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Sun, August 30th

8:00 8:00

8:15

8:30

8:45

9:00 9:00

9:30

9:45 9:45

10:00

10:30 10:30

10:45
NI-8

Chair: S. Holm
MSEP-8

Chair: J. Bartolomé
FM-2

Chair: F. Pforr
EA

Chair: T. Panzner

11:00
NI-1

Chair: P. Hautle
MSEP-1

Chair: Ch. Vettier
HLS-1

Chair: T. Gutberlet
GL

Chair: M. Fabian
NI-2

Chair: M. Rouijaa
MSEP-2

Chair: J. Akimitsu
HLS-2

Chair: P. Schurtenbenger
CH

Chair: L. Rosta
NI-4

Chair: P. Willendrup
MSEP-4

Chair: P. Steffens
SCM-1

Chair: V. Garcia Sakai
CHM-1

Chair: F. Fdez-Alonso
NI-6

Chair: C. Durniak
MSEP-6

Chair: S. Ward
SCM-3

Chair: N. Malikova
FS

Chair: G. Eckold

11:30 O1 - M. Sales O1 - E. Canevet O1 - B. Gold O1 - J. Segura 11:30

O2 - E. Jericha O2 - B. Grenier O2 - W. Zajac O2 - S. Harjo 11:45

12:00 O1 - C. Ridley O1 - K. Lefmann O1 - H. Frielinghaus O1 - J. M. Borreguero O1 - B. Betz O1 - D. Mazzone O1 - T. Nawroth O1 - A. Masalles O1 - K. Andersen O1 - M. Enderle O1 - A. Saini O1 - M. Khaneft O1 - M. Boin O1 - V. Siruguri O1 - A. Radulescu O1 - E. Klinkby O3 - D. Martin O3 - L. Cañadillas O3 - C. Cabrillo O3 - D. Schwahn 12:00

12:15 O2 - F. A. Adlmann O2 - R. Toft-Petersen O2 - T. Hauß O2 - W-C. Pilgrim O2 - S. Kichanov O2 - A. Holmes O2 - M. Maccarini O2 - M. P. Alonso O2 - P. Courtois O2 - J. L. García O2 - M. Obiols-Rabasa O2 - S. Rols O2 - N. Draper O2 - E. Solana O2 - A. Benedetto O2 - S. Sponar O4 - W. Chen O4 - C. Balz O4 - M. Russina O4 - A. Tremsin 12:15

12:30 O3 - M. Bartkowiak O3 - A. Biffin O3 - S. Longeville O3 - Y. Kawakita O3 - A. Orecchini O3 - L. Mangin O3 - A. P. Dabkowska O3 - M. Tanaka O3 - V. V. Nesvizhevsky O3 - E. Fogh O3 - A. Shvetcov O3 - L. Mazzei O3 - A. Markvardsen O3 - Y. Khaydukov O3 - H. Seto O3 - M. Johnson O5 - T. Saerbeck O5 - S. Nekuruh O5 - F. Juranyi O5 - R. Woracek 12:30

12:45 O4 - F. Groitl O4 - L. Udby O4 - M. T. Di Bari O4 - A. Stunault O4 - T. Shinohara O4 - G. S. Tucker O4 - R. Ignazzi O4 - C. Mondelli O4 - C. Schanzer O4 - I. Urcelay O4 - A. C. Genix O4 - M. Plazanet O4 - X. Xiao O4 - P. Lázpita O4 - F. Roosen O4 - A. van Well O6 - G. Kulin O6 - N. Gauthier O6 - M. Cabrera O6 - R. Vasin 12:45

13:00 O5 - R. Barker O5 - S. Raymond O5 - B. Brocco O5 - R. Boffy O5 - E. Lehmann O5 - J. Lynn O5 - M. Martins O5 - S. Kilcoyne O5 - L. Crow O5 - R. Przenioslo O5 - J. Jestin O5 - C. Österberg O5 - V. Santoro O5 - I. de Pedro O5 - G. Fragneto O5 - A. Frank O7 - R. Bewley O7 - N. Qureshi O7 - M. Rovira-Esteve O7 - V. Em 13:00

