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VI EUROPEAN CONFERENCE ON NEUTRON SCATTERING
Mon, August 31st

Sun, August 30th

Tue, September 1st

Wed, September 2nd

Thu, September 3rd

Fri, September 4th

8:00

8:00
8:15
8:30

Registration

8:45
PL 3
F. Gabel

PL 5
P. Müller-Buschbaum

Chair: K. Knudsen

Chair: K. Habicht

Chair: H. Abele

Chair: A. Goukassov

PL 4
R. Caciuffo

PL 6
J. M. Tarascon

Walter Hälg Award Ceremony
H. Rauch

Levy Bertaut Award Ceremony
G. Schiro

Chair: H. M. Rønnow

Chair: J. Kulda

Chair: Ch. Alba-Simionesco

Chair: F. Mezei

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

9:00

9:30

Opening Ceremony

9:45
10:00

PL1
P. Fierlinger

10:30

Chair: B. Cywinski

10:45

Coffee and exhibition

PL 7
H. Schober

PL 8
J. M. Pérez Mato

9:00

9:45

10:30

Coffee and exhibition
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

11:30

MSEP-1
Chair: Ch. Vettier

HLS-1
Chair: T. Gutberlet

GL
Chair: M. Fabian

K - E. Lelièvre-Berna

K - R. Kremer

K - A. Stradner

K - J. Dawidowski

12:00

O1 - C. Ridley

O1 - K. Lefmann

O1 - H. Frielinghaus

12:15

O2 - F. A. Adlmann

O2 - R. Toft-Petersen

12:30

O3 - M. Bartkowiak

12:45

NI-2
Chair: M. Rouijaa
K - D. S. Hussey

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

K - B. Farago

K - S. Petit

K - C. Papadakis

K - G. Bruno

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

K - S. Clarke

K - Z. Fisher

K - F. Grazzi

K - O. Prokhnenko

K - M. Kenzelmann

K - J. Colmenero

K - S. Parker

K - G. J. McIntyre

K - B. Fåk

K - W. Richtering

K - E. Krotscheck

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 - D. Schmidger

O3 - C. Cabrillo

O3 - D. Schwahn

12:00

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

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

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

13:15

13:30

Closing ceremony

Lunch and exhibition

PL 2
P. Schofield

15:00

Chair: L. R. Falvello
15:45
NI-3
Chair: W. Schweika

ENSA SESSION

16:00

17:00

Peter Allenspach
Mark Jonhson
Katia Papas
Kristian Temst
Colin Carlile

17:15

Chair: Ch. Alba Simionesco

K - M. Strobl

Lunch and exhibition

Lunch and exhibition

Lunch and exhibition

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

MSEP-3
Chair: K. Rolfs
K - J. Kishine

HLS-3
Chair: A. Magerl
K - F. Spinozzi

TFI
Chair: M. Wolff
K - K. Temst

NI-5
Chair: M. Markó
K - M. Guthrie

MSEP-5
Chair: T. Fennell
K - S. Muehlbauer

SCM-2
Chair: U. Gasser
K - V. Arrighi

CHM-2
Chair: A. Albinati
K1 - J. A. Alonso

NI-7
Chair: G. Albani
K - N. Kardjilov

MSEP-7
Chair: M. Laver
K - J. Blanco

FM-1
Chair: E. Caspi
K - G. Rousse

NSF
Chair: A. Belushkin
K - D. Argyriou

16:00

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

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

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

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

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

16:30
16:45

18:00

K2 - Ch. Masquellier

18:30

20:00

15:00

18:30

Welcome
Cocktail &
Registration
Conference Dinner
Aura Restaurant
Av. José Atares, 7
Zaragoza

Rooms

Topics

Mozart

NSF

Neutron Sources and Facilities

Luis Galve

GL

Glasses & Liquids

Mariano Gracia
Room 11

TFI

21:00

Thin Films and Interfaces

CHM

Chemistry of Materials (structure & spectroscopy)

MSEP

Magnetism, superconductivity, and other Electronic Phenomena

FM

Functional Materials

NI

Neutron Instrumentation, Optics, sample environment, detectors and Software

SCM

Soft Condensed Matter

HLS

Health and Life Sciences

EA

Engineering Applications

CH

Cultural Heritage and Archaeometry

FS

Fundamental Science

Satellite meetings
Wednesday, September 2
13:30 - 14:30, Swiss Neutron Scattering Society General Assembly, Luis Galve Room
14:30 - 15:00, Swiss Neutron Scattering Society Prize, Luis Galve Room

2

O8 - O. Kirichek

13:30

Scientific Programme
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Monday, August 31
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Monday, August 31st
8:00

Registration

9:30

Opening Ceremony
Mozart Room

10:00 (PL1) Slow neutrons and the early Universe
Peter Fierlinger, TU München & Exzellenzcluster ‘Universe’
Mozart Room
Chair: Bob Cywinski
10:45 Coffee and exhibition
Hipóstila Area
Neutron instrumentation, optics, sample environment,
detectors and software
Chair: Patrick Hautle
Mozart Room
NI‐1
11:30 (K) New capability & increased efficiency in Sample
Environment provision
Eddy Lelievre‐Berna, Institut Laue Langevin, France

Magnetism, superconductivity, and other electronic
phenomena
Chair: Christian Vettier
Luis Galve Room
MSEP‐1
(K) The extraordinary magnetic properties of some Cu2+
ribbon chain systems
Reinhard Kremer, Max Planck Institute for Solid State
Research, Germany

12:00 (O1) Development of an opposed gem anvil cell for
cryogenic neutron diffraction
Christopher Ridley, University of Edinburgh, UK

(O1) Competing superconducting and magnetic order
parameters and field‐induced magnetism
in electron‐doped Ba(Fe1−xCox)2As2
Kim Lefmann, Niels Bohr Institute, University of Copenhagen,
Denmark

12:15 (O2) Combining neutron experiments and rheology with (O2) Decomposition of the Bragg glass in a Type‐II
sub‐millisecond resolution
superconductor
Franz A. Adlmann, Uppsala Universitet, Sweden
Rasmus Toft‐Petersen, Helmholtz‐Zentrum Berlin, Germany

12:30 (O3) Sample environment using integrated neutron
focusing optics
Marek Bartkowiak, Paul Scherrer Institut, Switzerland

(O3) Spin Orbital Singlet in FeSc2S4 probed by Inelastic
Neutron Scattering
Alun Biffin, Paul Scherrer Institut, Switzerland

12:45 (O4) CAMEA @ PSI ‐ A novel multiplexing backend for an (O4) Field induced electronic phase separation in a
extreme environment spectrometer
critically doped high‐Tc superconductor
Felix Groitl, EPF Lausanne, Switzerland
Linda Udby, Niels Bohr Institute, University of Copenhagen,
Denmark
13:00 (O5) Ground‐up Redesign of the Solid‐Liquid Sample
Environment for Neutron Reflectometry
Robert Barker, Institut Laue‐Langevin, France

(O5) Inelastic neutron scattering study of the spin
resonance excitation of CeCoIn5
Stephane Raymond, CEA‐Grenoble, France

(O6) Momentum‐space structure of quasielastic spin
13:15 (O6) Neutron powder diffraction up to 35 GPa in
diamond anvil cell: recent developments and results at a fluctuations in Ce3Pd20Si6
long pulse neutron source
Dmytro Inosov, Technische Universität Dresden, Germany
Denis Kozlenko, FLNP JINR, Russian Federation
13:30 Lunch and exhibition
Hipóstila Area
15:00 (PL2) Studying the oldest and youngest minerals on Earth using neutron powder diffraction
Paul Schofield, Natural History Museum, United Kingdom
Mozart Room
Chair: Lawrence R. Falvello
15:45 ENSA SESSION
Peter Allenspach, Mark Jonhson, Katia Papas, Kristian Temst, Colin Carlile
Mozart Room
Chair: Christiane Alba Simionesco
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Monday, August 31st
Registration 8:00
Opening Ceremony 9:30
Mozart Room
(PL1) Slow neutrons and the early Universe 10:00
Peter Fierlinger, TU München & Exzellenzcluster ‘Universe’
Mozart Room
Chair: Bob Cywinski
Coffee and exhibition 10:45
Hipóstila Area
Health and Life Sciences

Glasses & liquids

Chair: Thomas Gutberlet
Mariano Gracia Room
HLS‐1
(K) Neutron Spin Echo experiments provide novel insight
on the diffusion of proteins in crowded solutions
Anna Stradner, University of Lund, Sweden

Chair: Margit Fabian
Room 11
GL
(K) Effective temperatures and scattering cross sections 11:30
in water mixtures determined by Deep Inelastic Neutron
Scattering
Javier Dawidowski, Comisión Nacional de Energía Atómica,
Argentina

(O1) Influence of Ibuprofen and Humidity on
Phospholipid Membranes
Henrich Frielinghaus, Forschungszentrum Jülich GmbH,
Germany

(O1) Coupling between the microscopic dynamics of
solute and solvent: Universal picture of the dynamical
transition
Jose M. Borreguero, Oak Ridge National Laboratory, USA

12:00

(O2) Specific deuteration and neutron membrane
diffraction reveals the organisation of ceramide in lipid
bilayers
Thomas Hauß, Helmholtz‐Zentrum Berlin, Germany

(O2) Electronically induced instabilities in liquid alkali
metals
Wolf‐C. Pilgrim, Philipps‐University of Marburg, Germany

