond the experimental possibilities of its 
predecessor IN14 spectrometer [1-3] in terms of data collection rate, kinematical range and 
neutron polarization analysis. ThALES will cover momentum transfers up to 2 Å-1 and energy 
transfers up to 18 meV with enhanced energy resolution (~0.05 meV at incident wavenumber 
ki = 1.5 Å-1). The modified spectrometer shielding can host high field measurements up to 15 T 
in the complete dynamical range, while the new Heusler monochromator will provide a polarized 
neutron flux comparable to the old IN14 in its unpolarized mode. The challenge of measuring 
magnetic excitations in mm3-sized samples has been addressed by combining the virtual source 
concept with a focusing guide and a Si 111 focusing monochromator. 

The commissioning phase of ThALES will finish in spring 2015 and the instrument will be 
available to the user community from summer 2015. We will present first results of the 
commissioning phase demonstrating the potential of this spectrometer in the field of strongly 
correlated electron systems. 

 The ThALES project is a collaboration between ILL and Charles University, financed by the 
Czech Ministry of Science and Education (Project no. LM2010001). 

 

[1] Boehm M., Roux S., Hiess A., Kulda J., JMMM 310 (2007), e965-e967. 

[2] Boehm M., Roux S., Hiess A., Kulda J., I. Saroun, Meas. Sci. Technol 19 (2008), p.034024. 

[3] Boehm M., Cermak P., Kulda J., Hiess A., Steffens P., Šaroun J.,  J. Phys. Soc. Jap. 82, 
Supplement A, SA026 (2013). 
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KWS-3 is a very small angle neutron scattering diffractometer running on the focusing mirror 
principle at the Heinz Meier-Leibnitz Zentrum MLZ in Garching and operated by Jülich Centre 
for Neutron Science JCNS. The principle of this instrument is one-to-one imaging of an entrance 
aperture onto a 2D position sensitive detector by neutron reflection from a double-focusing 
toroidal mirror. 

By variation of the entrance aperture from 0.5x0.5 mm2 to 5x5 mm2 the instrument could be 
optimized to “highest resolution” with minimal momentum transfer Qmin=3·10−5Å−1 and the 
intensity 1200 n/sec or to “highest intensity” with Qmin=3·10−4Å−1 and the intensity 1.2x105 n/sec. 
In “standard resolution” mode with 2x2 mm2 entrance aperture, 12.8 Å wave length and 10 m 
sample-to-detector distance KWS-3 covers Q-range between 10−4 and 2.5·10−3Å−1 and 
demonstrates world-wide-best performance: intensity higher than any pinhole SANS instrument 
and measurement time shorter than any Bonse-Hart camera. A second sample position at 1.3 
m distance has extended the Q-range of the instrument to 2·10-2 Å-1 and reached more than 
one-decade overlapping with the classical pinhole SANS instruments. 

KWS-3 can be used for the analysis of structures with between 30nm and 20 mm. The length 
scale that can be analyzed is extended beyond 20 µm for numerous materials from physics, 
chemistry, materials science and life science, such as alloys, diluted chemical solutions and 
membrane systems.  
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The materials science diffractometer STRESS-SPEC at FRM II (Garching, Germany) is 
designed to be applied equally to texture and residual stress analyses by virtue of its very 
flexible configuration. Due to its high penetration of neutrons and comparably high neutron flux 
STRESS-SPEC allows a combined analysis of global texture, local texture, strain pole figure 
and FHWM pole figure in a wide variety of materials including metals, alloys, composites, et al. 
A new continuous scan routine for a complete pole figure measurement was developed in-
house. Specially, a unique load rig was designed for in-situ structure, stress and texture 
analysis both at ambient and high temperatures.   

    In this contribution the new pole figure measurement method with continuous scanning will be 
illustrated to demonstrate its advantages, together with a newly developed robot system for 
sample change, sample positioning and manipulation. This robot system will allow much more 
flexibility than an Eulerian cradle as on standard instruments. 

    Furthermore, in-situ texture analysis of a high ductile MgRE alloy will be presented as an 
example to show the advantages of the aforementioned configuration. The pole figure evolution 
with the tensile strains will be related to the activated deformation system. This will greatly help 
to understand why this MgRE alloy shows a high ductility.  
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Within the ESS Design Update Programme funded by the German Federal Ministry of 
Education and Research, we studied the case for powder diffraction at the long pulse spallation 
source. A broad science case was received from the European user community for the 
development of the DREAM instrument proposal,1 which was endorsed by the ESS scientific 
advisory board and steering committee in 2014.2 Now entering the preliminary technical design 
phase, the path is set for the construction of DREAM.3 

The ESS design parameters provide truly new opportunities for science with neutrons. The 
time-integrated brightness of the ESS long pulse is most intense and one to two orders of 
magnitude larger than today’s leading pulsed sources. Further, the peak brightness is higher 
than any of those of the existing short pulse spallation sources and more than an order of 
magnitude higher than the world’s leading continuous sources. 

By shaping the ESS pulse with choppers to obtain the required resolution, the instrument has 
gained a new flexibility in time resolution, tradable for intensity. The best time resolution yields 
a d-resolution of 2.8x10−4 Å for backscattering. The high performance will also enable fast 
experiments on small samples. There is further flexibility in the choice of wavelength band, 
covering simultaneously the peaks of the thermal and cold moderator fluxes (from 0.8 Å to 4.6 
Å) using a bi-spectral extraction switch. Recent developments have led to a new detector 
concept4 based on 10B-coated cathodes, which is more than a substitute for today’s 3He 
detectors. The detector covers 6 sr solid angle, almost free of any blind areas, with an efficiency 
higher than 50% for neutrons with lambda>1 Å. The high 2D spatial resolution of 4 mm will 
support the recognition of preferred orientation and textures, and moreover, single crystal 
diffraction using the neutron time of flight Laue technique. A novel potential is the volume and 
time sensitivity of the detector to yield 4D data with better control and reduction of background 
while avoiding saturation effects, despite the high counts rates. Complementary to 2D Rietveld 
refinement software for modeling texture, we are currently developing a 2D Rietveld code to 
exploit the varying resolution properties in diffraction angle and wavelength. 

VITESS simulation of the whole instrument and benchmarking to currently world leading 
instruments demonstrates a far superior performance of the DREAM instrument. For example, 
for medium time resolution and a divergence of ±0.25∘, the flux at the sample is 3.4x108 n/s/cm2. 
For a small reference sample (0.4 cm3 NAC) 107 n/s are detected in total, and 106 n/s in the 
most intense peak. 

1. https://iffwww.iff.kfa-juelich.de/~schweika/ESS_Instrument_Construction_Proposal_DREAM.pdf 
2. http://europeanspallationsource.se/realizing-dream-versatile-powder-diffractometer 
3. http://europeanspallationsource.se/ess-instrument-suite-taking-shape 



4. G. Modzel et al., NIM A 743 (2014) 90-95. 
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The study of magnetic multilayers is an exciting field due to the applications in technological 
devices and underlying fundamental Physics such as interlayer coupling. In particular, Fe/Cu 
multilayers are interesting to study because of the interlayer coupling between Fe layers and 
variety of magnetic phases (e.g. non magnetic, ferromagnetic and antiferromagnetic) depending 
on the Fe thickness and crystalline structure [1-5]. It is well known that Fe/Cu multilayers show 
interlayer coupling but the nature of interlayer coupling with varying Fe layer thickness is still an 
open question. In addition it is interesting to note that Fe and Cu are immiscible in bulk due to 
the positive heat of mixing [6], however surface and interface energy may drive interdiffusion at 
the interface. 

We have deposited [Fe(x)/Cu(y)]10 multilayers with Fe layer thickness of x (~1.5, 2.0,  2.5 and 5 
nm) and Cu layer thickness of y (~2.5, 2.0, 1.5 and 5 nm) respectively, on Cu (100) buffer layer 
epitaxially grown on Si (100) substrate at ~280 K using the molecular beam epitaxy. In-situ 
reflection high energy electron diffraction (RHEED) measurements were performed to monitor 
the epitaxial growth during deposition. In-situ RHEED shows that growth of Fe transforms from 
epitaxial to polycrystalline for thickness above 1.5 nm. Ex-situ x-ray diffraction further confirms 
the epitaxial growth and indicates that Fe for 1.5 nm of thickness has fcc crystalline structure in 
Fe/Cu multilayers. Polarized neutron reflectivity (PNR) together with superconducting quantum 
interference device (SQUID) measurements have been performed to probe the interlayer 
coupling and magnetization profile. It was found that remanent magnetization normalized with 
saturation magnetization is decreasing with decreasing Fe layer thickness and becomes nearly 
zero for Fe layer thickness of 1.5 nm. The temperature dependent SQUID measurement of this 
sample rules out the antiferromagnetic coupling between Fe layers. The spin flip PNR 
measurement reveals that magnetization in Fe layers is non collinear.  

In order to study the interdiffusion in Fe/Cu multilayers, sample [Fe(5)/Cu(5)]5 was annealed at 
different temperatures under vacuum for 1 hour at each temperature. The X-ray reflectivity was 
performed on annealed samples at room temperature. The decay in Bragg peak reflectivity after 
annealing was used to calculate the interdiffusion. It was observed that a significant amount of 
interdiffuison takes place at the interface even at 253 K. 
 
References 
[1] C. A. F. Vaz et al., Rep. Prog. Phys. 71, 056501 (2008). 
[2] K. L. Man et al., Phys. Rev. B 65, 024409 (2001). 
[3] C. E. ViolBarbosa et al., Phys. Rev. B 85, 184414 (2012). 
[4] D. Reith et al., Phys. Rev. B 90, 014432 (2014). 
[5] H. C. Herper et al., Phys. Rev. B 60, 3839 (1999) 
[6] D. Pescia et al., Phys. Rev. Lett. 58, 2126 (1987). 
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The grazing incidence small angle neutron scattering of microemulsions at planar walls was 
characterized in terms of structure [1] and dynamics [2] at a SANS instrument, a reflectometer, 
and a neutron spin-echo (NSE) spectrometer. Using the evanescent (tunneling) wave for 
incident angles below the critical angle of total reflection, a depth resolution could be achieved 
for all these experiments. 

Bulk bicontinuous microemulsions show a lamellar structure close to hydrophilic planar walls. 
The number of perfect layers, the decay of the lamellar order, and the dynamics of the 
surfactant membranes was characterized. The dynamics were three times faster adjacent to the 
wall, which was connected to a modified theory of membranes in a viscous medium to 
additional confinement of the hydrodynamic field at solid walls (volume conservation between 
the first membrane and the wall). The structural characterizations are connected to the depth 
resolved dynamics, and a complete picture can be drawn. A complementary study of 
microemulsions adjacent to clay platelets with varying diameter displayed the importance of the 
confinement of long wavelength undulations [3].  

Adding amphiphilic polymers as efficiency boosters to this system [4], the near surface 
dynamics is slowed down, and the polymers are attracted to the first membranes adjacent to the 
wall through confinement effects. The more rigid membrane can be connected to the slowing 
down, and the enrichment of polymers at the wall might facilitate the cleaning of contaminants. 

 A newly developed resonator enhances the intensity of the evanescent wave dramatically, and 
would allow for even more difficult experiments. So far we extended the Q-range of the grazing 
incidence NSE experiments to a more interesting range. In the future, less material or weaker 
scatterers, i.e. more applicable samples, can be investigated in the vicinity of a planar surface. 

References 
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Neutrons are characterized by a weak interaction, resulting in a high penetration power, for 
many engineering materials. This property is combined with a relatively large scattering power 
for light elements. These facts make neutrons an ideal probe for the study of buried liquid 
interfaces. In particular, the finite angle of total external reflection on many interfaces between a 
solid and a deuterated liquid opens unique possibilities for the study of the near surface 
structure of fluids in contact with a solid wall. 

In this presentation we will analyze the opportunities rising from the use of time of flight neutron 
scattering techniques under grazing incidence beam geometry on solid-liquid boundaries. By 
exploiting the broad spectrum of incident wavelength, depth as well as time resolved 
experiments become feasible. The different scattering techniques will be exemplified on 
rheological measurements of a micellar polymer solution. 

Specifically, solutions of the three block polymers, polyethylene oxide – polypropylene oxide - 
polyethylene oxide, also known under the name Pluronics are known to offer an excellent 
contrast and scattering power for neutron experiments. This makes them an ideal sample to test 
the potential of surface sensitive neutron scattering experiments. For our studies we use a 18.5 
% (by weight) solution of the polymer F127 dissolved in D2O in contact with two silicon surfaces, 
one treated with piranha solution (hydrophilic), and the other one with a silane (OTS, 
hydrophobic). 
 
We exploit broad wavelength spectra to gain depth sensitivity. By binning the data in time of 
flight intervals different penetration depths can be addressed in one single measurement, since 
each wavelength used in a time of flight experiment has its specific penetration depth for a 
predefined incident beam angle. We show that by use of this approach the cubic structure of the 
micellar crystal is resolved at different distances from the solid boundary. 

Our samples are known to be very sensitive to shear, as well. In particular the influence of the 
solid boundary on the flow profile as well as near surface structure under shear is highly 
interesting. Regarding this fact we have combined a commercial rheometer with neutron 
reflectometry on FIGARO (ILL) and the Liquids reflectometer (SNS). Results from this technique 
will be presented. 
 
Even more interesting is the use of oscillatory shear as a periodic excitation to the sample and 
probe the structure time resolved during each oscillatory cycle. We show that with this approach 
pump-probe experiments with a time resolution better than a microsecond become possible. 
These experiments take benefit from data collected in list mode. During the post processing the 
data, synchronized on GPS time with the external excitation, are binned into histograms and 
analyzed for each time frame separately. It is demonstrated that the structural changes in the 
micellar solution can be resolved during one period in the oscillatory shear cycle. 
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In multiferroic (MF) materials at least two types of ferroic or antiferroic order parameters coexist 
simultaneously such as ferromagnetism (FM), ferroelectricity (FE) or antiferromagnetism (AFM). 
In the orthorhombic REMnO3  systems, a magnetic spin reorientation breaks the inversion 
symmetry and induces the polar ordering [1]. The spin-charge coupling in orthorhombic 
manganites is responsible for the strong coupling of magnetic and ferroelectric order [2]. The 
unique possibility of coupled order parameters holds great potential for future sensor or data 
storage technologies and resulted in the recent research interest in these systems [3]. 

Highly crystalline o-LuMnO3 thin films were grown by pulsed laser deposition. Neutron 
diffraction experiments demonstrate the existence of an incommensurate (ICM) modulated 
magnetic structure in the thin films in contrast to the commensurate collinear E-type magnetic 
phase [5] realized in bulk o-LuMnO3. In addition, the spin ordering in these strained films 
induces a reorientation of the ferroelectric [FE] polar axis as observed in electric property 
measurements. 

Growth induced strain simultaneously induces interfacial ferromagnetism coexisting with the 
ICM antiferromagnetic ordering. Depth dependent polarized neutron reflectometry (PNR) is an 
ideal technique to study the interfacial effects such as the onset of long-range ferromagnetic 
order which is correlated to the strain gradient close to the film/substrate interface [4]. 

Using PNR, promising preliminary results were obtained on the electric field control of the 
interfacial magnetic domains in o-LuMnO3 thin films. 
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The imperfections of the interfaces in neutron SM multilayer systems lead to decrease of the 
reflectivity. For the investigation of lateral inhomogenities , roughness of the interfaces off-
specular neutron reflectivity measurements were performed on different SM samples. Resonant 
diffuse scattering of neutrons was observed and an estimation is given for the vertical 
correlation length of the roughness. A connection was observed between the intensity of 
offspecular scattering and the quality of the Sms. Also x-ray offpecular scattering was measured 
from SM samples and periodical Ni-Ti multilazers. 
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Neodymium-iron-boron alloys are very sensitive, particularly to the air humidity. To protect 
against corrosion, the neodymium magnets are covered by a layer of nickel, nickel-copper or 
aluminum. The aim of our work is to study the effectiveness of polymer coatings against 
corrosion in the cases cited above. In this context we introduced the neutron reflectometry [1] to 
study the ultra-thin polymer film interfaces. All experiments were conducted at the nuclear 
research center of Draria (Algiers). The principle of the specular neutron reflection is to measure 
the reflection coefficient R of a neutron impact under small angle on the surface studied [2]. We 
use monochromatic long-wavelength neutrons and θ (reflection angle)-2θ (detector angle) scan. 
The reflectivity, R, depends on the scattering vector Q, defined by: Q = 2π (sinθ)/λ). First, we 
realized calibration settings "zero" reflectometer: one seeks the zero position of the detector, the 
optimal position of the sample and its angle of rotation. The elaboration of the films is carried 
out by a method known as the \'\' spin-coating‘’. This technique provides dense, homogeneous 
and very thin material. We have prepared a thin film of polymethyl methacrylate (PMMA) [3]. In 
a second step, we examined the polymer film by SEM and XRD. The micrographs show the 
presence of varying size bubbles and dark areas in contrast due to surface inhomogeneities. 
The spectrum shows the Kiessig interference fringes whose frequency allows us to determine 
the film thickness e=483nm and ∆Q=0.0013 nm-1. The high background level did not allow us to 
achieve the convergence of the adjustment by the Parrat recurrent models [4]. To solve this 
problem we surrounded the detector with two screens, one in paraffin and other light water. 
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Neodymium-iron-boron alloys are very sensitive, particularly to the air humidity. To protect 
against corrosion, the neodymium magnets are covered by a layer of nickel, nickel-copper or 
aluminum. The aim of our work is to study the effectiveness of polymer coatings against 
corrosion in the cases cited above. In this context we introduced the neutron reflectometry [1] to 
study the ultra-thin polymer film interfaces. All experiments were conducted at the nuclear 
research center of Draria (Algiers). The principle of the specular neutron reflection is to measure 
the reflection coefficient R of a neutron impact under small angle on the surface studied [2]. We 
use monochromatic long-wavelength neutrons and θ (reflection angle)-2θ (detector angle) scan. 
The reflectivity, R, depends on the scattering vector Q, defined by: Q = 2π (sinθ)/λ). First, we 
realized calibration settings "zero" reflectometer: one seeks the zero position of the detector, the 
optimal position of the sample and its angle of rotation. The elaboration of the films is carried 
out by a method known as the \'\' spin-coating‘’. This technique provides dense, homogeneous 
and very thin material. We have prepared a thin film of polymethyl methacrylate (PMMA) [3]. In 
a second step, we examined the polymer film by SEM and XRD. The micrographs show the 
presence of varying size bubbles and dark areas in contrast due to surface inhomogeneities. 
The spectrum shows the Kiessig interference fringes whose frequency allows us to determine 
the film thickness e=483nm and ∆Q=0.0013 nm-1. The high background level did not allow us to 
achieve the convergence of the adjustment by the Parrat recurrent models [4]. To solve this 
problem we surrounded the detector with two screens, one in paraffin and other light water. 
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For Fusion energy applications FeCr based steels are candidate structural materials due to their 
radiation resistance and good mechanical properties. However, for the future fusion reactors, 
where the radiation fields and desirably the operation temperature will be much higher than the 
present experimental devices, considerable improvement of their radiation resistance is 
required. Therefore research on understanding the neutron irradiation effects on Fe and FeCr 
steels with regards to their structure and magnetic properties is of paramount importance. The 
main features of radiation damage produced by the 14 MeV fusion neutrons can be investigated 
by using 490 keV Fe ions. This energy of Fe ions corresponds the mean energy of primary 
knock-on atoms produced by the 14 MeV fusion neutrons. Since the penetration of these 
energetic Fe is of the order of 350 nm, films need to be used for the irradiation studies. By the 
selection of the film thickness damage effects and/or implantation effects can be introduced in 
the film.  

The aim of the current work is to investigate the effects of two different mechanisms, i.e. 
radiation damage and implantation. The simulations on the irradiation of Fe with 490 keV Fe+ 
showed that in Fe film thickness of up to around 60 nm only radiation damage is present 
whereas for larger film both effects of the radiation damage and implantation are present and at 
different film depths. According to this reasoning, films of 60 and 220 nm thick were fabricated 
and were irradiated with 490 keV Fe+ for different irradiation doses. The structural and magnetic 
changes prior and after the irradiation were assessed by X-ray diffraction, X-ray reflectivity, 
magnetometry and polarized neutron reflectivity measurements. 

No amorphicity is observed even for the highest irradiation dose of 330 dpa. As the irradiation 
dose increases lattice expansion and grain growth take place presenting exponential increase 
as a function of the irradiation dose and they both follow a universal curve. The irradiation has a 
drastic effect on the magnetic properties of the iron films with the magnetic moment presenting 
a depth dependent behavior. Magnetic moment enhancement is observed for small film 
thickness, for which primarily radiation damage is produced by the Fe ions, whereas deeper in 
the film, where implantation is more prominent, a reduction of the Fe magnetic moment is 
observed. Furthermore, the magnetic changes are Fe+ ion flux dependent.  
This work was carried out within the EUROfusion Consortium and received funding from the 
Euratom research and training programme 2014-2018 under grant agreement number No 
633053. 
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The average chirality of helical magnetic structure of metallic superlattice Ho / Y was 
investigated. Superlattice consist of alternating layers of magnetic Ho and nonmagnetic layers 
Y. In the polarized neutron reflectometry measurements was found a fundamental breach of the 
chiral degeneracy of magnetic helicoid in the 11-13%. Not degenerative chirality is appear when 
the superlattice cooled in a magnetic field of about 1 T from temperatures above the Neel point 
TN =115+-3K [1]. Field direction is in the plane of the sample. The magnitude and sign of the 
chirality does not change when the field directed oppositely. The field direction change by 90 
degrees is lead to reverse of the sign of chirality, whereas the magnitude of the nonequilibrium 
populations of magnetic domains remains unchanged. 
 
Violation of chiral degeneracy in Ho / Y superlattice analyzed on the basis of minimizing the 
sum of the magnetostatic energy and the anisotropy energy of the confined size magnetic helix 
with an easy axis superstructure anisotropy located in the layer plane. Superstructure 
anisotropy in the plane may arise as a projection of the crystallographic [001] axis in the plane 
of the film due to a deviation of the superlattice growth direction at an angle of about 1 ° from 
the [001] axis. This deviation was observed in superlattices Dy / Y, which demonstrate same 
effect of induced by field chirality[2]. 
 
[1] V.V. Tarnavich, D. Lott, S. Mattauch, A. Oleshkovich, V. Kapakilis, S.V. Grigoriev, Phys.Rev. 

B, v 89 (2014) 054406 
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Neodymium-iron-boron alloys are very sensitive, particularly to the air humidity. To protect 
against corrosion, the neodymium magnets are covered by a layer of nickel, nickel-copper or 
aluminium. The aim of our work is to study the effectiveness of polymer coatings against 
corrosion in the cases cited above. In this context we introduced the neutron reflectometry [1] to 
study the ultra-thin polymer film interfaces. All experiments were conducted at the nuclear 
research center of Draria (Algiers). The principle of the specular neutron reflection is to measure 
the reflection coefficient R of a neutron impact under small angle on the surface studied [2]. We 
use monochromatic long-wavelength neutrons and θ(reflection angle)-2θ(detector angle) scan. 
The reflectivity, R, depends on the scattering vector Q, defined by: Q = 2π (sinθ)/λ). First, we 
realized calibration settings "zero" reflectometer: one seeks the zero position of the detector, the 
optimal position of the sample and its angle of rotation. The elaboration of the films is carried 
out by a method known as the \'\' spin-coating‘’. This technique provides dense, homogeneous 
and very thin material. We have prepared a thin film of polymethylmethacrylate (PMMA) [3]. In a 
second step, we examined the polymer film by SEM and XRD. The micrographs show the 
presence of varying size bubbles and dark areas in contrast due to surface inhomogeneities. 
The spectrum shows the Kiessig interference fringes whose frequency allows us to determine 
the film thickness e=483nm and ∆Q=0.0013 nm-1. The high background level did not allow us to 
achieve the convergence of the adjustment by the Parrat recurrent models [4]. To solve this 
problem we surrounded the detector with two screens, one in paraffin and other light water. 
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Unlike crystalline materials, the absence of grain boundaries means that a metallic glass is an 
ideal engineering material in an irradiated environment or deep space. With this in mind, we 
examine the influence of different doses of Ar+ ion irradiation on the structural and 
micromechanical properties of Zr61.5Cu21.5Fe5Al12 (at.%) bulk metallic glass (BMG), which is a 
new Ni-free BMG with high thermal stability. 

Plate-like Zr61.5Cu21.5Fe5Al12 specimens were irradiated by 300 keV Ar+ ions to total fluences 
from 3 ´1015 to 3 ´1016 cm-2. The reason why we select 300 keV Ar+ ions irradiation is because it 
can attain the implantation depth of around 354 nm and considerable radiation damages 
calculated by using the Stopping and Range of Ions in Matter (SRIM) code, which meets 
nanoindentation experiments demand. XRD results showed that the alloy specimens still 
maintained amorphous structures. HRTEM and selected area diffraction results, however, 
showed that a nanocrystalline fcc phase was formed when irradiated to a fluence of 1´1016 cm-2. 
Moreover, lattice distortion defect was formed in the nanocrystals when the ion irradiation dose 
was increased up to 3 ´1016 cm-2. Differential scanning calorimetry analysis proved that the Tg of 
the BMG decreases from 675 to 661 K with increasing Ar+ ion irradiation dose up to 3 ´1016 cm-

2. As a result, the supercooled liquid region DTx is broadened up to 106 K. This indicates that 
Ar+ ion irradiation is very effective in enlarging the supercooled liquid region of the BMG. 
Nanoindentation results showed further that the hardness and Young’s modulus of the alloy 
increased with increasing ion irradiation doses. The improvement in the hardness of the alloy is 
due to the formation of nanocrystals, which causes the pinning of shear bands. The 
improvement in the elastic modulus is due to the nanostructured precipitates, which decrease 
the interatomic distance of the alloy. 

The Zr61.5Al12Fe5Cu21.5 BMG, based on our present investigation, may find application in some 
areas where high glass-forming ability, high thermal stability, and good mechanical property are 
required, such as nuclear fuel components or coatings in nuclear power stations, etc. 
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PANTHER is a new time-of-flight spectrometer which will be implemented on the thermal guide 
H12 at the ILL. It will replace IN4C. It is part of the ENDURANCE suite of projects, with 
projected operation in 2019. 

PANTHER will be equipped with a large angle mutli-detector composed of 310 position 
sensitive detector tubes of 2m high, covering a 135 ° scattering angle, with minimum angle of 
~5°. Its primary spectrometer will have an increased number of counter rotating choppers in 
order to limit the background from the intense incident beam. The monochromatic stage will be 
composed of a focusing monochromator with variable horizontal and vertical curvature, allowing 
to focus the large incident beam on 1x1 cm^2 samples. 

The Fermi chopper is equipped with exchangeable slit packages, from 1° up to 4° slit 
collimation, permitting to easily switch between a high resolution experiment and a high flux 
measurement. 

A large effort will be done to make this spectrometer attractive to single crystal and magnetism 
studies. In particular a PASTIS insert will allow for polarizing the incident beam and analyzing 
the polarization of the scattered neutrons. Also, the design of the sample pit will be done so as 
to easily accommodate a large range of sample environment (B, P, T) and in particular the 11 T 
magnet, currently available on IN5. 
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Triple axis spectroscopy is a valuable tool in probing the excitations of correlated electron 
systems, however, it is a technique that is often signal starved and consequently much effort is 
devoted into engineering solutions to maximise the useful signal [1-4].  
The proposed upgrade of the PANDA spectrometer at the FRM-II (in cooperation with TU 
Dresden and supported by BMBF funding) is to develop a multiplexed and stacked analyser 
option to allow a more efficient data acquisition rate, whilst maintaining high (Q, E) resolution 
and flexibility. 
 
This poster presents plans for a novel multiplexed analyser system, in terms of its experimental 
design and advantages. Simulations demonstrating the expected performance and capabilities 
in addition to neutron results will be presented. We will show measurements performed at 
PANDA made with a similar multiplexed spectrometer concept: the multi-FLEXX prototype from 
HZB, Berlin (the full version will be coming online later in 2015) [5]. These results highlight the 
excellent promise, power and Q-mapping capabilities of a multiplexed analyser option to 
complement existing triple axis techniques. 
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Using the method of neutron and sinchrotron diffractometry and small-angle diffraction with high 
angular resolution we investigated the structural changes of various sinthetic opals in thermal, 
pressure and thermobaric impact. 

By the double-cristal method of small-angle scattering on angles of a few arcseconds we 
established cubic superlattice with a constant, close to the wavelenght of light waves, 
depending on the size of silica spheres. According to diffraction data, these spheres are 
amorphous and correspond to the most high-temperature modification of silicon dioxide - β-
cristobalite. 

 
It is shown that with temperature increasing (1000 °C) sinthetic opals change the color with a 
decrease in the constant of superlattice and maintaining of iridescence. Upon further increase of 
temperature to 1500 °C  it is formed a trasparent amorphous material with cristobalite structure 
(without superlattice and iridescence). 

When pressure is applied above 1.1 GPa, on the neutron-diffraction picture, in addition to the 
original halo of sinthetic opals, we can see some diffraction lines, showing partial cristallization 
of opal. The intensity of these peaks is increased up to a pressure of 3.5 GPa and corresponds 
to the lines of α-quartz. 

Under the simultaneous action of temperature up to 500 °C and pressures up to 7 GPa 
according to diffraction findings, occurs complete cristallization to coesite structure, stable at 
ambient conditions. 
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Earlier experiments in diamond anvils demonstrated that at room temperature, fcc copper forms 
a fcc hydride at a hydrogen pressure of 14.4 GPa [1] or a hexagonal hydride with an anti-CdI2 
structure at 18.6 GPa [2]. Judging by the lattice expansion, both hydrides had an atomic ratio of 
x = H/Cu ~ 0.5. The hydrogen positions or hydrogen vibrations in the copper lattice of these 
hydrides have not been examined because the samples were too small for neutron studies. 
 
Using Toroid-type high-pressure chambers, we synthesized two massive CuHx samples (each 
weighing about 6 g) at a hydrogen pressure of 7 GPa and a temperature of 600ºC, recovered 
the samples to ambient conditions and studied their vibrational spectra by INS at 6 K with the 
SEQUOIA neutron spectrometer at SNS, Oak Ridge National Laboratory. The INS spectra of 
these two samples with x = 0.015 and 0.004 looked similar and showed peaks characteristic of 
rotational transitions in molecular hydrogen. 

 
One could expect that the molecular hydrogen found in the samples was initially dissolved in the 
bulk of the copper samples at the synthesis conditions, but its equilibrium concentration 
drastically decreased in the course of the following decrease in the temperature and pressure. 
Due to the low hydrogen diffusivity at ambient conditions, the hydrogen could not escape from 
the samples and was accumulated as H2 gas in the pores/bubbles in the copper, similar to that 
observed recently in aluminium [3,4]. 
 
To save more hydrogen in the bulk of the copper metal, we prepared a new 7.5 g sample at 5 
GPa and 600ºC and quenched it under pressure down to 80 K. This sample with x = 0.025 was 
measured at 15 K with the Lagrange neutron spectrometer at the Institute Laue-Langevin, 
Grenoble. Along with the spectrum of molecular hydrogen, the obtained INS spectrum also 
showed the intensity distribution typical of the first and second optical vibrational bands of 
hydrogen in fcc and hcp hydrides of 3d- and 4d-metals with hydrogen atoms occupying 
octahedral interstitial sites [5]. Most likely, the homogeneous solid solution of 2.5 at.% H in Cu 
formed at T = 600°C of the sample synthesis, further decomposed to a mixture of a copper 
hydride and a Co-H solution with a much smaller H concentration, which should be 
thermodynamically stable below room temperature. 
 
The first optical band of the copper hydride thus formed was composed of a strong peak at an 
energy transfer of E0 = 100 meV with a broad shoulder toward higher energies. The position of 
this peak agrees with the E0(R) dependence for monohydrides of 3d-metals [5], if the shortest 
hydrogen-metal distance R = 1.85 Å is that of the fcc copper hydride discovered in ref. [1]. 
 
[1] R. Burtovyy et al. Solid State Commun. 131 (2004) 169. 

[2] C. Donnerer et al. J. Chem. Phys. 138 (2013) 134507. 



[3] L. Senadheera et al. J. Alloys  Compd. 463 (2008) 1. 

[4] C.E. Buckley et al., J. Appl. Cryst. 34 (2001) 119. 

[5] V.E.Antonov et al. J. Alloys Compd. 446-447 (2007) 508. 
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Perovskites with ABX3 – structure show a huge possibility on element substitutions on A-,B- and 
C-site which leads to a broad variety of physical properties. In recent years the interest become 
focused on hybrid perovskites as a future photovoltaic material. Our field of interest lays in lead 
methylammonium triodide in which A is the organic unit [CH3NH3]

+
 , B=Pb2+ and X=I3 

-. 
The different perovskite crystal structures can be classified by their octahedral coordinated B-
cation. The aristotype-structure (P m-3m) is symmetry lowered due to tilting, distortion of [BX6] - 
octahedra or displacement of B-cation from center of octahedron. These different types of 
displacements are shown in the ‘Bärnighausen-Stammbaum’ [1] a tree diagram which was 
extended in 2002 by Bock & Müller [2] who presented a tree diagram where all group-subgroup 
relations of octahedral tilted space groups are taken into account, based on the work of 
Bärnighausen and ‘Glazer’s tilt systems’ [3]. 

First structure analysis and Rietveld refinements confirmed the MAPbI3  - perovskite belongs to 
the tetragonal space group I 4/mcm. Further investigations showed that MAPbI3 shows a highly 
disordered structure with large atomic displacement factors of the anions meaning, that the 
[PbI6]-octahedra show a tilting. The analyses furthermore revealed a distortion and statistical 
distributed tilting of the octahedra. This in turn takes influence on the organic unit and therefore 
influences photovoltaic properties. 

The polycrystalline perovskite samples were synthesized from a equimolar mixture of 
methylammonium iodide and PbI2, described by Im et al. [4]. 

For structural investigations Synchrotron and Neutron diffraction experiments were performed at 
the Helmholtz-Zentrum Berlin für Materialien und Energie. The data treatment was performed by 
F.O.X. (Free Objects for Xtallography) and FullProf Suite software. 

The presentation will give an overview of the results of this structural study with a certain focus 
on the statistic disorder of the methylammonium molecule, and anion displacement. Moreover, 
structural trends will be discussed. 

1. Bärnighausen, H., Group-subgroup relations between space groups: A useful tool in 
crystal chemistry.  MATCH Communications in Mathematical and in Computer 
Chemistry 1980. 9: p. 139–175. 

2. Bock, O. and U. Müller, Symmetrieverwandtschaften bei Varianten des ReO3-Typs. 
Zeitschrift für anorganische und allgemeine Chemie, 2002. 628(5): p. 987-992. 

3. Glazer, A.M., The classification of tilted octahedra in perovskites Acta Crystallographica 
B, 1972. 28: p. 3384-3392. 

4. Im, J.H., et al., 6.5% efficient perovskite quantum-dot-sensitized solar cell. Nanoscale, 
2011. 3(10): p. 4088-93. 
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Specular, diffuse neutron scattering and diffraction from rough surfaces and interfaces was 
modeled using a Parratt methods [1] and kinematic approximations.  

We present simulations of reflectivity from H2O, D2O on SiO2 substrate. The limits of kinematic 
approximation applicability are discussed.  

Diffuse neutron scattering was simulated for D2O on SiO2 substrate. Rough surfaces with the 
required parameters were generated using a random phase method algorithm. Such surfaces 
could describe capillary waves on the surfaces of liquids and polymers. Calculations were 
performed for a range of roughness parameters for surface and interface.  

The diffraction pattern was successfully simulated in kinematic approximation for a square 
lattice of Ni58 columns on Si substrate. Our results were compared with simulations by 
BornAgain [2] software based on the use of the distorted-wave Born approximation (DWBA). It 
is demonstrated that the agreement of the results is good. At the same time it is discussed that 
the kinematic approach is much more illustrative especially for qualitative results and provides 
the possibility to model very complex systems for which DWBA approach could be difficult to 
implement.  

References  

1. L.G. Parratt, Phys. Rev. 95 359 (1954). 
2. Born again project: http://www.bornagainproject.org/ 
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Self-assembled complexes of polyelectrolyte and oppositely charged surfactant in aqueous 
solutions have been studied over decades and are used in various applications especially for 
healthcare products. They are thermodynamically favoured due to their electrostatic attraction 
and the release of counter ions and water. Besides all possible polyelectrolyte and surfactant 
combinations, there are many parameters which are controlling the structure of these 
complexes1,2: The mixing ratio of both components, the ionic strength of the solution, the MW, 
charge density and persistence length of the polymer as well as the morphology of the micelle 
formed by the surfactant. However, besides a lack of knowledge of fundamental principles, 
much uncertainty still exists about the relation between the mesoscopic arrangement in these 
complexes and their macroscopic viscoelastic behavior. This contribution will focus on the 
polysaccharide Hyaluronic acid (HA), which has a carboxylic group on each repeating unit and 
an intrinsic persis-tence length of 4.0 nm in aqueous solutions.3 As oppositely charged 
surfactant we use TTAB (tetradecyl-trimethylammonium bromide). Homogeneous mixtures of 
these components were studied rheologically by shear flow experiments and structurally by 
SANS and light scattering. Three fundamentally different cases were found: 1. Polymer rich 
solutions showed a lower diffusion coefficient but no change in viscosity; 2. Mixtures near the 
charge equilibrium were precipitating; and 3. Surfactant rich solutions possess a faster diffusion 
but an increase in zero shear viscosity. SANS measurements showed that in this system the 
viscosity increase is caused by the entanglement of the HA chains (see figure) and not by a 
change in micellar structure as it is stated for similar systems. Upon shear flow an alignment of 
the complexes of surfactant rich solutions could be observed in Rheo-SANS experiments 
(concentrations below wormlike conditions). Thereof and from comparison to carboxymethyl 
cellulose/TTAB complexes a comprehensive structural picture will be derived. 
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Neutron Compton scattering (NCS) is a unique experimental technique made possible by the 
development of accelerator-based neutron sources, such as the ISIS source of the Rutherford 
Appleton Laboratory in the UK. The measurement of nuclear momenta by NCS relies on the 
fact that the energy and momentum transferred in the scattering process are sufficiently large, 
such that the so-called impulse approximation (IA) is an accurate starting point [1].  In the IA 
limit, the dynamic structure factor measured in NCS for a given nucleus covers the whole 
energy range of its motional modes.  This includes  translational and vibrational modes, 
followed by internal molecular  vibrations and  the whole spectral range  of nucleus-projected 
vibrational  density  of states,  in case of molecular  systems  and crystalline materials 
respectively [1]. Thus, NCS is a unique technique enabling direct access to mean kinetic energy 
in a mass-selective manner.  Comparison  of experimental results  with ab initio  computations 
provides a test  for novel first-principles  approaches to describe materials properties [2]. 

NCS technique  has  been employed  to study proton  NMDs in quantum  fluids  and  solids, 
metal  hydrides, amorphic solids and glasses [1] and, recently,  gas and charge-
storage  media  [3]. Beyond  the proton,  recent  instrument developments other the 
prospects  of access to the  NMDs of heavier  nuclides  including  deuterium,  lithium,  and 
fluorine. [4, 5, 6, 7]. NCS can  also  provide  information  on sample  composition, including 
hydrogen  content  in bulk materials [8].  

The   work   presented  here   provides two specific examples  of a direct  and  simultaneous 
access to the  momentum distributions and  mean kinetic energies  of 
lightweight  and  heavy  nuclei  in  two systems:    (i)  an  ionic  compound – lithium hydride 
and  its  deuterated counterpart, and  (ii)  squaric acid  – an  above  room  temperature 
organic   antiferroelectric. It is demonstrated that, beyond   the usual   case of proton, the 
determination of the shapes of momentum distributions of heavier nuclei, deuterons and lithium, 
is also possible.   The presented data provide stringent benchmarks for first-principles 
calculations on these technologically relevant materials. 

[1] Andreani C, Colognesi  D, Mayers  J, Reiter  G and  Senesi R 2005 Adv.  Phys.  55 377  

[2] Lin L, Morrone  J A, Car  R and  Parrinello M 2010 Phys.  Rev.  Lett.  105  110602 

[3] Krzystyniak M, Adams  M A, Lovell A, Skipper  N T,  Bennington S M, Mayers  J and 
Fernandez-Alonso F 2011 Faraday  Discussions 151  171 

[4] Krzystyniak M 2010 J.  Chem.  Phys.  133  144505 

[5] Krzystyniak M and  Abdul-Redah T 2010 Phys.  Rev.  B  82  064301 

[6] Krzystyniak M and  Fernandez-Alonso F 2011 Phys.  Rev.  B  83  134305 

[7] Krzystyniak M, Richards S, Seel A and  Fernandez-Alonso F 2013 
Phys.  Rev.  B  88  184304 



[8] Mayers  J and  Reiter  G 2012 Meas.  Sci.  Technol. 23 045902 
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Properties attracted much interest with respect to pyrochlores, include metal–insulator 
transitions, magnetic frustration/spin ices, magnetoresistance, superconductivity, ferroelectrics, 
O/F ionic conductivity, mixed conductivity, pigments and catalysis. One of the listed areas is 
geometrical magnetic frustration, which is interesting because of possible realization of novel, 
exotic, magnetic ground states. The cubic pyrochlore oxides (Fd-3m) have a general formula 
A2B2O7 or A2B2O6O’, where A is usually a trivalent rare earth metal and B is a tetravalent 
transition metal.  
 
The rare earth manganese (IV) pyrochlores cannot be synthesized at ambient pressure 
requiring high pressures for the stabilization of the pyrochlore lattice, which is mainly due to the 
small size of Mn IV compared to trivalent rare earth cations. The reported successful synthesis 
of A2Mn2O7 (A= Y,Tl) by Fujinaka [1] were done in the range 1000-1100 C and pressures 3-
6GPa, at pressures 5-8GPa and temperatures 1000-1500 C for A=Sc, Y, In, Tl, Tb-Lu [2] 
and  A=Y, Dy-Lu by hydrothermal method in sealed gold ampules at 0.3 GPa and 500 C [3]. 
Later Shimakawa et al. [4] used a hot isostatic press apparatus at 1000–1300 C and only 0.4 
kbar for the series A=In, Y, and Lu. All of these materials appear to be ferromagnets and in spite 
of the variety of preparative conditions, the agreement among the various groups for the 
structural parameters is excellent, suggesting that sample to sample compositional variation is 
small [5].  Neutron studies of some selected A2Mn2O7 (Y,Ho, Yb) were done, but still more work 
is needed to understand fully their magnetic ground state. 
 
In this work [6] we present yet another chemical way of synthesis of Tm2Mn2O7 pyrochlore and 
the studies of its magnetic properties and crystal structure. Neutron powder diffraction study 
performed at the high-resolution HRPT diffractometer at SINQ neutron spallation source (PSI, 
Switzerland) has shown, that the resulting compound has a pure pyrochlore cubic phase 
Tm2Mn2O7 (space group Fd-3m) at room temperature. On coolong below 30K there is a 
transiton to a ferromagnetically ordered phase with additional antiferromagnetic 
canting suggesting the lowering of crystal symmetry to tetragonal one. The magnetic transition 
is accompanied by well visible magnetostrsiction effect. 
 

[1] H. Fujinaka, N. Kinomura, M. Koizumi, Y. Miyamoto, and S.Kume, Mater. Res. Bull. 14, 1133 
(1979) 

[2] I.O.Troyanchuk, V.N. Derkachenko, and E.F. Shapovalova, Phys. Stat. Sol. (a) 113, K243 
(1989) 

[3] M.A. Subramanian, C. C. Toradi, D. C. Johnson, J. Pannetier, A. W. Sleiht. J. Solid State 
Chem. 72, 24(1988) 

[4] Y. Shimakawa, Y. Kubo, N. Hamada, J. D. Jorgensen, Z. Hu, S. Short, M. Nohara, and H. 
Takagi, Phys. Rev. B 59, 1249 (1999). 



[5] Jason S. Gardner, Michel J. P. Gingras, John E. Greedan REVIEWS OF MODERN 
PHYSICS 82, JANUARY–MARCH (2010) 

[6] E.Pomjakushina, K.Rolfs, V. Pomjakushin, J.Karpinski and K.Conder, to be published 
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The crystal phosphors based on lutetium aluminum garnets Lu3Al5O12:Ce3+ (LuAG:Ce) in the 
form of single crystals as well as alternative optical transparent ceramics obtained by solution-
melt chemicals methods are at the current focus of the extensive experimental and theoretical 
research. The use of colloid chemical methods in preparation of luminescent materials has 
special advantages. In the present talk, we reports about studies in detail the structural and 
luminescent properties of composite phosphors Lu3Al5O12:Ce3+/Lu2O3 and Y3Al5O12:Ce3+/Lu2O3 

synthesized by colloid chemical approach. 
 
The crystal structure and spectral luminescent properties have been studied by means of 
neutron powder diffraction and optical spectroscopy methods. We found the formation of stable 
defect structures on the phase boundary between phosphors Lu3Al5O12:Ce3+, Y3Al5O12:Ce3+and 
additional oxide Lu2O3. 
 
In the study of Y3Al5O12:Ce3+/Lu2O3 significant enhancement of integral luminescence intensity 
and shift of its maximum to longer wavelength region was revealed on Lu2O3 doping. We 
reports, that the modification of luminescent properties by Lu2O3 doping in 
Lu3Al5O12:Ce3++Lu2O3 is drastically different is comparison with Y3Al5O12:Ce3++Lu2O3 due a 
redistribution of optically active Ce3+ ions between initial Lu3Al5O12 and lutetium oxide Lu2O3 
phase during the colloid chemical synthesis, resulting in suppression of luminescence intensity. 
 
The obtained results demonstrate that oxide doping effects on structural and luminescent 
properties of “garnet+oxide” system have a complex character, and one needs to take into 
account several factors. They include not only diffusion processes of Ce3+ ions between system 
components, but also possible formation of new structural phases and stable defect regions at 
phase interface, and optically active or inactive state of activator ion in a specific structural 
environment. 
 
The work has been supported by the RFBR and the Ministry of Investment and Innovation of 
Moscow region under grant № 14-42-03641_r_centr_a. 
 
  



 

 
 

ID: PS-2 - 9, 2015-09-02, Hipostila Area 
Chemistry of Materials (structure and spectroscopy) 

 (Poster) 

Molecular Shape Tuning with Pressure in a System Coupled to a Continuous Phase 
Transition: A Neutron Diffraction Study 

Larry R. Falvello1 , Robert W. Henning2 , Arthur J. Schultz3 , Milagros Tomás4  
 
1) Department of Inorganic Chemistry and ICMA, University of Zaragoza - CSIC, Pedro 
Cerbuna 12, E-50009 Zaragoza, Spain 2) Intense Pulsed Neutron Source, Argonne National 
Laboratory, Argonne, IL 60439-4814, U.S.A.; Present Address: Advanced Photon Source, Bldg. 
434, Argonne National Laboratory, Argonne, IL 60439, U.S.A. 3) Intense Pulsed Neutron 
Source, Argonne National Laboratory, Argonne, IL 60439-4814, U.S.A.; Present address: X-Ray 
Science Division, Bldg. 401, Argonne National Laboratory, Argonne, IL 60439, U.S.A. 4) 
Department of Inorganic Chemistry and ISQCH, University of Zaragoza - CSIC, Pedro Cerbuna 
12, E-50009 Zaragoza, Spain  
* Lawrence Rocco Falvello, falvello@unizar.es 

The transition-metal complex trans-[Ni(cyan-kN)2(NH3)4] (cyan = cyanurate-N) forms molecular 
crystals that undergo a continuous, or second-order, phase transition to permit continuous 
variation of the molecular shape. In a first report on this system [1] the phase transformation 
and accompanying molecular distortion were characterized as a function of temperature only. It 
was found that from the zero point of the transformation, at just above room temperature, to the 
lowest temperature studied, 13 K, the square of any of three distortion parameters varied 
linearly as a function of temperature, as expected for a continuous phase transition.[2] In the 
present study, pressure was added as a parameter and structure analyses were performed at T 
= 223 K, p = 2 kbar and at T = 20 K, p = 2 kbar. At T = 223 K the effect of increasing the 
pressure is greater than that at T = 20 K.  It was further observed that the application of 
pressure at T = 20 K yielded a larger distortion than that predicted for T = 0 by the temperature-
only study at ambient pressure. The implications of these results are discussed. 

REFERENCES 

[1] L. R. Falvello, M. A. Hitchman, F. Palacio, I. Pascual, A. J. Schultz, H. Stratemeier, M. 
Tomás, E. P. Urriolabeitia, D. M. Young, J. Am. Chem. Soc. 121, 2808-2819(1999).  

[2] E. K. H. Salje, Acta Crystallogr., Sect. A A47, 453-469(1991). 

ACKNOWLEDGMENTS 

Funding was provided by the Ministerio de Ciencia e Innovación (Spain) under Grant MAT2011-
27233-C02-01 with cofinancing from the European Union Regional Development Fund 
(FEDER). Funding was also provided by the Diputación General de Aragón (Spain). 