13:15 O6 - D. Kozlenko O6 - D. Inosov O6 - H. Wacklin O6 - D. Colognesi O6 - P. Trtik O6 - S. Hartwig O6 - T. Nylander O6 - K. Bajnok O6 - J. Saroun O6 - L. Ding O6 - K. Mortensen O6 - D. Djurado O6 - J. Taylor O6 - N. Plugaru O6 - V. Rondelli O6 - G. Zsigmond O8 - T. Keller O8 - Y. Su O8 - T. Unruh O8 - O. Kirichek 13:15

13:30 13:30

15:00 15:00

15:45
NI-3

Chair: W. Schweika
MSEP-3

Chair: K. Rolfs
HLS-3

Chair: A. Magerl
TFI

Chair: M. Wolff
NI-5

Chair: M. Markó
MSEP-5

Chair: T. Fennell
SCM-2

Chair: U. Gasser
CHM-2

Chair: A. Albinati
NI-7

Chair: G. Albani
MSEP-7

Chair: M. Laver
FM-1

Chair: E. Caspi
NSF

Chair: A. Belushkin

16:00 16:00

16:30 O1 - X. Fabreges O1 - Y. Kousaka O1 - A. Stadler O1 - I. Calvo O1 - H. Bordallo O1 - F. Weber O1 - A. Arbe O1 - E. Forcén O1 - R. Hall-Wilton O1 - E. Palacios O1 - V. Pipich O1 - U. Filges 16:30

16:45 O2 - S. Jaksch O2 - M. Morin O2 - Z. Ibrahim O2 - Y. Gerelli O2 - A. Fedrigo O2 - R. Georgii O2 - Y. Hertle O2 - M. Avdeev O2 - M. Köhli O2 - A. Michels O2 - S. Danilkin O2 - V. Mityukhlyaev 16:45

17:00 O3 - N. Christensen O3 - J. Kinder O3 - T. Forsyth O3 - M. Trapp O3 - J. S. Gardner O3 - H. Jacobsen O3 - P. Normile O3 - J. M. Igartua O3 - I. Stefanescu O3 - N. Rinaldi O3 - M. Mülhbauer O3 - T. Darwish 17:00

17:15 O4 - M. Christensen O4 - M. Kugler O4 - A. Koutsioumpas O4 - E. Scoppola O4 - P. Beran O4 - J. Reim O4 - W. G. Bouwman O4 - W. Wallace O4 - E. Babcock O4 - V. Pomjakushin O4 - G. Nenert O4 - R. Bergmann 17:15

17:30 O5 - N. Violini O5 - S. Grigoriev O5 - R. Ünnep O5 - A. Paul O5 - G. J. Cuello O5 - N. J. Steinke O5 - A. Brulet O5 - M. Frontzek O5 - L. Gonzalez O5 - L. Fdz-Barquín O5 - I. Puente O5 - K. Mukhin 17:30

17:45 O6 - M. Monkenbusch O6 - N. Martin O6 - J. Channell O6 - A. Qviller O6 - G. Chaboussant O6 - M. Ruminy O6 - A. Banc O6 - J. Hernández O6 - A. Pietropaolo O6 - I. Golosovsky O6 - G. Nagy O6 - J. Beaucour 17:45

18:00 18:00 O7 - A. Ioffe O7 - F. Qian O7 - A. R. Rennie O7 - W. Kreuzpaintner O7 - M. Appel O7 - P. Deen O7 - F. Kaneko O7 - G. Nowak O7 - S. Gao O7 - P. Henry O7 - J. P. de Vicente 18:00

18:15 O8 - A. Jackson O8 - J. S. White O8 - E. Mossou O8 - P. A. Algarabel O8 - L. van Eijck O8 - S. Toth O8 - M. Gradzielski O8 - B. Guerard O8 - A. Furrer O8 - M. Karlsson O8 - C. Carlile 18:15