12:15

(O3) Macromolecular crowding and protein stability
Stéphane Longeville, CEA, France

(O3) Interpretation of coherent dynamics of molten CuI
from molecular dynamics simulation
Yukinobu Kawakita, Japan Atomic Energy Agency, Japan

12:30

(O4) Dynamical aspects of ganglioside‐containing
membranes
Maria Teresa Di Bari, Universita' degli Studi di Parma, Italy

(O4) Structure of hydrogenous liquids: separation of
coherent and incoherent cross sections using polarized
neutrons
Anne Stunault, Institut Laue Langevin, France

12:45

(O5) High thermal neutron dose effects on alkali‐
(O5) Unravelling translocation and membrane protein
integration : neutron scattering analysis of the bacterial borosilicate glasses structure
Romain Boffy, Institut Laue Langevin, France
holotranslocon
Benjamin Brocco, Institut Laue Langevin, France
(O6) Neutron reflection reveals intermediate states in
pore formation by the eukaryotic pore‐forming cytolysin
equinatoxin II
Hanna Wacklin, European Spallation Source ESS AB, Sweden

(O6) Hydrogen self dynamics in liquid H2‐D2 mixtures
studied through inelastic neutron scattering
Daniele Colognesi, Istituto dei Sistemi Complessi, Consiglio
Nazionale delle Ricerche, Italy

13:00

13:15

Lunch and exhibition 13:30
Hipóstila Area
(PL2) Studying the oldest and youngest minerals on Earth using neutron powder diffraction 15:00
Paul Schofield, Natural History Museum, United Kingdom
Mozart Room
Chair: Lawrence R. Falvello
ENSA SESSION 15:45
Peter Allenspach, Mark Jonhson, Katia Papas, Kristian Temst, Colin Carlile
Mozart Room
Chair: Christiane Alba‐Simionesco
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ID: PL1, 2015-08-31 10:00 - 10:45, Mozart Room
(Plenary)

Slow neutrons and the early Universe
Peter Fierlinger1
1) TU München & Exzellenzcluster ‘Universe’, Boltzmannstr. 2, 85748 Garching
* Peter Fierlinger, peter.fierlinger@tum.de
The neutron is a unique probe for the investigation of fundamental questions in particle physics
and cosmology. With high measurement precision at extremely low energies, neutrons can be
used to search for diluted traces of physics that dominated the early Universe, far beyond the
reach of accelerators. In the next years, a significant boost in the statistical quality of
experiments is expected, using super-thermal sources of ultra-cold neutrons (UCN) at various
facilities. A prominent UCN experiment is the search for the neutron’s electric dipole moment
(EDM) using spin-clock comparisons combined with Ramsey’s method of separated oscillatory
fields. A non-zero neutron EDM would be a manifestation of yet unknown, broken symmetries
above the TeV scale, and, in most theories beyond the standard model, an important ingredient
for the explanation of the matter-antimatter asymmetry of the Universe. Another scientific
highlight is the demonstration of a gravity-resonance spectroscopy technique, a first step toward
a Ramsey-like experiment without electromagnetic interactions. This type of measurement
benefits from the absence of an electron shell surrounding the neutron, e.g. for the investigation
of interactions at short distances due to new gravity-like forces or possible spin-matter
couplings. An example of the technological developments necessary for such precise
measurements is an experimental environment with the smallest magnetic fields on earth. In
this talk, an overview of this field of research and selected recent developments and ideas will
be discussed.
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ID: NI1-K, 2015-08-31 11:30 - 12:00, Mozart Room
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software
(Keynote)
New capability & increased efficiency in Sample Environment provision
Eddy Lelievre-Berna1 , Helmut Schober1 , Charles Simon1
1) Institut Laue Langevin
* Eddy Lelièvre-Berna, lelievre@ill.eu
Sample Environment (SE) becomes increasingly a limiting factor in neutron experiments. To
maintain its leading capabilities and not fall behind its own neutron instrumentation, ILL
reinvests in its SE provision.
We presented 4 years ago in Prague a “sample environment roadmap for ILL future” covering
the areas of soft matter, low/high temperature, high pressure and high magnetic field. As the
scientific programme is constantly changing, we have adopted a dynamic approach when
setting priorities, and today we are glad to present the first results of efforts performed in fruitful
cooperation with colleagues from other neutron facilities and experts from companies and
research laboratories:
New capability:









Quartz-glass cells optimised for investigating liquid-liquid interfaces.
2 and 6 kbar pressure cells for investigating biological samples on back-scattering
spectrometers. The sample container is parallelipedic to simplify data analysis.
5 kbar pressure cell for SANS and NSE which is very simple to operate and providing
30° scattering angle to Ø6 mm incident beam (close collaboration with LLB).
Uniaxial low-pressure sample stick to de-twin crystals inside cryostats.
Goniostick to orient single crystals inside top-loading cryostats and cryomagnets.
Cryocradle to orient single crystals in the zero-field chamber of Cryopad.
11 Tesla vertical field cryomagnet for TOF/IN5 (built by Cryogenic, available in 2016).
40 Tesla pulsed field cryomagnet to pave the way for the investigations of materials
bearing small magnetic moments (close collaboration with LNCMI-Toulouse, CNRS &
CEA Grenoble).

Increased efficiency:






New humidity chamber with the ability to reach humidity environments extremely close
to saturation over a wide temperature range (close collaboration with HZB).
New stopped-flow observation head reducing the sample preparation time and cost and
improving the temperature stability (close collaboration with ISIS).
Upgrade of the IN5 cryostat and IN16B cryofurnace to reduce the time taken for
changing temperature (gain factor of 3).
Upgrade of the 110 mK gravity-insensitive dilution refrigerator of D10 to improve the
autonomy and the temperature stability (close collaboration with CNRS Grenoble).
Upgrade and automatization of some devices to secure the very high efficiency of the
helium recovery system (95.5% helium recovered over the past 7 years i.e. 120 k€
saved per cycle).

