(Thursday, September 3rd)

Meeting at a glance
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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
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O8 - O. Kirichek

13:30

Scientific Programme
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Thursday, September 3

4

Thursday, September 3

rd

9:00

(PL7) The role of integration in a highly differentiated scientific landscape
Helmut Schober, Institut Laue‐Langevin, France
Mozart Room
Chair: Hartmut Abele
9:45 (Walter Hälg Award Ceremony) Neutrons as quantum objets
Helmut Rauch, Atominstitut Technische Universität, Austria
Mozart Room
Chair: Christiane Alba‐Simionesco
10:30 Coffee and exhibition
Poster Session 3 (PS3)
from PS3‐1 to PS3‐120
Hipóstila Area
Neutron instrumentation, optics, sample environment, Magnetism, superconductivity, and other electronic
detectors and software
phenomena
Chair: Celine Durniak
Chair: Simon Ward
Mozart Room
Luis Galve Room
NI‐6
MSEP‐6
11:30 (K) Neutron scattering at the OPAL research reactor
(K) Spin excitations in malachite, a two‐dimensional
Garry McIntyre, Australian Nuclear Science and Technology
strongly coupled dimer system
Organisation, Australia, Australia
Björn Fåk, Institut Laue‐Langevin, France

12:00 (O1) Realistic Monte Carlo simulations for neutron
diffraction and imaging applications
Mirko Boin, Helmholtz‐Zentrum Berlin, Germany

(O1) Interrupted Magnetic First Order Transitions and
Kinetic Arrest probed with in‐field Neutron Diffraction
Vasudeva Siruguri, UGC‐DAE Consortium for Scientific
Research Mumbai Centre, India

12:15 (O2) Mantid – Advances and challenges in a growing
collaboration
Nicholas Draper, Tessella, UK

(O2) Neutron diffraction and magnetic behavior of
Mn2MSbO6 (M = Fe, Cr) polymorphs
Elena Solana‐Madruga, Universidad Complutense de Madrid,
Spain

12:30 (O3) Automated data reduction at ISIS
Anders Markvardsen, ISIS Facility, UK

(O3) Magnetic contrast neutron waveguide as a new tool
for studying magnetism of complex oxide
heterostructures
Yury Khaydukov, Max‐Planck Institute for Solid State
Research, Germany

12:45 (O4) Geant4 extensions for neutron scatterings in
crystalline materials
Xiao Xiao Cai, Technical University of Denmark, Denmark

(O4) Influence of Fe addition on structural and magnetic
properties of Mn49Ni42‐xFexSn9 (x = 0, 2, 3, 4, 5 and 6)
Heusler alloys
Patricia Lázpita, Universidad del País Vasco ‐ Eukal Herriko
Unibertsitatea, Spain

13:00 (O5) MeV Neutron Production from neutron capture in
6
Li using Geant4.
Valentina Santoro, European Spallation Source, Sweden

(O5) Unusual Effect of the Cooling Speed on the
Structural and Magnetic Behaviorof the Magnetic Ionic
Liquid Dimim[FeCl4]
Imanol de Pedro, University of Cantabria, Spain

13:15 (O6) Maximizing the scientific impact of large‐scale
facilities using software development and scientific
computing
Jonathan Taylor, European Spallation Source, Denmark

(O6) A study by neutron scattering and first principles
calculations of the crystal structure and magnetism of
Y3Ni13B2, Y3Co13B2, and Y3Ni10Co3B2
Neculai Plugaru, National Institute of Materials Physics,
Romania

13:30 Lunch and exhibition
Hipóstila Area
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Thursday, September 3

Soft Condensed Matter

rd

(PL7) The role of integration in a highly differentiated scientific landscape 9:00
Helmut Schober, Institut Laue‐Langevin, France
Mozart Room
Chair: Hartmut Abele
(Walter Hälg Award Ceremony) Neutrons as quantum objets 9:45
Helmut Rauch, Atominstitut Technische Universität, Austria
Mozart Room
Chair: Christiane Alba‐Simionesco
Coffee and exhibition 10:30
Poster Session 3 (PS3)
from PS3‐1 to PS3‐120
Hipóstila Area
Fundamental Science

Chair: Natalie Malikova
Mariano Gracia Room
SCM‐3
(K) Smart Nanogels: Soft polymer colloids with adaptive
structure
Walter Richtering, Institute of Physical Chemistry, RWTH
Aachen University, Germany

Chair: Goetz Eckold
Room 11
FS
(K) Theoretical Analysis of Neutron Scattering
Experiments in liquid He‐3 and He‐4
Eckhard Krotscheck, University at Buffalo SUNY, USA

(O1) Microstructural characterization of polymer
electrolyte membranes based on sulfonated syndiotactic
polystyrene in the δ co‐crystalline and γ empty phases
Aurel Radulescu, Forschungszentrum Jülich GmbH, Germany

(O1) Fundamental physics possibilities at the European
Spallation Source
Esben Klinkby, DTU Nutech, Technical University of Denmark,
Denmark

12:00

(O2) Structure and Dynamics of Phospholipid Bilayers in (O2) Uncertainty Relations and Quantum Cheshire Cats
studied in Neutron Optics
Water Solution of Room Temperature Ionic Liquids: a
Combined Neutron Scattering and Computational Study Stephan Sponar, Vienne University of Technology, Austria
Antonio Benedetto, Paul Scherrer Institut, Switzerland

12:15

(O3) Shear thickening and onion formation of non‐ionice (O3) Quantum mechanics in a nano‐laboratory
surfactant solution and the effect of charge
Mark Johnson, Institute Laue Langevin, France
Hideki Seto, IMSS, KEK, Japan

12:30

(O4) On diffusivity landscapes in soft matter
Felix Roosen‐Runge, Institut Laue‐Langevin, France

(O4) Gravitation‐induced quantum phase shift in a spin‐
echo neutron interferometer
Ad van Well, Delft University of Technology, Netherlands

12:45

(O5) Neutron reflectometry probes density profiles of
proteins adsorbed onto polymer brushes
Giovanna Fragneto, Institut Laue‐Langevin, France

(O5) Nonstationary transformation of neutron energy by 13:00
a moving grating
Alexander Frank, Joint Institute for Nuclear Research, Russian
Federation

(O6) Interaction of K+channel KcV with single model
membranes
Valeria Rondelli, Università degli Studi di Milano, Italy

(O6) A neutron Electric Dipole Moment experiment
(nEDM) ‐ ultracold neutrons probing fundamental
symmetries of nature
Geza Zsigmond, Paul Scherrer Institut, Switzerland

11:30

13:15

Lunch and exhibition 13:30
Hipóstila Area
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rd

Thursday, September 3 (continued)
15:00 Coffee and exhibition
Poster Session 3 (PS3)
from PS3‐1 to PS3‐120
Hipóstila Area
Neutron instrumentation, optics, sample environment,
detectors and software
Chair: Giorgia Albani
Mozart Room
NI‐7
16:00 (K) Where imaging meets neutron scattering
Nikolay Kardjilov, Helmholtz‐Zentrum Berlin, Germany

Magnetism, superconductivity, and other electronic
phenomena
Chair: Mark Laver
Luis Galve Room
MSEP‐7
(K) X‐ray and neutron scattering in Invar alloys
Jesús Blanco, University of Oviedo, Spain

16:30 (O1) A Vision For Detectors for the European Spallation
Source
Richard Hall‐Wilton, European Spallation Source, Sweden

(O1) Magnetic structure of the low temperature
magentocalorics Gd(HCOO)3 and GdVO4
Elías Palacios, University of Zaragoza, Spain

16:45 (O2) The CASCADE Project ‐ a multi‐layer 10B neutron
detection system
Markus Köhli, University of Heidelberg, Germany

(O2) Magnetic SANS of bulk ferromagnets: beyond the
particle‐matrix concept
Andreas Michels, University of Luxembourg, Luxembourg

17:00 (O3) Detector rate requirements for the future neutron
diffractometers at the ESS
Irina Stefanescu, European Spallation Source ESS AB, Sweden

(O3) Probing antiferromagnetic order in NiO
nanoparticles: a combined neutron diffraction and x‐ray
absorption spectroscopy investigation
Natalia Rinaldi‐Montes, University of Oviedo, Spain

17:15 (O4) Polarization and Analysis for TOPAS at the MLZ
Earl Babcock, JCNS at the MLZ, Germany

(O4) Multi‐k magnetic order in Ca3CuNi2(PO4)4:
representation approach and Shubnikov symmetry
Vladimir Pomjakushin, Paul Scherrer Institute, Switzerland

17:30 (O5) Novel Scintillation based Position Sensitive Neutron (O5) Observation of a crossover in the magnetic
Detector development platform
correaltions between a superspin glass and a
Lander Gonzalez Larrea, Scientifica International, S.L.U., Spain superferromagnet
Luis Fernández Barquín, University of Cantabria, Spain
17:45 (O6) Hybrid Superconducting Neutron Detectors
Antonino Pietropaolo, ENEA Frascati Research Centre, Italy

(O6) Neutron diffraction studies of magnetic order in the
core‐shell nanosystem FexO/Fe3O4.
Igor Golosovsky, National Research Center Kurchatov Institute,
B.P. Konstantinov, St. Petersburg Nuclear Physics, Russian
Federation

18:00 (O7) Characterization of 10B4C coatings and application
in alternative neutron detectors
Gregor Nowak, Helmholtz‐Zentrum Geesthacht, Germany

(O7) Spin ice physics in the new spinel material
CdEr2Se4
Shang Gao, Paul Scherrer Institut, Switzerland

18:15 (O8) Development of the Multi‐Grid detector: conclusion (O8) Local structures and local exchange interactions in
of the CRISP project
doped magnetic materials of different dimensionality
Bruno Guerard, Institut Laue Langevin, France
Albert Furrer, SwissNeutronics AG, Switzerland

21:00 Conference Dinner
Aura Restaurant
Av. José Atarés, 7 ‐ Zaragoza

7

rd

Thursday, September 3 (continued)
Coffee and exhibition 15:00
Poster Session 3 (PS3)
from PS3‐1 to PS3‐120
Hipóstila Area
Functional materials

Neutron Sources and Facilities

Chair: Elad Caspi
Mariano Gracia Room
FM‐1
(K) Unraveling new positive electrode material for Li‐ion
batteries
Gwenaelle Rousse, UPMC‐Collège de France, France

Chair: Alexander Belushkin
Room 11
NSF
(K) The Science Programme at ESS: Perspectives and
Current Status
Dimitri Argyriou, European Spallation Sourcre, Sweden

(O1) Bio‐Inspired Mineralization of Magnetite
Nanoparticles in Gelatin Hydrogel: A Small Angle
Scattering Investigation
Vitaliy Pipich, Jülich Centre for Neutron Science, Germany

(O1) Potential of SINQ upgrade options
Uwe Filges, Paul Scherrer Institut, Switzerland

16:30

(O2) Lattice Dynamics of Solid State Ionic Conductors
with High Thermoelectric Figure of Merit
Sergey Danilkin, Australian Nuclear Science and Technology
Organization, Australia

(O2) Advanced CNS and UCN sources at reactor PIK:
status and prospects for development
Victor Mityukhlyaev, NRC KI Petersburg Nuclear Physics
Institute, Russian Federation

16:45

(O3) Energy Selective Neutron Radiography and Spatially
Resolved Neutron Diffraction on Li‐ion Batteries
Martin J. Mühlbauer, Karlsruhe Institute of Technology,
Institute for Applied Materials, Germany

(O3) Deuterium labelling at the Australian National
Deuteration Facility: demand, supply and impact on
neutron scattering studies
Tamim Darwish, Australian Nuclear Science and Technology
Organisation, Australia

17:00

16:00

(O4) RbMnPO4 Zeolite‐ABW‐Type Material: A mixed Type‐(O4) Upgrades to the SINQ Cold Neutron Source
Ryan Bergmann, Paul Scherrer Institut, Switzerland
I/II multiferroic
Gwilherm Nenert, PANalytical, Netherlands

17:15

(O5) Neutron diffraction study of CZTS nanoparticles
Inés Puente Orench, Instituto de ciencia de materiales de
Aragón, Spain / Institut Laue Langevin, France

(O5) Complex of cold neutron moderators for IBR‐2
reactor. Technical system.
Konstantin Mukhin, Joint Institute for Nuclear Research,
Russian Federation

17:30

(O6) Correlation between Nano‐Structure, Proton‐
Dynamics and Performance‐Related Properties of
Radiation‐Grafted Proton‐Conducting Membranes
Gergely Nagy, Laboratory for Neutron Scattering and Imaging,
Paul Scherrer Institute, Switzerland

(O6) The H5 Program – the latest innovative guide
system at the ILL for 8 state of the art new or renovated
neutron spectrometers
Jerome Beaucour, Institut Laue Langevin, France

17:45

(O7) Structure and cation orientation in the perovskite (O7) On the Proximity of Neutron‐transport Guides to
photovoltaic methylammonium lead ioddie between 100 Moderators
Jesus Pedro de Vicente, Consorcio ESS‐Bilbao, Spain
and 350K
Paul Henry, European Spallation Source, Sweden
(O8) Structure and dehydration mechanism of the
proton conducting oxide Ba2In2O5·(H2O)
Maths Karlsson, Chalmers University of Technology, Sweden

18:00

(O8) A Proposal for a Next Generation European Neutron 18:15
Source
Colin Carlile, Uppsala university, Sweden

Conference Dinner 21:00
Aura Restaurant
Av. José Atarés, 7, Zaragoza
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ID: PL7, 2015-09-03 09:00 - 09:45, Mozart Room
(Plenary)
The role of integration in a highly differentiated scientific landscape
Helmut Schober1
1) Institut Laue-Langevin
* helmut schober, schober@ill.fr
There is currently a lot of discussion about how to handle Big Data. However, Big Data is just
one of the many illustrations of a more fundamental challenge. How can we structure vast
amounts of acquired factual knowledge in such a way as to avoid suffocation? The tremendous
growth of knowledge that we are currently witnessing in all fields of science comes at the price
of ever-increasing specialization. In order to benefit as much as possible from this differentiated
knowledge, we have no choice but to integrate the various disciplines with each other. This
requires the condensation of facts into emerging scientific concepts and the transverse
communication of these concepts.
Due to their very nature, analytical probes such as neutron scattering find themselves at the
crossroads of many disciplines and are thus at the heart of this scientific translation exercise. As
researchers from fields as diverse as geology, archaeology and biology start to make up an
ever higher proportion of the neutron user base, facilities will need to ensure that they optimize
their services to accommodate this new generation of users by providing adequate answers to
their questions in a language that they understand.
To provide these services, it is essential to anticipate the wider trends that will shape research
in the various fields. The trend towards specialization is mirrored within the scientific community
by the drive for researchers to move beyond a general understanding of broad scientific
concepts towards ever more specific analyses of samples under tightly controlled conditions
with technological relevance.
This push towards the particular and away from the universal in material sciences is only set to
grow as the global scientific community comes under pressure to provide technological
solutions for the challenges facing society. Neutron science is already playing an important role
in core fields such as energy storage and computing performance, and is set to play a key part
in the characterization of new and existing materials for future use.
I will try to illustrate current trends in neutron science by means of a few selected examples from
various scientific disciplines. Starting from the current situation, I will give my personal appraisal
of the challenges facing neutron science in the near future and how we as a community can
prepare for them.
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ID: PL, 2015-09-03 09:45 - 10:30, Mozart Room
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Neutrons as quantum objects
Helmut Rauch

1

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

[5]
1.

2.
3.

H. Kurz, H. Rauch, Z. Physik 220 (1969) 419
U.Bonse, M. Hart, Z. Physik 190 (1966) 455
H. Rauch, W. Treimer, U. Bonse, Phys. Lett.
47 A (1974) 369
H. Rauch, A. Zeilinger, G. Badurek, A. Wilfing,
W. Bauspess, U. Bonse, Phys. Lett. 54A
(1975) 425
H. Rauch, S.A. Werner, “Neutron Interferometry“,2nd Ed. Oxford Univ. Press 2015
H. Rauch and S.A. Werner, "Neutron
Interferometry", Clarendon Press, Oxford
2000
Y. Hasegawa, R. Loidl, G. Badurek, M. Baron,
H. Rauch, Nature 425 (2003) 45
S. Filipp, J. Klepp, Y. Hasegawa, C. PlonkaSpehr, U. Schmidt, P. Geltenbort, H. Rauch,
Phys. Rev. Lett. 102 (2009) 030404
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Garry McIntyre1
1) Australian Nuclear Science and Technology Organisation, Lucas Heights, NSW, Australia
* Garry McIntyre, garry.mcintyre@ansto.gov.au
Australian neutron scattering leapt into the 21st century with the start up of the 20 MW OPAL
nuclear research reactor at ANSTO in 2006. The major part of the initial success has been in
crystallography, carrying on the excellent tradition established since the late 1950s at the
HIFAR reactor at Lucas Heights. As befits a national facility, the science is largely driven by the
external user programme, through a peer-review proposal system for access to the neutronbeam instruments. Certain scientific themes, where neutrons offer distinct advantages as a
research tool, are also promoted internally. These themes currently include energy materials,
thermo-mechanical processes, magnetism, food science, biomolecules, and cultural heritage.
The combination of state-of-the-art instrumentation, support facilities, expert scientific staff, and
enthusiastic users of OPAL has yielded an impressive series of scientific results, as well as a
fledgling industrial programme. With currently 13 state-of-the-art neutron-scattering instruments,
including a radiography/tomography instrument, ANSTO is well on the way to achieving its
commitment to make OPAL one of the top three research reactors for neutron scattering in the
world.
In this presentation I will introduce the OPAL neutron-beam facility, describe some recent
scientific highlights, including in operando studies of real-life batteries, unmasking of 2000-year
old coin forgeries, and then delve into further detail on my particular favourite, modern neutron
Laue diffraction, where the volumetric view of reciprocal space afforded by a high-flux beam and
a large-area image-plate detector allows rapid structural crystallography on small samples,
precise data collection using minature diamond-anvil cells, as well as more exotic studies of
aperiodic structures, low-dimensional magnetic ordering, and low-energy phonons.
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Realistic Monte Carlo simulations for neutron diffraction and imaging applications
Mirko Boin1 , Robert C. Wimpory1 , Thomas Kittelmann2 , Robin Woracek2
1) Helmholtz-Zentrum Berlin für Materialien und Energie, Germany 2) European Spallation
Source ESS AB, Sweden
* Mirko Boin, boin@helmholtz-berlin.de
Monte Carlo neutron simulations have proven to be a powerful tool for instrumentation and
validation of experimental results. A new multi-purpose sample simulation module has been
created, that calculates the neutron absorption and scattering cross sections for the interaction
with cold and thermal neutrons. The module can handle all 230 crystallographic space groups,
while realistic and arbitrary sample geometries can be defined. The implementation has been
made reusable and available for a number of existing simulation frameworks, such as McStas,
Vitess and Geant4. Thus, the developed sample module has been utilised in a number of
different neutron applications. This presentation will highlight some examples, including:
a) the support in developing a new neutron beamline,
b) evaluating a new imaging method to investigate texture, strain and phase distributions
in engineering materials,
c) improving the experimental accuracy when measuring interfaces with neutron diffraction
d) and assisting the development for novel neutron detectors.

References:
1. Boin, M. (2012). J. Appl. Cryst., 45(3), 603–607.
2. Boin, M., Hilger, A., Kardjilov, N., Zhang, S. Y., Oliver, E. C., James, J. A., Randau, C.
& Wimpory, R. C. (2011). J. Appl. Cryst., 44(5), 1040–1046.
3. Woracek, R., Penumadu, D., Kardjilov, N., Hilger, A., Boin, M., Banhart, J., & Manke, I.
(2014). Advanced Materials 26(24), 4069–73.
4. Kittelmann, T. & Boin, M. (2015). Computer Physics Communications 189, 114–118.
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Mantid – Advances and challenges in a growing collaboration
Nicholas Draper1
1) Tessella Ltd & ISIS, STFC UK
* Nicholas Draper, nick.draper@stfc.ac.uk
The Mantid[1] project was started by ISIS (RAL UK) in 2007 to provide a framework to perform
data reduction and analysis for neutron and muon instruments and to accommodate the
increasing data volumes from newer instruments[2]. The project has grown into a significant
international collaboration, with SNS and HFIR joining in 2009, the ESS joining last year and we
expect the ILL to become a member this year.
The scope of data reduction and analysis challenges that Mantid faces, together with the need
to create a cross platform solution, fuels the need for Mantid to be developed in collaboration
between facilities. Mantid has, from inception, been an open source project, and having been
built to the flexible enough to be instrument and technique independent, was initially planned to
support collaboration with other development teams. Through collaboration with the SNS,
development practices and tools have evolved to support the distributed development team in
this challenge. These new members have added development capacity, invaluable experience
and significant improvements to the project, both in direct functionality adding world leading
event processing and multi-dimensional visualization, and improvements to the project and
development infrastructure.
Mantid continues to face many challenging requirements both from developments within its
existing facilities and additional challenges from new and prospective members. Some of these
include extending Mantid’s multi-dimensional visualisation to support imaging techniques,
improving the handling of moving instruments to better support triple axis spectrometry.
Providing ‘live’ access to reduced data during the experiment, even in the extreme cases of
large excitations experiments.
This talk will highlight some of the current capabilities and developments within Mantid, and
present plans for Mantid in the future.
References
[1] www.mantidproject.org
[2] O. Arnold, et al., Mantid—Data analysis and visualization package for neutron scattering and
μSR experiments, Nuclear Instruments and Methods in Physics Research Section A, Volume
764, 11, 156-166 (2014), http://dx.doi.org/10.1016/j.nima.2014.07.029
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Automated data reduction at ISIS
Anders Markvardsen1 , Marcus Noble1 , Lottie Greenwood1 , Martyn Giggs2 , Nicholas Draper2 ,
Tom Griffin3 , Mathieu Doucet4 , Shelly Ren4
1) ISIS-STFC 2) Tessella Ltd & ISIS-STFC 3) SCD-STFC 4) SNS-ORNL
* Anders Markvardsen, Anders.markvardsen@stfc.ac.uk
Introduction of the Mantid[1,2] data reduction framework at ISIS has simplified the data reduction
for several experiments to the extent that the user interaction can be repetitive and could be
automated. Automating the data reduction for these experiments frees up time for instrument
scientists and users of neutron facilities to focus on making the best use of their allocated beam
time and extracting value earlier with data analysis. We have introduced an automated data
reduction system requiring minimal human intervention, which can support varied data reduction
workflows, however simple or complex.
This approach was pioneered by the SNS [3] and, as part of the Mantid collaboration, a similar
system was deployed in March this year at ISIS and is being rolled across the instrument suite.
The system kicks off data reduction jobs as soon as runs are completed on an instrument. Job
management is performed using message queues and a central message broker. The data
reduction jobs are pre-defined user editable python scripts with access to many software
libraries, including Mantid. A mobile friendly web interface, which can be accessed anywhere,
enables access to viewing reduction results. The interface allows data reduction to be rerun with
different parameters, parameters to be set for future runs as well as monitoring the progress of
your jobs.
This new system will be demonstrated using ISIS data and using Mantid data reduction, to give
an overview of its benefits and insight into how the system works under the bonnet.
References
[1] www.mantidproject.org
[2] O. Arnold, et al., Mantid—Data analysis and visualization package for neutron scattering and
μSR experiments, Nuclear Instruments and Methods in Physics Research Section A, Volume
764, 11 November 2014, Pages 156-166
[3] 2014 IEEE 10th International Conference on eScience, DOI 10.1109/eScience.2014.31
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Geant4 extensions for neutron scatterings in crystalline materials
Xiao Xiao Cai2 , Thomas Kittelmann1 , Mirko Boin3 , Esben Klinkby2 , Richard Hall-Wilton1
1) European Spallation Source AB, Sweden 2) Technical University of Denmark, Denmark &
European Spallation Source AB, Sweden 3) Helmholtz-Zentrum Berlin, Germany
* Xiao-Xiao Cai, xxcai1@gmail.com
We present extensions for the Geant4 simulation framework which moves beyond the usual
free-gas approximation and enables scattering of thermal and cold neutrons with a high degree
of realism in crystalline materials: in either polycrystalline or powdered form or as oriented single
crystals with finite mosaicity. Based on user-specified crystal structures in the form of unit cells,
the coherent-elastic parts of the cross-sections, responsible for Bragg diffraction, are calculated
from first principles through usage of embedded crystallographic libraries; while the remaining
parts of the cross-section are described by appropriate well-known models for single- and multiphonon scattering.
The extensions were developed in the context of the collaborative coding and simulation
framework of the ESS Detector Group, which is used to assist with the development of
detectors and other beam-line components. We discuss how, with the added functionality,
Geant4 becomes a suitable tool for performing consistent investigations of both high and low
energy phenomena at neutron scattering facilities, enabling simulations involving also
monochromators, beam filters, realistic support materials and crystalline samples.
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MeV Neutron Production from neutron capture in 6Li using Geant4.