18:30 18:30

20:00

21:00

Rooms Topics 
Mozart NSF Neutron Sources and Facilities
Luis Galve GL Glasses & Liquids
Mariano Gracia TFI Thin Films and Interfaces
Room 11 CHM Chemistry of Materials (structure & spectroscopy) Satellite meetings

MSEP Magnetism, superconductivity, and other Electronic Phenomena
FM Functional Materials Wednesday, September 2
NI Neutron Instrumentation, Optics, sample environment, detectors and Software 13:30 - 14:30, Swiss Neutron Scattering Society General Assembly, Luis Galve Room

SCM Soft Condensed Matter 14:30 - 15:00, Swiss Neutron Scattering Society Prize, Luis Galve Room
HLS Health and Life Sciences
EA Engineering Applications
CH Cultural Heritage and Archaeometry
FS Fundamental Science

VI EUROPEAN CONFERENCE ON NEUTRON SCATTERING
Mon, August 31st Tue, September 1st Wed, September 2nd Thu, September 3rd Fri, September 4th

Registration

PL 3
F. Gabel

Chair: K. Knudsen

PL 5
P. Müller-Buschbaum

Chair: K. Habicht

PL 7
H. Schober

Chair: H. Abele

PL 8
J. M. Pérez Mato

Chair: A. Goukassov
Opening Ceremony

PL 4
R. Caciuffo

Chair: H. M. Rønnow

PL 6
J. M. Tarascon

Chair: J. Kulda

Walter Hälg Award Ceremony
H. Rauch

Chair: Ch. Alba-Simionesco

Levy Bertaut Award Ceremony
G. Schiro

Chair: F. Mezei

Coffee and exhibition
Poster Session 2 (PS2)
from PS2-1 to PS2-120

Coffee and exhibition
Poster Session 3 (PS3)
from PS3-1 to PS3-120

Coffee and exhibition

Coffee and exhibition

K - B. Farago K - S. Petit K - C. Papadakis K - G. Bruno

K - A. Stradner K - J. Dawidowski K - D. S. Hussey K - S. Clarke

PL1
P. Fierlinger

Chair: B. Cywinski
Coffee and exhibition
Poster Session 1 (PS1)
from PS1-1 to PS1-120

K - G. J. McIntyre K - B. Fåk K - W. Richtering K - E. Krotscheck

Lunch and exhibition Lunch and exhibition Lunch and exhibition Lunch and exhibition

K - Z. Fisher K - F. Grazzi K - O. Prokhnenko K - M. Kenzelmann K - J. Colmenero K - S. ParkerK - E. Lelièvre-Berna K - R. Kremer

Closing ceremony

PL 2
P. Schofield

Chair: L. R. Falvello

Coffee and exhibition
Poster Session 1 (PS1)
from PS1-1 to PS1-120

Coffee and exhibition
Poster Session 2 (PS2)
from PS2-1 to PS2-120

Coffee and exhibition
Poster Session 3 (PS3)
from PS3-1 to PS3-120

K - D. Argyriou

K2 - Ch. Masquellier

ENSA SESSION

Peter Allenspach
Mark Jonhson
Katia Papas
Kristian Temst
Colin Carlile

Chair: Ch. Alba Simionesco

Welcome 
Cocktail & 

Registration

Conference Dinner
Aura Restaurant

Av. José Atares, 7
Zaragoza

K - M. Guthrie K - S. Muehlbauer K - V. Arrighi K1 - J. A. Alonso K - N. Kardjilov K - J. BlancoK - M. Strobl K - J. Kishine K - F. Spinozzi K - K. Temst K - G. Rousse
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Friday,	September	4	
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Neutron	instrumentation,	optics,	sample	environment,	
detectors	and	software