Work at the Intense Pulsed Neutron Source, Argonne National Laboratory, was supported by 
the U.S. Department of Energy, Office of Basic Energy Sciences, Division of Materials 
Sciences, under Contract No. W-31-109-ENG-38. 

  



 
 

ID: PS-2 - 10, 2015-09-02, Hipostila Area 
Chemistry of Materials (structure and spectroscopy) 

 (Poster) 
 

Elastic constants in multiferroic Bi2Mn4O10 

Fabian Ziegler1 , Holger Gibhardt1 , M. Mangir Murshed2 , Thorsten M. Gesing2 , Goetz Eckold1  
 
1) Institute for Physical Chemistry, University of Goettingen, Tammannstrasse 6, D-37077 
Goettingen, Germany 2) Solid State Chemical Crystallography, University of Bremen, Leobener 
Strasse /NW2, D-28359 Bremen, Germany  
* Holger Gibhardt, hgibhar@gwdg.de 
 

Mullite-type Bi2Mn4O10 [1] is an example for a multiferroic compound with a Néel temperature of 
39 K, although its crystal structure [2] is not typical for allowing ferroelectricity. The dipoles of 
the constituent Mn4+O6 (along c-axis, bond valence sum BVS = 3.90(2) v.u.) and Mn3+O5 (along 
b-axis, BVS = 3.04(2) v.u.) polyhedra are oriented in different directions [3]. Both its nuclear and 
magnetic structural features differ from those of other rare-earth members of the R2Mn4O10 
family. For instance, all of the coordination polyhedral (Mn4+O6, Mn3+O5 and Bi3+O8 (BVS = 
3.18(2) v.u.) show distinctive distortions due to slight but significant lone electron pair activity of 
the Bi3+ cation [4]. While each member of R2Mn4O10 family possesses incommensurate 
magnetic character [5], Bi2Mn4O10 exhibits a commensurate [6] magnetic structure. 

In order to characterize its lattice dynamical properties we have studied the acoustic phonon 
branches of a single crystal of Bi2Mn4O10 at room temperature using inelastic neutron scattering 
(INS). INS is a well-established method for the determination of the elastic cij. Experiments have 
been performed at the three-axes spectrometer PUMA@FRM II. The dispersion curves of the 
acoustic phonon branches in the Brillouin zone have been measured for different propagation 
directions close to the zone center (Γ-point) and for different polarization vectors. The linear 
slopes of the dispersion curves are connected with a specific combination of the cij depending 
on the propagation directions and the polarization vectors of the modes. We were able to 
determine as much as nine elastic constants cij provided by the orthorhombic crystal (Pbam). 
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Zeolites are microporous ordered materials with interesting adsorption and catalytic properties 
that make them suitable for many applications. In spite of the intensive study of these materials, 
the adsorption of simple gases in pure silica zeolites, such as ZSM-5 and ZSM-11, is still not 
well understood. Both of these zeolites are crystalline materials characterized by the presence 
of interconnected channels with an internal diameter of about 5.4 Å. About 30 years ago, 
volumetric and calorimetric experiments of the adsorption of Ar, Kr, and CH4 in ZSM-5 at 77K 
revealed that, whereas Ar and Kr exhibited a pronounced step in the adsorption isotherm at half 
load, the adsorption of CH4 occurred through a type I smooth isotherm [1]. Aided by neutron 
diffraction experiments, Llewellyn et al. concluded that this step was connected to a disorder-
order transition, which occurred both for Ar and Kr, but not for CH4. An alternative explanation is 
that upon increasing the load there is a structural change in the zeolite that leads to a higher 
porous volume [2]. Recent volumetric measurements of the adsorption of Ar and CH4 in ZSM-11 
showed the same behaviour. Again, Ar adsorption exhibited a step at half load, but CH4 did not. 
With the aim of finding a microscopic explanation for adsorption behaviour of Ar and CH4 in 
ZSM-11, we performed high resolution neutron scattering experiments at GEM instrument (ISIS 
Neutron Facility, UK). For 40Ar, the measurements were performed at two loads: before the step 
(half load) and after the step (full load), whereas for CH4 only full load was considered. In order 
to increase the signal of the adsorbed fluid, measurements were also performed for isotopes 
36Ar and CD4 at 77K. For 40Ar the diffraction pattern at half load was almost indistinguishable 
from the empty ZSM-11 and, at full load, only subtle changes were observed for a few peaks at 
Q ~ 1.8 Å-1, strongly suggesting that the adsorbent does not undergo significant structural 
changes. As expected, more pronounced changes are observed when ZSM-11 is loaded with 
36Ar (see Fig. 1). Besides the well-known destructive interference that leads to a dramatic 
decrease or even to the disappearance of the low Q-peaks of the empty zeolite, new peaks 
appear at Q’s higher than 1.8 Å-1. These peaks show considerably more structure for full load 
than for half load, which might be evidencing the hypothesized adsorbate disorder-order 
transition. On the other hand, the diffraction pattern of ZSM-11 loaded with CD4 points to an 
ordering of the adsorbate similar to that of Ar at half load. Analysis of these data using Rietveld 
refinement and a bespoke Reverse Monte Carlo code [3] has helped us to understand the 
microscopic mechanisms that lead to different adsorption behaviour of Ar and CH4 in ZSM-11. 
 
[1] Llewellyn et al. Langmuir 9, 1846 (1993) 
[2] Calero et al. J. Phys. Chem. B 112, 9976 (2008) 
[3] Sánchez-Gil et al., J.Chem.Phys. 140, 024504(2014). 
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Cobalt-based perovskites are attracting the interest as strongly correlated electron systems due 
to the relevance of the cobalt spin state for their functional properties. The spin state of trivalent 
cobalt is a key feature in half-doped Pr0.50A0.50CoO3 (A: Ca or Sr) perovskites, in which the spin-
lattice coupling gives rise to non-conventional magnetic and electronic transitions whose 
interpretation has been controversial. 
 
The properties of Pr0.50Sr0.50CoO3 (PSCO) differ from those in Pr0.50Ca0.50CoO3 (PCCO), where 
a spin-state change has been proved to induce a partial  Pr3+ to Pr4+ valence shift and a exotic 
metal-insulator transition around 80 K. Recent works have confirmed the importance of the spin-
lattice coupling in PSCO (always metallic and ferromagnetic below TC ~ 230 K) reporting 
magnetostructural changes at 120K. They vanish by substituting Pr with other lanthanides.   
 
By means of neutron diffraction we have first determined and described its structural evolution, 
which follows the Pm-3m→R-3c→Imma→I4/mcm sequence of transformations. We have shown 
that the last transition is responsible for the unexpected magnetostructural anomalies at TS 
~120 K. X-ray absorption experiments (XAS) at the Pr M4,5 and L3 edges rule out any trace of 
Pr4+ below TS, and a large density of empty Co t2g states precludes the presence of pure 
nonmagnetic Co3+ ions at low temperature unlike the PCCO compound. 
 
The sudden changes in the magnetization reported previously at TS have been investigated 
combining neutron diffraction and x-ray circular dichroism (XMCD) at Co L edges, revealing that 
they are driven by the Imma→I4/mcm symmetry change and a spin reorientation of  Co 
moments (1.7 μB/Co at 2 K). The ratio mL/mS displays an anomalous evolution on heating 
coinciding with the stretching of the CoO6 octahedra at TS. Sudden spin state changes are 
discarded in this system. 
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Hexakis(urea-O)chromium(III) tetrafluoroborate, with formula [Cr(OC(NH2)2)6](BF4)3, crystallises 
in the trigonal crystal system (R-3c space group, No 167), with 6 molecules in the unit cell [1]. 
Both the BF4

- anions and CO(NH2)2 (urea) ligands are in the high temperature phase 
dynamically disordered. The compound undergoes in the temperature range of 130-320 K one 
solid-solid phase transition at Tc ≈255 K [1]. 

The incoherent inelastic and quasielastic neutron scattering (IINS, QENS) spectra, as well as 
neutron powder diffraction (NPD) patterns, were simultaneously registered with the aid of NERA 
inverted geometry time of flight spectrometer, installed at IBR-2 pulsed reactor in Dubna 
(Russia) [2], at two different temperatures (293 and 5 K) The QENS scattering spectra 
registered in 5 and 293 K does not show any broadening what implies that reorientational 
correlation time tR of the molecular groups containing protons in the measured sample is 
beyond of the time scale accessible to the NERA spectrometer. The IINS spectrum at 293 K is 
very diffused, however, at 5 K some sharp and separated peaks, what is characteristic for the 
ordered phase, are observed. The (NPD) patterns measured in these two temperatures do not 
show any distinct differences, what means that at least from the point of view of the protons 
positions the crystal structure does not change much in the wide temperature range. Only 
shifting of Bragg reflexes towards lower dhkl is observed in the pattern at 5 K, with respect to 
those at 293 K. 

Analyse of Fourier transform infrared absorption (FT-IR) spectra, registered in the range of 
temperature: 10-300 K, indicated in whole range of measurements existence of very fast (tR ≈ 
10-14-10-12 s) reorientational motions of the protons from NH2 groups belonging to CO(NH2)2 
ligands. These motions are nearly not perturbed by the phase transition. Splitting of several 
infrared bands, which was observed below phase transition temperature Tc, suggests that the 
phase transition is associated with a change of the crystal structure. Analyse of Raman 
scattering (RS) spectra, registered in the function of temperature, indicated that fast 
reorientational motion of BF4

- anions which exists above Tc is suddenly slowing down below this 
temperature. 

These all results were fully confirmed by the snap narrowing of the EPR line observed in the 
vicinity of the phase transition temperature Tc. 

Literature: 



[1]    N. Górska, E. Mikuli, L. Kótai; Spectroscopic, structural and thermal characterization of 
crystalline  [Cr(OC(NH2)2)6]X3, where X = ClO4

-, BF4
- and Cl-, Eur. Chem. Bull. 2014, 3, 

474-481. 

[2]    I. Natkaniec, D. Chudoba, Ł. Hetmańczyk, V.Yu Kazimirov, J. Krawczyk, I.L. Sashin, S. 
Zalewski;  Parameters of the NERA spectrometer for cold and thermal moderators of the 
IBR-2 pulsed reactor  Journal of Physics: Conference Series, 2014, 554, 012002. 
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At room temperature [Cd(NH3)4](ReO4)2 crystallizes in cubic crystal system, space group F-43m 
(No. 216) with lattice parameter a = 10.67 Å and four molecules per unit cell [1]. The high 
symmetry of the crystal lattice is possible because the NH3 groups, surrounding the central 
metal ion perform fast reorientational motions (measurable in picoseconds) around their 
threefold axis. Thus this crystal belongs to the so-called dynamically, orientationally disordered 
crystals (ODIC). Phase polymorphism of the mentioned above compound was investigated by 
means of differential scanning calorimetry (DSC). The measurements were performed in the 
temperature range of 420-100 K on cooling and heating of the sample at different rates. One 
reversible phase transitions of the investigated compounds have been found at 368.8 K. This 
compound is stable up to 460 K. Above 460 K the two stage deamination process takes place 
and the formed Cd(ReO4)2 is stable up to 750 K. Above this temperature Re2O7 is released. 

In the middle infrared spectra (registered in the 300 – 9 K range on cooling and heating) the 
narrowing of the bands connected with NH3 vibrations is observed during the cooling. In the low 
temperatures splitting of these bands is visible as well. Appearing of a new bands during cooling 
in the region 3190 – 3235 cm-1 may be connected with slowing down of the NH3 reorientational 
motion and with the formation of a hydrogen bond in the low temperatures. 

The incoherent inelastic and quasielastic neutron scattering (IINS, QENS) as well as neutron 
powder diffraction data were measured in three temperatures (293 K, 150 K and 50 K) with the 
aid of NERA inverted geometry time of flight spectrometer installed at IBR-2 pulsed reactor in 
Dubna, Russia [2]. The quasielastic neutron scattering spectrum registered in 293 K and 150 K 
shows broadening what implies that protons in the sample under investigation perform fast 
stochastic motions (correlation time τ ~ 10-13-10-12 s). Most probably these are reorientations 
(jumps) of NH3 molecules around 3-fold symmetry axis. 

The IINS spectra obtained at 293 and 150 K are diffused because of a large dynamical disorder 
connected with the fast molecular reorientations, especially of NH3 molecules. The IINS 
spectrum obtained for the lowest temperature phase at 50 K shows some sharp and separate 
peaks characteristic for an ordered phase. 

The neutron diffraction (ND) patterns measured in three temperatures do not show any distinct 
differences what imply that at least from point of view of neutrons the crystal structure does not 
change in the wide temperature range. Thermal expansion is observed by increasing lattice 
distances. 
References 
[1] A. Müller, I. Bösehen, E. J. Baran und P. J Aymonino, Monatshefte fur Chemie 1973, 104, 
836-847. 
[2] I. Natkaniec, D. Chudoba, Ł. Hetmańczyk, V.Yu. Kazimirov, J. Krawczyk, I.L. Sashin, S. 
Zalewski; Journal of Physics: Conference Series, 2014, 554, 012002. 
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Ferrocene is an organometallic compound consisting of two cyclopentadienyl rings with a 
reversibly oxidizable iron atom sandwiched in between (see left picture). Bulk ferrocene crystals 
show a structural phase transition at 164 K. As an important aspect of the characterization of 
ferrocene-containing polymers we study the cyclopentadienyl ring rotation dynamics using 
quasi-elastic neutron scattering (QENS). 

In bulk ferrocene, past neutron scattering studies of the ring rotation dynamics mainly focussed 
on the high temperature phase [1]. We refine and extend the results to the low temperature 
phase using TOF and backscattering experiments including the new possibility of inelastic fixed 
window scans (IFWS) [2] on IN16B at the ILL as well as careful multiple scattering corrections. 
In contrast to earlier findings, our result supports a model of two crystallographically different 
sites having different activation energies for the jump diffusion process in the low temperature 
phase. The dynamics in the high temperature phase can be understood in terms of two distinct 
molecular configurations undergoing internal 5-fold jumps overlaid with a fast transition process 
between them. 

In the compound ferrocenium triiodide (FcI3), the ferrocene molecule is oxidized which 
dramatically influences the intramolecular barrier to rotation of the rings. Consequently, a solid-
solid phase transition is found at 85 K (instead of 164 K for bulk ferrocene), and the ring motion 
at room temperature resembles that of a free rotor. The results of our QENS experiments agree 
with complementary DFT calculations of the molecular electronic structure, confirming a 
significantly lower internal barrier to ring rotation. 

In poly(vinylferrocene), the ferrocene complex is laterally attached to a polymer chain (see right 
picture). The resulting elastic incoherent structure factor (EISF) extracted from combined 
backscattering and TOF spectroscopy as well as polarized diffraction supports the assumption 
that only one ring of the ferrocene sandwich complex is rotating. Nevertheless, the glassy 
polymer structure leads to a significant broadening of the rotational barrier distribution. A 
combined analysis of many data sets provides sufficient dynamic range to describe the ring 
motion from 80 K to 350 K using a rotation rate distribution model. 

[1] Gardner et al., Chem. Phys. 57, 453 (1981) 
[2] Frick et al., Nucl. Inst. and Methods A 669, 7-13 (2012) 
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Minerals of both the silicate and phosphate families are subject of numerous studies because 
they are needed for many industrial processes. In addition, silicates provide about 90% of the 
earth\'s crust. Due to their complex framework structures many of these compounds were 
extensively studied wit X-ray diffraction. But for those members containing hydrogen the 
important role of hydrogen bonds on their structures could not always resolved clearly with this 
method. Recently various silicates and phosphates of this groups with very different 
crystallographic space groups were studied on the hot neutron single crystal diffractometer 
HEIDI at the Heinz Maier-Leibnitz Zentrum in Garching (MLZ) . The combination of neutron and 
X-ray diffraction together with other methods reveal for all studied minerals, e.g. epidote, zoisite, 
elbaite, brazillianite and paravauxite - valuable information about their structural details, not only 
the different roles of hydrogen bonds but also occupational and site disorder. 

[1] F. Cámara, G.D. Gatta, M. Meven and D. Pasqual; Thermal expansion and high temperature 
structure evolution of zoisite by single-crystal X-ray and neutron diffraction; Physics and 
Chemistry of Minerals, 39(1):27-45 (2011). 

[2] G.D. Gatta, R.M. Danisi, I. Adamo, M. Meven and V. Diella; A single-crystal neutron and X-
ray diffraction study of elbaite; Physics and Chemistry of Minerals, 39(7):577-588 (2012). 

[3] G.D. Gatta, I. Adamo, M. Meven and E. Lambruschi; A single-crystal neutron and X-ray 
diffraction study of pezzottaite, Cs(Be2Li)Al2Si6O18; Physics and Chemistry of Minerals, 
(39):829-840 (2012). 

[4] G.D. Gatta,P. Vignola,M. Meven and R. Rinaldi; Neutron diffraction in gemology: Single-
crystal diffraction study of brazilianite, NaAl3(PO4)2(OH)4;American Mineralogist,98(8-
9):1624-1630 (2013). 

[5] G.D. Gatta, P. Vignola and M. Meven; On the complex H-bonding network in paravauxite, 
Fe2+Al2(PO4)2(OH)2·8H2O: A single-crystal neutron diffraction study; Mineralogical 
Magazine, Vol 78(4): 841-850 (2014). 
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Self-irradiation of Pu-Ga alloy was studied by neutron diffraction, which provided information 
about the crystalline structure and yilded mean-square atom displacements <u2> from the 
Debye-Waller factor. The measurements were performed at room temperature using the sample 
based on the isotope Pu242 with low neutron absorption cross section to which the short-living 
isotope Pu238 (1.4%) was added to accelerate self-irradiation. This composition of the sample 
sped up the aging processes by the factor of four and allowed us to obtain the maximum 
equivalent time of ~40 years (10 calendar years). The tests were performed on the neutron 
multidetector (224 He3 counters)  diffractometer DISC with the reactor capacity of 4-5.5 MW 
and the length of heat neutron waves of 1.664 A. 

Fcc structure remains the same throughout this interval. An analysis of the small-angle neutron 
scattering has demonstrated that the sample also contained precipitates with a size of a few 
hundreds of microns, which did not change during the aging. The changes in  < u2>  due to 
static displacements occur in two stages, viz. a relatively rapid growth (roughly by 50%) over the 
first 5-6 equivalent years and slow decline during 6-23 equivalent years making a close 
approach  to the initial values. The latter stage has not been described in the literature. After the 
two stages of change in the mean-square displacements comes a stage of stabilization (after 
~25 years) and appears further an allusion to a new rise < u2>, i.e. a new stage of damage 
accumulation. Non-monotonic variation of the amount of distortions may be due to competition 
between two processes, the accumulation of radiation defects and their absorption by helium 
bubbles and dislocation loops which accumulated over time. 
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The polymeric phase Li4C60 fulleride obtained from doping C60 powders with lithium alkali ions, 
present a unique two-dimensional structure with a mixture of simple covalent bonds between 
adjacent C60 units running perpendicular to [2+2] bridges [1]. Alkali ions diffuse into the 
structure, resulting in a large ionic conductivity of 10-2 S / cm at room temperature [1]. In this 
communication, we present a study of the lattice dynamics of this system, using inelastic 
neutron scattering and DFT calculation using the PALD method [2]. We identify the specific 
spectral signatures of the Li sublattices and the local modes of the polymer. We show that the 
latter appear in the same energy range, resulting in some coupling between the large amplitude 
fulerene deformation and rotation with the Li translation. We discuss these peculiaritites in the 
perspective of the ionic diffusion of the system [3]. 

[1] M. Ricco et al., Phys. Rev. Lett., 102 (2009) 145901. 

[2] M.M. Koza et al. Phys. Rev. B, 84 (2011) 014306 

[3] S. Rols et al. submitted to Phys. Rev. B (2015) 
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One of the greatest barriers for the widespread introduction of hydrogen in global energy 
systems is an efficient and safe storage method. The reversible absorption of hydrogen by 
several alloys and compounds allows solid-state storage, which is considered the ideal 
alternative for both mobile and stationary applications. Within this framework, complex hydrides 
based on the aluminium, boron, magnesium and nitrogen have recently been extensively 
studied. 

In order to understand the properties and optimize new compounds, a detailed knowledge about 
the position of the atoms in the crystal is of major importance. In this respect, neutron diffraction 
is a unique tool for studies of hydrogen in hydrogen storage materials. 

In this work, we present structural studies based on Powder Neutron Diffraction (PND) 
measurements performed with the PUS diffractometer at the JEEP II reactor at IFE, Norway. 
The results focus on Mg-based transition-metal complex hydrides and on novel transition metal 
and mixed borohydrides produced by ball milling techniques. PND was combined with other 
techniques, such as powder X-Ray diffraction, synchrotron radiation powder X-ray diffraction 
(performed at the Swiss-Norwegian Beam Line at the ESRF) IR and Raman for a thorough 
understanding of structural features. 

Financial support from Research Council of Norway and European Commission FP7 projects 
are acknowledged. 
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Mixed transition-metal oxide (MTMO) spinels including Mn and Zn-metal containing stannate 
phases have promising material properties and are known for the ability to tailor particular 
features for different uses. They are currently being explored as possible alternative substrates 
in many emerging high-tech applications such as electrode materials in lithium-ion batteries [1] 
and as conducting oxides in gas detector sensors [2]. The project aims to study the crystal and 
magnetic structures of iron and tin containing quaternary stannate to produce the novel spinel 
structures (M2-xFex)SnO4 (M = Mn, Zn and 0 ≤ x ≤ 2). Neutron and synchrotron X-ray powder 
diffraction in combination with spectroscopic investigations (Mössbauer, IR and UV-Vis), 
magnetic measurements and SEM/EDX have been performed on the (M2-xFex)SnO4 systems to 
find out the exact mechanism of Fe substitution, how much Fe and in what oxidation state is 
substituted and the effects upon the crystal and magnetic structure. For the range of (Zn2-

xFex)SnO4 spinels, initial results support the hypothesis that there is more than one doping 
mechanism, which is dependent upon the amount of Fe that is doped. The combination of 
neutron powder diffraction results and Mössbauer data indicate that an enrichment of Fe 
relative to Sn is evident in the Fe-rich structures, which might be due to Fe replacing Zn 
followed by Sn as more Fe becomes present in the system. Low temperature neutron diffraction 
data were used to refine the different magnetic structures within the (Zn2-xFex)SnO4 and (Mn2-

xFex)SnO4 systems. 

[1]     Y. Xie, X.W. Lou, C. Yuan, H.B. Wu, Angew. Chem. Int. Ed. 53, 1488 (2014). 

[2]     H.J. Kim, J.H. Lee, Sensors and Actuators B. 192, 607 (2014). 
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Different microstructural peculiarities of materials – small crystallite size, dislocations, stacking 
faults, etc. – are reflected in the shapes of diffraction peaks and could be studied with peak 
profile analysis methods. During time, X-ray and synchrotron diffraction have posed themselves 
as very good methods for the microstructure analysis due to their high resolution. High-
resolution neutron diffraction at both continuous (with monochromatic beam) and pulsed (with 
TOF technique) sources also can be used for peak profile analysis. Our experience shows that 
new developments in the correlation Fourier method (RTOF – reverse time of flight with fast 
Fourier chopper [1]) made possible doing a precise profile analysis of diffraction peaks. Among 
positive features of this technique are absence of long ‘tails’ of diffraction lines and practically 
constant ∆d/d resolution in wide d-spacing range. 

In this contribution, we demonstrate the application of WPPM method [2] realized in the PM2K 
software [3] to the analysis of HRFD (High-Resolution Fourier Diffractometer [1]) data of several 
powder samples. Main challenges in the adaptation of the method and software to this analysis 
were proper account for the HRFD resolution function [4] and non-Poisson statistics. Neutron 
diffraction experiments and data processing in FLNP JINR within the framework of this research 
are supported by RFBF project 14-29-04091. 

[1] Balagurov A. M. High-resolution Fourier diffraction at the IBR-2 reactor. Neutron News. 
(2005) 16, 8-12. 

[2] Scardi P., Leoni M. Whole powder pattern modelling. Acta Cryst. (2002). A58, 190-200. 

[3] Leoni M., Confente T., Scardi P. PM2K: a flexible program implementing Whole Powder 
Pattern Modelling. Zeitschrift Für Krist. Suppl. (2006). 23, 249-254. 

[4] Balagurov A.M., Kudryashev V.A. Correlation Fourier diffractometry for long-pulse neutron 
sources: a new concept. ICANS-XIX conference, Grindelwald, Switzerland (2010). 
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Lipidic phase transition investigation is interested as for the fundamental science as for 
application in structural biology, in particularly, it helps to get the insight of how the membrane 
protein crystallization processes work. 

Here, we did small angle scattering measurements (neutron and X-Ray, SANS and SAXS 
respectively) of the different lipidic mixtures and provided a comparison analysis of the both 
methods. SAXS measurements were done on the installation Rigaku (Source MicroMax-
007HF), Moscow Institute of Physics and Technology, Dolgoprudny, Russia. SANS 
measurements were done on the spectrometer YuMO, IBR-2, Joint Institute for Nuclear 
Research, Dubna, Russia[1]. 

Multilayer membranes of DPPC (1,2–dipalmitoyl–sn–glycero–3–phosphatidylcholine) and 
mixture DPPC/DMPC (1,2–dipalmitoyl–sn–glycero–3–phosphocholine) in excess of heavy water 
were investigated near the phase transition temperature. Sample preparation was made using 
the special technique when the addition of the mixture components was successive with the 
passing through the phase transition.We calculated and compared the temperature of the phase 
transitions for DMPC and DPPC in mixture and separately. 

It was shown that the successive addition of the DMPC and DPPC to the DPPC/DMPC/D2O 
mixture does not change the temperature of the DPPC and DMPC main phase transitions. The 
observed MLV/ULV separation occurs for the DPPC after the transition temperature 41C. The 
share of DPPC ULVs is extremely low. The same behavior was found for DPPC/POPC/H2O 
mixtures in the work [2]. The obtained results are being discussed. 

We greatly acknowledge the «5Top100» program for supporting our work. 

[1]. Kuklin, A. I., A. Kh Islamov, and V. I. Gordeliy. "Scientific Reviews: Two-Detector System for 
Small-Angle Neutron Scattering Instrument." Neutron News16.3 (2005): 16-18. 

[2]. Soloviov, D. V., et al. "Ripple Phase Behavior in Mixtures of DPPC/POPC lipids: SAXS and 
SANS Studies." Journal of Physics: Conference Series. Vol. 351. No. 1. IOP Publishing, 
2012. 
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New and more precise classifications for disordered bulk metals are required, where the 
archetypical definitions associated with canonical (SG) or reentrant (RSG) spin glasses are not 
rich enough to describe the different behaviours observed in those disordered magnetic alloys 
[1]. To this end, the field is drinking from behaviours evidenced in ensembles of magnetic 
nanoparticles, globally known as supermagnetism [2]. Characteristic transitions such as 
freezing or blocking are important parameters to define the magnetic arrangements. In some 
cases, by selecting appropriate bulk alloys one can study those transitions. In particular, the use 
of pseudobinary Rare earth Laves phases allow us to tune the transition by diluting the alloy 
with non-magnetic metals. A very intriguing situation is generated when the dilution is large and 
the magnetism is reduced to the presence of scattered magnetic clusters within the alloy. This is 
the case in two Lu(Fe1-xAlx)2 (x=0.25,0.50) alloys which have been prepared by arc melting, 
showing a cubic C15 with a = 7.219 Ǻ and an hexagonal C14 with a=5.289 Ǻ  and c= 8.616 Ǻ 
lattices respectively [3]. The zero-field-cooled low-field (H <10 Oe) thermal variation of DC-
magnetization and of AC-susceptibility (h = 4 Oe) evidence two peaks and magnetic 
irreversibility. For Lu(Fe0.75Al0.25)2 these peaks appear at TSRO ~ 290 K and Tf ~ 40 K, and for 
Lu(Fe0.5Al0.5)2, at TSRO ~ 75 K and Tf ~ 10 K. In order to clarify the ground magnetic state of 
these compounds is then important to observe the possible existence of a long-range magnetic 
contribution. For this we have performed Neutron diffraction (ND) experiments in both systems 
from room temperature down to 5 K. This enables a precise definition of the structural state of 
the alloy, the eventual changes in this structure giving rise to anomalous thermal expansion of 
the lattice and to evaluate the magnetic contribution to the intensity. It is very clear that the 
magnetic intensity is barely observable and hence there is not a definite long-range order but 
some weak coupling among the magnetic clusters. 

[1] K. Binder and R. Young, Rev. Mod. Phys. 58, 801 (1986) 

[2] J. L. Dormann, L. Bessais and D. Fiorani,  J. Phys. C: Solid State Phys. 21,  2015 (1988) 

[3] C. Piquer, M. A. Laguna-Marco, R. Boada, F. Plazaola and J. Chaboy, IEEE Trans. Magn. 
44, 4206 (2008). 
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We present model calculations, based on the continuum theory of micromagnetics, for the 
correlation function of the spin-misalignment SANS cross section of bulk ferromagnets (e.g. 
elemental polycrystalline ferromagnets, soft and hard magnetic nanocomposites, nanoporous 
ferromagnets, or magnetic steels). For such materials, the spin disorder which is related to 
spatial variations in the saturation magnetization and magnetic anisotropy field results in strong 
spin-misalignment scattering dΣM/dΩ along the forward direction [1]. When the applied magnetic 
field is perpendicular to the incoming neutron beam, the characteristics of dΣM/dΩ (e.g. the 
angular anisotropy on a two-dimensional detector or the asymptotic power-law exponent) are 
determined by the ratio of magnetic anisotropy-field strength Hp to the jump ∆M in the saturation 
magnetization at internal interfaces. Here, we analyze the corresponding one and two-
dimensional real-space correlations as a function of applied magnetic field, ratio Hp/∆M, single-
particle form factor, and particle volume fraction. Finally, we compare the theoretical results for 
the correlation function to experimental data on a Nd-Fe-B-based nanocomposite. 

[1] A. Michels, Journal of Physics: Condensed Matter 26, 383201 (2014).  
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Technological applications of molecular magnets critically depend on the enhancement of their 
blocking temperatures. Molecules containing rare-earth ions are promising candidates because 
of strong anisotropy and large individual magnetic moments. However, the first polynuclear 
lanthanide clusters suffered from a low interaction strength between the magnetic moments. An 
N2

3− radical–bridged dinuclear lanthanide molecular complex, Ln2N2
3−, was recently synthesized 

to overcome this problem [1], the ternium compound being a single-molecule magnet with a 
world-record blocking temperature of 14 K [2]. Inelastic neutron scattering data on this 
molecule, its parent compound Tb2N2

2− as well as the non-magnetic analogue Y2N2
3−, were 

recorded at the LET instrument at the ISIS neutron source. In the parent compound we observe 
ligand field levels at 0.7 meV and 5 meV. In addition to the rich vibration spectrum also seen in 
the yttrium compound, we observe an excitation at 9 meV in the SMM compound due to 
exchange coupling between the lanthanide magnetic moments. This presents the first direct 
evidence of enhancement of interactions in this system. For the simulation of the data we are 
developing a novel approach which takes into account structural aspects to handle the many 
lygand field parameters. 

 
 
[1] J.D. Rinehart et. al., Nat. Chem. 3, 538-542, 2011. 

[2] J.D. Rinehart et. al., JACS 133, 14236-14239, 2011. 
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The interplay between magnetism and high temperature superconductivity has been a subject 
of fundamental interest since the rise of this new state of matter in these materials is still not 
understood. The understanding can help direct the way to improvements in todays 
superconducting materials, and furthermore to numerous technical developments. We have 
investigated the under-doped La2-xSrxCuO4. 

Under-doped La2-xSrxCuO4 allows the study of magnetic order in the superconductor, in which 
incommensurate (IC) antiferromagnetic stripe order has been observed[1], with the 
incommensurability (δ) close to the doping (x), for 0.06<x<0.12. The magnetic diffraction 
intensity from the IC magnetic signal is found [2] to increase upon application of a magnetic field 
along the c-direction. 

We aimed at investigating the field dependence of the IC magnetic peaks at (1±δ ±δ 0) and (±δ 
1±δ 0) by means of neutron diffraction on single crystal. We will here present data from 
measurements on La2-xSrxCuO4 with two different doping, x=0.06 and x=0.07, which revealed a 
forbidden central peak (1 0 0) or (0 1 0) in the orthorhombic space group (Bmab) and peaks on 
the diagonals at (1±δ,±δ,0) or (±δ,1±δ,0), where δ = x/2. The intensity of these peaks was ten 
times stronger than what we were expecting. From Yamada et al. [1] we expected to see the 
peaks in a different position peak at δ = x. We measured the signal at different temperatures 
and observed that the shape and position of the peaks were changing. The dependency is 
shown in figure 1. 

In this presentation we will introduce the latest findings in this vastly studied compound. 

[1] K. Yamada et al, PRB 57, 6165 (1998) [2] M. Matsuda et al, PRB 84, 104524 (2011) 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We present experimental, numerical, and theoretical evidence for a new mode of 
antiferromagnetic dynamics in nanoparticles [1]. Elastic neutron scattering experiments on 8 nm 
particles of hematite display a loss of diffraction intensity with temperature, the intensity 
vanishing around 150 K. However, the signal from inelastic neutron scattering [2,3] remains 
above that temperature, indicating a magnetic system in constant motion. In addition, the 
precession frequency of the inelastic magnetic signal shows an increase above 100 K [1,3]. 
Numerical Langevin simulations of spin dynamics reproduce all measured neutron data and 
reveal that thermally activated spin canting gives rise to a new type of coherent magnetic 
precession mode. This ”rotor“ mode can be seen as a high-temperature version 
of superparamagnetism and is driven by exchange interactions between the two magnetic 
sublattices. The frequency of the rotor mode behaves in fair agreement with a simple analytical 
model, based on a high temperature approximation of the generally accepted Hamiltonian of the 
system. The extracted model parameters, as the magnetic interaction and the axial anisotropy, 
are in excellent agreement with results from Mössbauer spectroscopy. 
In addition to these results, we present recent neutron scattering results on 15 nm hematite 
nanoparticles [4] 

 
[1] K. Lefmann et al., PRB 2015 (accepted) 

[2] M. Hansen et al., PRL 79, 4910 (1997) 

[3] L. Theil Kuhn et al., PRB 74, 184406 (2006) 

[4] A. Hill et al., J. Chem. Phys 140, 044709 (2014) 
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Frustrated interactions exist throughout nature, with examples ranging from protein folding 
through to frustrated magnetic interactions. Whilst magnetic frustration is observed in numer- 
ous electrically insulating systems, in metals it is a rare phenomenon. The interplay of itinerant 
conduction electrons mediating interactions between localised magnetic moments with strong 
spin- orbit coupling is likely fundamental to these systems. Therefore, knowledge of the precise 
shape and topology of the Fermi surface is important in any explanation of the magnetic 
behaviour. PdCrO2, a frustrated metallic magnet, offers the opportunity to examine the 
relationship between magnetic frustration, short-range magnetic order and Fermi surface 
topology.  

 
By mapping the short-range order in reciprocal space and experimentally determining the 
electronic structure, we have identified the dual role played by the Cr electrons in which the 
itinerant ones on the nested paramagnetic Fermi surface mediate the frustrated magnetic 
interactions between local moments.  
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Thin enough layer of a weak ferromagnet (F) being in contact with superconductor (S) is 
predicted to go to a domain state below superconducting transition temperature TC [1-3]. This 
phenomenon is called cryptoferromagnetism (CFM). Domain size in CFM phase is comparable 
to superconducting correlation length ξS, so that the effective exchange field of the ferromagnet 
on the size of the Cooper pair is close to zero, thereby providing coexistence of 
superconducting and ferromagnetic order. Phase transition in CFM phase is possible in 
ferromagnets with a Curie temperature Tm not much exceeding the superconducting transition 
temperature TC. In Ref [3] it is shown that one of candidate for observation of CFM phase is 
Gd/Nb system. Cure temperature of bulk Gd is Tm = 280K. However in thin films it can be 
suppressed down to 20-40K which is comparable with TC ~ 10K of Nb layer. Another distinctive 
feature of the Gd/Nb systems prepared by magnetron sputtering is a high transparency of S/F 
interface for Cooper pairs [4]. 

The most direct method for detecting CFM phase transition is Grazing Incidence Small Angle 
Neutron Scattering (GISANS). However, taking into account small thickness of an F layer, small 
size of domains (ξS~ 10-100nm) we estimate intensity of GISANS as IGISANS ~ 10-6 I0, which 
is below the background limit. In order to enhance weak intensity of GISANS scattering from 
thin F layers we propose to use waveguide enhancement of neutron intensity [5]. 

In this work PNR and GISANS results measured at reflectometer NREX (FRM II, Munich) on the 
S/F bilayers Ta(3nm)/Cu(17nm)/Gd(dF)/Nb(50nm)/Al2O3 and S/F/S trilayers 
Ta(3nm)/Cu(4nm)/Nb(25nm)/Gd(dF)/Nb(25nm)Al2O3 are presented. Samples were grown by 
magnetron sputtering in the Institute of Metal Physics, Ekaterinburg, Russia. The thicknesses of 
the F layer dF = 1.3nm, 2nm, 3nm were chosen to be small enough to guarantee the 
penetration of the Cooper pairs in the whole F layer and on the other hand to suppress the 
Curie temperature[4]. Thickness of Ta/Cu bilayer on top were optimized to enhance intensity of 
GISANS in the waveguide mode [5]. 
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We present an inelastic neutron scattering study of the influence of isoelectronic Tm substitution 
on the low-energy structure and temperature dependence of the dynamical magnetic response 
in Yb1−xTmxB12 (x = 0, 0.08, 0.15, and 0.75) and Lu0.92Tm0.08B12 solid solutions [1].  
Substantial changes have been observed in the spectral structure and temperature evolution of 
the Yb contribution to the inelastic response for a rather low content of magnetic Tm ions. The 
spin-exciton-like resonance mode near 15 meV is steeply suppressed at the lowest measured 
Tm concentration (x = 0.08). The spin gap is replaced by a pseudogap at concentrations lower 
than 0.15. These results point to a specific effect of impurities carrying a magnetic moment (Tm, 
as compared to Lu or Zr) in a Kondo insulator, which is thought to reflect the “under-
compensation” of Yb magnetic moments, originally screened in pure YbB12. 

A parallel is made with the strong effect of Tm substitution on the temperature dependence of 
the Seebeck coefficient in Yb1−xTmxB12, which was reported previously [2]. 

This work was partly supported by the RFBR grant 14-22-01002. 
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Several iridates, like Na2IrO3, have been discovered to be quantum frustrated Mott insulators. In 
these compounds, a strong spin-orbit coupling is the compelling property, which stabilizes the 
insulating state even though the onsite Coulomb interactions are relatively weak. Another 
interesting attribute of Na2IrO3, as well as of Li2IrO3, is their honeycomb structure [1,2], enabling 
the realization of the exactly solvable spin model with spin liquid ground state proposed by 
Kitaev [3]. It was suggested; that these materials contain the necessary anisotropic exchange 
interactions and that the spin liquid ground state resists the small but always present isotropic 
exchange [4]. However Na2IrO3 and Li2IrO3 order magnetically at 15 K, even though this 
transition temperature is low compared to the characteristic exchange energy [5]. The relatively 
low ordering temperature compared to the Curie-Weiss temperature TCW gives a large f = 8 
frustration ratio, which cannot be explained within the J - JK model. In order to increase the 
frustration within the model one has to assume further neighbor Heisenberg interactions [6]. To 
access the spin liquid phase, the reduction of these Heisenberg terms or the increase of the 
anisotropic interactions is necessary. Reuther et al. [7] suggested that the reduction of the 
chemical pressure along the c-axis could increase JK and therefore induce spin glass behavior. 
This can be achieved by substituting Na with smaller Li ions. Another possible chemical 
modification of Na2IrO3 is hole doping, which is predicted to lead to topological 
superconductivity and Fermi liquid behavior in the vicinity of the Kitaev spin liquid phase [2]. 
Inelastic neutron measurements revealed a profound picture of the magnetic interactions 
present in the Li doped system, showing a different magnetic phase. The hole doped system 
shows a transition from the Mott insulating phase to a metallic phase. The magnetic ordering 
present in the parent compound vanishes. Both systems will be discussed here in detail.  
  

[1] Y. Singh, and P. Gegenwart, Phys. Rev. B 82, 064412 (2010). 

[2] J.-W. Mei, Phys. Rev. Lett. 108, 227207 (2012). 

[3] A. Kitaev, Ann. Phys. 321, 2-111 (2006). 
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Low dimensional magnetism has been a subject of fundamental interest since these materials 
provide a unique possibility to study the ground and excited states of quantum models, possible 
new phases of matter and the interplay of quantum fluctuations and thermal 
fluctuations.  CoCl2·2D2O can be considered as a one dimensional Ising system where the 
dominant magnetic interactions are ferromagnetic and couple nearest neighbor spins lying on 
chains oriented along the crystallographic c-axis. Weaker inter-chain interactions gives rise to 
an antiferromagnetic ordering below TN=17.2 K [1].  

When a magnetic field is applied along the easy axis, CoCl2·2D2O has two metamagnetic 
transitions at Hc1=3.1 T and at Hc2=4.5 T. The transition at Hc1 is from the antiferromagnetic 
state (AF) to a ferrimagnetic state (FI) and the transition at Hc2 is to a ferromagnetic state (FE) 
[2]. The first order transition between the two states are characterized by a large hysteresis. We 
have here studied the time dependent magnetic transition from one long-range magnetically 
ordered state to another. The change in intensity of the AF-peak (1 0 1) and the FI-peak (2/3 0 
1) were measured as a function of time at different fields close to the boundary between the FI-
phase and AF-phase. Depending on the combination of field and temperature we measure 
characteristic relaxation times in the range of seconds to hours. Furthermore it is clear that we 
have two fundamentally different relaxation processes in the system. In the figure an example is 
shown for T=4.5 K. At 3.1 T, close to Hc1, the amplitude of the AF-magnetic Bragg peak 
increases but when the field is decreased to 2.5 T, further down in the AF-magnetic phase the 
amplitude decreases with time. In addition we observe a reduction in peak width, corresponding 
to the magnetic domaines getting larger. At the conference we will present the results of a more 
detailed study of the time dependent phase transition, including a search for possible quantum 
relaxation at dilution temperatures. 

[1] J. Kjems et al, PRB 12, 5190 (1975).  

[2] W. Montfrooij et al, PRB 64, 134426 (2001). 
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In many materials it remains a challenge to reveal the nature of magnetic correlations, including 
antiferromagnetism and spin disorder. Revealing the spin structure in magnetic nanoparticles is 
further complicated by the large incoherent neutron scattering cross section from water 
adsorbed at the particle surfaces and by the broadening of diffraction peaks due to the finite 
crystallite size. Moreover, the spin structure in magnetic nanoparticles may deviate significantly 
from that of the corresponding bulk material because of the low-symmetry surroundings of 
surface atoms and the large relative surface contribution to the magnetic anisotropy [1,2]. 

Here we utilize polarized neutron diffraction to reveal the magnetic structure in NiO bulk and 
nanoparticle powders by applying the XYZ-polarization analysis method. Our investigations 
address in particular the spin orientation in bulk NiO and platelet-shaped NiO nanoparticles with 
thickness from greater than 200 nm down to 2.0 nm [3]. A typical polarized diffraction data set is 
shown in the figure below. 

For platelet-shaped particles with thickness from greater than 200 nm down to 2.2 nm we find 
that the spin orientation deviates about 16o from the primary (111) plane of the platelet-shaped 
particles. In the smallest particles (2.0 nm thick) we find the spins are oriented with a 30o 
average angle to the primary (111) plane of the particles [3]. This is in contrast to the results 
from studies of single crystal NiO, where the spin direction was found by polarized neutron 
diffraction to be within 1o of the (111) plane [4]. In addition, the results show that polarized 
neutron powder diffraction is a viable method to investigate magnetic order in powders of 
antiferromagnetic nanoparticles. 

[1] L. Berger et al, Phys. Rev. B 77, 104431 (2008) 

[2] R.H. Kodama, J. Magn. Magn. Mater. 200, 359 (1999) 

[3] E. Brok et al, Phys. Rev. B 91, 014431 (2015) 

[4] E. Ressouche et al, Physica B 385-386, 394 (2006) 
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Oxides of the family A3MM’O6 (A = alkaline-earth metal, M, M’ = transition metal) attracted a lot 
of attention because of their unconventional magnetic properties linked to the coexistence of 
low dimensionality, magnetic frustration and magnetocrystalline anisotropy. In these 
compounds, the M and M’ ions form chains which are distributed on a triangular lattice. In 
consequence, the magnetism of the compounds with an easy-axis of anisotropy, which confines 
the magnetic moments along the chains direction, should be strongly frustrated. 
 
We studied the 5d-based compound Sr3NiIrO6, where the strong spin-orbit coupling on the Ir4+ 
ions might induce unexpected behaviors through spin-orbit entanglements. Single crystal 
magnetization, powder neutron diffraction and single crystal resonant inelastic scattering (RIXS) 
measurements were performed. The magnetization measurement revealed the existence of a 
large easy-axis anisotropy confining the Ni2+ and Ir4+ magnetic moments along the chains. 
Besides the zero-field cooled and field-cooled measurements show that there are two 
characteristic temperatures: T1 = 70 K and T2 = 17 K. The first temperature is associated with a 
deviation from a Curie-Weiss behavior and the appearance of magnetic order with propagation 
vector k=(0,0,1). At T2, the susceptibility reaches a maximum followed by a sudden drop. The 
magnetic structure can be determined from powder neutron diffraction only up to a global 
phase. However, symmetry arguments allowed determining the exact nature of the magnetic 
ground state below T2, thus clarifying the universal magnetic properties of this family of 
compounds [PRB 90 (014408) 2014].  
 
RIXS measurements allowed probing the electronic and magnetic excitations inside the t2g 
triplet thus estimating the strength of the spin-orbit coupling as well as the amplitude of the 
trigonal distortion of the IrO6 octahedra. Besides the low-temperature measurements also show 
the emergence of a non-dispersive magnon around 90 meV. 
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Bi-magnetic core-shell nanoparticles can exhibit valuable effects for applications, including 
tuneable blocking temperature and large exchange bias. To date, however, there are few 
probes able to image the magnetic structure within such nanoparticles. Accordingly it is difficult 
to experimentally establish the possible effects of finite particle sizes, surface anisotropies and 
interfacial coupling. 

Here we present results of an in-depth polarised SANS study of manganese oxide-iron oxide 
nanoparticles possessing a magnetically hard core (Mn3O4 Tc = 40 K) and a soft shell [1]. We 
outline a method that is sensitive to subtle differences between the nuclear and magnetic radial 
profiles of the core-shell nanoparticles. We compare our differential SANS data to the results of 
Monte Carlo simulations and to magnetometry measurements showing exchange bias. The 
outlook for future measurements using this technique is discussed. 

[1] M. Estrader et al., Robust antiferromagnetic coupling in hard-soft bi-magnetic core/shell 
nanoparticles, Nature Comms. 4, 2960 (2013). 
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Cerium intermetallic compounds crystallizing in tetragonal BaNiSn3-type structure reveal such 
interesting properties as heavy-fermion behavior, unconventional and pressure induced 
superconductivity, valence fluctuations or/and complex magnetic order at low temperatures. The 
competition between RKKY and Kondo interaction as well as the crystal electric field influencing 
only one electron in 4f-shell has a great impact on electronic properties of these materials. 

The CeCuAl3 compound is of a particular interest as it was recently found to be one of a few 
compounds in which the strong magneto-elastic coupling is present resulting in the formation of 
so called vibron quasi-bound state [1]. Vibron states were observed as an additional peak in 
energy spectra of only a few Ce-based materials, e.g. CeAl2 [2], CePd2Al2 [3] or recently 
CeCuAl3 [1]. Thalmeier-Fulde theory on crystal field excitons-phonons interaction [4] describes 
satisfactory the presence of additional peak in energy spectra of above listed compounds. 

The presented study is focused on CeCuAl3, where the propagation vector as well as magnetic 
structure was not known. Moreover, the structure type, in which this compound crystallizes, was 
not determined unambiguously. Our recent investigation of this compound led to several clear 
conclusions. The tetragonal BaNiSn3-type crystal structure was determined as the structure of 
CeCuAl3. Moreover, we found a structural phase transition around 300°C which changes the 
structure parameters only, the crystal structure is preserved [5]. The investigation of the 
electronic properties reveals antiferromagnetic order below 2.6 K with easy-plane anisotropy. 
Relatively strong ferromagnetic correlations are present in this compound as well as anisotropic 
Kondo interaction. Our recent neutron scattering studies allowed us to determine the 
incommensurate in-plane propagation vector as well as the amplitude modulated magnetic 
structure of CeCuAl3, where magnetic moments lie along the [110] crystallographic direction. 

[1] D. T. Adroja, A. del Moral et al., Phys. Rev. Lett., 108, 216402 (2012). 

[2] M. Loewenhaupt and U. Witte, J. Phys.: Cond. Matt., 15, S519 (2003). 

[3] L. C. Chapon, E. A. Goremychkin et al., Physica (Amsterdam), 378–380B, 819 (2006). 

[4] P. Thalmeier and P. Fulde, Phys. Rev. Lett., 49, 1588 (1982). 