Valentina Santoro1 , Douglas Di Julio1 , Phillip Bentley1
1) ESS
* Valentina Santoro, valentina.santoro@esss.se
Various Li compounds are commonly used at neutron facilities [1] as beam dumps. They
provide one of the highest ratios of neutron attenuation to -ray production. Unfortunately, these
compounds also produce fast neutrons of energies up to almost 16 MeV. The physics process
beyond that is due to the fact that tritons of energies up to 2.73 MeV, produced by the
6
Li(n,t)4He reaction, interact with Li and other constituents of the compounds to produce fast
neutrons and -rays. These fast neutron processes could be missing in some modelling
packages. We tested the Geant4 package to assess the performance of this simulation toolkit
for the processes described above. We compare the results of the simulation performed with
Geant4 with the measurements of the fast neutron production in 6Li from the following paper [2].
The results of our study seems to show that the Geant4 simulation package gives very good
results comparable with the available measurements for 6Li fast neutron production. This study
is important for simulation of beam line elements at the Europeans Spallation Source for
different instruments.
[1] M.A. Lone and W.M.~Inglis, in Neutron Capture -ray spectroscopy (eds. R.E. Chrien and
W.R. Kane; Plenum Press,~New~York,1979) p. 678.
[2] M.A. Lone D.C.~Santry and W.M.~Inglis. MeV Neutron Production from Thermal Neutron
Capture in Li and B compounds, Nuclear Instruments and Methods 174 (1980) 521-529
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Maximizing the scientific impact of large-scale facilities using software development and
scientific computing
Jonathan Taylor1 , Mark Hagen1 , Tobias Richter1 , Thomas Holm-Rod1
1) Data Management and software centre, European Spallation Source, Universitetsparketn 1,
2100, Copenhagen, Denmark
* Jonathan Taylor, Jonathan.Taylor@esss.se
The use of large scale facilities by researchers in the field of condensed matter, soft matter and
the life sciences is becoming ever more prevalent in the modern research landscape. Existing
facilities such as SNS, HiFNR, ISIS and ILL have ever-increasing user demand and produce
ever-increasing volumes of data. One of the single most important barriers between experiment
and publication is the complex and time-consuming effort that individual researchers apply to
data reduction and analysis.
The next generation of long pulse neutron sources such as the ESS will present a new
challenge for data management and scientific software development.
This talk will concentrate on the vision and mission for the Data Management and Software
Centre (DMSC) for day one and continuing operations at ESS for experiment control, data
reduction and data analysis.
The key aspects of an integrated software suite will be discussed in light of the use of existing
software frameworks and our future plans for scientific software development, those key
aspects being:




Live event mode neutron data reduction and visualisation.
Integrated “intelligent” instrument control
Linking Data reduction and data analysis.
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Spin excitations in malachite, a two-dimensional strongly coupled dimer system
Björn Fåk1 , Emmanuel Canevet2 , Mechthild Enderle1 , Reinhard Kremer3 , Jung Hwan Chun3
1) Institut Laue-Langevin, CS 20156, F-38042 Grenoble Cedex 9, France 2) Laboratoire de
Physique des Solides, Université Paris Sud 11, UMR CNRS 8502, F-91405 Orsay, France 3)
Max-Planck Institute for Solid State Research, Heisenbergstrasse 1, 70569 Stuttgart, Germany
* Björn Fåk, fak@ill.fr
We have studied the magnetic excitations in the mineral malachite using inelastic neutron
scattering on a fully deuterated powder sample. Malachite, with chemical formula
Cu2(OH)2CO3, is known and used since the antiquity as a green pigment and gemstone, but its
magnetic properties have only recently attracted attention. Malachite has no long-range
magnetic order down to at least T=0.4 K, and was initially thought to be an alternating chain.
Our neutron scattering measurements show that malachite has a quantum spin-liquid ground
state and that the excitation spectrum consists of dispersive gapped singlet-triplet excitations,
characteristic of spin-1/2 dimer-forming Heisenberg antiferromagnets. We identify a new twodimensional dimerized coupling scheme with strong interdimer coupling, that places malachite
between strongly coupled alternating chains, square lattice antiferromagnets, and infinite-legged
ladders. The geometry of the interaction scheme resembles the staggered dimer lattice, with
potential for unconventional quantum criticality. The observed excitation spectrum is well
described by a model based on the harmonic triplon approximation.
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Interrupted Magnetic First Order Transitions and Kinetic Arrest probed with in-field
Neutron Diffraction
Vasudeva Siruguri1
1) Ugc-Dae Consortium For Scientific Research Mumbai Centre, Barc Campus, Mumbai
400085, India
* Vasudeva Siruguri, Siruguri@Csr.Res.In
Many magnetic functional materials like magnetic shape memory alloys, CMR manganites,
magnetocalorics and multiferroics exhibit first order transitions which are often broadened either
due to disorder or strain. Usually temperature is the primary thermodynamic variable here but
pressure, electric and magnetic fields could be useful second thermodynamic variables. By
using an effective combination of the two variables, it is possible to interrupt the phase
transition, resulting in phase coexistence of magnetically ordered metastable states and
equilibrium phases, collectively called kinetically arrested state or magnetic glass. In order to
establish this phase coexistence and distinguish the metastable and equilibrium phases of such
a kinetically arrested state, a novel measurement protocol called CHUF (Cooling and Heating in
Unequal Fields) was utilized. Just as conventional structurally disordered glasses devitrify under
the influence of temperature or strain, it is observed that the kinetically arrested magnetic glass
could devitrify into the equilibrium state at a lower temperature and subsequently reenter the
original high temperature phase. Neutron diffraction is considered as an ideal technique to
probe magnetic and chemical structures of materials and is capable of detecting the
simultaneous presence of ferromagnetic (FM) and antiferromagnetic (AFM) order in a material
in the form of unique magnetic reflections for the AFM order. We have used neutron diffraction
along with the CHUF protocol, for the first time [1], to show the phenomenon of kinetic arrest of
(i) the austenite to martensite transformation in a magnetic shape memory alloy (MSMA), (ii) the
ferromagnetic to CE-type antiferromagnetic transition in the well-studied compound
La0.5Ca0.5MnO3 (LCMO) and, (iii) the high field magnetic state in a stoichiometric compound,
Nd7Rh3 [2]. The devitrification of the arrested austenite and FM phases into the low temperature
equilibrium martensite and AFM phases at the characteristic temperature TK(H) for MSMA and
LCMO, respectively, and their subsequent reentrant transition to the high temperature, high
entropy austenite and paramagnetic phases, unambiguously demonstrate the glassy nature of
the arrested states. The use of magnetic field as a second thermodynamic control variable via
the novel CHUF protocol to observe arrest and de-arrest of a magnetic glass could help in
establishing the fact that the dynamics involved in such a glass could be fundamentally no
different from that observed for structural glasses [3].

[1] V. Siruguri, S.D. Kaushik, P.D. Babu, A. Biswas, S.K. Sarkar, K. Madangopal and P.
Chaddah, J. Phys.: Condens. Matter 25, 496011 (2013) and references therein
[2] S. Rayaprol, V. Siruguri, A. Hoser, C. Ritter and E.V. Sampathkumaran, Phys. Rev. B90,
134417 (2014)
[3] W. Wu, C. Israel, N. Hur, S. Park, S.-W. Cheong and A. de Lozanne, Nature Mater. 5, 881
(2006)
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Neutron diffraction and magnetic behavior of Mn2MSbO6 (M = Fe, Cr) polymorphs.
Elena Solana-Madruga1 , Antonio J. Dos Santos-García2 , Clemens Ritter3 , Regino SáezPuche1
1) Dpto. de Química inorgánica, Universidad Complutense de Madrid, Ciudad Universitaria,
28040-Madrid. 2) Dpto. de Ingeniería Mecánica, Química y Diseño Industrial, Universidad
Politécnica de Madrid, C/ Ronda de Valencia, 3. 28012-Madrid. 3) Institut Laue-Langevin,
38042 Grenoble Cedex, France.
* Elena Solana-Madruga, esolana@ucm.es
ABO3 compounds are commonly associated with the perovskite-type structure. They have been
widely studied due to the rich variety of physical properties [1]. However, there are compounds
sharing this stoichiometry but crystallizing in other structural-types [2], such as corundum,
ilmenite or lithium niobate-type. Furthermore, these structural types can be related among them
by high pressure phase transformations allowing the existence of several polymorphs and
thereby to tune the physical properties of a parent compound. This is the case of Mn(MSb)O3
oxides (formulated as Mn2MSbO6 from now on) with M=Fe, Cr. High pressure is needed to
stabilize the small Mn2+ cations in the highly coordinated A site of the perovskite structure and
the use of moderate pressures leads to the formation of ilmenite polymorphs.
These compounds were characterized by means of X-ray, high resolution neutron diffraction
and high resolution transmission electron microscopy. Their magnetic behavior, studied through
magnetization and magnetic susceptibility measurements at different temperatures and
magnetic field strengths show dramatic changes according to their different compositions and
crystal structures.
The ilmenite polymorphs crystallize with rhombohedral R-3 structure. A ferrimagnetic behavior is
observed for the M=Fe compound below TN=260 K. The magnetic structure can be described as
an antiparallel alignment of 2Mn2+ and Fe3+ with a propagation vector k=[0 0 0]. Surprisingly, a
second magnetic transition has been observed below T=50 K, becoming incommensurate by
developing a helical spin ordering ruled by a propagation vector k=[0 0 0.07] with the spins
confined to the ab plane [3]. In spite of their similar nuclear structures both oxides show quite
different magnetic structures below their ordering temperatures. The Mn2CrSbO6 oxide
develops immediately below TN=60 K a helical magnetic structure determined by k=[0 0 z] with
z being strongly temperature dependent [4].
Increasing pressure, perovskite structures crystallizing with the monoclinic P21/n space group
have been isolated. The M=Cr compound shows a simpler magnetic behavior than its ilmenite
counterpart, defined by antiferromagnetic interactions of Mn2+ and Cr3+ sublattices, giving rise to
a magnetic structure with k=[½ 0 ½]. On the other hand, the Mn2FeSbO6 perovskite presents a
complex magnetic behavior with short-range magnetic correlations being operative below 160 K
and giving rise to a hysteretic behavior of the resistivity. Below TN=60 K the magnetic structure
turns to an elliptical spiral with k=[0 0.426 0], where spins are confined to the ac plane [5].
[1] E. Climent-Pascual et al. Phys. Rev. B, 83, (2011), 174512.
[2] R. H. Mitchell, “Perovskites. Modern and Ancient”. Almaz Press, Ontario (2002).
[3] E. Solana-Madruga et al. unpublished work.
[4] A. J. Dos Santos-García et al. Dalton Trans. (2015), DOI: 10.1039/c4dt03849e.
[5] A. J. Dos Santos-García et al. J. Phys.: Condens. Matter, 25, (2013), 206004.
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Magnetic contrast neutron waveguide as a new tool for studying magnetism of complex
oxide heterostructures
Yu. N. Khaydukov1 , A.M. Petrzhik2 , L. Mustafa1 , I.V. Borisenko2 , A. Kalabukhov3 , D.
Winkler3 , T. Keller1 , G.A. Ovsyannikov2
1) Max-Planck Institute for Solid State Research, 70569, Stuttgart, Germany 2) Kotel’nikov
Institute of Radio Engineering and Electronics of Russian Academy of Sciences, 125009,
Moscow, Russia 3) Chalmers University of Technology, Department of Microtechnology and
Nanoscience, Gothenburg, S-41296, Sweden 4) Max Planck Society Outstation at FRM-II, D85747 Garching, Germany 5) Skobeltsyn Institute of Nuclear Physics, Moscow State University,
Moscow, Russia
* Yury Khaydukov, y.khaydukov@fkf.mpg.de
We propose a neutron waveguide based on magnetic contrast for studying the magnetic state
of complex oxide structures. Compared to conventional waveguides based on nuclear contrast
the magnetic contrast waveguides provides a very good depth selectivity of the different
resonance
modes.
As
experimental
example,
the
magnetic
state
of
Au(24nm)/La0.7Sr0.3MnO3(45nm)/LaMnO3(8nm)/SrRuO3(50nm)/NdGaO3 was studied using
Polarized Neutron Reflectometry. By covering the system with the layer of gold a waveguide
structure is created where the first and second resonance spin-flip peaks are sensitive mainly to
the magnetic state of the LSMO/LMO and SRO layers, respectively. Using this approach we
were able to detect a suppression of the 2nd waveguide peak at T < 130K after field cooling.
Such a suppression is interpreted as appearance of a small positive in-plane magnetic moment
of only 0.34 mB/Ru in the SRO layer.
Fig. (a) Model (solid lines) and experimental (dots) reflectivity curves measured at T = 160K, H
= 30 Oe. Arrows show positions of the 1st and 2nd waveguide peaks. Inset shows the depth
profiles of magnetization at 160K and 10K. (b) Model (solid lines) and experimental (dots)
reflectivity curves measured at T = 10K, H = 30Oe after cooling in H= 4.5kOe. Inset:
Temperature dependence of the area of the waveguide spin-flip peaks (dots). Solid lines are
drawn to guide eye. (c) and (d) are neutron densities at the waveguide modes and SLD profiles
for spin-down (c) and spin-up (d) neutrons.

21

ID: MSEP6-O4, 2015-09-03 12:45 - 13:00, Luis Galve Room
Magnetism, Superconductivity and other Electronic Phenomena
(Oral)
Influence of Fe addition on structural and magnetic properties of Mn49Ni42-xFexSn9
(x = 0, 2, 3, 4, 5 and 6) Heusler alloys
Patricia Lázpita1 , Volodymyr A. Chernenko2 , Jose Manuel Barandiarán3 , Irene UrcelayOlabarria3
1) University of Basque Country (UPV/EHU), Leioa 48940, Spain 2) University of Basque
Country (UPV/EHU), Leioa 48940, Spain; BCMaterials, Parque Tecnológico de Bizkaia, Ed.
500, Derio 48160, Spain; Ikerbasque, Basque Foundation for Science, Bilbao 48013, Spain 3)
University of Basque Country (UPV/EHU), Leioa 48940, Spain; BCMaterials, Parque
Tecnológico de Bizkaia, Ed. 500, Derio 48160, Spain
* Patricia Lázpita, patricia.lazpita@ehu.es
Recently, Mn-based Mn-Ni-X (X = In, Sb, and Sn) metamagnetic shape memory alloys
(MMSMAs) have become the focus of intense research due to the observation of magneticfield-induced martensitic transformation (MT) [1-2]. In these alloys a metamagnetic phase
transformation from a low magnetization martensitic phase to a high magnetization austenite
phase results in a large magnetization difference across the transformation, ∆M. Associated
with this behaviour, some interesting properties such as large magnetocaloric effect and giant
magnetoresistance effect have been reported [3], which make these alloys excellent candidates
for multifunctional applications. As in the case of the Ferromagnetic Shape Memory Alloys, the
martensitic structure, magnetic order and magnetic moment per formula unit, are extremely
sensitive to the composition of the alloys, and key parameters to develop these effects. With the
objective of increasing the ∆M and narrowing the temperature range of the magnetic field
induced martensitic transformation, it is essential understanding the role of the magnetic
moment contribution of the different atomic species in off-stoichiometric compounds.
In this work, a neutron diffraction study in a series of alloys with compositions Mn49Ni42-xFexSn9
(x = 0, 2, 3, 4, 5 and 6) was performed at the D1B diffractometer (ILL, Grenoble) in order to
elucidate the influence of the Fe addition on the martensitic transformation characteristics. In
these alloys, the addition of Fe instead of Ni induces a variation in the electronic concentration
that promotes both a change of structural parameters of MT and the magnetic order which, in
turn, influences ∆M.
The diffraction patterns reveal that the alloys doped with less than 5 % at. Fe show a structural
transformation, from a cubic high symmetry austenite phase, to a lower symmetry orthorhombic
martensitic phase. Some amount of the austenite phase still remains at 50 K (a temperature far
from MT). Moreover, the structural transformation temperatures and transformation volume
effect were determined from the temperature dependences of lattice parameters, and decrease
with the increment of the Fe content. The alloys containing 5 and 6 % at. Fe do not show clearly
MT whereby a high symmetry structure was found invariant down to 50 K.
References
[1] Advances in Shape Memory Materials, Ed. By V. A. Chernenko, Mat. Sci. Forum, 583, TTP
Switzerland, 2008
[2] Kainuma et al., Nature Materials, 439 (2006) 957
[3] Z. D. Han et al., Phys. Lett. 90 (2007) 042507
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Unusual Effect of the Cooling Speed on the Structural and Magnetic Behavior
of the Magnetic Ionic Liquid Dimim[FeCl4]
Imanol de Pedro1 , Abel García-Saiz1 , Jesus Angel Blanco2 , Maria Teresa Fernández Díaz3 ,
Oscar Fabelo3 , Jesus Rodríguez Fernández1
1) CITIMAC, Facultad de Ciencias, Universidad de Cantabria, 39005 Santander, Spain 2)
Departamento de Física, Universidad de Oviedo, 33007 Oviedo, Spain 3) Institut LaueLangevin, BP 156X, F-38042 Grenoble Cedex, France.
* Imanol de Pedro del Valle, depedrovm@unican.es
Magnetic ionic liquids are promising new materials that allow to add further features to the
typical properties of ILs: such as magnetic, photophysical/optical, or electrochromic behaviour,
which are due to the incorporated metal ions [1]. One of this compounds, Dimim[FeCl4], (Dimim
= 1,3 dimethylimidazolium) crystallizes in a P21 monoclinic space group at room temperature
[2]. Using suitable rates of cooling from room temperature (R.T), two crystalline states can be
obtained with different magnetic behaviours. The 1 (a) is achieved cooling down slowly (space
group P21/c). The second one, 1 (b), is found by quenching at 100 K from R.T inside a cryostat
(space group P212121). At low temperatures, the field-cooled molar susceptibility (Xm) measured
under 25 Oe increases by decreasing the temperature and reaches a maximum at
approximately 5.6 K and 3.1 K for 1(a) and 1(b) respectively, suggesting the existence of a longrange magnetic ordering (Fig. 1) in both phases. A comparative view of the high resolution
neutron powder diffraction patterns above (10 K) and below (2 K) the magnetic ordering
temperature of 1(a) reveals the occurrence of a long range magnetic ordering confirming the Xm
measurements. However, for 1(b) the comparative view of these patterns show only a very
broad diffuse background at low angles (Fig. 2). Therefore, the magnetic coupling through the
superexchange interactions [3], Fe-Cl··Cl-Fe, are modified by the cooling process. Here we
present a detailed study of the unusual effect of the cooling speed on the structural and
magnetic behavior of Dimim[FeCl4]. This study was carried out using several techniques, such
as dc magnetic susceptibility, heat capacity, Mössbauer spectroscopy, X-ray synchrotron and in
particular, neutron powder diffraction in order to have a wide insight about the magnetostructural correlations.
[1] (a) M. Okuhata, et al; Chem. Commun. 2013, 49, 7662-7664. (b) I. de Pedro, et al.; J. Phys:
Condens. Matter, 2010 22 296006. [2] A. García-Saiz, et al.; Chem. Eur. J. 2014, 20, 72-76. [3]
A. García-Saiz,et al;, Inorg. Chem. 2014, 53, 8384
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A study by neutron scattering and first principles calculations of the crystal structure
and magnetism of Y3Ni13B2, Y3Co13B2, and Y3Ni10Co3B2
Neculai Plugaru1 , Mihaela Valeanu1 , Rodica Plugaru2 , Javier Campo3
1) National Institute of Materials Physics, Atomistilor Str. 105bis, Magurele-Bucharest
077125,P.O. Box MG-07, Ilfov, Romania 2) National Institute for R&D in Microtechnologies,
Erou Iancu Nicolae Str. 126A, Bucharest 077190, P.O. Box 38-160, Romania 3) Material
Science Institute of Aragon, University of Zaragoza, C.S.I.C., E-50009 Zaragoza, Spain
* Neculai Plugaru, plug@infim.ro
The hexagonal Y3T13B2 compounds (T= Co, Ni) have arisen interest because they could exhibit
attractive magnetic properties for applications due to a smaller fraction of boron than in the
Rn+1Co3n+5B2n series [1-4]. In this contribution we present results obtained by neutron scattering,
x-ray diffraction and first principles calculations performed on the Y3Ni13B2, Y3Co13B2, and
Y3Ni10Co3B2 compounds. The neutron investigations were carried out at the Institute Laue
Langevin, on the Y3Ni13B2 and Y3Ni10Co3B2 phases, using the D20 diffractometer in the
phase
was
structurally
temperature
range
1.8–249
K.
The
Y3Co13B2
characterized by x-ray diffraction, at room temperature. The ab initio calculated local magnetic
moments were taken as initial values in the refinement of the magnetic contributions in Y3Ni13B2
and Y3Ni10Co3B2 at 1.8 K. Fully relativistic calculations within the Generalized Gradient
Approximation (GGA-PBE) were performed to determine the local spin and orbital magnetic
moments, as well as the MAE values of the compounds. All calculations were performed at the
equilibrium structure parameters. A weak in-plane magnetic anisotropy is predicted for Y3Ni13B2,
under the assumption of a crystallographic-like magnetic unit cell and collinear magnetic
moments. The calculations predict considerable c-axis anisotropy for Y3Co13B2 and
Y3Ni10Co3B2, but smaller than that of YCo5. The MAE values correlate well with both the
magnitude of the orbital magnetic moment and the orbital magnetic moment anisotropy. The
mixing between Co or Ni 3d states and B 2p states, observable at the bottom of the valence
band of the 3d metal having a boron atom nearest neighbor, decreases the 3d spin and
especially, the 3d orbital magnetic moments. Calculations performed within the Virtual Crystal
Approximation predict a significantly reduced MAE value, 0.96 meV/f.u., in the mixed
compound, contrasting the results of supercell calculations, 3.94 meV/f.u.. The Co and
Ni site averaged magnetic moments calculated in the mixed compound are in fair agreement
with the values obtained by the refinement of the magnetic contribution to the neutron spectra.
[1] N. Plugaru, J. Rubin, J. Bartolomé and V. Pop, Phys. Rev. B 71, 024433(1-13) (2005).
[2] C. Chacon and O. Isnard, Appl. Phys. A 74(1), S831 (2002).
[3] O. Isnard, M. D. Kuz’min, M. Richter, M. Loewenhaupt, and R. Bewley, J. Appl. Phys. 104,
013922 (2008).
[4] N. Plugaru, M. Valeanu, R. Plugaru, and J. Campo, J. Appl. Phys., 115(2), 023907 (2014).
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Multi-sensitive, “smart” microgels display a variety of properties that distinguish them from
colloidal particles as well as from (hyper-) branched polymers. The swelling of the soft microgels
can be controlled via the chemical composition as well as the morphology of the particle. The
size can respond to variations, e.g., of temperature, pH, pressure or solvent composition. The
porosity of the microgels allows for the uptake and release of guest species.
Hollow responsive microgels are particularly promising materials. The stimuli-sensitive void size,
shell thickness and permeability are of outmost relevance for the design of new, functional
vehicles.
We will discuss how structure and dynamics of responsive nanogels can be investigated by
means of Small Angle Neutron and X-ray Scattering and Neutron Spin Echo experiments
employing contrast variation, high presssure and time-resolved measurements. [1,2]
We demonstrate the structure-sensitivity dilemma: hollow nanogels with a slightly cross-linked
shell reveal distinct sensitivity but possess nearly no void and are thus hardly “hollow”.
Nanogels with a stiff shell are indeed hollow but less temperature-sensitive.[3]
The concept was extended to develop unique doubly temperature responsive hollow microgels
with individually tunable properties on the particle inside and outside.[4]
[1] Maccarrone, S.; Scherzinger, C.; Holderer, O.; Lindner, P.; Sharp, M.; Richtering, W.;
Richter, D. Macromolecules 2014, 47, 5982.
[2] Hofmann, C. H.; Grobelny, S.; Erlkamp, M.; Winter, R.; Richtering, W. Polymer 2014, 55,
2000.
[3] Dubbert, J.; Honold, T.; Pedersen, J. S.; Radulescu, A.; Drechsler, M.; Karg, M.; Richtering,
W. Macromolecules 2014, 47, 8700.
[4] Dubbert, J.; Nothdurft, K.; Karg, M.; Richtering, W. Macromol. Rapid Communications 2015,
36, 159.
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Microstructural characterization of polymer electrolyte membranes based on sulfonated
syndiotactic polystyrene in the δ co-crystalline and γ empty phases.
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Radulescu1
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* Aurel Radulescu, a.radulescu@fz-juelich.de
Syndiotactic polystyrene (sPS) is able to form different kinds of co-crystalline phases with guest
molecules of various size, shape, and property. Several advanced materials have been
produced starting from sPS co-crystalline films [1]. In particular, sulfonated sPS (s-sPS) can be
used as proton conductive membrane for fuel cells, as it presents high proton conductivity
(comparable with that of the Nafion), it shows a high chemical and thermo-mechanical stability
and it has a low cost [2]. The morphology of different sPS clathrates and the structural behavior
of s-sPS upon hydration can be more thoroughly understood by combining X-ray scattering and
FT-IR with SANS [3]. Exploiting the neutron contrast variation between different hydrogented
and deuterated components of sPS and hydrated s-sPS clathrates additional and unique
information about the distribution of guest molecules in the crystalline and amorphous regions
and about the hydrated domains in the polymer membrane can be obtained. Moreover, the
stretching of films leads to occurrence and distribution of scattering features from typical
morphologies on specific directions and sectors of detection plan, which enables an accurate
structural study of such complex polymeric systems.
A complete SANS investigation of uniaxially oriented sPS films, starting from their crystallization
with guest molecules, through thermal treatment for obtaining the guest-free γ phase and
followed by subsequent sulfonation and hydration, was carried out at the high-intensity SANS
diffractometer KWS-2 of the JCNS. This experimental analysis has highlighted that the
morphology of these polymeric membranes is characterized by hydrated channels in the
amorphous phase alternated to staples of crystalline lamellae, along the stretching direction.
[1] G. Guerra et al., J. Pol. Sci. B-Polymer Physics 50, 305, 2012.
[2] G. Fasano et al., Int. J. Hydrogen Energy 36, 8038, 2013.
[3] F. Kaneko et al., Polymer 54, 3145, 2013; Chemistry Letters (in press).
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Structure and Dynamics of Phospholipid Bilayers in Water Solution of Room
Temperature Ionic Liquids: a Combined Neutron Scattering and Computational Study
Antonio Benedetto1 , Pietro Ballone2
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* Antonio Benedetto, antonio.benedetto@psi.ch
A family of organic ionic compounds collectively known as Room-Temperature Ionic Liquids
(RTILs) have recently emerged as a new class of materials with extremely interesting properties
and multiple potential applications. RTILs are particularly promising as solvents, but applications
in electrochemistry, batteries, fuel and dye-sensitized solar cells, catalysis and lubrication are
being developed as well.
RTILs are often considered to be environmentally friendly or “green” compounds, but their
biological effects are not known in detail. Filling this gap in our understanding of RTILs is a
prerequisite to any major expansion of their usage in industrial processes, and could open new
vistas in pharmacology and in bio-medical technologies.
To progress along this path, we undertook the comprehensive investigation of RTIL interactions
with paradigmatic bio-structures, such as phospholipid bilayers, proteins and nucleic acids.
In all these systems, the molecularly thin layer of water in direct contact with bio-molecules
plays a major role in determining their properties and functions. In this context, ions dissolved in
water are needed to ensure the stability of bio-systems, and greatly contribute to their complex
behaviour. Because of their vast number and chemical variety, RTIL ions could provide a
powerful and flexible tool to influence the properties of water at the bio-molecules-electrolyte
solution interface, greatly expanding our control of biological processes.
Thus, our study concerns the microscopic mechanisms underlying RTIL effects on bio-systems
through their hydration water, and relies on the combination of neutron scattering and molecular
dynamics (MD) simulations. In all of these cases, the crucial aspect is represented by the
interplay of hydrophobic/hydrophilic conditions, and, eventually, all depends on the structure
and, especially dynamics, of hydrogen bonds. Both neutron scattering and computer simulation
are ideal tools to investigate these properties.
Neutron scattering, in particular, is our main technique because of its unique ability to measure
the structure and dynamics of hydrogen atoms, and because of its natural link with MD
simulations.
We present here the results for the interaction of short-tail, imidazolium-based RTIL molecules
with phospholipid bilayers [1,2]. Neutron reflectometry and MD simulations confirm the tendency
of imidazolium cations to be absorbed into the lipid phase. This has the effect of decreasing the
lipid/water interfacial tension and bending rigidity, enhancing the penetration of water into the
bilayer. Quasi-elastic neutron scattering, and, again, MD simulations carried out over an
extended range of temperatures reveal and partly explain apparent changes in the relaxation
time of water in close contact of the lipid head upon addition of RTIL molecules, that reflect
phase changes in the system.
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Shear thickening and onion formation of non-ionice surfactant solution and the effect of
charge
Michihiro Nagao1 , Youhei Kawabata2 , Shiori Kugizaki2 , Robert Bradbury1 , Katy Weigandt3 ,
Koichiro Sadakane4 , Hideki Seto5
1) Indiana University 2) Tokyo Metropolitan University 3) NIST Center for Neutron Research 4)
Ritsumeikan University 5) High Energy Accelerator Research Organization
* Hideki Seto, hideki.seto@kek.jp
A shear-induced lamellar to onion transition of a surfactant solution has attracted considerable
attention in these decades. Diat and Roux have shown that shear flow induces a transformation
from planer lamellar structure to multilamellar vesicles (onions) with a polyhedral shape, which
fill all the space without excess water and lead shear thickening. [1] In a nonionic surfactant
aqueous solution, pentaethylene glycol monododecyl ether (C12E5) and D2O, onion formation
associated with shear thickening is observed in 40 wt% C12E5 solution at T=55 Ԩ. [2] Effects of
charge on the nonionic surfactant mixture were investigated by adding ionic surfactant and
onion structure is induced by the suppression of Helfrich undulation of surfactant membranes.
[3]
Here we investigated the rheological behavior of a dilute solution of C12E5 (10 wt%) and D2O
and the effect of charge. We have already shown that a disordered structure of C12E5 and D2O
at T=59 Ԩ transforms to an ordered lamellar structure by adding an antagonistic salt such as
sodium tetraphenyl-borate (NaBPh4). An electrostatic interaction between surfactant
membranes caused by a heterogeneous distribution of anions and cations originates the
transformation as the effect of adding ionic surfactant sodium dodecyl sulfate (SDS). Figure 1
shows molar ratio between SDS and C12E5, S, dependence of viscosity as a function of shear
rate. It is clear that shear thickening is observed for all the samples measured including SDS
and a shoulder at 2 s-1 is observed for the sample without charged molecules. The present
SANS experiment confirmed that the lamellar layers are oriented parallel to the flow direction at
low shear rate, while onion structure is formed as evident by isotropic scattering pattern, which
is eventually broken by further increase of shear rate. This is the first evidence of the shear
thickening and the onion formation in the dilute solution of nonionic surfactant.
References
[1] O. Diat and D. Roux, J. Phys. II France, 3, 9 (1993).
[2] L. Gentile et al., Langmuir, 27, 2088 (2011).
[3] R. Dong, Z. Zhong, and J. Hao, Soft Matter, 8, 7812 (2012).
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On diffusivity landscapes in soft matter
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The concept of energy landscapes has been successfully and extensively applied for the
understanding of a broad range of phenomena in complex soft matter systems, such as the
glass transition and protein folding. However, many experimental accounts - e.g. single-particle
tracking, scattering methods and diffusion MRI - access dynamical properties, and not the free
energy landscape directly. Thus, it is important to understand and exploit the effects of
diffusivity landscapes, i.e. an inhomogeneous diffusivity and viscosity. First, we discuss
applicability, implications and limitations of the concept of diffusivity landscapes. Second, we
provide analytical approximate solutions for the diffusion equation in dynamically heterogeneous
environments. Third, the results can be connected to experiments on e.g. water diffusion in
hydration shells, or tracer diffusion through membranes or porous structures.
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Neutron reflectometry probes density profiles of proteins adsorbed onto polymer
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Emanuel Schneck1 , Audrey Schollier1 , Avi Halperin2 , Ida Berts1 , Michael Haertlein1 , Michele
Sferrazza3 , Giovanna Fragneto1
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The density profiles of proteins adsorbed onto poly(ethylene glycol) (PEG) brushes are
characterized by neutron reflectometry (NR). In contrast to conventional methods, NR allows
directly distinguishing among primary adsorption at the grafting surface, secondary adsorption
at the brush outer edge, and ternary adsorption to the polymer chains [1,2]. For hydrophobic
grafting surfaces, myoglobin (Mb) exhibits primary adsorption, which consists of two distinct
protein layers. The amount of Mb adsorbed in the inner layer is independent of the
polymerization degree N but varies with the grafting density s, while for the outer layer it is
correlated to the amount of grafted PEG and is thus sensitive to both N and s [1]. PEG
antibodies, whose implications in the field of biocompatible functionalization are still
underexplored, exhibit terminal binding to the chain end groups and form dense layers covering
the brush periphery. The precise structural information revealed by NR may help understanding
the mechanisms by which antibodies lead to brush failure in in-vivo applications. Structural
studies in general constitute a valuable basis for the rational design of protein-repellent surface
functionalization [2].
References
1. Schneck, E. et al. Langmuir, 2013
2. Schneck, E. et al. Biomaterials 2014
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Interaction of K+channel KcV with single model membranes
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We studied a viral K+ channel, Kcv, which is the smallest potassium channel known to be
expressed naturally in a eukaryotic cell, in interaction with biomimetic membranes. Neutron
reflectometry have been applied to study the structural changes induced by the presence of Kcv
on single model membranes. The protein insertion has also been studied in floating membrane
systems prepared by the Langmuir-Schaefer/Langmuir-Blodgett technique. The protein was
found to force the thickness of the hosting membranes and the powerful reflectometry technique
allowed us to reveal the geometry of insertion of the protein, characterized by a preferential
orientation. SAXS, WAXS and calorimetry have been also applied and showed that Kcv
presence affects the average local order of the hydrophobic chains and the lipid Pβ’ phase.