Magnetism,	superconductivity,	and	other	electronic	
phenomena

Chair:	Sonja	Holm Chair:	Juan	Bartolomé
Mozart	Room Luis	Galve	Room
NI‐8 MSEP‐8

11:00 (K)	The	next	step	forward	in	high	resolution	NSE	
spectroscopy,	the	IN15	upgrade.
Bela	Farago,	Institute	Laue	Langevin,	France

(K)	Investigation	of	the	spin	dynamics	in	geometrically	
frustrated	pyrochlores	by	Time	of	flight	and	triple‐axis	
neutron	scattering	techniques
Sylvain	Petit,	Laboratoire	Léon	Brillouin,	CEA	Saclay,	France

11:30 (O1)	Spin‐Echo	Modulated	Small	Angle	Neutron	
Scattering	in	Time‐of‐Flight	Mode
Morten	Sales,	Niels	Bohr	Institute,	University	of	Copenhagen,	
Denmark

(O1)	Single‐crystal	neutron	diffraction	study	of	the	quasi‐
one‐dimensional	Ising‐Like	Antiferromagnet	BaCo2V2O8
Emmanuel	Canevet,	Paul	Scherrer	Institut,	Switzerland

11:45 (O2)	First	performance	of	travelling	wave	neutron	
magnetic	spin	resonators
Erwin	Jericha,	TU	Wien,	Atominstitut,	Austria

(O2)	Longitudinal	and	Transverse	Zeeman	Ladders	in	
the	Ising‐Like	Chain	Antiferromagnet	BaCo2V2O8
Béatrice	Grenier,	University	Joseph	Fourier	Grenoble	I	and	CEA‐
Grenoble,	France

12:00 (O3)	High	performance,	Polarized	Neutron	Transport	
System	That	Combines	Both	Spin	States
Damian	Martin,	Delft	University	of	Technology,	Netherlands

(O3) Spin Density Distribution in a Metal-Organic 
Framework presenting electric and magnetic order 
Laura Cañadillas-Delgado, Centro Universitario de la 
Defensa - ICMA, Spain

12:15 (O4)	Recent	Advances	in	Wide‐Angle	Polarization	
Analysis	With	3He	Neutron	Spin	Filters
Wangchun	Chen,	NIST	&	University	of	Maryland,	USA

(O4)	A	new	spin‐liquid	antiferromagnet	based	on	
opposite‐sign	bi‐triangles
Christian	Balz,	Helmholtz‐Zentrum	Berlin,	Germany

12:30 (O5)	The new Time-of-Flight and Monochromatic 
polarization capability of D17
Thomas Saerbeck, Institute Laue-Langevin, France

(O5)	Ferromagnetic	cluster	spin	wave	excitations	in	the	
high	spin	molecules	Mn18Sr	and	Mn19
Siyavash	Nekuruh,	University	of	Freiburg,	Germany

12:45 (O6)	Time‐of‐flight	Fourier	spectrometry	of	UCN
German	Kulin,	Joint	Institute	for	Nuclear	Research,	Russian	
Federation

(O6)	Neutron	scattering	study	of	J1‐J2	zigzag	chains	in	
SrDy2O4	frustrated	magnet
Nicolas	Gauthier,	Paul	Scherrer	Institute,	Switzerland

13:00 (O7)	A	new	hybrid	high	count	rate	spectrometer
Robert	Bewley,	ISIS,	STFC,	UK

(O7)	Magnetic	spin‐flop	transition	and	interlayer	spin‐
wave	dispersion	in	PrCaFeO4
Navid	Qureshi,	Institut	Laue	Langevin,	France

13:15 (O8)	Frontiers	of	Neutron	Larmor	Diffraction
Thomas	Keller,	Max	Planck	Institute	for	Solid	State	Research,	
Germany

(O8)	Ordering	out	of	a	highly	entropic	magnetic	Coulomb	
phase
Yixi	Su,	Juelich	Centre	for	Neutron	Science	JCNS	at	MLZ,	
Forschungszentrum	Juelich	GmbH,	Germany

Friday,	September	4th
9:00 	(PL8)	Magnetic	crystallography:	a	novel	framework	for	the	analysis	of	magnetic	structures.