[5] M. Klicpera, P. Javorský et al., Intermetallics 46 126-130 (2014). 
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We have used inelastic neutron scattering techniques to study the field-induced multiferroic 
transition and the temperature dependence of magnetic excitations in TbMnO3. The significant 
changes in the spin-wave spectra across the field-induced transition perfectly agree with a 
rotation of the cycloidal spiral plane and with efficient pinning in the commensurate high-field 
phase. The detailed analysis of the Q dependence allows the identification of an electromagnon 
in the multiferroic high-field phase whose energy and polarization matches previous infrared 
data. From this and from the zero-field temperature dependence of a zone-center magnon, 
which exactly agrees with that of an optically detected excitation, we conclude that the inverse 
Dzyaloshinskii-Moriya interaction induces an electromagnon hybrid excitation in TbMnO3. For a 
part of these studies we have used the new ThALES spectrometer at the ILL, from which we 
present the first data even taken. 

 
see also Physical Review B 91, 014432 (2015) 
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The substitution of La ions by rare-earth ions or by cationic vacancies [1] may lead to changes 
of crystal structure as well as to significant changes of phase transition temperatures (metal-
semiconductor, ferro-paramagnetic), appearance of spin glass state at low temperatures and 
influences the transport phenomena [2,3].  Moreover, magnetic structure of manganites, 
specially the origin of magnetic frustration is probably connected with the incoherent 
displacement of oxygen anions, due to the different radii of A cations in ABO3 manganites (A= 
rare earth/alkaline earth cations; B=Mn or other transition cations). 

The main aim of this work is to determine the influence of Pb substitution with Sr on crystalline / 
magnetic structures and transport properties of La0.5Pr0.2Pb0.3-xSrxMnO3 manganites. The 
samples with nominal composition La0.5Pr0.2Pb0.3-xSrxMnO3 were prepared by solid state 
reaction method: synthesized at 9000C (3h) and annealed at 12000C (8h) in air. The phase 
composition, lattice constants and atomic positions in crystal lattice, tolerance factor, chemical 
disorder degree, average length of coherent blocks and micro-strains were determined by XRD 
and ND (time-of-flight) methods. The variation of the magnetization with temperature and 
intensities of applied magnetic field put in evidence the transition from the spin glass to 
ferromagnetic state. The variation of resistance with the temperature, intensity of applied 
magnetic field and Pb concentration was determinate. It is influenced by the thermal treatment 
of the samples. The substitution of Pb with Sr leads to structural changes from cubic to 
rhombohedral structure that occur at x>0.05. The high resolution neutron data showed the 
presence of both rhombohedric and orthorhombic perovskites structures. At room temperature 
large values of the magnetoresistance were observed for samples corresponding to x = 0.0 up 
to 0.15. Around room temperature, the investigated manganites represent a mixture between a 
magnetic metallic phase, until metal-insulator transition temperature, and a small amount of non 
magnetic insulator  phase  (probably as clusters). SANS measurements indicated the presence 
of magnetic domains at temperature larger as Curie temperatures. At low temperatures the 
transition from ferromagnetic to spin glass state induced a strong dependence of resistance on 
the history of the thermal treatment. 

[1] Magnetic behavior of solid solutions REMe0.50Mn0.50O3 (RE = Y, La, Pr, Nd, Eu, Gd, Er ; Me = 
Ni,Co), O. Peña, P. Barahona, V. Gil, J. Tartaj,C. Moure,  Bol. Soc. Esp. Ceram. V., 47, 138-
142 (2008) 



[2] Insulator-metal transition and giant magnetoresistance in La1-xSrxMnO3, A. Urushibara, Y. 
Moritomo, T. Arima [et al.], Phys. Rev. В, 51, 14103 – 14109 (1995) 

[3] Magnetotransport properties of La0.6Pb0.4MnO3-δ and Nd0.6(Sr0.7Pb0.3)0.4MnO3-δ single crystals 
/ Y. X. Jia, Li Lu, K. Khazeni [et al.] , Phys. Rev. В, 52, 9147 – 9150 (1995) 
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The La1-xSrxMnO3 manganites exhibit a strong interplay between the charge, lattice and spin 
degrees of freedom, being characterized by a transition from paramagnetic insulating (PI) to 
ferromagnetic metallic (FM) for xÎ (0.2 ÷ 0.5) [1, 2]. The substitution of Mn cations by other 
transition cations lead to changes of crystal/magnetic structure, including appearance of spin 
glass state at low temperatures and influences the transport phenomena. The changes of the 
magnetic structure are correlated with the Mn3+/Mn4+ ratio of concentrations, implicitly with 
the  oxygen concentration and the changes of the crystallographic environment of Mn cations. 

The main aim of this work is to determine the influence of Mn substitution with Cr on crystalline / 
magnetic structures and transport properties of La0.54Ho0.11Sr0.35Mn1-xCrxO3 manganites. The 
samples with nominal composition La0.54Ho0.11Sr0.35Mn1-xCrxO3 were prepared by sol-gel and 
treated finally in air at 1200°C. The phase composition, structural and micro-structural 
parameters were determined by XRD and ND methods. The magnetic measurements 
performed by means of VSM Foner type magnetometer allowed us to put in evidence the 
transition from the spin glass to ferromagnetic state. The variation of resistance with the 
temperature, intensity of applied magnetic field, the thermal treatment of the samples and Cr 
concentration was determinate. Comparing the X-ray and neutron diffraction data we concluded 
that there can be a difference between the phase composition of the surface layer and the inner 
volume of the samples.  Taking account on neutron diffraction data (ND), the substitution of Mn 
with Cr leads to a quasi-monotonous decrease of the unite cell (SG R-3c) volume. The thermal 
treatment of the samples determines the concentration of the ferromagnetic metallic state in the 
samples. At room temperature large values of the magnetoresistance were observed for 
samples corresponding to x = 0.0 up to 0.15. From the data concerning the transition from spin 
glass state to ferromagnetic state up to 200 K the samples can be considered as a mixture 
between spin glass and ferromagnetic states.  At low temperatures the transition from 
ferromagnetic to spin glass state induced a strong dependence of resistance on the history of 
the thermal treatment. SANS measurements indicated the presence of magnetic domains at 
temperature larger as Curie temperatures. With the variation of Cr concentration a change from 
a 1D rod-like shape to a 2D disk-like shape takes place. 

[1] T. Chatterji, D. Andeica, R. Suryanarayanan, A. Revcolevschi, μSR studies of the electron-
doped Ca1-xSmxMnO3, Physica B 374–375, 59–62 (2006); 



[2] S. Bhattacharya, S. Pal, R.K. Mukherjee, B.K. Chaudhuri, S. Neeleshwar, Y.Y. Chen, S. 
Mollah, H.D. Yang, Development of pulsed magnetic field and study of magnetotransport 
properties of K-doped La1–xCax–yKyMnO3 CMR materials, J.M.M.M, 269, 359–371 (2004). 
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The development of a sustainable future is highly dependent on high performance hard 
magnetic materials, due to their ability to interconvert between electric and kinetic energy. 
Currently, the best performing hard magnets are rare-earth based. However, geopolitical 
circumstances have led to the need for new rare-earth free magnetic materials. One of the most 
widely used rare-earth free magnetic compounds is the strontium hexaferrite, SrFe12O19. It has 
a preferred axis of magnetization along the crystallographic c-axis, resulting in a high anisotropy 
constant. The uniaxial character provides a large theoretical maximum coercivity, making the 
compound a good candidate for hard magnet applications. However, full understanding of its 
magnetic structure as function of crystallite size has yet to be achieved. 
One way of improving the magnetic performance is by matching the particle size of the 
compound to that of the magnetic domain structure. By doing so, it is possible to reduce the 
energy lost in domain formation and thereby maximize the energy product. This size matching 
has successfully been achieved by jet milling for Nd2Fe14B3. However, attempts to reduce the 
crystallite size to that of the magnetic domain size through ball milling have been unsuccessful 
for the hexaferrites, as it gives rise to phase transformation into SrO and Fe2O3.

[1] 
We have developed a bottom-up method based on hydrothermal synthesis that enables 
formation of highly crystalline, tailor-made SrFe12O19 nanoparticles. Furthermore, it allows 
preparation of relatively large quantities (∼ 0.5 g/day), suitable for neutron investigations. Initial 
characterization of the samples by Rietveld refinement of powder X-ray diffraction data, 
Transmission Electron Microscopy and Atomic Force Microscopy confirmed the formation of 
differently sized SrFe12O19 hexagonal nanoplatelets. The crystallite sizes of the different 
nanoplatelets range from ∽30 nm diameter and ∽3 nm thickness, to ∽80 nm diameter and ∽30 
nm thickness. Magnetic measurements of the samples performed on a Vibrating Sample 
Magnetometer proved the influence of particle size and morphology (diameter/thickness ratio) 
on the magnetic properties. 
In order to provide detailed insight into the magnetic moment ordering dependence on particle 
size and shape with varying temperature, powder neutron diffraction patterns were collected on 
the differently sized SrFe12O19 samples at 3 K and 300 K using Echidna at ANSTO.[2] Combined 
neutron and X-ray Rietveld refinements were then carried out on all samples. The results 
obtained from the combined refinements confirm variation of the atomic magnetic moments with 
decreasing crystallite size, which is more pronounced for certain crystallographic sites. 
  
[1] S. V. Ketov, Y. D. Yagodkin, A. L. Lebed, Y. V. Chernopyatova and K. Khlopkov, J Magn 
Magn Mater, 2006, 300, E479-E481. 
 
[2] K.-D. Liss, B. A. Hunter, M. E. Hagen, T. J. Noakes and S. J. Kennedy, Physica B, 2006, 
385-386, 1010-1012. 
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It has been known for a decade that the application of a magnetic field along the 
crystallographic c-axis enhances the intensity of incommensurate magnetic Bragg peaks in La2-

xSrxCuO4 [1,2]. Due to the weakness of the quasi two-dimensional magnetic signal and the 
restricted momentum space coverage allowed by horizontal field magnets, it has, however, not 
yet been possible to obtain a fully satisfactory understanding of the effect of the magnetic field 
on interplanar magnetic correlations. 

Here, we present a neutron diffraction study of charge-stripe ordered La2-xSrxCuO4 (x=0.12, 
Tc=27K) that allows us to conclude that an overall increase of the ordered magnetic moment is 
accompanied by the development of short-range interplanar correlations [3]. A noteworthy 
aspect of our data, requiring the high momentum resolution of cold neutron triple axis 
spectrometers, is a small but clear variation of the position of the incommensurate magnetic 
Bragg peaks depending on the component of the momentum transfer along the interplanar 
direction. We show how this effect can be understood to result from the presence of structural 
twin domains with distinct scattering patterns [4] in our slightly orthorhombic crystal, and discuss 
the implications of our results for interpreting prior work on magnetic field effects in La2-

xSrxCuO4. 

[1] B. Lake et al, Nature 415, 299 (2002). 

[2] B. Lake et al, Nature Materials 4, 658 (2005). 

[3] A. T. Rømer et al, Submitted to Physical Review B. 

[4] Y. S. Lee et al, Physical Review B 60, 3643 (1999). 
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In this work we consider the performance of a new type of small-angle neutron scattering setup 
based upon the SESANS-like spin-echo technique, which employs the time-gradient (saw-like) 
magnetic fields (TGF) [1]. 

Virtual SESANS experiments were carried out using VITESS simulation package [2] for different 
sizes of s spherical particles. These experiments allow us to optimize parameters of the 
instrument planed for at the pulsed neutron beam of the IBR-2 reactor at JINR (Dubna) and 
estimate the achievable Q-resolution. 

These results can be used for design of SESANS-like options for future instruments at long 
pulsed spallation neutron sources. 

[1] A. Ioffe, Spin-echo technique with time-gradient magnetic fields for small-angle neutron 
scattering and reflectometry, Nuclear Instruments and Methods in Physics A, Volume 634, 
Issue 1, Supplement, 1 April 2011, Pages S55–S58  

[2] http://www.helmholtz-berlin.de/forschung/grossgeraete/neutronenstreuung/projekte/vitess/ 
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The design of a new state-of-the-art instrument to support the area of neutron imaging research 
(neutron radiography/tomography) Instrument, for use in Australian Nuclear Science and 
Technology Organization (ANSTO) will be discussed. It provides university, government and 
industry-based users of the new ANSTO research reactor OPAL a new world-class powerful 
tool for nondestructive real space testing and evaluation, with properties complementary to x-
rays and synchrotron methods. The instrument covers a large area of scientific research from 
medical applications, biology and environmental science, geology and engineering science as 
well industrial application, which are key areas for future technology and industrial 
developments in Australia. The selector wheel shutter unit combines two different functions in 
one item. The first function is to work as an instrument shutter and the second one is to work as 
a selector wheel. The selector wheel assembly component, as suggested in its name, provides 
selective aperture options for high resolution or phase contrast imaging and separates the two 
beams coming from the in-pile collimator. One beam is blocked and the other passes the 
selector wheel insert and is used for an imaging experiment. A positioning accuracy of 0.01° 
step width is achieved. The selector wheel was designed with a stepped housing to mate with 
the inserts and prevent direct shine from the beam. 

References  
[1] THE INTERACTION BETWEEN SAFETY INTERLOCK AND MOTION CONTROL 
SYSTEMS ON THE DINGO RADIOGRAPHY INSTRUMENT AT THE OPAL RESEARCH 
REACTOR; Proceedings of ICALEPCS2013, San Francisco, CA, USA   

[2]  The Neutron Beam Expansion Program at the Bragg Institute; International Workshop on 
Neutron Optics and Detectors (NOP&D 2013) Journal of Physics: Conference Series 528 
(2014) 012026 
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Modeling of specular, diffuse and diffraction neutron scattering from surfaces and 
interfaces using a kinematic approximation 
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Specular, diffuse neutron scattering and diffraction from rough surfaces and interfaces was 
modeled using a Parratt methods [1] and kinematic approximations.  

We present simulations of reflectivity from H2O, D2O on SiO2 substrate. The limits of kinematic 
approximation applicability are discussed.  

Diffuse neutron scattering was simulated for D2O on SiO2 substrate. Rough surfaces with the 
required parameters were generated using a random phase method algorithm. Such surfaces 
could describe capillary waves on the surfaces of liquids and polymers. Calculations were 
performed for a range of roughness parameters for surface and interface.  

The diffraction pattern was successfully simulated in kinematic approximation for a square 
lattice of Ni58 columns on Si substrate. Our results were compared with simulations by 
BornAgain [2] software based on the use of the distorted-wave Born approximation (DWBA). It 
is demonstrated that the agreement of the results is good. At the same time it is discussed that 
the kinematic approach is much more illustrative especially for qualitative results and provides 
the possibility to model very complex systems for which DWBA approach could be difficult to 
implement.  

References  

1. L.G. Parratt, Phys. Rev. 95 359 (1954). 
2. Born again project: http://www.bornagainproject.org/ 
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Features, operating experience and prospects of software complex Sonix+ 
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Software package Sonix+ / 1 / has been designed more than 10 years ago, initially to control 
neutron instruments of the IBR-2 reactor at the FLNP JINR. It is currently successfully used at 
18 spectrometers at the FLNP JINR and several other Russian centers. The presentation is 
devoted to analyzes of the principal decisions taken as a basis, as well as the operating 
experience of the complex and its future prospects. 

 
[1] http://sonix.jinr.ru/wiki/doku.php?id=en:index 
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BornAgain — simulating and fitting X-ray and neutron small angle scattering at grazing 
incidence 
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Grazing incidence small angle scattering (GISAS) is a surface sensitive, non destructive 
technique, that is often used to characterise deposited or embedded nanoparticles as well as 
multi-layered thin films [1]. The complexity of the sample\'s architecture and the wealth of 
physical effects occurring during a GISAS experiment (multiple reflections of the incident beam, 
polydispersity of the particles) require numerical simulations in order to quantitatively interpret 
the experimental data. 

Here we present BornAgain, a multi-platform, open-source project [2]. This software uses 
Distorted Wave Born Approximation to analyze and fit small angle scattering images for X-ray or 
neutron scattering at grazing incidence (GISAXS, GISANS). BornAgain provides a generic 
framework for modelling samples composed of arbitrarily complex multilayers with smooth or 
rough interfaces, with various shapes and distributions of embedded or deposited nanoparticles. 
It also offers the option of using polarized neutron or magnetic scattering. Simulations and fits 
can be controlled through Python scripts. And, in addition, a growing part of the functionality is 
also available through a Graphical User Interface. 

Diverse examples of GISAXS and GISANS (see fig.1) illustrating the broad range of features 
covered by BornAgain will be presented and discussed. 

References: 

[1] G. Renaud, R. Lazzari, F. Leroy, Probing surface and interface morphology with Grazing 
Incidence Small Angle X-Ray Scattering, Surface Science Reports 64, 255 (2009). 

[2] http://www.bornagainproject.org  

 

Figure 1: GISAS experimental layout. The detector image was generated with BornAgain using 
a sample made of half-spherical nanoparticles (with a radius and height of 15 nm) deposited on 
a substrate along a hexagonal array with a lattice length of 100 nm.  
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Neutron guide misalignment at the European Spallation Source 
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The European Spallation Source (ESS) is a long pulse spallation neutron source that is 
currently being built in Lund,    Sweden. A considerable fraction of the 22 planned instruments 
extend as far as 75m - 150m from the source. In such long beamlines, misalignment between 
neutron guide segments can decrease the neutron transmission significantly. In addition to a 
random misalignment from installation inaccuracies, the ground on which the ESS is built is 
expected to sink with time and thus induce a systematic shift of the neutron guide segments. In 
this study, the effect of both random and systematic misalignment on short and long ESS 
beamlines is analyzed, and a possible mitigation by overillumination of subsequent guide 
sections investigated. 
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Implementation of Standard TCP/IP Networks in Neutron Scattering 
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Many neutron scattering data acquisition systems in use today rely on custom protocols to 
process neutron event data. Advancements in commercial high speed networks and timing 
protocols has made it possible to use standard TCP/IP network communications to stream high 
count rate data in neutron scattering applications.  This presentation will highlight the improved 
timing accuracy achievable with the Precision Timing Protocol (PTP), the advantages of using 
Power Over Ethernet (POE), and the benefits of implementing this architecture in a neutron 
scattering instruments.  An added benefit is that the central processor in this system can be 
used with multiple detector technologies and can be formatted to interface with the Accelerating 
Data Acquisition, Reduction, and Analysis (ADARA) data streaming format developed at the 
Spallation Neutron Source (SNS) in Oak Ridge, Tennessee.   The ADARA data streaming 
format enables users to utilize the Mantid data visualization software as well as other open 
source software being made available for neutron scattering facilities. In addition to the general 
benefits of these standards actual performance data and design strategies will be presented for 
multiple detector types including 3He PSD’s, non-PSD 3He detector arrays, Anger camera and 
neutron scintillators.  
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In-situ and in-operando sample environment for neutron scattering 
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Sample environment classically provides the parameter space for the sample under 
investigation during a neutron scattering experiment. Parameters as temperature, magnetic and 
electric fields, pressure or humidity are routinely available. However, in some cases additional 
information concerning the sample properties during the neutron scattering experiment is 
needed. In order to collect this information in-situ measurements have to be integrated in the 
experiment and in the data collection process. The complexity of these in-situ options range 
from quite easy as for resistivity measurements to very demanding as for in-situ pyrocurrent 
measurements. 

In other cases the sample itself has to be prepared by an in-situ process, for example for gas 
adsorption experiments or for the in-situ investigation of chemical reactions. Here we enter the 
area of in-operando measurements, where a device (for example a setup for a chemical 
reaction) is investigated by neutron scattering during more or less normal operation. 

In this presentation we will give an overview over the devices for in-situ and in-operando 
measurements available at the Helmholtz-Zentrum Berlin in combination with examples for 
measurements performed with the aforementioned devices. 
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New polarimeter for vector analysis of neutron polarization. Application for Small Angle 
Neutron Scattering. 
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There are a number of new objects, such as molecular magnets, new superconductors, spin 
electronic devices and magnetic nanostructures (e.g. nanoparticles and ferrofluids), which are 
of great importance because of their exciting possible industrial applications. Detailed 
understanding of their physical properties, mechanisms involved in their formation (e.g. the self-
organization of magnetic nanostructures) and their operation requires the full information about 
their magnetic properties. For instance, the structural information about magnetic nanoparticles 
can be obtained by means of SANS. Being joined with 3-D polarization analysis it provides 
exceptional possibilities for determination of the magnitude and the spatial direction of the 
magnetization vector inside a magnetic structure. 

For this purpose we designed a new polarimeter using mu-metal shielding for the screening of 
the sample area from external magnetic fields. It is based upon the polarimeter labeled LAP-ND 
[A. Ioffe  et.al., Physica B, 350 (2004) 815], however has the larger size (600×400×400 mm3) of 
the zero-field sample chamber. The size of the shielding allows us to host compact magnetic 
sample environment when avoiding the magnetization of mu-metal thus keeping it able to serve 
as magnetic shielding from external magnetic fields.  
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Development of >30 T Magnets for Neutron Scattering at the NHMFL 
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The National High Magnetic Field Lab (NHMFL) has developed and delivered a 26 T resistive-
superconducting hybrid magnet with a conical bore suitable for neutron scattering to the 
Helmholtz Zentrum Berlin (HZB). The magnet is now operational and is serving users. This 
system consists of a superconducting “outsert” magnet and a resistive insert magnet. The 
outsert provides 13 T and is based on Nb3Sn Cable-In-Conduit Conductor with a room 
temperature bore of 50 cm. The insert uses Florida-Bitter magnet technology and provides 13 T 
in a 5 cm central bore with +/- 15 degree conical divergence. 

The HZB hybrid magnet project started in 2007. At that time, high-temperature superconductors 
(HTS) existed but there was not a viable magnet technology based on them. Since then, the 
NHMFL has developed magnet technology based on the HTS materials and recently tested a 
set of superconducting coils with a 32-mm cold-bore that reached 27 T. The magnet was 
intentionally quenched numerous times without degradation. We intend to have a 32 T magnet 
operational for users at the NHMF in 2016. We believe that this technology (based on insulated 
YBCO tape) can be used to build conical scattering magnets at 30 T or more. Such magnets 
would be much more compact and cost much less than the hybrid we have now commissioned 
at HZB. 

Finally, development of a third magnet technology has started. This one again uses YBCO tape, 
but without electrical insulation. This approach has been used to build a test coil that reached 
26 T recently. By leaving out the insulation, less copper is need for protection and the average 
current density in the coil increases. This results in more compact magnets. Hence, the no-
insulation concept should provide magnets still more compact and less expensive than those 
produced by insulated YBCO. However, due to the lack of electrical insulation, these magnets 
are not well suited to fast charging and it is not practical to provide precise control of the 
magnetic field. 

Status of develop of these technologies is presented along with conceptual designs of neutron-
scattering magnets using each approach. 
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Neutron imaging data processing using the Mantid framework 
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Several imaging instruments are currently being constructed at neutron sources around the 
world, including IMAT (Imaging and Materials Science & Engineering, Kockelmann et al. 2013) 
at the ISIS facility, VENUS at the SNS and ODIN at the ESS.  IMAT is expected to begin its 
scientific commissioning phase in September 2015, and has several unique software 
requirements to control the data reduction and analysis of its imaging data.  The Mantid 
software project (http://mantidproject.org) provides a framework that supports high-performance 
computing and visualisation of scientific data (Arnold et al. 2014), and we have extended the 
framework to provide support for these imaging requirements.  Being part of the Mantid 
framework, the software introduced here effectively integrates with a vast array of capabilities 
and methods readily available in Mantid. Mantid is open source, supported on multiple platforms 
(Windows, Linux, Mac), and packages are available for easy deployment. 
 
Here we introduce the imaging functionality that has been integrated in Mantid. A new custom 
graphical user interface integrates reconstruction and visualisation capabilities for neutron 
imaging. This interface supports third party software such as packages for tomography 
reconstruction, including Tomopy, Astra Toolbox, other proprietary software, and in the future 
in-house reconstruction pipeline software being developed by the Diamond light source. 
Different reconstruction approaches are thus supported, namely filtered back projection and 
iterative methods such as simultaneous iterative reconstruction technique. Mantid has the 
capability to run image reconstruction jobs either locally or in compute clusters and 
supercomputing facilities thereby enabling quick evaluation and refinement of the reconstruction 
pipeline. Within ISIS the SCARF and Emerald clusters, administered by the Scientific 
Computing Department at STFC, will allow rapid refinements during the imaging experiments. 
 
Different facilities frequently choose different job scheduling tools and hardware for their 
computing facilities, for example SCARF at ISIS uses Platform LSF, while the clusters at the 
SNS use MOAB. The Mantid framework provides the middleware required to control jobs in 
different computing facilities handling the different job schedulers and/or web service interfaces. 
This addresses challenges that arise at different facilities, such as different authentication 
methods, job schedulers, and location of compute resources. Together with reconstruction 
functionality, Mantid also integrates multidimensional visualisation tools that leverage on the VSI 
(Vates simple interface) and ParaView, providing powerful tools to visualise the 4 dimensional 
data that can result from imaging at a time of flight spallation source. 
 
O. Arnold, et al., Mantid-Data analysis and visualization package for neutron scattering and μSR 
experiments, Nuclear Instruments and Methods in Physics Research Section A, 764(11), 156-
166 (2014), 
 
W. Kockelmann, S.Y. Zhang, J.F. Kelleher, J. B. Nightingale, G. Burca,, J.A. James, IMAT - A 
New Imaging and Diffraction Instrument at ISIS, Physics Procedia, 43, 100-110 (2013). 
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Prototype measurements of a combined radial collimator and cooled Be filter 
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* Felix Groitl, felix.groitl@psi.ch 

The multiplexing neutron spectrometer concept CAMEA (Continuous Angle Multiple Energy 
Analyzer) is currently designed for implementation at the Paul Scherrer Insitut (PSI), 
Switzerland, and the European Spallation Source (ESS) [1]. The concept is optimized for 
restrictive sample environment, e.g. magnets and pressure cells, which is an additional source 
of background. At the same time the instrument covers a large angle in the horizontal scattering 
plane with large opening angle of the vertically scattering analyzers. Therefore, CAMEA 
requires a radial collimator to limit background arising from sample environment. 
Simultaneously, a beryllium filter cooled to liquid nitrogen (LN) temperature is needed in order to 
avoid a contamination by second-order wavelengths of the analyzed final energies. In existing 
spectrometers such devises have always been operated separately. Exceptions are very rough 
radial collimation within a Be filter, where thick collimator lamellas are of the dimensions of the 
filter itself. However, the spatial restrictions of the PSI-CAMEA require the combination of a 
cooled Be filter and a radial collimator, which thin lamellas exceeds the dimensions of the Be 
Filter. 

In order to evaluate the technical capabilities and the performance of such a combined setup, a 
flexible prototype was designed and manufactured at the PSI. Here, the Be is integrated in the 
radial collimator by placing thin Be slices (length 80 or 120mm) between thin (300µm) Gd 
coated lamellas (length 280mm). The filter/collimator is mounted within a vacuum vessel and 
dry cooled using a Sterling cooling head. The flexible design of the prototype allows for different 
collimations and for different Be lengths. 

We present results of measurements carried out at the BOA beamline at PSI. These 
experiments include rocking scans determining the focal FWHM, transmission measurements, 
test of different collimator lamellas (glass and Si) and performance tests of the cooling of the 
filter. It could be shown, that the filter can be easily cooled to LN temperature. 

[1] P.G. Freeman, J.O. Birk, M. Marko, M. Bertelsen, J. Larsen, N.B. Christensen, K. Lefmann, 
J. Jacobsen, Ch. Niedermayer, F. Juranyi and H.M. Ronnow,  EPJ Web of Conferences 83, 
03005 (2015) 

E-mail for corresponding author: felix.groitl@psi.ch 
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Development and characterization of new shielding materials for the ESS beamlines: B4C 
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This work regards a feasibility study for the research and development of new functionalized 
materials to be used as a shielding device in the beamline construction of ESS. The present 
study follows and integrates a previous experience acquired in developing ceramic neutron 
absorption materials [1,2] that were tested and used in building of the Italian Neutron 
Experimental Station, INES [3], presently operating at ISIS. 
 
The European Spallation Source, ESS, will be based on the exploitation of a neutron long pulse, 
time-width dt = 2.86 ms, with a period T = 71.429 ms, produced through the collision of high 
energy protons over a target composed by heavy nuclei (spallation process). In order to 
achieve, at the same time, a good level of brightness as well as good time/energy resolution, 
the instrument beam lines are expected to be very long with expected high costs for shielding. 
The main purpose of the present work is to develop the highest possible shielding efficiency 
using relatively low cost materials: namely a sintered ceramic enriched in B4C. 
 
The goal of this task is to determine the properties of ceramic-based tiles containing high 
amount of B4C powder, with the aim of optimizing the production process. A preliminary 
optimization and characterization work on B4C-based ceramics was already performed. The 
mesh of the B4C powder, the shape of the printing blocks, the pressure for shaping the tiles and 
the firing temperature were already experimentally determined. The basic neutron interaction 
properties as transmission with respect to normal orientation and the low angle diffraction were 
already determined in comparison with other B4C enriched materials [1, 2]. In this project, we 
plan to extend these preliminary studies building different tiles, using different B4C relative 
concentrations, in order to optimise the shaping process and firing temperatures and to obtain 
the highest B4C possible concentration compatible with good mechanical properties of the 
material. 
 
[1] M. Celli et al., Nuclear Instruments and Methods in Physics Research A 565 (2006) 861–863 

[2] L. Bartoli et al., Nuclear Instruments and Methods in Physics Research A 608 (2009) 360-
362 

[3] F. Grazzi et al., Nuovo Cimento C Geophysics Space Physics C 30 (2007) 59-65 
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The concept of the effective potential is a key factor in describing the interaction of long-
wavelength neutrons with matter. A wide range of problems in neutron optics is well described 
by a theory based on its application. However, the applicability of the effective potential model 
appears to be limited to certain conditions. The report focuses on the proposal of an experiment 
to test the validity of the concept of the effective potential for the case of the interaction of 
waves with matter moving with very high acceleration. 

In recent years a number of experiments have been carried out to study the interaction of 
ultracold neutrons with accelerating matter. The observed effect of changing neutron energy 
(Accelerating Matter Effect) agreed well with the calculations based on the model of the 
effective potential [1]. The acceleration of matter in the experiments was about 10 g. 

However, arguments have recently been put forward in support of the fact that at very high 
accelerations of matter the model of the effective potential ceases to be correct [2]. The value 
that limits the range of applicability of this model is proportional to the energy of neutrons and 
for ultracold neutrons is about 5×104g. This acceleration is attainable under experimental 
conditions. 

The idea of the proposed experiment is based on the use of a quartz resonator in which 
oscillations are excited with a frequency of several megahertz. The acceleration of its surface 
and a thin film coating of substance may vary within wide limits and amount to 105g. At 
moderate accelerations UCN spectra resulting from the passage of such a system can be 
calculated. Both the proposed scheme of the experiment and the results of quantum 
calculations carried out under the assumption that the model of the effective potential is valid, 
are presented. 

[1] A.I. Frank, P. Geltenbort, M. Jentschel, G.V. Kulin, D.V. Kustov, A.N. Strepetov. Journal of 
Physics: Conference Series 340 (2012) 012042. 

[2] A.I. Frank. JETP Letters, 100, (2014) 613. 
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Focusing module for inelastic neutron scattering from tiny samples 
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An elegant technical solution for measuring neutron scattering from tiny samples are elliptically 
or parabolically tapered neutron guides focusing the neutron beam on a small spot [1,2,3]. We 
report the ongoing development of an existing compact neutron guide module [4] that can boost 
the intensity in cold neutron scattering experiments with small samples by more than an order of 
magnitude. The module is particularly designed for applications with small samples and 
complex sample environments such as pressure cells, where it is vital that as little as possible of 
the sample environment is illuminated. The module consists of two housings containing elliptical 
focusing guide elements, positioned before and after the sample that can be mounted on 
demand. To assess the performance of the focusing module we present Monte Carlo 
simulations of the properties of the focal spot together with experimental data (see figure). We 
also discuss the application of the guide system for inelastic neutron scattering, where the small 
sample size is usually a limiting factor. We show that gain factors of approximately 40 can be 
realized when measuring phonons in a tiny lead single crystal. 

[1] T. Hils, P. Böni, and J. Stahn, “Focusing parabolic guide for very small samples,” Physica B 
350, 166 (2004). 

[2] N. Kardjilov, P. Böni, A. Hilger, M. Strobl, and W. Treimer, “Characterization of a focusing 
parabolic guide using neutron radiography method,” Nucl. Instrum. Methods A 542, 248 
(2005). 

[3] P. Böni, “High intensity neutron beams for small samples,” J. Phys. Conf. Ser. 502, 012047 
(2014). 

[4] T. Adams, G. Brandl, A. Chacon, J. N. Wagner, M. Rahn, S. Mühlbauer, R. Georgii, C. 
Pfleiderer and P. Böni, “Versatile module for experiments with focussing neutron guides,” 
Appl. Phys. Lett. 105, 123505 (2014). 
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The neutron time-of-flight spectrometer NEAT at BER II is currently undergoing a major upgrade 
where emphasis is placed on the prevention of parasitic scattering to enhance the signal-to-
noise ratio. For this purpose, we discuss the impact of shielding to suppress parasitic scattering 
from two identified sources of noise: the sample environment and detector cross-talk. By means 
of Monte Carlo simulations and a modification of the analytical model of Copley et al. [1], the 
visibility functions of instrument parts are computed for different shielding configurations. 
According to three selection criteria, namely suppression of noise, transmission and detection 
limit, the parameters of an oscillating radial collimator could be optimized for NEAT’s default 
setup. Moreover, different configurations of detector shielding are discussed to prevent cross-
talk within the radial detector system. 

 

[1] J. R. D. Copley and J. C. Cook. An analysis of the effectiveness of oscillating radial 
collimators in neutron scattering applications. Nucl. Instr. Methods Phys. Res. A, 345:313–
323, 1994. 
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Small Angle Neutron Scattering (SANS) will be among the first measurements to be performed 
at the European Spallation Source. 

The expected high neutron fluxes, with associated high count rate requirements on the 
detectors, have been the main driver for developing a new type of neutron detector based on 
the Gas Electron Multiplier (GEM) technique. The GEM technique is well established for 
charged particle measurements in high energy physics applications at CERN and elsewhere. 
The new development concerns the neutron conversion to charged particles. It is well known 
that a single layer of 10B can provide an efficiency that is <5% for thermal neutrons. In the 
BAND-GEM approach a 3D geometry for the neutron converter was developed that is expected 
to provide an average efficiency >50% in the wavelength of interest for SANS measurements, 
while meeting the spatial resolution requirements for SANS. 

In the presentation the spatial resolution requirements for SANS will be reviewed and the 
BAND-GEM detection method will be described. First results based on counting rate tests with a 
BAND-GEM prototype and the comparison with 3He will be reported and approaches for 
optimizing the detector performance will be discussed. 
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New instruments under development for inelastic neutron scattering makes use of arrays of Py- 
rolytic Graphite (PG) analyzers as well as the prismatic analyzer concept[1] to simultaneously 
measure multiple scattering angles and energies, driving the need to understand and model 
spurious scattering from PG. 

Measurements have been performed at the cold neutron powder diffractometer DMC at PSI of 
PG crystals at different temperatures to understand the phonon interactions in the crystals. With 
this data as basis a detailed model describing the effects measured have been developed using 
McStas. These effects include powder like behavior, total reflection, phonon contamination and 
Bragg peak widening of both Gauss and Lorentz shape due to mosaicity and uncertainty in the 
lattice parameters. 

With this model, simulations of an upgrade of the back-end of the RITA-II triple-axis-
spectrometer at PSI have been performed. This upgrade called PSI-CAMEA contains arrays of 
high mosaicity analyzing PG crystals to measure outgoing energies in the 2.0 meV to 5.0 meV 
range. The simulation helps determine the need for collimation and shielding as well as 
determining the need for cooling the analyzers to avoid phonon contamination. 

[1] Jonas O. Birk, et. al, .Rev. Sci. Instrum. 85, 113908 (2014). 
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In recent years chopper spectrometers have been used more and more to study coherent 
excitations thanks to the development of large detectors with good position resolution. 
This trend has been enforced by the new spectrometers based at Megawatt spallation sources 
and the development of operation modes, where not a single initial energy (monochromatic 
neutron pulses) but multiple energies (polychromatic pulses) are used to probe different 
dynamic ranges in one experiment. 
 
The long pulse spallation source opens new opportunities here, as the long pulse length allows 
to increase the length of the instrument, which results in a narrow energy spacing between the 
different pulses in the polychromatic beam. 
 
Traditionally chopper spectrometers are optimized to provide a good resolution over the entire 
range of energy transfers, often with emphasis on the elastic energy resolution. 
With the variable initial energy, novel instruments can be build, which optimize individual pulses 
for distinct regions of the energy transfer and cover a large dynamic range by stacking of the 
different regions of interest. 
 
We discuss the new potential that can be offered by the proposed instruments for the ESS and 
furthermore, different conceptual optimizations for specific requests from magnetic excitations 
and vibrational spectroscopy. 
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Prismatic analyzers are a new analyzer-detector concept for neutron spectroscopy that enables 
simultaneous recording of several energies from a single flat analyzer crystal, thereby improving 
both energy resolution and the total recorded flux. 

If distance collimation is used instead of mosaicity to provide energy resolution it is possible to 
get a finer energy resolution by use of narrow detection channels (PSD, several tubes,..). The 
remaining neutrons reflected by the analyzer can be recorded in other detector channels to 
ensure that the total recorded flux stays unchanged while the energy resolution becomes finer. 
By relaxing the mosaicity it is even possible to record more neutrons with cheaper analyzers 
while keeping the fine energy resolution.  The concept can be combined with focusing analyzers 
for an even higher performance. [1] 

The prismatic analyzer concept has been thoroughly simulated in McStas and has been 
experimentally verified on both TASP, a traditional triple axis spectrometer at PSI, and a 
prototype of CAMEA [2], an Inverse time of flight Spectrometer to be constructed at ESS. 

[1] Jonas O. Birk, et. al, .Rev. Sci. Instrum. 85, 113908 (2014) 

[2] P.G. Freeman, et. al., EPJ Web of Conferences 83, 03005 (2015) 
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Neutron scattering is a fascinating field of science that allows researchers to probe materials at 
the nanoscale. Besides the actual neutron scattering experiments, a lot of attention should be 
paid to the development of the neutron scattering instrumentation. In recent years a great deal 
of effort has been put into designing more efficient guides to transport as many neutrons to the 
sample position as possible. Nonetheless, there are problems that have been given less 
attention. 

Firstly, thermal and cold neutrons that get absorbed by the shielding trigger nuclear reactions 
and thus secondary radiation is emitted. Secondly, fast neutrons pose a significant challenge. 
Since, as mentioned above, a lot of attention is paid to cold and thermal neutron transport the 
fast ones are nearly forgotten. Yet, these neutrons can seriously disrupt the experiments by 
interfering with detectors. Without carefully designing the facility, the fast neutron problem 
becomes even worse if the neutron source is a spallation source like, for example, at ESS. Not 
to mention the fact that the whole background coming from the neutron guide could matter for 
other instruments in its vicinity. Even though this is quite a serious matter, there are very few 
calculations on the amount of shielding needed, which is far from perfect. 

In this project we study the effect of background radiation induced by the interaction of 
cold/thermal neutrons from the source with the material of CAMEA spectrometer neutron 
guide[1, 2] as well as try to create a reasonable fast neutron shielding for the current guide 
geometry using McStas and MCNPX. The essence of the project is a rather “new” approach to 
the guide model when the guide, shielding and the backgrounds are thought as a whole, rather 
than being designed or cared about in separate stages. We hope that this approach can make a 
significant contribution to the design of the CAMEA spectrometer at ESS as well as other 
instruments that are planned in the facility. 

To conclude, as a result of the “whole model” approach, we show that the fast neutrons are a 
considerable threat to neutron scattering experiments if left unattended. A model of shielding 
against the fast and slow neutrons has been proposed as well as the background coming from 
the slow neutrons has been evaluated. 

References: 

1. P. G. Freeman, J. O. Birk, M. Marko, M. Bertelsen, J. Larsen, N. B. Christensen, K. 
Lefmann, J. Jacobsen, Ch. Niedermayer, F. Juranyi, and H. M. Rønnow, CAMEA ESS - 
The Continuous Angle Multi-Energy Analysis Indirect Geometry Spectrometer for the 
European Spallation Source, J. Phys. Web of Conf. 83, 03005 (2015) 

2. J.O. Birk, M. Marko, P.G. Freeman, J. Jacobsen, R.L. Hansen, N.B. Christensen, C. 
Niedermayer, M. Månsson, H.M. Rønnow, K. Lefmann, Prismatic Analyzer Concept for 
Neutron Spectrometers, Rev. Sci. Instr. 85, 113908 (2014) 
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Sample environment plays a crucial role for the success of almost every scattering experiment. 
Controlling various physical parameters at the sample position, performing experiments at 
extreme conditions or adding complementary in-situ measurements - in many cases the role of 
sample environment today shifted from a purely technical infrastructure to a key component, 
crucial for the scientific success of the experiment and the efficient use of precious beam-time 
at large scale facilities. 
 
 
During the 8th International Workshop on Sample Environment, held in October 2014 at 
Eynsham Hall in the UK, representatives of 10 major facilities around the world agreed on the 
foundation of the International Society for Sample Environment, with the aim to intensify the 
collaboration around all themes related to sample environment. The major goal of the society, 
besides giving a stable home to the series of sample environment workshops and technical 
schools, is to provide a unique information exchange platform for the benefit of the international 
scientific community. The society is open to everybody interested in sample environment and all 
institutions are invited to contribute to the society governing body. In this presentation the newly 
formed society goals, statutes and participation criteria will be illustrated. 

 

 

  



 
 

ID: PS-2 - 65, 2015-09-02, Hipostila Area 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Poster) 

Neutron imaging of materials and components in NRC "Kurchatov Institute" 

Ekaterina S. Kovalenko1 , Victor P. Glazkov1 , Alexander A. Kaloyan1 , Konstantin M. 
Podurets1 , Victor A. Somenkov1 , Mikhail N. Shushunov1 , Ekaterina V. Yakovenko1  
 
1) NRC "Kurchatov Institute"  
* Ekaterina Kovalenko, kovalenko_es@mail.ru 

The methods for complex radiation diagnostics, using various types of penetrating radiation 
(neutrons and synchrotron radiation), various types of contrast (absorption, diffraction, phase, 
small angle) and various energy of radiation, have been developed. 

The information about devices, developed for imaging in beams of “white”, monochromatic and 
filtered radiation is presented. 

The results of experiments, conducted with samples of different sizes, for different branches of 
knowledge, using radiography and tomography, are reported. In particular, the following results 
are presented: 

Materials science – study of fuel assemblies, fuels, micro-fuels, monocrystalline and 
polycrystalline turbine blades, welding joints, superconducting targets. 

Paleontology – nondestructive study of internal structure of invertebrates and vertebrates of 
different periods. 

Archeology – data on composition, structure and properties of non-ferrous and ferrous slugs, 
pigments, ceramics, weapons and other artifacts. 

It is shown the complex approach provides more reliable and diverse information compare to 
employment of one method. 

This work was performed using the equipment of Unique Scientific Facility "Research reactor 
IR-8" and "Kurchatov Synchrotron Radiation Source" supported by the Russian Ministry of 
Science and Education (project code RFMEFI61914X0002). 
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Several neutron optical devices have been developed at HZB, mainly solid state elements 
where the neutrons are transported in thin silicon wafers with coated walls. 

We show results of solid state polarizing benders, solid state collimators and a solid state radial 
bender for the polarization analysis of neutrons over an angular range of 3.8 degrees. 

Another device consists of a solid state polarizing bender without absorbing layers used 
together with a collimator, which allows polarizing or analyzing neutrons without deflecting them 
from their original direction. 

Two-dimensional polarization analysers for an angular range of 5 degrees in both directions are 
presented. 

A polarizing cavity in a guide of 9 m length with a cross section of 60 mm x 100 mm was built 
which polarizes neutrons with wavelengths above 0.25 nm. 

In all these polarizing devices polarisations of 95% were realised. 

Recently a polarizing S-bender with a cross section of 30 mm x 100 mm was tested at a 
wavelength of 4.4 Å, showing a polarization above 98% and a transmission above 65% [1]. 

A focusing solid state lens was made from Si wafers coated with m=2 Ni-Ti supermirrors which 
can transport the full divergence of a neutron guide with the same coating. Here a focus with a 
FWHM of 2.4 mm was reached and an intensity increase of 5.6 compared to the intensity there 
without the lens. 

Refractive focusing of neutrons can be realized by prisms. We used Si prism systems to 
analyse the energy of a collimated white neutron beam [2], [3] and to refocus a slit onto a 
detector. 

[1] Th. Krist, F. Rucker, G. Brandl, R. Georgii: High performance, large cross section S-bender 
for neutron polarization, Nuclear Inst. and Methods in Physics Research, A  698 (2013) 94-
97 

[2]  J. Schulz, F. Ott, Ch. Hülsen, Th. Krist: Neutron energy analysis by silicon prisms, Nuclear 
Inst. and Methods in Physics Research, A729 (2013) 334 

[3]  J. Schulz, F. Ott, Th. Krist: An improved prism energy analyzer for neutrons, Nuclear Inst. 
and Methods in Physics Research, A744 (2014) 69-72 
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Carbon Fibre epoxy composites have always raised concerns regarding their use in neutron 
scattering applications due to the content of Hydrogen in its composition which can become a 
source of additional scattering and therefore, reduce the signal quality of instruments. However, 
for specific applications where high mechanical stiffness and lightweight are necessary, CF is 
very useful and can provide unique capabilities. This was the case for the IN16B instrument 
which was the upgrade of the existing IN16 at the ILL neutron reactor. 

The requirement of a greater solid angle for the backscattering analyzers meant a big increase 
in weight for the old aluminium structures, and this would put stress on the design of the 
positioning tables underneath, the design of the vacuum tank and, of course, the overall cost of 
the instrument. These reasons lead the instrument development team at the ILL to inquire the 
possibilities of Carbon Fibre based analyser supports. 

A novel solution for these structures was proposed by Scientifica to the ILL team, comprising a 
carbon fibre structure, calculated to meet the stringent geometrical tolerances under mechanical 
efforts and thermal variations and, of course, able to generate low enough scattering to keep 
the neutrons signal\'s quality. 

This paper presents the process of the development of such solution, from the concept to the 
commissioning, in close collaboration among the instrument development team and a private 
company, and the final results obtained. 
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The SPectrometer for High Energy RESolution (SPHERES) is a third generation neutron 
backscattering spectrometer with focusing optics and a phase space transform (PST) chopper. 
It provides high-energy resolution (~0.65μeV) with a very good signal-to-noise ratio. By filling 
the instrument housing with argon in order to avoid air scattering in the secondary spectrometer 
the signal-to-noise ratio has been increased by about 40% [1]. The resolution of the small angle 
detectors have been improved by reducing the azimuth angle range of the analyzers [2]. 
The recent instrument development was focused on the planned upgrade of the PST chopper 
which will provide a further gain in flux. The new designed chopper will be more efficient due to 
optimized rotation speed and higher reflectivity and mosaicity of the graphite crystals. The new 
crystals can reflect a more divergent beam. In order to further increase efficiency of the 
instrument the focusing neutron guide should be optimized. 

SPHERES is located at the end position of neutron guide NL-6. The total distance between the 
upstream instrument DNS and PST chopper is 16.8 m. The first 9.6 m of the guide up to the 
selector position is a straight guide and the last 7.2 m is a linear converging guide (top figure). 
We consider two possible options for the upgrade of the neutron guide. The first option is to 
redesign the converging part of the guide only starting after the selector (middle figure). The 
second possibility is to change the complete guide starting from the upstream instrument – DNS 
(bottom figure). Monte Carlo simulations of the instrument show the advantage of an elliptic 
focusing neutron guide in all considered cases. The elliptic focusing leads to a gain of intensity 
at the guide end as well as at the sample position. Parameters of the new guide such as cross 
section, length and mirror coating are varied and compared in order to find an optimum shape of 
the guide. In order to deliver a maximum flux to the sample position the neutron guide is 
simulated together with the PST chopper. The performance of the PST is analyzed in terms of 
incoming divergence of the beam. 