Rondelli V., Del Favero E., Motta S., Cantù L., Fragneto G., Brocca P., ‘Neutrons for
rafts, rafts for neutrons, European Physical Journal E 36 (2013) 73
Rondelli V., Fragneto G., Motta S., Del Favero E., Brocca P., Sonnino S., Cantù L.,
‘Ganglioside GM1 forces the redistribution of cholesterol in a biomimetic membrane’,
Biochimica et Biophysica Acta 1818 (2012) 2860
Rondelli V., Fragneto G., Motta S., Del Favero E., Cantù L., ‘Reflectivity from floating
bilayers: can we keep the structural asymmetry?’, Journal of Physics: Conference
Series 340 (2012) 012083
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The microscopic understanding of the excitation spectrum of He-4 as well as density- and spindensity fluctuations in liquid He-3 at T=0 K has reached a level where the agreement between
experiments and theory becomes quantitative. We have developed a dynamic version of the
Variational/Correlated Basis Functions Theory in which all correlations are timedependent. The theory implies a consistent treatment of single-particle and multi-particle
excitations. In particular multi-particle fluctuations, i.e. processes that describe
the dynamics of the short--ranged structure of the liquid, are essential for a correct description
of the physics in both He-4 and He-3. In He-4, the theory describes, besides the familiar
phonon-maxon-roton spectrum, also fine features like roton-roton, maxon-roton, and phononphonon coupling in quantitative agreement with recent high-precision neutron-scattering
experiments by Godfrin and collaborators. In He-3, we highlight the important connection
between fermionic exchange effects, spin-density fluctuations, and the single
particle spectrum.
1. C. E. Campbell, E. Krotscheck and T. Lichtenegger (2015). ``Dynamic Many-Body Theory:
Dynamic Many-Body Theory. Multiparticle Fluctuations and the dynamic structure of He-4.\'\'
Phys. Rev. B (submitted).
2. E. Krotscheck and T. Lichtenegger (2015). ``Dynamic Many-Body Theory: Single particle
properties, (spin-)density fluctuations, and exchange in normal-liquid He-3\'\' Phys. Rev. B (in
preparation).
3. Faak et al (1998). ``Temperature dependence of spin--density fluctuations in liquid $^3$He\'\'.
J. Low Temp. Phys. 110, 417--424.
4. H. Godfrin, Presentation at ECNS 2015

34

ID: FS-O1, 2015-09-03 12:00 - 12:15, Room 11
Fundamental Science
(Oral)
Fundamental physics possibilities at the European Spallation Source
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Presently the design of target-moderator-reflector system (TMR) of the future European
Spallation Source is being finalized. The ESS will be a long pulsed (2.86ms) neutron source
where neutrons are created by spallation due to a 2GeV proton beam impacting on a rotating
tungsten target.
As of yet, the components of the TMR system has not been sent to construction, but the design
is entering it\'s final phase, so now is the time to think ahead and consider applications of the
ESS in addition to neutron scattering for which it is built.
One important example would be as a Ultra Cold Neutron (UCN) source for studies of
fundamental physics – in particular to allow for precision measurements of the standard model
parameters governing the neutron decay.
Several possibilities of UCN moderator-extraction designs have been explored based on
implementation in the baseline monte carlo model of the target-moderator-reflector system of
ESS [1].
In addition to precision measurements of Standard Model parameters as a UCN source could
facility, also options to use the ESS to search for new physics beyond the Standard Model are
explored. In particular, the proposed neutron-anti-neutron oscillation experiment is discussed,
as well as the possibly to due a beam dump type experiment to search for “dark photons” - a
dark matter candidate.
[1] S. Peggs (executive editor), ESS Technical Design Report, ESS-doc-274, ISBN 978-91980173-2-8 (April 23, 2013).

URL:http://europeanspallationsource.se/documentation/tdr.pdf
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Uncertainty Relations and Quantum Cheshire Cats studied in Neutron Optics
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Neutron interferometry [1,2], where an interference effect of matter-waves passing through a
perfect silicon-crystal interferometer is observed, and neutron polarimetry (also referred to as
spin-interferometry) have established as a powerful tool for investigations of fundamental
quantum mechanical concepts using massive particles. The former technique enabled several
textbook experiments, such as demonstrations of the 4pi spinor symmetry of spin-1/2 particles,
spin superposition, gravitational and topological phase effects, as well as studies of intra-partite
entanglement, i.e., entanglement between different degrees of freedom. The latter was utilized
for demonstration of anti-commuting properties of Pauli spin matrices, topological phase
measurements, and tests of alternative theories of quantum mechanics.
Heisenberg’s uncertainty principle is probably the most famous statement of quantum physics
and its essential aspects are well described by formulations in terms of standard deviations.
However, a naive Heisenberg-type error-disturbance relation (EDR) is not valid in general. An
improved error-disturbance uncertainty relation, proposed in 2003 by Ozawa [3]. I will present
an overview of our neutron optical approaches [4] towards investigations of error-disturbance
uncertainty relations via a successive measurement of incompatible neutron spin observables.
Though universally valid Ozawa’s relations is not optimal. Recently, Branciard has derived a
tight EDR, describing the optimal trade-off relation between error and disturbance. Our
experimental results clearly demonstrate the validity of Ozawa’s and Branciard’s EDR and that
the original Heisenberg EDR is violated throughout a wide range of experimental parameters
[5].
In addition, a new counter-intuitive phenomenon, the so-called quantum Cheshire Cat [6], is
demonstrated in a neutron interferometric experiment [7]: If a quantum system is subject to a
certain pre- and post-selection, it can behave as if a particle and its property are spatially
separated. In our experiment weak values of the neutron’s path and spin are determined,
suggesting that for the successfully post-selected ensemble the neutrons go through one beam
path of the interferometer, while their spin travels along the other.
[1] H. Rauch and S.A. Werner, Neutron Interferometry, (Clarendon, 2000).
[2] J. Klepp, S. Sponar and Y. Hasegawa, Prog. Theor. Exp. Phys. 2014, 082A01 (2014).
[3] M. Ozawa, Phys. Rev. A 67, 042105 (2003).
[4] J. Erhart, S. Sponar, G. Sulyok, G. Badurek, M. Ozawa, and Y. Hasegawa, Nat. Phys. 8,
185 (2012).
[5] S. Sponar, G. Sulyok, J. Erhart, and Y. Hasegawa, Advances in High Energy Physics
2014, 735398 (2014).
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Molecular surgery techniques have been developed recently which provide novel samples in
suitable (~100 mg) quantities for neutron scattering. Fullerenes can be surgically opened,
loaded with small molecules and then closed to provide pristine, nano-scale objects. The range
of endofullerenes includes (to-date) single molecules of H2, H2O and HF entrapped in C60
while C70 can contain two H2 molecules. They are unique samples for studying quantum rotors
in extremely well-defined molecular environments and inelastic neutron scattering is the ideal
probe to determine the energy level diagrams, the life-times of the rotational states limited by
nuclear spin conversion and unexpected selection rules [e.g. 1-4].
Over and above the fundamental interest in these samples, quantum rotors provide a unique
opportunity to enhance nuclear magnetisation via the coupling between rotational and nuclear
spin states and therefore the sensitivity of NMR experiments, which is otherwise limited by the
strength of magnetic fields. The Zeeman splitting between proton spin states in a 10T magnetic
field is only ~500 MHz (25 mK). The strategy is to functionalise target molecules with
endofullerenes in which the nuclear spin will be manipulated based critically on the knowledge
determined from INS experiments. The fact that the quantum rotors are largely isolated from
their environment by the fullerene is key to these developments.
[1] A.J. Horsewill et al., Phys. Rev. Lett. 102, 13001 (2009)
[2] C. Beduz et al., Proc. Natl. Acad. Sci. 109, 12894 (2012)
[3] A.J. Horsewill et al., Phil. Trans. R. Soc. A. 371, 20110627 (2013)
[4] M. Xu et al., Phys. Rev. Lett. 113, 123001 (2014)
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Gravitation-induced quantum phase shift in a spin-echo neutron interferometer
Ad van Well1 , Victor de Haan2 , Jeroen Plomp1 , Yuji Hasegawa3 , Robert Dalgliesh4 , Nina
Steinke4
1) Delft University of Technology, Netherlands 2) Bonphysics, Netherlands 3) Vienna University
of Technology, Austria 4) ISIS, RAL, United Kingdom
* Ad van Well, a.a.vanwell@tudelft.nl
Several fundamental concepts in physics, such as particle-wave duality, equivalence of inertial
and gravitational mass, and the description of a gravitational field in quantum mechanics, play
an important role in this research. In an interferometer, the neutron De Broglie wave is
coherently split and later recombined. The difference in the Earth’s gravitational field in the two
paths results in a phase shift of the combined wave. In earlier experiments, a silicon singlecrystal Bonse-Hart type interferometer was used, resulting in a 1% discrepancy between the
theoretically predicted and experimentally determined phase.
We conducted an experiment [1] in a neutron interferometer where the neutron beam is
coherently split in two wave packets, representing the plus and minus spin state of the neutron.
By entering a tilted magnetic field both spin states experience opposite Zeeman potential
energy and refract differently. Due to this, the corresponding wave vectors will change both in
direction and magnitude (see figure). We performed experiments with splitting in both the
horizontal and vertical plane and measured a gravitation induced phase that agrees with an
accuracy of 0.1% with the theoretical one. Moreover, we showed that an inclination angle of the
interferometer with respect to the horizontal of 1 degree leads to a deviation of 1%.
[1] V.O. de Haan, J. Plomp, A.A. van Well, M.T. Rekveldt, Y.H. Hasegawa, R.M. Dalgliesh,
N.J. Steinke, Phys. Rev. A 89 (2014) 063611
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Nonstationary transformation of neutron energy by a moving grating
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The report gives a short review of the studies dedicated to the investigation and applications of
non-stationary quantum effects in neutron diffraction from moving periodic structures. The
studies were performed in 1994-2015.
The search for experimental possibilities to test the nonstationary Schrödinger equation has led
in the early nineties of the last century to the idea of a fast (quantum) neutron beam chopper of
periodic operation, which transforms a monochromatic plane wave into the nonstationary
superposition of waves with a discrete spectrum. It has been soon realized that a periodic
structure moving across the monochromatic neutron beam forms a similar spectrum.
At the same time an experiment was proposed to observe the quantum transformation of the
neutron spectrum using a gravity UCN spectrometer with Fabry-Perot interferometers. It was
performed in 2001. Besides the clear demonstration of nonstationary effects on the neutron
wave and the validity of the Galilean transformation of the wave function the experiment has
paved the way for developing new experimental methods. In particular it has been
experimentally demonstrated that by using an aperiodic moving structure it is possible to create
a time lens, which is a time analogue of the well-known Fresnel zone plate.
The progress in the gravity spectroscopy of the state arising in the UCN diffraction by a moving
grating (DMG) has led to the idea of a new type of gravity experiments with neutrons. The basic
idea was to compensate for the change in the energy of the neutron falling from a known height
in the Earth’s gravitational field by the known quantum of energy transferred to the neutron by a
moving grating. The experiment to test the weak equivalence principle for the neutron grounded
on this idea has been successfully performed a few years ago. The next-generation experiment
based on similar ideas is in progress now. During its implementation it has been realized that
the basic quantum phenomenon of NDD that underlies the experiment has not been well
studied either theoretically or experimentally. This fact has stimulated the appearance of new
theoretical results as well as the development of a new experimental method for observation of
discrete spectra at NDD, namely, time-of-flight Fourier diffractometry with UCN. The first spectra
of this kind have been successfully observed recently.
A unique feature of NDD is that the energy which is transferred to the neutron is exactly known
and the resulting spectra are strictly equidistant. This provides unique possibilities for realizing
experiments of absolutely new type. The idea of one of them will be briefly discussed in the final
part of the report.
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A neutron Electric Dipole Moment experiment (nEDM) - ultracold neutrons probing
fundamental symmetries of nature
On behalf of the nEDM collaboration at PSI
Geza Zsigmond1
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The search for a permanent neutron electric dipole moment with ultracold i.e. storable neutrons
(UCN) is one of the prominent experiments to test CP-violation at the low-energy precision
frontier. Extensions to the standard model (SM) can provide enough CP violation to
accommodate for the observed baryon asymmetry of the universe, while at the same time
predicting an nEDM in the range of 10^-26 to 10^-28 ecm. This is just below the last limit 2.9*10^-26
ecm [1] which was constrained by neutron counting statistics. A ten-to-hundred-fold
improvement in sensitivity of the nEDM experiment would be desirable to test new models
beyond the SM in the low energy range. The nEDM Collaboration of 14 European and US
institutes [2] is taking data at the superthermal UCN source at Paul Scherrer Institut [3] aiming
to lower the current best nEDM limit by several factors with potential for discovery of a finite
value. The final scope of the collaboration is an additional factor 10 improvement with a newly
designed instrument. First data analysis efforts, connected systematics calculations, and
research for the new apparatus will be briefly presented. We will also report on UCN spin echo
measurements and their use for nEDM experiments.

[1] C.A. Baker et al.,Phys. Rev. Lett 97 (2006) 131801
[2] http://nedm.web.psi.ch
[3] http://ucn.web.psi.ch
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State and Materials Research, Helmholtzstraße 20, 01069 Dresden, Germany 4) The University
of Tennessee, College of Engineering, Knoxville, TN 37996-2313, USA
* Nikolay Kardjilov, kardjilov@helmholtz-berlin.de
Neutron imaging is a direct method for non-destructive investigations of objects in science and
technology. New innovative methods for neutron imaging are being developed which connect
real space with reciprocal space approaches. This allows for simultaneous investigations of
micro and nanostructures in bulk materials.
New high resolution detector systems already allows for investigations of microsystems with
spatial resolutions down to 20 µm. The combination of high spatial resolution with innovative
imaging methods – that accentuate certain contrast mechanisms – allow for direct visualization
of features such as magnetic domains, stress and strain fields, texture related areas,
heterogeneous microstructures and so on. The step towards nano-resolution can be made with
the help of imaging methods which connect the real with the reciprocal space like grating
interferometry and Bragg-edge mapping in propagation geometry.
Neutron Imaging distinguishes itself from other modalities (for example synchrotron and
laboratory photons) by imaging large objects at length scales of relevance to engineering,
geology, and cultural heritage community, providing detailed information on solid state, porosity,
cracks, crystalline phase, some indication of texture, and has the unique ability to map light
elements (hydrogen, carbon) inside high z-materials.
Results from neutron imaging and scattering experiments will be presented and discussed.
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1) European Spallation Source
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This contribution presents briefly the current status of detectors for the ESS instruments, and
outlines the timeline to completion. These instruments present numerous challenges for
detector technology in the absence of the availability of Helium-3, which is the default choice for
detectors for instruments built until today and due to the extreme rates expected across the
ESS instrument suite. Additionally a new generation of source requires a new generation of
detector technologies to fully exploit the opportunities that this source provides. To meet this
challenge at a green-field site, the detectors will be sources from partners across Europe
through numerous in-kind partners; a process that is somewhat novel for the neutron scattering
community.
Based upon chosen instruments and submitted instrument concepts, a recently updated
snapshot of the current expected detector requirements for the ESS instrument suite is
presented. A strategy outline as to how these requirements might be tackled by novel detector
developments is shown. In terms of future developments for the neutron community, synergies
should be sought with other disciples, as recognised by various recent initiatives in Europe, in
the context of the fundamentally multi-disciplinary nature of detectors. This strategy has at its
basis the in-kind and collaborative partnerships necessary to be able to produce optimally
performant detectors that allow the ESS instruments to be world- leading. This foresees and
encourages a high level of collaboration and interdependence at its core, and rather than each
group being all-rounders in every technology, the further development of centres of excellence
across Europe for particular technologies and niches.
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The globally increased demand of Helium-3 along with the limited availability for this gas asks
for the development of alternative technologies for the large ESS instrumentation pool.
We report on the CASCADE Project [1] - a novel detection system, which has been developed
for the purposes of neutron spin echo spectroscopy. It features 2D spatially resolved detection
of thermal neutrons at high rates. The CASCADE detector is comprised of a stack of solid 10B
coated Gas Electron Multiplier (GEM) foils, which serve both as a neutron converter and as an
amplifier for the primary ionization deposited in the standard Argon-CO2 counting gas
environment. This multi-layer setup efficiently increases the detection efficiency to serve as a
Helium-3 alternative.
For the application in MIEZE spin echo techniques with interference patterns in the order of
millimetres it has furthermore been managed to extract the signal of the charge traversing the
stack to identify the very thin conversion layer of about 1μm. This allows to precisely determine
the time-of-flight [2].
The detector concept and measurements results will be presented.