This is the beginning and many other sub-projects will follow within the framework of the
Endurance project.
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ID: NI1-O1, 2015-08-31 12:00 - 12:15, Mozart Room
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software
(Oral)
Development of an opposed gem anvil cell for cryogenic neutron diffraction.
Christopher Ridley1 , Oleg Kirichek2 , Pascal Manuel2 , Dmitry Khalyavin2 , Konstantin
Kamenev1
1) Centre for Science at Extreme Conditions, The University of Edinburgh, Edinburgh, UK 2)
ISIS, STFC, Rutherford Appleton Laboratory, Chilton, Didcot, UK
* Christopher Ridley, c.ridley@ed.ac.uk
Neutron diffraction at high pressure and low temperature provides a precise tool for the
measurement of structural and magnetic transitions between material phases. If this is coupled
with applied magnetic field, then additional information on magnetic structure may be obtained.
Such conditions are crucial for the mapping of quantum phase transitions, which require the
lowest temperatures due to being easily destabilised by thermal motion. Pressure and field are
then used to `tune\' the state of the material. [1] However, neutron diffraction under high
pressure is limited by the need for large sample volumes, unless the beam is tightly focussed,
and long count times are used. This also limits the ability to use both pressure and field, as
large sample volumes require cells which are typically too large to be used in most magnets.
Currently the highest pressures are obtained using Paris-Edinburgh cells (10-25 GPa), [1]
though these cells are not suitable for routine use at the lowest temperatures achievable, due to
the large dimensions and thermal mass of the cell. The dimensions also usually limit the
possibility for use in most magnets, except perhaps where the smaller VX1 cell is used. Here a
compact gem-anvil cell is presented for low temperature neutron diffraction up to 15 GPa, with
the ability to change the pressure whilst remaining at base temperature, using a helium driven
bellows system to apply the load. [2] The cell is suitable for use in 100mm bore cryostats, and
CCRs, and is currently being commissioned for use in the large bore Vericold E18 dilution fridge
at ISIS, which will also enable fields up to 4T to be applied to the sample.
To overcome the effects of reduced sample volume a novel 3D laser sintered
collimation/masking system has been constructed for the pressure cell. This was designed to
reduce the background signal from the gasket to levels where sample volumes less than 1mm3
should remain clearly visible to neutrons after reasonable count times. The cell may operate
with sapphire or diamond anvils, and new collimation hopes to extend the pressure range
through enabling reduced sample volumes.
References
[1] I. Mirebeau. C. R. Physique. 8, 737 (2007)
[2] JM. Besson, G. Weill, G. Hamel, RJ. Nelmes, JS. Loveday, S. Hull. Phys. Rev. B. 45, 2613
(1992)
[3] MK. Jacobsen, CJ. Ridley et al. Rev. Sci. Instrum. 85, 043904 (2014)
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ID: NI1-O2, 2015-08-31 12:15 - 12:30, Mozart Room
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software
(Oral)
Combining neutron experiments and rheology with sub-millisecond resolution
Franz A. Adlmann1 , Philipp Gutfreund2 , John Ankner3 , Jim Browning3 , Andre Parizzi3 ,
Bogdan Vacaliuc3 , Candice E. Halbert3 , Andrew Dennison2 , Jason P. Rich3 , Max Wolff1
1) Materials Physics, Uppsala Universitet, Sweden 2) Large Scale Structures, Institut LaueLangevin, France 3) Spallation Neutron Source, Oak Ridge National Laboratory, USA
* Franz Adlmann, franz.adlmann@physics.uu.se
Lubrication is of vital importance in technology. Hence a good understanding of the interface
layer in liquids under shear is in high need. Due to the interaction with the nucleus, neutrons
offer unique opportunities for the study of condensed matter. Combining surface sensitive
neutron scattering with rheology offers unique possibilities to explore the inter-facial behavior of
liquids under mechanical load.
Recently, it was shown that SANS measurements with a sub-ms time resolution can be
achieved with continuous beam for periodic excitations [1]. Taking this idea one step further and
exploiting the possibilities of data taken in neutron event mode combined with time-of-flight
neutron scattering techniques give rise to completely new opportunities for stroboscopic
experiments. By linking the neutron detection time to specific times during the periodic
excitation the challenge of low neutron flux is overcome.
We have implemented and tested this promising approach by using the rheometer setup [2]
(see Figure 1) at the Liquids Reflectometer located at SNS, Oak Ridge, TN (USA).
LAOS (Large Amplitude Oscillatory Shear) was applied to highlight the complex rheological
behavior. All neutron events as well as the oscillatory shear have been acquired with a “Global
Positioning System (GPS)” time stamp and are synchronized via fiber optics. To fully link the
neutron events to the complementary shear load over the detector distance, a wavelength
dependent correction has been applied compensating for the chromatic velocity deviation.
To visualize significant effects we have chosen an aqueous solution of Pluronic F127 as a
model system, since this material offers a rich scattering behaviour and shows large sensitivity
to deformation, including the formation of stress plateaus, which indicates the presence of
complex regimes corresponding to a state of higher order up to layering in the flow directions
[3,4].
We will discuss experimental results and the capabilities and limitations of this new technique.
Figure 1: Schematics of the experimental set-up [5]. All signals are synchronized via fiber
optical wires and a wavelength dependent time correction is applied.
References
[1] C. López-Barrón, L. Porcar, A. Eberle, N. Wagner, Phys. Rev. Lett. 108, 258301 (2012).
[2] M. Wolff, P. Gutfreund et al., J. Appl. Cryst. 46, 1729-1722 (2013).
[3] K. Hyun, J. Nam, M. Wilhelm, K. Ahn, S. Lee, Rheol. Acta 45, 239 (2006).
[4] J. Jiang, C. Burger, C. Li et al., Macromolecules 40, 4016 (2007).
[5] F. Adlmann, M. Wolff et al., J. Appl. Cryst. 48, 220–226 (2015).
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Sample environment using integrated neutron focusing optics
Marek Bartkowiak1 , Uwe Filges1 , Tobias Panzner1 , Matti Forster1 , Emmanouela Rantisiou1 ,
Peter Böni2
1) Laboratory for Development and Methods, Paul Scherrer Institut, CH-5232 Villigen PSI,
Switzerland 2) Physik-Department E21, Technische Universität München, D-85748 Garching,
Germany
* Marek Bartkowiak, marek.bartkowiak@psi.ch
The study of novel phenomena in materials science is continuously pushing the sample
environment to the technical limits. For example, very high magnetic fields and high pressures
can usually only be achieved by sacrificing sample volume. In addition, homogeneous single
crystals can often only be grown in a very small size. Therefore, there is an urgent need to
provide highly intense and small neutron beams to study samples with a size in the sub-mm
range. Presently, neutron scattering techniques are mainly limited by the available brilliance of
the neutron sources and the non-adapted neutron beams. Therefore, investigations of small
samples suffer from a decreased count rate and an accompanied decrease in the signal to
noise ratio resulting in unrealistically long measurement times often rendering the experiment
impossible. Modern focusing techniques for neutrons allow to circumvent these problems by
both increasing the number of neutrons hitting the sample and reducing the background as only
the sample is illuminated. We have successfully performed a powder diffraction experiment at
various pressures on the powder diffractometer DMC at SINQ combining a pressure cell with an
integrated focusing element combined with an external adaptable prefocusing neutron lens. The
results are compared with measurements using the standard setup of the instrument with slitgeometry and Monte Carlo simulations. We will also present first results with a focusing element
at cryogenic temperatures.
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CAMEA @ PSI - A novel multiplexing backend for an extreme environment spectrometer
Felix Groitl1 , Dieter Graf2 , Jonas Okkels Birk3 , Marton Markó4 , Marek Bartkowiak2 , Uwe
Filges2 , Raphael Müller2 , Christof Niedermayer3 , Christian Rüegg5 , Henrik M. Ronnow6
1) Laboratory for Quantum Magnetism, École Polytechnique Fédérale de Lausanne, 1015
Lausanne, Switzerland and Laboratory for Neutron Scattering and Imaging, Paul Scherrer
Institut, 5232 Villigen, Switzerland 2) Laboratory for Developments and Methods, Paul Scherrer
Institut, 5232 Villigen, Switzerland 3) Laboratory for Neutron Scattering and Imaging, Paul
Scherrer Institut, 5232 Villigen, Switzerland 4) Laboratory for Neutron Scattering and Imaging,
Paul Scherrer Institut, 5232 Villigen, Switzerland and Neutron Spectroscopy Department,
Wigner Research Centre for Physics, 1525 Budapest, Hungary 5) Laboratory for Neutron
Scattering and Imaging, Paul Scherrer Institut, 5232 Villigen, Switzerland and Department of
Quantum Matter Physics, University of Geneva, 1211 Geneva, Switzerland 6) Laboratory for
Quantum Magnetism, École Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland
and Niels Bohr Institute, University of Copenhagen, 2100 Copenhagen, Denmark
* Felix Groitl, felix.groitl@psi.ch
The neutron spectrometer CAMEA (Continuous Angle Multiple Energy Analysis) will be installed
as a new analyzer system on the cold-neutron triple-axis instrument RITA-2 at SINQ, PSI.
CAMEA is optimized for efficiency in the horizontal scattering plane enabling detailed and rapid
mapping of excitations [1]. As a novelty the design employs a series of several sequential
upward scattering analyser arcs. Each arc is set to a different, fixed final energy scattering
towards position sensitive detectors (PSDs). Thus, neutrons with different final energies are
collected simultaneously over a large angular range.
For CAMEA in a single data-acquisition several entire constant-energy lines in the horizontal
scattering plane are recorded for a quasi-continuous angular coverage of about 60°, whereby
tremendous gains in data collection rates can be achieved. With a large combined coverage in
energy and momentum, this will result in a very powerful and efficient spectrometer, which will
be particularly suited for parametric studies under extreme conditions with restrictive sample
environments (high magnetic field magnets or pressure cells) and for small samples of novel
materials. We will present the analyzer concept, performance simulations, technical solutions
and prototype verifications.
This project is a joint venture of the Laboratory for Neutron Scattering and Imaging (LNS, PSI),
Laboratory for Developments and Methods (LDM, PSI) and the Laboratory for Quantum
Magnetism (LQM, EPFL) financed by the R’Equip program of the Swiss National Science
Foundation (SNF), EPFL and PSI.
[1] P.G. Freeman, J.O. Birk, M. Marko, M. Bertelsen, J. Larsen, N.B. Christensen, K. Lefmann,
J. Jacobsen, Ch. Niedermayer, F. Juranyi and H.M. Ronnow, EPJ Web of Conferences 83,
03005 (2015)
E-mail for corresponding author: felix.groitl@psi.ch
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Ground-up Redesign of the Solid-Liquid Sample Environment for Neutron Reflectometry
Robert Barker1 , Simon Wood1
1) Institut Laue-Langevin, Grenoble. France.
* Robert Barker, barker@ill.eu
Experiments at the solid-liquid interface are fundamental to any soft matter reflectometer.
However, with an ever-diversifying complexity in the sample- requirements of users and the
increased flux of sources reducing the count times, the limitations of the current generation of
solid-liquid sample cells has become the limiting factor holding back the science carried out on
our reflectometers.
Here we present a collaborative project, after extensive consultation with our user community
and the soft matters sample environment teams at ISIS and the ILL, to outline the requirements
of a next generation solid-liquid cell. Over 50 individual components, comprising the entire
sample-environment, were redefined and redesigned from the ground up, each one
experimentally tested and optimised to push beyond the requirements of our community.
The result is a sample environment compatible with all possible reflectometer geometries, with
high precision of temperature control and rapid temperature switching, extremely low volume
exchange (irrespective of geometry) & a simplified, reproducible approach to mounting on the
reflectometer. All within a more robust design with fewer individual components, reducing
significantly the chances of unsupervised error in handling by non-expert users.
As a consequence of this project, a number of standards were defined between institutions,
allowing for a consistent user experience between neutron sources and an easy integration of
current user cells into this next-generation environment.
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Neutron powder diffraction up to 35 GPa in diamond anvil cell: recent developments and
results at a long pulse neutron source
Denis Kozlenko1 , Sergey Kichanov1 , Evgeny Lukin1 , Boris Savenko1
1) Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna,
Russia
* Denis Kozlenko, denk@nf.jinr.ru
For a long time, standard probes of magnetic order in matter under ultrahigh pressures up to a
megabar (100 GPa) range were indirect Moessbauer and synchrotron based techniques
(XMCD, XPS, etc). The application of most direct probe of magnetism – neutron scattering was
generally limited to about of an order of magnitude lower pressure range due to low intensities
of the neutron sources, especially in the case of polycrystalline materials.
A technique for neutron powder diffraction measurements using diamond anvil cells (DAC) have
been recently developed at the DN-6 diffractometer of the IBR-2 high flux reactor with a long
3
neutron pulse. Using diamond culets of 0.6 mm and sample volume of 0.03 mm , pressures up
to 35 GPa can be generated. Special CCR-based cryostat allows to perform experiments with
DAC in the 4 – 300 K temperature range. The parameters of both atomic and magnetic
structures of studied materials can be refined simultaneously with a satisfactory quality from the
collected experimental data. Results of the first neutron diffraction study of the evolution of the
atomic and magnetic structure of magnetite Fe3O4 over the spin state transition at pressures up
to 35 GPa in the temperature range 4 – 300 K are presented.
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The extraordinary magnetic properties of some Cu2+ ribbon chain systems
Reinhard K. Kremer1
1) Max Planck Institute for Solid State Research, Stuttgart, Germany
* Reinhard K. Kremer, rekre@fkf.mpg.de
The magnetic properties of antiferromagnetic quantum spin-chains with competing nearestneighbor (NN) and next-nearest-neighbor (NNN) spin-exchange interactions have attracted
particular attention since they may exhibit unusual magnetic properties. Of special interest are
systems that develop incommensurate helicoidal magnetic ordering which can e.g. induce
multiferroic behavior. This has been observed in a number compounds containing CuX2 ribbon
chains (see Figure). The ribbon chains form when Jahn-Teller distorted anion octahedra
surrounding the Cu2+ cations (3d9 electronic configuration with spin S = 1/2) are linked via
opposite edges of their basal planes to form infinite aggregates. In such ribbon chains, NN spin
exchange interaction via a Cu - X - Cu bond with bonding angle close to 90° is small and
typically ferromagnetic so that NNN spin exchange interaction via two intermediate anions can
dominate the spin exchange interactions. In my lecture I shall review our recent research on
such ribbon chain compounds and discuss especially some cases where neutron scattering
helped to reveal the unusual magnetic features of such systems.
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Competing superconducting and magnetic order parameters and field-induced
magnetism
in electron-doped Ba(Fe1−xCox)2As2
Jacob Larsen1 , Benat M Uranga2 , Gitte Stieper2 , Sonja L Holm2 , Christian Bernhard3 ,
Thomas Wolf4 , Kim Lefmann2 , Brian M. Andersen2 , Christof Niedermayer5
1) Institute of Physics, Technical University of Denmark, Lyngby, Denmark 2) Niels Bohr
Institute, University of Copenhagen, Denmark 3) Department of Physics and Fribourg Center of
Nanomaterials, University of Fribourg, Switzerland 4) Institute of Solid State Physics, Technical
University of Karlsruhe, Germany 5) Laboratory for Neutron Scattering, Paul Scherrer Institut,
Villigen, Switzerland
* Kim Lefmann, lefmann@nbi.ku.dk
We have studied the magnetic and superconducting properties of the iron pnictide
Ba(Fe0.95Co0.05)2As2 as a function of temperature and external magnetic field using neutron
diffraction and muon spin rotation. Below the superconducting transition temperature, Tc, the
magnetic and superconducting order parameters coexist and compete. This is evident from the
decrease of the antiferromagnetic Bragg peak intensity below Tc, as indicated in the figure [1].
An external magnetic field was found to significantly enhance the antiferromagnetic diffraction
signal in the superconducting state, roughly doubling the magnetic Bragg peak intensity from 0
T to 13.5 T at 2 K, as seen in the figure. We have performed a microscopic modeling of the data
by use of a five-band Hamiltonian relevant to iron pnictides. In the superconducting state,
vortices can slow down and freeze spin fluctuations locally. When such regions couple they
result in a long-range ordered antiferromagnetic phase producing the enhanced magnetic
diffraction signal in agreement with experiments [1].
[1] J. Larsen et al., Phys. Rev. B 91, 024504 (2015)
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Decomposition of the Bragg glass in a Type-II superconductor
Rasmus Toft-Petersen1 , Asger Bech Abrahamsen2 , Sandor Balog3 , Lionel Porcar4 , Mark
Laver5
1) 1: Helmholtz-Zentrum Berlin für Materialien und Energie, Hahn-Meitner-Platz 1, D-14109
Berlin, Germany, 2: Department of Physics, Technical University of Denmark (DTU), DK-2800
Kongens Lyngby, Denmark 2) 3: Department of Wind Energy, Technical University of Denmark
(DTU), DK-4000 Roskilde, Denmark 3) 4: Laboratory for Neutron Scattering, Paul Scherrer
Institut, CH-5232 Villigen, Switzerland, 5: Adolphe Merkle Institute, University of Fribourg, Route
de l'Ancienne Papeterie, P.O. Box 209, Marly 1723, Switzerland 4) 6: Institut Laue-Langevin, 6
rue Jules Horowitz, 38042 Grenoble Cedex 9, France 5) 7: School of Metallurgy and Materials,
University of Birmingham, Edgbaston, Birmingham B15 2TT, UK
* Rasmus Toft-Petersen, rasmus.toft-petersen@helmholtz-berlin.de
For superconducting vortices in the presence of disorder, it was originally thought that any
disorder would destroy the long-range order of the vortex lattice. In the 1990s it was realised
that this only happens for small separations below the Larkin length RL. For R > RL, the vortices
behave collectively as an elastic manifold and displacements, as measured by the correlation
function B(R) = < (uj – ul)2 >, grow sub-linearly with B(R) ~ R2ζ, 2ζ ≈ 0.4. Additionally, for weak
quenched disorder, an asymptotic regime emerges in which the vortex displacements grow only
logarithmically with distance, giving rise to algebraically decaying peaks in the structure factor
[1, 2]. This so-called “Bragg glass” is the most ordered phase of vortex matter. With increasing
disorder, magnetic fields or temperatures, dislocations proliferate and the Bragg glass is
destroyed, leaving a short-range-ordered “vortex glass” phase. The properties of the vortex
glass are far from clear. Several isotropic, hexatic, and ‘‘fractured’’ phases have been proposed
by theorists [3]. The nature of vortex correlations in the vortex glass is elusive and hard to probe
directly using neutron diffraction techniques. We have recently identified an order – disorder
transition at intermediate fields in our superconducting vanadium sample from a neutron
scattering study [4]. Our reverse Monte Carlo refinements show the ordered phase is a Bragg
glass with a logarithmic increase in displacements. Moreover, we find that orientational
correlations survive as the Bragg glass decomposes, while translational correlations are lost.
This indicates that the vortex glass is hexatic in this low-Tc superconductor. Increasing the
applied field even further, we find a weak peak effect close to Hc2, followed by a rapid drop in the
critical current signifying a de-pinning of the vortex lattice. The clear separation of the peak
effect regime from the decomposition of the Bragg glass suggests that this loss of long range
translational order is not the direct cause of the peak effect. Combining neutron diffraction,
reverse Monte Carlo simulations and bulk measurements, we present a complete and complex
phase diagram of this Type-II superconductor.
[1] Giamarchi, T. & Le Doussal, P. Phys. Rev. B 52, 1242 (1995).
[2] Laver, M. et al. Phys. Rev. Lett. 100, 100701 (2008).
[3] Examples include Fisher, M. P. A. Phys. Rev. Lett. 62, 1415 (1989); Chudnovsky, E. M.
Phys. Rev. B 40, 11355 (1989); Banerjee, S. S. et al., Physica 355C, 39 (2001); Menon,
G. I. Phys. Rev. B 65, 104527 (2002).
[4] Toft-Petersen, R., Abrahamsen, A. B., Balog, S., L. Porcar & Laver, M. In review at Nature
Comms.
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Spin Orbital Singlet in FeSc2S4 probed by Inelastic Neutron Scattering
Alun Biffin1 , Radu Coldea2 , Christian Ruegg1 , Jan Embs1 , Tatiana Guidi3 , Vladimir Tsurkan4
1) Paul Scherrer Institut, 5232 Villigen, Switzerland 2) Clarendon Laboratory, University of
Oxford, Parks Road, Oxford OX1 3PU, U.K. 3) ISIS Facility, Didcot, Oxfordshire, OX11 0QX,
U.K. 4) Universitat Augsburg, Universitatsstrasse 2, 86135 Augsburg, Germany
* Alun Biffin, alun.biffin@psi.ch
In the spinel FeSc2S4, the magnetic A-sites map out a diamond lattice and are occupied by Fe2+
ions, which as free ions would be described S=2, L=2 objects. Typically, once placed in the
lattice, orbital degrees of freedom are quenched due to the geometry of the surrounding ligands
(i.e. the Jahn-Teller effect). However, in FeSc2S4, even though Fe2+ is JT-active (having a single
hole in the e-doublet) the lattice remains undistorted [1], meaning that the orbital degrees of
freedom remain relevant at low temperatures. Moreover, this system does not order in the spin
degrees of freedom, as attested by specific heat and susceptibility measurements which show
no anomalies indicative of a transition to order down to the lowest measureable temperatures
[1]. This is in spite of a clear high Temperature Curie-Weiss behavior (θCW = -45 K), exhibiting
strong antiferromagnetic exchange between Fe2+ sites.
For the orbital moment to remain unquenched and the spins unordered at low temperature in a
system of Jahn-Teller active magnetic ions, coupled by strong exchange interactions is highly
unusual. To describe these puzzling experimental results, a novel quantum “spin-orbital singlet”
(SOS) state has recently been proposed [2]. Here, the spin and orbital moments of an Fe2+ ion
at each lattice site couple to form a zero-moment ground state which is a highly non-trivial
admixture of spin and orbital terms. Such a configuration is analogous to a spin-singlet state in
a dimerized spin system (e.g. TlCuCl3 [3]) with the difference being that dimerization in FeSc2S4
occurs between spin and orbital moments at a single lattice site.
Here I will present the results of inelastic, time-of-flight neutron scattering experiments that
probe the full bandwidth of the magnetic excitations in a powder sample of FeSc2S4, and
provide a consistent model of the observed dynamics in terms of spin-orbital excitations, in both
zero-field and in-field measurements. I will discuss in particular how the application of a
magnetic field elucidates the spin and orbital nature of these excitations, as the system shows
behaviour drastically contrary to its spin-only analogue.
[1] V. Fritsch, J. Hemberger, N. Büttgen, E.-W. Scheidt, H.-A. Krug von Nidda, A. Loidl, and V.
Tsurkan. Phys Rev Lett, 92, 116401 (2004)
[2] G. Chen, L. Balents, and A. P. Schnyder, Phys. Rev. Lett. 102, 096406 (2009).
[3] C. Rüegg, B. Normand, M. Matsumoto, A. Furrer, D. McMorrow, K. Krämer, H. Güdel, S.
Gvasaliya, H. Mutka, and M. Boehm, Phys. Rev. Lett. 100, 205701 (2008)
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Field induced electronic phase separation in a critically doped high-Tc superconductor
Linda Udby1 , Sonja L. Holm1 , Jacob Larsen2 , Barrett O. Wells6 , Martin Boehm3 , Astrid
Schneidewind4 , Christof Niedermayer5 , Tatsuo Goko7 , Jean-Claude Grivel8 , Kim Lefmann1
1) Niels Bohr Institute, University of Copenhagen, DK-2100 Copenhagen, Denmark 2)
Department of Physics, Technical University of Denmark, DK-2800 Kongens Lyngby, Denmark
3) Institut Laue-Langevin, 38042 Grenoble Cedex 9, France 4) Forschungsneutronquelle Heinz
Maier-Leibnitz (FRM-II), TU München, D-85747, Garching, Germany 5) Laboratory for Neutron
Scattering, Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland 6) Department of Physics,
University of Connecticut, Storrs, Connecticut 06269-3046, USA 7) Laboratory for Muon
Spectroscopy, Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland 8) Department of
Energy Conversion and Storage, Technical University of Denmark, Roskilde 4000, Denmark
* Linda Udby, udby@nbi.dk
It is well-known that the traditional hole-doping of the ceramic Mott insulator La2CuO4 (LCO) by
cation-substitution of La3+ to Sr2+ to become LSCO yields superconductors in the Sr doping
range 0.055<x<0.25. Their critical temperature depends strongly on the exact doping value and
reaches a maximum value of Tc~38(1) K around x~0.15(1). LSCO in the region of optimal
doping is characterised by a 4-7 meV spin gap as T->0 and applied B->0 [1]. It is furthermore
characterised by proximity of a quantum phase transition indicated by diverging correlation
length of the fluctuating spins on an interchangeable temperature and frequency scale [2], as
well as softnening of the spingap with increasing applied field [3]. Static incommensurate
magnetism can be induced beyond a finite critical field in optimally doped LSCO.
More recently we found found that co-hole-doping LSCO by intercalation of oxygen anions to
yield LSCO+O gives even higher Tc~40 K, a value which is independent of Sr doping below
x~0.14 [4]. For these samples the superconducting volume however only occupies a seemingly
random part even at zero applied field while the rest is occupied by a modulated
antiferromagnetism with TN~Tc and order with the hallmarks of the striped cuprates, such as
long correlation length and an in-plane period of 8 [5]. This provision of this low-temperature
zero-field long-range electronic phase-separation is attributed to the intercalated oxygen anions.
We have very recently produced a large co-hole-doped single crystal of LSCO+O with Sr doping
x=0.06 on which we have conducted neutron scattering and muon spin rotation experiments,
both in high fields applied perpendicular to the superconducting CuO2 planes. Our results show
that our system resembles the optimally cation-doped LSCO x~0.15 for (T,B) -> 0. Thus in zero
applied field it is a superconductor with Tc=38(1)K and no static magnetism is observed, only
fluctuating order with diverging correlation length of the fluctuating spins on an interchangeable
temperature and frequency scale. By application of a vanishing field however, static
incommensurate antiferromagnetism with TN~Tc emerges with a volumefraction which is
proportional to the applied field without a gradual slowing down of the spin fluctuations. This is
in contrast to LSCO x~0.15 where the fluctuating spins slow down continously untill magnetic
order is reached.
These observations support our conclusion that we can by co-doping tune the doping-level in a
100% optimally doped LSCO+O superconductor to a critical point beyond which electronic
phase-separation occurs simultanously with application of a vanishing field.
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[1] B. Lake et al, Nature 400, 43 (1999) & Science 291,1759 (2001)
[2] G. Aeppli et al, Science 278, 1432 (1997)
[3] J. Chang et al, Physical Review Letters 102, 177006 (2009)
[4] H.E. Mohottala et al., Nature Mat. 5, 377 (2006)
[5] L. Udby et al, PRL 111 227001 (2013)
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Inelastic neutron scattering study of the spin resonance excitation of CeCoIn5
STEPHANE RAYMOND1 , GERARD LAPERTOT1
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In unconventional superconductors (cuprates, Fe-based compounds and heavy fermions
systems), a feedback effect of the superconductivity on the magnetic excitation spectrum,
measured by inelastic neutron scattering, occurs through the appearance below Tc of a new
well-defined mode: the resonance. In CeCoIn5, a heavy fermion superconductor, with Tc=2.3 K
and a gap symmetry of singlet dx2-y2 type, the resonance is observed at the antiferromagnetic
wave-vector QAF=(0.5, 0.5, 0.5) for an energy of 0.60 meV that scales with about 5.kBTc [1]. A
fascinating behaviour is observed under magnetic field owing to the low energy scale inherent
to the low Tc and the strong paramagnetic limit nature of the superconductivity in CeCoIn5.
Indeed, a Zeeman splitting of the resonance excitation occurs [2,3], a phenomenon not clearly
reported for other unconventional superconductors so far. In parallel to these aspects for the
spin dynamics, one of the most intriguing properties of this compound is the occurrence above
10.5 T of magnetic field induced incommensurate magnetic order with QIC=(0.44, 0.44. 0.5), the
so-called Q-phase [4]. Strikingly, this order disappears above the upper critical field Hc2= 11.7 T,
indicating a strong collaborative effect between the magnetic ordering and the
superconductivity.
New detailed inelastic neutron scattering experiments were performed at zero magnetic field on
CeCoIn5 using respectively high-resolution and longitudinal polarimetry setups. It is evidenced
that the dynamical spin resonance and the static incommensurate order share the same
symmetry for (i) the characteristic wave-vector (QIC) and (ii) the direction of magnetic moment
fluctuations (c-axis) [5]. This new links between the magnetic excitation spectrum and the Qphase strongly supports the scenario where the magnetic ordering results of a field induced
condensation of the spin resonance mode [6].
[1] C. Stock, C. Broholm, J. Hudis, H.J. Kang and C. Petrovic, Phys. Rev. Lett. 100, 087001
(2008).
[2] C. Stock, C. Broholm, Y. Zhao, F. Demmel, H.J. Kang, K.C. Rule and C. Petrovic, Phys. Rev.
Lett. 109, 167207 (2012).
[3] S. Raymond, K. Kaneko, A. Hiess, P. Steffens and G. Lapertot, Phys. Rev. Lett. 109, 237210
(2012).
[4] M. Kenzelmann, Th. Strässle, C. Niedermayer, M. Sigrist, B. Padmanabhan, M. Zolliker, A.D.
Bianchi, R. Movshovich, E.D. Bauer, J.L. Sarrao and J.D. Thompson, Science 321, 1652-1654
(2008).
[5] S. Raymond and G. Lapertot, in preparation.
[6] V. P. Michal and V.P. Mineev, Phys. Rev. B 84, 052508 (2011).
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Among heavy-fermion metals, Ce3Pd20Si6 is one of the heaviest-electron systems known to
date. Here we used high-resolution neutron spectroscopy to observe low-energy magnetic
scattering from a single crystal of this compound in the paramagnetic state. We investigated its
temperature dependence and distribution in momentum space, which was not accessible in
earlier measurements on polycrystalline samples. At low temperatures, a quasielastic magnetic
response with a half-width Γ ~ 0.1 meV persists with varying intensity all over the Brillouin zone.
It forms a broad hump centered at the (111) scattering vector, surrounded by minima of intensity
at (002), (220) and equivalent wave vectors. The momentum-space structure distinguishes this
signal from a simple crystal-field excitation at 0.31 meV, suggested previously, and rather lets
us ascribe it to short-range dynamical correlations between the neighboring Ce ions, mediated
by the itinerant heavy f-electrons via the RKKY mechanism. With increasing temperature, the
energy width of the signal follows the conventional √T law. The momentum-space symmetry of
the quasielastic response suggests that it stems from the simple-cubic Ce sublattice occupying
the 8c Wyckoff site, whereas the crystallographically inequivalent 4a site remains magnetically
silent in this material.
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Neutron Spin Echo experiments provide novel insight on the diffusion of proteins in
crowded solutions
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Das2 , Gerrit Vliegenthart2 , Roland G. Winkler2 , Gerhard Gompper2 , Olaf Holderer3 , George
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Diffusion of proteins in cells is essential, as it strongly influences the cellular machinery through
numerous processes such as signal transmission or reactions between proteins. In a dense and
crowded environment such as the cell, an individual protein will feel the presence and
interaction potential of all the surrounding proteins. One has realized that there is thus a need to
extend the commonly done investigations of protein interactions in dilute solutions and mixtures,
and tackle the problem of measuring, understanding and predicting the diffusion of proteins
under crowded conditions. Here we demonstrate that neutron spin echo (NSE) is an ideal
technique to study protein dynamics on the required length and time scales. We present results
for the short and long time diffusion of different protein solutions up to very high concentrations
similar to those found in living cells. We combine NSE with complementary techniques such as
small-angle neutron and x-ray scattering, dynamic and static light scattering, and rheology. We
demonstrate that an application of colloid models, together with appropriate theoretical and
simulation tools that allow to incorporate direct and hydrodynamic interactions, provides detailed
insight into the dynamics of crowded protein solutions and mixtures. We in particular highlight
the dramatic effects of weak attractive interactions known to exist between many globular
proteins on the short time diffusion, and point out the enormous consequences that they can
have on many cellular processes.
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Influence of Ibuprofen and Humidity on Phospholipid Membranes