[1] J. Wuttke et al., Rev. Sci. Instrum. 83, 075109 (2012).  
[2] J. Wuttke, M. Zamponi, Rev. Sci. Instrum. 84, 115108 (2013). 
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The Extreme Environment Diffractometer at Helmholtz-Zentrum Berlin is a neutron time-of-flight 
instrument which has been, from the very beginning, designed to work with the new High-Field 
Magnet capable of applying more than 25 T constant magnetic field to the sample. The 
instrument equipped with the magnet is now entering operation and will be used for diffraction 
and small-angle neutron scattering experiments. However, given the unique capabilities of the 
sample environment and the flexibility of the instrument, it is both desirable and possible to 
extend the functionality further, in order to maximise the scope of measurements that will benefit 
from the constant magnetic fields unprecedented in neutron science. In this contribution we 
present the design of the inelastic-neutron-scattering mode; the new components of the 
instrument described here are currently under construction. We discuss the procedure 
employed to optimise the shape of the focussing neutron guide; we present the parameters of 
the new monochromatising choppers, and demonstrate the results of Monte Carlo ray-tracing 
simulations predicting the performance of the instrument after the upgrade. The calculated 
properties include the flux, spatial distribution and divergence distribution of the neutron beam 
at the sample, as well as the energy resolution of the instrument. Despite the additional 
constraints imposed on the instrument layout by the geometry of the High-Field Magnet, the 
expected performance of the instrument is comparable with this of existing time-of-flight neutron 
spectrometers at other continuous neutron sources. 
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Neutron guide design has in the past been dominated by geometries where the performance 
could be described analytically and thus limited to simple geometries. However with the 
computing power available today, it has become normal to use numerical optimization of Monte 
Carlo ray-tracing simulations to design advanced ballistic neutron guide geometries [1-3]. The 
increased complexity of modern guides means that there are many different alternatives to be 
investigated before selecting an appropriate guide geometry for a specific instrument. Every 
alternative needs to have a full ray-tracing simulation written and optimized in order to evaluate 
the performance, which for an experienced guide designer would take at least one day of work 
per alternative. 

Here we present the program guide_bot, that will allow a guide designer to quickly investigate 
and compare a large number of different guide geometries, all optimized for a specific 
instrument. The user inputs the figure of merit describing the beam to be delivered by the guide, 
and the facility constraints. Each guide geometry to be optimized can then be described by a 
single line of code that combines common geometries as parts of the final guide. These parts 
can have options that could, for example, constrain the optimizer or influence how line of sight is 
broken. 

The output of guide_bot is a McStas [4] simulation and associated iFit [5] optimization script for 
each guide geometry, along with scripts for running all these on a cluster. The results are 
described through a single overall summary, and individual plots for each guide. This makes a 
comparison of the different guide possibilities effortless while allowing the user to access the full 
details for specific solutions. 

The guide_bot program can be used without previous experience with underlying programs, 
meaning the optimization of complicated guide geometries to specific instruments requirements 
is now both fast and easy. 

Recently the European Spallation Source has used guide_bot for evaluating optical 
performance for large sets of proposed instruments, in order to select the best possible 
moderator for the overall instrument suite [6]. 

[1] M. Bertelsen, H. Jacobsen, U. B. Hansen, H. H. Carlsen, K. Lefmann, Nuclear Instruments 
and Methods A, Volume 729, p. 387-398 (2013) 

[2] K.H. Klenø, K. Lieutenant, K.H. Andersen, K. Lefmann, Nuclear Instruments and Methods A, 
696 p. 75, (2012) 

[3] C. Zendler, D. Nekrassov, K. Lieutenant, Nuclear Instruments and Methods A, Volume 746, 
p 39-46, (2014) 



[4] P. Willendrup, E. Farhi, K. Lefmann, Physica B, Vol. 350, Suppl. 1, p. e735-e737 (2004) 

[5] E. Farhi, Y. Debab, P. Willendrup, J. Neut. Res., Vol. 17, No 1, p. 5-18 (2014) 

[6] K.H. Andersen et al, unpublished (2015) 
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Backscattering spectrometers offers high energy resolution due to the almost perfect 
backscattering of the neutrons by the analysers. To avoid the neutrons to go through the 
sample twice time-of-flight backscattering spectrometers use slightly off-backscattering. 
However the resolution of the back end gets worse and highly affected by the sample height.  

Here I propose a “deformed sphere geometry” for the analyser, which together with position 
sensitive detectors, results in a kind of time-focusing of the neutrons having the energy close to 
the nominal analysed energy. This time-focusing condition improves the energy resolution of the 
back-end in the quasi-elastic regime, and makes the energy resolution independent on the 
sample height. 

Thus with this new geometry the resolution of the TOF backscattering instruments can be as 
good as the reactor based backscattering instruments, or alternatively the scattering angle of 
the analysers can be further decreased to get much larger vertical angular coverage of the 
analysers. The latter allows for much higher detected intensity while the reasonable resolution is 
kept.  

I will also discuss on the basics of the time focusing conditions, the results of ray-tracing 
simulations as well on the advantages and risks of the new geometry. 
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While neutron imaging has proven its vast potential for scientific and industrial applications at 
continuous sources, neutron imaging taking advantage of a pulsed source and hence time-of-
flight methods is a new field unlocking yet unexplored methods and fields of applications. Within 
the last decade various novel imaging modalities have been developed taking advantage of 
wavelength resolution and in particular of scattering information amenable in addition to 
conventional real space image resolution (Fig. 1). Hence, neutron imaging is not only revealing 
macroscopic inner structures of different material compositions or densities anymore, but also 
inhomogeneities of crystalline structure and phase, corresponding structural transitions as well 
as microscopic structural behavior in space and time and magnetic phenomena. An optimized 
imaging instrument at the ESS long pulse source will have the unique potential to cover all 
these areas with highest efficiency and performance by taking advantage not only of the high 
time averaged flux but also the flexibility provided by the source time structure for a versatile 
instrument. However, taking advantage of such potential does not only require such instrument, 
as approved for construction and known as ODIN, but the corresponding development of 
methodical approaches and scientific cases to take best advantage of such investment. 
Accordingly a broad development program has been established with a number of experienced 
partners advancing methods such as Bragg edge and 3D diffraction imaging, polarized time-of-
flight imaging and quantitative dark-field SANS imaging. The state-of-the-art in these seminal 
developments and their promises for future imaging at ESS and ODIN will be introduced. 

 

 
 
Figure 1: Imaging in relation to scattering; below the scale: conventional imaging, above: novel 
methodical approaches with respect to their reciprocal space resolution (examples from HZB, 
ISIS, TUM, PSI, TUD) 
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The complex ordering of biological samples can be probed and better understood through the 
use of neutron scattering. Taking advantage of the low absorption of neutron in different 
materials and the option for selective labelling of samples through deuteration allows for unique 
measurements which are not possible with other techniques such as X-ray scattering or 
magnetic resonance. The characteristics of biological samples are strongly coupled to both the 
temperature and relative humidity of the sample’s surroundings.  With this in mind, it is 
necessary not only to accurately observe the hydration and temperature of a biological sample, 
but also to have precise control over these parameters. Until now, the precise control of sample 
environment humidity has been difficult for relative humidity over 95%, due to various factors 
such as the unreliability of sensors at high humidity values and the presence of thermal 
gradients in the sample environment which lead to condensation. 

The BerILL humidity chamber allows for precise and easy to use humidity and temperature 
control, faster Fourier phasing through the swelling method and the ability to reach humidity 
environments extremely close to saturation over a wide temperature range. 

In the framework of the NMI3 Soft Matter JRA-Work Package 20, the cooperation partners from 
HZB and ILL have designed and produced the first prototype of the new humidity chamber. 
Commissioning has been carried out at the diffractometers D16 (ILL) and V1 (HZB). We present 
the results of COMSOL finite element simulations leading to the design choices we have used, 
the results of the in-beam commissioning and discuss the advantages of the BerILL humidity 
chamber over previous humidity chamber designs. 

Figure 1. CAD of the BerILL humidity chamber. Sample wafer on goniometer can be seen in the 
center, inside of an evacuated double walled aluminum chamber. Temperature of the inner cell 
is regulated by external water chillers, and separated from lower water reservoir by insulating 
plastic. Humidity is induced by a temperature difference between sample and water reservoir 
below. 
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Slits and macroscopic objects such as edges give rise to interference effects when a coherent 
neutron (or X-ray) beam propagates through an investigated sample. These phenomena are 
effectively used in the so called phase-contrast imaging. In addition to the absorption contrast in 
the conventional radiography it exploits also these contributions from the induced phase shifts. 
However, the used radiation has to possess a sufficiently high spatial coherence. In this 
contribution we present a special neutron diffractometer performances based either on multiple 
reflections realized in a bent perfect crystal or dispersive double bent crystal settings which both 
provide a high spatial coherence beam of sufficient intensity and cross-section of several 
square centimeters. In these cases the high spatial coherence is realized only in the horizontal 
scattering plane. Though, it could be potentially used in some phase contrast radiography 
experiments. 
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In our contribution neutron diffraction properties of the dispersive double crystal (+n,-m) and 
(+n,+m) settings containing the bent perfect crystal Si(220) in symmetric diffraction geometry 
and the bent perfect crystal Si(311) in the FAD geometry with the output beam expansion are 
compared. It has been found that the properties, namely the width of the output double 
diffracted  beam, of both settings strongly depends on the relative combination of curvatures of 
Si(311) crystal slab with respect to the curvature of the Si(220) one. Moreover, after the beam 
expansion, the FAD geometry provides in both cases a highly collimated and 
highly  monochromatic beam of a rather large cross-section of several square centimetres. 
Application possibilities of such a beam, namely for phase contrast radiography, will be 
discussed. 
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Fundamental objectives of materials science are the development of new materials, their 
characterization and studies of the microstructure–properties relationship. One of the most used 
tools to achieve these goals is the neutron time-of-flight diffraction in combination with in situ 
experiments.  However, the modern materials are often complex and require novel techniques 
allowing investigations under real working conditions and on realistic time scales. Thus, high 
time and spatial resolution together with high q-resolution are the most important requirements. 
These are the key design goals of the Beamline for European Engineering Materials Research 
(BEER)  proposed by HZG and NPI/Řež for ESS. The beamline is distinguished by a novel 
pulse multiplexing technique based on extracting several short pulses out of the long ESS-pulse 
(s. Figure 1). The number of the short pulses can be controlled by the rotation frequency of the 
Modulation Chopper. Multiple short pulses enable diffraction with high resolution and high 
intensity at the sample position. BEER will, therefore, outperform the existing diffractometers for 
the case of high resolution diffractometry for strain analysis of highly symmetric materials.  The 
design of choppers and neutron optics at BEER allows further SANS and imaging investigations 
of high performance without compromising diffraction. This contribution is mainly focused on 
McStas simulations of high resolution diffraction using the multiplexing technique. They illustrate 
that resolution and measuring times expected for BEER are compared with the performance of 
worldwide leading instruments such as ENGIN-X (ISIS), STRESS-SPEC (FRM II), VULCAN 
(SNS) and TAKUMI (JCNS). Furthermore, the performance of BEER for SANS measurement in 
parallel with high resolution diffraction is outlined. 
 

Figure 1: Profile of the ESS source pulse as observed with a ToF- monitor after the Modulation 
Chopper (MC) operating at f=70 Hz (left) and  f=280 Hz (right). The width of the single pulses 
defines the time resolution at the sample. 
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Large neutron scattering datasets are commonly collected at TOF sources, particularly for 
single crystal diffraction experiments. A full understanding of the materials of interest often 
requires the complete mapping of data in an n-dimensional manifold. Increasingly, and 
particularly in single crystal diffraction, the correct treatment of data as part of data reduction 
and analysis, for a range of techniques, involves the efficient and flexible processing of large n-
dimensional datasets. 

The Mantid1,2 framework, our extensible framework for neutron and muon data reduction and 
analysis, has been successfully deployed for use on a large range of instruments. An on-going 
area of development within that framework has been the development of tools to analyse and 
visualise n-dimensional data. This work has involved collaboration between ISIS at RAL, SNS at 
Oakridge and the ESS in Lund. 

Additional complexities introduced in single crystal diffraction techniques are to accurately find, 
index, and integrate peaks with minimal user-intervention. The integration alone presents a 
major challenge, and this has been an area of focus for us recently. Our initial offering was 
based on a spherical integration approach, with in momentum-transfer space, we found this 
worked well in some, but not all cases. We have since developed new algorithms based on a 
peak-by-peak principle component analysis for which the integrated region falls into an ellipsoid. 
For weak and diffuse peaks, we have developed a solution using connected component 
analysis to identify and integrate arbitrary peak shapes over the background. 

Visualisation has become a fundamental part of the data-treatment in single crystal diffraction, 
not just an end output. Users need to retain the ability to step-in to the processing, for example 
by editing and separating of peaks lists and verifying complex 3D integration regions against the 
recorded data via visual inspection, and printable reports for archiving and later reference. 

We have developed tools for showing, sorting and simultaneously editing several peaks lists 
overlaid on n-dimensional datasets.  This allows the separation of nuclear from magnetic peaks, 
or the accurate modelling of multiple samples, or grains of the same sample. We have a 
number of harmonised tools to allow different perspectives on the same data, for example in 
three-dimensions of reciprocal space, via two-dimensional projections, and in detector space. 
Using a flexible format allowing algorithms to write out details of how each peak has been 
integrated and we can therefore provide an exact visual representation of how the integration 
has been performed.  

References 

[1] www.mantidroject.org 



[2] O. Arnold, et al., Mantid—Data analysis and visualization package for neutron scattering and 
μSR experiments, Nuclear Instruments and Methods in Physics Research Section A, Volume 
764, 11 November 2014, Pages 156-166, http://dx.doi.org/10.1016/j.nima.2014.07.029 
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The evolution of light sensors enjoyed unprecedented growth in the last 20 years. This evolution 
is such that the camera of a smartphone can be used for Raman spectroscopy [1]. We will 
illustrate how these recent advances in light sensors revolutionize the observation in physics. 
Today the technology is sufficiently powerful to be exploited quantitatively in neutron 
spectrometry for the study of both elastic or inelastic scattering (time of flight). The two-
dimensional high resolution neutron detector, called Barotron [2] (from the name of the inventor) 
is derived from this technology. 

With a basis of 250 000 pixels, a resolution of 16 bits for each pixel, a very low detection limit 
(<< 1 / cm2 / s), a high dynamic (16 bit) and an excellent spatial resolution (0.5 * 0.5mm2), the 
Barotron performances compete the best current two-dimensional gas detectors. This new 
technology presents the huge advantage of being constantly upgraded by replacing the sensor. 
This development opens a new generation of high-performance neutron detectors, versatile and 
adapted to new spallation sources for an ever more precise characterization of the properties of 
the samples. 

We will give some examples of exploitation of the high resolution detector including imaging, 
diffraction or SANS.  
 

1. A. Sences et al, ACS Photonics, 2014, 1, 17-26; D. Gallegos et al, Lab chip, 2013, 
13,2124-2132, D. Pile Nature Photonis, 8 (2014) 168. 

2. , P. Baroni, L. Noirez; Am. J. of Appl. Phys. 2014; Brevet n° 0502379, 24/03/2005 
PCTE. 
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Hydrogen is a pervasive and unique element in materials science, chemistry and biological 
systems, due to its structure and property directing roles and understanding its behaviour – 
location and local motion – is key. Neutron scattering provides a unique tool for studying 
hydrogen through the techniques of diffraction, to determine its location and provide information 
on local displacements, and inelastic scattering, for investigating motion. This is essential to 
underpin the next generation of energy materials and catalysts, the development of active 
organic compounds for the pharmaceutical, biochemical and agrochemical industries, produce 
detailed models for Earth and planetary sciences, and for the design and assembly of new 
porous, supramolecular and meta-materials. Furthermore, experimentalists increasingly need 
information simultaneously on both the position and motion of hydrogen - thereby providing the 
complete description of the system. 

High quality powder diffraction data can provide insights into hydrogen atom motion (through, 
for example, accurately determined anisotropic atomic displacement parameters and site 
distributions as a function of temperature) but a neutron scattering instrument that offers the 
potential to extract both high quality structural and local motional information on this key atom 
type would be revolutionary. Recent advances in high neutron flux instrumentation coupled with 
their initial exploitation have demonstrated the likely impact of such work and highlighted the 
enormous future potential of the methodology. 

HOD is a next generation, optimised instrument that will deliver the full potential of neutron 
scattering in studying hydrogen-containing materials, including addressing the issues caused by 
incoherent scattering. HOD will: 

 measure detailed structural and local motional information on hydrogen routinely from a 
wide range of functional advanced materials and systems – moderate- to high-
complexity structural problems in inorganic, organic and hybrid systems. 

 tackle and provide solutions to the key scientific problems of contemporary and 
developing areas of science - including energy materials, environmental science and life 
sciences.  

 provide specialised, dedicated sample environment and additional experimental probes 
tailored for studying hydrogen in situ, and real-time providing hitherto unparalleled 
levels of information on the behaviour of this vital element. 

 expand the neutron user community through providing (i) key structural information 
from  material and functional compounds not hitherto accessible with neutrons and (ii) 
yielding information unavailable through any other technique. 
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At ISIS spallation neutron source, TOSCA spectrometer is operational. This instrument is a 
broadband, indirect-geometry inelastic neutron spectrometer optimised for high-resolution 
spectroscopy up to energy transfers of ca. 500 meV in neutron-energy loss. Its sample position 
sits at 17 m from a room-temperature water moderator. When TOSCA was constructed, neutron 
guides were ineffective for the relatively hot neutrons required. Nevertheless, neutron guide 
technology has greatly improved and TOSCA current need is for greater sensitivity via provision 
of a guide in the primary spectrometer, thus a validated Monte Carlo model is crucial to probe 
this upgrade. 

The starting point was our past realization of a computational description of the TOSCA 
spectrometer using Monte-Carlo simulations, followed by a benchmarking of its performance. 
Extensive calculations were performed using the current instrument geometry and compared 
with experimental data. The agreement between expected and measured performance has 
been satisfactory in terms of the incident flux spectrum, associated time structure, and 
spectroscopic resolution. We proceeded in simulating the upgrade of the primary spectrometer 
with a tapered high-m guide. This development offers the exciting prospects of providing order-
of-magnitude gains in detected neutron flux over the energy-transfer range of the instrument 
whilst preserving its spectroscopic capabilities. Accordingly, the continuation of this project 
consists in pursuing the full optimization of the neutron guide and to explore in-depth features of 
the spectrometer by use of Monte Carlo calculations. To achieve this goals, a deep refinement 
of the current model will be required as well as a new modelling of the full spectroscopic 
capabilities of TOSCA. Furthermore, in situ experiments are being performed for a deeper 
benchmarking of the calculations in order to confirm the full validity of the model. 
According to the calculations [1] the upgrade of the TOSCA beamline provides a neutron flux 
gains for the optimal configuration of 52 and 3 for the highest and lowest incident wavelengths 
available on the instrument, respectively. Use of a high-m guide (m>4) close to the source 
ensures reasonable gain factors above 20 meV. The spectral resolution of the instrument 
around the elastic line appears largely insensitive to a rather substantial increase in the m-
number of the guide. These results are to be taken as a worst-case scenario, given the linear 
dependence of beam divergence on both incident wavelength and m-number. Hence, it appears 
that the predicted gains provided by the guide are not accompanied by a concomitant 
degradation of the spectroscopic capabilities presently afforded by TOSCA. 

[1] Pinna R. S., Rudić S., Parker S. F., Gorini G., and Fernandez-Alonso F. (2015). Monte Carlo 
simulations of the TOSCA neutron spectrometer: Assessment of current performance and future 
upgrades. In EPJ Web of Conferences (Vol. 83, p. 03013) 
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The McStas neutron ray-tracing simulation package is a versatile tool for producing accurate 
simulations of neutron scattering instruments at reactors, short- and long-pulsed spallation 
sources such as the European Spallation Source. McStas is extensively used for design and 
optimization of instruments, virtual experiments, data analysis and user training. McStas was 
founded as an scientific, open-source collaborative code in 1997.  

This contribution presents the project at its current state and gives an overview in areas of 
design process, development strategies, user contributions, quality assurance, documentation, 
interoperability and synergies with the McXtrace project.  

Further, main new developments in McStas 2.1 (June 2014) and McStas 2.2 (expected spring 
2015) are discussed, including many new components, updated source brilliance descriptions, 
developments toward new tools and user interfaces, interactivity with Mantid and methods for 
estimating beam losses and background from neutron optics.  

The picture below shows simulated data from ARCS at SNS (courtesy Garrett Granroth), ready 
for treatment in Mantid. 
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Small-angle neutron scattering instrument is in operation at Czech 10 MW research reactor 
LVR-15 since year 1983 [1]. This diffractometer MAUD (formely DN-2) is based on two perfect 
silicon crystals with reflecting planes (111) (see Fig. 1). Special mechanism enabling elastic 
bending of the monochromator and analyzer perfect and due to this horizontal Qx resolution can 
be set in range of 10-4÷10-3 Å-1. Thus, SANS data can be measured in 2-3 steps covering total 
Q-range from about 2·10-4 to 2·10-2 Å-1. Monochromatic neutron beam of 2.09 Å wavelength has 
flux at sample position from 5·103 n·s-1·cm-2 at high resolution up to 4·104 n·s-1·cm-2 at low 
resolution. Sample size is limitted by analyzer crystal cross-section to maximum 4x25mm2. 

Samples can be mounted in sample changer for 9 samples with step of 12 mm which 
correspond to standard quartz cells. There are several devices for special sample environments 
compatible with MAUD facility – high temperature vacuum furnace (T: 4000 C-14000 C), sample 
holder with temperature control from 200 C up to 2000 C, deformation rig with maximum loading 
up to 20 kN and electrical magnet up to 2 T [2].  

Recently MAUD has been upgraded with new He3 position sensitive detector (PSD) [3] with 
several times higher signal-to-signal ratio. It enables SANS measurements of samples with 
lower scattering cross section. SANS experiments at MAUD are controlled by software 
Remesys, which allows programing of very flexible scripts for user. The special software library 
was developed for effective connection of experiment control software with software at detector 
called Delidaq [3]. 

The MAUD instrument takes place in user program of Neutron Physics Laboratory providing 
more then 50% of beam time for external experimentalists [4]. 

 References 

[1] P. Lukáš, P. Mikula, J. Šaroun, P. Strunz, Nuclear Instruments and Methods in Physics 
Research 338 I (1994) 111–115. 

[2] http://neutron.ujf.cas.cz/en/instruments/lvr15/5-hk8a 

[3] F.V. Levchanovskya, et al, Nuclear Instruments and Methods in Physics Research, 569 III 
(2006) 900-904. 

[4] http://canam.ujf.cas.cz/ 
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The Solid-State Neutron Detector – SoNDe – project aims to develop a high-resolution neutron 
detector technique that will enable the construction of position-sensitive neutron detectors for 
high- flux sources, such as the upcoming European Spallation Source (ESS). This includes also 
the construction of a full-scale prototype as a research and innovation action. Moreover, by 
avoiding the use of 3He in this detector the 3He-shortage, which might otherwise impede the 
construction of such large-scale facilities, can be alleviated. The main features of the envisioned 
detector technique are: 

 high-flux capability, capable of handling the peak-flux of up-to-date spallation sources 
(gain factor of 20 over current detectors) 

 high-resolution of 3 mm by single-pixel technique, below by interpolation 
 high detection efficiency of 80 % or more 
 no beam stop necessary, thus enabling investigations with direct beam intensity 
 strategic independence of 3He 
 time-of-flight (TOF) capability, necessary to exploit maximum flux, with a time resolution 
 in the μs regime 
 modularity, improving maintenance characteristics of today’s neutron detectors 

Compared to nowadays detector techniques a gain factor in counting rate of 20 (for 3He 
detectors) is possible. Such gain factors will be needed to make the best possible use of 
sources such as the European Spallation Source (Sweden), the Institut Laue-Langevin (France) 
and the Maier-Leibnitz Zentrum (Germany). Benefiting instruments at such a facility, among 
others, would be Small-Angle Neutron Scattering (SANS) instruments such as SKADI [1], which 
was recently approved by the scientific advisory committee, neutron reflectometers and any 
instrument needing to detect neutrons with a millimetre accuracy on a large detector area. 

At large-scale neutron scattering facilities neutrons are used as a probe in a wide array of fields, 
ranging from material science to develop new and smart materials, chemical and biological 
science to develop new drugs for improved treatment of a wide range of medical conditions, 
magnetic studies for the development of future information storage technology to archaeology, 
probing historical artefacts on a molecular level without physically destroying them. All these 
fields nowadays rely heavily on neutrons scattering facilities in their research and thus are in 
need of a reliable, high-quality neutron detection technique, which will be able to perform well at 
the new high-flux facilities such as ESS and simultaneously avoid the problem of 3He shortage. 
Also application outside of neutron scattering, such as positron emission tomography, are 
conceivable. 



1. Frielinghaus H, Jaksch S, Jestin J, Bouwman WG (2014) ESS Instrument Construction 
Proposal SKADI. Journal http://europeanspallationsource.se/sites/default/files/skadi-
proposal.pdf 
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With the construction of the European Spallation Source (ESS [1]), the field of neutron 
scattering is on the verge of entering a new era. As the world’s first long-pulsed source, ESS 
offers a great number of new possibilities. However the long pulse also requires long 
instruments for many of the instrument concepts. Therefore new neutron guide design ideas are 
necessary. 

Since the first straight guides of the sixties [2] the design of guides has gone through many 
transformations. The realization that a removal of the sample from the line of sight leads to a 
significant reduction of the background noise from fast neutrons and gamma radiation, made a 
slightly curved version of the straight guide the standard of contemporary guide design [4]. With 
the addition of the super mirror coating in the seventies [3, 5], another vital step in the 
improvement of neutron guides was taken. In the recent years ballistic guides with straight 
tapering [6, 7], parabolic tapering [8] and full elliptical [9, 10] geometries have all been 
investigated with the aim of reducing transport losses in guide systems. 

We present a new guide system concept with which it is possible to increase the instrument 
capacity of a neutron source [12]. The basic design of our guide system is to have two elliptical 
guides in series, where the second guide is slightly rotated around a point near to their closely 
spaced focal points. In turn, this rotation enables the possibility of placing several secondary 
guides. Simulations of a two-, four-, and eight-split option were performed using the Monte 
Carlo ray-tracing package McStas [11]. We have showed that the sibling instruments on the 
secondary guides all have high brilliance transfer (∼ 90%) for neutrons with wavelengths above 
2.5 Å. This is possible due to the fact that the sibling instruments exploit different parts of the 
phase space transported by the primary guide. 

[1] http://ess-scandinavia.eu 

[2] H. Maier-Leibnitz, T. Springer, J. Nucl. Energy 17 (1963), 217 

[3] F. Mezei, Comm. Phys. 1 (1976), 81 

[4] D. F. R. Mildner and B. Hammouda, J. Appl. Cryst. 25 (1992), 39-45 

[5] F. Mezei, P.A. Dagleish, Comm. Phys. 2 (1977), 41 

[6] H. Abele, et al., Nucl. Instr. Meth. A 562 (2006), 407 

[7] F. Mezei, J. Neutr.Res. 6 (1997), 3 

[8] C. Schanzer, et al., Nucl. Instr. Meth. A 529 (2004), 63 

[9] D.M. Rodriguez, S.J. Kennedy, P.M. Bentley, J. Appl. Cryst. 44 (2011), 727 

[10] P. Boeni, Nucl. Instr. Meth. A 586 (2008), p 1-8. 



[11] K. Lefmann and K. Nielsen, Neutron News 10/3 (1999) 20; http://www.mcstas.org in all 
guides 

[12] S. L. Holm, Nucl. Instr. Meth. A 782 (2015), p 1-8.  
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Glucoamylase (α-1,4-glucane-glucohydrolase, GA), a glycoprotein of the GH15 glycoside 
hydrolase family, catalyses hydrolysis of α-1,4- and α-1,6-glycoside bonds in starch, glycogen 
and other oligosaccarides. GA from Rhizopus oryzae, Hypocrea jecorina and Aspergillus 
species are known to consist of the catalitic and starch-binding domains connected by 
glycosylated peptide chain. The structure of the catalytic domain of GA from Asp. awamori has 
been obtained by X-ray crystallography [1]. The structure of the starch-binding domain of GA 
from Asp. niger has been determined by NMR [2]. The full structure of the enzyme has not been 
resolved, but a low-resolution structure of the entire GA1 from Asp. niger has been 
reconstructed from SAXS [3]. 

We used homologous modeling and molecular dynamics techniques to build the model of the 
GA from Asp. awamori. For further investigation of the enzyme, an expression system in Pichia 
pastoris has been developed, yielding an enzyme with more uniform glycosylation as compared 
to the native species. The expressed protein has an enzymatic activity very similar to the 
natively glycosylated GA. This recombinant GA was studied by SAXS and SANS. 

Comparison of SANS data obtained for H2O and D2O solvents show that the shape of the 
scattering spectra strongly depend on contrast. Both spectra linearized in Guinier plot of the 
region of q < 0.045 Å-1. The gyration radii were ca. 31±1 Å for D2O sample and 37±2 Å for H2O. 
The intensities to zero angle were determined for 4 contrast points and could be approximated 
by a second-degree polynomial function with a minimum at ca. 48 wt% D2O buffer. 

The results obtained are a strong indication that we observe a multi-component system, with 
components of different scattering densities present in the enzyme.  

The Rg obtained in D2O is close to that expected for a monomeric form of unglycosilated 
enzyme. SAXS experiments have yielded an intermediate value of Rg~ 33 Å, likely due to a 
different contrast conditions of X-ray scattering. The gyration radius of GA dynamic model was 
33.4 ± 0.6 Å, which correlates with the experimental data. 

1. Aleshin A.E. et al. J. Biol. Chem. 1994. 269. P.15631 
2. Sorimachi K. et al. J. Mol. Biol. 1996. 259. P. 970 
3. Jørgensen A.D. et al. J. Biol. Chem. 2008. 283. P. 14772 
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Ferrofluids, ultrastable dispersions of magnetic nanoparticles in liquids, find a wide range of 
applications in many technical and industrial fields, as well as in medicine and biotechnology. 

Cobalt ferrite nanoparticles (CoFe2O4) have received increasing attention for the combination of 
their bulk magnetic properties (high coercivity at room temperature, moderate saturation 
magnetization) with the magnetic properties typical of nanoparticles (superparamagnetism) that 
make them ideal materials for technological and medical applications. 

In the paper results on concentration effects in a new non-ionic CoFe2O4/lauric acid/DDC-
Na/H2O ferrofluid investigated by means of small angle neutron scattering (SANS) are 
presented. 

The ferrofluid was prepared by coprecipitation of Fe(OH)3 and Co(OH)2, ferritisation of 
hydroxide mixture in 1M alkali aqueous solution, adsorption of lauric acide on ferrite particles 
and peptisation of hydrophobic precipitate in aqueous solution with sodium n-dodecyl sulphate. 

Small angle neutron scattering (SANS) experiments  were performed at the time-of-flight YuMO 
spectrometer in function at the high flux pulse IBR-2 reactor, JINR Dubna. 
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Establishing how and where Sample Environment fitted into soft matter and bio materials 
experiments was harder than first thought due to the diverse range of experiments that has 
rapidly grown over recent years. The complexity and variety of samples used in soft matter 
research demand special requirements on the design and operation of the Sample Environment 
Equipment. 

ISIS now has a Soft Matter section established within the Sample Environment Group structure, 
alongside Cryogenics and the Pressure and Furnace sections, where we are able to support 
user experiments with our existing, modified and newly purchased equipment. The addition of a 
new lab in Target Station 2 last year now compliments the recently refurbished lab in Target 
Station 1. 

We are still learning and understanding the large diversity that is needed within this area; 
temperature, humidity, pressure, sample changers, sheer, troughs, solid/ liquid cells, water 
baths are some of the main challenges faced here to provide stability, reliability, accuracy, 
control and flexibility in the majority of soft matter experiments. 
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Neutron spin-echo (NSE) spectroscopy is well known as the only neutron scattering technique 
that achieves energy resolution of several neV. By using the spin precession of polarized 
neutrons in magnetic field one can measure tiny velocity changes of the individual neutron 
during the scattering process. Contrary to other inelastic neutron scattering techniques, NSE 
measures the intermediate scattering function S(Q,t) in reciprocal space and time directly. 
The Neutron Spin-Echo spectrometer operated by Jülich Centre of Neutron Science (J-NSE) at 
Heinz Maier-Leibnitz Zentrum (MLZ) in Garching covers a time range (2ps to 200ns) on length 
scales accessible by small angle scattering technique. Along with conventional NSE 
spectroscopy that allows bulk measurements in transmission mode, J-NSE provides a new 
possibility - gracing incidence spin echo spectroscopy (GINSES). GINSENS developed to be 
used as “push-button” option in order to resolve the depth dependent near surface dynamics.   
Scientific applications of J-NSE instrument include dynamics of soft matter systems (polymers in 
melt and solution, polymers under confinement, proteins in solutions, classical and critical 
microemulsions, nano-composite materials, membranes, microgels) or paramagnetic properties 
of e.g., spin glasses. Recent instrumental developments and some examples from the field of 
soft matter physics will be presented. 
  



 

 
 

ID: PS-2 - 91, 2015-09-02, Hipostila Area 
Soft Condensed Matter 

 (Poster) 

High-resolution spectroscopy on proteins in crowded aqueous solutions as a function of 
concentration, temperature, and charge tuning - progress in instrumentation and 

analysis 

Felix Roosen-Runge1 , Dominique Bicout1  
 
1) Institut Laue-Langevin, Grenoble, France  
* Felix Roosen-Runge, roosen-runge@ill.eu 
 
New high-resolution spectrometers in combination with recent progress in data analysis allow 
for an unprecedented access to the hierarchical dynamics of proteins in aqueous solution [1-3]. 
The new tools can for instance be used to explore the biologically very important impact of 
macromolecular crowding on both the global and internal dynamics of proteins in an aqueous 
environment. Moreover, the significant effect of charges induced by dissolved salt ions on the 
protein diffusion and dynamics becomes systematically accessible. Incoherent scattering 
thereby permits to unambiguously measure the molecular self-dynamics of the proteins. It has 
been established that the global translational center-of-mass motion on the nanosecond time 
scale and its dependence on the protein volume fraction φ can be quantitatively understood in 
terms of the short-time diffusion Dt of colloidal hard spheres [1,4]. Recent experiments 
additionally indicate a qualitative agreement of the internal protein motions with expectations 
from modeling and simulations [1], opening up perspectives for further studies. In addition, the 
different contributions of the protein side chains and backbone, respectively, can be 
quantitatively modeled as a function of temperature from the native to the denatured state [3,5]. 
Concerning the investigation of charge tuning, the most recent systematic measurements of the 
global self-diffusion suggest a universal scaling behavior of the protein diffusion depending on 
the salt concentration and crowding, resembling to a similar universality found for collective 
diffusion in a more dilute regime [6]. 
 
We will present the very recent studies with an emphasis on both the capabilities of new 
spectrometers such as IN16B and the associated data analysis frameworks as well as with view 
at the biophysical impact of the new results. We will also point out future perspectives with 
further neutron optical advances and progress in modeling and theory. The perspectives include 
the dynamics aspects of the complex solution phase diagrams of proteins depending on the 
protein and salt concentration [7,8] and involving phenomena such as re-entrant dissolution and 
liquid-liquid phase separation as well as possible pathways to understanding dynamic precursor 
processes of protein crystallization. The figure from Ref.[1] depicts the apparent diffusion 
coefficients D of gamma-globulin proteins (upper panel) and the resulting Dt normalized by the 
dilute limit diffusion D0=D0(T) (symbols, lower panel) agreeing with the theoretical prediction for 
hard spheres (solid line). 
 
[1] M.Grimaldo et al., J.Phys.Chem.B 118, 7203 (2014) 
[2] M.Grimaldo et al., PCCP 17, 4645 (2015) 
[3] M.Grimaldo et al., EPJ Web of Conferences 83, 02005 (2015) 
[4] F.Roosen-Runge et al., PNAS 118, 011815 (2011) 
[5] M.Hennig et. al., Soft Matter 8, 1404 (2012) 
[6] D.Soraruf et al., Soft Matter 10, 894 (2014) 
[7] F.Zhang et al., PRL 101, 148101 (2008) 
[8] F.Zhang et al., Pure Appl.Chem. 86, 191 (2014) 



 
 
  



 
 

ID: PS-2 - 92, 2015-09-02, Hipostila Area 
Soft Condensed Matter 

 (Poster) 

Surface Confinement Using Tethered Lipid Membranes Under Applied Electric Fields 

Robert Barker1 , Erik Watkins2  
 
1) Institut Laue-Langevin, Grenoble, France. 2) Los Alamos Neutron Science Center, Los 
Alamos National Laboratory, Los Alamos, New Mexico, 87545, USA.  
* Robert Barker, barker@ill.eu 

Understanding the forces acting on macromolecular structures at surfaces is vital to a number 
of different branches of science and engineering, ranging from bio-fouling to surface lubrication. 
A variety of experimental techniques have been developed to study these forces directly, 
including a lot of pioneering work using surface force apparatus (1) and AFM (2), as well as 
more recently innovations have been made in the field of direct surface confinement (3). Here 
we discuss some recently published (4) data which demonstrates a potential next step for the 
analysis of surface forces and their structural implications, using the semi-permeable nature of 
charged lipid membranes to directly compress surface bound polymer layers as a function of 
the applied electrical potential. 

Bi-functionalized PEG molecules (n=114) with thiol and 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine (DSPE) terminal ends were self-assembled on to gold surfaces with 
permalloy magnetic binding layer underneath. Lipids bilayers containing 100% DSPC or doped 
with charged 20% DSPG were deposited on to the tethered PEG layer using the Langmuir-
Blodgett/Schaeffer approach in order to ensure a high coverage bilayer. The sample was sealed 
in to a custom-made electrochemistry cell available at the ILL and structural changes in the 
deposited layers were measured as a function of electric potential. 

For membranes composed only of DSPC, a zwitterionic lipid, a tethered membrane 
conformation with a highly hydrated space between the Au support and the bilayer was 
observed, but no structural changes were detected as a function of electric potential. However, 
in the 8:2 DSPC:DSPG case our results clearly demonstrated that the spacing between the 
tethered bilayer and the support decreased with the application of a positive electric potential. 
Further, for intermediate measurements at 0.0V the bilayer returned to its original position 
demonstrating that the reversibility of the tether compression (See Figure below). Interestingly, 
the application of negative electric potentials did not increase the separation between the 
negatively charged bilayer and support. 

Here, we will discuss the biophysical meaning of these results and outline how this technique 
could be explored further to study macromolecular structures under confinement on surfaces. 

(1) J. N. Israelachvili, Intermolecular and surface forces: revised third edition. (Academic press, 
2011). 

(2) J. F. Joanny, Interface Science 11 (2), 157-158 (2003). 

(3) S.B. Abbott, W.M. de Vos, L.L.E. Mears, R. Barker, R.M. Richardson, S.W. Prescott, 
Macromolecules, 47(10), 3263–3273 (2014). 

(4) A. Junghans, E.B. Watkins, R.D. Barker, S. Singh, M.J. Waltman, H.L. Smith, L. Pocivavsek, 
J. Majewski, Biointerphases (2015 - Just accepted). 
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The prevailing view of membrane protection by sugars describes a close interaction between 
disaccharide and the lipid headgroups of bilayer membranes. This theory proposes the 
cryoprotective mechanism is based on sugars replacing water in the volume surrounding the 
lipid headgroups, thereby preventing a reduction in the area per lipid due to the strong 
compressive force that acts on the membranes during dehydration. This hypothesis is 
supported by indirect experimental methods as well as molecular dynamics simulations which 
point to accumulations of disaccharides, particularly trehalose, at the surface of lipid bilayers as 
evidence for this mechanism. 

We present results from neutron membrane diffraction of partially hydrated 
dioleoylphosphatidylcholine bilayers stacks with dissolved sugar that show the sugar 
distributions within the bilayer system are inconsistent with the above view. Trehalose and 
sucrose distributions, reconstructed using Fourier synthesis, show that the sugars locate in the 
centre of the water layer with no evidence of enhanced accumulation in the lipid headgroup 
region. Furthermore, variation in the position of the lipid headgroup relative to the centre of the 
water layer, varied by changing the environmental humidity of the system, has little effect on the 
sugar distributions. 

We show an absence of correlation between the headgroup position and the sugar distribution 
supports the hydration forces explanation of membrane protection. This theory proposes 
osmotic and volumetric effects, combined with vitrification at high concentrations, maintain 
membrane separation and delay or avoid the onset of hydration forces known to alter lipid 
membrane phase behaviour. In contrast to commonly cited mechanisms of cryoprotection, there 
is no requirement for close interaction between sugars and lipid headgroups for membrane 
protection to occur. The implications of these results for our understanding of natural 
anhydrobiosis and cryoprotection will be discussed. 

1. Crowe, J.H., L.M. Crowe, J.F. Carpenter, and C.A. Wistrom, Biochem. J., 1987. 
242(1): p. 1-10. 

2. Crowe, L.M., Comparative Biochemistry and Physiology - Part A: Molecular & 
Integrative Physiology, 2002. 131(3): p. 505-513. 

3. A. K. Sum, R. Faller and J. J. d. Pablo, Biophys. J., 2003, 85, 2830-2844. 
4. Bryant, G. and K.L. Koster, Colloids Surf., 2004. 35: p. 73-79. 
5. Wolfe, J. and G. Bryant, Cryobiology, 1999. 39: p. 103-129. 



 
 
  



 
 

ID: PS-2 - 94, 2015-09-02, Hipostila Area 
Soft Condensed Matter 

 (Poster) 
 

Self-healing colloidal crystals: why soft microgel particles feel the squeeze 

Andrea Scotti1 , Urs Gasser1 , Emily Herman2 , Miguel Pelaez-Fernandez3 , Luis A. Lyon4 , 
Alberto Fernandez-Nieves3  
 
1) Laboratory for Neutron Scattering and Imaging, Paul Scherrer Institut, Villigen, Switzerland 2) 
School of Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, USA 3) School 
of Physics, Georgia Institute of Technology, Atlanta, USA 4) Schmid College of Science and 
Technology, Orange, USA  
* Urs Gasser, urs.gasser@psi.ch 
 
Point defects in crystalline materials disturb the crystal structure and often prevent 
crystallization. In particular, this is the case for too big particles that are put into a crystal. In 
metal melts, a size mismatch of 15% of the atoms in the melt suppresses crystallization. 
Furthermore, hard spheres with a polydispersity greater than 12% do not form crystals, and the 
polydispersity in the crystal state does not exceed 5.7%, as local segregation occurs. These 
restrictions do not necessarily apply for soft microgels. Lyon et al. (A. St. J. Iyer and L. A. Lyon, 
Angew. Chem. Int. Ed., 48, 2009) find bigger microgels to shrink and fit into the lattice formed 
by smaller ones. We find that charged groups in the microgel and their counter-ions are the key 
to explain this remarkable spontaneous deswelling of microgels. Using small-angle neutron and 
X-ray scattering, we directly observe the deswelling of bigger particles with increasing volume 
fraction and the effect of the bigger particles on the phase behavior of the suspension. 
Furthermore, we determine the osmotic pressure using osmometry and present a model for the 
selective deswelling of the big particles. 
 
  



 
 

ID: PS-2 - 95, 2015-09-02, Hipostila Area 
Soft Condensed Matter 

 (Poster) 

Studies on hybrid silica gels obtained by sol-gel method using Small Angle Neutron 
Scattering and physicochemical characterization methods 

Zoltán Dudás1 , Adél Len1 , Krisztina László2 , Szabolcs Bálint3 , Zsolt Szekrényes1 , Katalin 
Kamarás1 , László Almásy1  
 
1) MTA Wigner Research Center for Physics, Konkoly Thege Miklós Street, No.29-33, 1121-
Budapest, Hungary, dudas.zoltan@wigner.mta.hu 2) Department of Physical Chemistry and 
Materials Science, Budapest University of Technology and Economics, 1521-Budapest, 
Hungary 3) Institute of Molecular Pharmacology, Research Centre for Natural Sciences,1025-
Budapest, Hungary  
* Zoltan Dudas, dudas.zoltan@wigner.mta.hu 

The design and application of hybrid organic-inorganic materials with ordered or disordered 
nanostructured pore systems is a major topic of current materials science. The sol-gel technique 
offers the most proper synthesis conditions to obtain hybrid materials. The present work 
proposes a comparative study of the textural and morphological properties of different methyl 
and vinyl substituted silica gels made by sol-gel process. As precursors the following alkoxides 
were chosen: tetraethoxysilane (TEOS), methyltriethoxysilane (MTES) and vinyltriacetoxysilane 
(VTAS). The structure formation in the materials was investigated by SANS, SAXS and XRD. 
The scattering curve of the pure TEOS prepared gels shows the presence of the so called 
primary particles, which grow up to 3-5 nm characteristic size. With the increasing of the 
substituted precursor (MTES or VTAS) content, the scattering intensity strongly decreases in 
the 0.01-0.2 1/Å range, and becomes almost flat at 30-40% of the substituted precursor 
concentration. This shows that the primary particles become smaller at increasing methyl or 
vinyl content. Analysis the scattering curves by two-level structure models support this 
conclusion. 

 
To obtain more information about the structure nitrogen adsorption, electron microscopy (TEM 
and SEM) and thermal analysis were used. The hybrid network formation inside silica xerogels 
was investigated through 29Si MAS NMR, and FTIR spectroscopy. 

Nitrogen adsorption showed that all the samples presented amorphous structure with ink bottle 
or slit shape type porosity, the specific surface areas were between 3 and 1115 m2/g. The 
condensation level of the silica network and the hydrophobicity are increasing with the 
substituted precursor concentration, the highest value was obtained for 80% MTES. 
These characteristics can make the hybrid samples suitable for further use as carriers for 
enzyme or porphyrin molecules or targeted drug delivery. 
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Stochastic molecular dynamics of two alcohols with globular shape of molecules, 2,3-
dimethylbutan-2-ol and 3,3-dimethylbutan-2-ol was studied by Quasielastic Neutron Scattering. 
These are interesting representatives of a class of soft matter functional materials: being 
isomeric varieties, they share the same chemical formula C6H13OH, yet differ in physical 
properties, e.g. 33DM2B easily undergoes vitrification, while 23DM2B never becomes glassy. 
The overriding goal here is to understand better the processes that allow the formation of glassy 
state in these alcohols or lack thereof (apart from a more-or-less globular molecular shape). The 
experiment was performed on the SPHERES backscattering instrument over 4 K < T < 300 K 
and within 0.2 Å−1< Q < 1.8 Å−1, with the temperature varying in both directions. Neutron 
scattering proved the only experimental technique capable of detecting the softening of the 
33DM2B glass-of-rotational state. The top row of the figure attached brings sample QENS 
spectra of both compounds. Note the non-vanishing CH3 reorientation even at 60K. The 
activation energy for this motion was estimated to be 9 kJmol−1. The plastic crystal phase has 
properties of both the solid phase – translational order of molecules – and the liquid phase – 
orientational disorder of molecules and the high-valued amplitude of atomic vibrations and 
stochastic dynamics, that can be easily detected by spectroscopic measurements (IR or neutron 
scattering). As one can easily see in the bottom row of the figure, the mean square 
displacement of the hydrogen nuclei from the equilibrium positions for (highly) ordered crystal 
phase (the right figure) is about 0.2 Å2 (even very close to the crystal melting point). This can be 
compared with the corresponding mean-square displacement in plastic crystal phases (the left 
figure), amounting to a slightly less than 1 Å2 (for temperatures close to plastic crystal solid-solid 
phase transitions and to the melting point of plastic crystal). The “elastic window scan” 
measurements allow us to determine the temperature of vitrification of plastic crystal phase at 
about 200 K and the temperature of freezing of the rotational degrees of freedom at about 120 
K. 
 
 

  



 

 
 

Fig. QENS spectra for Q = 1.2746 Å−1 during cooling  (top row)  and  elastic window 
scans  (bottom row) for 33DM2B  and 23DM2B, obtained during temperature changes at all 
experimental Q. Arrows point at supercooled  phases. 
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State-of-the-art organic photovoltaic devices (OPV) are based on the bulk heterojunction 
concept (BHJ), in which the interpenetrated network between electron-donor and electron-
acceptor materials provides the large interface area necessary for exciton splitting and charge 
generation 1. The current paradigm for BHJ OPVs is represented by blends of poly (3-
hexylthiophene) [P3HT] as electron donor and phenyl-C61-butyric acid methyl ester (PCBM) as 
electron acceptor. As the morphology of the active layer is highly sensitive to processing 
parameters, many efforts have been made to gain an insight on the relationship between the 
structure of such a complex system and the performance of devices. However, relatively little 
effort has been devoted to the investigation of the dynamics inside the blend, with only two 
papers published on dynamics of the pure polymer2, 3, to the best of our knowledge.  

We report a detailed dynamical study of pure P3HT and in blend with PCBM using three 
neutron spectrometers with different energy resolutions and capabilities. Quasi-elastic neutron 
scattering investigations (QENS), carried out using the backscattering spectrometer IRIS 
(FWHM = 17.5 µeV) at ISIS (Rutherford Appleton Laboratory, U.K.), suggest that blending likely 
frustrates the polymer dynamics. We believe that such change in dynamics might be related 
mainly to the polymer confinement within PCBM domains.4 To probe slower polymer motions 
relating to the segmental modes of the chain, we made use of the IN16B spectrometer at the 
Institut Laue-Langevin (France) with a FWHM of 0.85 µeV. In particular, we tested for the first 
time the feasibility of the Inelastic Fixed Window Scans (IFWS)5, 6 configuration on polymer: 
fullerene systems, which allowed us to obtain a detailed map of the polymer motions in the 
nanosecond timescale. Finally, by exploiting the newest capabilities of the D7 instrument at the 
ILL we also proved that polarisation analysis for neutron spectroscopy can give unique insights 
into neutron scattering signals from quasi-elastic experiments on complex samples.  