[1] M. Klein, C.J. Schmidt, Nucl. Instr. and Meth. A 628 (2011) 9-18
[2] W. Häussler et al., J. Phys.: Conf. Ser. 251 012067 (2010)
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Neutron diffractometers are part of the instrument suite of all current major neutron facilities.
The extensive applications of neutron diffraction in material science, physics, chemistry,
mineralogy, and engineering led naturally to the decision that the ESS diffraction reference suite
1
as presented in the TDR shall be covered by five instruments. These instruments must be able
to use efficiently the long and intense ESS pulse. This implies that the detector system must be
able to cope with a high dynamic range of intensities emitted by the sample. This high dynamic
range results from a broad range of scattering cross-sections of samples and the high neutron
flux envisaged at the ESS.
During the selection round in 2014, three diffraction instruments were recommended by the
ESS Scientific Advisory Committee to enter the preliminary construction phase in 2015-2016.
Results of McStas or Vitess simulations of the proposed instrument concepts indicate that the
expected fluxes on the samples are up to two orders of magnitude larger than the current limit
at other neutron scattering facilities. In this paper we will review and discuss in detail the rate
requirements for the detection systems at the future ESS diffractometers and compare them to
real data from reference samples taken at existing instruments. Based upon these findings, we
will also present the strategy for detector and readout electronics developments by ESS and InKind partners in order to meet the high rate capability and other detector requirements for
neutron diffraction instruments.
1

ESS Technical Design Report, 2013, http://eval.esss.lu.se/cgibin/public/DocDB/ShowDocument?docid=274.
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Polarisation and analysis for the new thermal time of flight spectrometer, TOPAS, at the MLZ
will be a highly demanding application of polarised 3He neutron spin filter techniques. The
approach for TOPAS will build on experience within the JCNS in the areas of in-situ polarisation
of 3He gas, 3He neutron spin filter glass cells, and magnetic systems and modelling
thereof. Given the complexity of the installation, and the use of up to 150 meV neutrons a
holistic approach must be used. The "PASTIS" style magnetic system must be integrated with
an optimal neutron spin filter cell, and sample environment that allows the proper work flow of
using such cells. The neutron guide field must be integrated with the various vacuum shutters
and chopper systems on TOPAS while maintaining both good neutron polarisation transport for
the 7000 m/s incident neutrons on TOPAS and maintaining magnetic field compatibility with the
polarised 3He cell. The incident beam polariser must similarly be integrated with the neutron
optics and mechanics of the insident beam. This talk will present our approach and current
progress towards the realization of polarization analysis for TOPAS.
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After several years of development and industrial activity, Scientifica International has
developed a novel platform for the development and manufacturing of Position Sensitive
Neutron Detectors (PSNDs) based on scintillating materials.
This platform comprises knowledge and technology along all the PSND development chain:
mechanical design capabilities for the detector and components design; manufacturing means
and know-how to be able to manufacture detectors and detector components; electronics
development capabilities to supply specific discrimination, read-out and power supply
electronics; and software development capabilities to provide control and data management.
Scientifica can, therefore, adapt the platform to the needs of facilities, offering the means to
cope with a variety of different tasks where necessary.
In this presentation a detailed description of the capabilities of sample detectors developed with
this technology will be presented, together with the explanation of the results obtained from
tests in operation under various conditions on neutron sources.
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A neutron detection concept is presented that is based on superconductive niobium (Nb) strips
coated by a boron (B) layer. The working principle of the detector relies on the nuclear reaction
n+10B→α+7Li , with α and 7Li ions generating a hot spot on the current-biased Nb strip which in
turn induces a superconducting-normal state transition. The latter is recognized as a voltage
signal which is the evidence of the incident neutron. The above described detection principle
has been experimentally assessed and verified by irradiating the samples with a pulsed neutron
beam at the ISIS spallation neutron source (UK). It is found that the boron coated
superconducting strips, kept at a temperature T = 8 K and current-biased below the critical
current Ic, are driven into the normal state upon thermal neutron irradiation. As a result of the
transition, voltage pulses in excess of 40 mV are measured while the bias current can be
properly modulated to bring the strip back to the superconducting state, thus resetting the
detector. Measurements on the counting rate of the device are presented and the basic physical
features of the detector are discussed

48

ID: NI7-O7, 2015-09-03 18:00 - 18:15, Mozart Room
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software
(Oral)
Characterization of 10B4C coatings and application in alternative neutron detectors
Gregor Nowak1 , Michael Störmer1 , Reinhard Kampmann2 , Christian Horstmann1 , Martin
Haese-Seiller1 , Jean-Francois Moulin1 , Hans-Werner Becker3 , Jochen Fenske1 , Heinz-Günter
Brokmeier4 , Premysl Beran5 , Jörg Burmester1 , Petr Lukas5 , Martin Müller1 , Richard HallWilton6 , Andreas Schreyer1
1) Helmholtz-Zentrum Geesthacht, Geesthacht, Germany 2) DENEX – Detectors for Neutrons –
GmbH, Stöteroggestr. 71, 21339 Lüneburg, Germany 3) Ruhr-Universität Bochum, RUBion,
Universitätstr. 150, 44780 Bochum, Germany 4) Technical University of Clausthal, ClausthalZellerfeld, Germany 5) Nuclear Physical Institute ASCR, Hlavní 130, 25068 Řež ,Czech
Republic 6) European Spallation Source ESS AB, P.O Box 176, SE-221 00 Lund, Sweden
* Gregor Nowak, Gregor.Nowak@hzg.de
For neutron detection in scientific and industrial applications, detectors based on 10B4C thin films
are envisaged to replace conventional 3He counters. These replacement efforts are triggered by
the extreme limited availability and raising price for 3He. Therefore, thin-film preparation and
analysis of 10B4C coatings are in the focus of R&D for novel detector systems using conversion
layers containing 10B. The Helmholtz-Zentrum Geesthacht (HZG) operates a unique facility for
magnetron sputter deposition of large-area single and multilayer coatings (up to 1500 mm x 120
mm) as needed at FEL and synchrotron sources. Neutron conversion layers of 10B4C have been
deposited with thicknesses of up to 2 μm on Si and up to 10 µm on Al substrates with this
facility. The 10B4C coatings show excellent adhesion to the selected substrates. The achieved
thickness uniformity was determined to be less than 2 % over the entire deposition area.
Furthermore, the magnetron sputter process has been applied to coat thin Al substrates with a
thickness of 0.3 mm and lateral dimensions of 1430 mm x 100 mm with 1.2 µm of 10B4C. The
chemical and isotopic compositions of the 10B4C coatings were investigated by means of XPS,
SIMS, and RBS [1]. The manufactured coatings have been applied in two neutron detector
concepts studies based on inclined (A1-CLD) and perpendicular neutron incidence (Am-CLD) of
the neutrons on thin film converter. The neutron detection efficiency was tested at the ToFbeamline REFSANS at MLZ (Munich). At small angles of incidence (αi = 1°- 2°) of the neutron
beam with respect to the converter surface a quantum efficiency of up to 80 % (compared to an
1 inch 3He tube (10 bar)) was measured for a 1.2 μm thick 10B4C converter coating. The
achieved position resolution by the investigated detector concepts ranges from 4 mm down to
sub-mm range. In summary, the results demonstrate the high potential of the investigated
detector concepts based on the magnetron sputtered 10B4C converter coatings for cold and
thermal neutrons. The achieved detector performances for both detector concepts open a 3Hefree detector alternative for diffraction beamlines at the ESS. A possible detector configuration,
including read-out electronics developed by HZG Electronic Department (HZG-TKE), as an
example for a detector system at the engineering diffractometer (BEER) will be presented. This
activity is performed as an in-kind contribution to the ESS instrumentation, and is part of the
German support to the ESS Pre-Construction Phase and Design Update.
[1] G. Nowak, M. Störmer, H.-W. Becker, C. Horstmann, R. Kampmann, D. Höche, M. HaeseSeiller, J. - F. Moulin, M. Pomm, C. Randau, U. Lorenz, R. Hall-Wilton, M. Müller, A. Schreyer,
J. Appl. Phys. 117, 034901 (2015)
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Most of the Large Area Neutron Detectors used for TOF instruments are based on linear 3He
PSDs (Position Sensitive Detectors) mounted side by side to cover tens of m2. As a result of the
3
He shortage, the volume of gas needed to build one of these instruments is not accessible
anymore. In 2008, the development of alternative techniques without 3He has been given high
priority to secure the future of neutron scattering instrumentation.
One of the promising alternatives is the Multi-Grid, introduced at the ILL in 2009, and developed
in close collaboration between ILL and ESS. This detector is composed of several independent
modules mounted side by side to cover a fraction of a cylinder centred on the sample position.
A module is composed of segmented boron-lined proportional counters mounted in a gas
vessel; the counters, of square section, are assembled with Aluminium grids electrically
insulated and stacked together.
This design provides two advantages: First, magnetron sputtering techniques can be used to
coat B4C films on planar substrates, and second, the neutron position along the anode wires
can be measured by reading out the grid signals with shaping-amplifiers/discriminator circuits.
Unlike charge division localisation in linear PSDs, the individual readout of the grids allows
operating the Multi-Grid at a low gas amplification gain, hence this detector is tolerant to
mechanical defects and its production accessible to laboratories equipped with standard
equipment.
Prototypes of different configurations and sizes have been developed and tested by ILL and
ESS. A demonstrator, with a sensitive area of 0.8 m x 3 m, has been studied during the CRISP
European project (2011 - 2014); it contains 1024 grids, and a surface of isotopically enriched
B4C film close to 80 m2. The size of the detector, the surface of convertor films, as well as the
number of detection elements (grids and wires) required a rigorous organisation of the tasks.
Another challenge was to make the gas chamber mechanically compatible with operation in a
vacuum TOF chamber. Optimal working condition of this detector was achieved by flushing ArCO2 at a pressure of 50 mbar, and by applying 400 Volts on the anodes. This low gas pressure
allows to greatly simplifying the mechanics of the gas vessel in vacuum, and to minimise the
gamma sensitivity.
The detection efficiency has been measured with high precision for different film thicknesses.
52% has been obtained at 2.5 Angstrom, in good agreement with the MC simulation. By using
the TOT-COG algorithm (Time Over Threshold - Center Of Gravity) for signals measured on
neighbouring grids, we could achieve a position resolution significantly better than the vertical
dimension of the grids.
The principle of the detector will be recall, the fabrication process will be described, and
experimental results will be presented.
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An almost-zero thermal expansion is an intriguing physical property of solids, which is a
consequence of a complex interplay between the lattice, phonons, and electrons. The original
work of Ch. E. Guillaume on the Invar effect in FeNi alloys has stimulated a great deal of activity
that remains widespread cutting-edge research in both experimental and theoretical aspects.
The reason for this increasing interest is two-fold. First, the observation of Invar anomalies
remained by no means bound to only ferromagnetic fcc FeNi alloys, besides it was found in
antiferromagnetic binary, ternary or multicomponent alloy systems with crystal structures of
lower symmetry than the cubic one, or even in amorphous materials. Second, although the
name Invar resulted from the anomaly in the thermal expansion, a broad variety of physical
anomalies have to be considered because of the existence of Invar effect. Interestingly, a large
number of Invar materials have been found in various types of functional materials. In this talk, I
will review some of contributions neutron and x-ray scattering have made to unravel the nature
of Invar alloys. The emphasis will be on both magnetic neutron and x-ray scattering techniques.

Acknowledgments:
Financial support from Spanish MINECO Grants No. MAT2011-27573-C04-02 and FC-15GRUPIN14-037 has been received.
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Adiabatic demagnetization is enjoying a revival as a procedure for refrigeration in the
temperature range of liquid helium (LH), due to the increasing prix of 3He, necessary for other
technologies, mainly 3He/4He dilution. In the fifties, the classical strategy to design good
materials for this purpose was to dilute high spin magnetic atoms in a wide matrix of inert atoms
preventing the ordering via dipolar or exchange interactions, down to very low temperatures.
That is so in order to reach the lowest possible temperatures. In this sense a reference
compound is GGG ( Gd3Ga5O12), with no long-range ordering above 0.35 K and and isothermal
entropy decrement -∆ST near 40 J/kg.K for a field increment of 7 T.
Another strategy is to design compounds with a high magnetic density and frustrating crystal
structures, consequently powerful refrigerants and moderate ordering temperatures, near 1 K,
low enough for the LH range. In this sense Gd(HCOO)3 (TN = 0.78 K) was the record of
entropy decrement -∆ST =53 J/kg.K for the same field [1]. Very recently a much higher value ∆ST = 62 J/kg.K has been reported for GdPO4 (monazite structure) and TN = 0.77 K.
Surprisingly the zircon-type compounds GdVO4 (TN = 2.5 K) and GsAsO4 (TN = 1.5 K) have
much higher ordering temperatures, ins spite of larger Gd-Gd distances. We think the different
structure type is the key.
The magnetic structure can be studied by hot neutron diffraction, avoiding the huge absorption
cross section of Gd for thermal neutrons. We did single crystal diffraction (ILL instrument D9) on
GdPO4 [2], Gd(HCOO)3 and GdVO4, resulting very different magnetic structures in all cases.
GdPO4 and Gd(HCOO)3 order by dipolar interaction but as a non-collinear antiferromagnet in
the former case and in ferromagnetic chains in the last one. In both cases the structure results
of a competition of the dipolar (the strongest), exchange and anisotropy energies. Contrarily
GdVO4, orders at much higher temperature in a simple collinear antiferromagnetic way by
exchange interaction.
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Small-angle neutron scattering (SANS) is a very powerful technique for the investigation of
magnetic materials, since it provides information from within the bulk of magnetic media and on
a length scale between a few nanometers and a few hundred of nanometers (~ 1-300 nm). In
this talk, we summarize recent theoretical and experimental work in the field of magnetic SANS
of bulk ferromagnets [1-3]. The response of the magnetization to spatially inhomogeneous
magnetic anisotropy and magnetostatic stray fields is computed using micromagnetic theory,
and the ensuing spin-misalignment SANS is deduced. This approach — originally pioneered by
Kronmüller, Seeger, and Wilkens [4] — goes beyond the traditional description of SANS in
terms of particle form and structure factors. Analysis of experimental magnetic-field-dependent
SANS data corroborates the usefulness of the approach, which provides important quantitative
information on the magnetic-interaction parameters such as the exchange-stiffness constant,
the mean magnetic anisotropy field, and the mean magnetostatic field due to jumps ∆M of the
magnetization at internal interfaces. Besides the value of the applied magnetic field, it turns out
to be the ratio of the magnetic anisotropy field Hp to ∆M, which determines the properties of the
magnetic SANS cross section of bulk ferromagnets; specifically, the angular anisotropy on a
two-dimensional detector (see figure below), the asymptotic power-law exponent, and the
characteristic decay length of spin-misalignment fluctuations. Unpolarized and polarized neutron
data on hard and soft magnetic nanocomposites will be discussed.
[1] A. Michels, Journal of Physics: Condensed Matter 26, 383201 (2014).
[2] D. Honecker and A. Michels, Physical Review B 87, 224426 (2013); D. Honecker et al.,
Physical Review B 88, 094428 (2013).
[3] E.A. Périgo, E.P. Gilbert, K.L. Metlov, and A. Michels, New J. Phys. 16, 123031 (2014); E.A.
Périgo, E.P. Gilbert, and A. Michels, Acta Mater. 87, 142-149 (2015).
[4] H. Kronmüller, A. Seeger, and M. Wilkens, Zeitschrift für Physik 171, 291 (1963).
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Probing antiferromagnetic order in NiO nanoparticles: a combined neutron diffraction
and x-ray absorption spectroscopy investigation
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* Natalia Rinaldi-Montes, nataliarin@gmail.com
Nanostructures often appear to play by a different set of physical mechanisms compared to
those governing bulk materials. Size reduction down to nanometer scale may change the
mechanical, thermal, electrical or magnetic properties of the material. In particular, a handful of
magnetic system in nanoparticle (NP) shape often display a core/shell structure greatly
influenced by surface atoms. This structure gives rise to a rich variety of behaviors due to
interfacial coupling and also to subtle modification of the atomic arrangements. This is more the
case whenever the NP is very reduced in size. Among all, NPs made up of materials that are
antiferromagnetic (AFM) in their bulk form constitute ideal systems for studying finite size
magnetism. As AFM materials need a high degree of symmetry in order to maintain a balanced
magnetic structure, their magnetic behavior experiences noticeable changes when reducing
size.
In this work we perform a structural and magnetic joint analysis to show how the magnetic
response of a paradigmatic AFM bulk material like NiO (with a Néel temperature of 523 K) can
change drastically at the nanometric scale [1]. By combining x-ray and neutron diffraction, x-ray
absorption spectroscopy and magnetic measurements, we show that the progressive reduction
of the NP diameter induces border effects such as average undercoordination, bond relaxation
and static disorder. The competing scenario between surface spin frustration and the expected
AFM order typical of bulk NiO results in different size-dependent magnetic behaviors. As
decreasing the NP diameter, a spin glass (SG)-like state originates at the surface of the NPs
and, if the NPs are smaller than 4 nm, the magnetic disorder affects the whole particle and no
AFM core is formed. The presence/absence of an inner AFM region is crucial for understanding
the phenomenology of the SG-like state and the appearance and features of the exchange bias
effect.
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allocating beam time for neutron diffraction and x-ray absorption experiments, respectively.
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Multi-k magnetic order in Ca3CuNi2(PO4)4: representation approach and Shubnikov
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The multi-k magnetic structures with propagation vectors k being the arms of the propagation
vector star rarely can be justified experimentally. We show that the antiferromagnetic structure
in the low dimensional quantum spin trimer system Ca3CuNi2(PO4)4 is based on the full star of
propagation vector k=[1/2,1/2,0] of the paramagnetic space group C2/c. The relation between
representation analysis in the propagation vector formalism and Shubnikov magnetic space
group (MSG) symmetry is examined in details. A symmetry restrictive MSG that excellently fits
the experimental data can be constructed only with the use of the full star. To further prove the
specific magnetic structure we have performed the calculations of the spin expectation values in
the isolated Ni2+–Cu2+–Ni2+ trimer with realistic Hamiltonian. The calculated spin values 〈SNi
〉 = 0.9 and 〈SCu〉 = 0.3 are within 10% accuracy in agreement with the experiment,
providing a strong complementary argument in favor of a multi-arm magnetic structure.
V. Pomjakushin 2014 J. Phys.: Condens. Matter 26 496002
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Observation of a crossover in the magnetic correaltions between a superspin glass and a
superferromagnet
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Magnetic nanoparticles (MNP) present appealing properties for applications, such as the
increasing the capacity of magnetic storage media, improving the contrast for magnetic
resonance imaging and even the possible treatment of cancer through magnetic hyperthermia
[1,2,3]. To achieve such ambitious goals, it is of paramount importance to understand the
influence of the interactions between the nanoparticles.
MNP ensembles present very different behaviours when the strength of the interactions
between the nanoparticles change. Superparamagnetism is found when the interaction are
negligible, a superspin glass (SSG) state when the magnetic ground state is frozen at low
temperatures, and finally superferromagnetism (SFM) when most of the MNP are
spontaneously aligned [4,5].
In this work we have studied the crossover between SSG and SFM [5] in nanogranular
FexAg100-x (7<x<45 %) thin films. One of the main open questions in these systems is how the
magnetic correlation length changes in the different regimes and its dependence on
temperature. To explore it, we have performed non-linear susceptibility and small angle neutron
scattering (SANS) measurements with varying temperature and magnetic field in samples with
x=15,35%, which respectively present SSG and SFM behaviour [6].
The real non-linear susceptibility shows how in the case of the SSG sample a sharp peak is
present, as is typical for glassy systems. The Fe35Ag65 displays a more rounded peak which
decreases with increasing frequency. At the highest frequency available, the shape of the curve
changes, reproducing the archetypical shape of conventional ferromagnets. The increase
of the SANS magnetic intensity when reducing the temperature (see Fig. 1) shows how the
magnetic correlation length grows when reducing the temperature in both SSG and SFM
system. More interestingly, we have been able to estimate (through the simple formula D =2π/Q
) the magnetic correlation length that spontaneously arises in both systems. In the case of the
Fe15Ag85 the magnetic correlation length spans 15 nm, where in the case of the case of the
SFM sample it exceeds several hundreds of nanometres.
Bibliography:
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[2] J. Dobson, Nature Mater. 11, 1006 (2012).

56

[3] S. Mørup, M. F. Hansen and C. Frandsen, Comprehensive Nanoscience and Technology 1,
437 (2011).
[4] D. Alba Venero, L. Fernández Barquín, J. Alonso, M. L. Fdez-Gubieda, L. Rodríguez
Fernández, R. Boada and J. Chaboy, J. Phys.: Condens. Matter 25, 276001 (2013).
[5] J. Alonso, M. L. Fdez-Gubieda, J. M. Barandiarán, A. Svalov, L. Fernández Barquín, D. Alba
Venero and I. Orue, Phys. Rev. B 82, 054406 (2010).
[6] D. Alba Venero, S. E. Rogers, S. Langridge, J. Alonso, A. Svalov, M.L. Fdez-Gubieda and L.
Fernández Barquín. Submitted to Phys. Rev. B