	J.	Manuel	Perez‐Mato,	Universidad	del	Pais	Vasco,	UPV
	Mozart	Room
	Chair:	Arsen	Goukassov

10:30 	Coffee	and	exhibition

9:45 	(Levy	Bertaut	Award	Ceremony)	From	water	molecules	to	amyloid	fibrils:	exploring	the	structural		dynamics	of	
biological	matter	by	neutron	(and	X‐ray)	scattering
	Giorgio	Schiro,	CNRS	‐	Institut	de	Biologie	Structurale,	France
	Mozart	Room
	Chair:	Ferenc	Mezei

13:30 	Closing	ceremony
	Mozart	Room
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Functional	materials Engineering	applications

Chair:	Florian	Pforr Chair:	Tobias	Panzer
Mariano	Gracia	Room Room	11
FM‐2 EA
(K)		Cononsolvency	in	thermoresponsive	micellar	
solutions:	Pathway	of	aggregate	formation	investigated	
using	time‐resolved	SANS
Christine	Papadakis,	Technische	Universität	München,	
Germany

(K)	Getting	more	out	of	your	Neutron	Scattering	Data:	a	
couple	of	possible	strategies	to	use	neutrons	as	an	
industrial	problem‐solving	tool
Giovanni	Bruno,	Bundesanstalt	Materialforschung	und	‐
Pruefung,	Germany

11:00

(O1)	From	nature	to	innovative	smart	materials	‐	using	
the	dynamic	hydrogen	bond	to	tailor	the	properties	of	
polydiene	elastomers
Barbara	Gold,	Forschungszentrum	Juelich,	Germany

(O1)	Hydrogen	accumulation	at	the	origin	of	
delamination	at	the	a‐carbon/SiO2	interface
Jaime	Segura,	Institut	Laue	Langevin,	France

11:30

(O2)	Effects	of	magnetic	field	upon	hard‐segment	
domains	in	magnetorheological	elastomers	studied	by	
Small	Angle	Neutron	Scattering
Wojciech	Zajac,	Institute	of	Nuclear	Physics	Polish	Academy	of	
Sciences,	Poland

(O2)	Dislocation	characteristics	in	lath	martensitic	steel	
by	neutron	diffraction
Stefanus	Harjo,	Japan	Atomic	Energy	Agency,	Japan

11:45

(O3)	Real‐time	neutron	scattering	studies	of	molecular	
intercalation	in	Graphite	Oxide
Carlos	Cabrillo,	Instituto	de	Estructura	de	la	Materia	(CSIC),	
Spain

(O3)	SANS	Studies	on	Reverse	Osmosis	Waste	Water	
Desalination
Dietmar	Schwahn,	Technische	Universität	München,	Germany

12:00

(O4)	Tuning	diffusion	properties	of	molecular	hydrogen	
confined	into	clathrates	hydrates
Margarita	Russina,	Helmholtz	Zentrum	Berlin	für	Materialien	
und	Energie,	Germany

(O4)	Investigation	of	microstructure	within	metal	welds	
by	energy	resolved	neutron	imaging
Anton	Tremsin,	University	of	California	at	Berkeley,	USA

12:15

(O5)	Dynamics	across	the	structural	transitions	at	
elevated	temperatures	in	Na0.7CoO2
Fanni	Juranyi,	Paul	Scherrer	Institut,	Switzerland

(O5)	Neutron	Bragg	Edge	Tomography	for	3D	Phase	
Mapping	of	Crystalline	Materials
Robin	Woracek,	European	Spallation	Source	ESS	AB,	Sweden

12:30

(O6)	Quasi‐elastic	Neutron	Scattering	and	Molecular	
Dynamics	applied	to	dental	cements:	can	we	do	better?
Marcella	Cabrera	Berg,	Niels	Bohr	Institute,	University	of	
Copenhagen,	Denmark