1. Halls, J. J. M.; Walsh, C. A.; Greenham, N. C.; Marseglia, E. A.; Friend, R. H.; 
Moratti, S. C.; Holmes, A. B. Nature 1995, 376, (6540), 498-500. 

2. Pankaj, S.; Hempel, E.; Beiner, M. Macromolecules 2009, 42, (3), 716-724. 
3. Obrzut, J.; Page, K. A. Phys Rev B 2009, 80, (19). 
4. Paternó, G.; Cacialli, F.; García-Sakai, V. Chemical Physics 2013, 427, (0), 142-146. 
5. Frick, B.; Combet, J.; van Eijck, L. Nucl Instrum Meth A 2012, 669, 7-13. 
6. Roosen-Runge, F.; Seydel, T. EPJ Web of Conferences 2015. 
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We work on developing a drug carrier system for hydrophilic and hydrophobic drugs. One of our 
drug model substances is Naltrexone, used in the treatment of opiate addiction. The goal is to 
establish a depot effect by using a polymer system that is in the liquid phase at room 
temperature, in order to be injected subcutaneously. At physiological temperature, the solution 
should form a gel that works as a matrix where one can encase nano- or microparticles loaded 
with the drug. The micro- or nanoparticles secure the depot effect and reduces the burst effect 
of the drug[1].  

We employ small angle neutron scattering (SANS) to characterize the gel networks to be used 
for these drug delivery systems. We here present the results for a triblock copolymer P(CL-co-
LA)-b-PEG-b-P(CL-co-LA) with hydrophobic blocks at the ends and a hydrophilic part 
(poly(ethylene glycol)) in the middle. This is a thermo-responsive polymer that undergoes a sol-
gel-sol transition with increasing temperature. 

Two analogs have been employed, where the length of the PEG-block is different. It will be 
shown that the change of the length of the PEG-block will significantly affect features such as 
the gel point, viscoelasticity, and structure of the network.  Both SANS and the rheological 
studies reveal interesting changes of the properties in connection with the sol-gel-sol transitions. 
As an example, in the attached figure one can observe that the impact of temperature on the 
scattering behavior is very pronounced. We will discuss in detail the structural implications of a 
series of SANS and rheology data on this system. 

References: 
 
1. Calejo, M.T., et al., Microparticles based on hydrophobically modified chitosan as drug 
carriers. Journal of Applied Polymer Science, 2014. 131(7).  
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The performance of entangled polymers is extremely important both for understanding their 
fundamental behaviour and for industrial applications, as it provides insight into mechanical 
properties as well as processing of polymers. The behaviour of linear chains is well understood, 
however the behaviour of branched polymers is hindered by the difficulty in defining branched 
polymers precisely. The synthesis of star polymers provides more control over the number and 
molecular weight of the arms. Therefore, these structures can be viewed as model systems to 
carry out dynamic and structural neutron scattering studies. 

There is particular interest in star polymers containing a fullerene core, as grafting polymer 
chains to the surface of the fullerene overcomes their incompatibility [1]. The development of 
controlled polymerisation grafting techniques have allowed for the synthesis of well-defined 
polymer-filler star systems which are ideal for analysis. 

Using living anionic polymerisation, 6 polystyrene (PS) chains of molecular weights both above 
and below the entanglement molecular weight of PS have been attached to fullerene cores. 
These structures have shown unusual viscoelastic properties in solution: there is shear 
thickening behaviour in concentrated solutions contrary to results for polymer brushes grafted 
onto nanoparticle cores in the literature [2]. A full structural and dynamics study of these stars in 
solution at a range of concentrations provides some insight into their physical behaviour. 

We present quasi-elastic neutron scattering (QENS) and rheological data of PS-fullerene stars 
to show the microscopic and macroscopic dynamics of these nanocomposites. We also present 
the results from dynamic light scattering (DLS) and small-angle neutron scattering (SANS) 
experiments on grafted PS/fullerene nanocomposites in solution at concentrations ranging from 
the dilute to the semi-dilute region. The stars were studied in both good and θ solvent conditions 
at a range of temperatures. The well-defined structure allows for use of a core-star model in 
dilute conditions to describe the size and the shape of the nanocomposites. At higher 
concentrations, an adjusted model is used that takes into account the formation of clusters and 
change in the dimensions of the stars at different concentrations. 

References: 
[1] Schmaltz, B.; Mathis, C.; Brinkmann, M., Polymer, 50, (2009), 966 
[2] Wagner, N. J. & Brady, J. F., Physics Today, 62, (2009), 27 

 



 
 

ID: PS-2 - 101, 2015-09-02, Hipostila Area 
Soft Condensed Matter 

 (Poster) 

Characterisation of hierarchically-structured cellulose hydrogels by small angle neutron 
scattering 

Marta Martinez-Sanz1 , Patricia Lopez-Sanchez2 , Deirdre Mikkelsen2 , Bernadine Flanagan2 , 
Michael J Gidley2 , Elliot P Gilbert1  
 
1) Bragg Institute, ANSTO, Lucas Heights, Australia 2) ARC Centre of Excellence in Plant Cell 
Walls, Centre for Nutrition and Food Sciences, University of Queensland, Brisbane, Australia  
* Marta Martinez Sanz, martam@ansto.gov.au 

Plant cell walls (PCWs) are extremely complex structures in which cellulose microfibrils are 
hierarchically assembled and embedded in a multi-component matrix. While the cellulose 
microfibrils represent the basic building unit providing mechanical strength1, the matrix 
components are able to tune the properties of each specific tissue2-3, increasing the flexibility or 
limiting the transport of moisture, for instance. 

The synthesis of cellulose hydrogels by means of bacterial fermentation is an efficient strategy 
to mimic the cell wall biosynthesis process and investigate the interactions established between 
cellulose and matrix polysaccharides by incorporating these latter components into the culture 
medium. This work reports on the characterisation of pure cellulose hydrogels and its 
composites incorporating PCW polysaccharides by means of small angle neutron scattering 
(SANS), combined with complementary techniques such as small angle X-ray scattering, X-ray 
diffraction, NMR spectroscopy and electron microscopy. 

The application of a multi-technique characterisation approach enabled elucidation of the 
complex hierarchical architecture of cellulose hydrogels4-5. Cellulose ribbons, typically modelled 
as solid one-phase structures, were proven to consist of a sub-structure of cellulose microfibrils 
interacting with each other and with solvent by means of a dense hydrogen bonding network. 
The existence of such sub-structure led to the creation of regions with different solvent 
accessibility within the ribbons, as indicated by the SANS data of pure and composite cellulose 
hydrogels. Based on this, a core-shell cylinder model combined with an interfacial scattering 
term was applied to fit the SANS contrast variation data. The fitting results suggested a different 
effect on the ribbons’ solvent exchange for the diverse composite hydrogels and, supported by 
additional characterisation, highlighted the distinct interaction mechanisms between cellulose 
and PCW polysaccharides. 

Furthermore, the production of partially deuterated cellulose hydrogels by using a deuterated 
glucose-based feedstock was seen to effectively enhance the neutron scattering length density 
contrast, opening new possibilities to selectively match the different components in composite 
hydrogels. The structure of the deuterated cellulose was compared with the native protiated 
cellulose and SANS contrast variation experiments confirmed the presence of solvent trapped 
within the cellulose ribbons, behaving differently to the bulk solvent surrounding them. 

These results evidence the ability of SANS, combined with additional techniques, to provide 
valuable insights on cellulose biosynthesis and interactions with PCW polysaccharides. 
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Insoluble charged amphiphilic block copolymers adsorbed at the air-water-interface are widely 
considered as a model system for tethered and homogeneously dispersed chains, or 
polyelectrolyte brushes. We present an in-situ structural study of the surface behaviour of PS-b-
PAA monolayers at the air/water interface using DMF as spreading solvent. PS-b-PAA consists 
of a neutral hydrophobic block (PS) and a charged hydrophilic block (PAA). This last block is a 
weak polyelectrolyte containing a carboxylic group which’s pKa = 4, 7. At pH 2, the PAA blocks 
are neutral, the surface pressure versus molecular area isotherm evidences a pseudo-plateau 
perfectly reversible over compression/decompression cycles. This plateau was previously 
interpreted as a mushrooms-brushes transition of the PAA block.1 We used Specular Neutron 
Reflectivity (SNR) experiments with contrast variation (adjusted by the subphase) to solve the 
profile of each block perpendicular to the surface. The results showed that both PS and PAA 
blocks remains adsorbed at the surface for all surface pressure excluding the brushes 
configuration. We probed the in-plane structure by GISAXS on liquid surface and observed at 
low surface pressure before the plateau a fixed correlation peak at Qxy

* = 0.021Å-1 which 
intensity increases upon compression and is maximal at the onset of the plateau. When 
compressing further, its intensity decays while Qxy

* is unexpectedly shifted towards low Q. The 
peak fully disappears at the end of the plateau. All these results are interpreted by the presence 
of surface aggregates induced by the solvent. Some DMF molecules remain within the PS core 
of the aggregates as they are progressively expelled from the monolayer upon compression. 
This gives rise to the pseudoplateau on the isotherm.2 At pH=9, SNR shows that the charged 
PAA block are in this case always merged in the water subphase and that some PS block 
merge at high surface pressure. The in-plane correlation peak rises at 3 mN/m and disappears 
at 8 mN/m. This indicates a similar phase transition, although no plateau is observed on the 
isotherms at such pH. Similar GISAXS results obtained at pH=11 were explained by surface 
micelles formation.3 Our results show that the transition is likely linked to the dissolution or 
swelling of the chains, emphasizing the advantage of coupling neutron and x-rays surface 
scattering. 
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Recent advances have extended the already rich field of polyelectrolyte applications to the very 
edge of our current technology: polyelectrolytes as part of stimuli-responsive hydrogels within 
artificial biological tissues or conjugated polyelectrolytes as biosensors. From a more 
fundamental point of view however the current theoretical framework, based on the scaling 
approach, cannot encompass all the existing phenomena even for simple polyelectrolyte (PE) 
solutions. We demonstrate this on aqueous solutions of ionene polyelectrolytes, ideal systems 
due to their well-defined and tuneable structural properties. We consider ionenes with varying 
chain charge density as well as different counter ions and present here data from neutron 
scattering, NMR spectroscopy and thermodynamic measurements. The small angle neutron 
scattering data of ionene solutions feature a number aspects and trends that clearly deviate 
from the predictions of the existing theory [1,2]. Firstly, ionenes challenge the current 
hydrophilic-hydrophobic classification of water-soluble polyelectrolytes. The hydrophobic 
character of their hydrocarbon backbone emerges only for very low chain charge densities (at 
15% of charged monomers), which is significantly lower than for other polyelectrolytes with a 
more complex structure. This belated emergence of hydrophobicity is consistent with enthalpies 
of dilution on ionene solutions [3]. Secondly, we report upon a striking counter ion specific effect 
seen in ionene solutions with Br- or F- counterions, which is established as universal across all 
ionene charge densities studied. Tracing the position of the polyelectrolyte peak as a function of 
charge, as opposed to monomer concentration, a Master curve emerges. We identify a specific 
charge concentration (0.05 M), as the onset of the unusual disappearance of the PE peak in the 
case of Br-ionenes. In addition, scattering spectra for Br-ionenes and F-ionenes feature 
contrasting temperature trends, which are accentuated with decreasing chain charge density 
and cannot be accounted for on the basis of scaling predictions. Our interpretation of the F-Br 
effect is based on the different hydration properties of the ions and suggests a closer approach 
of the Br ion to the ionene backbone, in line with its weaker hydration. This is further supported 
by additional NMR measurements on ionenes with mixed Br-F counter ion clouds [1] and 
enthalpies of dilution and mixing [4,5].  
 
[1] N. Malikova, A.-L. Rollet, S. Cebasek, M. Tomsic and V. Vlachy, Phys. Chem. Chem. Phys. 

17, pp. 5650-5658, 2015.  
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It is well known that lipid bilayers are the structural bases of biomembranes, on which functional 
parts such as membrane proteins float. The structural formation mechanism of lipid bilayers is 
an attractive topic of biophysics because lipid bilayers are typical soft condensed matter that 
self-assemble and the mechanism can be discussed in terms of physics. Hence, aqueous 
solutions of synthesized phospholipids have been well investigated as model biomembranes. 
Those described to date usually self-assemble into regular stacks of bilayers with a 
characteristic repeat distance on the order of nm, and form multilamellar vesicles (MLVs) with 
the diameter of microns in the case of neutral phospholipid bilayers. It has been an important 
task to understand the origin of the regular stacking of bilayers in the biophysical viewpoint. 

Numerous experimental and theoretical studies have established that the balance of four 
interactions, van der Waals interaction, repulsion due to hydration layers, electrostatic 
interaction, and steric interaction due to membrane undulation, determines the characteristic 
repeat distance of bilayers. It is important to solve the problem of the big difference between the 
MLV structure of synthesized phospholipids and that of real biomembranes, because most 
biological systems such as cells exist as unilamellar vesicles (ULVs). The key phenomenon in 
understanding the formation of ULVs with synthesized phospholipids is that of an “unbinding 
transition”, in which the inter-bilayer distance of lipid bilayers diverges. Some theoretical and 
experimental studies have shown that the unbinding transition is induced by the steric 
interaction due to the membrane undulation. However, unbinding of phospholipid multilayers on 
a substrate where the undulation motion is strongly suppressed is less studied. 

In this study, we investigated kinetics of unbinding of phospholipid multilayers on a substrate 
using neutron reflectometry (NR) and quartz crystal microbalance (QCM). The multilayer of 
dioleoylphosphatidylcholine (DOPC) on a silicon substrate was hydrated with heavy water 
solutions of CaCl2. The attached figure shows the time sequence of NR profiles of the DOPC 
multilayer after injection of a CaCl2 solution of 10 mM. Initially, a multilayer of phospholipid 
bilayers with a short repeat distance could be observed around q=1 nm-1. This peak quickly 
disappeared within a few minutes, and a new peak appeared at a lower-q position; that is, an 
ordered lamellae with a long repeat distance was formed instead of the short one, although the 
Bragg peak of the DOPC lamellae normally appears around q=1 nm-1. Subsequently, the peak 
position of the new peak gradually shifted to lower-q with time. 

On the presentation, we will show systematic results with respect to the salt concentration, and 
discuss the mechanism of the unbinding transition with the fitting results and free energy 
calculation based on DLVO theory. 
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Cell adhesion plays an essential role for all animals and plants and it is a huge challenge in 
many medical applications including implants and electrodes. When cells attach to a substrate, 
an ultrathin layer of the order of a few 10 nm between the plasma membrane of the cell and the 
substrate is formed. This extracellular matrix (ECM) layer is modulated by the cell by adhesion 
molecules and other interactions. The huge experimental challenge is how to characterize this 
buried layer. For example, one would like to understand to which extend water and ions in this 
interface layer exchange with the growth media.  

Here, we focus on the structural properties of this submicron cleft between the cells and the 
substrate. For this purpose, we have developed a sample chamber which allows to study 
confluent layers of epithelial cells on SiO2 by scattering techniques. Using this setup, we 
determine the thickness and the scattering length density across the cleft with neutron 
reflectometry. We also plan to investigate the fluid exchange in the cleft by contrast variation by 
H2O/D2O buffer exchange. 

Based on these results, we plan to study also functionalized substrates. PEGylation of a surface 
creates a highly hydrated environment and can be tuned to interact differently with adhesion 
proteins from cells. A previous study did show the correlation of the adsorbance of fibronection, 
an adhesive protein of the ECM that mediates cell attachment, onto PEG and the attachment of 
cells on PEG-coated surfaces. We now want to use neutron reflectivity to directly observe the 
changes of the structure of the PEG layer induced by the cells attaching to it. 
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La0.7Sr0.3Mn3+
0.85Sb5+

0.15O3 and La0.7Sr0.3Mn3+
0.8Sb5+

0.1Ge4+
0.1O3 compounds with dominantly 

isovalent Mn3+ ions were studied by neutron powder diffraction and magnetization 
measurements. The compounds are basically ferromagnetic, with magnetic moments slightly 
above of 3 μB/Mn. Upon temperature decrease, the compounds exhibit structural transition from 
a rhombohedral phase to orbitally disordered orthorhombic one. The structural transitions occur 
well above the temperature of magnetic ordering (Tc ≈ 130 K). It is suggested that the 
ferromagnetic state is governed by the positive part of superexchange interactions Mn3+‒O‒
Mn3+, which is enhanced by Mn(eg)‒O(2p) hybridization. 
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For Fusion energy applications FeCr based steels are candidate structural materials due to their 
radiation resistance and good mechanical properties [1]. The candidate alloys contain around 
9wt% Cr which is the solubility limit of Cr in Fe at room temperature. However, no satisfactory 
physical explanation for the minimum embrittlement for this concentration has been provided. 
Futher, the role of magnetisation in the mechanical properties of the alloy is yet uncertain 
notwithstanding that experimentally their correlation has been established. Nanometre-sized Cr-
rich precipitates has long been known to be the cause of the hardening and embrittlement 
observed in Ferritic Martensitic (FM) steels after thermal ageing, (the so-called “475 °C 
embrittlement”) and at 250 °C under irradiation [2]. Precipitation hardening is therefore a 
problem that affects FM steels over a wide range of Cr concentrations and temperatures of 
practical interest for technological applications. 

The current work aims at the understanding of the structure of Fe1-xCrx alloys from the state in 
which only short range order exists up to formation of precipitates. To this end Small Angle 
Neutron Scattering Experiments are employed in order to study these phenomena in FeCr 
alloys after isochronal ageing at various temperatures with Cr concentration of 5, 10 and 14 
wt%. 

[1] E. A. Little, D. A. Stow. J. Nucl. Mater. 87 (1979) 25 

[2] Y. de Carlan, A. Alamo, M.H. Mathon, G. Geoffroy, A. Castaing. J. Nucl. Mater. 672 (2000) 
283 
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Magnetic and  magnetorheological elastomers (ME\'s and MRE\'s) make specific classes of 
smart substances responding in a complicated way to the changes of external conditions. 
These composites are soft elastomer matrices filled with nano- (ME\'s) or microparticles 
(MRE\'s) of ferromagnets, respectively. Both types of the materials are quite new, and the work 
on understanding their properties in dependence on the synthesis processes, composition, 
mechanical and magnetic fields, etc. is nowadays extensively progressing with regard to their 
nano- or microtechnology prospects. 

In the literature one can find quite a big number of papers of the reinforcing effect of magnetic 
fillers, where the problem is approached from the magneto-mechanical side. With the data like 
that, the conclusions on the microscopic properties are deduced form investigations of the 
magneto-elastic response of the composites under some conditions. The treatment like that 
does not help, however, to understand the effects of the interactions between the filler particles 
and the polymer molecules surrounding them on the submicroscopic, and thus fundamental, 
length scales. Meanwhile, small angle scattering investigations are perfectly suited for that. 

In the present paper we review our results on the microstructure properties of 2 types of 
elastomeric matrix filled with: (i) a ferrofluid; (ii) iron microparticles and nanoparticles otained by 
means of small-angle neutron and X-ray scattering (SANS and SAXS and USAXS). 

Keywords: magnetic elastomers, magnetoreologic elastomers, SANS, SAXS 

References: 

[1] M.Balasoiu, V.T.Lebedev, D.N.Orlova, I.Bica, Crystallography Reports 56(7), 93-96 (2011). 

[2] M. Balasoiu, I. Bica, Yu.L. Raikher, E.B. Dokukin, L. Almasy, B. Vatzulik, A.I. Kuklin, 
Optoelectronics and Advanced Materials – Rapid Communications, 5(5), 523-526 (2011). 

[3] M. Balasoiu, V.T. Lebedev, D.N. Orlova, I. Bica and Yu.L.Raikher J. Phys.: Conference 
Series 351(1), 012014(9) (2012). 



ID: PS-2 - 111, 2015-09-02, Hipostila Area 
Soft Condensed Matter 

 (Poster) 

TEM and SANS Investigations of CoFe2O4/2DBS/H2O Ferrofluid using multifractal 
analysis 

Cristina Stan1 , Maria Balasoiu2 , Constantin Cristescu1 , Alexander Ivankov2  

1) Department of Physics, Faculty of Applied Sciences, Politehnica University of Bucharest,
Romania 2) Joint Institute for Nuclear Research, 141980, Dubna, Russian Federation/Horia 
Hulubei National Institute of Physics and Engineering, P.O. Box.MG-6, Bucharest, Romania  
* Maria Balasoiu, balas@nf.jinr.ru

Natural objects do not have precise fractal dimensions as mathematically generated fractals but 
have a structure characterized by a fractal dimension which usually slightly varies with the 
observed scale. The irregularities described by the multifractal measures contain information 
about the process evolved in the generation process or about the local interactions that lead to 
spatial arrangement or aggregates formation. Multifractality has been reported in many 
systems, from biology to technology and from medicine to economy [1-4] including also 
magnetic fluids [5-9]. 

Transmission electron microscopy (TEM) and small-angle neutron scattering (SANS) are among 
the most useful technical approaches for extracting numerical data on ferrofluid complex 
structure. The main characteristics of this type of colloidal suspension are to be polydispersive, 
containing different aggregates and micelles ([10-12]). 

Investigations on the morphological properties and the multifractal characteristics of CoFe2O4 
nanoparticles coated with a double layer of dodecylbenzenesulphonic acid and dispersed in 
double distillated water are presented. TEM images are analyzed and the computed multifractal 
spectrum reveals the property of universal multifractality. A comparison with fractal approach 
applied to SANS data is presented, and consistency of results is demonstrated. 

1. O. Pont, A. Turiel, C. J. Pérez-Vicente, Phys. A: Stat. Mech. Appl. 388, 2025-2035
(2009).
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Synthesis, Rietveld Refinement and vibrational studies of a new lacunar apatite: 
LiPb2CaCd(PO4)3 
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The phosphate is a natural resource of great importance in Morocco. In order to exploit this 
wealth, synthesis and studies of new a material based phosphate, were carried out. 

The apatite structure present o lot of characteristics, One of the main characteristics is to allow 
large and various substitutions forbothcations and anions. Beside their biological importance in 
hard tissue (bone and teeth), apatites have been extensively studied for their potential use as 
fluorescent lamp phosphors or laser host materials.The apatite have interesting possible 
application fields such as in medicine as materials of bone filling, coating of dental implants, 
agrochemicals as artificial fertilizers. 

The LiPb2CaCd(PO4)3 was synthesized by the solid-state method, its crystal structure was 
investigated by Rietveld analysis using XRPD data. This material crystallizes with a structure of 
lacunar apatite anion deficit.  The LiPb2CaCd(PO4)3 is hexagonal apatite at room temperature, 
adopting the space group P63/m (ITA No. 176), Rietveld refinements showed that the site 4f is 
shared by fourcations Cd, Ca, Pb and Li. While the 6h is occupied by the Pb and Li cations. The 
structure can be described as built up from the PO4 tetrahedra and the sixfold coordination 
cavities, which delimit hexagonal tunnels along the c-axis direction. These tunnels are linked by 
the cations occupying the 4f sites. Infrared spectroscopy analyses were carried out. The 
observed frequencies were assigned and discussed on the basis of unit-cell group analysis and 
by comparison to other apatite-type materials. 

Keywords—apatite; Lacunar; crystal structure; Rietveldmethod; LiPb2CaCd(PO4)3,Phase 
transition. 
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Neutron-Depolarisation Imaging of the Ferromagnetic Quantum Phase Transition in ZrZn2 
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When a polarised neutron beam traverses a ferromagnetic material, the orientation and strength 
of the polarisation changes sensitively as a function of the ferromagnetic moment and the size 
of the ferromagnetic domains. We have developed an experimental set up that allows to 
perform neutron depolarisation imaging as a function of magnetic field. In a study of the 
ferromagnetic quantum phase transition in the weak itinerant ferromagnet ZrZn2 under pressure 
we find, that a peculiar field dependence of the neutron depolarisation survives on the 
paramagnetic side of the temperature versus pressure phase diagram. This provides putative 
evidence for the emergence of complex magnetic textures. 
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The structural effects of partial replacement of diamagnetic Bi3+ for potential charge ordering 
and magnetic ordering phenomena in Bi0.25Nd0.25Sr0.5MnO3 have been studied and compared 
with previous evidence on Bi0.25Nd0.25Ca0.5MnO3 [1]. The analysis of the neutron and 
magnetization data suggests that in bismuth-based calcium perovskites the lone pair character 
of 6s2 Bi3+ orbitals is constrained rather than dominant.  

[1] K.A. Krezhov, D. Kovacheva, E. Svab and F. Bourée. J. Phys: Condens. Matter, 17 (2005) 
S3139-S3147. 
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Pr2Pt3Ge5 - A novel magnetic Superconductor? 
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Strong magnetic spin fluctuations are present in many unconventional superconductors. 
Although the two mechanisms are often of competing nature, it is believed that spin fluctuations 
are necessary for the formation of Cooper pairs in some unconventional superconductors [1, 2]. 
In order to disentangle the fundamental properties of magnetically mediated superconductivity it 
is important to improve the understanding how magnetism and superconductivity interact. 

For this reason Pr2Pt3Ge5 has recently gained interest in the research community. It displays a 
relatively high superconducting transition temperature Tc = 7.8 K and two antiferromagnetic (AF) 
transitions at TN1 = 3.4 and TN2 = 4.1 K. It was suggested that Pr2Pt3Ge5 is a multiple gap 
superconductor with possibly a substantial amount of anisotropy in the superconducting 
properties [3]. 

We have studied the two AF phases of this compound by means of neutron scattering and 
found some very unexpected results. We will present here the type of orders, the identified 
ordering vectors and the refined magnetic structures of the two AF phases. The HT-phase 
diagram clarifies the question of a possible coupling of superconductivity and magnetism in 
Pr2Pt3Ge5. 

[1] J. Flouquet et. al., Nature., 7, 22 (2006). 
[2] P. Monthoux et. al., Nature., 450, 1177 (2007). 
[3] N. H. Sung et. al., Phys. Rev. B., 86, 224507 (2012). 
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Tribology with Muon and Neutron - Photon and Quantum Basic Research Coordinated 
Development Program - 
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Neutrons are electrically neutral and have the ability to deeply penetrate matter, and they can 
probe structural properties of a buried interface. They interact with nuclei and neutrons – unlike 
X-rays – can distinguish light elements such as hydrogen. Neutron wavelengths range from 0.1 
Å to 1000 Å, which is comparable to the distance of neighboring atoms in condensed matter. 
This makes them an ideal probe of atomic and molecular structures from the order of angstrom 
to sub-micrometer scale. The energies of neutrons are of the same magnitude as the diffusive 
motion in solids and liquids, the coherent waves in crystals (phonons and magnons), and the 
vibrational modes in molecules. It is useful to detect any dynamical properties of matters 
between 1 neV and 1eV, corresponding to femto-sec and micro-sec. 

A muon (μ), which interacts with matter in the same way as an electron and light, is a 
convenient particle with which one can investigate the state of matter at the atomic level. In 
addition, the muon measurement provides information of dynamical properties of matters from 
an order of nano-sec to sec. Therefore neutrons and muons are complementary tools to 
investigate dynamical properties of matters. 

In this project, we intend to utilize neutrons and muons to investigate friction and lubrication. 
Neutron and Muon instruments in J-PARC/MLF are state-of-the-art spectrometers recently 
developed. SOFIA has already been one of the world-class Neutron Reflectometers with which 
interfacial structures can be observed. Neutron Spin Echo Spectrometer VIN-ROSE is under 
construction and could be useful tool to investigate low-energy dynamics. Muon spectrometers 
in J-PARC/MLF are also world-class instruments. Especially, the construction of Ultra-Slow 
Muon spectrometer will soon be finished and will be the special probe to investigate the depth 
dependence of dynamics. The combination of these instruments may open a new era of 
tribology. 
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The New Facility for Neutron Radiography at the LVR-15 Reactor 
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The LVR-15 research reactor is a light water tank type operated by the Research Centre Rez 
Ltd.  Czech Republic [1]. The reactor is operated at nominal 10 MW thermal power and suits as 
a multipurpose facility offering a wide scale of utilization. The reactor is equipped with 9 
horizontal channels and a thermal column, each suiting its purposes [2]. 

Recently, two of the horizontal channels were chosen to be adapted for a neutron 
radiography/tomography facility. The radial channel HC1 was equipped with a silicon 
single  crystal filter-collimator and offers a neutron beam with a diameter of 10 cm with an 
intensity of thermal neutrons of 2E+08 s-1.cm-2 . This channel is designed for the radiography of 
larger samples (of several cm in size) at the costs of a lower resolution [3].  The facility 
comprises a second channel HC3 that is equipped with a short mirror-type  neutron 
guide  providing a pure collimated thermal neutron beam with a cross section 4 x 60 mm2, and 
an intensity  of 1E+07 s-1.cm-2 and a high Cd ratio ~ 105. This channel is prepared for neutron 
radiography of small samples (of mm size)) with a spatial resolution of tens of µm [4]. Both 
facilities are equipped with newest TimePix based detectors with thin 6LiF converters for neutron 
detection capable of delivering high resolution [5]. 

Both facilities offer a unique opportunity for non-destructive sample testing in the Czech region. 
By the beginning of 2015 the facility has been put to test operation. In the contribution, the 
facility comprising both channels will be described in detail. Additionally, the first results from the 
test operation will be presented including samples of construction parts, concrete, welded pipes, 
historical artefacts, etc. 

The preparation of the neutron radiography facility was supported by the Technology Agency of 
the Czech Republic under the project No. TA01010237. 

Reference: 

[1] http://cvrez.cz/ 

[2] http://canam.ujf.cas.cz/en/laboratory/npl-neutron-physics-laboratory 

[3] L. Viererbl, J. Soltes, Z. Lahodova, M. Kostal, M. Vins: „Horizontal Channel for Neutron 
Radiography and Tomography in LVR-15 Research Reactor“, Proceedings of RRFM/IGORR 
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The creation of Institutes for Research and Technology (IRT) is an instrument of the French 
government’s (Programme Investissement d’Avenir) to stimulate the innovation in selected 
strategic manufacturing and services industries. Based in Grenoble, France, the IRT Nanoelec 
is a consortium of 18 partners led by CEA, dedicated to the micro/nanoelectronic. Its main 
objective is to boost the research and innovation in microelectronics developed in the renowned 
global hub of microelectronics located in the region. Amongst the seven IRT Nanoelec 
programmes, the Large Scale Facilities Characterisation Program aims to give micro and 
nanoelectronics R&D access to the powerful characterisation capabilities of Grenoble’s large 
scientific instruments, the ILL and the ESRF, in a complementary way with the CEA nano-
characterisation resources (PFNC, PlateForm for Nano-Caracterisation). 

The main objectives of this programme are: i) the development of sample preparation and 
characterisation processes for a series of real-life cases provided by IRT Nanoelec industrial 
partners (STMicroelectronics, Soitec and Schneider Electric); ii) Setting up sample preparation 
facilities and validating them through actual use on real-life cases.  
The Characterisation plateform aims also at building a sustainable business case with 
European industry. 

In this poster we present the main investments made by the IRT Nanoelec at the ILL after 
analysing the microelectronics industry’s needs. A major investment involves the construction of 
a new instrument at the ILL (named D50), including two of the techniques mostly demanded by 
the microelectronics industry: neutron reflectivity and irradiation. D50 will be mainly dedicated to 
the industrial activity, including but not restricted to the microelectronics. A second major 
investment is the acquisition of an X-ray bench that includes three techniques: X-ray reflectivity, 
grazing incidence diffraction and powder diffraction. The bench has two interchangeable X-ray 
sources with energies of 8 and 22 keV, and a 2D detector with high efficiency at both energies. 
This equipment has been thought to complement the neutron characterisation made at the ILL. 
Finally the IRT has founded the implementation of a sample preparation laboratory with specific 
equipment for the preparation of semiconductor samples. In addition to the investments at the 
ILL, the IRT is also investing in the ESRF beamline BM05, which will also be used part-time for 
industrial applications, and is co-investing on two ESRF beamlines in the frame of 
an  innovation-led Long Term Proposal jointly prepared by STmicroeletronics, CEA, and ESRF. 

All this infrastructure is being commissioned during 2015. 
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In the last four decades, severe plastic deformation (SPD) of metals has become an important 
method for forming ultrafine grained structures [1]. SPD is a type of deformation which develops 
under the simultaneous action of several forces and moments. The materials obtained by SPD 
are characterized by unique complex of properties, such as high strength and ductility. Also it is 
suggested that such deformation forms the bulk materials free of pores, but theoretical models 
[2] show that micro- and nanostructural defects are introduced during SPD. This leads to 
fundamental limits in the enhancements achieved by SPD process. 

The rolling with shear is a new continuous SPD method which is applicable for steel treatment 
[3]. Low breakage of wires, which reduces expenses for rod processing, can be provided by 
intermediate softening annealing resulting in higher plasticity. However the annealing increases 
the cost of processing and makes production more complex. The rolling with shear technology 
ensures high plasticity of the material without decreasing the strength [3]. 

SEM and TEM techniques are adequate to give information about the formation of sub-micron 
voids; however remains opened the question whether these voids are introduced during the 
fracture process of the sample preparation. Therefore a non-destructive method, such as SANS 
is needed to make clear the origin of voids, cracks, pores. 

Samples processed with standard (ST) technology and with rolling with shear (RS) technology 
were measured at the Yellow Submarine SANS spectrometer in Budapest. 

A significant nanoscale difference between the non-processed and processed (with equal 
channel angular pressing) samples was evidenced by the SANS experiments. The processing 
reduced the volume fraction of scattering objects. Sizes between 10 to 20 nm were obtained by 
SANS, that were attributed to nanometric sized defects and voids. The processing-induced 
changes in function of the characteristics of the processing, was also studied. 

As it was expected and as it can be seen on the SANS 2D maps, the nanostructure of the 
samples changes significantly with the progress of the processing (Fig.1). We observe a 
difference not only between the ST and RS technologies, but also between the different steps of 
the processing inside the particular processing technology. The average volume of the 
scattering voids and defects is increasing with the decrease of the rod’s diameter for both 
technologies. The advance of the cold drawing results in more and more elongated nanometric 
sized voids, what is proven by the anisotropy increase, observed on the scattering maps. The 
used mathematical model allowed determining the average size of these defects as well as the 
aspect ratio of them inside the low carbon steel. 

Figure 1. 2D SANS intensity maps of the samples prepared by ST and RS technologies. 
d is the diameter of the rod (mm) 

[1] Y. Estrin, A. Vinogradov, Acta Mater. 2013, 61, 782. 



[2] Y. Beygelzimer, Mech. Mater. 2005, 37(7), 753. 

[3] E. Pashinska, V. Varykhin, M. Myshlaev et al., Adv. Eng. Mat., 2013, 15 
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A complicated structural organization of polyurethanes may have a strong influence on the 
materials functional properties. Particular conditions such as mechanical and thermal loading 
and aging, it leads to the material degradation. Even in fresh-prepared bulk polymers and 
especially if defects are present in the material this behaviour can be observed. One main 
defect type are unwanted bubbles, which form during the expansion of the mixture during its 
chemical reaction and remain present in the final product. Such macro-, micro- and nano-
bubbles influence the  performance of the final material. 

In this work, fast-neutron radiography and -tomography at the NECTAR instrument located at 
FRM II, were adopted to characterize such defects at a macro-scale level in the bulk of 
commercially available polyurethane samples. These were obtained from dissimilar-mixture 
ratios with different densities and branching levels, as well as different zones of the production 
mould. The characterisation of these defects allows an estimation of the internal surface of 
pores and cracks inside the bulk material that is responsible for the fracture by mechanical 
loading. 

The obtained information are expected to be useful for various industrial sectors such as 
automotive and footwear industry. This study will be completed by the application of SANS, 
which has already proved to characterize the microstructure of the bulk-polymer with respect to 
nano-pores, micro-cracks and their arrangement in the polymer matrix. 
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Austempered ductile iron (ADI) is a nodular ductile iron which has undergone a special heat 
treatment to greatly enhance mechanical properties. The heat treatment process of ADI 
consists of austenitization, quenching to a temperature typically between 250°C and 450°C and 
isothermal austempering [1]. After such heat treatment the microstructure consists of acicular 
ferrite and high carbon enriched retained austenite. The microstructure of ADI strongly depends 
on the austenitizatin and austempering temperatures. Details on dependence of microstructure 
and temperature can be found in [1, 2]. In industrial applications alloying elements such as Ni, 
Mn or Cu are used in order to delay the phase transition kinetics, which improves the 
austemperability of thicker geometries. 

The high carbon enriched retained austenite can transform to martenite during plastic 
deformation. Four different treatment parameters (austenitization temperature, austempering 
temperature, austempering time and alloying composition) can influence the retained austenite 
fraction, grain size and its stabilisation ([3],[4]), which in turn will influence the following 
martensitic transformation. 

The influence of different treatment and composition parameters on the martensitic 
transformation has been investigated using in-situ neutron diffraction during applying either 
tension or compression to different plastic strains. In addition texture measurements using 
neutron diffraction have been performed to calculate the texture distribution of ferrite and 
austenite phases for different strain levels. Combining the detailed information on texture with 
the in-situ studies is necessary for quantitative phase analysis and extraction of martensite 
phase fractions. 
The results from these experiments allow us to illustrate the martensitic transformation kinetic in 
ADI with austempering temperature, alloy element Nickel and plastic strains. 
 
References: 

[1] Leopold Meier, Michael Hofmann, Patrick Saal, Wolfram Volk, Hartmut Hoffmann, Materials 
Characterization 85 (2013) 124-133 

[2] Miguel Angel Yescas-González, Modelling the microstructure and mechannical properties of 
austempered ductile iron, Dissertation in department of materials science and metallurgy, 
University of Cambridge, (2001) 

[3] Srinivasmurthy Daber, K. S. Ravishankar and P. Prasad Rao, J.Mater.Sci (2008) 43:4929-
4937 
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elements on the martensite-start temperature of the steels; Department of Physical 
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Requirement of low power losses is one of the crucial demands laid on properties of electric 
steel sheets used in construction of various magnetic circuits. For cold-rolled grain-oriented 
(CRGO) Fe-3%Si sheets used in majority of power distribution transformers, the Goss texture 
{110}<001> is known to provide the best utility properties (low power loses, high magnetic 
permeability).  Due to the coarse grain size of CRGO steel, neutron diffraction (ND) is 
dominantly used to characterize the sheets\' texture in order to achieve statistically significant 
data. 

In this paper, we present a fast and simple method for Goss texture perfection characterization 
in CRGO steel sheets by monochromatic ND. The method is tested on nine samples differing in 
fabrication technology and magnetic properties. Satisfactory performance of the method is 
demonstrated by juxtaposition with the results obtained by a standard texture analysis approach 
based on experimental determination of pole figures followed by scrutiny of calculated 
orientation distribution function.  High correlation level - 0.93 and 0.95 -between the saturation 
magnetization value and the derived texture indicators of the samples is obtained for the 
proposed and the standard texture analysis approach, respectively. 

The research was kindly supported by Czech Science Foundation grant 14-36566G and Czech 
Ministry of Education, Youth and Sports, grant RVI 14000. 
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A study of residual stresses and their effect on thermo mechanical fatigue in complex 
geometries 

 
Susan Kilcoyne1 , Kathryn Gannon2 , Kiumars Shoghi2 , Thilo Pirling3 , Shu Yan Zhang4 , Joe 
Kelleher4  
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* Sue Kilcoyne, s.h.kilcoyne@hud.ac.uk 

It is known that residual stresses within engine components, such as turbine housings, can 
combine with service generated stresses and cause unexpected failures during operation, 
therefore it is important that all the stresses (residual and induced, compressive and tensile) are 
fully characterised and understood. 

 The use of neutrons as a tool to measure the strains within a material is well established; 
however, applying this technique to complex engineering components can prove challenging. 
This research investigates the measurement of residual stresses in complex geometries found 
within the turbine housing component of a turbocharger using neutron diffraction. The effect of 
various production methods on residual stress distributions is also explored. 

Successful strain measurements were taken using the Engin-X instrument at the ISIS spallation 
source from three turbine housings selected from various stages in the manufacturing process, 
allowing a study of the effect of heat treatment and machining on stress magnitudes and 
direction. The turbine housing consists of various sections greater than the maximum 60mm 
path length of the neutrons, therefore path lengths must be carefully chosen to achieve 
acceptable neutron count rates. Engin-X benefits from an automated experimental setup to 
make the selection of this limited path length easier on complex shapes. The turbine housings 
were mounted on to a positioning table allowing translation in X, Y, Z directions and also 
rotation in , . Each of the housings were scanned using laser scanners and this in conjunction 
with the virtual path length measurement software SScanSS allowed automated measurements 
of acceptable path lengths to be made. On this occasion measurements in one principal 
direction were measured and the correct measurement methodology established. 

Continuation of this work was then carried out on SALSA at the ILL reactor 
source.  Measurements were made on turbine housings, one as cast and one heat treated. The 
internal divider wall of each turbine housing was examined as this is an area where crack 
initiation can occur.  The results showed that, heat treatment can reduce compressive residual 
stresses. However, compressive stresses are thought to slow the onset of crack initiation and 
could be beneficial in the material, this will be investigated further in future work. 

It is hoped that this information will be used to improve production methods and result in 
improved simulation methodologies to allow accurate predictions of thermal fatigue and fracture 
locations to be established. 

The authors wish to thank Dr Jon James (Open University) for his help in setting up the 
experiment and for the use of the SScanSS software. 
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Energy dispersive imaging of magnetically driven twins in a NiMnGa single crystal shape 
memory alloy  

Saurabh Kabra1 , Joe F Kelleher1 , Winfried Kockelmann1 , Matthias Gutmann1 , Anton S 
Tremsin2  
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Single crystals of partially twinned magnetic shape memory alloy, NiMnGa were imaged using 
time of flight neutrons at the ISIS neutron source. The single crystal produces two twin variants 
with a specific crystallographic relationship [1]. Large volumes (several mm3) of twinned and 
parent regions were achieved by partially exposing the alloy to large magnetic fields. 
Transmission images were captured using a time of flight MCP neutron detector [2]. The 
twinned and parent regions were clearly distinguishable by choosing different energy regions. 
Further, the time resolved data was used to elucidate the orientations of the crystallites in the 
different volumes of the crystal. The orientations were confirmed by measuring the crystal on 
the single crystal neutron instrument, SXD. This provided a unique technique to give insights 
about the morphology of the twins within these magnetic shape memory alloys. 

[1] Sozinov, A. and Likhachev, A. A. and Lanska, N. and Ullakko, K., Giant magnetic-field-
induced strain in NiMnGa seven-layered martensitic phase.  Applied Physics Letters, 80, 
1746-1748 (2002) 

[2] A.S. Tremsin, J.B. McPhate, J.V. Vallerga, O.H.W. Siegmund, J.S. Hull, W.B. Feller, E. 
Lehmann, Detection efficiency, spatial and timing resolution of thermal and cold neutron 
counting MCP detectors, Nuclear Instruments and Methods in Physics Research Section A: 
Accelerators, Spectrometers, Detectors and Associated Equipment, 604, Issues 1–2,  140-
143 (2009) 
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Line profile analysis of steels during tensile deformation at Engineering Materials 
Neutron Diffractometer TAKUMI 
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Dislocation characteristics in metallic materials are widely investigated in order to understand 
the mechanical properties of the material. The density and the arrangement of dislocation are 
important factors for hardness of the material. Line profile analysis for X-ray and neutron 
diffraction data has been used for the evaluation of the characteristics of dislocation. Neutron 
diffraction has an advantage for obtaining averaged information of dislocation inside the 
material owing to its high permeability. Further, the variation of the dislocations in the material 
during mechanical or thermal process can be observed by in-situ measurements. The 
Convolutional Multiple Whole Profile (CMWP) fitting method is a state of the art technique for 
line profile analysis and the characteristics of dislocation are evaluated from the shape of the 
peak profile including the tail by this technique. The microstructure of materials should be 
evaluated from neutron diffraction patterns more precisely by adopting CMWP fitting method 
compared with using classical Williamson-Hall method.In this study, the dislocation density and 
the arrangement in martensitic steels during tensile deformation were investigated using 
Engineering Materials Neutron Diffractometer TAKUMI at J-PARC and CMWP fitting method. 
The results of the analysis indicated the arrangement of dislocations becomes order according 
to the increasing of plastic strain, and plays the important role in hardening behavior of the 
steel. The dislocation characteristics of some types of steels evaluated at TAKUMI and 
behaviors of the dislocation during tensile deformation will be presented. 
  



 
 

ID: PS-3 - 11, 2015-09-03, Hipostila Area 
Engineering applications 

 (Poster) 

Strain path changes studied by in-situ neutron diffraction 
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de Lausanne (EPFL), CH-1015, Lausanne, Switzerland  
* Tobias Panzner, tobias.panzner@psi.ch 

Most of our knowledge on the mechanical behaviour of engineering materials has been derived 
from conventional uni-axial tensile or compression tests. However during  manufacturing 
processes, e.g. in sheet metal forming, and during service, materials often experience multi-
axial stress states or undergo strain path changes. It is well known that under  multi-axial 
loading conditions materials can exhibit different behaviour compared to an uni-axial loading 
case. Little work has been done to investigate the underlying mechanisms.  In addition, while in-
situ neutron or X-ray diffraction is  well-established for uniaxial deformation studies [1, 2], in-situ 
neutron diffraction during multi-axial deformation is a relatively new field. 

At the Pulse OverLap DIffractometer (POLDI)  beamline of the Swiss Spallation Neutron Source 
(SINQ) at the Paul Scherrer Institut (PSI, Switzerland), a new biaxial tensile test rig developed in 
cooperation with Zwick Roel was installed, allowing to perform proportional and non-
proportional loading experiments (figure 1) . Strain path change experiments can be performed 
whereby  cosζ. With ζ the angle between the first and the second strain paths [3] can be  varied 
from 1 for monotonic loading to -1 for complete reversal loading. The Bauschinger effect, i.e the 
observation of a lower  yield stress while reloading in the reverse direction, is an example of a 
strain path change with cosζ = -1. The value of  corresponds to the orthogonality of the two 
strain paths, often called the cross loading mode. The research presented here  focuses on the 
study of the evolution of the microstructure of 316L stainless steel during different applied 
deformation paths  and in-situ neutron diffraction 

Samples with cruciform geometry are chosen for in-plane biaxial experiments. During 
deformation, the change in the macroscopic strain is recorded by Digital Image Correlation 
(DIC), whereas a footprint of the evolving microstructure is captured by following the 
characteristics of the neutron diffraction pattern in terms of peak shift and peak broadening. The 
incoming beam makes an  angle of 45° with respect to the horizontal axis of the 
cruciform  sample. A neutron gauge volume of 3.8x3.8x2.5mm3 was chosen for good counting 
statistics. 

In this work we focus on the evolving  intergranular strains during strain path changes  with 
cos ranging from 0.87 to -0.5. Depending on the strain path chosen,  recovery effects during 
strain path change are indentified. 

References 

1. Clausen, B., T. Lorentzen, and T. Leffers, Self-consistent modelling of the plastic 
deformation of FCC polycrystals and its implications for diffraction measurements of 
internal stresses. Acta Materialia, 1998. 46(9): p. 3087-3098. 

2. Van Swygenhoven, H. and S. Van Petegem, In-situ mechanical testing during X-ray 
diffraction. Materials Characterization, 2013. 78: p. 47-59. 



3. Schmitt, J.H., E. Aernoudt, and B. Baudelet, YIELD LOCI FOR POLYCRYSTALLINE 
METALS WITHOUT TEXTURE. Materials Science and Engineering, 1985. 75(1-2): p. 
13-20. 
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The deformation behaviour of an Mg-Al-Ca alloy and its short fibre reinforced composite was 
studied using in-situ methods: acoustic emission and neutron diffraction measurements. 

AX41 magnesium alloy with a nominal composition of Mg-4 wt.% Al-1 wt.% Ca and its 
composite variant reinforced with 13 vol.% short alumina fibres were investigated. The fibres 
with a mean diameter of 3 μm and a mean length about 87 μm showed a planar isotropic 
distribution. 

Specimens for deformation tests were cut from the bulk with two orientations with respect to the 
fibres plane: samples with the fibres plane parallel and perpendicular to the longest sample axis 
which is identical with the load axis. 

The specimens of dimensions 20x10x10 mm3 were deformed in compression at room 
temperature with an initial strain rate of 10-3 s-1. The matrix alloy samples without any 
reinforcement were also deformed. 

The in situ neutron diffraction measurements were carried out on the neutron diffractometer for 
engineering applications SALSA at the Institut Laue-Langevin (ILL) in Grenoble, France. A 
wavelength of 1.644 Å was used and the gauge volume was approximately 10x10x10 mm3, 
positioned in the middle of the sample. The loading machine was mounted in diffraction set-up 
and the lattice strains in the loading direction were measured during compression independently 
in both phases – the matrix and the reinforcing phase. The high-flux and a large gauge volume 
allowed to measure two diffraction peaks (00.2) and (10.1) of the magnesium matrix and one 
peak of the reinforcing phase (321) within reasonable short time. 

The acoustic emission (AE) response of the samples during the loading was detected by 
computer-controlled PCI-2 system from Physical Acoustics Corporation. The miniaturized 
piezoeletric transducer with a diameter of 3 mm was attached directly to the sample. AE 
parameters involving count rate at a given threshold level were estimated.  