57

ID: MSEP7-O6, 2015-09-03 17:45 - 18:00, Luis Galve Room
Magnetism, Superconductivity and other Electronic Phenomena
(Oral)
Neutron diffraction studies of magnetic order in the core-shell nanosystem FexO/Fe3O4.
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The FexO/Fe3O4 system demonstrates a broad dispersion of magnetic properties observed by
different methods. Neutron diffraction investigation of the smallest and largest FexO/Fe3O4
core/shell nanoparticles (9 nm and 45 nm) reveal a non-stoichiometric Fe0.8O core for the
smaller particles, which leads to the non-magnetic character of the FexO core. While the larger
core Fe0.95O exhibits an antiferromagnetic behaviour. In both cases, the magnetite shell displays
an usual ferrimagnetic order.
It was shown that the moments in the FexO core deviate from the [111] direction observed in the
bulk and are aligned along the [110] axis. The large enhancement of Neel temperature in the
core with respect to the bulk value was observed as well. The different mechanisms, which can
be responsible for these peculiarities are discussed.
M. Estrader, A. López-Ortega, I.V. Golosovsky, S. Estradé, A.G. Roca, G. Salazar-Alvarez, L.
López-Conesa, D. Tobia, E. Winkler, J.D. Ardisson, W.A.A. Macedo, A. Morphis, M. Vasilakaki,
K.N. Trohidou, A. Gukasov, I. Mirebeau, O.L. Makarova, R.D. Zysler, F. Peiró, M.D. Baró, L.
Bergström, and Josep Nogués, "Origin of the Large Dispersion of Magnetic Properties in
Nanostructured Oxides: FexO/Fe3O4 Nanoparticles as a Case Study", Published on-line,
NanoScale, DOI: 10.1039/c4nr06351a, 2015.
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Spin ice physics in the new spinel material CdEr2Se4
Shang Gao1 , Oksana Zaharko2 , Tom Fennell2 , Martin Ruminy2 , Vladimir Tsurkan3 , Jorge
Lago4 , Björn Fåk5 , Antonio Cervellino6 , Christian Rüegg1
1) Laboratory for Neutron Scattering and Imaging, Paul Scherrer Institut & Department of
Quantum Matter Physics, University of Geneva, Switzerland 2) Laboratory for Neutron
Scattering and Imaging, Paul Scherrer Institut, Switzerland 3) Experimental Physics V,
University Augsburg & Institute of Applied Physics, Academy of Sciences of Moldova, Republic
of Moldova 4) Department of Inorganic Chemistry, Universidad del País Vasco, Spain 5) Institut
Laue-Langevin, France 6) Swiss Light Source, Paul Scherrer Institut, Switzerland
* Shang Gao, shang.gao@psi.ch
The formation of spin ice is a well-established phenomenon in pyrochlore oxides like Ho2Ti2O7
and Dy2Ti2O7. In these compounds, the crystal field constrains the spins to point \'in\' or \'out\' of
the tetrahedron along the local <111> cubic axis and the dominant dipolar interaction imposes a
strong \'two-in-two-out\' ice rule. Such a state possesses excitations of emergent magnetic
monopoles and further study calls for identification of new classes spin ice compounds.
Recently, the spinel material CdEr2Se4 was proposed to be the first spin ice outside the rare
earth pyrochlore oxide paradigm [1]. In this compound, the Er3+ ions occupy the spinel B sites
and form a corner-sharing network of tetrahedra, as in the rare-earth titanate pyrochlores.
Specific heat measurements verified the zero-point entropy of (R/2)ln(3/2), and magnetization
measurements demonstrated the Ising spin symmetry [1]. Here we present microscopic proofs
for this new spin ice state based on neutron scattering experiments.
Neutron inelastic scattering experiments were performed on the IN4 and IN6 time-of-flight
spectrometers at ILL. The crystal electric-field parameters and the wave functions for the
ground state were determined using the McPhase program [2]. A strong Ising character of the
ground state is identified, and the energy gap for the first excited state is relatively high (3.96
meV). This ensures the validity of the Ising model, which is a prerequisite for the spin ice state.
Integration of the data around the elastic line reveals Q-dependent diffuse scattering patterns at
different temperatures. Below 25 K, strong diffuse scattering is observed and finally leads to two
-1
broad peaks centered around 0.6 and 1.4 Å at 2 K. Monte Carlo simulations implemented with
the ALPS program [3] for the dipolar spin ice model [4] were used to fit the pattern. The
resulting ratio for the nearest-neighbor dipolar interaction Dnn to the exchange coupling Jnn is
|Dnn|/|Jnn| = 6.50, which agrees very well with estimates from bulk measurements and
corroborates the dominance of the ferromagnetic dipolar interactions.
As a conclusion, our crystal field study confirms the Ising character of the Er3+ spin and diffuse
scattering data proves the dominance of dipolar interactions in CdEr2Se4. In this way, we
establish the first microscopic evidences that CdEr2Se4 is a novel spin ice.
[1] J. Lago et al., Phys. Rev. Lett. 104, 247203 (2010)
[2] McPhase: http://www.mcphase.de
[3] Bauer et al., J. Stat. Mech. P05001 (2011)
[4] B. C. den Hertog et al., Phys. Rev. Lett. 84, 3430 (2000)
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Local structures and local exchange interactions in doped magnetic materials of different
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Atoms in perfect crystals are arranged in a periodic lattice. However, perfect crystals do not
exist in nature. All crystals have some inherent defects, e.g., vacancies or substitutional atoms
due to the limited purity of the material. Moreover, defects are often intentionally introduced into
the crystal in order to manipulate its physical properties. Doping has become an important tool
for magnetic materials in the context of high-temperature superconductivity and quantum
magnetism as well as for semiconductors to induce ferromagnetism. Defects produce local
lattice distortions, i.e., the atoms around the defect are displaced from their crystallographic
equilibrium positions, and the exchange interactions around the defects deviate from the
average exchange. Experimental information on local exchange interactions and local
structures is important to understand the physical mechanisms of the defect crystals. From the
theoretical side, the defect problem was investigated by Krivoglaz [1] who predicted that the
2
atomic displacements in three- and two-dimensional crystals decay asymptotically as 1/r and
1/r, respectively (r denotes the distance of the displaced atoms from the defect). In onedimensional crystals the atomic displacements do not decrease with increasing distance r at all.
All these predictions were experimentally confirmed by inelastic neutron scattering studies of
three-, two- and one-dimensional materials doped with manganese ions [2]. More specifically,
the observed singlet-triplet transitions associated with manganese pairs were found to exhibit
remarkable fine structures, which provide detailed information on both local structural effects
and local exchange interactions. As a consquence, the exchange interaction in doped materials
is no longer uniformly distributed, but it can markedly deviate from the average exchange as
illustrated in the present work.
[1] M. A. Krivoglaz, X-Ray and Neutron Diffraction in Nonideal Crystals (Springer, Berlin,
1996).
[2] A. Furrer et al., Phys. Rev. Lett. 107, 115502 (2011); Phys. Rev. B 89, 144402 (2014);
Phys. Rev. B 90, 144434 (2014).
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Li-ion batteries have empowered consumer electronics and are now seen as the best choice to
propel forward the development of eco-friendly (hybrid) electric vehicles. To enhance the energy
density of the positive electrode materials, two ways can be explored: 1) enhancing the capacity
by taking advantage of the anionic redox activity coming in addition to the well-known cationic
one; this occurs in layered-type materials Li2MO3 (M=Mn, Ni, Co..); 2) increasing the voltage by
deviating from commercialized polyanionic compound LiFePO4. A key tool to do this relies in
exploiting the inductive effect of polyanions PO43-. It is now well established that modifying the
electronegativity of the polyanions provides as an important way to tune redox potentials in a
wide variety of systems.
Pursuing this approach, our group embarked in the study of replacing PO43- in the well-known
LiFePO4 by a more electronegative group SO42- to prepare a novel family of electrode
materials termed fluorosuphates and having the general formula AMSO4F (A=Li or Na,
M=transition metal). This fluorosulphate family exhibits a rich crystal chemistry, e.g. LiFeSO4F
may crystallize in the tavorite or triplite polymorphs, the latter presenting a potential of 3.9V1
which is the largest ever observed in an iron-based material.
We extended this approach with the discovery of a new polymorph of KFeSO4F at low
temperature that transforms in a KTiOPO4-like structure on heating, and moreover to
oxysulfates: we could synthetize and fully characterize Fe2O(SO4)2 and Li2Cu2O(SO4)2, that
offer new directions in the quest for new polyanionic electrode materials.2,3
Lastly, departing from the sulfate-based chemistry, we explored metal-organic frameworks; We
recently solved the structure of iron oxalate tetrahydrate from combined X-Ray and neutron
powder diffraction (figure 1).4 This commercialized compound, whose structure remained
unsolved for many years, demonstrates reversible electrochemical activity at 3.6 V vs Li.
Figure 1: Structural determination (a, b, c) and electrochemical performances (d) of iron oxalate
Fe2(C2O4)3.4H2O.
(1)
Barpanda, P.; Ati, M.; Melot, B. C.; Rousse, G.; Chotard, J. N.; Doublet, M. L.;
Sougrati, M. T.; Corr, S. A.; Jumas, J. C.; Tarascon, J. M. Nature Materials 2011, 10, 772–779.
(2)
Sun, M.; Rousse, G.; Abakumov, A. M.; Van Tendeloo, G.; Sougrati, M.-T.; Courty, M.;
Doublet, M.-L.; Tarascon, J.-M. Journal of the American Chemical Society 2014, 136 (36),
12658–12666.
(3)
Sun, M.; Rousse, G.; Abakumov, A. M.; Saubanère, M.; Doublet, M.-L.; RodríguezCarvajal, J.; Van Tendeloo, G.; Tarascon, J.-M. Chem. Mater. 2015, 27 (8), 3077–3087.
(4)
Ahouari, H.; Rousse, G.; Rodríguez-Carvajal, J.; Sougrati, M.-T.; Saubanère, M.;
Courty, M.; Recham, N.; Tarascon, J.-M. Chemistry of Materials 2015, 27 (5), 1631–1639.
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We have recently reported an in-situ mineralization protocol designed for the preparation of
magnetic hydrogels consisting of biodegradable polymer gelatin and magnetic iron oxide
nanoparticles [1]. The gelatin hydrogels have a spatial confined cavities structure so that
magnetite particles were placed in the meshes homogeneously distributed throughout the gel
matrix. We explore the roles of gelatin hydrogels on the bio-inspired magnetite mineralization
mechanisms by using Small (SANS) and very-small (VSANS) angle neutron scattering in
conjunction with SAXS/TEM/AFM/XRD measurements.
The studies focus on the nucleation and growth of the magnetite in gelatin gel, which are bioinspired hybrid materials from natural bio-minerals. The contrast variation method was used by
exchange of solvent in order to analyze the individual components of the structure. These
results are expected to provide structural information in-situ for understanding the mechanisms
of magnetite mineralization. Several hypotheses have been introduced to explain how organic
matrix function in magnetite biomineralization. These structural and mineralization mechanism
are compared with the biological samples (Chiton teeth). We aim to provide novel insights for
establishing a direct relation between the gelatin matrices of spacing confinement and gelatin
molecular controlling on the mineralization mechanism in order to eventually produce highly
sophisticated materials with optimal properties.
References
[1] M. Helminger et al, Adv. Funct. Mater., 24 (2014) 3187.
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Copper selenide attracted interest due to high ionic conductivity and efficient thermoelectric
properties. For both properties the presence of low-energy phonon modes similar to observed in
other fast ionic conductors plays important role. Phonon dispersion curves were measured in
superionic α -Cu1.85Se at 300K and in α - β phases of Cu1.96Se at 300 and 450K using triple-axis
neutron spectrometer at ANSTO [1]. Transverse acoustic branches demonstrate an optic-like
behaviour and strong broadening of phonon peaks at q > 0.5. The DFT calculations show the
presence of unstable phonon modes. These modes relate to the ordering of Cu atoms observed
in α-Cu1.8Se at 300 K followed by α - β phase transition at lower temperature and formation of
superstructure [2]. The high density of low-energy modes along with observed strong phonon
damping is probably responsible for the low values of lattice component of thermal conductivity
in this material. The effect of low energy phonon modes on thermal conductivity is somewhat
similar to those observed in the Ga – clathrates, but the mechanism is different.
Brownmillerites are solid-state materials with high oxygen ion conductivity at moderate
temperatures. Due to the layered nature, the phonon scattering at the octahedral–tetrahedral
interfaces could reduce thermal conductivity. According to the study [3] the inelastic neutron
scattering pattern of brownmillerites powders consists of the acoustic phonons emerging from
the Bragg peaks and dominating low-frequency band of optical vibrations merging into acoustic
modes. This is a result of large displacements of apical oxygen atoms, which even able to
migrate into the vacancy channels of the tetrahedral layer. The oxygen migration in Sr2Fe2O5 is
based on structural instabilities and corresponding dynamical fluctuations of oxygen in the
tetrahedral chains. We recently grew the large single crystals of Sr2Fe2O5 and Ca2Fe2O5 by the
floating-zone method and perform INS measurements of phonon dispersion curves. We found
that acoustic transverse mode demonstrates a linear behaviour at small phonon wave vectors
and flattens up at energy of ~ 6 meV at q > 0.5. Some optic modes have unusually low
frequency at Brillouin zone centre. At energies below ~ 4 meV these phonons are overdamped
and merge into acoustic intensity. In this regime phonons are dynamical fluctuations with large
amplitude coupled with oxygen migration motions. This results in low thermal conductivity and
gives some indications that fast oxygen transport at ambient conditions is phonon-assisted.
References
1. S.A. Danilkin; M. Yethiraj, Neutron News, 20 (2009) 37.
2. S.A. Danilkin, M. Yethiraj, and G. J. Kearley, J. Phys. Soc. Jpn. 79 (2010) 25.
3. W. Paulus, et al., J. Am. Chem. Soc., 130 (2008) 16080.
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Energy Selective Neutron Radiography and Spatially Resolved Neutron Diffraction on Liion Batteries
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Lithium-ion batteries are nowadays part of our everyday life. Increasing their life span and
energy density is a great issue since many years, as these are basic needs for small mobile
devices. Applications related to electromobility and energy storage also call for pushing
parameters like power density and rate capability even further. In both contexts one is aiming
for an investigation of single cells or even integrated batteries under real operating conditions.
Hereby great emphasis is put on gaining detailed information about the processes taking place
inside the cell, reaching down to the atomic length scale, whereby structural changes and phase
transitions induced by lithium intercalation and deintercalation can be analysed. Neutrons offer
a capability to investigate large cells, because they are able to penetrate many materials much
easier than other kind of radiation. It is therefore possible to conduct in operando investigations
on standard size Li-ion cells. In addition the sensitivity of neutron radiation to differentiate
between neighbouring elements and even isotopes via large variations of the corresponding
scattering and absorption cross sections not only makes it possible to trace light elements like
lithium but also provides information about cation exchange reactions, e.g. in cathode materials
[1]. Applying wavelength dependent imaging techniques enables to optimize contrast and
transmission of a given sample and to reduce beam hardening artefacts during a tomographic
reconstruction, which are present for a polychromatic neutron beam. Furthermore the
wavelength dependent neutron transmission signal is sensitive for Bragg edges of the different
crystallographic phases occurring inside Li-ion cells. Like spatially resolved neutron diffraction
this might provide additional information on the homogeneity of the state of charge inside an
operating cell with increased spatial resolution. Spatially resolved neutron diffraction on the
other hand has been proven to allow for an investigation of possible inhomogeneities in
connection to the state of charge inside Li-ion [2].
New findings based on neutron imaging and scattering techniques in combination with
electrochemical cell characterization on Li-ion battery of 1865-type will be presented. Obtained
results will be discussed in terms of their influence for the future design of Li-ion cells, for
example with respect to the cell geometry (tab positions) and the cell balancing.
References:
[1] O. Dolotko, A. Senyshyn, M.J. Mühlbauer, K. Nikolowski, H. Ehrenberg,“Understanding
structural changes in NMC Li-ion cells by in situ neutron diffraction”, Journal of Power Sources,
245 197-203 (2014).
[2] A. Senyshyn, M.J. Mühlbauer, O. Dolotko, M. Hofmann, T. Pirling, H. Ehrenberg, “Spatially
resolved in operando neutron scattering studies on Li-ion batteries”, Journal of Power Sources
245 678-683 (2014).
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RbMnPO4 Zeolite-ABW-Type Material: A mixed Type-I/II multiferroic
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France
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The crystal structure and magnetic properties of the RbMnPO4 zeolite-ABW-type material have
been studied by temperature dependent neutron and x-ray powder diffraction, magnetometry,
and heat capacity measurements. RbMnPO4 represents a rare example of a weak
ferromagnetic polar material, containing Mn2+ ions with TN = 4.7 K. A close inspection of the
crystal structure of RbMnPO4 shows that this material presents two different types of zigzag
chains running along the b axis. This is a unique feature among the zeolite-ABW-type materials
exhibiting the P21 symmetry. At low temperature, RbMnPO4 exhibits a canted antiferromagnetic
structure characterized by the propagation vector k1 = 0, resulting in the magnetic symmetry
P21′. Due to the geometrical frustration present in this system, an intermediate phase appears
within the temperature range 4.7−5.1 K characterized by the propagation vector k2 = (kx, 0, kz)
with kx/kz ≈ 2. This ratio is reminiscent of the multiferroic phase of the orthorhombic RMnO3
phases (R =rare earth), suggesting that RbMnPO4 is a multiferroic type II in this temperature
range. Additional high temperature x-ray diffraction data shows a rich phase diagram where the
system evolves from P21 symmetry to Pna21 at 175°C and to finally Pnma around 260°C. The
ferroelectric state present at room temperature with the k1 = 0 magnetic order at low
temperature coupled to the likely type II multiferroic state in the range 4.7 – 5.1 K make this
material a mixed type I/II multiferroic system.
G. Nénert et al., Inorg. Chem. 2013, 52, 9627−9635
G. Nénert et al., in preparation
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Neutron diffraction study of CZTS nanoparticles
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First generation photovoltaic materials were based on Si, which has a low optical absorption
coefficient. Since then, an active area of research has been focused in replacing Si with other
materials with a higher absorption coefficient. Thin films made of CdTe, Cu(In,Ga)Se2 were the
second generation of photovoltaic material, with light-electricity conversion comparable to those
based on Si. However, the cost and lack of Te and In, together with the high toxicity of Cd are
problems to be solved. Due to this, considerable attention is paid to Cu2Zn(Sn,Ge)(S,Se) thin
film materials which are proposed to be next generation of absorbers for photovoltaic solar cells.
The interest on them is double; on the one hand the abundance and low toxicity of all these
elements, on the other their efficiency as photon absorbers comparable to their former
counterpart [1, 2]. The crystallographic phase, composition and position of each element within
the lattice, strongly affects the final material performance in its possible technological uses. The
cations Cu+ and Zn2+ are isoelectronic, which makes them indistinguishable from one another in
an X-ray diffraction experiment, however due to their different scattering length, neutron
diffraction is a suitable technique for a complete structure description[3]. Here we present a
neutron study of selected Cu2Zn(Sn,Ge)(S,Se) nanoparticles, which are good candidates to be
implemented in thin films photovoltaic devices [4,5]. Correlations between the exhibited
crystalline structure and the synthesis conditions will be shown. Moreover, results concerning a
phase transformation from wurtzite to tetragonal crystalline phase will be discussed.

[1] H. Katagiri, K. Jimbo, et al. Appl. Phys Express 2008, 1, 041201.
[2] T.K. Todorov, K.B. Reuter, D.B. Mitzi, Adv. Energy Mater., 2010, 22, 1.
[3] S. Schorr, Solar Energy Materials & Solar Cells, 2011, 95, 1482.
[4] M. Ibañez, R. Zamani, et al. J. Am. Chem. Soc, 2012, 134, 4060.
[5] A. Carreté, A. Shavel, et al J. Am. Chem. Soc., 2013, 135, 15982.
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Correlation between Nano-Structure, Proton-Dynamics and Performance-Related
Properties of Radiation-Grafted Proton-Conducting Membranes
Gergely Nagy1 , Véronique Sproll2 , Urs Gasser1 , Marc Obiols-Rabasa3 , Sanna Gustavsson3 ,
Sandor Balog4 , Lorenz Gubler2
1) Laboratory for Neutron Scattering and Imaging, Paul Scherrer Institute, 5232 Villigen PSI,
Switzerland 2) Electrochemistry Laboratory, Paul Scherrer Institute, 5232 Villigen PSI,
Switzerland 3) Division of Physical Chemistry, Lund University, 22240 Lund, Sweden 4)
Adolphe Merkle Institute, University of Fribourg, 1700 Fribourg, Switzerland
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Polymer electrolyte fuel cells using hydrogen can serve as clean and efficient energy
converters. One of the crucial components of these electrochemical cells is the proton
conducting membrane. The proton conductivity, mechanical stability and durability of these
membranes are strongly affected by the phase segregation found on the nanoscale, a topic
extensively studied with various methods [1-2] such as small-angle neutron scattering, an ideal
technique for this class of materials [3]. We combined the structural characterization tools of
small-angle neutron (SANS) and X-ray scattering (SAXS), the energy dispersive X-ray analysis
(EDX), dynamic experimental methods of nuclear magnetic resonance (NMR) spectroscopy [4]
and quasi-elastic neutron scattering (QENS) to gain insight into the fuel-cell relevant properties
of membranes synthesized via radiation grafting. For the preparation of the membranes we
used a commercially available base film (ETFE, poly(ethylene-alt-tetrafluoroethylene)) grafted
with polystyrene, sulfonated subsequently.
We found structural and/or dynamic variations of the membranes upon changing the following
parameters: basefilm manufacturer (DuPont/Saint-Gobain), level of grafting, radiation grafting
protocol and sulfonation. We also revealed how the structural and dynamic parameters vary
along different directions in the membrane. Structural studies were facilitated by the
development of a sample environment allowing measurements at different membrane
orientations and humidity conditions. The obtained results were correlated with membrane
performance relevant measurements, such as membrane conductivity, and with macroscopic
characteristics, such as dimensional changes.
These results allow us to better understand the correlation between synthesis, structure,
(proton) dynamics, and functionality of radiation grafted membranes, which will lead to the
development of membranes with improved performance.
[1] Balog, S. et al. (2013) Polymer 54; [2] Balog, S. et al. (2011) J. Membr. Sci. 383; [3] Balog,
S. et al. (2010) Macromol. Chem. Phys. 211; [4] Sproll, V. et al. (2015) Radiat. Phys. Chem. (in
press)
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Structure and cation orientation in the perovskite photovoltaic methylammonium lead
ioddie between 100 and 350K
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The hybrid perovskite phase methylammonium lead iodide (MAPbI3) has attracted increasing
amounts of scientific attention since its identification as a highly efficient and low cost
photovoltaic material. [1] Device efficiencies have rapidly risen to 17.9%, [2] while significant
questions
still
remain
regarding
the
device physics, especially the dynamic response under working conditions, [3] and also the
fundamental structural properties of the material as a bulk solid and dynamically in operando.
Full structural definition of the phases of MAPbI3 has been hindered by the inherent complexity
of the hybrid perovskite, with disorder in both organic and inorganic components observed in
the higher temperature phases, [4] and the inherent limitations of X-ray diffraction techniques;
these include an inability to distinguish the near isoelectronic atoms carbon and nitrogen, and
difficulty in locating the light atom positions in the presence of the heavy atoms, Pb and I. The
high temperature phase (>327 K) is cubic [5], the intermediate phase (165 < T < 327 K)
tetragonal [6] and the low temperature phase orthorhombic [7]. However, the hydrogen
positions and the orientation of the methylammonium cation remain unclear.
In this work we have investigated the full structure of [CH3NH3]PbI3 using neutron powder
diffraction on a fully hydrogenous sample. This has provided key information on light atom
positions in this heavy metal compound and distinguished carbon and nitrogen, due to their
contrasting scattering lengths. Investigation of hydrogenous samples also has the advantage of
avoiding isotope effects, which can markedly change phase behaviour in ammonium and
alkylammonium compounds while also providing a strong contrast between carbon, nitrogen,
and hydrogen due to the latter’s negative scattering length.
References
1.
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Structure and dehydration mechanism of the proton conducting oxide Ba2In2O5·(H2O)
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Proton conducting oxides, which may be classified according to their structure type, are
currently accumulating considerable attention due to their potential as efficient electrolytes in
various electrochemical technologies [1]. Amongst the most promising materials, is the
brownmillerite structured oxide Ba2In2O5, which may be described as an oxygen deficient
variant of the perovskite structure, with alternating layers of InO6 octahedra and InO4 tetrahedra.
Like most other oxygen-deficient oxides, Ba2In2O5 transforms upon hydration into a hydrogencontaining, proton conducting, material, leading, ideally, to a, perovskite-like material of the form
BaInO3H. In this context, we have investigated the vibrational spectra and short-range structure
of both Ba2In2O5 and its hydrated analogue BaInO3H, using a combination of Raman, infrared,
and neutron spectroscopy, together with density functional theory calculations [2]. For Ba2In2O5,
the results affirm a short-range structure of Icmm symmetry, which is characterized by random
orientation of successive layers of InO4 tetrahedra. For the hydrated, proton conducting, form,
the results suggest that the short-range structure is more complicated than the P4/mbm
symmetry that can been proposed previously on the basis of neutron diffraction, thus
highlighting the need for more local structural probes to determine the correct structure of
BaInO3H.
Moreover, we have studied the dehydration mechanism of BaInO3H [3]. The results suggest that
the structure evolves from a perovskite-like structure for the fully hydrated material at room
temperature, through a partially hydrated structure with the degree of dehydration increasing
gradually with increasing temperature, to a brownmillerite-type structured material at essentially
complete dehydration at 600 °C. In particular, our spectroscopic results reveal the appearance
of an intermediate phase at ca. 370 °C, which is similar to the structure of the fully dehydrated
material but with the difference that it is characterized by a non-centrosymmetric distortion of the
InO6 octahedra not present in the earlier. Below the hydrated-to-intermediate phase transition at
ca. 370 °C, the dehydration process is featured by the release of protons confined to the layers
of InO4 tetrahedra, whereas at even higher temperatures also protons bound to oxygens of the
layers of InO6 are released.
[1] L. Malavasi, C. A. J. Fisher, M. S. Islam, Chem. Soc. Rev. 39 (2010) 4370
[2] J. Bielecki, S. F. Parker, D. Ekanayake, S. M. H. Rahman, L. Börjesson, M. Karlsson, J.
Mater. Chem. A 2 (2014) 16915
[3] J. Belecki, S. F. Parker, L. Börjesson, M. Karlsson, Submitted.
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The civil construction of the European Spallation Source is well underway in the outskirts of
Lund Sweden with great progress been realised so far. Likewise technical work to complete the
facility is progressing well with the anticipation that component deliveries will meet schedule.
The scientific programme at ESS has made significant advances in the last 18 months. ESS
and it’s partners have defined a moderator-reflector package and target station layout that will
provide both for capability and capacity to meet the needs of the neutron science
community. Several instrument projects have began while the instrument selection process that
will define the instrument suite to be build as part of the ESS construction is coming to its
conclusion. With the science programme now defined our focus and that of our partners is
shifting into delivery of the science programme. I will provide an overview of the current
progress of the science programme at ESS, the scientific opportunities that it will offer and how
we are meeting the challenges that lie ahead.
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Potential of SINQ upgrade options
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The Swiss Spallation Neutron Source SINQ is in operation since 1996. Today
neutrons are provided to 18 neutron instruments. In addition SINQ was the first neutron
source where supermirror neutron guides were installed for all cold instruments.
Recently we have started to investigate different upgrade options for SINQ. In particular a
guide upgrade seems promising. Different guide options as well as possible moderator
improvements will be presented.
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The High-Flux Reactor PIK with 100 MW power will allow to obtain the thermal neutron flux
density in the heavy water reflector tank more than 1015 n/ cm2 s and a record that has no
analogues
in
the
world
5 * 1015 n/ cm2 in the central experimental beam.
The experimental capabilities of the reactor PIK are determined not only by the high intensity of
the thermal neutron beams, which is approximately an order of magnitude higher than the
existing medium-power reactors have, but also the planned development of a hot, cold and
ultracold neutron sources, that will produce neutron beams with neutrons of other energies with
high performances.
At the reactor PIK there are planned to build three cold neutron sources for neutron experiments
on the horizontal beams HEC-3, HEC-2 and HEC-4-4\'. In all cold neutron sources a liquid
deuterium will be used as moderator at a temperature of 20 - 25 K, which is the best moderator
for the reactor with heavy water reflector. We expected to get the cold neutron flux density at
the reactor face around 6 1010 - 1.77 *10 11 n/ cm2 s and with heat deposition in CNS 6.5 – 11
kW in different places of their location.
At the same time there is a plan to build one ultracold neutron source on base of a new method
for production of ultracold neutrons (UCNs) in superfluid helium at an external beam of neutrons
at the PIK reactor.
The maximum UCN density in such a source and fed experimental installations is constrained
by the source cryogenics. According to our calculations, it could be equal to ~105 UCN/cm-3 and
the production rate could be equal ~107 UCN/sec-1, provided that we use solid methane at the
temperature of 4 K as a moderator/reflector, the critical energy of the source walls is 250 neV,
and the probability of UCN loss per bounce is ~10-4. The thermal load to the source at these
parameters can be ~1 W. The use of a cold neutron beam can increase the UCN density by a
factor 3.
The constructed at reactor PIK in NIC “KI” PNPI the cold and ultracold neutron sources are the
world class scientific instruments, and their neutron behaviours allow the reactor PIK be one of
the few in the world, which has considerable potential in cold and ultracold neutrons application
in various fields of science and technology. The cold and ultracold neutron sources will
significantly expand the instrument experimental base of the reactor PIK.
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Molecular deuteration significantly increases the options in structure function investigations
using neutron scattering and diffraction techniques. There have been limited global initiatives in
the field of molecular deuteration where the majority of these programs focus on biological
deuteration of proteins and lipids, while more complex deuterated small molecules haven’t been
widely available to the neutron community. This has limited the experiments that can be
performed, and formed a bottle-neck for advancing the applications of neutron scattering.
In this paper we will discuss the recent advancements and the impact of deuteration on the
research outcomes achieved by using deuterated molecules produced by the chemical
deuteration laboratories at the National Deuteration Facility in the Bragg Institute, ANSTO.
Recent high-impact case studies will be presented which reveal the exciting and diverse
characterisation studies which are now available for the neutron community.
We describe here the synthesis and application of deuterated organic molecules used to
investigate complex nanoscale systems in the fields of molecular electronics, structural biology,
and biotechnology. The chemical deuteration of surfactants, sugars, heterocyclic and aromatic
compounds has made possible a wide range of investigations. This includes the study of (i)
match-out deuterated analogues of commonly used membrane protein storage detergents in
combination with SANS, (ii) the localisation of sugars in lipid membranes to give insights into
cryoprotective mechanisms [1], (iii) the pH-responsiveness of the assembly of lipid digestion
products in biologically relevant systems [2], and (iv) the structure and host-guest properties of
metal-organic frameworks (MOFs) using neutron diffraction [3,4].