Sebastian Jaksch1 , Frederik Lipfert1 , Alexandros Koutsioubas1 , Stefan Mattauch1 , Olaf
Holderer1 , Oxana Ivanova1 , Henrich Frielinghaus1 , Samira Hertrich2 , Stefan F. Fischer2 , Bert
Nickel2
1) Jülich Centre for Neutron Science, Forschungszentrum Jülich GmbH, 85747 Garching,
Germany 2) Ludwig-Maximilians-Universität, Department für Physik und CeNS, 80539
München, Germany
* Henrich Frielinghaus, h.frielinghaus@fz-juelich.de
Nonsteroidal anti-inflammatory drugs (NSAID) such as ibuprofen have a wide range of medical
applications, ranging from pain relieve to cancer treatment [1]. However, some applications
require long-term application, which can lead to gastrointestinal complications and even fatal
ulcers [2]. Neutron reflectometry and grazing incidence neutron scattering (GISANS)
investigations of phospholipid films, revealed a change in layer thickness upon the introduction
of Ibuprofen [3]. This change in layer thickness can be attributed to a different apparent
hydration of the film [4]. We investigated the influence of ibuprofen on phospholipid layers of Lα-phosphatidylcholine (SoyPC), as a model system for cell membranes, between 0 and 53.3
mol% of ibuprofen [5]. Our investigations revealed that ibuprofen induces a two-step ordering in
such films depending on the concentration. While there is no ordering for the pure SoyPC film,
at higher concentrations ordering occurs. There is a re-organization at even higher
concentrations of ibuprofen, leaving only a single hexagonal structure. The findings are
compared with measurements at different relative humidities of pure SoyPC. Knowledge about
this behavior of phospholipid membranes in the presence of ibuprofen may help elucidate the
reason for long-term toxicity of ibuprofen.
[1] Thun, M. J.; Henley, S. J.; Patrono, C. J. Natl. Cancer Inst. 2002, 94, 252−266.
[2] Lichtenberger, L. M.; Wang, Z. M.; Romero, J. J.; Ulloa, C.; Perez, J. C.; Giraud, M. N.;
Barreto, J. C. Nat. Med. 1995, 1, 154−158.
[3] Boggara, M. B.; Mihailescu, M. ,Krishnamoorti, R. J. Am. Chem. Soc., 2012, 134, 1966919676.
[4] Aeffner S.; Reusch, T.; Weinhausen, B.; Salditt, T. Proc. Natl. Acad. Sci. USA, online,
doi:10.1073/pnas.1119442109.
[5] Jaksch, S.; Lipfert, F.; Koutsioubas, A.; Mattauch, S.; Holderer, O.; Ivanova, O.; Frielinghaus,
H.; Hertrich, S.; Fischer, S. F.; Nickel, B. arXiv:1406.3616v4 [physics.bio-ph], 2014, online.
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Specific deuteration and neutron membrane diffraction reveals the organisation of
ceramide in lipid bilayers