The fibres and their orientation have significant impact on the mechanical properties and the 
deformation behaviour. The reinforcing effect of short alumina fibres is higher for samples with 
the fibre planes oriented parallel to the stress direction.  The analysis of the lattice strain 
evolution in both the matrix and fibres showed that the load transfer from the matrix to the 
reinforcing phase is less effective, than the theoretical forecast due to fibres buckling and 
debonding during the plastic deformation. 



Results showed that the massive {10-12} twinning at the onset of plastic deformation observed 
in the alloy was in the composite suppressed. The twinned volume derived from the integrated 
intensity of the (00.2) peak was found to be the smallest for the perpendicular fibres plane 
arrangement. 

Residual thermal stresses having a tensile character were experimentally estimated and 
compared with the theoretical calculation. They affect the yielding behaviour of the composite 
and represent important contribution to the composite strengthening. 
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The management of the radioactive waste, as it is performed at IFIN-HH, implies the 
conditioning in a cement matrix as an embedding, stable, disposal material. Neutron scattering 
methods are a powerful and direct method for investigating the static and dynamic properties of 
materials manifesting disordered structure. They offer the possibility to analyze the substance 
without disturbing its natural environment. In the study of the cement matrix quasielastic neutron 
scattering and small angle neutron scattering methods were used. Hydrogen containing 
molecules are involved in microscopic diffusive motions that can be most effectively studied by 
quasielastic incoherent neutron scattering while solid and liquid systems, phase 
transformations, germination and grows flaws and defects and generally any inhomogeneity’s 
occurred in a range of 10 to 1000Å are most suitable studied by small angle coherent 
scattering. This paper highlights the work performed in investigation by neutron scattering of the 
cement paste used for radioactive waste conditioning. 
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In-situ neutron Bragg edge imaging and tomography have been performed on a variety of 
samples for solid oxide electrochemical cells (SOC) for efficient energy conversion. SOCs hold 
a great potential for the future gas-to-electricity or electricity-to-gas sustainable and efficient 
energy conversion without the emission of hazardous substances. They may become a key 
factor in the intermediate storage of over production of electricity from wind turbines or solar 
panels. 

Planar SOCs are composed of at least three layers: an anode, an electrolyte and a cathode. Ni-
YSZ (yttria stabilized zirconia) is a material widely used for electrodes and supports in SOCs. 
Mechanical and electrochemical performance of these layers, and thus the whole cells, 
depends on their microstructure. During the initial operation of the cell the NiO is reduced to Ni 
for electrochemical activity and the material becomes porous enabling gas transport. The 
temperature, atmosphere and stress applied during this procedure determine the microstructure 
of the support and the electrode and thereby the cell performance and life-time. Therefore in-
situ observation of these processes provides knowledge of how to optimize the SOCs. 

Neutron imaging is a nondestructive characterization method that is ideal for in-situ 
characterization of SOCs. Due to the high material penetration by neutrons, it is possible not 
only to image real size SOC stacks, but also to perform experiments in-situ, using a sample 
environment providing the SOC operation conditions of high operation temperatures up to 850 
°C and in a reactive atmosphere of hydrogen and oxygen mixtures.  

Here we present the results of a variety of energy resolved neutron imaging measurements 
performed at both continuous and pulsed neutron sources and applied ex-situ and in-situ to 
SOC components. Bragg edge patterns contain information about elements, crystal structure, 
crystalline phases, texture and the strain field. This imaging method was applied to the 
reduction and oxidation cycles of the SOC electrodes at high temperatures including the 
application of a mechanical load mimicked the operation of the SOC. The acquired neutron 
imaging showed directly the morphological changes including crack formation in the SOC 
electrodes. These in-situ experiments were performed using our custom built furnace. Its design 
allows us to meet the requirements of the equipment used at neutron imaging instruments, to 
achieve the required spatial resolution, and at the same time, to provide conditions required for 



conducting NiO reduction and re-oxidation, i.e. high temperature and reactive atmosphere. 
Further, neutron tomography was applied to a full commercially tested SOC stack showing the 
morphology of the cells while still enclosed and under mechanical strain from the stack gas 
distribution system. 
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To create metal-matrix composites containing carbon nanotubes, fullerene, or graphene is 
necessary to investigate the interaction of various metals and alloys with these carbon materials 
at high temperatures and high pressures. We have studied the interaction of amorphous fullerite 
C60 with austenitic Fe-33.2 wt. % Ni alloy at pressures 2-8 GPa and temperatures 600-1100 °C. 
Structural changes in the metal matrix and the carbon phase were studied by neutron 
diffraction, the most suitable for the localization of light atoms in the presence of heavy atoms. 
Furthermore, this method makes it possible to investigate the entire volume of inhomogeneous 
sintered sample. 
 
The amorphous fullerite was obtained by ball milling and mixed with the powder of the 
crystalline alloy. The interaction at sintering led to the dissolution of carbon in fcc Fe-Ni solid 
solution and the formation of carbide (Fe, Ni)3C, but the Fe-Ni-C alloy did not undergo phase 
transformations and preserved the original fcc structure. As a result, the alloy hardened, we 
could also witness a clear barometric effect: at the pressure of 2 GPa the amount of the 
dissolved carbon, hardness at micro- and nanoindentation turned out to be significantly higher 
than those at 8 GPa. 
 
During sintering amorphous fullerite is undergoing phase transitions and its microhardness is 
higher than the microhardness of the metal component. At high temperatures of interaction 
graphite appears. The presence of Fe-Ni alloy in the composite reduces the temperature of 
graphite formation in comparison with transformations in the pure amorphous fullerene. 
 
This study was supported by the Russian Foundation for Basic Research (project  13-02-
00208a). 
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Atomic displacement parameters of MAX phases at high temperatures: rattling of A-
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The MAX phases are a large family (more than 70 phases) of hexagonal (space 
group P63/mmc) ternary ceramics with a composition of Mn+1AXn, where M stands for an early 
transition metal, A represents a group A element, X stands for carbon and/or nitrogen, and n=1, 
2, or 3. There are three major classes of MAX phases, grouped by the value 
of n: M2AX (211), M3AX2 (312), and M4AX3 (413). A structural characteristic of the MAX phases 
is their layered structure (see Figure), where A layers exist between M6X blocks. Understanding 
the bonding of atoms and their vibrations within, and between, the layers is crucial for 
understanding many of their properties in general and their high temperature properties in 
particular. In this work we summarize several year\'s worth of High-Temperature-Neutron-
Diffraction results on more than 7 MAX phases in the range of 25-1000 °C. These results are 
then compared to detailed temperature dependent DFT calculations. From the totality of our 
results we show that the M-X bonding in the MAX phases is quite robust, while the M-A bonding 
is more loose. The A-atom vibration is the highest of all atoms and it is always anisotropic. They 
can be described as anisotropic “rattlers” between stiff M6X blocks. 
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Investigation of structure and dynamics of the magnetic spin-density wave in chromium 
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The low energy magnetic excitations in chromium [1], regarded as the prototypical example of 
an itinerant antiferromagnet, have been extensively studied since the 1950\'s [2]. Nonetheless, 
its excitation spectrum remains only partially understood, in contrast to itinerant ferromagnets, 
where the excitations are well approximated by means of the self-consistent renormalization 
(SCR) theory. More recently, it has become apparent that a fuller understanding of the behavior 
of chromium may have wider relevance in interpreting the excitations in other itinerant 
antiferromagnets, including the high Tc cuprates. A common feature of these high Tc materials is 
the presence of parallel 2-dimensional copper oxide planes in their crystal structure containing 
charge carriers or holes. In an itinerant picture, the spin dynamics have been described in terms 
of electron-hole pair excitations about an underlying Fermi surface [3]. We present a study of 
the static magnetic order in Cr throughout the phase diagram using the Larmor diffraction 
technique [4], as well as of the high-energy excitations using time-of-flight inelastic neutron 
scattering. The data is interpreted by means of a theory using a three-band model within the 
RPA-approximation [5]. 

[1] E. Fawcett, Rev Mod Phys 60, 209 (1988). 

[2] L. M. Corliss, J. M. Hastings, R. J. Weiss, Phys Rev Lett 3, 211 (1959). 

[3] N. Bulut et al, Phys Rev Lett 64, 2723 (1990); N. Bulut, D. J. Scalapino, Phys Rev B 53, 
5149 (1996); M. R. Norman, Phys Rev B 61, 14751 (2000). 

[4] T. Keller, R. Golub, and R. Gähler, in Scattering and Inverse Scattering in Pure and Applied 
Science, R. Pike, P. Sabatier, Eds. (Academic Press, San Diego, CA, 2002), 1264–1286. 

[5] R. S. Fishman and S. H. Liu, Phys. Rev. B 54 7252 (1996). 
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Polymer-based solar cells have recently emerged as a promising class of photovoltaic diodes, 
with efficiencies approaching 12%1. Since this class of materials allow fabrication of cheap, 
lightweight and flexible devices, they might be integrated effectively in spacecrafts and thus 
reduce the associated launching costs. For all these reasons, a detailed study on the effect of 
radiation exposure needs to be carried out to investigate whether or not these devices are 
adequately radiation tolerant. Neutron irradiation is a well-established technique to simulate 
exposure to cosmic rays. 

Here we report, for the first time, a study of fast neutron (>10 MeV) radiation tolerance of 
polymer-fullerene solar cells incorporating either poly(3-hexylthiophene) [P3HT] or poly(2,5-
bis(3-hexadecylthiophen-2-yl)thieno[3,2-b]thiophene) [PBTTT] as electron-donors, and [6,6]-
Phenyl C71 butyric acid methyl ester (PCBM) as the electron-acceptor. We irradiated the devices 
at three different total-dose of neutrons (1.5, 3 and 4.5 x 109 n / cm2), observing a general 
lowering of the efficiencies (40% and 11% for P3HT and PBTTT) already at the lower dose and 
a higher parameters variability from device to device upon irradiation. Interestingly, PBTTT 
displays a higher radiation tolerance than P3HT, likely due to its superior structural and 
conformational stability. 

1              Heliatek,  (http://www.heliatek.com/newscenter/presse, 16/01/2013), Press Release. 
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Neutron diffraction studies performed on the solid solution of (BiFeO3)1-x(PbTiO3)x reveal a 
mixture of two nanoscale phases with different crystal structures: a rhombohedral BiFeO3-based 
phase and a tetragonal PbTiO3-based phase. The ratio of Fe3+ and Ti4+ ions in the two phases 
is practically constant; only the proportion of the phases changes. The magnetic moments in the 
BiFeO3-based phase, in contrast to BiFeO3, deviate from the basal plane. The temperature 
evolution of the spin components along the hexagonal axis and within the perpendicular plane is 
different, leading to a spin re-orientation transition. The antiferromagnetic order in the PbTiO3-
based phase corresponds to a simple antiferromagnetic structure. The temperature 
dependence of the antiferromagnetic moment in the tetragonal phase at x = 0.5 indicates a 
canted antiferromagnetic order and a net ferromagnetic moment. A strong magnetic coupling 
between two constituent phases due to the nanoscale character of the phases and well-
developed interface between nanoparticles has been observed. The system of (BiFeO3)1-

x(PbTiO3)x demonstrates an interesting scenario, where the proximity effects in the unstable 
system play a crucial role in the appearance of the unusual magnetic properties. 

 

I.V. Golosovsky, S.B. Vakhrushev, J.L. García-Muñoz, M. Brunelli, W.-M. Zhu, Z.-G. Ye, and V. 
Skumryev, "Neutron Diffraction Study of the (BiFeO3)1-x(PbTiO3)x Solid Solution –
  Nanostructured Multiferroic System", Journal of Physics: Condensed Matter, 
27, 046004, 2015. 
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Amorphous carbon materials have a high impact on todays’ novel energy technology being 
important components in energy storage and conversion devices like supercapacitors, batteries, 
proton exchange membrane fuel-cells etc. To optimize the performance of such devices, it is 
crucial to have a good understanding of the porosity and structure of used carbon materials. As 
a standard method, the nitrogen adsorption measurements and several models like Brunauer-
Emmett-Teller (BET), t-plot and non-local density functional theory (NLDFT) have been used to 
calculate the available specific surface area and the pore size distributions for different 
amorphous carbon materials. However, these models need the pore shape as an input 
parameter for calculations and often the slit shaped pore model is assumed without additional 
verification. This assumption is also very often transferred to the behaviour of carbon materials 
in different applications leading to misinterpretations. 

The main aim of our research was to study the possibility of different pore shapes in amorphous 
carbon materials based on three different carbide-derived carbons SiC-CDC, TiC-CDC and 
Mo2C-CDC, derived via the high temperature (≥ 900 °C) chlorination of SiC, TiC and 
Mo2C,respectively. For that purpose nitrogen adsorption, Raman scattering and small-angle 
neutron scattering with contrast matching technique were used. 

Although the average pore dimensions obtained from small-angle neutron scattering fell in the 
regions of pore size distributions calculated from nitrogen adsorption isotherms using non-local 
density functional theory (Figure 1), the results suggest different pore shapes for different 
carbon materials: sphere-like pores in SiC-CDC, cylinder-like or elongated pores in TiC-CDC 
and slit-like pores in Mo2C-CDC. These results were compared to the correlation lengths in 
carbon structure calculated from Raman scattering spectrum. It was observed that the carbon 
material with the longest correlation length (La = 11 nm), Mo2C-CDC, also had the largest pores 
in the carbon materials indicating a clear connection between the structural order of carbon 
material and the pore size. 

To conclude, we demonstrated that the slit-shaped pore model usually assumed to be suitable 
for amorphous carbon materials can be misleading in many cases. Thus, for complicated 
hierarchical carbon materials, the pore shape should be verified by applying additional methods 
before including the pore size to the analysis of material behaviour in different applications. 

Figure 1: Pore size distributions calculated using NLDFT model for all carbide-derived carbons 
studied. The vertical lines on the graphs represent the average pore dimension obtained from 
small-angle neutron scattering. 
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The realisation of coupled ferromagnetism and ferroelectricity in magneto-electric materials is 
famously restrictive. Despite this, new practical realisations of such coupling are actively sought 
due to its well-known technological potential. While much of the recent research towards this 
goal has focussed on thin film and heterostructure synthesis approaches, the rules that govern 
such a coupling in bulk systems remains to be firmly established. Part of the reason for this is 
that bulk magnets on which to test such understandings are extremely scarce. 

Recently, we showed the olivine material Mn2GeO4 to display a phase where ferromagnetism 
and ferroelectricity co-exist, both spontaneously and pointing along the c-axis [1]. Our earlier 
studies show the ferromagnetism to arise from a canting of a commensurately modulated 
antiferromagnetic order, and the ferroelectricity to be generated by a symmetry-breaking 
incommensurate spiral order [1,2]. Our measurements evidenced both the 2-q ground state 
magnetic structure and hinted at a coupling between the ferromagnetism and ferroelectricity 
[1,2], though the microscopic origin and symmetry requirements of such a coupling remain to be 
addressed. 

To clarify if and how such a coupling may arise, neutron diffraction, in particular spherical 
neutron polarimetry (SNP) experiments have been conducted on single crystal samples on 
Mn2GeO4. By poling the sample under electric and/or magnetic fields along the c-axis, we 
controlled and characterised the magnetic domain populations for different applied field 
protocols. Notably, we show that the switching of both the ferromagnetic and ferroelectric 
moments by magnetic field sweeping is concomitant with a switch in the spiral-handedness of 
the incommensurate modulation known to generate ferroelectricity. We will discuss how these 
measurements of the magneto-electric domains may point towards a novel coupling between 
the two ferroic orders in Mn2GeO4. 

[1] T. Honda et al., J. Phys. Soc. Jpn. 81 103703 (2012) 

[2] J.S. White et al., Phys. Rev. Lett. 108, 077204 (2012) 
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TlInSe2 belongs to the family of ternary Tl-based chalcogenide compounds that have recently 
attracted large interest as potential thermoelectric materials with very low lattice thermal 
conductivities and large figures of merit (ZT>1-2) for temperatures below ~500K [1,2]. TlInSe2 
crystallizes in a tetragonal crystal structure that can be viewed as a set of (In3+Se2-)- chains 
running along the c-axis of the lattice, connected to each other by monovalent Tl+ ions, thereby 
creating a quasi one-dimensional structure. It is assumed that this structural one-dimensionality 
is responsible for the large thermoelectric effects, however, the undoubtedly relevant lattice 
dynamics have not been studied so far. 

We have used the cold hybrid spectrometer HYSPEC at the SNS, ORNL, to study the room 
temperature phonon dispersions in a high quality single crystal of TlInSe2 over a large range of 
reciprocal space. We will present our experimental data in conjunction with first-principles 
calculations, which allow us to elucidate the origin of the low thermal conductivity, its anisotropy 
and the role of anharmonic effects in this novel thermoelectric candidate material. 
 
[1] M.A. McGuire et al., Chem. Mater. 17, 2875 (2005) 

[2] N. Mamedov et al., Thin Solid Films 499, 275 (2006) 
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One of the most remarkable properties of ferroelectric relaxor materials is their extraordinarily 
large dielectric permittivity appearing over a broad temperature interval and attaining its 
maximum at a temperature Tmax , which varies linearly with the logarithm of the probing 
frequency [logν]. Contrary to the usual Arrhenius relationship, i.e. the direct proportionality 
between the the logν and the absolute temperature, describing the usual slowing down of 
thermally activated processes in nature, here at low frequencies Tmax tends towards a finite 
characteristic temperature TVF , which is typically hundreds of Kelvins. This type of dependence 
is known in dynamics of glass-forming liquids, and many other disordered materials of current 
interest, as the Vogel-Fulcher (VF) law. 

Although the relaxor-glass analogy has to be taken with care, it has been widely accepted that 
the VF behavior in relaxor ferroelectrics is related to a temperature-dependent length scale of 
nano-range polar inhomogeneities. While there is a clear experimental evidence for nanoscale 
polar entities in the low-temperature relaxor state e.g. from neutron and x-ray scattering 
investigations, the exact topology of the spatial polarisation distribution is still debated. As a 
consequence, the microscopic origin of the Vogel-Fulcher-type dynamics continues to represent 
the most enigmatic aspect of the relaxor physics and, as in the case of a glass transition, it calls 
for further studies at multiple time and length scales. 

We have investigated the inelastic component of diffuse neutron scattering in a 
Sr0.61Ba0.39Nb2O6 single crystal using the backscattering technique at a sub-μeV resolution on 
the IN16 and IN16B (ILL) spectrometers [1]. In the direction perpendicular to the ferroelectric 
axis we could identify two response components with transverse polarization: an elastic 
(resolution limited) central peak, which monotonously increases with decreasing temperature, 
and a quasi-elastic signal having a maximum around the ferroelectric phase transition close to 
350 K. In contrast to previous neutron experiments on this [2,3] and other relaxor materials we 
were able to observe a temperature dependence of the characteristic frequency of these 
fluctuations, obeying the same Vogel-Fulcher law as the dynamic part of the dielectric 
permitivity of this material [4]. In this way our findings provide a first direct link between the 
polarization fluctuations responsible for Vogel-Fulcher-type frequency dependence of dielectric 
permittivity and dynamic nano-scale lattice modulations with a transverse correlation length of 
about 5-10 unit cells. 

[1] P. Ondrejkovic, M. Kempa, J. Kulda et al., Phys. Rev. Lett. 113, 167601 (2014) 
[2] F. Prokert and R.Schalge, Phys. Status Solidi B 87, 179 (1978) 
[3] S.N. Gvasaliya, R.A. Cowley et al., J. Phys. Condens. Matter 26, 185901 (2014) 
[4] E. Buixaderas et al., J. Phys.: Condens. Matter 17, 653 (2005) 
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The first polymer nanocomposites using carbon nanotubes (CNT) as fillers were reported in the 
early ‘90s. Since then a significant number of scientific reports have been published, however 
there are only a few nanotube-based commercial products in the market at present. The 
characteristic parameters, as nanotube type, chirality, length, diameter, amount of impurities, 
defects etc., vary within laboratories where they were produced, what makes the comparison of 
the results of different researchers difficult. While important insights have been achieved, there 
are still many unsolved questions concerning CNT containing nanocomposites. CNTs have 
several characteristics, such as flexibility, low mass density, large aspect ratio that make them 
excellent for improving the mechanical, electrical, thermal properties of polymers. [1] Due to 
their reduced size and dimensionality, carbon nanotubes form complex networks of aggregates 
within the composite materials. 
 
Bisphenol A diglycidyl ether (DGBA) epoxy resin polymers containing multiwalled carbon 
nanotubes (MWCNT) were prepared in the form of 3mm-4mm thick polymer tablets containing 
different percentage of MWCNT (0.2% to 5% MWCNT). The samples were studied by 
impedance spectroscopy and small angle neutron scattering (SANS). 
 
The dielectric permittivity and the electrical conductivity of the composites were explored in the 
frequency range of 1 Hz-10 MHz, in the temperature range of 20-160 oC.  
 
The SANS measurements were performed at the Yellow Submarine and FSANS small angle 
neutron scattering diffractometers at the Budapest Neutron Centre at wide scattering vector 
range (q=0.0005÷0.350 Å-1). The measured samples contained various percentage of added 
MWCNT, therefore the extrapolated intensity to q=0 increased with the increasing amount of 
nanotubes. 

From SANS point of view, CNTs are seen as rigid rod-like structures, therefore a power law 
scattering profile with a slope of -1 is expected. However such slope can only be observed, 
when the CNTs are perfectly dispersed within the polymer matrix. [2] 

In the present case scattering with two different regions occured; both of them following a power 
law behavior, characteristic to the scattering arising from fractal objects. The exponent 
characteristic to a given scattering vector region gives information on the dimensionality of the 
scatterers, which can also be a non-integer for disordered systems. Surface and volume fractal 
exponents were obtained for the two different q regions that correspond to loose disordered 
three dimensional CNT networks within the polymer matrix. From the scattering vector at which 
the exponent value change occurs (q=0.01 Å-1) we can estimate a size (600 Å) that 
characterizes the three dimensional network. The different exponents indicate not only a 
quantitative, but also a qualitative difference in the behavior of the different MWCNT containing 
samples. The obtained aggregation/dispersion properties could be correlated with the electrical 
conductivity properties. 

[1] M. Moniruzzaman, K. I. Winey, Macromolecules 39 (2006) 5194-5205  
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In this contribution neutron diffraction studies on ferroelectric ceramics under high electric fields 
as well as shape memory alloys under mechanical load will be presented. The investigations 
were carried out at the high-resolution neutron powder diffractometer SPODI and the materials 
science diffractometer STRESS-SPEC (both at FRM II/MLZ, Garching near Munich). Both 
instruments offer dedicated sample environmental tools to analyse functional materials under in-
operando conditions. 

In-situ studies on ferroelectrics under the influence of high electric fields enable to determine the 
correlations between the macroscopic poling behaviour and corresponding structural changes. 
The investigations were carried out on lead zirconate titanate based samples and on a bismuth 
sodium titanate based system. A self-designed device for voltages up to 35 kV allowed the 
investigation of large bulk samples under high electric fields. In addition the setup enabled 
diffraction measurements for different orientations of the electric field with respect to the incident 
beam. Thus the data could be analysed for phase composition, strain and texture effects. This 
method allows to elucidate the poling mechanisms in technical ferroelectrics, such as lattice 
strain, domain reorientation and phase transformations. 

In the ternary system Bi0.5Na0.5TiO3 - BaTiO3 – K0.5Na0.5NbO3 the large recoverable field-
induced strain could be attributed to a reversible field-induced phase transition from an almost 
non-polar, pseudocubic tetragonal phase to a distorted, ferroelectric active phase. In the 
technical standard system Pb1-y LazTi1-xZrxO3 the contributions of domain switching, lattice 
strain to the resulting macroscopic strain could be separated for both constituent phases. 

Polycrystalline monoclinic nickel-titanium shape memory alloys have been investigated under 
mechanical load to correlate the mechanical behavior with structural and microstructural 
changes. The experiments were carried out using a novel tensile rig which allows to orient the 
load axis in a Eulerian cradle like manner. Therefore this load frame is suited to investigate the 
anisotropy of the elastic response as well as complete pole figures under mechanical load. The 
macroscopic strain in Ni-Ti shape memory alloys results from ferroelastic accommodation of the 
twin microstructure (“texture evolution”) and elastic strain (lattice strain). Both contributions 
could be separated by diffraction studies under mechanical load for different orientations of the 
load axis. It has been found that the pure elastic response is limited to 0.2% macroscopic strain. 
In the pseudoplastic region the longitudinal elastic strain is smaller than the pseudoplastic strain 
by a factor of 10. 
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To reduce the dependence on fossil fuels, there is a growing interest for the use of 
lignocellulosic biomass. Until now, wood is mainly used for the production of paper from 
cellulose, and most of the other components of wood are simply incinerated to produce energy. 
More effective conversion technologies are required. Therefore there are increasing efforts in 
developing efficient, environmentally friendly and cost effective ways of converting wood in 
bioenergy and bio-based products. Treatment of wood with ionic liquids is one promising new 
conversion technology since ionic liquids improve enzymatic hydrolysis with regard to yield and 
time [1]. While early studies focused on the dissolution of wood [2], the pretreatment first 
involves ultrastructural changes in the wood which have not been understood so far [2-4]. 

The pretreatment in ionic liquids (IL) proved to be efficient because the IL swells the fibers 
effectively and the wood starts to disintegrate. The aim of the study was to monitor the structural 
changes occurring on a nanometer scale in real time in order to better elucidate the complicated 
mechanisms of disintegration during pretreatment. In situ time-resolved SANS measurements 
were performed on beech wood in the IL 1-ethyl-3-methylimidazolium acetate at 100°C covering 
a wide Q-range. In order to obtain a better contrast, deuterated IL was synthesized within our 
group, and used for the SANS experiments. 

Following the data analysis presented on SANS results of switchgrass [5], as a first approach 
for threating our data we also applied a multi-scale fractal model (Beaucage). This revealed 
structural changes over time on different length scales for these highly complicated systems. 
This analysis leads us to our current hypothesis that we are observing the filling of the voids in 
wood by IL followed by the swelling of the cellulose microfibrils eventually resulting in the 
disintegration of the cell walls. The elaboration of a model, which describes more accurately the 
processes, is ongoing. The SANS results will be compared to existing results of WAXS, Infrared 
and Raman Spectroscopy and from real time microscopy. 

References 
[1] J. Viell et al., Bioresour Technol., 2013, 146, 144–151 

[2] A. Fort et al., Green Chem., 2007, 9, 63–69 

[3] S. Ogawa & H. Miyafuji, J Wood Sci., 2015, DOI 10.1007/s10086-015-1461-3 

[4] P. Langan et al, Green Chem., 2014, 16, 63 

[5] S.V. Pingali et al, Acta Cryst., 2010, D66, 1189 
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In an energy demanding society, the need of “sustainable technologies” for energy production is 
becoming more and more essential. Fuel cells, providing electricity with virtually no harmful 
emissions, are one of the most promising technologies, especially if operating in the 
intermediate temperature range (∼100—500 ˚C) [1-2]. At the heart of these devices is the high 
mobility of protons through a proton conducting membrane. Target conductivities exceed 10-1 
S/cm and in this respect proton conducting oxides based on the perovskite structure, such as 
BaZrO3 based compounds, are most promising. The proton conduction mechanism is believed 
to be governed by two elementary steps: (i) proton transfers between neighbouring oxygens, 
and (ii) reorientational motions of the hydroxyl groups between the transfers. A series of such 
jumps and reorientations leads to long-range proton diffusion. However, the presence of dopant 
atoms and other structural “imperfections” complicate the description of the proton conduction. 
As a consequence, it is not fully understood even for the (structurally) simplest systems [2-3]. 
For this reason, we have here investigated the atomic-scale proton dynamics in proton 
conducting perovskites BaZr0.9M0.1O3H0.1 (M = Y and Sc), by quasielastic neutron scattering, 
with the aim to correlate their large difference in proton mobility [2] to any features of the proton 
dynamics on the atomic scale. The quasi-elastic component obtained at the IN5 time-of-flight 
spectrometer at ILL is well approximated by a lorentzian function with characteristic FWHM in a 
range of ca 0.3-1.0 meV, and thus in accordance with results from previous experiments [3-4]. 
However, data collected at the same instrument with a higher resolution setup and data 
collected at the IN11 neutron spin echo spectrometer both suggest instead the presence of a 
relaxation described by a distribution of time constants and activation energies. Such 
distribution could reflect different local structural proton environments in the perovskite 
structure, or the combination of different proton motions. In this contribution we will discuss 
these results and their relevance for the development of more highly proton conducting 
materials in more detail. 

[1] J. Powell, M. Peters, A. Ruddell and J. Halliday, Tyndall Centre for Climate Change 
Research Working Paper, 50, (2004). 

[2] K. D. Kreuer, Annu. Rev. Mater. Res., 33, 333 (2003). 

[3] M. Karlsson, Dalton Trans., 42, 317, (2013). 

[4] M. Karlsson, A. Matic, D. Engberg, M. r. E. Björketun, M.M. Koza, I. Ahmed, G. Wahnström, 
L. Börjesson and S.G. Eriksson, Solid State Ionics 180, 22 (2009). 
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Because of the high values of its diffusion coefficient, hydrogen can be easily introduced into 
the NiTi and just as easily removed from it. As the diameter of a hydrogen atom is very small, it 
occupies the interstitial sites at room temperature. Hydrogen in titanium alloys tends to form 
titanium hydrides. 

NiTi can be hydrogenated either by exposing it to hydrogen atmosphere at high temperatures or 
by charging it electrolytically in liquids at room temperature. In frame of systematic 
electrochemical studies of superelastic and shape memory NiTi wires, we charged these wires 
cathodically with hydrogen under different conditions (in austenite, martensite, R-phase, under 
applied stress, in deformed martensite, etc.) and investigated its effect on the phases and 
transition temperatures by in-situ neutron diffraction, electric resistometry, tensile testing and 
scanning electron microscopy (SEM).  The effect of hydrogenation mode on transformation 
temperatures, lattice parameters, strength and fracture mode are discussed in the context of the 
results of in-situ electrochemical studies 
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Ferroelectric materials are used in many applications, e.g. as ultrasonic transducers. The most 
commonly used ferroelectrics like PbxZr1-xTiO3 contain lead, which makes them potential 
hazards for human health and our environment. Consequently, lead-free ferroelectrics are 
currently being developed with the aim of replacing the lead-containing materials in the medium 
term. However, the microscopic mechanisms which determine the ferroelectric properties have 
to be identified before the properties can be optimized for specific applications. 
 
The solid solution of Bi1/2Na1/2TiO3 and BaTiO3 was first reported in 1991 [1]. The ferroelectric 
parameters of solid solutions near the morphotropic phase boundary of (1-x)Bi1/2Na1/2TiO3-
xBaTiO3 around x = 0.06 were later cited as d33 = 125 pC/N and ε33

T/ε0 = 580 [2]. These values 
are comparable to those of commonly used lead-containing ferroelectrics. Our group has 
previously measured diffuse x-ray scattering in half-order reciprocal lattice planes [3]. These 
planes mainly contain superlattice reflections and narrow, one-dimensional streaks extending 
along <100> directions. The superlattice reflections depend on the local symmetry which is 
mainly due to tilting of the oxygen octahedra in the distorted perovskite structure. The streaks, 
on the other hand, are associated with planar defects in the crystal structure. Both of these 
features react strongly to the application of an external electric field and could guide us towards 
the identification of the relaxing structural units. 
 
In the temperature-dependent diffuse neutron scattering experiments presented here, we 
focused once more on the diffuse scattering in half-order planes. We found a clear correlation 
between the intensity of the diffuse streaks and the dielectric permittivity. This implies that the 
presence of the planar defects may significantly facilitate the polarization of the investigated 
material. Furthermore, we were able to construct a model of its nanostructure on the basis of 
the superlattice reflection intensities and widths. It substantiates our view that the planar defects 
which lead to the diffuse streaks are in fact nanoscopic phase boundaries, i.e. most importantly 
stacking faults of the octahedral tilt structure. The dynamics of the nanostructure, investigated 
by QENS, exhibited several unexpected features which will also be discussed in detail. 
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Heusler Ni-Mn-Z (Z=In, Sn and Sb) alloys have recently attracted great interest as possible 
multiferroic materials. As a result of the coupling between structure and magnetism, these alloys 
show multifunctional properties of great technical interest for practical applications in sensing 
and magnetic refrigeration. Such properties are mainly related to a drastic magnetization 
change across a transformation between ferromagnetic austenite and a martensitic phase with 
weak magnetism. In this respect, it is known that the difference in the magnetization between 
both phases becomes more prominent by Co doping, thus resulting in an enhancement of the 
related effects. In this work, the influence of Co addition on the structure and the vibrational 
behavior in ternary Ni-Mn-In has been completely characterized by means of elastic and 
inelastic neutron scattering techniques: the crystallographic structure has been determined from 
single crystal neutron diffraction, the evolution of the long-range atomic order as a function of 
temperature has been studied by “in situ” powder thermodiffraction and, finally, the influence of 
Co addition on the the low energy TA2 phonon branch has been analysed at temperatures close 
to the martenstic transformation from thermal triple-axis spectrometry experiments. 
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One of the reasons for Cu(In,Ga)Se2 based thin film solar cells sucess is the remarkable 
flexibility of its chalcopyrite crystal structure [1,2]. This flexibility is a key point also for the 
quaternary kesterite type compounds like Cu2ZnSnS4/Se4 (CZTS, CZTSe). These compound 
semiconductors, acting as the absorber layer in a thin film solar cell, exhibit an overall off-
stoichiometric composition, thus the existence of intrinsic point defects is strongly correlated 
with the chemical potential and therefore dependent on the composition of the material. Finally 
these structural defects influence the electronic properties of the final device sensitively. 

Both compounds, CZTS and CZTSe, crystallize in the kesterite type structure (space group I-4) 
[3]. The structure can be  described by a stacking sequence of cation layers Cu/Sn – Cu/Zn – 
Sn/Cu – Cu/Zn – Cu/Sn perpendicular to the crystallographic z-direction. It was shown by 
neutron diffraction [4], that in the stoichiometric compounds a strong disorder in the Cu/Zn 
planes exists, thus the compunds were named “disordered kesterites” [5]. 

An off-stoichiometric composition, for instance Cu-poor, originates from the prospensity of the 
structure to stabilze copper vacancies, the charge balancees beeing commonly insured by 
appropriate substitutions on the cationic sites. If the oxidation states of the cations and anions 
are retained going from stoichiometric CZTS/Se to off-stoichiometric CZTS/Se, a number of 
specific substitutions can be envisioned to account for the charge balance in the off-
stoichiometric material [6]. These substitutions lead to the formation of point defects in the 
crystal structure of the material. 
 
The basis of our studies is a number of CZTS, CZTSe and CZTSSe powder samples, 
synthesized by solid state reaction. The results of the chemical (by WDX spectroscopy) and 
structural analysis (by neutron diffraction) demonstrate the ability of the kesterite type phase to 
tolerate deviations from stoichiometric composition without collapse of the structure. On the 
basis of the cation site occupancies obtained by Rietveld refinement of the neutron diffraction 
data refined  and applying the average neutron scattering length analysis the point defect types 
and concentrations were revealed, which are considered to form off-stoichiometric kesterites by 
keeping the charge balance. Moreover is was revealed, thate the presence of point defects 
influences the Cu/Zn disorder effect. 
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Li-ion battery materials, such as LixCoO2, have dominated energy storage in the portable 
electronics industry due to their unmatched volumetric energy density. However, the increased 
demand for medium and large-scale stationary energy storage for intermittent renewable energy 
sources coupled with the scarcity of lithium makes it important to find alternatives, such as Na-
ion batteries [1]. NaxCoO2 is structurally related to LixCoO2 and also has promising 
electrochemical properties [2]. It forms a kaleidoscope of superstructures as a function of 
concentration and temperature based on multi-vacancy clusters [3]. The sodium ions inside 
these multi-vacancy clusters are rattling sites [4], and a fraction of the sodium ions become 
super-ionic in the vicinity of room temperature [5,6]. We have studied the diffusion mechanism 
in NaxCoO2 using incoherent quasi-elastic neutron scattering at elevated temperatures using 
OSIRIS at ISIS. We compare the diffusion mechanism to the superstructures and to first-
principles calculations. 
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In Argentina, the project for the construction of a new multipurpose research reactor called 
RA10 is rapidly progressing. This project started officially in the Argentinean National Atomic 
Energy Commission (CNEA) in June 2010 and is being designed and will be constructed 
together with the Argentinean technology company INVAP S.E. The new reactor, with a power 
of 30 MW, will offer new neutron based capabilities to the national scientific and technological 
system. In addition, Argentina has in the present many active research reactors. One of them is 
the RA6 reactor, located in the Bariloche Atomic Center, CNEA. This reactor has among several 
research facilities (PGNAA, BNCT), a neutron imaging instrument under regular user regime 
since 2012. 

In this work we present some results obtained during the last two years in the active imaging 
facility at RA6, and the conceptual design of a neutron imaging instrument to be installed in the 
RA10 reactor hall. 

The new facility will be installed over a cold neutron beam coming from a liquid deuterium (20 K) 
cold neutron source.  With the general criteria of a highly versatile instrument, we analyze 
analytically and using Monte Carlo simulations (McStas) different design options, taking into 
account secondary shutters and collimators, in the way of getting L/D values between 400 and 
2000, with high neutron fluxes in a uniform illuminated screen of at least 20 cm x 20 cm in the 
far detection position, located at 13 m from the reactor face. At this detection position, for L/D 
approximately 400, on the mentioned detection screen we expect a neutron beam of about 10^7 
n/cm^2/s. 
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The occurrence of a thermoelastic martensitic transformation between magnetically ordered 
phases in Heusler Ni-Mn-based metamagnetic shape memory alloys gives rise to phenomena 
such as magnetic shape memory effect, magnetoresistance or giant magnetocaloric effect, of 
great technical interest for practical applications in sensing and magnetic refrigeration. 
Microstructure, which includes crystallography, atomic order, second phase precipitates, 
defects, internal stresses and microstrains, is known to highly affect the magnetostructural 
properties underlying those multifunctional features. In this work, the ball-milling technique is 
used to produce mechanical deformation up to amorphization. In-situ neutron diffraction 
measurements shows that the milled alloy crystallizes on a disordered B2 structure which, on 
further heating, evolves towards an ordered L21 structure through three ordering processes. 
Likewise, grain size and strain evolution also evolve with the heating temperature. Subsequent 
neutron diffraction measurements on samples treated up to the different stages, combined with 
DSC calorimetry and SQUID magnetometry, allow to completely characterize the influence of 
microstructure on both the martensitic transformation and the long-range magnetic order in Ni-
Mn-In alloys 
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All-solid-state sodium batteries with excellent safety have attracted much attention as one of 
candidates of post-lithium ion batteries because of great abundance and low cost of 
sodium.  Recently, it has been reported that Na3PS4 glass-ceramic superionic conductor 
synthesized by annealing of (Na2S)75(P2S5)25 glass has a conductivity in the order of 10-4 Scm-

1at room temperature [1].  In order to understand structural origin of this superior ionic 
conductivity, we performed an analysis of atomic structures for Na-P-S system based on 
neutron and X-ray diffraction data. 
 
(Na2S)x(P2S5)100-x glass samples (x=50, 60, 66.7, 75) were synthesized by the mechanical 
alloying (MA) method.  Electrical conductivities of (Na2S)x(P2S5)100-x glasses were measured by 
an ac four-prove method in the frequency range from 10-2 to 106 Hz.  Time-of-flight neutron and 
synchrotron X-ray diffraction experiments were carried out with the high intensity total 
diffractometer (NOVA) at the BL21 beam line of MLF in J-PARC and with a horizontal two-axis 
diffractometer at the BL04B2 beam line in SPring-8, respectively. Furthermore, reverse Monte 
Carlo (RMC) simulations based on neutron and X-ray structural factors, S(Q), were performed 
to derive three-dimensional atomic configurations of (Na2S)x(P2S5)100-x glasses. Figure 1 shows 
experimental S(Q)s and calculated S(Q)s by the RMC simulation for (Na2S)50(P2S5)50 glass. 
 
In our presentation, we will show results of detailed analysis of the atomic configurations and 
discuss the structural characteristics related to the Na+ ionic conductivity for the Na-P-S system. 
 
[1] A. Hayashi, K. Noi, A. Sakuda, M. Tatsumisago, Nat. commun., 3, 856:1-5 (2012). 
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Neutron imaging has become in the latest decade a very useful and popular technique in 
different fields of science and engineering. From the study of ancient pieces of art and 
archaeology, to the study of novel materials for hydrogen storage, magnetic properties by using 
neutron grating interferometry and hydrogen diffusion in metals. 

With the improvements of spatial resolution in imaging, in combination with the use of cold 
neutrons, many edge enhancement effects appeared in several neutron imaging experiments. 
In many cases this effect can deteriorate the quality of the images and researchers explored 
different ways to suppress or minimize it. But there is also the possibility of using it to increase 
the sensitivity of imaging techniques to internal cracks, or potential for future technological 
approaches. 

Although there is a model to describe the edge enhancement effects by means of refraction 
according Snell’s law, some considerations about inline phase contrast effects (in combination 
or as superposition) exist. The approach of this work has been to study the effect in different 
structural materials like aluminum, iron, lead and titanium in the dependency on neutron energy 
(wavelength). Figure 1 shows the typical intensity profiles, in this case for Iron. The study 
includes high resolution imaging with cold neutrons at ICON (PSI) and ANTARES (TUM-MLZ), 
and the dependence of refraction effects (i.e. intensity, angle) on the neutron wavelength, from 
3 to 6 angstrom. The experimental data are compared with Monte Carlo simulations by a 
dedicated McStas tool. 

Figure 1. Neutron intensity profiles for a sample of Iron in the beam of ANTARES. A neutron 
velocity selector was used to study fundamental parameters of the profile as a function 
of  neutron wavelength. 
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The porphyritic granite of the Soultz-sous-Forêts geothermal site has been intensely altered 
during several hydrothermal alteration events, which caused the transformation of primary 
minerals to secondary minerals and changed the texture of the rock matrix. Secondary clay 
inside the granitic matrix and around fractured zones is affecting the mechanical strength of the 
rock and the local stress field (Meller & Kohl 2014). The determination of intrinsic strain 
parameters of the drill core samples, which reflect the local stress field to which the samples 
were exposed in situ, will show inasmuch the intrinsic stress contributes to the total stress field 
and is affected by hydrothermal alteration. 

The present study aims at determining residual strains in the coarse grained Soultz granite 
using on the neutron-TOF-strain diffractometer EPSILON at the pulsed neutron source IBR-2M 
of the FLNP (JINR Dubna, Russia). The diffractometer is especially designed for the 
investigation of polyphase samples with minerals of lower crystal symmetry (see e.g. Scheffzük 
et al. 2014). We selected 3 drill core samples: an unaltered core containing the primary mineral 
content, a slightly altered core, with minor mineral transformations and an extremely altered 
sample with significant secondary clay content. 

The measuring procedure involved 3 measurements for each core sample 

1) The measurement of powder samples grinded up to 63 µm and tempered on 600°C to 
achieve a strain-free (in 1st and 2nd order stress) reference sample 

2) The measurement of the core sample at room temperature 
3) The measurement of the core sample after heating to ~140°C in situ temperature to 

eliminate thermal strain established after removing the granite from its in situ 
conditions 

The coarse grained granite samples with a wide distribution of it grain sizes (mm-cm) require a 
large gauge volume to register a statistically relevant grain ensemble. Hence, the incident slip 
has been selected by HxW = 60x50 mm2. The detector arrangement geometry allows to detect 
two perpendicular diffraction patterns and hence the characterization of the residual strains by 
two defined perpendicular directions. 

The neutron-TOF-diffraction pattern of the samples was analysed by the Rietveld refinement 
method using the MAUD software package, (Lutterotti et al. 1999). 

The main mineral phases contributing to the spectrum could be identified as quartz, orthoclase, 
microcline, oligoclase, and minor biotite (Fig. 1). 

The porphyritic character of the Soultz granite (especially the large K- feldspars) appears to 
make the fits of these spectra rather challenging. 



  

Lutterotti, L.; Matthies, S. and Wenk, H. -R. "MAUD (Material Analysis Using Diffraction): a user 
friendly Java program for Rietveld Texture Analysis and more.", presented at ICOTOM 12, 
Montreal 1999. 

Meller, C., & Kohl, T., 2014. The significance of hydrothermal alteration zones fort the 
mechanical behavior of a geothermal Reservoir. Geothermal Energy, 2, 12 

Scheffzük, Ch., Ullemeyer, K., Vasin, R., Naumann, R. & Schilling, F.R. (2014): Strain and 
Texture Investigations by Means of Neutron Time-of-Flight Diffraction: Application to Polyphase 
Gneisses. Materials Science Forum 777, 136-141. 
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We have studied in detail the A-phase region in the field-temperature (H-T) phase diagram of 
the cubic helimagnet MnSi using small angle neutron diffraction. This experiment was make for 
three different directions applied magnetic field H along [111], [110], [100].The A-phase 
revealed itself as a two-dimensional hexagonal pattern of Bragg spots with kh(1,2,3)  H for all 
three directions. The directions and value of wave-vectors kh(1,2,3) are well preserved over the 
whole crystal of the size of 100 mm3, but in the small room of the (H-T) phase diagram just 
below TC = 29 K. The droplets of the orientationally disordered, presumably hexagonal, spin 
structure with kh  H are observed in the wide range beyond the A-phase boundaries in the field 
range from BT1 ≈ 0.1 T to BT2 ≈ 0.25 T at temperatures down to 15 K. No melting of these 
droplets into individual randomly located skyrmions is observed for all temperatures and 
magnetic fields and in three directions. 
This work was partial support by the Russian Foundation of Basic Research (project 14-02-
31146-mol_a and 14-22-01073-ofi_m) 
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The adsorption and diffusion of molecular hydrogen in carbon materials is of fundamental 
interest in various fields. The potential use of porous carbons and carbon nano-structures for 
hydrogen storage through adsorption has created a wide interest [1–3]. A large number of 
investigations have been performed in roughly the last twenty years, however, the full picture 
about the detailed effect on the pore characteristics and the surface chemistry of the carbon 
adsorbent on the H2 adsorption is still not drawn yet. Whereas also from application point of 
view the comprehensive understanding of the behaviour of the H2 molecules on the carbon 
surface is essential. 

Here, we present the first results from a systematic study on the dynamics of H2 on carbon 
aerogel [4] (CG) surface. CGs are highly porous materials (Figure 1), and one of their most 
important strength is the finely tuneable pore structure and surface chemistry. Owing to this 
property the effect of these parameters on the adsorption and dynamics of adsorbed H2 can be 
studied independently their effects. The diffusion of hydrogen molecules adsorbed on CG 
surface has been studied with quasi-elastic neutron scattering (QENS). The diffusion has been 
observed to follow a jump process. The temperature dependence of the diffusion rate indicates 
an activated process, whose activation energy compares well with existing results from other 
porous carbon systems. 

As an additional information, the QENS measurements allowed us to monitor the conversion 
from ortho- to parahydrogen, i.e., the change of the hydrogen spin states. This conversion has 
been observed at a much faster rate than in bulk hydrogen, however the process was 
incomplete, which we attribute to a rotational confinement at the nanoscale. 
 

 

Figure 1. SEM image of CG. (100000x magnification, scalebar=500nm) 
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Whether you are a senior scientist, a student, or just curious about science, vDiffraction is a 
serious game that will let you try your hand at crystal diffraction so that you can begin to 
understand how scientists identify the symmetry characteristics of a crystal. This is the first, 
crucial step towards understanding the atomic and molecular structure of a crystalline material, 
in other words what type of atoms and molecules make up the crystal and how they are 
organised. 
 
vDiffraction present crystals, where they can be found and why they all look so similar whether 
mineral, organic, biological or from small molecules. It shows the relationship between the Laue 
diffraction pattern and the orientation and symmetry of the crystal. It lets you try to identify the 
crystal system of a sample. Etc. 
 
vDiffraction is a free multiplatform application designed both for the web (computers) and for 
tablets (iOS and Android). 
 
A beta version of the application can be tested here: http://www.ill.eu/vdiffraction 
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The Esmeralda suite for Windows, Linux and OS X is a set of applications that range from the 
simulation of Laue patterns to the extraction from measured Laue patterns of normalized 
squared structure factors ready for use for structure determination. While still in the beta phase, 
Esmeralda is already routinely used for the data processing of neutron Laue diffractometers 
such as VIVALDI, CYCLOPS, ORIENT_EXPRESS (ILL) or the hard X-ray facility (ILL). 
 
The main features of the Esmeralda suite can be summarized as follows: 

 application with a graphic user interface (GUI) - support for any Laue instrument 
geometry 

 accepted data file formats: tif, bmp, hbin, bin, img and raw 
 interactive zooming, 3D visualization, stereographic projection 
 automatic search of Bragg peaks 
 procedures for the indexing of peaks and the refinement of the sample orientation 
 interactive adjustment of a series of individual parameters (offsets, cell parameters, 

propagation vector components, minimum d-spacing and wavelength range). 
 integration of Bragg peaks using procedures which account for the overlap of close 

reflections. This can be performed either automatically or manually. 
 normalization of the integrated intensities to get lambda-free squared structure factors 
 etc.  