[1] Kent, B. et al., J. R. Soc. Interface, 11, 95 (2014).
[2] Salentinig, S. et al., Langmuir, 30, 7296-7303 (2014).
[3] Wu, Y. et al., Angew. Chem. Int. Ed. 53 (20), 5175-5178 (2014).
[4] Wendy L. et al. Chem. Sci. 5, 4569-4581 (2014).
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Changing the configuration of the cold neutron source during an extended shutdown of Swiss
Spallation Neutron Source (SINQ) is being considered for improving performance of the
instruments that use the cold source. The cold neutron source consists of a 20 L volume of
liquid D2 at approximately 25 K. Previous upgrades included adding a re-entrant hole into one
side of the D2 volume to allow cold neutrons to stream uninhibited from the center of the source
towards the instrument neutron guides. Calculations done prior to these changes predicted cold
neutron fluence gains from 1.2 to 1.9, with gains increasing with wavelength. These increases
have not been observed, and it is suspected that the re-entrant hole is not fully voided. Voiding
the re-entrant hole relies on radiative heating to boil D2 which in turn fills the re-entrant hole
cavity, pushing the liquid D2 out. Proposed plans include making the re-entrant hole external
(ensuring that it is not filled with liquid D2), removing some extra structural material around the
D2 tank, redesigning the re-entrant hole geometry to be more optically ideal, introducing a Pb208 reflector to minimize cold neutron up-scattering from the surrounding D2O moderator tank,
and implementing a small liquid H2 volume to provide a cold neutron “hot spot” for certain
instruments. These changes are predicted to increase neutron fluence between 1.1 to 2.0 times
the current levels, depending on instrument location, view, and wavelengths of interest.
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Combined neutron moderator for the IBR-2 reactor. Project of cold neutron source with
moderator with continuous change of pellets in the chamber on the basis of the
combined moderator. Cryogenic system for cold moderator complex. Technical device
and support for moderators.
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* Konstantin Mukhin, kostik001@mail.ru
In the plan of the modernization IBR-2 reactor around a reactor core will be installed 3
cryogenic neutron moderators. For slowdown neutrons in moderators use a mesitylene with mxylene as frozen beads with a diameter of 3-4 mm. These pellets are served in a moderator
chamber by a helium flow. Currently, one of the moderators (202) is already installed and
working on the experiment.
Given the positive experience of the moderator (202) is now commissioned a full-scale stand
retarder 201 with reference to the premises. The report will be submitted to the moderator 201.
The main problem of transportation is download pellets in a moderator chamber (pellets should
raise up the height of 3 meters at an angle of 50 degrees). It condition is defined by the
geometric position of the moderator in a reactor biodefense . Will present the results of
experiments on the loading pellets into the moderator chamber and proposed the concept of a
moderator with the continuous change of pellets without stop of the reactor cycle.
In presentation will be show a cryogenic system for all cryogenic complex of cold moderator. It
is including two cryogenic refrigerators 700 watt and 1200 watt. If necessary, refrigerators can
replace each other.
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Frederic Thomas1 , David Bazzoli1
1) Institut Max LAUE Paul LANGEVIN
* jerome BEAUCOUR, beaucour@ill.fr
The H5 program is part of the MILLENNIUM program, the latest cycle of ILL upgrades which
has brought an astonishing gain increasing the average detection rate across the ILL instrument
suite by a factor of more than 25 over the last decade.
Within the H5 program, the ILL has redesigned and replaced the entire H5 guide system to feed
more useful neutrons to four new instruments ( ThALES, WASP, D50 and a 9A neutron beam
facility), and to four upgraded spectrometers: IN15, D22, Super Adam, and D16.
The new H5 guide system. To achieve such a program, a 750m2 guide hall extension was
realized while the previous guide system was replaced by a brand new guide system with a total
length of 300m with significantly reinforced radioprotection casemates. The design of the new
guide system exploits modern guide technologies to the fullest – high-performance supermirror
coatings, multiple guide elements and a new metallic substrate material for the in-pile part.
The first measurements of neutron flux have been realized and show a gain factor of 2 to 3 for
the capture flux transported by the new neutron guides now coated with high index super mirror.
The new H5 Instruments suite. Concerning the instruments, IN14 has been replaced by
ThALES, a new tripple axis spectrometer unique in the world which benefits from a dedicated
m=3 neutron guide. Two other instruments have been added: WASP, a modern spin-echo
machine, which will replace IN11 in 2016, and D50, an innovative prism based reflectometer for
industrial applications. The back scattering spectrometer IN16 hosted on the previous H5 guide
has been replaced by IN16B in the ILL7 guide hall.
The diffractometer D16 disposes now of an optimized beam geometry and an improved
detector. In total, the flux on samples has increased by a factor of 10 with respect to the old H5
position!
The reflectometer SuperADAM now enjoys a vast experimental area nearly three times larger
than before, new monochromators and a new detector. Combining new guide and better
equipment lead to a flux gain by a factor of 5.
The CryoEDM experiment which was one of the flagships for the ILL in the last 30 years has
now been decomissioned, but the 9Å beam on H5 is ready for a future new EDM using the
liquid He downscattering for the production of ultracold neutrons.
IN15, the second spin echo spectrometer of the ILL is now equipped with much more powerful
magnetic system which should considerably boost its performance.
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The SANS D22 has now been equipped with a new high-tech collimator system which will
drastically improve its reliability as well as its beam shaping accuracy. D22 upgrade includes the
TISANE option based on a unique very high speed double chopper, and additional shielding
compatible with white beam requirements which should allow for a major rise in flux (estimated
at a factor of 20) for fast kinetic studies when a high Q resolution is not required. First users of
D22 and IN15 are expected for the first cycle of 2015.
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On the Proximity of Neutron-transport Guides to Moderators
J.P. de Vicente1 , F. Sordo1 , J.M. Perlado2 , J.L. Martinez1 , F.J. Bermejo3 , F. FernandezAlonso4
1) Consorcio ESS-Bilbao 2) Instituto de Fusión Nuclear 3) Instituto de Estructura de la Materia,
IEM-CSIC 4) ISIS Facility, Rutherford Appleton 5) Department of Physics and Astronomy,
University College London
* Jesus Pedro de Vicente, jesuspedrodevicente@gmail.com
Neutrons emerging from a moderator spread out in all directions, and guides are typically used
to transport them efficiently over long distances. At high-intensity spallation sources, concerns
associated with existing spatial constraints, radiation damage, and potentially high costs
involved in accessing the target area have largely prevented detailed studies aimed at
maximising neutron collection from the moderator face using state-of-the-art neutron-guide
technologies. The recent advent of a number of low- and medium-power accelerator-driven
neutron sources around the world provides a timely opportunity to re-examine this particular
point, with a view to improving the rather inefficient process of producing thermal and cold
neutrons at these neutron sources. With these considerations in mind, the present study
provides quantitative estimates of potential neutron gains arising from optimal moderator-guide
configurations. To this end, we have carried out extensive Monte Carlo simulations and
supplemented these with analytical models. These models have been used to explore optimal
geometries for several neutron sources. The achievable flux gains are also compared with
those possible at higher-power sources like ESS.
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A Proposal for a Next Generation European Neutron Source
Colin Carlile1 , Ken Andersen2
1) Dept of Physics & Astronomy, The Ångström Laboratory, Uppsala university, Uppsala,
Sweden 2) The European Spallation Source AB, Lund, Sweden
* Colin Carlile, colin.carlile@physics.uu.se
Peter Egelstaff gave talks in the 1980s demonstrating that the period of gestation of large
scientific facilities had been increasing by one year for every year that has elapsed since the
end of the second world war. He supported this assertion by comparing the gestation period of
the Dido and Pluto reactors at Harwell (~5 years) with the ISIS pulsed source (~15 years),
amongst other examples. Nowadays to see the truth of his statement we need look no further
than the elapsed time between the original proposal for the ESS in 1991 and its projected
attainment of full specification with a complete instrument suite, which will be close to 40 years
– a scientific lifetime.
It is not too early therefore to contemplate the idea of a next generation neutron source for
Europe if neutron scattering is to survive into and beyond the middle of the century. We
propose, as a viable candidate, a high power pulsed spallation source where the incoming
proton pulse is matched to the moderating time of slow neutrons. The incoming proton pulse
widths of the third generation MW-class spallation sources around the world (SNS, J-PARC and
ESS) are all mismatched to the neutron moderating times by significant factors, either too short
or too long. The Goldilocks solution – just right - would be to have the proton and neutron time
constants as nearly equal as possible. In such a case both the peak and time-average slowneutron brightness can be simultaneously maximised for a given accelerator power. Gain
factors of one to two orders of magnitude in terms of intensity for a given resolution would
accrue at the neutron instruments and would represent a significant increase in sensitivity for
neutron scattering - a technique benefiting from a range of unique advantages for studies of
condensed-matter science, but facing fierce competition with the inexorable rise in intensity of
photon sources.
-

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

a general-purpose powder diffractometer;

(ii) a horizontal-sample reflectometer;
(iii) a versatile cold neutron chopper spectrometer, and
(iv) a high-flux crystal-analyser spectrometer.
Calculated gain factors are impressive. We present a range of performance figures for source
pulse lengths ranging from 10 to 100 s and for accelerator powers ranging from 500 kW to 5
MW. A medium power source of this type, complete with instruments could, optimistically, be
operational 15 to 20 years from now, whereas a high power facility would not realistically be
operational for at least 30 years and probably longer. 2035 to 2050 is therefore the time horizon
that we are talking of for the full completion of such facilities.
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Tribology with Muon and Neutron - Photon and Quantum Basic Research Coordinated
Development Program Hideki Seto1
1) 1Institute of Materials Structure Science, High Energy Accelerator Research Organization
* Hideki Seto, hideki.seto@kek.jp
Neutrons are electrically neutral and have the ability to deeply penetrate matter, and they can
probe structural properties of a buried interface. They interact with nuclei and neutrons – unlike
X-rays – can distinguish light elements such as hydrogen. Neutron wavelengths range from 0.1
Å to 1000 Å, which is comparable to the distance of neighboring atoms in condensed matter.
This makes them an ideal probe of atomic and molecular structures from the order of angstrom
to sub-micrometer scale. The energies of neutrons are of the same magnitude as the diffusive
motion in solids and liquids, the coherent waves in crystals (phonons and magnons), and the
vibrational modes in molecules. It is useful to detect any dynamical properties of matters
between 1 neV and 1eV, corresponding to femto-sec and micro-sec.
A muon (μ), which interacts with matter in the same way as an electron and light, is a
convenient particle with which one can investigate the state of matter at the atomic level. In
addition, the muon measurement provides information of dynamical properties of matters from
an order of nano-sec to sec. Therefore neutrons and muons are complementary tools to
investigate dynamical properties of matters.
In this project, we intend to utilize neutrons and muons to investigate friction and lubrication.
Neutron and Muon instruments in J-PARC/MLF are state-of-the-art spectrometers recently
developed. SOFIA has already been one of the world-class Neutron Reflectometers with which
interfacial structures can be observed. Neutron Spin Echo Spectrometer VIN-ROSE is under
construction and could be useful tool to investigate low-energy dynamics. Muon spectrometers
in J-PARC/MLF are also world-class instruments. Especially, the construction of Ultra-Slow
Muon spectrometer will soon be finished and will be the special probe to investigate the depth
dependence of dynamics. The combination of these instruments may open a new era of
tribology.
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The New Facility for Neutron Radiography at the LVR-15 Reactor
Jaroslav Soltes1 , Ladislav Viererbl1 , Jiri Vacik2 , Ivo Tomandl2 , Jan Jakubek3
1) Research Centre Rez Ltd 2) Nuclear Physics Institute, Academy of Sciences of the Czech
Republic 3) Institute of Experimental and Applied Physics, Czech Technical University in
Prague
* Jaroslav Soltes, jaroslav.soltes@cvrez.cz
The LVR-15 research reactor is a light water tank type operated by the Research Centre Rez
Ltd. Czech Republic [1]. The reactor is operated at nominal 10 MW thermal power and suits as
a multipurpose facility offering a wide scale of utilization. The reactor is equipped with 9
horizontal channels and a thermal column, each suiting its purposes [2].
Recently, two of the horizontal channels were chosen to be adapted for a neutron
radiography/tomography facility. The radial channel HC1 was equipped with a silicon
single crystal filter-collimator and offers a neutron beam with a diameter of 10 cm with an
-1
-2
intensity of thermal neutrons of 2E+08 s .cm . This channel is designed for the radiography of
larger samples (of several cm in size) at the costs of a lower resolution [3]. The facility
comprises a second channel HC3 that is equipped with a short mirror-type neutron
guide providing a pure collimated thermal neutron beam with a cross section 4 x 60 mm2, and
an intensity of 1E+07 s-1.cm-2 and a high Cd ratio ~ 105. This channel is prepared for neutron
radiography of small samples (of mm size)) with a spatial resolution of tens of µm [4]. Both
facilities are equipped with newest TimePix based detectors with thin 6LiF converters for neutron
detection capable of delivering high resolution [5].
Both facilities offer a unique opportunity for non-destructive sample testing in the Czech region.
By the beginning of 2015 the facility has been put to test operation. In the contribution, the
facility comprising both channels will be described in detail. Additionally, the first results from the
test operation will be presented including samples of construction parts, concrete, welded pipes,
historical artefacts, etc.
The preparation of the neutron radiography facility was supported by the Technology Agency of
the Czech Republic under the project No. TA01010237.
Reference:
[1] http://cvrez.cz/
[2] http://canam.ujf.cas.cz/en/laboratory/npl-neutron-physics-laboratory
[3] L. Viererbl, J. Soltes, Z. Lahodova, M. Kostal, M. Vins: „Horizontal Channel for Neutron
Radiography and Tomography in LVR-15 Research Reactor“, Proceedings of RRFM/IGORR
2012
[4] D. Vavrik, J. Jakubek, S. Pospisil, J. Vacik: Neutron imaging with micrometric spatial
resolution, in Proceedings NSS/MIC, 2011 IEEE, 1285
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[5] J. Jakubek, J. Zemlicka, M. Jakubek, A. Kaestner, F. Krejci, U. Koester, P. Soukup, D.
Turecek, J. Vacik, D. Vavrik, „Large area pixel detector WidePIX for neutron radiography”,
presented at WCNR-10, 2014
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Large Scale facilities to help the microelectronics industry – the IRT Nanoelec
Characterisation Program
Jaime Seguraz-Ruiz1 , Jerome Beaucour1 , Benjamin Giroud1 , Guliana Manzin1 , Ennio
Capria2 , Ed Mitchell2 , Caroline Curfs3 , Jean Claude Royer3 , Robert Cubitt1
1) Institut Laue-Langevin. F-38042 Grenoble, France 2) ESRF-The European Synchrotron, 71,
Avenue des Martyrs- Grenoble, France 3) Univ. Grenoble Alpes, F-38000 Grenoble FranceCEA, LETI, MINATEC Campus, F-38054, France
* Jaime Segura, jasegur@ill.fr
The creation of Institutes for Research and Technology (IRT) is an instrument of the French
government’s (Programme Investissement d’Avenir) to stimulate the innovation in selected
strategic manufacturing and services industries. Based in Grenoble, France, the IRT Nanoelec
is a consortium of 18 partners led by CEA, dedicated to the micro/nanoelectronic. Its main
objective is to boost the research and innovation in microelectronics developed in the renowned
global hub of microelectronics located in the region. Amongst the seven IRT Nanoelec
programmes, the Large Scale Facilities Characterisation Program aims to give micro and
nanoelectronics R&D access to the powerful characterisation capabilities of Grenoble’s large
scientific instruments, the ILL and the ESRF, in a complementary way with the CEA nanocharacterisation resources (PFNC, PlateForm for Nano-Caracterisation).
The main objectives of this programme are: i) the development of sample preparation and
characterisation processes for a series of real-life cases provided by IRT Nanoelec industrial
partners (STMicroelectronics, Soitec and Schneider Electric); ii) Setting up sample preparation
facilities
and
validating
them
through
actual
use
on
real-life
cases.
The Characterisation plateform aims also at building a sustainable business case with
European industry.
In this poster we present the main investments made by the IRT Nanoelec at the ILL after
analysing the microelectronics industry’s needs. A major investment involves the construction of
a new instrument at the ILL (named D50), including two of the techniques mostly demanded by
the microelectronics industry: neutron reflectivity and irradiation. D50 will be mainly dedicated to
the industrial activity, including but not restricted to the microelectronics. A second major
investment is the acquisition of an X-ray bench that includes three techniques: X-ray reflectivity,
grazing incidence diffraction and powder diffraction. The bench has two interchangeable X-ray
sources with energies of 8 and 22 keV, and a 2D detector with high efficiency at both energies.
This equipment has been thought to complement the neutron characterisation made at the ILL.
Finally the IRT has founded the implementation of a sample preparation laboratory with specific
equipment for the preparation of semiconductor samples. In addition to the investments at the
ILL, the IRT is also investing in the ESRF beamline BM05, which will also be used part-time for
industrial applications, and is co-investing on two ESRF beamlines in the frame of
an innovation-led Long Term Proposal jointly prepared by STmicroeletronics, CEA, and ESRF.
All this infrastructure is being commissioned during 2015.
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SANS study of nanoscale structure of low-carbon steel after rolling with shear
Adel Len1 , Anatoliy Zadoveev2 , Anna Maksakova2 , Elena Pashinska2 , Victor Varyukhin2
1) Wigner Research Institute For Physics 2) Donetsk Institute for Physics and Engineering
named after A.A. Galkin of the NAS of Ukraine
* Adel Len, len.adel@wigner.mta.hu
In the last four decades, severe plastic deformation (SPD) of metals has become an important
method for forming ultrafine grained structures [1]. SPD is a type of deformation which develops
under the simultaneous action of several forces and moments. The materials obtained by SPD
are characterized by unique complex of properties, such as high strength and ductility. Also it is
suggested that such deformation forms the bulk materials free of pores, but theoretical models
[2] show that micro- and nanostructural defects are introduced during SPD. This leads to
fundamental limits in the enhancements achieved by SPD process.
The rolling with shear is a new continuous SPD method which is applicable for steel treatment
[3]. Low breakage of wires, which reduces expenses for rod processing, can be provided by
intermediate softening annealing resulting in higher plasticity. However the annealing increases
the cost of processing and makes production more complex. The rolling with shear technology
ensures high plasticity of the material without decreasing the strength [3].
SEM and TEM techniques are adequate to give information about the formation of sub-micron
voids; however remains opened the question whether these voids are introduced during the
fracture process of the sample preparation. Therefore a non-destructive method, such as SANS
is needed to make clear the origin of voids, cracks, pores.
Samples processed with standard (ST) technology and with rolling with shear (RS) technology
were measured at the Yellow Submarine SANS spectrometer in Budapest.
A significant nanoscale difference between the non-processed and processed (with equal
channel angular pressing) samples was evidenced by the SANS experiments. The processing
reduced the volume fraction of scattering objects. Sizes between 10 to 20 nm were obtained by
SANS, that were attributed to nanometric sized defects and voids. The processing-induced
changes in function of the characteristics of the processing, was also studied.
As it was expected and as it can be seen on the SANS 2D maps, the nanostructure of the
samples changes significantly with the progress of the processing (Fig.1). We observe a
difference not only between the ST and RS technologies, but also between the different steps of
the processing inside the particular processing technology. The average volume of the
scattering voids and defects is increasing with the decrease of the rod’s diameter for both
technologies. The advance of the cold drawing results in more and more elongated nanometric
sized voids, what is proven by the anisotropy increase, observed on the scattering maps. The
used mathematical model allowed determining the average size of these defects as well as the
aspect ratio of them inside the low carbon steel.
Figure 1. 2D SANS intensity maps of the samples prepared by ST and RS technologies.
d is the diameter of the rod (mm)
[1] Y. Estrin, A. Vinogradov, Acta Mater. 2013, 61, 782.
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[2] Y. Beygelzimer, Mech. Mater. 2005, 37(7), 753.
[3] E. Pashinska, V. Varykhin, M. Myshlaev et al., Adv. Eng. Mat., 2013, 15
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Characterization of mono-ethylene-glycol based industrial polyurethanes samples by
fast-neutron radiography and neutron tomography
Massimo Rogante1 , Franco Pisauri2 , Stefan Söllradl3
1) Rogante Engineering Office, Contrada San Michele n. 61, 62012 Civitanova Marche, Italy 2)
Exena S.r.l., Via Breda n. 7/A, 62012 Civitanova Marche, Italy 3) Maier-Leibnitz Zentrum (FRM
II), Technische Universität München, Lichtenbergstraße 1, 85748 Garching, Germany
* Stefan Söllradl, Stefan.Soellradl@frm2.tum.de

A complicated structural organization of polyurethanes may have a strong influence on the
materials functional properties. Particular conditions such as mechanical and thermal loading
and aging, it leads to the material degradation. Even in fresh-prepared bulk polymers and
especially if defects are present in the material this behaviour can be observed. One main
defect type are unwanted bubbles, which form during the expansion of the mixture during its
chemical reaction and remain present in the final product. Such macro-, micro- and nanobubbles influence the performance of the final material.
In this work, fast-neutron radiography and -tomography at the NECTAR instrument located at
FRM II, were adopted to characterize such defects at a macro-scale level in the bulk of
commercially available polyurethane samples. These were obtained from dissimilar-mixture
ratios with different densities and branching levels, as well as different zones of the production
mould. The characterisation of these defects allows an estimation of the internal surface of
pores and cracks inside the bulk material that is responsible for the fracture by mechanical
loading.
The obtained information are expected to be useful for various industrial sectors such as
automotive and footwear industry. This study will be completed by the application of SANS,
which has already proved to characterize the microstructure of the bulk-polymer with respect to
nano-pores, micro-cracks and their arrangement in the polymer matrix.
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Strain induced martensitic Transformation in Austempered Ductile Iron (ADI)
Michael Hofmann1 , Xiaohu Li1 , Patrick Saal2 , Markus Hölzel1
1) Heinz Maier - Leibnitz Zentrum (MLZ), Technische Universität München, Lichtenbergstr. 1,
85748 Garching, Germany 2) Institute of metal forming and casting (utg), Technische
Universität München, Walther-Meißner-Str. 4, Garching, Germany
* Michael Hofmann, Michael.Hofmann@frm2.tum.de
Austempered ductile iron (ADI) is a nodular ductile iron which has undergone a special heat
treatment to greatly enhance mechanical properties. The heat treatment process of ADI
consists of austenitization, quenching to a temperature typically between 250°C and 450°C and
isothermal austempering [1]. After such heat treatment the microstructure consists of acicular
ferrite and high carbon enriched retained austenite. The microstructure of ADI strongly depends
on the austenitizatin and austempering temperatures. Details on dependence of microstructure
and temperature can be found in [1, 2]. In industrial applications alloying elements such as Ni,
Mn or Cu are used in order to delay the phase transition kinetics, which improves the
austemperability of thicker geometries.
The high carbon enriched retained austenite can transform to martenite during plastic
deformation. Four different treatment parameters (austenitization temperature, austempering
temperature, austempering time and alloying composition) can influence the retained austenite
fraction, grain size and its stabilisation ([3],[4]), which in turn will influence the following
martensitic transformation.
The influence of different treatment and composition parameters on the martensitic
transformation has been investigated using in-situ neutron diffraction during applying either
tension or compression to different plastic strains. In addition texture measurements using
neutron diffraction have been performed to calculate the texture distribution of ferrite and
austenite phases for different strain levels. Combining the detailed information on texture with
the in-situ studies is necessary for quantitative phase analysis and extraction of martensite
phase fractions.
The results from these experiments allow us to illustrate the martensitic transformation kinetic in
ADI with austempering temperature, alloy element Nickel and plastic strains.
References:
[1] Leopold Meier, Michael Hofmann, Patrick Saal, Wolfram Volk, Hartmut Hoffmann, Materials
Characterization 85 (2013) 124-133
[2] Miguel Angel Yescas-González, Modelling the microstructure and mechannical properties of
austempered ductile iron, Dissertation in department of materials science and metallurgy,
University of Cambridge, (2001)
[3] Srinivasmurthy Daber, K. S. Ravishankar and P. Prasad Rao, J.Mater.Sci (2008) 43:49294937
[4] C. Capdevila, F. G. Caballero and C. García de Andrés; Analysis of the effect of alloying
elements on the martensite-start temperature of the steels; Department of Physical
Metallurgy, CENIM
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Fast and simple method for Goss texture evaluation by neutron diffraction
Monika Kucerakova1 , Martin Drab1 , Pavel Jirousek1 , Ladislav Kalvoda1 , Stanislav Vratislav1
1) Department of Solid State Engineering, Faculty of Nuclear Sciences an Physical Engineering,
Czech Technical University in Prague, Brehova 7, 11519 Prague 1, Czech Republic
* Monika Kucerakova, monika.kucerakova@fjfi.cvut.cz