Thomas Hauß1 , Annett Schröter2 , Reinhard H. Neubert2 , Bodo Dobner2
1) Helmholtz-Zentrum Berlin für Materialien und Energie, Berlin, Germany 2) Institute of
Pharmacy, Martin Luther Universität Halle-Wittenberg, Halle, Germany
* Thomas Hauß, hauss@helmholtz-berlin.de
Ceramide is a lipid species found in nearly all tissue having important function in cell signalling,
cell differentiation, stress stimuli, and apoptosis. Usually, they are found only in trace level in
membrane tissue with the exception of stratum corneum, where it reaches a level of as much as
50% of the total lipids. The stratum corneum is the outermost layer of the mammalian skin and
responsible for its barrier function. It consists of dead corneocyte cells and nearly equi-molar
amounts of ceramide, free fatty acids and cholesterol. Today, 11 different forms of ceramide
have been identified and some of these skin ceramides differ remarkably from forms of other
tissue. Because of this, the lipid organisation in membranes of stratum corneum is different of
membranes of other biological membranes, as it exhibits two lamellar phases with membrane
thickness of approximately 6 nm and 13 nm. To unravel the mostly unknown exact organisation
of ceramides in (skin) membranes we designed an experimental route employing specifically
deuterated ceramides and neutron lamellar diffraction. Neutron diffraction in combination with
specific deuteration is indeed a powerful method to localise hydrogen positions even at a low
special resolution. We will report on the results of diffraction experiments of ceramide doped
DPPC membranes with ceramide-NS, deuterated in different positions.
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Macromolecular crowding, as a consequence of the highly filled cellular environment, is
expected to have some influence on protein stability. Theoretically A. Minton [1] predicted
significant protein stabilization at physiological volume fraction due to excluded volume in a
model system of hard spheres. Protein stabilization mechanism is due to the preferential
destabilization of the more extended states (including the unfolded state that is compressed) by
macromolecular crowding, thus shifting the equilibrium toward the folded state. Experimental
studies, on different model systems of protein and co-solutes molecules (mimicking crowding)
show various behaviors, ranging from stabilization to destabilization. Small angle neutron
scattering, using contrast matching, is an ideal tool to study the conformation of
macromolecules as a function of a huge quantity of other molecules whose signal is matched by
an appropriate mixture of H20 and D20. We have shown a few years ago that macromolecular
crowding induces the compression of a Gaussian chain (model for unfolded protein), whose
radius of gyration is divided by a factor of two at physiological concentration of co-solutes [2,3].
In order to observe the effect of macromolecular crowding on protein stability, proteins are often
diluted in a destabilizing solvent such as urea or guanidine chloride, whose interaction with cosolutes molecules can be questioned. We have performed a systematic study of myoglobin
stability as a function of urea concentration and macromolecular crowding. We used different
molecules as crowder, such as Ficoll 70, PEG and a small osmolyte molecule called TMAO. We
will report combined studies of circular dichroism and SANS showing the effect of
macromolecular crowding on the secondary structure and the global conformation of the
protein, we specifically emphasize on the specific interactions between urea and
macromolecular crowders. We show that co-solute can destabilize protein at low urea
concentration whereas it stabilizes it at high urea concentration [4,5].