(O6)	Crystallographic	preferred	orientations	and	elastic	
anisotropy	of	sheet	silicate	bearing	rocks
Roman	Vasin,	JINR,	Russian	Federation

12:45

(O7)	Tackling	complexity	in	neutron	reflectometry
Muriel	Rovira‐Esteva,	Technische	Universität	Berlin,	Germany

(O7)	Development	of	the	neutron	diffraction	method	for	
stress	measurements	in	thick	steel	samples
Vyacheslav	Em,	National	Research	Center	'Kurchatov	
Institute',	Russian	Federation

13:00

(O8)	In‐situ	studies	on	the	stabilizer	layer	of	
nanoparticles	in	solution
Tobias	Unruh,	Friedrich‐Alexander‐Universität	erlangen‐
Nürnberg,	Germany

(O8)	Stress	rig	for	neutron	scattering	measurements	of	
bulk	stress	in	engineering	components	at	temperatures	
as	low	as	6.5K
Oleg	Kirichek,	ISIS	STFC,	UK

13:15

13:30

Friday,	September	4th

10:30

9:45

	Closing	ceremony
	Mozart	Room

9:00	(PL8)	Magnetic	crystallography:	a	novel	framework	for	the	analysis	of	magnetic	structures.
J.	Manuel	Perez‐Mato,	Universidad	del	Pais	Vasco,	UPV

	Mozart	Room
	Chair:	Arsen	Goukassov

	Chair:	Ferenc	Mezei
	Mozart	Room

Giorgio	Schiro,	CNRS	‐	Institut	de	Biologie	Structurale,	France

(Levy	Bertaut	Award	Ceremony)	From	water	molecules	to	amyloid	fibrils:	exploring	the	structural		dynamics	of	
biological	matter	by	neutron	(and	X‐ray)	scattering

	Coffee	and	exhibition
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ID: PL8, 2015-09-04 09:00 - 09:45, Mozart Room 
  (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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2015-09-04 09:45 - 10:30, Mozart Room 
 (Levy Bertaut Award Ceremony) 

 

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 

G. Schirò et al. [2015] Nature Commun., 6: 6490. 

Y. Fichou, G. Schirò et al. [2015] Proc. Natl. Acad. Sci. USA. 112: 6365-6370. 

M. Levantino*, G. Schirò* et al. [2015] Nature Commun. 6: 6772. 

A. Cupane, (...) and G. Schirò [2014] Phys. Rev. Lett. 113: 215701. 

G. Schirò et al. [2013] J. Chem. Phys. (Communication) 139: 121102(1)-121102(3). 

G. Schirò et al. [2012] Phys. Rev. Lett. 109(12): 128102(5). 

G. Schirò et al. [2012] J. Phys. Chem. Lett. 3(8): 992-996. 

G. Schirò et al. [2011] J. Phys. Chem. Lett. 2(18): 2275-2279. 

G. Schirò et al. [2010] J. Am. Chem. Soc. 132: 1371-1376. 

A. W.Perriman et al. [2010] Nature Chem. 2: 622–626. 

G. Schirò, A. W. Perriman et al., in preparation. 



ID: NI8-K, 2015-09-04 11:00 - 11:30, Mozart Room 
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software 

 (Keynote) 

The next step forward in high resolution NSE spectroscopy, the IN15 upgrade. 

Bela Farago1 , Peter Falus1 , Frederic Thomas1  

1) Institute Laue Langevin
* Bela Farago, farago@ill.fr

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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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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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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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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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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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. 
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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 
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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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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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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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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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) 

34



[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 
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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 
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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? 
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DK-2200,Copenhagen, Denmark; 3) Glass and Time, Roskilde University, PO Box 260, DK-
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 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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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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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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Getting more out of your Neutron Scattering Data: a couple of possible strategies to use 
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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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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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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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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]. 

  
References 

[1] A. Heiss et al, Biophysical Journal 99 (2010) 3986. 
[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. 
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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. 
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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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