Requirement of low power losses is one of the crucial demands laid on properties of electric
steel sheets used in construction of various magnetic circuits. For cold-rolled grain-oriented
(CRGO) Fe-3%Si sheets used in majority of power distribution transformers, the Goss texture
{110}<001> is known to provide the best utility properties (low power loses, high magnetic
permeability). Due to the coarse grain size of CRGO steel, neutron diffraction (ND) is
dominantly used to characterize the sheets\' texture in order to achieve statistically significant
data.
In this paper, we present a fast and simple method for Goss texture perfection characterization
in CRGO steel sheets by monochromatic ND. The method is tested on nine samples differing in
fabrication technology and magnetic properties. Satisfactory performance of the method is
demonstrated by juxtaposition with the results obtained by a standard texture analysis approach
based on experimental determination of pole figures followed by scrutiny of calculated
orientation distribution function. High correlation level - 0.93 and 0.95 -between the saturation
magnetization value and the derived texture indicators of the samples is obtained for the
proposed and the standard texture analysis approach, respectively.
The research was kindly supported by Czech Science Foundation grant 14-36566G and Czech
Ministry of Education, Youth and Sports, grant RVI 14000.
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A study of residual stresses and their effect on thermo mechanical fatigue in complex
geometries
Susan Kilcoyne1 , Kathryn Gannon2 , Kiumars Shoghi2 , Thilo Pirling3 , Shu Yan Zhang4 , Joe
Kelleher4
1) University of Huddersfield, UK 2) Borg Warner, Bradford, UK 3) ILL, France 4) ISIS,
Rutherford Apleton Laboratory, UK
* Sue Kilcoyne, s.h.kilcoyne@hud.ac.uk
It is known that residual stresses within engine components, such as turbine housings, can
combine with service generated stresses and cause unexpected failures during operation,
therefore it is important that all the stresses (residual and induced, compressive and tensile) are
fully characterised and understood.
The use of neutrons as a tool to measure the strains within a material is well established;
however, applying this technique to complex engineering components can prove challenging.
This research investigates the measurement of residual stresses in complex geometries found
within the turbine housing component of a turbocharger using neutron diffraction. The effect of
various production methods on residual stress distributions is also explored.
Successful strain measurements were taken using the Engin-X instrument at the ISIS spallation
source from three turbine housings selected from various stages in the manufacturing process,
allowing a study of the effect of heat treatment and machining on stress magnitudes and
direction. The turbine housing consists of various sections greater than the maximum 60mm
path length of the neutrons, therefore path lengths must be carefully chosen to achieve
acceptable neutron count rates. Engin-X benefits from an automated experimental setup to
make the selection of this limited path length easier on complex shapes. The turbine housings
were mounted on to a positioning table allowing translation in X, Y, Z directions and also
rotation in , . Each of the housings were scanned using laser scanners and this in conjunction
with the virtual path length measurement software SScanSS allowed automated measurements
of acceptable path lengths to be made. On this occasion measurements in one principal
direction were measured and the correct measurement methodology established.
Continuation of this work was then carried out on SALSA at the ILL reactor
source. Measurements were made on turbine housings, one as cast and one heat treated. The
internal divider wall of each turbine housing was examined as this is an area where crack
initiation can occur. The results showed that, heat treatment can reduce compressive residual
stresses. However, compressive stresses are thought to slow the onset of crack initiation and
could be beneficial in the material, this will be investigated further in future work.
It is hoped that this information will be used to improve production methods and result in
improved simulation methodologies to allow accurate predictions of thermal fatigue and fracture
locations to be established.
The authors wish to thank Dr Jon James (Open University) for his help in setting up the
experiment and for the use of the SScanSS software.
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Energy dispersive imaging of magnetically driven twins in a NiMnGa single crystal shape
memory alloy
Saurabh Kabra1 , Joe F Kelleher1 , Winfried Kockelmann1 , Matthias Gutmann1 , Anton S
Tremsin2
1) Rutherford Appleton Laboratory, ISIS Facility, Chilton, OX11 0QX, UK 2) Space Sciences
Laboratory, University of California, Berkeley, CA 94720, USA
* Saurabh Kabra, saurabh.kabra@stfc.ac.uk
Single crystals of partially twinned magnetic shape memory alloy, NiMnGa were imaged using
time of flight neutrons at the ISIS neutron source. The single crystal produces two twin variants
with a specific crystallographic relationship [1]. Large volumes (several mm3) of twinned and
parent regions were achieved by partially exposing the alloy to large magnetic fields.
Transmission images were captured using a time of flight MCP neutron detector [2]. The
twinned and parent regions were clearly distinguishable by choosing different energy regions.
Further, the time resolved data was used to elucidate the orientations of the crystallites in the
different volumes of the crystal. The orientations were confirmed by measuring the crystal on
the single crystal neutron instrument, SXD. This provided a unique technique to give insights
about the morphology of the twins within these magnetic shape memory alloys.
[1] Sozinov, A. and Likhachev, A. A. and Lanska, N. and Ullakko, K., Giant magnetic-fieldinduced strain in NiMnGa seven-layered martensitic phase. Applied Physics Letters, 80,
1746-1748 (2002)
[2] A.S. Tremsin, J.B. McPhate, J.V. Vallerga, O.H.W. Siegmund, J.S. Hull, W.B. Feller, E.
Lehmann, Detection efficiency, spatial and timing resolution of thermal and cold neutron
counting MCP detectors, Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment, 604, Issues 1–2, 140143 (2009)
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Line profile analysis of steels during tensile deformation at Engineering Materials
Neutron Diffractometer TAKUMI
Takuro Kawasaki1 , Stefanus Harjo1 , Wu Gong1 , Kazuya Aizawa1 , Takaaki Iwahashi1
1) J-PARC Center, Japan Atomic Energy Agency
* Takuro Kawasaki, takuro.kawasaki@j-parc.jp
Dislocation characteristics in metallic materials are widely investigated in order to understand
the mechanical properties of the material. The density and the arrangement of dislocation are
important factors for hardness of the material. Line profile analysis for X-ray and neutron
diffraction data has been used for the evaluation of the characteristics of dislocation. Neutron
diffraction has an advantage for obtaining averaged information of dislocation inside the
material owing to its high permeability. Further, the variation of the dislocations in the material
during mechanical or thermal process can be observed by in-situ measurements. The
Convolutional Multiple Whole Profile (CMWP) fitting method is a state of the art technique for
line profile analysis and the characteristics of dislocation are evaluated from the shape of the
peak profile including the tail by this technique. The microstructure of materials should be
evaluated from neutron diffraction patterns more precisely by adopting CMWP fitting method
compared with using classical Williamson-Hall method.In this study, the dislocation density and
the arrangement in martensitic steels during tensile deformation were investigated using
Engineering Materials Neutron Diffractometer TAKUMI at J-PARC and CMWP fitting method.
The results of the analysis indicated the arrangement of dislocations becomes order according
to the increasing of plastic strain, and plays the important role in hardening behavior of the
steel. The dislocation characteristics of some types of steels evaluated at TAKUMI and
behaviors of the dislocation during tensile deformation will be presented.
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Strain path changes studied by in-situ neutron diffraction
T. Panzner1 , T. T. T. Trang3 , S. Van Petegem2 , H. Van Swygenhoven3
1) LNS, NUM, Paul Scherrer Institut, CH-5232, Villigen Switzerland 2) NXMM, NUM, Paul
Scherrer Institut, CH-5232, Villigen Switzerland 3) NXMM, IMX, École Polytechnique Fédérale
de Lausanne (EPFL), CH-1015, Lausanne, Switzerland
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Most of our knowledge on the mechanical behaviour of engineering materials has been derived
from conventional uni-axial tensile or compression tests. However during manufacturing
processes, e.g. in sheet metal forming, and during service, materials often experience multiaxial stress states or undergo strain path changes. It is well known that under multi-axial
loading conditions materials can exhibit different behaviour compared to an uni-axial loading
case. Little work has been done to investigate the underlying mechanisms. In addition, while insitu neutron or X-ray diffraction is well-established for uniaxial deformation studies [1, 2], in-situ
neutron diffraction during multi-axial deformation is a relatively new field.
At the Pulse OverLap DIffractometer (POLDI) beamline of the Swiss Spallation Neutron Source
(SINQ) at the Paul Scherrer Institut (PSI, Switzerland), a new biaxial tensile test rig developed in
cooperation with Zwick Roel was installed, allowing to perform proportional and nonproportional loading experiments (figure 1) . Strain path change experiments can be performed
whereby cosζ. With ζ the angle between the first and the second strain paths [3] can be varied
from 1 for monotonic loading to -1 for complete reversal loading. The Bauschinger effect, i.e the
observation of a lower yield stress while reloading in the reverse direction, is an example of a
strain path change with cosζ = -1. The value of corresponds to the orthogonality of the two
strain paths, often called the cross loading mode. The research presented here focuses on the
study of the evolution of the microstructure of 316L stainless steel during different applied
deformation paths and in-situ neutron diffraction
Samples with cruciform geometry are chosen for in-plane biaxial experiments. During
deformation, the change in the macroscopic strain is recorded by Digital Image Correlation
(DIC), whereas a footprint of the evolving microstructure is captured by following the
characteristics of the neutron diffraction pattern in terms of peak shift and peak broadening. The
incoming beam makes an angle of 45° with respect to the horizontal axis of the
3
cruciform sample. A neutron gauge volume of 3.8x3.8x2.5mm was chosen for good counting
statistics.
In this work we focus on the evolving intergranular strains during strain path changes with
cos ranging from 0.87 to -0.5. Depending on the strain path chosen, recovery effects during
strain path change are indentified.
References
1. Clausen, B., T. Lorentzen, and T. Leffers, Self-consistent modelling of the plastic
deformation of FCC polycrystals and its implications for diffraction measurements of
internal stresses. Acta Materialia, 1998. 46(9): p. 3087-3098.
2. Van Swygenhoven, H. and S. Van Petegem, In-situ mechanical testing during X-ray
diffraction. Materials Characterization, 2013. 78: p. 47-59.
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METALS WITHOUT TEXTURE. Materials Science and Engineering, 1985. 75(1-2): p.
13-20.
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In-situ investigation of deformation mechanisms in magnesium – based alloy and
composite by means of neutron diffraction and acoustic emission
Zoltán Száraz1 , Zuzanka Trojanová2 , Kristián Máthis2 , Gergely Farkas2 , Thilo Pirling3
1) Institute for Energy and Transport, Joint Research Centre, Westerduinweg 3, NL-1755ZG
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Physics, Charles University in Prague, Ke Karlovu 5, 121 16 Prague, Czech Republic 3) Institut
Laue-Langevin, 71 avenue des Martyrs, 38000 Grenoble, France
* Zoltan Szaraz, zoltan.szaraz@ec.europa.eu

The deformation behaviour of an Mg-Al-Ca alloy and its short fibre reinforced composite was
studied using in-situ methods: acoustic emission and neutron diffraction measurements.
AX41 magnesium alloy with a nominal composition of Mg-4 wt.% Al-1 wt.% Ca and its
composite variant reinforced with 13 vol.% short alumina fibres were investigated. The fibres
with a mean diameter of 3 μm and a mean length about 87 μm showed a planar isotropic
distribution.
Specimens for deformation tests were cut from the bulk with two orientations with respect to the
fibres plane: samples with the fibres plane parallel and perpendicular to the longest sample axis
which is identical with the load axis.
3
The specimens of dimensions 20x10x10 mm were deformed in compression at room
-3
temperature with an initial strain rate of 10 s-1. The matrix alloy samples without any
reinforcement were also deformed.

The in situ neutron diffraction measurements were carried out on the neutron diffractometer for
engineering applications SALSA at the Institut Laue-Langevin (ILL) in Grenoble, France. A
wavelength of 1.644 Å was used and the gauge volume was approximately 10x10x10 mm3,
positioned in the middle of the sample. The loading machine was mounted in diffraction set-up
and the lattice strains in the loading direction were measured during compression independently
in both phases – the matrix and the reinforcing phase. The high-flux and a large gauge volume
allowed to measure two diffraction peaks (00.2) and (10.1) of the magnesium matrix and one
peak of the reinforcing phase (321) within reasonable short time.
The acoustic emission (AE) response of the samples during the loading was detected by
computer-controlled PCI-2 system from Physical Acoustics Corporation. The miniaturized
piezoeletric transducer with a diameter of 3 mm was attached directly to the sample. AE
parameters involving count rate at a given threshold level were estimated.
The fibres and their orientation have significant impact on the mechanical properties and the
deformation behaviour. The reinforcing effect of short alumina fibres is higher for samples with
the fibre planes oriented parallel to the stress direction. The analysis of the lattice strain
evolution in both the matrix and fibres showed that the load transfer from the matrix to the
reinforcing phase is less effective, than the theoretical forecast due to fibres buckling and
debonding during the plastic deformation.
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Results showed that the massive {10-12} twinning at the onset of plastic deformation observed
in the alloy was in the composite suppressed. The twinned volume derived from the integrated
intensity of the (00.2) peak was found to be the smallest for the perpendicular fibres plane
arrangement.
Residual thermal stresses having a tensile character were experimentally estimated and
compared with the theoretical calculation. They affect the yielding behaviour of the composite
and represent important contribution to the composite strengthening.
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Studies of the radioactive waste confinement matrix
using neutron scattering methods
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* Cristian Dragolici, adrag@nipne.ro
The management of the radioactive waste, as it is performed at IFIN-HH, implies the
conditioning in a cement matrix as an embedding, stable, disposal material. Neutron scattering
methods are a powerful and direct method for investigating the static and dynamic properties of
materials manifesting disordered structure. They offer the possibility to analyze the substance
without disturbing its natural environment. In the study of the cement matrix quasielastic neutron
scattering and small angle neutron scattering methods were used. Hydrogen containing
molecules are involved in microscopic diffusive motions that can be most effectively studied by
quasielastic incoherent neutron scattering while solid and liquid systems, phase
transformations, germination and grows flaws and defects and generally any inhomogeneity’s
occurred in a range of 10 to 1000Å are most suitable studied by small angle coherent
scattering. This paper highlights the work performed in investigation by neutron scattering of the
cement paste used for radioactive waste conditioning.
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In-situ energy resolved neutron imaging and tomography
of electrochemical cells for efficient energy conversion
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* Anton Tremsin, ast@ssl.berkeley.edu
In-situ neutron Bragg edge imaging and tomography have been performed on a variety of
samples for solid oxide electrochemical cells (SOC) for efficient energy conversion. SOCs hold
a great potential for the future gas-to-electricity or electricity-to-gas sustainable and efficient
energy conversion without the emission of hazardous substances. They may become a key
factor in the intermediate storage of over production of electricity from wind turbines or solar
panels.
Planar SOCs are composed of at least three layers: an anode, an electrolyte and a cathode. NiYSZ (yttria stabilized zirconia) is a material widely used for electrodes and supports in SOCs.
Mechanical and electrochemical performance of these layers, and thus the whole cells,
depends on their microstructure. During the initial operation of the cell the NiO is reduced to Ni
for electrochemical activity and the material becomes porous enabling gas transport. The
temperature, atmosphere and stress applied during this procedure determine the microstructure
of the support and the electrode and thereby the cell performance and life-time. Therefore insitu observation of these processes provides knowledge of how to optimize the SOCs.
Neutron imaging is a nondestructive characterization method that is ideal for in-situ
characterization of SOCs. Due to the high material penetration by neutrons, it is possible not
only to image real size SOC stacks, but also to perform experiments in-situ, using a sample
environment providing the SOC operation conditions of high operation temperatures up to 850
°C and in a reactive atmosphere of hydrogen and oxygen mixtures.
Here we present the results of a variety of energy resolved neutron imaging measurements
performed at both continuous and pulsed neutron sources and applied ex-situ and in-situ to
SOC components. Bragg edge patterns contain information about elements, crystal structure,
crystalline phases, texture and the strain field. This imaging method was applied to the
reduction and oxidation cycles of the SOC electrodes at high temperatures including the
application of a mechanical load mimicked the operation of the SOC. The acquired neutron
imaging showed directly the morphological changes including crack formation in the SOC
electrodes. These in-situ experiments were performed using our custom built furnace. Its design
allows us to meet the requirements of the equipment used at neutron imaging instruments, to
achieve the required spatial resolution, and at the same time, to provide conditions required for
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conducting NiO reduction and re-oxidation, i.e. high temperature and reactive atmosphere.
Further, neutron tomography was applied to a full commercially tested SOC stack showing the
morphology of the cells while still enclosed and under mechanical strain from the stack gas
distribution system.
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Neutron diffraction study of metal-matrix composite with fullerite
Polina Borisova1 , Mihail Blanter2 , Vadim Brazhkin3 , Victor Somenkov1 , Vladimir Filonenko3 ,
Alexey Shuklinov4 , Vladimir Vasukov4
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Pressure Physics, Troitsk, Moscow, Russia 4) Tambov State University, Tambov, Russia
* Polina Borisova, borisovapa@mail.ru
To create metal-matrix composites containing carbon nanotubes, fullerene, or graphene is
necessary to investigate the interaction of various metals and alloys with these carbon materials
at high temperatures and high pressures. We have studied the interaction of amorphous fullerite
C60 with austenitic Fe-33.2 wt. % Ni alloy at pressures 2-8 GPa and temperatures 600-1100 °C.
Structural changes in the metal matrix and the carbon phase were studied by neutron
diffraction, the most suitable for the localization of light atoms in the presence of heavy atoms.
Furthermore, this method makes it possible to investigate the entire volume of inhomogeneous
sintered sample.
The amorphous fullerite was obtained by ball milling and mixed with the powder of the
crystalline alloy. The interaction at sintering led to the dissolution of carbon in fcc Fe-Ni solid
solution and the formation of carbide (Fe, Ni)3C, but the Fe-Ni-C alloy did not undergo phase
transformations and preserved the original fcc structure. As a result, the alloy hardened, we
could also witness a clear barometric effect: at the pressure of 2 GPa the amount of the
dissolved carbon, hardness at micro- and nanoindentation turned out to be significantly higher
than those at 8 GPa.
During sintering amorphous fullerite is undergoing phase transitions and its microhardness is
higher than the microhardness of the metal component. At high temperatures of interaction
graphite appears. The presence of Fe-Ni alloy in the composite reduces the temperature of
graphite formation in comparison with transformations in the pure amorphous fullerene.
This study was supported by the Russian Foundation for Basic Research (project 13-0200208a).
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Atomic displacement parameters of MAX phases at high temperatures: rattling of Agroup elements
El'ad N. Caspi1 , Nina J. Lane2 , Sven C. Vogel3 , Michel W. Barsoum2
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The MAX phases are a large family (more than 70 phases) of hexagonal (space
group P63/mmc) ternary ceramics with a composition of Mn+1AXn, where M stands for an early
transition metal, A represents a group A element, X stands for carbon and/or nitrogen, and n=1,
2, or 3. There are three major classes of MAX phases, grouped by the value
of n: M2AX (211), M3AX2 (312), and M4AX3 (413). A structural characteristic of the MAX phases
is their layered structure (see Figure), where A layers exist between M6X blocks. Understanding
the bonding of atoms and their vibrations within, and between, the layers is crucial for
understanding many of their properties in general and their high temperature properties in
particular. In this work we summarize several year\'s worth of High-Temperature-NeutronDiffraction results on more than 7 MAX phases in the range of 25-1000 °C. These results are
then compared to detailed temperature dependent DFT calculations. From the totality of our
results we show that the M-X bonding in the MAX phases is quite robust, while the M-A bonding
is more loose. The A-atom vibration is the highest of all atoms and it is always anisotropic. They
can be described as anisotropic “rattlers” between stiff M6X blocks.
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Investigation of structure and dynamics of the magnetic spin-density wave in chromium
G. Brandl1 , T. Keller3 , E. Clementyev4 , T.G. Perring5 , H. Woo6 , C. Pfleiderer2 , P. Böni2
1) Jülich Center for Neutron Science, Forschungszentrum Jülich, Garching, Germany and
Physik-Department E21, Technische Universität München, Garching, Germany 2) PhysikDepartment E21, Technische Universität München, Garching, Germany 3) Max-Planck-Institut
für Festkörperforschung, Stuttgart, Germany 4) Laboratory for Neutron Investigations,
Condensed Matter Division, Institute for Nuclear Research of the Russian Academy of
Sciences, Moscow, Russian Federation 5) ISIS Facility, Rutherford Appleton Laboratory,
Chilton, Didcot, Oxon, United Kingdom 6) Department of Physics, Brookhaven National
Laboratory, Upton, New York, USA
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The low energy magnetic excitations in chromium [1], regarded as the prototypical example of
an itinerant antiferromagnet, have been extensively studied since the 1950\'s [2]. Nonetheless,
its excitation spectrum remains only partially understood, in contrast to itinerant ferromagnets,
where the excitations are well approximated by means of the self-consistent renormalization
(SCR) theory. More recently, it has become apparent that a fuller understanding of the behavior
of chromium may have wider relevance in interpreting the excitations in other itinerant
antiferromagnets, including the high Tc cuprates. A common feature of these high Tc materials is
the presence of parallel 2-dimensional copper oxide planes in their crystal structure containing
charge carriers or holes. In an itinerant picture, the spin dynamics have been described in terms
of electron-hole pair excitations about an underlying Fermi surface [3]. We present a study of
the static magnetic order in Cr throughout the phase diagram using the Larmor diffraction
technique [4], as well as of the high-energy excitations using time-of-flight inelastic neutron
scattering. The data is interpreted by means of a theory using a three-band model within the
RPA-approximation [5].
[1] E. Fawcett, Rev Mod Phys 60, 209 (1988).
[2] L. M. Corliss, J. M. Hastings, R. J. Weiss, Phys Rev Lett 3, 211 (1959).
[3] N. Bulut et al, Phys Rev Lett 64, 2723 (1990); N. Bulut, D. J. Scalapino, Phys Rev B 53,
5149 (1996); M. R. Norman, Phys Rev B 61, 14751 (2000).
[4] T. Keller, R. Golub, and R. Gähler, in Scattering and Inverse Scattering in Pure and Applied
Science, R. Pike, P. Sabatier, Eds. (Academic Press, San Diego, CA, 2002), 1264–1286.
[5] R. S. Fishman and S. H. Liu, Phys. Rev. B 54 7252 (1996).
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Neutron Radiation Damage Testing of Organic Solar Cells
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Polymer-based solar cells have recently emerged as a promising class of photovoltaic diodes,
with efficiencies approaching 12%1. Since this class of materials allow fabrication of cheap,
lightweight and flexible devices, they might be integrated effectively in spacecrafts and thus
reduce the associated launching costs. For all these reasons, a detailed study on the effect of
radiation exposure needs to be carried out to investigate whether or not these devices are
adequately radiation tolerant. Neutron irradiation is a well-established technique to simulate
exposure to cosmic rays.
Here we report, for the first time, a study of fast neutron (>10 MeV) radiation tolerance of
polymer-fullerene solar cells incorporating either poly(3-hexylthiophene) [P3HT] or poly(2,5bis(3-hexadecylthiophen-2-yl)thieno[3,2-b]thiophene) [PBTTT] as electron-donors, and [6,6]Phenyl C71 butyric acid methyl ester (PCBM) as the electron-acceptor. We irradiated the devices
at three different total-dose of neutrons (1.5, 3 and 4.5 x 109 n / cm2), observing a general
lowering of the efficiencies (40% and 11% for P3HT and PBTTT) already at the lower dose and
a higher parameters variability from device to device upon irradiation. Interestingly, PBTTT
displays a higher radiation tolerance than P3HT, likely due to its superior structural and
conformational stability.
1

Heliatek, (http://www.heliatek.com/newscenter/presse, 16/01/2013), Press Release.
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Neutron diffraction study of the (BiFeO3)1-x(PbTiO3)x solid solution – nanostructured
multiferroic system
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Neutron diffraction studies performed on the solid solution of (BiFeO3)1-x(PbTiO3)x reveal a
mixture of two nanoscale phases with different crystal structures: a rhombohedral BiFeO3-based
phase and a tetragonal PbTiO3-based phase. The ratio of Fe3+ and Ti4+ ions in the two phases
is practically constant; only the proportion of the phases changes. The magnetic moments in the
BiFeO3-based phase, in contrast to BiFeO3, deviate from the basal plane. The temperature
evolution of the spin components along the hexagonal axis and within the perpendicular plane is
different, leading to a spin re-orientation transition. The antiferromagnetic order in the PbTiO3based phase corresponds to a simple antiferromagnetic structure. The temperature
dependence of the antiferromagnetic moment in the tetragonal phase at x = 0.5 indicates a
canted antiferromagnetic order and a net ferromagnetic moment. A strong magnetic coupling
between two constituent phases due to the nanoscale character of the phases and welldeveloped interface between nanoparticles has been observed. The system of (BiFeO3)1x(PbTiO3)x demonstrates an interesting scenario, where the proximity effects in the unstable
system play a crucial role in the appearance of the unusual magnetic properties.

I.V. Golosovsky, S.B. Vakhrushev, J.L. García-Muñoz, M. Brunelli, W.-M. Zhu, Z.-G. Ye, and V.
Skumryev, "Neutron Diffraction Study of the (BiFeO3)1-x(PbTiO3)x Solid Solution –
Nanostructured Multiferroic System", Journal of Physics: Condensed Matter,
27, 046004, 2015.
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Relation of structural order and pore shape in amorphous carbon materials
Heisi Kurig1 , Margarita Russina2 , Indrek Tallo1 , Miriam Siebenbürger2 , Sylvain Prevost3 , Enn
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Amorphous carbon materials have a high impact on todays’ novel energy technology being
important components in energy storage and conversion devices like supercapacitors, batteries,
proton exchange membrane fuel-cells etc. To optimize the performance of such devices, it is
crucial to have a good understanding of the porosity and structure of used carbon materials. As
a standard method, the nitrogen adsorption measurements and several models like BrunauerEmmett-Teller (BET), t-plot and non-local density functional theory (NLDFT) have been used to
calculate the available specific surface area and the pore size distributions for different
amorphous carbon materials. However, these models need the pore shape as an input
parameter for calculations and often the slit shaped pore model is assumed without additional
verification. This assumption is also very often transferred to the behaviour of carbon materials
in different applications leading to misinterpretations.
The main aim of our research was to study the possibility of different pore shapes in amorphous
carbon materials based on three different carbide-derived carbons SiC-CDC, TiC-CDC and
Mo2C-CDC, derived via the high temperature (≥ 900 °C) chlorination of SiC, TiC and
Mo2C,respectively. For that purpose nitrogen adsorption, Raman scattering and small-angle
neutron scattering with contrast matching technique were used.
Although the average pore dimensions obtained from small-angle neutron scattering fell in the
regions of pore size distributions calculated from nitrogen adsorption isotherms using non-local
density functional theory (Figure 1), the results suggest different pore shapes for different
carbon materials: sphere-like pores in SiC-CDC, cylinder-like or elongated pores in TiC-CDC
and slit-like pores in Mo2C-CDC. These results were compared to the correlation lengths in
carbon structure calculated from Raman scattering spectrum. It was observed that the carbon
material with the longest correlation length (La = 11 nm), Mo2C-CDC, also had the largest pores
in the carbon materials indicating a clear connection between the structural order of carbon
material and the pore size.
To conclude, we demonstrated that the slit-shaped pore model usually assumed to be suitable
for amorphous carbon materials can be misleading in many cases. Thus, for complicated
hierarchical carbon materials, the pore shape should be verified by applying additional methods
before including the pore size to the analysis of material behaviour in different applications.
Figure 1: Pore size distributions calculated using NLDFT model for all carbide-derived carbons
studied. The vertical lines on the graphs represent the average pore dimension obtained from
small-angle neutron scattering.
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Magneto-electric domains in the ferromagnetic and ferroelectric phase of Mn2GeO4
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The realisation of coupled ferromagnetism and ferroelectricity in magneto-electric materials is
famously restrictive. Despite this, new practical realisations of such coupling are actively sought
due to its well-known technological potential. While much of the recent research towards this
goal has focussed on thin film and heterostructure synthesis approaches, the rules that govern
such a coupling in bulk systems remains to be firmly established. Part of the reason for this is
that bulk magnets on which to test such understandings are extremely scarce.
Recently, we showed the olivine material Mn2GeO4 to display a phase where ferromagnetism
and ferroelectricity co-exist, both spontaneously and pointing along the c-axis [1]. Our earlier
studies show the ferromagnetism to arise from a canting of a commensurately modulated
antiferromagnetic order, and the ferroelectricity to be generated by a symmetry-breaking
incommensurate spiral order [1,2]. Our measurements evidenced both the 2-q ground state
magnetic structure and hinted at a coupling between the ferromagnetism and ferroelectricity
[1,2], though the microscopic origin and symmetry requirements of such a coupling remain to be
addressed.
To clarify if and how such a coupling may arise, neutron diffraction, in particular spherical
neutron polarimetry (SNP) experiments have been conducted on single crystal samples on
Mn2GeO4. By poling the sample under electric and/or magnetic fields along the c-axis, we
controlled and characterised the magnetic domain populations for different applied field
protocols. Notably, we show that the switching of both the ferromagnetic and ferroelectric
moments by magnetic field sweeping is concomitant with a switch in the spiral-handedness of
the incommensurate modulation known to generate ferroelectricity. We will discuss how these
measurements of the magneto-electric domains may point towards a novel coupling between
the two ferroic orders in Mn2GeO4.
[1] T. Honda et al., J. Phys. Soc. Jpn. 81 103703 (2012)
[2] J.S. White et al., Phys. Rev. Lett. 108, 077204 (2012)
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National Academy of Science, Baku, Azerbaijan
* Katharina Fritsch, katharina.fritsch@helmholtz-berlin.de