[1] A. Minton, Biophys. J., 88 (2005 ) 971-985
[2] C. Le Coeur et al Phys. Rev E, 79 (2009) 031910,
[3] C. Le Coeur et al Phys. Rev E, 81 (2010) 061914
[4] S. Combet-Jeancel et al (2015), to be published
[5] S. Longeville et al (2015), to be published
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Dynamical Aspects of Ganglioside-Containing Membranes

Maria Teresa DI BARI1 , Laura CANTÙ2 , Elena DEL FAVERO2 , Antonio DERIU1 , Paola
BROCCA2 , Yuri GERELLI3 , Wiebke LOHSTROH4
1) Department of Physics and Earth Sciences and CNISM, University of Parma, Parco Area
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Many macromolecules of biological relevance are characterized by the presence of sugar
moieties with different degree of complexity. A particular class of sugar-containing molecules is
that of gangliosides, glycolipids abundant in neuronal plasma membranes which are believed to
be involved in processes like protein binding, cell recognition and signal transduction.
Gangliosides are amphiphilic molecules, which self-aggregate in water to form micelles, these
present a bistable behaviour between stable states which does not involve any change in the
primary structure of the molecule [1]. The two states are due to a conformational change, which
involves the oligosaccharide chain of the ganglioside molecule and is triggered by some
external agent like temperature. They have different average dimensions due to different
packing geometries with a different area per head group.
We have now extended a previous QENS study [2] on the dynamics of ganglioside micelles and
of the associated hydration water. The measurements have now been performed in both
conformational states at two micelle concentrations (8 % and 15 %) using both H2O and D2O as
solvents. The dynamics of the ganglioside molecule turns out to be quite slow as a
consequence of the rather close packing of the bulky sugar head groups in the hydrophilic shell
of the micelle. The data have been analyzed taking into account presence of dynamical
heterogeneities within the ganglioside molecule: the hydrogens in the head groups and in the
initial part of the hydrophobic chains perform slow diffusive motions in a confined volume; those
belonging to the end part of the chains show a faster confined diffusivity together with torsional
isomerization transitions.