 

 

Fig. 1: Interactively adjusting propagation vector components 
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Investigation of the residual strain evolution in a Mg-alloy-based short-fiber-reinforced 
composite using neutron diffraction method 
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* Gergely Farkas, farkasgr@gmail.com 

In the present work neutron diffraction has been applied for ex-situ investigation of residual 
stresses in Mg-4%Al-1%Ca (AX41) magnesium alloy reinforced with short Saffil® fibers. 
Samples were deformed in compression at room temperature. Samples with two types of fiber 
arrangement were investigated. In the first sample type the fiber planes were parallel with the 
loading axis, whereas in the second they were perpendicular to the loading direction. Significant 
dependence of both the mechanical properties and residual strains on the fibers orientation was 
observed: 

 The mechanical properties show a strong influence of the fibers’ orientation with respect 
to the loading axis. In the case of the parallel orientation, the sample exhibit significantly 
higher yield and tensile strength, as well as lower ductility. The observed behavior is in 
agreement with theoretical models [1]. 

 In the composite with the parallel fiber plane orientation the residual strain on all four 
planes has a tensile character already in the initial state, which caused by the different 
thermal expansion coefficient (CTE) of the matrix and alumina fibers [2]. 

 The lattice strain evolution shows an inverse behavior, i.e. the compressive deformation 
increases the residual tensile strain in the matrix. 

 Evolution of the residual lattice strains with the applied stress is different for the 
particular planes.  Similarly to the observations in the literature [4-5] “soft-orientations“ 
and „hard-orientations“ were observed. 
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Study of Proton Disorder in D2O – Ice at the Flat-Cone Diffractometer E2 
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Water ice (H2O) at low pressure can be understood as a hexagonal structure where each 
Oxygen atom is bond to two Hydrogen atoms. Further, each bond between Oxygen atoms is 
occupied by only one Hydrogen atom. These are the famous ice – rules that give rise to a highly 
disordered ground state with a residual entropy of R Ln (3/2). We have measured the diffuse 
scattering of a large D2O ice crystal using neutron diffraction at the Flat-cone Diffractometer E2. 
Different to previous descriptions of the ice - structure by Monte Carlo methods we are able to 
explain the data using an analytical method. The theoretical approach has been integrated into 
the data analysis tool TVneXus to fit the complex data sets using GPU computing power. 
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Resonant behavior of the neutron refractive index near the Bragg reflection 
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The features of neutron  refraction in a perfect crystal near the Bragg reflection were 
investigated. It is shown that the dependence of the refractive index on the deviation from the 
Bragg condition is characterized by resonance form curve with width on the order of the Bragg 
reflection (for thermal and cold neutrons ∆d/d~ 10-5) . The variation of the interaction potential of 
the neutron with the crystal in this energy range can reach about ± 20%. 

The resonance behavior of potential of neutron interaction with the crystal result in a new 
phenomena, acceleration of neutrons near the Bragg resonance. This effect arises from the fact 
that during the neutron time-of-flight through the crystal, the value of deviation on the exact 
Bragg condition changes and, respectively, potential of neutron interaction with crystal changes. 

This work was supported by Ministry of Education and Science of the Russian Federation. 
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New technique for high-precision neutron spectrometry 
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The main idea of this method is to use the spin interferometry technique SESANS (Spin Echo 
Small Angle Neutron Scattering), used now in condensed matter investigations, for 
investigations of fundamental properties of the neutron. 
 
There is a spatial splitting of neutron on two eigenstates with different projection of spin on 
magnetic field. After passing through the working area these two eigenstates are reduced back. 
So, the phase of the interference pattern, i.e. azimuthal spin direction, is defined by phase 
difference of two neutron eigenstates, accumulated in working area.  
 
It’s proposed to modify this method cardinally by using the effect of diffraction enhancement 
under the Laue diffraction conditions on perfect crystals. In this scheme, the initial spatial 
splitting occurs during the passage of magnetic coils, and diffraction by crystals acts as a 
"booster" of the splitting. The coefficient of the "gain" may reach 105 for cold neutrons. 
 
Preliminary estimations show the technique sensitivity can reach σ(En) ~ 10-15 eV. If, for 
example, we apply the uniform electric field on a neutron, then two neutron eigenstates, due to 
their spatial splitting, will be under different electric potentials. With presence of electric charge 
of neutron it will give the energy splitting and, respectively, will give additional phase shift. So, 
one can see that such system is sensitive to neutron electric charge.  
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Short hydrogen bonds – the remarkable role of proton tunnelling 
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Hydrogen bonds play an important role in enzyme catalysis. Proton tunnelling through the 
barrier of the potential energy surface facilitates proton transfer between donor and acceptor 
sites at temperatures at which classical, over-barrier processes would be forbidden. 

Short hydrogen bonds are particularly reactive due to the short distance between donor and 
acceptor sites and they are now being sought systematically in protein structures. The two wells 
of the potential energy surface in a normal hydrogen bond are thought to merge into a single, 
asymmetric or flat-bottom well in a short hydrogen bond which precludes proton tunnelling at all 
temperatures. 

For several molecular crystals, in which short hydrogen bonds can be studied accurately, we 
have combined neutron scattering and NMR experimental investigations with DFT calculations 
[1-4]. Focussing most recently for 3,5-pyridine dicarboxylic acid, which has one of the shortest 
known N-H···O hydrogen bonds, a two-well potential has been identified in the multi-
dimensional potential energy surface, signifying the possibility of proton tunnelling. Diffraction 
and spectroscopic data reveal the strong temperature dependence of the structure, vibrations 
and proton dynamics, including a tunnelling regime at low temperature. 

This remarkable observation suggests proton tunnelling should be considered as a mechanism 
enhancing proton transfer in all hydrogen bonds, including the shortest, most reactive ones. 

 

[1] F. Fontaine-Vive et al., J. Am. Chem. Soc. 128, 2963 (2006) 

[2] F. Fontaine-Vive et al.,  J. Chem. Phys. 124, 234503 (2006) 

[3] S.J. Ford et al., Chem. Eur. J. 17, 14942 (2011) 

[4] I. Frantsuzov et al., Phys. Rev. Lett. 113, 18301 (2014) 
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Observation of multi-energy neutron matter-wave Pendellösung 
interference in holographic nanostructures 
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Previous experiments with nanoparticle-polymer composite grating-structures fabricated by 
optical holography have demonstrated how they can be used as multi-port beam-splitters or 
mirrors for cold and very-cold neutrons [1]. In a recent experiment, we have observed the 
Pendellösung interference effect occurring simultaneously for the full broad incident wavelength 
spectrum of a very-cold neutron beam in the periodic potential of holographic nanostructures.   
[1] J. Klepp, C. Pruner, Y. Tomita, P. Geltenbort, I. Drevensek Olenik, S. Gyergyek, J. 
Kohlbrecher, M. Fally, Materials 5, 2788 (2012) 
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The dynamics of a highly correlated Bose system, superfluid helium-4, in the multi-
excitation regime. 
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We present high precision data of the dynamic structure factor of superfluid 4He in the 
intermediate “multi-excitation” regime. Measurements performed at very low temperatures on 
the ILL time-of-flight instrument IN5-B reveal a much richer behavior than that inferred from 
earlier measurements. Since similar kinematics govern the physically relevant multi-excitations 
as well as undesired multiple scattering, the latter must be minimized, its remaining intensity 
calculated using numerical simulations and subtracted from the data in order to ascertain that 
the measured spectra correspond to genuine multi-excitations. Our extensive experimental 
results confirm the predictions of a recent Dynamic Many-Body theoretical calculation.   

  

Keywords: Correlated Bosons; superfluid helium; excitations; multi-phonons 
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The new experimental method to test the weak equivalence principle for the neutron with 
UCN 
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The possibility of a new approach to the experiment to test the weak equivalence principle for 
the neutron is discussed. The idea is to convert the original narrow energy spectrum of ultra 
cold neutrons (UCN) to the line spectrum consisting of several lines with accurately known 
distance between them. This conversion may be performed, in particular, when UCN pass 
through a moving diffraction grating [1]. Synchronous measurement of the falling time of 
neutrons for the entire set of primary energies allows one to determine the gravitational 
acceleration of the neutron without precise knowledge of the initial energy and the height of the 
falling. The measurement of the falling time can be realized by Fourier TOF spectrometry or by 
the correlation spectrometry with pseudorandom flux modulation. The results of MC simulations 
of this experiment are presented. 

References: 
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Molecular Deuterion crystallisation under cuasi-1D confinement 
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A particularly interesting aspect of Carbon Nanotubes is their use as nearly one-dimensional 
nano-containers. Apart of their possibilities for controlled chemistry in nano-fluidics devices new 
phenomena induced by confinement are also expected, such as liquid–like ordered structures 
[1] or exotic crystalline phases [2]. As expected, water has attracted much of the theoretical 
efforts [1-2]. On the experimental side new water crystalline phases under cuasi-1D 
confinement have been finally observed [3]. 

The molecular hydrogens have attracted also a substantial attention. Owing to the quantum 
aspects of their bulk condensed phases they represents particularly attractive scientific cases. 
For instance, new quantum transitions have been predicted [4] and, like in water, exotic 
crystalline phases emerge in the numerical simulations [5]. Within this respect we have recently 
demonstrated that bulk crystallisation of pure para-Hydrogen is driven by quantum fluctuations 
[6] adding further interest to the study of hydrogens crystallisation under cuasi-1D confinement. 

Here, we present a series of neutron diffraction measurements (instrument D20, ILL, Grenoble) 
of molecular deuterium confined within Multiple Wall Carbon Nanotubes (MWCTNs). The 
MWCTNs were oxidised in order to open them. D2 adsorption measurements at 20 K revealed a 
small but significant amount of microporosity (pore size below 2 nm) accessible to the D2. Using 
the adsorption isotherm as a reference we have measured the evolution of the diffraction signal 
during cooling from 20 K down to 2 K in a series of decreasing D2 uptakes. 

Bulk liquid D2 at its vapour pressure crystallises in an hcp structure at ~18.7 K. At low uptakes 
we have found a clear depression of the solidification temperature down to ~13 K. Interestingly, 
at the lowest uptake, where only the smallest nanopores are expected to be filled, the diffraction 
pattern is consistent with the minimal fcc lattice compatible with a cylindrical symmetry (See 
figure).  

 [1] W. H. Noon et al, Chem. Phys. Lett 355, 445 (2002). 

[2] K. Koga er al, Nature 412, 802, (2001). 

[3] Y. Maniwa et al, Chem . Phys. Lett. 401, 534 (2005). 

[4] M.C. Gordillo et al, Phys. Rev. Lett. 85, 2348 (2000). 

[5] Y. Xia, et al, Phys. Rev. B 67, 115117 (2003). 



[6] F. Fernandez-Alonso et al, Phys. Rev. B 86, 144524 (2012). 

 

Figure caption: Minimal fcc nano-crystallite compatible with the observed neutron diffraction of 
solid D2 adsorbed in oxidised MWCNT at low uptakes. 
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From phonon lifetimes to energy materials 
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Society’s need for cleaner and more efficient production and use of energy is driving materials 
research. Thermoelectric materials convert heat into electricity based on the Seebeck effect. 
Since a temperature gradient has to be maintained across the material, low thermal conductivity 
is a key requirement and yet this phenomenon remains poorly understood from a materials 
design viewpoint. 

As part of a current thesis at ILL, we have investigated in detail the link between the 
microscopic dynamics related to heat-carrying phonons and macroscopic thermal conductivity 
for two realistic materials: a quasicrystal approximant Al13Co4 and a Barium-Germanium 
clathrate. Both of these materials have cage-like structural units which are thought to be 
responsible for scattering phonons. Single crystals of these materials have been used in 
measurements of phonon dispersion and lifetimes of the acoustic modes and low frequency, 
optic modes with inelastic neutron and X-ray scattering techniques. Finite phonon lifetimes are 
observed near Brillouin zone boundaries where acoustic and optic phonons cross and in low 
symmetry directions and they are weakly temperature dependent. In parallel, lattice dynamics 
based on DFT give an accurate description of the phonons in the harmonic approximation. 

In the case of the clathrate, thermal conductivity is calculated per phonon branch based on 
group velocity, heat capacity and phonon lifetime. For the quasicrystal approximant, empirical 
pair potentials have been extracted from DFT data and used to perform large scale molecular 
dynamics simulations, which include temperature dependent, anharmonic effects and give 
access to phonon lifetimes. The classical MD simulations also allow thermal conductivity to be 
determined from the Green-Kubo relations based on heat flux. In both cases, an accurate 
estimate of thermal conductivity is obtained. Structural disorder is the most plausible 
explanation for low thermal conductivity in these materials. 
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Prospects for a new Neutron Electric Dipole Moment Search using a Pulsed Beam      
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Recently, a novel concept to search for a CP-violating neutron electric dipole moment has been 
presented [F.M. Piegsa, Phys. Rev. C 88, 045502 (2013)]. It employs a pulsed neutron beam 
instead of the established use of storable ultracold neutrons (UCN). The technique takes 
advantage of the high peak flux and the time structure of a next-generation pulsed spallation 
source (e.g. the planned European Spallation Source ESS) to directly measure the previously 
limiting systematic v×E-effect. Such an experiment would be complementary to planned 
experiments with UCN and could compete with their sensitivities. In this talk, I will describe this 
alternative approach and first test experiments performed at the spallation neutron source SINQ 
at the Paul Scherrer Institute in Switzerland. 
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Mesoporous silicon as thermoelectric material: heat transport and phonons 
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Thermoelectric materials convert temperature gradients into electrical voltages or vice versa 
electrical currents into temperature differences. This property makes them particularly 
interesting for green applications and sustainable energy harvesting. State of the art 
thermoelectric materials however exhibit fairly low efficiencies as characterized by the figure of 
merit zT=σS2T/λ, which incorporates electrical conductivity σ, Seebeck coefficient S, thermal 
conductivity λ and temperature T. As a consequence, strategies must be devised to tune 
electrical as well as heat transport in an appropriate manner to significantly increase zT. 

In this contribution, we discuss nanostructured silicon as thermoelectric material of interest.  In 
particular, electrochemical etching is presented as structuring technique to synthesize porous 
silicon with tubular aligned nanochannels approximately 10 nm across and only several 
nanometers apart. Macroscopic heat transport measurements (PPMS) will illustrate a decrease 
in thermal conductivity by several orders of magnitude in these samples. Additionally, inelastic 
neutron scattering experiments performed with the cold triple axis instrument FLEXX located at 
the HZB research reactor BER II will help to elucidate the influence of structuring on the phonon 
dispersion in silicon, which defines the dominant contribution to the thermal conductivity on a 
microscopic level. 
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Functional crossover in the dispersion relations of phonons and magnons 
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As analysis of experimental data shows, the dispersion of acoustic phonons and magnons can 
consist of two sections with different functions of wave vector. Description by one theory then is 
not possible. The dispersion of the acoustic phonons frequently starts as a perfect linear 
function of wave vector. Since the slope of the linear section agrees with the measured sound 
velocity it can be concluded that phonon dispersion has been attracted by the dispersion of the 
Debye bosons. This allows verification of the linear dispersion of the Debye bosons (sound 
waves) from the known inelastic neutron scattering spectra up to considerable energies and 
wave vector values. At the end of the linear section a rather sharp functional crossover to sine 
function of wave vector occurs. However, in order to get agreement with experiment a phase 
shift has to be added to the argument of the sine function. The phase shift is a measure for the 
interaction strength between phonons and Debye bosons. In ordered magnets with a sizeable 
magnon gap magnon dispersions also consist of two sections with different functions of wave 
vector. For small wave vector values the continuous part of the magnon dispersion starts by a 
power function of wave vector. Exponent values of 1.25, 1.5 and 2 have been identified. The 
power functions of wave vector are identified as dispersion of the Goldstone bosons that control 
dynamics of the ordered spins. Thermal decrease of the order parameter is determined by the 
heat capacity of the boson field. For small q-values magnon dispersions become identical with 
the dispersion of Goldstone bosons owing to attractive interactions between the two dispersion 
relations. This allows for an evaluation of the dispersion of the Goldstone bosons from the 
known magnon dispersions. It is shown that the magnon gap is caused essentially by magnon-
Goldstone boson interaction. Strong interactions between magnons and Goldstone bosons 
requests that the Goldstone bosons have magnetic moment and therefore must have non-linear 
dispersion. In contrast to the Debye boson field that always is isotropic the Goldstone boson 
field can assume all dimensions. Goldstone bosons are essentially magnetic dipole radiation 
emitted upon precession of the ordered moments. Moreover, the heat capacity of the Goldstone 
boson field depends on whether the sources of the field quanta, the spins, have integer or half-
integer moments. This results into six universal power functions of absolute temperature for the 
heat capacity of the Goldstone boson field. All six power functions of temperature and the 
associated six power functions of wave vector could be evaluated. These empirical results 
provide a sound experimental basis for the development of realistic field theories of magnetism. 
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Magnetic Structure of Frustrated Shastry-Sutherland Magnet, Neodymium 
Tetraboride. 
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The rare earth borides oer a wide variety of intriguing physical properties and have been studied 
extensively both experimentally and theoretically. In recent years, the rare earth tetraborides, 
RB4 have garnered a great deal of attention due to the unusual magnetic and electrical 
properties they display [1-3]. They are a rare experimental realisation of the Shastry-Sutherland 
lattice (SSL), an example of a frustrated lattice which has an exact solution for the ground state 
[4]. 
 
We have grown a large single crystal of NdB4 using the floating zone technique. X-ray and 
neutron Laue photograph have shown the crystals are of good quality. We have 
fully characterised the crystals using magnetisation and resistivity measurements. 
Successive phase transtions for H parallel to the c-axis were observed at TN1 = 7.1 K and TN2 = 
4.8 K these indicate transitions to an incommensurate and to an antiferromagnetic state 
respectively, while an additional transition at TQ = 17.2 K is observed for H perpendicular to the 
c-axis. The magnetic structure in each phase was determined using the D10 diff 
ractometer at ILL. We found in the low temperature phase (T < TN2) antiferromagnetic 
commensurate peaks (q = 0) appear along side an additional incommensurate peaks with q = 
(0, 0.18, 0.4). We report the results of the characterisation and neutron experiment. 

 
[1] D. Okuyama et al., J. Phys. Soc. Japan 77 (2008) 044709 

[2] S. Matas et al., J. Phys.: Conf. Series 200 (2010) 032041 

[3] K. Semensmeyer et al. Phys. Rev. Lett. 101 (2008) 177201 

[4] S. Shastry, and B. Sutherland, Physica 108 B (1981) 1069 
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24-spin cluster in the natural mineral Boleite: Possible excitations in spin-liquid droplet? 
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Frustration of magnetic order often leads to interesting cooperative behaviours, amongst which 
the resonating valence bond state and spin liquids are particularly sought after. This is due to 
their connection to superconductivity [1], and, latterly, the realization that such states are 
intrinsically interesting as host of exotic quasiparticle excitations [2]. The true groundstate of 
models with candidate spin liquids is frequently debated, and often investigated numerically [3]. 

In our study we look at the crystal structure of the mineral Boleite. Boleite contains Cu2+ ions 
(each with S=1/2) forming truncated cube clusters of linked triangles. Boleite appears to occupy 
a middle ground between very small spin clusters such as isolated dimers or triangles, and an 
extended lattice system, and should be an ideal test case for spin liquids theories whilst 
simultaneously providing access to non-trivial many body physics.  The clusters in Boleite afford 
an intermediate situation, accessible to both experiment and exact diagonalization, in which a 
spin liquid "droplet" can be studied.  Several neutron scattering and susceptibility experiments 
has been performed to try to characterize the excitations in the individual spin states as well as 
to search for low energy excitation connected with the coupling between the trimers. 
Susceptibility, neutron scattering, and exact diagonalization calculations suggest that effective 
S=1/2 degrees of freedom emerge on the triangles, followed by condensation of these into a 
singlet state at lower temperature.  

At the conference we will present the latest result from the susceptibility and neutron scattering 
experiments together with exact diagonalization calculations of Boleite. 

[1] Anderson, Science 235, 1196 (1987) 

[2] Han et al., Nature 492, 406 (2012) 

[3] Yan et al., Science 332, 1173 (2011) 
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Frustrated systems are distinguished by the impossibility to satisfy all pair-wise interactions 
simultaneously, and in the particular case of magnetic materials, spin frustration disturbs long-
range magnetic ordering, enhancing spin fluctuations. This is the case for the chromium spinels 
with stoichiometry ACr2X4 (X=O,S,Se), where the chromium ions form a network of corners-
sharing tetrahedral known as pyrochlore lattice. Depending on the chalcogen atom, these 
materials exhibit different magnetic structures [1,2,3] making these systems interesting because 
of their complex phase diagram as a function of lattice constant or Curie-Weiss (CW) 
temperature. Their behavior is normally related to the competition between geometrical and 
bond frustration. 

Measurements performed using the neutron powder diffraction (NPD) at the Helmholtz-
Zentrum-Berlin (HZB) using the fine resolution powder diffractometer, E9, evidenced negative 
thermal expansion (NTE) as well as magnetic fluctuations (MF) in ZnCr2Se4, which are 
observed well above the antiferromagnetic transition (TN =21 K).  From the NPD data the onset 
of the NTE was related to the behavior of the Cr spins. Furthermore, previous specific heat and 
magnetization measurements [4] suggested strong spin fluctuations below the temperature 
where the NTE is observed. Indeed, broad diffuse scattering contributions centered in (0,0, δ) 
magnetic reflections are seen for temperatures as high as 100 K. Moreover, below TN, 
ZnCr2Se4 exhibits an incommensurate helical magnetic structure accompanied by a structural 
transition from cubic Fd3m to tetragonal I41/amd. On the other hand, in the case of ZnCr2S4, 
two antiferromagnetic transitions were detected at TN´=15K and TN”=8K, while NTE and 
magnetic fluctuations were only observed under applied magnetic field. 

In other to shed light on the evolution of the magnetic fluctuations when the magnetic transition 
is approached, inelastic neutron scattering measurements were performed in both spinels 
systems, using the time of flight spectometer TOFTOF at FRMII with neutron wavelength of 3 
and 5 Å between 4 and 120 K. In ZnCr2Se4, a spin excitation is clearly seen below TN at 0.5 
meV, while for T > TN clear magnetic fluctuations are observed up to 120K.  For ZnCr2S4, 
magnetic fluctuations were observed only above TN”. Here we discuss such dissimilarities in 
relation to the origin of the magnetic frustration in these spinels. 

References: 
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Attention of the condensed matter community was recently attracted by the pyrochlore iridates 
R2Ir2O7 (R = rare-earth ion) where magnetic frustration, strong spin-orbit coupling associated to 
the Ir4+ ions and magnetocrystalline anisotropy associated to the rare earth ions coexist and 
may lead to exotic magnetic phases and unprecedented electronic transport properties. These 
compounds exhibit a metal-insulator transition at the temperature corresponding to the onset of 
the Ir4+ magnetic ordering. The transition temperature and the high-temperature electronic state 
both depend on the rare-earth ion [Matsuhira et al., JPSJ 80 (2011) 094701]. 

We studied Er2Ir2O7 and Tb2Ir2O7 by means of magnetization measurement and neutron 
diffraction on polycrystalline samples. A bifurcation between the zero-field-cooled and field-
cooled magnetic susceptibility was observed at respectively 140 K and 130 K, which is 
attributed to the Ir4+ magnetic moment ordering. The neutron diffraction patterns revealed 
magnetic Bragg peaks below 40 K in Tb2Ir2O7. We show that these result from a freezing of the 
Tb3+ magnetic moments, induced by the Ir-Tb exchange, along their local 3-fold axis to form the 
so-called all-in/all-out magnetic configuration. On the other hand, no evidence of magnetic 
ordering was found in Er2Ir2O7 down to 2K by neutron diffraction, though measurements on a 
magnetometer equipped with a dilution refrigerator show an extra thermomagnetic hysteresis 
suggesting a possible freezing below 0.6 K The contrasting behaviors between Er2Ir2O7 and 
Tb2Ir2O7 are explained as being inherent to the change of magnetocrystalline anisotropy 
between Er (easy-plane) and Tb (easy-axis), which respectively competes against or is 
consistent with the molecular field associated with the Iridium magnetism 
[arXiv: 1502.00787]. This in turn strongly supports an all-in/all-out magnetic order on the Ir 
pyrochlore sublattice, which was awaited as a signature of the topological nature of the low 
temperature insulating state [Wan et al., PRB 83 (2011) 205101]. 

  



 
 

ID: PS-3 - 59, 2015-09-03, Hipostila Area 
Magnetism, Superconductivity and other Electronic Phenomena 

 (Poster) 
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β-CaCr2O4 is a compound in which magnetic chromium ions (S=3/2) form parallel triangular 
ladders. This topology allows to combine both magnetic frustration and low dimensionality. 
Long-range magnetic order with a propagation vector k=(0 0 q) (q≈0.47 at 1.5 K) sets in at 
approximately TN=21 K [2] but for T < 150 K, one-dimensional-like magnetic excitations are 
revealed by inelastic neutron scattering measurements [1]. 
 
A series of substituted compounds CaCr2-xScxO4 (0≤x≤1) has been investigated by neutron 
scattering and magnetization measurements in order to study the effects of random dilution on 
the magnetic properties and the one-dimensional character of this system. With increasing x up 
to 0.3, a magnetic order still persists with a decreasing ordering temperature and correlation 
length. Non-classical 1D excitations are still observable, with a characteristic energy increasing 
both with temperature and substitution, as reported for other one-dimensional systems [3]. 
These features are replaced by a quasi-elastic signal characteristic of a spin-glass for x=0.5. 
The results are interpreted in terms of a progressive confinement of the 1D excitations within 
shorter chains as x increases, until the average chain length reaches a threshold for which the 
system breaks appart into disconnected finite 3D clusters. The experimental correlation length 
is close to the theoretically calculated one for a J1-J2 chain and shows the crucial role of J2 in 
propagating the 1D excitations [4]. 
 
[1] F. Damay, C. Martin, V. Hardy, A. Maignan, C. Stock and S. Petit, Phys. Rev. B 84 (2011) 
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We study magnetic properties of inverse opal-like structure (IOLS) based on Co. It was 
prepared by templating technique: the voids of face-centered-cubic (fcc) opal, which was 
constructed of 590 nm polystyrene microspheres, were filled with Co by an electrochemical 
crystallization. Then, the microspheres were dissolved in toluene and free-standing 
ferromagnetic net was obtained. Since the voids in close packed structure are of two types – 
tetrahedral and octahedral, the IOLS is built of unit elements, consisting of three parts: two 
quasitetrahedra and one quasicube with concave faces. These parts are connected by vertices 
along <111> directions of fcc structure. 
 
The IOLS are interesting as a 3D nanoscale analogue of geometrically frustrated spin-ice. We 
assume, that magnetic properties of the IOLS are determined by four systems of local 
magnetization vectors, directed along different directins of <111>-type due to their high 
anisotropy. In analogy to the “spin ice rule”, the magnetic flux conservation law for the elements 
of the IOLS must be fulfilled. It means that amount of the vectors of local magnetization going 
into each quasitetrahedron or quasicube should be equal to amount of the vectors going out. 
Previously, on this basis we have developed a model for the distribution of magnetization 
vectors within the IOLS. 
 
In this work we have performed neutron small angle diffraction experiment in attempt to verify 
the model. During the experiment external magnetic field was directed along [111], [100] and [-
12-1] fcc axes. Magnetic scattering intensities as a function of the field for the Bragg peaks of 
202-family have been obtained. A difference between the curves for these geometries can be 
explained, in terms of different scenarios of the interplay between of the “ice-rule” and the field. 
In the first one, the field competes to the “ice-rule”, and the situation (3-in-1-out) arises, when 
the magnetic field breaks the “ice-rule”. In the second geometry the “ice-rule” and magnetic field 
interfere constructively, because the “ice-rule” is fulfilled, when all vectors have positive 
projections on the field direction, thus minimizing the Zeeman energy. In the third geometry, 
when one of the <111>-type directions is perpendicular to the field (i.e. does not depend on it), 
possible magnetic configurations in the IOLS are determined by the “ice-rule”. 
The work is supported in part by the Russian Foundation for Basic Research (Project No. 14-
22-01113) 
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Unconventional ground states and excitations in low dimensional, frustrated, magnetic materials 
is currently a hot topic in experimental condensed matter physics. The frustrated 
antiferromagnetic system YMnO3 known to be both a frustrated 2D XY system and a 
multiferroic material falls within this field [1,2,3]. As the system is multiferroic there is a strong 
coupling between the magnetic moments and the ion positions, and therefore also between the 
magnetic excitations and the phonon modes [4,5].  
In our study of the phonon-magnon interaction we have identified phonon-magnon mixing with 
polarized neutrons and observed avoided crossing of the dispersion curves, and also studied 
the behaviour of the magnon dispersion, with an applied magnetic field, in detail. Moreover the 
phonon lifetime exhibits a strange behavior in the temperature region close to the Neel-
temperature where the lifetime of the magnon is short. At the conference, we will present the 
latest data from this ongoing work. 
 
[1] Th. Lonkai et al. J. Appl. Phys. 93, 8191 (2003) 
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Neutron powder diffraction experiments  were performed on a static  intermediate-
valent Ce2RuZn4 polycrystal and combined with magnetic measurements including high 
magnetic field experiments up to 58 T. Ce2RuZn4 forms in the tetragonal superstructure variant 
of the YbMo2Al4 type (space group P4/nmm, No.129, a = 7.1658(1) A, c = 5.1660(1) A. Two 
different Ce-sites with unequal next neighbour distances has been shown to exist. Previous 
theoretical studies suggested that only one (here Ce1) out of two inequivalent Ce sites is 
magnetically active. 

Ce2RuZn4  orders antiferromagnetically at TN=2.3 K. The magnetic structure is characterized by 
an incommensurate propagation vector qm = (0.384, 0.384, ½).  This leads to four 1-D 
irreducible representations and correspondingly to four possible magnetic structures that allow 
magnetic moments on  both, Ce1 and Ce2, sites. Assuming that the Ce2 site does not carry any 
substantial moment, Ce1 magnetic moments confined to the a-b plane and transversely 
modulated with an amplitude of 2.11(2) μB. Since the antiferromagnetically coupled Ce1 
moments reside on two interpenetrating distorted triangular-lattices, they are frustrated 
explaining the magnetic bulk data and the incommensurate nature of the magnetic structure. 
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Ruddlesden-Popper type perovskite ruthenates (Sr,Ca)n + 1RunO3n + 1 have provided many novel 
physical properties; ferromagnetic metals, antiferromagnetic metals and insulators, 
superconductors, and so forth.  Through the studies on the system with n=2, Sr3-xCaxRu2O7, we 
have clarified that the system exhibits enhanced paramagnetic metals (x<0.5), ferromagnetically 
correlated metals (0.5<x<1.2), and antiferromagnetic two-dimensional (2D) metals (1.2<x< 3). 

With high-resolution neutron powder diffraction crystal structures of some compounds with 
x=1.0, 1.5 and 2.0 have been studied from room temperature to 12 K.  These data have been 
analyzed well by a Rietveld analysis with the space groups of Bbcb for x=1.0, and Bb21m for 
x=1.5 and 2.0.  For x=1.0, all lattice constants decrease with decreasing temperature in contrast 
with antiferromagnetic metals with higher Ca contents.  The rotation angles of 
RuO6 octahedrons increase from that of paramagnetic Sr3Ru2O7, indicating an enhancement of 
ferromagnetic correlations.  For x=1.5 and 2.0, the lattice constants a and b increase at low 
temperatures, which corresponds with their antiferromagnetic transition.  In these compounds 
the rotation of RuO6 octahedrons changes to the tilting, which also correlates to their 
antiferromagnetic ordering. 

In the antiferromagnetic phase with x=1.5, the magnetization data at low temperatures show a 
hysteresis, suggesting that the magnetic ground state is canted antiferromagnetic. The 
magnetic susceptibility indicates that its magnetic easy axis continuously changes from the axis 
in the ab-plane to the c-axis with increasing Sr content.  By neutron diffraction experiments 
further, we have decided those magnetic structures.  In Ca3Ru2O7 (x=3) the magnetic moments 
align ferromagnetcally in the double layers and antiferromagnetically between the layers below 
the Néel temperature TN of 56 K.  The magnetic moment orients along the a-axis between 56 
and 48 K, but changes to the b-axis below 48 K.  At this temperature 48 K, the transition from a 
normal metal to a 2D metal and the crystal structural change occur simultaneously. With 
increasing Sr content, the ferromagnetic intensities grow strongly, corresponding to the results 
of the magnetic susceptibility and the magnetization measurements.  The enhanced intensities 
along the c-axis observed in x=1.25 indicate that the canted antiferromagnetism is certainly 
induced in the compounds with around this concentration. 
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SpinW is a set of Matlab functions that can perform classical Monte Carlo and spin wave 
calculations on interacting magnetic moments in periodic structures. It is aimed at neutron 
scatterers and experimental scientists, who need a fast and easy to use modeling tool of 
magnetic properties. It allows a general spin Hamiltonian to be defined with arbitrary two-spin 
exchange interactions, single ion anisotropy and external magnetic field. The Hamiltonian is 
based on the lattice geometry, making it easy to define simple lattice models (e.g. triangular, 
kagome geometry) as well as realistic crystal models with several different exchange 
interactions. SpinW can calculate the spin-spin dynamical correlation function based on linear 
spin wave approximation for arbitrary commensurate magnetic structures [1,2]. It can also 
handle incommensurate structures using a rotating coordinate system [3,4,5], with the only 
restriction that the structure has to be described by a single wave vector. Furthermore it has 
several additional algorithm that helps to determine the magnetic ground state for a given 
Hamiltonian. The SpinW package is available under the GNU General Public License [6]. I will 
show recent examples, where the code combined with inelastic neutron scattering data 
revealed the microscopic spin Hamiltonian of novel quantum magnets [7]. 

[1] S. Petit, École Thématique De La Société Française De La Neutronique 12, 105 (2011). 

[2] S. R. White, et al., Phys. Rev. 139, A450 (1965). 

[3] A. Chernyshev and M. E. Zhitomirsky, Phys. Rev. B 79, 144416 (2009). 

[4] S. Toth, et al., Phys. Rev. Lett. 109, 127203 (2012). 

[5] S. Toth, B. Lake, ArXiv:1402.6069 (2014). 
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In the intermediate mixed state (IMS) of a type II superconductor (SC), the sample splits up  into 
field-free Meissner domains and Shubnikov domains which carry the vortex lattice (VL) [1]. 
Experiments on the topology of the IMS show a variety of different patterns including striped, 
dendritic and bubble phases, which represent typical domain morphologies also seen in various 
other physical contexts [2]. Seen from another viewpoint, the emergence of the IMS reflects the 
crossover from repulsive to attractive vortex-vortex interaction. A detailed investigation of IMS 
domain patterns offers the possibility to study general characteristics of domain nucleation and 
morphology as well as the physical properties of vortex matter. 

The IMS structure is typically investigated by surface sensitive techniques such as decoration, 
scanning probe microscopy and magneto optical imaging. However, surface flux pinning and 
Landau branching can significantly hamper the deduction of bulk properties. Furthermore, the 
aforementioned methods are mostly restricted to flat surfaces. In contrast, neutrons can 
uniquely probe the bulk behaviour without any limitation on the sample shape. However the 
typically used small angle neutron scattering (SANS) fail to probe the µm domain structure of 
the IMS. Furthermore, no spatially resolved information can be obtained. 

In our contribution we will explain on the example of Niobium how a combined study using ultra 
small angle neutron scattering (USANS) [3] and neutron grating interferometry (nGI) [4] yields 
detailed information on the morphology of the IMS. nGI is an advanced technique in neutron 
radiography where regions involving the scattering of neutrons at µm structures are identified. 
Hence a direct imaging of the IMS domain distribution in the bulk can be obtained (Fig. 1). 
Furthermore, USANS scattering curves provide structural information of the IMS domains. We 
will demonstrate how this approach allows to study the effects of sample geometry and quality 
on the IMS bulk domain nucleation. 
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The 2-legged antiferromagnetic spin ladder is one of the most fundamental models in low 
dimensional quantum spin systems. Ideal model materials are rare, with BPCB [1] and DIMPY 
[2] being recognised examples. (C5H12N)2CuCl4 (BPCC) is a new material which realises the 
spin ladder geometry and allows for a unique study of spin dynamics and collective excitations 
[3]. 

 
Presented are results from inelastic neutron scattering studies on high quality deuterated 
samples, performed on the low energy time-of-flight spectrometer LET (ISIS). By utilising frame 
rate multiplication and Horace scans a complete scattering cross section has been obtained. 
Analysis of the dispersion allows for the independent determination of magnetic exchanges and 
spin-spin correlations. The measured data will be compared to two models, the single mode 
approximation (SMA) with both theoretical and fitted parameters and density matrix 
renormalisation group theory (DMRG). Excitations with different parities have been extracted for 
the first time without polarisation analysis, showing two-particle bound states. 

With exchanges of Jr = 3.42 K and Jl = 1.34 K the complete phase diagram can be explored with 
magnetic field [3, 4]. For the first time we drive a spin ladder material to a ferromagnetic state 
and measure the full dispersion when quantum fluctuations are quenched. Applying the parity 
analysis that was used in the zero field case, we observe and categorise previously postulated 
spin-wave modes, which independently confirm the previously extracted exchange parameters. 
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In the rare earth pyrochlore Tb2Ti2O7, a three-fold puzzle exists - the mechanism by which 
Tb2Ti2O7 escapes both magnetic order and/or a structural distortion, and furthermore, the nature 
of the spin liquid which exists instead, are long standing questions in the field of frustrated 
magnetism [1].  Using polarized neutron scattering we have recently shown that at low 
temperature Tb2Ti2O7 has power-law correlations [2], manifested by pinch point scattering, 
somewhat similar to a spin ice.  We have also discovered that an acoustic phonon is coupled to 
an excited crystal field state, producing a hybrid excitation with both propagating spin and 
phonon components, a magnetoelastic mode [3].   Our results imply that the Hamiltonian of 
Tb2Ti2O7 must incorporate both spin and lattice degrees of freedom, and that it must produce a 
type of Coulomb phase. 
 
 
[1] J. S. Gardner, M. J. P. Gingras, and J. E. Greedan, Rev Mod Phys 82, 53 (2010). 

[2] T. Fennell, M. Kenzelmann, B. Roessli, M. Haas, and R. Cava, Physical Review Letters 109, 
017201 (2012). 

[3] T. Fennell, M. Kenzelmann, B. Roessli, H. Mutka, J. Ollivier, M. Ruminy, U. Stuhr, O. 
Zaharko, L. Bovo, A. Cervellino, M. K. Haas, and R. J. Cava, Physical Review Letters 112, 
017203 (2014). 
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New sample environments can greatly improve data measured in scattering experiments as well 
as allowing studies under a range of previously unexplored conditions.  For example, provision 
for effective, correctly placed shielding could reduce the background in some neutron reflection 
experiments by a factor of five thus providing a similar factor increase in the ratio of signal to 
background [1].  In preparing new apparatus, it has been helpful to have clear specifications of 
operating conditions and to plan for an increase in the range of applications by use of 
modularity to give easy routes to upgrades.  Specific examples include the cell illustrated in 
Figure 1 (a) that was designed initially for reflection studies of solid/liquid interfaces but is easily 
adapted to include options for stirring, study of two different surfaces in contact with the same 
fluid and studies of grazing incidence scattering.  The second example in Figure 1(b) shows a 
simple rotating mount to avoid problems of sedimentation of large particles in small-angle 
scattering and ultra small-angle scattering experiments. 

The modularity in the design of both these units is exemplified in the reflection cell by the ease 
of mounting of crystals with different thickness, preparing mounts for use of the cell with the 
reflecting surface in either the horizontal or vertical plane, provision of a standard 4-wire 
connector a platinum sensor so that facility provided temperature controllers work directly with 
the sample temperature and adapting the mounts to take optical kinematic mounts.  The 
rotating mounts use the same motor and the same driver circuit as the stirrer on the kinematic 
mounts.  The mounts can be inverted to provide a different height above the mounting table to 
allow easy adjustment for a range of different instruments.  Both designs exploit modern 
manufacturing methods; 3-d printing allows fabrication of holders for a wide range of different 
SANS sample cells, even with different thickness and different apertures that may be used at 
various facilities.  

References 

[1] Adrian R. Rennie, Maja S. Hellsing, Eric Lindholm and Anders Olsson ‘Note: Sample cells to 
investigate solid/liquid interfaces with neutrons’ Rev. Sci. Instrum. 86, (2015), 016115. 

[2] Anders Olsson, Maja S. Hellsing and Adrian R. Rennie (2013) ‘A holder to rotate sample 
cells to avoid sedimentation in small-angle neutron scattering and ultra small-angle neutron 
scattering experiments’ Meas. Sci. Technol. 24, 105901. 
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For many years polarized neutron instrumentation have been lacking the simulation tools that 
have been available for its unpolarized counterpart. In latter years effort have been made to 
remedy this situation [1-4]. 
  
 
This presentation will show the latest developments within the McStas software package 
pertaining polarized neutron scattering. Among the detailed matters discussed are a new and 
more accurate propagation algorithm, and a connection with the widely used magnetic field 
calculation code RADIA.  
 
[1] VITESS polarized neutron suite: allows for the simulation of performance of any existing 

polarized neutron scattering instrument, (S. Manoshin, A. Belushkin, A. Ioffe), In Physica B - 
Condensed Matter, 2011.  

 
[2] Extension of the VITESS polarized neutron suite towards the use of imported magnetic field 

distributions (S. Manoshin, A. Rubtsov, V. Bodnarchuk, S. Mattauch, A. Ioffe), In Journal of 
Neutron Research, 2014.  

 
[3] Investigation of propagation algorithms for ray-tracing simulation of polarized neutrons (E. B. 

Knudsen, A. T. Rømer, P. K. Willendrup, P Christiansen, K Lefmann), In Journal of Neutron 
Research, 2014.  

 
[4] McStas-model of the delft SESANS (E. Knudsen, L. Udby, P.K. Willendrup, K. Lefmann, WG 

Bouwman), In Physica B: Condensed Matter, Elsevier, 2010 
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The TOF spectrometer at the BER-II in Berlin is undergoinf under large scale upgrade to 
achieve 40 fold intensity gain. The new instrument will offer a number of new instrument and 
sample environment capabilities for optimized and efficient studies in area of magnetism, 
material science and soft matter (biological matter). Development and implementation of 
polarized spectroscopy is an important part of the project. Here we present design concept of 
the polarizing neutron guide which will be used for the polarization of incoming neutrons. For the 
concept development several requirements and restrictions have been considered. The focused 
guide system was optimized for incoming neutron wavelength range of 2-6A, while the length of 
polarizing guide was set to 3.7 m. The intended polarization was set as 98%. 

In the process of the concept development the systems of parallel V-shaped supermirror 
cavities ("V-cavity") and two V-shaped cavities ("2V-cavity") have been considered. Analytical 
calculations have been performed tp determine the concept of polarizing guide. It has been 
found that the "hybrid" systems, which polarizes and compresses the neutron beam 
simultaneously, is a preferable solution baed on the initial focusing requirements. Calculations 
show that the polarization of 98% is possible in case of model with 4 V-shaped cavities in the 
first stage and 3 V-shaped cavities in the second stage within the hybrid system. 
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We have developed a novel neutron spin filter based on the strong spin dependence of the 
neutron scattering on protons. The filter is small (5x5x5 mm3) needs little cryogenics (25 K) and 
works also in inhomogeneous and weak magnetic fields (down to 0.01 T). The protons in the 
naphthalene spin filter crystal are polarized with a recent method of dynamic nuclear 
polarization (DNP) using photo-excited triplet states, which allows the design of a compact 
apparatus that can be placed at a short distance (30 mm) from the sample under investigation. 
With the present prototype system a flipping ratio of 4.5 at an overall transmission of above 30 
% is typically achieved for cold neutrons. 
 
We will shortly introduce the novel method and then discuss the first demonstration experiment: 
its application as polarization analyzer in a magnetic small-angle neutron scattering experiment 
where a 3He filter can only be operated with a proper magnetic shielding. The performance of 
the analyzer has been demonstrated by measuring the spin dependent scattering signals of a 
CuFeNi alloy that has a pronounced textured structure factor of ferromagnetic precipitates in a 
paramagnetic matrix. The data can be understood using simulations based on a model of 
superparamagnetic particles which are ordered in a simple cubic paracrystalline lattice. 
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Most neutron facilities have a large number of liquid based cryostats providing low, ultra-low 
temperature and high magnetic fields for sample environment. Large scale usage of liquid 
based cryogenic equipment can require significant resources and can also create a number of 
problems with logistics, health and safety issues as well as operating costs. 
  
The ISIS facility has approximately 30 wet systems and also has a large number of Gifford 
McMahon and Pulse Tube based closed CCR systems, these include bottom and top-loading 
cryostats; the systems are optimized for neutron access by using thinned windows for both 
spectroscopy and diffraction and can easily offer the user a range of temperatures between 4 
and 700 Kelvin. 

ISIS has developed and has a collaboration with Oxford Instruments PLC that has produced a 
top loading Pulse Tube based CCR that is commercially available, the ISISSTAT is capable of 
sustained operation of 1.8K with a cooling power of 240mW, the system has very good stability 
over a range of temperatures, two system are now operational at ISIS. 
  
ISIS currently has several superconducting magnets that have zero cryogen boil-off; this has 
been achieved by the re-condensation of helium by a Pulse Tube Refrigerator CCR: the 
systems include a wide angle chopper magnet for spectrometry, a 3D magnet and a 14T 
magnet for diffraction measurements. 
The main advantage of the systems are that all magnet operating procedures, for example 
cooling, running up field and quenching remain the same as for a standard Helium bath magnet. 
This approach also provides a homogeneous temperature distribution, which is crucial for 
optimum magnet performance. All standard system accessories: current leads, power supply, 
helium transfer siphon, etc. can be used with these systems. 
  
ISIS uses a number of dilution refrigerator inserts which can be used with standard variable 
temperature inserts (VTI) of cryostats or superconducting magnets; however the range of 
applications of the systems mentioned is limited by their relatively low cooling power and small 
sample space. These parameters can be crucial for a number of neutron experiments that 
require a combination of extreme conditions like high pressure, high magnetic field or large 
sample size. Oxford Instruments in collaboration with ISIS has developed a powerful cryogen-
free dilution refrigerator for neutron scattering experiments. The fridge is capable of cooling 
large and heavy samples. 
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Polarization techniques will play an increasingly important role as the second phase of 
instruments in ISIS TS2 come online. We present the implementation of polarized neutrons on 
new and existing ISIS instrumentation [1], including the latest developments for LET, the Cold 
neutron multi-chopper spectrometer, the polarizing SANS instrument ZOOM and LARMOR, a 
multi-purpose instrument for SANS, diffraction and spectroscopy that utilises the Larmor 
precession of polarized neutrons.  

Polarized 3He in the form of Neutron Spin Filter (NSF) cells, and has an important role in the 
implementation of polarization on ISIS instruments.  3He gas is traditionally polarized by two 
methods, metastability-exchange optical pumping (MEOP) [2] and spin exchange optical 
pumping (SEOP) [3]. At ISIS both methods are employed, SEOP in the form of an in-situ 
continuously pumped incident beam polarizer and MEOP through the use of the Flynn polarized 
3He filling station. We outline the performance of “Flynn” the new polarized 3He filling station 
constructed at ILL, and now installed at ISIS, and give details of the main components of the 
machine. We show the performance of the produced polarized gas from time of flight 
polarization measurement performed at ISIS. We will also present the latest  performance and 
specification of the in-situ SEOP polarizer system, including a focus on upgrades to the laser 
system required for the SEOP process due to the contamination of light polarization from the 
reflection of coated optics. 

[1] http://www.isis.stfc.ac.uk/instruments/instruments2105.html 

[2] K.H. Andersen et al. Physica B, 356, 103–108 (2005) 

[3] S. Boag et al, Physica B, 404, 2659 (2009). 
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Polarisation analysis is one of the most time consuming methods in neutron scattering. Part of 
this is the need to spend time measuring the spin-flip and the non-spin-flip channels. By 
combining the multianalyser system at PUMA with an innovative polarization analysis setup 
saves beam time by allowing a simultaneous detection of both channels. 
A combination of two polarisers/deflectors reflecting spin-down and transmitting spin-up 
neutrons are used to differentiate the neutron beam scattered by the sample. The separated 
beam components reach different blades of the PUMA multianalyser where they are reflected 
towards different detectors. 

First test experiments performed recently demonstrated that the spin-up and spin-down 
components can be manipulated according to our expectations. The Bragg scattering of 
neutrons polarized by a 3He filter on the anti-ferromagnetic hematite (Fe2O3) sample was 
analyzed using the presented technique. In the case of nuclear reflex (006) only the transmitted 
(non-spin-flip) signal was recorded, whereas the anti-ferromagnetic scattering (003) shown both 
signals: transmitted (non-spin-flip) and reflected (spin-flip) signals. These two signals were 
clearly distinguishable with our setup and observed simultaneously in a single measurement. 
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Devices made from silicon are used in neutron optics to influence the properties of neutron 
beams. Transferring the principle of the clessidra lens [1] to neutrons allows focusing the beam. 
We could show with simulations in Vitess that the usage of a clessidra lens in a VSANS 
instrument improves the beam quality. The disadvantage of the lenses of reducing the intensity 
by absorption is more than compensated by the focussing effect which leads to a smaller 
FWHM and a higher peak intensity. Comparing a pinhole set up with and without a lens we 
could show that the use of a lens lowers the total intensity by the factor of 0.2, reduces the 
FWHM by the factor 2 and enlarges the peak intensity by 1.5. For a fixed size of the sample 
pinhole and for a fixed FWHM of the signal, the lenses can exceed the standard pinhole setup 
by the factor of 12 in intensity. 