[1] L. Cantù, M. Corti, E. Del Favero, E. Digirolamo, S. Sonnino and G. Tettamanti, Chem. Phys.
Lipids 79, 137 (1996).
[2] P. Brocca, L. Cantù, F. Cavatorta, M. Corti, E. Del Favero, A. Deriu and M. Di Bari, Physica
B 350 e619 (2004).
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Unravelling translocation and membrane protein integration : neutron scattering analysis
of the bacterial holotranslocon
Benjamin Brocco1 , Juliette Devos1 , Nathan Zaccai3 , Giuseppe Zaccai1 , Michael Haertlein1 ,
Trevor Forsyth1 , Christiane Schaffitzel4 , Ian Collinson2
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In all kingdoms of life, a substantial part of proteins is addressed to the translocation pathway in
order to be either exported out of the cell or integrated into the membrane compartment. In
bacteria, these translocation events rely on the core secYEG translocon, which forms a channel
through the membrane and can open laterally to release membrane proteins into the
surrounding lipid bilayer. The secYEG translocon can recruit accessory subunits : secDF-YajC
and YidC. SecDF-YajC subcomplex has been associated to a proton-motive dependent
translocation while YidC is known to be involved in membrane protein insertion. This seven
subunits complex is referred as the holotranslocon and has been shown to be more efficient for
membrane protein integration.
Cryo-electron microscopy studies on the cross-linked complex revealed its organization and
small angle neutron scattering showed the complex has a flexible central cavity that is filled with
lipid. We believe this cavity plays a decisive role in membrane protein integration mechanisms
and will investigate its dynamic as the holotranslocon interacts with its cytosolic partners.
We are now taking advantage of a new purification protocol, allowing us to get rid of the crosslink and yields a stable and homogeneous detergent-free protein solution. Neutron diffraction
and contrast matching experiments allow us to distinguish proteins from lipids so we can
monitor the behavior of the central lipid cavity upon partners binding. We believe these
informations will allow us to build a molecular model, completing the current view of protein
translocation and membrane protein integration.
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Neutron reflection reveals intermediate states in pore formation by the eukaryotic poreforming cytolysin equinatoxin II

Hanna Wacklin1 , Biserka Bakrač2 , Nejc Rojko3 , Martine Moulin4 , Michael Haertlein4 , Trevor
Forsyth4 , Gregor Anderluh3 , Raymond Norton5
1) European Spallation Source ESS AB, Chemistry Department, University of Copenhagen 2)
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Equinatoxin II (EqtII), a eukaryotic pore-forming toxin, lyses several types of cell membranes
through a mechanism involving the insertion of its N-terminal α-helix into the membrane. EqtII
pore formation is dependent on sphingomyelin (SM), but cholesterol (Chol) and membrane
microdomains have also been suggested to enhance its activity. We have investigated the
mechanism of EqtII binding and insertion by using neutron reflection to determine the structures
of EqtII-membrane assemblies in situ. EqtII has several different modes of binding to
membranes depending on the lipid composition. In pure dimyristoyl-phosphatidylcholine
(DMPC) membranes, EqtII interacts weakly and reversibly with the lipid head groups in an
orientation relatively parallel to the membrane surface. The presence of sphingomyelin (SM)
gives rise to a more upright orientation of EqtII, but Chol is required for insertion into the core of
the membrane. Pore formation is not observed over a period of several hours, indicating that
the intermediate inserted state of EqtII is stable in these membranes. Cooling the EqtII-lipid
assembly below the lipid phase transition temperature leads to deep water penetration and a
significant reduction in the extension of the protein outside the membrane, indicating that
phase-separation plays a role in EqtII pore-formation. An inactive double-cysteine mutant of
EqtII in which the α-helix is covalently tethered to the rest of the protein, interacts only reversibly
with all the membranes. Releasing the α-helix in situ by reduction of the disulphide bridge,
however, causes the mutant protein to penetrate in DMPC-SM-Chol membranes in a manner
identical to the wild-type protein, which confirms that helix dissociation is prerequisite to
membrane insertion. Our results help clarify the early steps in pore formation by EqtII and
highlight the valuable information on protein-membrane interactions available from neutron
reflection measurements.
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Besides its well-known application in the study of momentum distributions, Deep Inelastic
Neutron Scattering (DINS) allows a direct measurement of the effective temperatures of the
atoms that compose the sample, a magnitude of particular importance in Nuclear Engineering
since it is at the core of nuclear reactors calculations. Also, the peak intensities have a direct
relationship with the scattering cross sections and the sample composition, that allows also a
study of direct impact in Applied Physics such as the mass-selective neutron spectroscopy [1].
Both topics, open new prospects for the DINS technique aimed at applied research.
In this talk, we will refer to the analysis carried out to determine effective temperatures in
mixtures of light water and heavy water by a direct analysis of the time-of-flight spectra on
individual detectors, without going through the intermediate step of transformation into the yscale. We will comment about the direct applications of these determinations in Nuclear
Engineering. This kind of analysis is well suited to small- and medium size- neutron facilities,
where the DINS technique proved to be feasible, even when a small number of detectors is
available.
We will also revisit the old topic of the DINS technique about the peak intensities observed in
water samples, and its relation with the scattering cross sections of the atoms [2]. We show a
full agreement with tabulated cross sections, thus adding support to the idea of mass-selective
neutron spectroscopy.
[1] M. Krzystyniak, A. G. Seel, S. E. Richards, M. J. Gutmann and F. Fernandez-Alonso, Massselective Neutron Spectroscopy Beyond the Proton Journal of Physics: Conference Series, 571,
012002, (2014).
[2] J. J. Blostein, L. A. Rodríguez Palomino, and J. Dawidowski, Phys. Rev. Lett. 102, 097401,
(2009).
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Coupling between the microscopic dynamics of solute and solvent: Universal picture of
the dynamical transition
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The view that the dynamics of biological macro-molecules is enslaved to the surrounding water
is fairly accepted. We hypothesize that the observed dynamical transition in these systems is
merely a specific case of a universal, solvent-driven transition in solute dynamics. Thus, we
carried out a series of quasi-elastic neutron scattering experiments and molecular dynamics
simulations of polystyrene solvated in toluene as a model system devoid of water as well as
polar interactions between solvent and solute. We find that polystyrene in contact with a
sufficient number of toluene molecules exhibits a dynamical transition related to the glass
transition temperature (Tg) of toluene of 116 K, even though polystyrene is characterized by
Tg=373 K. The transition temperature is dependent on the solvation level, approaching toluene
Tg with increasing solvation. Our results support the view that a glass transition in the solvent,
together with coupling interactions between solvent and solute, are sufficient conditions to
initiate the dynamic transition in solute dynamics, independent of the nature of solvent and
coupling.
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Quantum mechanical calculations of the ground state energy for a pure electron gas at different
densities reveal a thermodynamic instability in terms of a negative compressibility [1-5] if the
gas is expanded to values where the Wigner-Seitz Parameter is rs » 4.5-5, if rS is given in units
of the Bohr radius. We have investigated this feature exploring fluid alkali metals which appear
to be perfect model systems for this purpose. Their electronic properties can be well described
within the free-electron approximation and their ion density and hence their electronic density
can be gradually reduced along the liquid vapour coexistence line (indicated by the red dashed
lines in the Figure). Appropriate scaling of rS [6,7] reveals that the predicted instability should
occur at about four times the critical density in these systems (»1200 K, »25 bar in liquid Rb).
Estimates of the thermodynamic stability employing equation of state data for Rb and Cs (see
[6] and references therein) show indeed that the stability criteria seems to be violated when
these fluids are expanded beyond this density range (blue shaded areas in Fig. 1) The liquid
state however, persists to even lower densities and the electrical conductivity is still relatively
high, but this may be related to the high temperatures of the fluids under real conditions (in
contrast to the zero Kelvin calculations). The occurrence of a negative compressibility also
causes a negative dielectric constant of the electron gas. This however, would lead to drastic
variations in the interparticle interactions and should hence be reflected in structure and
dynamics of the fluid. Such structural variations were recently observed in a series of highly
accurate S(Q)-measurements on liquid rubidium [7], but this effect must also lead to a variation
of the mode frequencies of the collective dynamics. In order to investigate this, we have
measured S(Q,w) of fluid Rubidium at lower Q values for a variety of thermodynamic states
close to the vapour pressure curve at temperatures between melting and 1673 K. For this we
have used the small angle capabilities of the instruments BRISP and IN4 which are located at
the High-Flux-Reactor of the ILL in Grenoble. We will present the obtained dynamic data in the
talk and discuss our findings within the context of the predicted thermodynamic instability.
1. D. M. Ceperly and B. Alder, Phys. Rev. Lett. 45, 566 (1980)
2. G. Giuliani and G.Vignale, Quantum Theory of the Electron Liquid, Cambridge
University Press, Cambridge UK 2005
3. G. D. Mahan, Many Particle Physics, Kluwer Academic/Plenum, New York, 2000
4. N. Wiser and M. H. Cohen, J. Phys C2, 193 (1969)
5. M. D. Llano and V. V. Tolmachev, Phys. Lett. B 37, 37 (1971)
6. F. Hensel and W. W. Warren, in Fluid Metals, Princeton, NJ: Princeton Press, 1999
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Interpretation of coherent dynamics of molten CuI from molecular dynamics simulation
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Cuprous iodide is a typical superionic conductor in a high-temperature solid phase (α-phase)
where cuprous ions migrate between interstitial sites in the sublattice of face-centered cubic
structure formed by iodine ions. Even in the molten phase, cupper ions exhibit several times
faster diffusion than iodine[1,2]. The structure of molten phase is far from what typical ionic
liquids have. Cu-Cu partial pair correlation function (ppcf) deeply penetrates into the first
neighboring shell formed the Cu-I ppcf [3]. Theoretical study by ab-initio molecular dynamics
(MD) [1] revealed that cupper has relatively strong covalenct bond with iodine at short distances
in a rearest neighboring shell and weak covalency even with cupper in a short distance. We
have performed quasielastic neutron scattering (QENS) measurements of molten CuI by using
a cold disk-chopper spectrometer, AMATERAS, installed at BL14, MLF, J-PARC [4]. To
interpret ion dynamics of molten CuI from the total dynamic structure factor obtained from
QENS, we have performed MD simulation with Vashishta-Rahman potential and polarizable ion
model using the same parameters as the earlier work [2]. Partial time-space correlation
functions, so called van Hove functions, Gij(r,t), were deduced from MD. GCuCu(r,t) is easily
deformed with evolving time from the static Cu-Cu structure at t=0 and lost structural memory in
a few picosecond, while GII(r,t) shows long memory of static I-I correlation. We will discuss
structure-related coherent dynamics of molten CuI both from experimental data and MD
results.