A second application of silicon prisms is energy analysis. J. Schulz showed in a proof-of-
principle experiment that this method allows measuring different wavelengths at the same time 
and thus avoiding losses due to monochromatization [2]. Applying two improvements [3], 
namely coating the prisms back with an absorbing layer to avoid total reflection and bending the 
prism rows, which shifts the transmitted wavelength band, developed the system in a way that 
now a range from 0 to 20 Å can be analyzed by a compact device.   

  

[1] DE CARO, L.; JARK, W.: Diffraction theory applied to X-ray imaging with clessidra prism 
array lenses. In: J. Synchroton Rad. 15 (2008), S. 176–184 

[2] SCHULZ, J.; OTT, F.; HÜLSEN, C.; KRIST, T.: Neutron energy analysis by silicon prisms. In: 
Nucl. Instr. and Meth. A 729 (2013), S. 334–337 

[3] SCHULZ, J.; OTT, F.; KRIST, T.: An improved prism energy analyzer for neutrons. In: Nucl. 
Instr. and Meth. A 744 (2014), S. 69–72 
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As the trend of neutron guide designs points towards longer and more complex guides 
imperfections such as waviness becomes increasingly important. At neutron scattering facilities, 
neutron reflecting guides are most valuable, since they transport the neutrons from the source 
(moderator) surroundings to a low-background region, often 20 to 100 meters away. For time-
of-flight neutron instruments, also the sheer instrument length is valuable, since it gives an 
important contribution to improving the instrument resolution. 

Back-of-the-envelope calculations show that present-day values of waviness are unproblematic 
for straight guides. However, concerns have been raised about the severity of imperfect guide 
conditions for complex guide shapes like the parabolic or elliptic ones. The actual relevance of 
this is emphasized, as these ballistic guide types are foreseen to be used for a significant part of 
the instruments at the European Spallation Source (ESS), with guide lengths up to 165 m [1, 2]. 

Simulations of guide waviness has so far been limited by a lack of reasonable waviness models. 
A waviness algorithm was implemented in McStas1.12c and 2.0[3] but has shown to yield 
unphysical results in some cases, since it is possible for the neutron to reflect from a surface 
with zero footprint normal to the neutron beam [4]. We here present a new  stochastic 
description of waviness and its implementation in the McStas simulation package. The effect of 
this new implementation is compared to the guide simulations without waviness and the 
waviness model implemented in McStas1.12c and 2.0. As an example the comparison between 
an ideal guide without waviness, a guide with the waviness description in McStas 1.12s and the 
new waviness model is seen in the figure. The unphysical behavior of the previous McStas 
waviness model for large waviness values is clearly no longer present in the new model. Here, 
the main consequence of waviness is a reduced intensity as expected from simple physical 
arguments. 

[1] The European Spallation Source. ESS technical design report, 2013,  [2] K. Klenø et al., 
Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, 
Detectors and Associated Equipment, 696:75–84, [3] Kim Lefmann and Kristian Nielsen. 
McStas, a general software package for neutron ray-tracing simulations. Neutron News , 
10(3):20-23, 1999, [4] Kaspar Hewitt Klenø. PhD thesis, University of Copenhagen, 2013. 
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The arrangement of REF neutron reflectometer at Budapest Research Reactor is paralell to the 
guide because of space restrictions. This is achieved using two PG monochromators. A novel 
arrangement focusing double monochromator was designed. The columns of the 
monochromator at the guide end focus on the elements of the outer monochromator, which are 
positioned on an aslope line in the plane of collimation. The efficacy of this monochromator was 
studied by Monte-Carlo simulation. The double monochromator was installed. The beam 
reflected by the different elements of the outer monochromator was investigated by pin-hole 
method. The arrangement gives remarkable intensity gain, but the effect of the inaccuracies of 
installation is also observable. 
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The European Spallation Source (ESS) in Lund, Sweden has just entered the construction 
phase with three neutron instruments starting in its detailed design phase in 2015. As a 
collaboration of 17 European countries the majority of hardware devices for neutron 
instrumentation will be provided in-kind. This presents numerous technical and organisational 
challenges for the construction and the integration of the instruments into the facility wide 
infrastructure; notably the EPICS control network with standardised hardware interfaces and the 
facilities absolute timing system. Additionally the new generation of pulsed source requires a 
new complexity and flexibility of instruments automation to fully exploit its opportunities. 

In this contribution we present a strategy for the modularity of motion control & automation 
hardware with well-defined standardised functionality and control & data interfaces integrating 
into EPICS and the facilities timing system. It allows for in-kind contribution of dedicated 
modules for each instrument (horizontal approach) as well as of whole instruments (vertical 
approach). To match the requirements of future ESS applications we are compiling and 
valuating together with our in-kind partners an extensive catalog of motion control 
functionalities. Key point and top requirement is the time stamping of all readings from the 
motion control electronics extending the event mode data acquisition from neutron events to all 
metadata. This gives the control software the flexibility necessary to adapt the functionality of 
the instruments to the demands of each single experiment. We give examples for the 
advantages of that approach in classical motion control as well as in complex robotics systems 
and discuss matching hardware requirements necessary. 

[1] S.Peggs et al., ESS Technical Design Report, ESS-2013-0001 (2013) 

[2] T.Gahl et al., Hardware Aspects, Modularity and Integration of an Event Mode Data 
Acquisition and Instrument Control for the European Spallation Source, Proceedings on 
ICANS XXI (2015) 
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Polarization analysis with a 3He neutron spin filter (NSF) as a spin analyzer has been developed 
on the NG-3 and NG-7 small-angle neutron scattering instruments at the National Institute of 
Standards and Technology Center for Neutron Research (NCNR) [1]. The polarized beam 
apparatus consists of a supermirror polarizer, a radio-frequency (RF) spin flipper, and a 3He 
analyzer. The 3He analyzer cell is polarized offline by spin-exchange optical pumping (SEOP) 
and stored in a magnetically shielded solenoid that provides a homogeneous magnetic field 
along the neutron beam axis. Neutron spin flipping of the scattered beam is accomplished by 
inverting the 3He polarization using the adiabatic fast passage nuclear magnetic resonance 
technique. In our setup, neutron spins at the sample are typically oriented transverse to the 
beam, so a 90-degree adiabatic spin rotation is necessary from the sample to the 3He 
analyzer.  Key issues for practical applications for a 3He NSF to SANS polarization analysis are 
sufficient angular coverage and long polarization storage times in the presence of stray fields 
from strong sample magnetic fields. We will present significant improvements in spin-analyzed 
SANS capability on NG-7. Using hybrid spin-exchange optical pumping method with high power 
diode lasers spectrally narrowed by chirped volume holographic gratings we have obtained 3He 
polarizations up to 88%. Such high 3He polarizations, together with a recently installed double-V 
supermirror cavity polarizer and an RF flipper allow us to achieve flipping ratios as high as 100 
with a neutron transmission of 55% for the desired spin state of the 3He analyzer. With an 
improved magnetically shielded solenoid and an improved adiabatic spin rotation device 
between the magnet and solenoid we have obtained relaxation times up to 300 h when the 
solenoid is placed close to the 1.6 T sample magnet. The SANS polarization analysis capability 
has opened up new opportunities for hard matter investigations of, for example, magnetic 
nanoparticle assembly, multiferroics, exchange-bias systems, and giant magnetostriction. 

We expect that more scientific applications would benefit from SANS polarization analysis 
capability with an extended Q coverage. For our current SANS polarization analysis capability, 
the wavevector transfer Q is 1.2 nm-1 (scattering angle of 6 degrees) at a wavelength of 0.55 nm 
for a sample field of 1.6 T. This has been limited by the diameter of the 3He analyzer cell, the 
extent of the iron-yoked magnet along the beam path, and spatial constraints of the solenoid 
location from the sample chamber. Recently we have produced 3He cells with the diameter 
almost doubled, which has allowed us to extend the maximum Q coverage to 2.0 nm-1. We will 
present results for these new large cells. 

[1] W.C. Chen et al., J. Phys.: Conf. Ser. 528, 012014 (2014); K.L. Krycka, et al., Physica B 
404, 2561-2564 (2009). 
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The Extreme Environment Diffractometer (EXED) at Helmholtz-Zentrum Berlin (HZB), which 
from this year operates together with the High Field Magnet (HFM, up to 26T), is a time-of-flight 
diffractometer optimized for restricted sample environment geometry and has a huge accessible 
Q-range from 0.01 to 12 Å-1 for elastic scattering experiments. Until recently EXED has been 
running as a general purpose diffractometer with the capability to perform powder, single crystal 
and small angle scattering experiments. Measurements using standard sample environments 
available at HZB were performed with the potentiality of a flexible secondary instrument. 

Here we present recent results of experiments undertaken at EXED covering the neutron 
scattering techniques described above and discuss the advantages and the restrictions 
connected to them. Based on the experience from previous experiments consequences are 
given for experiments up to 26T within the restricted geometry of the High Field Magnet, which 
has a conical opening of 30° in forward and backscattering direction.   
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Polarization analysis is very useful for soft matter research. Removal of incoherent background 
can reduce the number of parameters need to fit data, especially in the high-Q regime. We have 
been working on an ultra-compact 3He polarizer to be used as a polarization analyzer for this 
purpose. The 3He will be polarized in-situ within a very compact magnetic cavity,18 cm long, 
that can be simply placed between the sample and the detector tank without lowering the 
maximum  achievable Q range of the SANS machines we currently use at the JCNS. The 
angular coverage is a pyramid of 38° from the sample position. The optical pumping will be 
done with an ultra-compact volume Bragg grating frequency narrowed diode laser array bar. 
The full system will be readily hand transportable and thus useful as an instrument add-on. 

Additional, we present the progress of the fabrication of GE180 neutron spin filter cells that 
achieve both long relaxation times and high 3He polarization. 
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Dynamically polarized samples for protein crystallgraphy at the SNS 

Jinkui Zhao1  
 
1) Oak Ridge National Laboratory  
* Jinkui Zhao, zhaoj@ornl.gov 
 
We present new developements of Dynamically Polarized Crystallography at the SNS.  There is 
a renewed effort at the SNS to develop a dynamic nuclear polarization facility with the focus on 
protein crystallography. Polarized neutron protein crystallography has the potential of delivering 
a 2 to 3 orders of magnetitude gain in the data signal to noise ratio. Our current work involves 
developing a 5 Tesla/140 GHz system that polarizes the hydrogen nuclei to >95%. Once the 
sample is polarized, it will be kept in a 0.5 T holding field. The designed T1 relaxation time will 
be several thousand hours for most samples. The low holding field enables us to have a 
scattering angle wide enough such that it will not block the view of any detector pixel. 
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New Sorgentina Fusion Source (NSFS) A 14 MeV neutron source for fusion and 
multipurpose applications 

Antonino Pietropaolo1 , Mario Pillon1 , Maurizio Angelone1 , Aldo Pizzuto1 , Patrizio Console 
Camprini2 , Davide Bernardi2 , Pietro Agostini2 , Manuela Frisoni3  
 
1) ENEA Frascati Research Centre 2) ENEA Brasimone Research Centre 3) ENEA Bologna 
Research Centre  
* Antonino Pietropaolo, antonino.pietropaolo@enea.it 
 
Within the framework of research and development on fusion technology, a 14 MeV neutron 
source has long been considered as a key facility to perform irradiation tests supporting design 
and licensing of DEMO reactor. In this context, New Sorgentina Fusion Source (NSFS) project 
has been proposed taking advantage of well-established D-T generators technology, properly 
scaled in order to design a bright neutron source of some 1015 n/sec [1,2,3]. It is based on 
multiple 200 keV deuterium and tritium ion beams delivering several Amperes towards a 
deuterium-tritium enriched layer on a rotating target where fusion reactions take place. Tests on 
materials damage upon neutron irradiation are intended to be performed with the actual 14 MeV 
neutron spectrum typical of fusion reactors. NSFS project is intended to be carried out within 
national as well as international collaborations in order to provide a fusion-related neutron 
source and possibly a multipurpose facility. In the present contribution, the main facility 
characteristics are highlighted along with expected irradiation performances. Possible 
implementations towards a multipurpose utilization will be briefly discussed. 

References 

[1] M. Pillon, M. Angelone, A. Pizzuto, A. Pietropaolo, Fus. Eng. Des. 89, 2141 (2014) 2141 

[2] M. Martone, C. Alessandrini, S. Ciattaglia, R. Coletti, C. Crescenzi, C. Ferro,et al., Feasibility 
Study of a 14-MeV Neutron Source (Sorgentina), ENEA Internal Report, 1990. 

[3] P. Console Camprini, D. Bernardi, M. Pillon, M. Angelone, M. Frisoni, A. Pietropaolo, A. 
Pizzuto, P. Agostini, accepted for publication on Fus. Eng. Des. (SOFT 2014 conference 
special issue) 
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Some problems of the radiation resistance of the pelletized cold moderator of the IBR-2 
reactor 

Maxim Bulavin1 , Vladimir Ananiev1 , Alexander Beliakov1 , Alexander Verkhogliadov1 , Sergey 
Kulikov1 , Konstantin Mukhin1 , Eugene Shabalin1  
 
1) Joint institute for nuclear research  
* Maksim Bulavin, bulavin85@inbox.ru 

The first pelletized cold moderator (CM202) of the IBR-2 reactor was started in the 2012. 
CM202 represents a chamber which is filled with frozen pellets. The pellets are loaded in the 
chamber by pneumoconveying of cold helium at the temperature 30-40K through the steel pipe. 
The pellets are made of the mixture of aromatic hydrocarbons – mesitylene and m-xylene. The 
full chamber of the CM202 has 1 liter or 27000 frozen pellets. After loading the reactor chamber 
with CM202 operates at the power of 2 MW for 1 reactor cycle. 

The maximum real work time of CM202 is 9.5 days, but users and physicists of the IBR-2 
reactor need the full cycle of the moderator which is 11 days. CM202 can work for a limited 
period of time due to problems with radiation resistance of the hydrocarbons mixture in the 
chamber 

The viscosity of the melted mixture after 9.5 days of the irradiation increases by 15 times, and 1 
or 2 extra days can cause the mixture to become solid. This is a critical state of the moderator 
and a very serious emergency – moderator will not be able to work again. We can prevent this 
problem by adding some useful supplementation in the mixture, for example, it can be an 
anthracene or naphthalene. Second point we have a degradation of the neutron flux from the 
surface of the CM202 during the cycle of the reactor. It means that we lose 10% of the cold 
neutrons by the end of the cycle. We assume that supplementations allow us reduce the 
degradation of the neutron flux and the viscosity of a melted mixture. 

At last, during operation, regardless of the use of supplementations, we have certain 
polymerization problems with melted mixture. At the end of the cycle, when the power of the 
reactor is 0W we need to remove the liquid mixture from the chamber as soon as possible as 
the mixture can become solid. We need to maintain helium atmosphere in the chamber in order 
to delay polymerization. Moreover, we need to clean the chamber using aggressive solvents 
after 5-6 cycles of CM202 operation (2 times per year). 

E-mail of presenting author: bulavin85@inbox.ru 
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Target Upgrade Studies for the ISIS Facility 
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ISIS is one of the world\'s most powerful spallation neutron sources for the study of material 
structures and dynamics. Currently ISIS has two spallation targets, TS1 operating at proton 
beam powers of up to 200 kW, and TS2 operating to 45 kW. This paper focuses upon an 
upgrade study of TS1 with the goal of increasing the ultimate operating power to 0.5 MW and 
beyond. During this study we have taken into consideration the necessity of maintaining the 
spallation neutron pulse width at current values. The increased heat deposition was monitored 
and the target plates\' dimensions were modified to take this into account. Preliminary studies of 
an alternative molten metal target capable of coping with a higher power are also included. 
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Benchmarking Geant4 for spallation neutron source design 
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* Douglas Di Julio, douglas.dijulio@esss.se 
 
Geant4 is a widely used Monte-Carlo package for the simulation of radiation in matter, 
especially in the realm of high-energy physics. In the current work, we investigate the suitability 
of Geant4 for simulating spallation neutron sources. We have benchmarked Geant4, for the full 
spallation energy spectrum, against the popular Monte-Carlo package MCNPX for both simple 
spallation source geometries and for a model of the European Spallation Source (ESS), 
currently under construction in Lund, Sweden. Additionally, we tested methods for increasing 
the simulation efficiency in Geant4, via automated variance reduction techniques, and present 
some initial findings and results. Our models and methods reveal that there is generally very 
good agreement between the two codes and suggest that Geant4 is well suited for simulating 
spallation neutron sources. 

 

 

  



 
 

ID: PS-3 - 88, 2015-09-03, Hipostila Area 
Neutron Sources and Facilities 

 (Poster) 
 

Characterization of the radiation background at the Spallation Neutron Source 
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Scherzinger3 , Carsten P. Cooper-Jensen4 , Kevin G. Fissum3 , Kalliopi Kanaki1 , Georg 
Ehlers5 , Franz X. Gallmeier6 , Donald E. Hornbach6 , Erik B. Iverson6 , Robert J. Newby6 , 
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Lund University, SE-221 00 Lund, Sweden 4) European Spallation Source ESS AB, SE-221 00 
Lund, Sweden,Department of Physics and Astronomy, Uppsala University, 751 05 Uppsala, 
Sweden 5) Quantum Condensed Matter Division, ORNL, Oak Ridge TN-37831, USA 6) 
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Source ESS AB, SE-221 00 Lund, Sweden, Mid-Sweden University, SE-851 70 Sundsvall, 
Sweden  
* Douglas Di Julio, douglas.dijulio@esss.se 
 
The quality and efficiency of scientific measurements, performed at neutron scattering facilities, 
is directly affected by instrument background levels. At a pulsed spallation neutron source, an 
important part of the instrument background is related to the emission of high-energy particles 
from the target region, correlated with proton beam impact. In the current study, we present the 
results of an investigation of the phenomena leading to this background, performed at the 
Spallation Neutron Source (SNS) at Oak Ridge National Laboratory, Tennessee, USA. An 
overall picture of the radiation fields throughout the facility was mapped using a number of 
different detectors, including a WENDI-2 dosimeter, an Arktis 4He detector, Medipix cameras, 
and gamma-ray detectors. These results indicated the presence of particles penetrating the 
shielding at various locations, which may be partly responsible for the prompt-pulse 
backgrounds on multiple instruments. This work provides important information for developing 
future shielding solutions at spallation neutron sources, such as the European Spallation Source 
ESS AB, presently under construction in Lund, Sweden. 
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Recent instrumentation upgrades on the residual stress diffractometer at NPI-Řež 

Charles Hervoches1  
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Czech Republic  
* charles Hervoches, hervoches@ujf.cas.cz 

The two-axis diffractometer SPN-100, at the research reactor LVR-15 of the Research Centre 
Řež, is an instrument dedicated to macro/micro strain scanning of polycrystalline materials. 

The instrument sandwich type monochromator consists of two bent crystal slabs of different 
cuts, which can provide two different neutron wavelengths simultaneously (Si(111) + Si(220), 
Si(220) + Ge(311)). 

Very recently, the diffractometer has been equipped with a new two-dimensional position 
sensitive detector (2D-PSD). 

For sample positioning, in addition to standard x-y-z translation stage, a new six-axis robotic 
arm has been installed to allow more flexible manipulation of complex samples. 

The latest experimental results obtained with the upgraded tools will be presented. 
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Neutron imaging studies and experiments at the VR-1 zero-power university training 
reactor 

Jan Crha1 , Jaroslav Soltes1 , Ondrej Huml1 , Pavel Zlebcik1 , Lubomir Sklenka1 , Ladislav 
Viererbl2 , Bozena Michalcova3  
 
1) Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague 
2) Research Centre Rez Ltd. 3) Nuclear Physics Institute, Academy of Sciences of the Czech 
Republic  
* Jan Crha, honzacrha@seznam.cz 

The VR-1 is a zero-power training reactor which can be operated up to the maximal thermal 
power level of 1 kW. The reactor is operated by the Faculty of Nuclear Science and Physical 
Engineering of the Czech Technical University in Prague. Due to its low parameters it suits as a 
perfect instrument for the education and training for engineering students. Each year new 
instruments are developed at the reactor to extend the offer of experiments available to the 
students at the reactor site.  

In recent time, as a part of a student diploma project, efforts have been done to adapt the radial 
channel of the reactor for neutron imaging by means of neutron radiography. The low available 
neutron flux and the limiting spatial and construction capabilities of the reactor’s radial channel 
led to the development of a special filter/collimator insertion inside the channel and choosing a 
non-standard approach by placing neutron detectors inside the channel. The presented 
contribution summarizes the realized experiments supplemented by Monte-Carlo simulations 
which led to design of the instrument as well as the first neutron radiographic measurements 
done with several chosen test samples. 

Due to the limited space inside the radial channel and the low available thermal neutron flux, 
effective measurements of real industrial or research samples is very limited within the 
instrument. It, however, still can suit for demonstration purposes of neutron imaging for the 
university and training courses students at the reactor site. 
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R2D2 test beamline at JEEPII reactor in Kjeller, Norway 
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The upgrade of beam channel 6 (R2D2) at the JEEPII reactor in Kjeller (Norway) is presented 
as part of the collaborative activities between the Institute for Energy Technology (IFE) and the 
European Spallation Source (ESS). The main goal of R2D2 is to provide a dedicated beam 
channel for the testing of novel detector technologies and neutron guide coatings as well as to 
contribute to the development of new neutron-related techniques relevant to ESS. The different 
components of the beamline setup were optimized in order to provide a wide range of working 
possibilities - flexibility - and the best relationship between the available flux and the inherent 
background. Preliminary experiments show the versatility of the R2D2 setup. 
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A design study for an epi-thermal neutron source based on an electron linac for 
quantitative elemental analysis using resonance capture cross section 
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1) Graduate School of Engineering, Nagoya University 2) Research Reactor Institute, Kyoto 
University  
* Yoshiaki Kiyanagi, kiyanagi@phi.phys.nagoya-u.ac.jp 

The neutron resonance transmission analysis (NRTA) is one of useful nondestructive methods 
for quantitative elemental analysis and temperature measurement. In the N-DeMAIN 
(Development of Non-Destructive Methods Adapted for Integrity test of Next generation nuclear 
fuels) project in Japan the identification and quantification of nuclides in the fuels by time-of-
flight (TOF) method has been planned. For this purpose the 46 MeV electron linac at Kyoto 
University Research Reactor Institute is used and for this purpose an efficient epi-thermal 
neutron source is desired to be developed.  For the thermal neutron region moderator 
optimization study has been done [1, 2].  However, here, the important neutron energy range is 
around 1-500eV and the beam extraction angle is 135 degrees from the incident electron beam. 
Such a special situation requires a dedicated optimization study for the target-moderator-
reflector assembly (TMRA).  As a design study of the neutron source we performed simulation 
calculations on the target and the moderator angel by using a particle transport code, PHITS. 
We have started the optimization from the target, which was not performed previous studies. 
The neutron production was calculated for Ta, W and Pb. The results indicate that W produced 
highest intensity and a rectangular shape target gave higher intensity than a grooved target. 
Two-layered targets are also studied and obtained the optimal thickness of W/Ta and Pb 
layers.  Furthermore, effect of angled beam extraction was also studied and the intensity 
decreased by about 40% at 135 degree extraction.  The results are useful for optimizing the 
total TMRA. 

Present study includes the result of “Development of Non-Destructive Methods Adapted for 
Integrity test of Next generation nuclear fuels” entrusted to the Kyoto University by the Ministry 
of Education, Culture, Sports, Science and Technology of Japan (MEXT). 

[1] Y. Kiyanagi, H. Iwasa, J. Nucl. Sci. Tech., 19 (1982) 352-358. 

[2] Y. Danon, R.C. Block, R.E. Slovacek, Nucl. Instr. Meth., Phys. Res. A352 (1995) 596-603. 
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Thermal and cold neutron moderators for ESS 
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Wigner Research Center for Physics, Budapest  
* Luca Zanini, luca.zanini@esss.se 

The design of the neutron moderators for the European Spallation Source, intended to be 
installed at the start of operations of the facility in 2019 has now been finalized. 

The moderator design has been driven by the low-dimensional moderator concept recently 
proposed for use at spallation neutron sources or reactors. Quasi-two dimensional, disc- or 
tube-shaped moderators, can provide strong brightness increase (factor of 3 or more) with 
respect to volume para-H2 moderators, which constitute the reference, state-of-the-art 
technology for high-intensity coupled moderators. In the design process other, more 
conventional, principles were also considered, such as the importance of moderator positioning, 
the premoderator and beam extraction angular range. 

Different design and configuration options were evaluated. The final configuration accepted for 
construction foresees two moderators with identical (so-called “butterfly”) shape, but different 
heights, placed above and below the spallation target. Both moderators are able to serve the full 
2 x 120° beam extraction sectors of instrument suite. The top, 3-cm tall moderator, has both 
high thermal and high cold brightness, more than by a factor of 2.5 compared to the previous 
design of the Technical Design Report. The bottom, 6-cm tall moderator, has lower brightness 
and emits 1.3 times higher total intensity integrated over the 2 times larger emission surfaces. 
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Cryo-TEM – A Complementary Technique for Neutron Scattering 
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The neutron instrumentation at the MLZ, in particular Small Angle Neutron Scattering, 
reflectometry and macromolecular crystallography allow to investigate structures in the range 
from 1 nm up to several hundred nm in reciprocal space. In soft matter and biology the contrast 
between hydrogen and deuterium is used to gain deep and quantitative insights about the 
shape and interactions of the objects forming the investigated structure. 

Transmission electron microscopy may yield real space pictures of soft matter systems, virtually 
it may complete and enhance any SANS investigation on soft matter investigation. 

A transmission electron microscope (TEM) is available at the Jülich Center for Neutron 
Sciences at MLZ in the JCNS building. 

In one hand, with TEM, we are able to extract information in the real space about size 
measurements and distribution of particles, shape, self-assembly systems and aggregates. 
SANS on the other hand is a non-destructive method providing structural information in the 
reciprocal space averaged over all grains of different sizes with high statistical 
accuracy.  Transmission electron microscope allows to get quantitative information about 
roughness and intermolecular distances can be extracted and indirect information concerning 
average radius and periodical distances by performing a Fourier transform in TEM image. 
Additionally, diffraction patterns can be obtained. Hydrogen, which is mainly present in soft 
matters, can be highly distinguished from its isotope i.e. deuterium by neutrons whereas both of 
those light elements remain invisible in TEM and x-ray small angle scattering.  Both techniques 
allow to detect structural changes occurring in the relatively large scale structures on the nano-
scale.  One main advantage in SANS is the contrast variation technique which allow, by using 
specific ratio of D2O/H2O for solution sample, to study multi-component system. With TEM, the 
energy filter and the energy loss method allows to get information about atomic composition of 
the observed system. The energy filter is an additional way to enhance contrast in 
complementary to thickness dependent amplitude contrast, the small angle phase contrast and 
the diffraction contrast for crystalline structure investigation. 

The instrument is a 200 kV JEM-FS2200 from JEOL with a field emission gun (FEG) and an on-
line Omega Energy Filter allowing measurements at magnification from x 50 to x 1 M with a 
resolution of 0,2 nm in point and 0,1 nm in lattice. The Microscope is equipped with a Tietz CCD 
camera with 2048 x 2048 pixels square area. Unlike for neutron experiments the soft matter 
samples have to be investigated either in dried or frozen state (Cryo-TEM) to be able to work in 
the necessary vacuum and to suppress blurring motion of the object as well as radiation 
damage. Also the samples have to be very thin (max~100nm). TEM investigations require 
sophisticated sample preparation different from the needs for e.g. a SANS experiment, the TEM 
laboratory comprises an extended suite of preparation equipment. Users will be supported by 
JCNS scientists (M.S. Appavou) to conduct the suitable preparation and TEM investigation. 
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DrSPINE – Data Reduction for Neutron Spin Echo Experiments – First Results. 
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SNS-NSE instrument [1] at Spallation Neutron Source (SNS) in Oak Ridge, Tennessee, USA is 
the first Neutron Spin Echo (NSE) instrument installed at a pulsed source. The time-of-flight 
capability of the SNS-NSE allows one to resolve the neutron wavelength and conduct the 
measurements over a wider bandwidth. The wide bandwidth, in turn, permits the data collection 
for several Q-values at the same time and, more importantly,  it allows to determine the 
symmetry phase more precisely. 

We will present DrSPINE (Data Reduction for Neutron Spin Echo Experiments) - a new software 
package that aims to reduce data obtained either at a pulsed or at a reactor source based NSE 
instrument.  Developing the ideas presented at QENS/WINS 2014 conference [2] we will show 
first useful result obtained with DrSPINE. We will also compare them with our default reduction 
program and point out improvements in the quality of data. 

 

[1] M. Ohl et al., Nucl. Inst. and Meth. A 696,  85-99 (2012). 

[2] P.A. Zolnierczuk et al., EPJ Web of Conferences 83, 03020 (2015) 
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ISIS Deuteration Facility 

Peixun Li1  
 
1) ISIS Neutron Source, Rutherford Appleton Laboratory, Science and Technology Facilities 
Council, Harwell Science and Innovation Campus, OX11 0QX  
* Peixun Li, peixun.li@stfc.ac.uk 

The ISIS Deuteration Facility has now been established and is operational, currently accepting 
user’s proposals.  The aim of the facility is to provide ISIS users access to deuterated materials 
for ISIS experiments.  The presentation describe the routine deuterated materials which are 
supplied, as well as details on how to request non-routine materials on a collaborative basis.  

A recent science highlight is also presented on soft matter research utilising deuterated 
materials supplied by the facility. 
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The Versatile ESS-Testbeamline at the Helmholtz Zentrum Berlin 
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This poster will highlight the current status of the dedicated Testbeamline (TBL) for the 
European Spallation Source (ESS), installed at the research reactor BERII at Helmholtz 
Zentrum Berlin (HZB). The TBL combines a modular super mirror guide system (M=3) with a 
sophisticated chopper system, providing the ESS pulse structure (14 Hz, 2.86 ms) and 
Wavelength Frame Multiplication (WFM) option. The six-fold WFM option allows wavelength 
independent tunable resolution (0.5% - 2%) over a broad spectrum between 2 Å and 9.3 Å. 
The highly flexible instrument will be used for method and concept development as well as 
component testing. The commissioning of the TBL is taking place in 2015, and related 
experimental results will be shown. 

References: 

[1] M. Strobl, M. Bulat, K. Habicht, The wavelength frame multiplication chopper system for the 
ESS test beamline at the BER II reactor – A concept study of a fundamental ESS instrument 
principle, Nucl. Instr. Meth. Phys. Res. A, vol. 705, (2013), 74 
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The IBR-2 reactor with its unique technical approach, namely, mechanical modulation of 
reactivity, produces one of the most intense pulse neutron flux at the moderator surface among 
the world\'s pulsed neutron sources: ~1016 n/cm2/s, with a peak power of 1850 MW during 240 
μs pulse at 5 Hz repetition rate. 
 
Reactor have started it\'s operation for experemints in 1984 and 23 years later was stopped for 
modernization. Diring years 2008-2010 all the main components of the reactor and auxiliary 
equipment were replaced including reactor vessel, control and safety system.Since December 
10 2010 until October 28 2011 physical and power staturtups have been carried out. Starting 
from 2012 IBR-2 is operating as a user facility, providing beamtime at 11 instruments for 
approximately 200 visiting experiments yearly. 
 
Current status of the IBR-2 reactor, cryogenic moderators and neutron spectrometers will be 
presented. 
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The proposed High Brilliance Neutron Source (HBS), recognized within the German Neutron 
Strategy [1], will optimize the entire chain from particle source through particle accelerator, 
target, moderator, reflector, shielding, beam extraction, beam transport all the way to the 
sample position. For neutron production, the nuclear Be(p,n) or Be(d,n) reaction in the lower 
MeV energy range will likely be chosen.  

In this chain the moderation from fast to cold neutrons plays a crucial role and much brilliance 
can be gained by mapping geometry, material and beam extraction to the incident fast neutron 
spectrum as well as to the beamlines and instruments. For this purpose MCNP simulations have 
been made by NET (RWTH Aachen) to optimize the efficiency parameters.[2] 

Experiments to verify the MCNP model calculations[2] will be conducted with an D2O 
moderating reflector prototype feeding an optimized cold moderator at the AKR-2 reactor in 
Dresden, which with the nominal power of 2W provides a source strength of 108 n/s with the 
fission spectrum on the inner moderator surface. Thermal and cold beam extraction from the 
flux maximum within the moderator based on liquid para H2 and other cold moderators will be 
tested by energy spectroscopy via TOF-method. 

Different ratios of liquid ortho/para H2 will be fed to the cold moderator using natural convection 
for heat and liquid transport. The ratio will be controlled by feeding from different reservoires of 
natural H2 and a storage loop with an ortho/para converter and determined via online 
measurement by Raman spectroscopy. 

 

References 

[1]http://www.helmholtz.de/fileadmin/user_upload/01_forschung/06_Struktur_der_Materie/PNI/S
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The upcoming European Spallation Source calls for a drastic expansion of the neutron 
community in order to harness its full potential. 

Expansion of the neutron community outside the traditional physicist users demands new and 
innovative teaching and training methods as well as efficient data analysis paths. 

Not all of the knowledge, skills and competencies needed to perform neutron experiments 
however needs to be acquired through hands-on experimentation. 

Traditionally, training for neutron experiments takes place at large-scale neutron facilities as a 
combination of lectures and hands-on with limited seats due to the limited amount of beam-time 
and staff for tutorials. If a method could be found to train students outside facilities it could 
potentially increase the number of trained new users per year. Furthermore, if this method was 
combined with a traditional facility-based neutron school it could increase the learning outcome 
of hands-on practicals, allowing for higher compelexity in the experimental and and data 
analysis levels within the same time-frame of the school. 

The Virtual Neutrons for Teaching platform [1] which we are currently developing will be 
launched primo 2016. It will provide 24/7 free accessibility to learning material and student 
activities and thus comprise a perfect compliment to facility-based neutron schools, either as 
preparation or supplement to the class-room lectures during the school. The material is 
developed on basis of best-priciples from didactical research and in collaboration with 
instruments scientists at European neutron facilities. It contains an interactive textbook in wiki-
format as well as many quizzes allowing the student to monitor his progress. Some quizzes are 
based on interactive online simulations of neutron experiments and provide a guided path to 
central aspects of neutron experiments through active learning [2]. 

Since Monte Carlo ray-tracing of detailed full neutron scattering experiments is possible it 
enables training on virtual beamlines which e.g. match the real ones at each facility. The 
simulations allow the students to investigate the neutron instrument and beam throughout the 
optical components as well as the effects of optical components and sample environment on the 
scattering data from the sample at the detector. Based on 10 years of experience with training 
through virtual experiments followed by hands-on experiments we have found that when the 
student has actively aquired knowledge of instrumental effects and trained data analysis on 
simulated data he is able to participate as an active member of a research team without hands-
on tutorials [2]. 



[1] Virtual Neutrons for Teaching platform: http://vnt.nmi3.org 

[2] L. Udby et al, “E-learning neutron scattering”, Neutron News 24/1, 18 (2013) 

[3] J. Hougaard, J. Bruun & L. Udby, “Enabling student participation in research experiments by 
prior virtual experiment simulations ”, in preparation, (2015) 
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In 2014, the realization of the User Programme at FLNP JINR was continued. 163 proposals 
have been received for experimental studies at the IBR-2 spectrometers complex from different 
countries, including JINR Member States. After evaluation of proposals by Expert Committees, 
about 90 % of this amount was accepted for realization. The report presents the results of the 
realization of the User Programme in 2014 
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The peridotites of the Balmuccia massif (Ivrea zone, Italy) are generally considered to be mantle 
material emplaced into the deep crust. Their detailed study of mineral crystallographic preferred 
orientations (CPO) provides insight into the active deformation mechanism during complicated 
tectonic processes in the lithosphere. The ultramafic peridotites selected for this study basically 
consist of olivine, orthopyroxene, and clinopyroxene with small amounts of serpentine. Texture 
measurements of multiphase rocks were carried out at the neutron texture diffractometer SKAT 
at the pulsed reactor IBR-2 in Dubna, Russia. The SKAT is well-suited for the measurement of 
bulk textures on geological samples. Neutron diffraction was applied to obtain the complete 
crystallographic preferred orientations of rock forming minerals, which are usually coarse-
grained. Introducing the whole diffraction pattern deconvolution method (e.g., MAUD) as 
standard procedure for the texture evaluation the experimental pole figures for olivine, diopside 
and enstatite have been extracted. In order to describe the complete mineral texture, the 
orientation distribution function (ODF) and pole figures of the significant crystallographic planes 
have been calculated by means of the WIMV-method. Textures vary in strength and intensity 
distribution in dependence upon the mineral considered. The recalculated olivine pole figures 
(100), (010) and (001) display pronounced preferred orientations. The diopside and enstatite 
textures are weaker compared to the olivine textures. Olivine represents a simple system in 
view of texture analysis and in view of the active plastic deformation. The observed orientation 
patterns of olivine are recognized as the activation of (010)/[100] slip system. Since the olivine 
CPO depends upon the active slip systems and the deformation temperature, neutron diffraction 
texture analyses enable us to estimate depth and thermodynamical conditions during texture 
formation processes in the Earth’s mantle. 
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Neutron polarization analysis (PA) is a very power tool to study magnetic properties of new 
substances such as molecular magnets, superconductors, spintronic and magnetic 
nanostructures. Magnetic interaction of neutron spin with local magnetic field of the sample 
leads to rotation of the spin about the local magnetic field and the final polarization Pf may be 
coupled with initial polarization Pi by (3x3) depolarization matrix D. In simplest form of 1-
dimensional PA only one element of the depolarization Dzz is measured by comparison of spin-
up and spin-down scattering intensities and allows separation of coherent and incoherent 
scattering from the sample. The extension of this technique for 3D (XYZ polarization analysis) 
gives access to all diagonal elements of the depolarization matrix . In addition to separation of 
coherent and incoherent scattering this technique allows also to separate magnetic from nuclear 
scattering. To compensate for the low brilliance and/or low scattering intensity the typical 
neutron scattering instruments are equipped with large area position-sensitive detector. The 
implementation of PA in such instruments requires technique of wide-angle neutron polarization 
analysis. A cost effective solution may be found in using optically polarized 3He neutron spin 
filters  (3He NSF), placed in the vicinity of the sample. In this report we present a progress in 
already existing in ILL solutions for XYZ PA (Pastis-1, Pastis-2) and a new concept , Pastis-3, 
for the next generation of Thermal Time-of-Flight Spectrometers PANTHER at the ILL. 
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The future European Spallation Source (ESS) will unlock unprecedented potentials in the field 
of neutron imaging. For conventional imaging applications it will be the first spallation source 
offering flux conditions competitive with those at the highest flux continuous sources, which it 
will clearly outperform considering imaging modalities requiring high wavelength resolution, like 
e.g. Bragg edge imaging. In contrast to current word leading spallation sources the ESS will 
also enable flexible wavelength resolution and hence the most efficient implementation of a 
broad range of advanced and powerful applications, which is unparalleled so far. The multi-
purpose imaging beam line ODIN (Optical and Diffraction Imaging with Neutrons) at ESS will 
make use of the time structure in the most efficient way by allowing to tailor the resolution and 
wavelength band to the specific requirements of a measurement. For this purpose a 
sophisticated Wavelength Frame Multiplication (WFM) system is employed, using a pair of 
optically blind pulse shaping choppers that produce a tuneable but constant resolution over the 
accessible spectrum, which can be adapted by the means of wavelength band choppers. The 
concept of ODIN has been approved for construction at ESS and is currently refined and 
specified in detail. The current status of the project in particular in terms of its time-of-flight 
resolution tailoring chopper system will be outlined and summarised. 
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The results of neutron powder diffraction study of the crystal and magnetic structures of new 
layered quasi-two dimensional honeycomb metallic oxides Na3Co2SbO6, Li3Ni2SbO6 and 
Na3Ni2SbO6 are presented. 

The studied substances established structural motives on the basis of edge-related ordered 
mixed layers of magnetic cations Co2+ or Ni2+ and nonmagnetic Sb5+ inside oxygen octahedral 
alternate with alkali metal Na (Li) cations layers. Magnetic cations in the oxygen-octahedral 
layers form honeycomb grids that on condition of the antiferromagnetic type interaction between 
nearest neighbors can lead to frustration in the magnetic subsystem and the emergence of 
unusual types of magnetic moments ordering including non-collinear spiral structure. 

All phases represent superstructures derived from the layered-type α-NaFeO2 with the Ni/Co 
and Sb ordering in the layers by honeycomb-type. These layers have essentially hexagonal 
symmetry. Powder X-ray diffraction patterns at the beginning were indexed within the P3112 
space group but our full-profile analysis of X-ray (Li3Ni2SbO6) and neutron (Li3Ni2SbO6, 
Na3Ni2SbO6 and Na3Co2SbO6) diffraction patterns found that the stacking of layers in all cases 
corresponds to the monoclinic C2/m symmetry. Unlike a number of related phases it is not 
revealed mutual substitution of Li and Ni which degrades the electrode behavior of such phases 
in lithium-ion batteries. 

The appearance of additional reflections related to antiferromagnetic ordering organization of 
the samples at TN below 7K (Na3Co2SbO6), 15K (Li3Ni2SbO6) and 17K (Na3Ni2SbO6) is clearly 
visible on the low-temperature neutron diffraction measurements. At T > TN the magnetic 
susceptibility nicely follows the Curie-Weiss law with positive and negative temperatures: Q ≈   -
10K (Na3Co2SbO6) indicating predominance of AFM interaction and +8K (Li3Ni2SbO6), +12K 
(Na3Ni2SbO6) with predominance of FM. However at low temperatures long-range AFM order is 
established at all oxides. Hence there is a delicate balance of competing AFM and FM 
interactions due to difference in character and sign of exchanges between Co2+ (Ni2+) ions 
within the magnetic layer and between the layers. 

The main results of the neutron researches are study of the magnetic phase transitions, the 
explanation of the magnetic features registered by other physical methods, creation of models 
of magnetic structures at different temperatures below the magnetic ordering temperatures, the 
definition of the numerical parameters of these magnetic models. The models of magnetic 
structures are constructed according to which oxides should be considered as a realization of 
weakly (even negligible) AFM coupled honeycomb planes but with alternating AFM/FM complex 
exchange interaction in the plane. 
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The solid solutions of barium ferrites doped with Co, Sc, Ti, Nb [1] and etc. are attracted much 
attention due to the their functional properties such as high chemical stability and corrosion 
resistivity [2] as well as high coercive force (Нс~ 160 – 55 kA/m) [3, 4] and of the Curie 
temperature and of electrical resistance (near 105÷109 Ω*cm against 10-5÷10-9 Ω*cm in metallic 
magnets) and relatively large magnetization. 

In present work, the influence of diamagnetic ions Al and In onto crystal and magnetic 
structures of solid solutions of barium ferrites in a wide temperature range was investigated by 
neutron diffraction of high resolution. 

Polycrystalline patterns BaFe12-x(Al,In)xO19 were prepared by conventional solid reaction 
method. Pressured pellets annealed at 1300oC (6 h) in air. According neutron diffraction data 
almost all investigated samples contained a minor amount of a second impurity phase (see 
Fig.). Patterns doped by In ions have a little more volume of unit cell unlike patterns doped by Al 
ions. The high resolution of neutron diffractometer allowed carrying out analysis of 
microstructure parameters, such as microstress in crystallites, with temperature changes.   

The increase of microstress with forming of long-range magnetic order in ferrimagnetic crystal 
could have linked with the fact that individual sublattices make different contributions in general 
deformation. In low temperature range from 150 to 4.2 K the Invar effect (zero thermal 
expansion coefficient) are observed. In this region, the thermal expansion is, practically, equal 
to zero. Such behavior of lattice parameters of barium ferrites in the range from 150 to 4.2 K 
was explained by a change of the regime of mutual rotations and tilts of the oxygen octahedra. 

Reference 
1. Robert C. Pullar // Progress in Materials Science 57. 2012. 1191–1334
2. Liu, X., Wang, J., Gan, L.M., Ng, S.C. and Ding. J. // JMMM 184. 1998. 344-354.
3. S. Castro, M. Gayoso, J. Rivas et al. // JMMM 152. 1996. 61-69
4. M.H. Makled, T. Matsui, H. Tsuda et al. // Journal of Materials Processing Technology

160 (2005) 229–233



ID: PS-3 - 110, 2015-09-03, Hipostila Area 
Functional Materials 

 (Poster) 

Lithium diffusion and diffraction 

Anatoliy Senyshyn1 , Mykhailo Monchak2 , Martin J. Mühlbauer2 , Oleksandr Dolotko1  

1) Heinz Maier-Leibnitz Zentrum (MLZ), Technische Universität München, Lichtenbergstr. 1,
85748 Garching, Germany 2) Institute for Applied Materials (IAM), Karlsruhe Institute of 
Technology (KIT), Hermann-von-Helmholtz-Platz 1, 76344 Eggenstein-Leopoldshafen, 
Germany and Heinz Maier-Leibnitz Zentrum (MLZ), Technische Universität München, 
Lichtenbergstr. 1, 85748 Garching  
* Anatoliy Senyshyn, anatoliy.senyshyn@gmail.com

The rapid development of energy storage media permanently requires new electrode and 
electrolyte materials, which are cheaper, more stable\\robust and have better electrochemical 
performance. To a large extent the electrochemical energy storage and energy conversion are 
diffusion-based processes, where the knowledge about underlying diffusion pathways and 
mechanisms becomes crucial. Unfortunately the information about preferable diffusion 
pathways of polycrystalline (non-cubic) materials can not be directly obtained by bulk (e.g. 
resitivity, impedance spectroscopy, quasielastic neutron scattering etc) measurements. 

Theoretical methods for prediction of diffusion pathways are often based on molecular dynamics 
simulations (either force-field or ab initio), which creates sufficient challenges for the modeling 
of diffusion properties of new materials. Compared to molecular dynamics the bond valence 
modeling is a simple tool, which may give necessary first approximation for the mechanisms of 
ion diffusion in materials with primarily ionic type of bonding. It is assumed that the ion transport 
from one equilibrium site to the other one might follow a pathway, along which, the valences 
mismatch ∆V = |V - Vnom| between bond V and Vnom nominal valences remains as small as 
possible [1]. The total bond valence sum V of cation A can be expressed as V = ∑XSA-X, where 
individual bond valences SA-X are calculated using RA-X bonds to adjacent anions X and 
tabulated R and b parameter sets as SA-X=e(R-R

A-X
)/b. The model is characterised by the high 

predictive capabilities and can be easily adapted to different kinds of anionic and cationic 
diffusion species. 

On the other hand the diffusion processes in a material are determined by its crystal structure, 
and there are several methods to predict the preferred ion diffusion pathways with high reliability 
on the basis of the underlying crystal structure, i.e. the analyses of probability density function 
from anharmonic refinements of powder diffraction data and the reconstruction of 
electron/nuclear densities by maximum entropy method [2]. 

In the current contribution the application of bond valence method for the prediction (and 
diffraction-based techniques for the evalution) of ion diffusion pathways in different materials for 
electrochemical energy conversion and storage will be presented and discussed. 

[1] Garrett, J.D.; Greedan, J.E.; Faggiani et al., J. Sol. State Chem. 42(2) (1982) 183. 

[2] A. Senyshyn, H. Boysen, R. Niewa et al., J. Phys. D: Appl. Phys. 45 (2012) 175305 
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In this study, some of the physicochemical properties, such as the logarithm of calculated 
octanol-water partitioning coefficients (logKow), total biodegradation (TBd in mol/h and g/h), water 
solubility (Sw, mg.L-1/25ºC) and median lethal concentration 50 (LC50), were calculated for the 
biodegradable synthetic polymers poly (glycolic acid) PGA (1) and poly (lactic acid) PLA (2) with 
variable length of the polymers. The equations of the model could be utilized to extend for 
longer polymers of PGA (1) and PLA (2). 
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We present results from neutron diffraction experiments carried out to study the nuclear and 
magnetic structures of the A2MoX5·H2O compound series (with A=Rb, K, and X=Cl, Br) at 
several temperatures ranging from 1.7K (magnetic long range order) to 30 K (paramagnetic 
phase). The experiments were performed on powder samples at the 3T2 a G4.1 instruments 
(Laboratoire Léon Brilloin, Sclay, France), and at the D1B instrument (Institut Laue-Langevin, 
Grenoble, France). The nuclear and magnetic structures of the mentioned series were refined 
by means of the Rietveld refinement method (FullProff code). The results are compared with the 
isomorphs A2FeX5·H2O compound series (A=Rb, K and X=Cl, Br), including its critical 
temperatures and spin delocalizations. 