References
[1] F. Shimojo, M. Aniya and K. Hoshino, J. Phys. Soc. Jpn. 73 (2004) 2148
[2] Vicente Bitrián, Olga Alcaraz, Joaquim Trullás, J. Chem. Phys 134 (2011) 044501
[3] Y. Kawakita, S. Tahara, H. Fujii, S. Kohara, S. Takeda, J. Phys.:Condens. Matter 19 (2007)
335201
[4] K. Nakajima et al.: J. Phys. Soc. Jpn. 80 (2011) SB028
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Structure of hydrogenous liquids: separation of coherent and incoherent cross sections
using polarized neutrons
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The determination of the coherent structure factor of hydrogenous liquids is very difficult: X-rays
are barely sensitive to hydrogen, while neutron results still lack accuracy due to the
contamination of the scattering intensities by a huge spin-incoherent signal from 1H, in some
cases reaching over 90% of the measured signal. Theoretical efforts to estimate the incoherent
neutron “background” have not yet led to a unique solution, and as a result, the hydrogen bond
in e.g. water is still highly debated.
Using polarised neutrons with polarisation analysis, one can experimentally separate the
coherent and incoherent contributions to the scattered intensity, since nuclear coherent
scattering is purely non-spin-flip, while spin-incoherent scattering is partially (2/3) spin-flip.
The D3 polarised hot neutron diffractometer at ILL, formerly devoted to magnetic studies on
single crystals, has been upgraded and now offers a new setup for the studies of liquids over a
wide Q-range using polarised neutrons.
We show the first results obtained on several mixtures of heavy and light water at ambient
pressure and temperature: for the first time, we could directly measure the purely incoherent
cross section, proportional to the spin-flip scattering, hence allowing an unprecedented
accuracy in the extraction of the coherent signal, representative of the structure. Similarly, we
show the very successful results obtained recently on more complex systems like propanol.
On the more theoretical side, we present recent progress in both the use of Monte Carlo
calculations to correct the data for multiple scattering and reverse Monte Carlo calculations,
which are shown to properly account for the observed structure factors, also including inelastic
contributions (molecular recoil effects).
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Alkali borosilicate glasses are widely used as substrate materials for manufacturing neutron
mirrors and guides. Their interest, compared to purely Silica-based glasses, lies in their boron
oxide content. It provides an efficient shielding for the environment thanks to the (n,alpha)
Boron capture reactions of the particles transmitted across the neutron reflecting layers. The
relevance of the presented study stems from the splintering and implosion of neutron beam
lines due to over-irradiation registered at several neutron scientific facilities worldwide. To tackle
this issue, the Institut Laue-Langevin (Grenoble, France) with the financial support of ESSBilbao have launched an investigation onto the mechanisms linking the neutron exposition to
the glass failure.
The guide damage has been attributed to He and Li ions resulting from (n,alpha) reactions with
energies of 1470 keV and 840 keV respectively. Due to their high energy compared to the interatomic binding ones, these ions induce a ballistic mixing in the glass network. The aim of this
study was then to relate the glass network modifications with changes occurring on its
macroscopic shape [1]. The study consisted in monitoring the glass properties as a function of
the neutron dose received by means of the concurrent use of different experimental techniques
such as: SANS, NMR, RAMAN etc.
Our results show that mechanical breakup is due to a compaction of the structure and is highly
dependent on the chemical composition of the glass. More into specifics, the origin of such
macroscopic changes has been tracked down to scales of medium and short range order, and
highlighted the appearance of a segregated phase. The figure attached shows SANS signals
measured on D11 (ILL) on irradiated and non irradiated Borofloat powders. It clearly shows the
appearance of structures in the range of 50 Angstroms. The generation of such phase would
explain the important change in the density of this glass that make it prompt to splintering
compared to the other Alkali-borosilicate analysed.
This work enabled us to understand the differences of behaviour among the different mirror
substrates analysed. These results will be used to select what material should be used as
reference for the manufacture of future guides. The current results are relevant for the next
renovation plans at ILL and also for other high flux facilities such as the European Spallation
Source which is currently under development.
[1] R. Boffy, M. Kreuz , J. Beaucour, U. Koester, F.J. Bermejo , submitted to NIMb
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Hydrogen self dynamics in liquid H2-D2 mixtures studied through inelastic neutron
scattering
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We have measured the dynamic structure factor of liquid para-hydrogen mixed with normal
deuterium (T=20 K) at two different concentration levels using incoherent inelastic neutron
scattering. The experiment was carried out on IN4C, a time-of-flight chopper spectrometer. After
an accurate data reduction, recorded neutron spectra were studied through the modified Young
and Koppel model and the H2 center-of-mass self dynamic structure factor was finally extracted
for the two mixtures. Some physical quantities (i.e. self diffusion coefficient and mean kinetic
energy) were determined and compared with accurate quantum Monte Carlo calculations,
which, in addition, also provided estimates of the velocity auto-correlation function for the H2
centers-of-mass. These estimates, in conjunction with the Gaussian approximation, were used
to simulate the H2 center-of-mass self dynamic structure factor in the same range as the
experimental one. The agreement between measured and calculated spectra was globally
good, but some discrepancies proved the unquestionable breakdown of the Gaussian
approximation in these semi-quantum systems at a level comparable to that already observed in
pure liquid para-hydrogen.

40

ID: PL2, 2015-08-31 15:00 - 15:45, Mozart Room
(Plenary)

Studying the oldest and youngest minerals on Earth using neutron powder diffraction
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Some of the oldest materials in the Solar System are the calcium-aluminium-rich inclusions
(CAIs) found in undifferentiated chondritic meteorites. Hibonite (CaAl12O19), a mineral found
within CAIs, is thought to be the second major phase to condense from a gas of solar
composition and is the first mineral to condense that can incorporate significant amounts of
polyvalent elements such as Ti into its structure. As a result, hibonite has the potential to record
the conditions present in the early Solar System (or during some later reprocessing event), in
particular the composition and hence oxygen fugacity (fO2) of the nebular gas. Hibonite exhibits
the magnetoplumbite structure-type which has five distinct cation sites into which Ti may
substitute. Ti3+ may substitute directly for Al3+, whereas Ti4+ undergoes a coupled substitution
with Mg2+ for two Al3+ (Mg2+ + Ti4+ ↔ 2Al3+). Estimates of fO2 determined from spectroscopic
measurements of Ti in hibonite can be up to 10 times more oxidised than expected, or span
nine orders of magnitude. Our recent investigation of the substitution mechanism of Ti into
hibonite using neutron powder diffraction revealed that the crystal chemical model upon which
these models depend is erroneous. Consequently, fO2 estimates from spectroscopic
measurements need to be re-evaluated in light of our new crystal chemical model.
Within tectonically active regions, such as deformation zones, minerals are constantly evolving
and being recycled. Attempts to further our understanding of the elastic and plastic behaviour of
polymineralic rocks during deformation are hampered by the fact that usually only whole sample
properties can be monitored during rock deformation experiments, and so knowledge of how
each mineral phase contributes to those properties must be inferred from the microstructures of
the experimental products. However, by performing the deformation experiments in a neutron
beamline, the elastic strains accommodated by each of the phases present within the sample
can be monitored as the test proceeds. If the elastic properties of those phases are known, then
these elastic strains can be converted to stresses, and so the contribution of each phase to the
overall properties can be monitored during plastic as well as elastic deformation. We have
performed neutron diffraction experiments of this kind on suites of samples in which the
deformation remains fully elastic (olivine+magnesiowustite mixtures) and where one of the
phases undergoes plastic deformation (calcite+halite samples). During the fully elastic part of
the deformation, the observed behaviour (strain partitioning between phases and the within
phase stresses) in samples in which the phases are randomly intermixed is well-described by
various theoretical analyses of the elastic properties of composites. Given this validation of our
approach, we have extended the experiments to examine the significance of phenomena such
as load transfer that strongly influence plastic yielding behaviour in microstructurally complex
polymineralic rocks, and have begun to investigate the properties of protonated, hydrous
materials that play a critical role in geodynamics.
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