TlInSe2 belongs to the family of ternary Tl-based chalcogenide compounds that have recently
attracted large interest as potential thermoelectric materials with very low lattice thermal
conductivities and large figures of merit (ZT>1-2) for temperatures below ~500K [1,2]. TlInSe2
crystallizes in a tetragonal crystal structure that can be viewed as a set of (In3+Se2-)- chains
running along the c-axis of the lattice, connected to each other by monovalent Tl+ ions, thereby
creating a quasi one-dimensional structure. It is assumed that this structural one-dimensionality
is responsible for the large thermoelectric effects, however, the undoubtedly relevant lattice
dynamics have not been studied so far.
We have used the cold hybrid spectrometer HYSPEC at the SNS, ORNL, to study the room
temperature phonon dispersions in a high quality single crystal of TlInSe2 over a large range of
reciprocal space. We will present our experimental data in conjunction with first-principles
calculations, which allow us to elucidate the origin of the low thermal conductivity, its anisotropy
and the role of anharmonic effects in this novel thermoelectric candidate material.
[1] M.A. McGuire et al., Chem. Mater. 17, 2875 (2005)
[2] N. Mamedov et al., Thin Solid Films 499, 275 (2006)
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Vogel-Fulcher dynamics of nanoscale polarization in a uniaxial relaxor ferroelectric
(SBN-61).
Petr Ondrejkovic1 , Martin Kempa1 , Jiri Kulda2 , Bernhard Frick2 , Markus Appel2 , Jerome
Combet2 , Jan Dec3 , Jirka Hlinka1
1) Institute of Physics ASCR, Prague, Czech Republic 2) Institut Laue-Langevin, Grenoble,
France 3) Institute of Physics, Katowice, Poland
* Jiri Kulda, kulda@ill.eu
One of the most remarkable properties of ferroelectric relaxor materials is their extraordinarily
large dielectric permittivity appearing over a broad temperature interval and attaining its
maximum at a temperature Tmax , which varies linearly with the logarithm of the probing
frequency [logν]. Contrary to the usual Arrhenius relationship, i.e. the direct proportionality
between the the logν and the absolute temperature, describing the usual slowing down of
thermally activated processes in nature, here at low frequencies Tmax tends towards a finite
characteristic temperature TVF , which is typically hundreds of Kelvins. This type of dependence
is known in dynamics of glass-forming liquids, and many other disordered materials of current
interest, as the Vogel-Fulcher (VF) law.
Although the relaxor-glass analogy has to be taken with care, it has been widely accepted that
the VF behavior in relaxor ferroelectrics is related to a temperature-dependent length scale of
nano-range polar inhomogeneities. While there is a clear experimental evidence for nanoscale
polar entities in the low-temperature relaxor state e.g. from neutron and x-ray scattering
investigations, the exact topology of the spatial polarisation distribution is still debated. As a
consequence, the microscopic origin of the Vogel-Fulcher-type dynamics continues to represent
the most enigmatic aspect of the relaxor physics and, as in the case of a glass transition, it calls
for further studies at multiple time and length scales.
We have investigated the inelastic component of diffuse neutron scattering in a
Sr0.61Ba0.39Nb2O6 single crystal using the backscattering technique at a sub-μeV resolution on
the IN16 and IN16B (ILL) spectrometers [1]. In the direction perpendicular to the ferroelectric
axis we could identify two response components with transverse polarization: an elastic
(resolution limited) central peak, which monotonously increases with decreasing temperature,
and a quasi-elastic signal having a maximum around the ferroelectric phase transition close to
350 K. In contrast to previous neutron experiments on this [2,3] and other relaxor materials we
were able to observe a temperature dependence of the characteristic frequency of these
fluctuations, obeying the same Vogel-Fulcher law as the dynamic part of the dielectric
permitivity of this material [4]. In this way our findings provide a first direct link between the
polarization fluctuations responsible for Vogel-Fulcher-type frequency dependence of dielectric
permittivity and dynamic nano-scale lattice modulations with a transverse correlation length of
about 5-10 unit cells.
[1] P. Ondrejkovic, M. Kempa, J. Kulda et al., Phys. Rev. Lett. 113, 167601 (2014)
[2] F. Prokert and R.Schalge, Phys. Status Solidi B 87, 179 (1978)
[3] S.N. Gvasaliya, R.A. Cowley et al., J. Phys. Condens. Matter 26, 185901 (2014)
[4] E. Buixaderas et al., J. Phys.: Condens. Matter 17, 653 (2005)
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Nanostructural research made on carbon nanotube/polymer composites
Adél Len1 , János Füzi1 , Viktor Kenderesi1 , Nándor Éber1 , Sofia Boukheir 2 , Amane
Quoeiragli 2 , Mohammed Essaid Achour 3 , Abdelkader Outzourhit 2
1) Wigner Research Centre for Physics, Budapest, Hungary 2) Université Cadi Ayyad,
Marrakech, Morocco 3) University Ibn Tofail, Kenitra, Morocco
* ADEL LEN, len.adel@wigner.mta.hu
The first polymer nanocomposites using carbon nanotubes (CNT) as fillers were reported in the
early ‘90s. Since then a significant number of scientific reports have been published, however
there are only a few nanotube-based commercial products in the market at present. The
characteristic parameters, as nanotube type, chirality, length, diameter, amount of impurities,
defects etc., vary within laboratories where they were produced, what makes the comparison of
the results of different researchers difficult. While important insights have been achieved, there
are still many unsolved questions concerning CNT containing nanocomposites. CNTs have
several characteristics, such as flexibility, low mass density, large aspect ratio that make them
excellent for improving the mechanical, electrical, thermal properties of polymers. [1] Due to
their reduced size and dimensionality, carbon nanotubes form complex networks of aggregates
within the composite materials.
Bisphenol A diglycidyl ether (DGBA) epoxy resin polymers containing multiwalled carbon
nanotubes (MWCNT) were prepared in the form of 3mm-4mm thick polymer tablets containing
different percentage of MWCNT (0.2% to 5% MWCNT). The samples were studied by
impedance spectroscopy and small angle neutron scattering (SANS).
The dielectric permittivity and the electrical conductivity of the composites were explored in the
o
frequency range of 1 Hz-10 MHz, in the temperature range of 20-160 C.
The SANS measurements were performed at the Yellow Submarine and FSANS small angle
neutron scattering diffractometers at the Budapest Neutron Centre at wide scattering vector
range (q=0.0005÷0.350 Å-1). The measured samples contained various percentage of added
MWCNT, therefore the extrapolated intensity to q=0 increased with the increasing amount of
nanotubes.
From SANS point of view, CNTs are seen as rigid rod-like structures, therefore a power law
scattering profile with a slope of -1 is expected. However such slope can only be observed,
when the CNTs are perfectly dispersed within the polymer matrix. [2]
In the present case scattering with two different regions occured; both of them following a power
law behavior, characteristic to the scattering arising from fractal objects. The exponent
characteristic to a given scattering vector region gives information on the dimensionality of the
scatterers, which can also be a non-integer for disordered systems. Surface and volume fractal
exponents were obtained for the two different q regions that correspond to loose disordered
three dimensional CNT networks within the polymer matrix. From the scattering vector at which
-1
the exponent value change occurs (q=0.01 Å ) we can estimate a size (600 Å) that
characterizes the three dimensional network. The different exponents indicate not only a
quantitative, but also a qualitative difference in the behavior of the different MWCNT containing
samples. The obtained aggregation/dispersion properties could be correlated with the electrical
conductivity properties.
[1] M. Moniruzzaman, K. I. Winey, Macromolecules 39 (2006) 5194-5205
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Diffraction studies on functional materials under electric field and mechanical load –
analysis of phase transitions, texture and strain
Markus Hoelzel1 , Manuel Hinterstein2 , Peter Kadletz3 , Weimin Gan4 , Christian Randau5 ,
Wolfgang W. Schmahl3
1) Technische Universität München (MLZ/FRM II) 2) Karlsruher Institut für Technologie 3)
Ludwig-Maximilians-Universität München 4) German Engineering Materials Science Centre
(MLZ/HZG) 5) Georg-August Universität Göttingen
* Markus Hoelzel, markus.hoelzel@frm2.tum.de
In this contribution neutron diffraction studies on ferroelectric ceramics under high electric fields
as well as shape memory alloys under mechanical load will be presented. The investigations
were carried out at the high-resolution neutron powder diffractometer SPODI and the materials
science diffractometer STRESS-SPEC (both at FRM II/MLZ, Garching near Munich). Both
instruments offer dedicated sample environmental tools to analyse functional materials under inoperando conditions.
In-situ studies on ferroelectrics under the influence of high electric fields enable to determine the
correlations between the macroscopic poling behaviour and corresponding structural changes.
The investigations were carried out on lead zirconate titanate based samples and on a bismuth
sodium titanate based system. A self-designed device for voltages up to 35 kV allowed the
investigation of large bulk samples under high electric fields. In addition the setup enabled
diffraction measurements for different orientations of the electric field with respect to the incident
beam. Thus the data could be analysed for phase composition, strain and texture effects. This
method allows to elucidate the poling mechanisms in technical ferroelectrics, such as lattice
strain, domain reorientation and phase transformations.
In the ternary system Bi0.5Na0.5TiO3 - BaTiO3 – K0.5Na0.5NbO3 the large recoverable fieldinduced strain could be attributed to a reversible field-induced phase transition from an almost
non-polar, pseudocubic tetragonal phase to a distorted, ferroelectric active phase. In the
technical standard system Pb1-y LazTi1-xZrxO3 the contributions of domain switching, lattice
strain to the resulting macroscopic strain could be separated for both constituent phases.
Polycrystalline monoclinic nickel-titanium shape memory alloys have been investigated under
mechanical load to correlate the mechanical behavior with structural and microstructural
changes. The experiments were carried out using a novel tensile rig which allows to orient the
load axis in a Eulerian cradle like manner. Therefore this load frame is suited to investigate the
anisotropy of the elastic response as well as complete pole figures under mechanical load. The
macroscopic strain in Ni-Ti shape memory alloys results from ferroelastic accommodation of the
twin microstructure (“texture evolution”) and elastic strain (lattice strain). Both contributions
could be separated by diffraction studies under mechanical load for different orientations of the
load axis. It has been found that the pure elastic response is limited to 0.2% macroscopic strain.
In the pseudoplastic region the longitudinal elastic strain is smaller than the pseudoplastic strain
by a factor of 10.
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Time resolved SANS study of wood disintegration in ionic liquid
Noemi Szekely1 , Henrich Frielinghaus1 , Claas Hoevelmann Hoevelmann 1 , Joern Viell2 ,
Dieter Richter1
1) Forschungszentrum Jülich GmbH, Jülich Centre for Neutron Science JCNS Outstation at
MLZ, Garching, Germany 2) RWTH Aachen University, Aachener Verfahrenstechnik, Aachen,
Germany
* Artem Feoktystov, a.feoktystov@fz-juelich.de
To reduce the dependence on fossil fuels, there is a growing interest for the use of
lignocellulosic biomass. Until now, wood is mainly used for the production of paper from
cellulose, and most of the other components of wood are simply incinerated to produce energy.
More effective conversion technologies are required. Therefore there are increasing efforts in
developing efficient, environmentally friendly and cost effective ways of converting wood in
bioenergy and bio-based products. Treatment of wood with ionic liquids is one promising new
conversion technology since ionic liquids improve enzymatic hydrolysis with regard to yield and
time [1]. While early studies focused on the dissolution of wood [2], the pretreatment first
involves ultrastructural changes in the wood which have not been understood so far [2-4].
The pretreatment in ionic liquids (IL) proved to be efficient because the IL swells the fibers
effectively and the wood starts to disintegrate. The aim of the study was to monitor the structural
changes occurring on a nanometer scale in real time in order to better elucidate the complicated
mechanisms of disintegration during pretreatment. In situ time-resolved SANS measurements
were performed on beech wood in the IL 1-ethyl-3-methylimidazolium acetate at 100°C covering
a wide Q-range. In order to obtain a better contrast, deuterated IL was synthesized within our
group, and used for the SANS experiments.
Following the data analysis presented on SANS results of switchgrass [5], as a first approach
for threating our data we also applied a multi-scale fractal model (Beaucage). This revealed
structural changes over time on different length scales for these highly complicated systems.
This analysis leads us to our current hypothesis that we are observing the filling of the voids in
wood by IL followed by the swelling of the cellulose microfibrils eventually resulting in the
disintegration of the cell walls. The elaboration of a model, which describes more accurately the
processes, is ongoing. The SANS results will be compared to existing results of WAXS, Infrared
and Raman Spectroscopy and from real time microscopy.
References
[1] J. Viell et al., Bioresour Technol., 2013, 146, 144–151
[2] A. Fort et al., Green Chem., 2007, 9, 63–69
[3] S. Ogawa & H. Miyafuji, J Wood Sci., 2015, DOI 10.1007/s10086-015-1461-3
[4] P. Langan et al, Green Chem., 2014, 16, 63
[5] S.V. Pingali et al, Acta Cryst., 2010, D66, 1189
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Proton dynamics in hydrated proton conducting perovskite type oxides BaZr0.9M0.1O2.95
(M = Y and Sc) investigated by neutron spectoscopy
Daria Noferini1 , Michael Marek Koza2 , Peter Fouquet2 , Marco Maccarini3 , Gøran Nilsen2 ,
Maths Karlsson4
1) Department of Applied Physics, Chalmers University of Technology, 412 96 Göteborg,
Sweden and Institut Laue-Langevin, Grenoble, France 2) Institut Laue-Langevin, Grenoble,
France 3) Institut Laue-Langevin, Grenoble, France and University Grenoble Alpes - Laboratoire
TIMC/IMAG, Grenoble, France 4) Department of Applied Physics, Chalmers University of
Technology, 412 96 Göteborg, Sweden
* Daria Noferini, noferini@ill.eu
In an energy demanding society, the need of “sustainable technologies” for energy production is
becoming more and more essential. Fuel cells, providing electricity with virtually no harmful
emissions, are one of the most promising technologies, especially if operating in the
intermediate temperature range (∼100—500 ˚C) [1-2]. At the heart of these devices is the high
-1
mobility of protons through a proton conducting membrane. Target conductivities exceed 10
S/cm and in this respect proton conducting oxides based on the perovskite structure, such as
BaZrO3 based compounds, are most promising. The proton conduction mechanism is believed
to be governed by two elementary steps: (i) proton transfers between neighbouring oxygens,
and (ii) reorientational motions of the hydroxyl groups between the transfers. A series of such
jumps and reorientations leads to long-range proton diffusion. However, the presence of dopant
atoms and other structural “imperfections” complicate the description of the proton conduction.
As a consequence, it is not fully understood even for the (structurally) simplest systems [2-3].
For this reason, we have here investigated the atomic-scale proton dynamics in proton
conducting perovskites BaZr0.9M0.1O3H0.1 (M = Y and Sc), by quasielastic neutron scattering,
with the aim to correlate their large difference in proton mobility [2] to any features of the proton
dynamics on the atomic scale. The quasi-elastic component obtained at the IN5 time-of-flight
spectrometer at ILL is well approximated by a lorentzian function with characteristic FWHM in a
range of ca 0.3-1.0 meV, and thus in accordance with results from previous experiments [3-4].
However, data collected at the same instrument with a higher resolution setup and data
collected at the IN11 neutron spin echo spectrometer both suggest instead the presence of a
relaxation described by a distribution of time constants and activation energies. Such
distribution could reflect different local structural proton environments in the perovskite
structure, or the combination of different proton motions. In this contribution we will discuss
these results and their relevance for the development of more highly proton conducting
materials in more detail.
[1] J. Powell, M. Peters, A. Ruddell and J. Halliday, Tyndall Centre for Climate Change
Research Working Paper, 50, (2004).
[2] K. D. Kreuer, Annu. Rev. Mater. Res., 33, 333 (2003).
[3] M. Karlsson, Dalton Trans., 42, 317, (2013).
[4] M. Karlsson, A. Matic, D. Engberg, M. r. E. Björketun, M.M. Koza, I. Ahmed, G. Wahnström,
L. Börjesson and S.G. Eriksson, Solid State Ionics 180, 22 (2009).
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Structure changes and martensitic transformations in hydrogenated NiTi
Premysl Beran1 , Jan Racek2 , Lukas Kaderavek2 , Pavel Sedmak2 , Petr Sittner2
1) Nuclear Physics Institute ASCR, Rez near Prague, Czech Reublic 2) Institute of Physics
ASCR, Na Slovance 1999, Prague, Czech Republic
* Premysl Beran, pberan@ujf.cas.cz
Because of the high values of its diffusion coefficient, hydrogen can be easily introduced into
the NiTi and just as easily removed from it. As the diameter of a hydrogen atom is very small, it
occupies the interstitial sites at room temperature. Hydrogen in titanium alloys tends to form
titanium hydrides.
NiTi can be hydrogenated either by exposing it to hydrogen atmosphere at high temperatures or
by charging it electrolytically in liquids at room temperature. In frame of systematic
electrochemical studies of superelastic and shape memory NiTi wires, we charged these wires
cathodically with hydrogen under different conditions (in austenite, martensite, R-phase, under
applied stress, in deformed martensite, etc.) and investigated its effect on the phases and
transition temperatures by in-situ neutron diffraction, electric resistometry, tensile testing and
scanning electron microscopy (SEM). The effect of hydrogenation mode on transformation
temperatures, lattice parameters, strength and fracture mode are discussed in the context of the
results of in-situ electrochemical studies
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Origin of relaxor ferroelectricity in lead-free Bi1/2Na1/2TiO3-based single crystal
investigated using diffuse elastic and quasielastic neutron scattering
Florian Pforr1 , Marton Major1 , Wolfgang Donner1 , Uwe Stuhr2 , Bertrand Roessli2
1) Institute of Materials Science, Technische Universität Darmstadt 2) Laboratory for Neutron
Scattering, ETH Zurich & Paul Scherrer Institut
* Florian Pforr, pforr@st.tu-darmstadt.de
Ferroelectric materials are used in many applications, e.g. as ultrasonic transducers. The most
commonly used ferroelectrics like PbxZr1-xTiO3 contain lead, which makes them potential
hazards for human health and our environment. Consequently, lead-free ferroelectrics are
currently being developed with the aim of replacing the lead-containing materials in the medium
term. However, the microscopic mechanisms which determine the ferroelectric properties have
to be identified before the properties can be optimized for specific applications.
The solid solution of Bi1/2Na1/2TiO3 and BaTiO3 was first reported in 1991 [1]. The ferroelectric
parameters of solid solutions near the morphotropic phase boundary of (1-x)Bi1/2Na1/2TiO3xBaTiO3 around x = 0.06 were later cited as d33 = 125 pC/N and ε33T/ε0 = 580 [2]. These values
are comparable to those of commonly used lead-containing ferroelectrics. Our group has
previously measured diffuse x-ray scattering in half-order reciprocal lattice planes [3]. These
planes mainly contain superlattice reflections and narrow, one-dimensional streaks extending
along <100> directions. The superlattice reflections depend on the local symmetry which is
mainly due to tilting of the oxygen octahedra in the distorted perovskite structure. The streaks,
on the other hand, are associated with planar defects in the crystal structure. Both of these
features react strongly to the application of an external electric field and could guide us towards
the identification of the relaxing structural units.
In the temperature-dependent diffuse neutron scattering experiments presented here, we
focused once more on the diffuse scattering in half-order planes. We found a clear correlation
between the intensity of the diffuse streaks and the dielectric permittivity. This implies that the
presence of the planar defects may significantly facilitate the polarization of the investigated
material. Furthermore, we were able to construct a model of its nanostructure on the basis of
the superlattice reflection intensities and widths. It substantiates our view that the planar defects
which lead to the diffuse streaks are in fact nanoscopic phase boundaries, i.e. most importantly
stacking faults of the octahedral tilt structure. The dynamics of the nanostructure, investigated
by QENS, exhibited several unexpected features which will also be discussed in detail.

References:
[1] T. Takenaka, K. Maruyama, and K. Sakata, Japanese Journal of Applied Physics, 30 (1991),
2236
[2] J. Rödel, W. Jo, K. T. P. Seifert, E.-M. Anton, T. Granzow, and D. Damjanovic, Journal of the
American Ceramic Society, 92 (2009), 1153
[3] J. E. Daniels, W. Jo, J. Rödel, D. Rytz, and W. Donner, Applied Physics Letters, 98 (2011),
252904
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Effect of Co addition on the structural and vibrational properties in Ni-Mn-In
metamagnetic shape memory alloys
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Pamplona, Spain 4) Institut Laue-Langevin, 71 av. des Martyrs, 38042 Grenoble, France 5)
Institut Laue-Langevin, 71 av. des Martyrs, 38042 Grenoble, France; Instituto de Ciencia de
Materiales de Aragón, CSIC - Universidad de Zaragoza, Zaragoza, Spain 6) Departament de
Física, Universitat de les Illes Balears, Ctra. de Valldemossa, km 7.5, E-07122 Palma de
Mallorca, Spain
* Vicente Recarte, recarte@unavarra.es
Heusler Ni-Mn-Z (Z=In, Sn and Sb) alloys have recently attracted great interest as possible
multiferroic materials. As a result of the coupling between structure and magnetism, these alloys
show multifunctional properties of great technical interest for practical applications in sensing
and magnetic refrigeration. Such properties are mainly related to a drastic magnetization
change across a transformation between ferromagnetic austenite and a martensitic phase with
weak magnetism. In this respect, it is known that the difference in the magnetization between
both phases becomes more prominent by Co doping, thus resulting in an enhancement of the
related effects. In this work, the influence of Co addition on the structure and the vibrational
behavior in ternary Ni-Mn-In has been completely characterized by means of elastic and
inelastic neutron scattering techniques: the crystallographic structure has been determined from
single crystal neutron diffraction, the evolution of the long-range atomic order as a function of
temperature has been studied by “in situ” powder thermodiffraction and, finally, the influence of
Co addition on the the low energy TA2 phonon branch has been analysed at temperatures close
to the martenstic transformation from thermal triple-axis spectrometry experiments.
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Point defect characteristics in quaternary chalcogenide compound semiconductors:
insights by neutron diffraction
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One of the reasons for Cu(In,Ga)Se2 based thin film solar cells sucess is the remarkable
flexibility of its chalcopyrite crystal structure [1,2]. This flexibility is a key point also for the
quaternary kesterite type compounds like Cu2ZnSnS4/Se4 (CZTS, CZTSe). These compound
semiconductors, acting as the absorber layer in a thin film solar cell, exhibit an overall offstoichiometric composition, thus the existence of intrinsic point defects is strongly correlated
with the chemical potential and therefore dependent on the composition of the material. Finally
these structural defects influence the electronic properties of the final device sensitively.
Both compounds, CZTS and CZTSe, crystallize in the kesterite type structure (space group I-4)
[3]. The structure can be described by a stacking sequence of cation layers Cu/Sn – Cu/Zn –
Sn/Cu – Cu/Zn – Cu/Sn perpendicular to the crystallographic z-direction. It was shown by
neutron diffraction [4], that in the stoichiometric compounds a strong disorder in the Cu/Zn
planes exists, thus the compunds were named “disordered kesterites” [5].
An off-stoichiometric composition, for instance Cu-poor, originates from the prospensity of the
structure to stabilze copper vacancies, the charge balancees beeing commonly insured by
appropriate substitutions on the cationic sites. If the oxidation states of the cations and anions
are retained going from stoichiometric CZTS/Se to off-stoichiometric CZTS/Se, a number of
specific substitutions can be envisioned to account for the charge balance in the offstoichiometric material [6]. These substitutions lead to the formation of point defects in the
crystal structure of the material.
The basis of our studies is a number of CZTS, CZTSe and CZTSSe powder samples,
synthesized by solid state reaction. The results of the chemical (by WDX spectroscopy) and
structural analysis (by neutron diffraction) demonstrate the ability of the kesterite type phase to
tolerate deviations from stoichiometric composition without collapse of the structure. On the
basis of the cation site occupancies obtained by Rietveld refinement of the neutron diffraction
data refined and applying the average neutron scattering length analysis the point defect types
and concentrations were revealed, which are considered to form off-stoichiometric kesterites by
keeping the charge balance. Moreover is was revealed, thate the presence of point defects
influences the Cu/Zn disorder effect.
[1] C. Stephan et al., Appl. Phys. Let. 98, p. 091906, 2011
[2] C. Stephan et al., Appl. Phys. Let. 101, p. 101907, 2012
[3] S. Schorr, Sol. Ener. Mat. Sol. Cells 95, p. 1482-1488, 2011
[4] S. Schorr et al., Europ. J.Mineral. 19, p. 65-73, 2007
[5] M. Y. Valakhand et al., Phys. Stat. Solidi RRL 7 (4), p. 258-261, 2013
[6] A. Lafond et al., Z. Anorg. Allg. Chem. 638, p. 2571–2577, 2012
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Diffusion in Na-ion battery materials using QENS
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Li-ion battery materials, such as LixCoO2, have dominated energy storage in the portable
electronics industry due to their unmatched volumetric energy density. However, the increased
demand for medium and large-scale stationary energy storage for intermittent renewable energy
sources coupled with the scarcity of lithium makes it important to find alternatives, such as Naion batteries [1]. NaxCoO2 is structurally related to LixCoO2 and also has promising
electrochemical properties [2]. It forms a kaleidoscope of superstructures as a function of
concentration and temperature based on multi-vacancy clusters [3]. The sodium ions inside
these multi-vacancy clusters are rattling sites [4], and a fraction of the sodium ions become
super-ionic in the vicinity of room temperature [5,6]. We have studied the diffusion mechanism
in NaxCoO2 using incoherent quasi-elastic neutron scattering at elevated temperatures using
OSIRIS at ISIS. We compare the diffusion mechanism to the superstructures and to firstprinciples calculations.
[1] B.L. Ellis & L. Nazar, Current Opinion in Solid State and Materials Science 16, 168 (2012)
[2] R. Berthelot et al., Nature Mater. 10, 74 (2011)
[3] M. Roger et al., Nature 445, 631 (2007)
[4] D.J. Voneshen et al., Nature Mater.12, 1028 (2013)
[5] M.-H. Julien et al., Phys. Rev. Lett. 100, 096405 (2008)
[6] M. Weller et al., Phys. Rev. Lett. 102, 056401 (2009)
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Neutron imaging in Argentina and the cold neutron imaging facility for the future
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In Argentina, the project for the construction of a new multipurpose research reactor called
RA10 is rapidly progressing. This project started officially in the Argentinean National Atomic
Energy Commission (CNEA) in June 2010 and is being designed and will be constructed
together with the Argentinean technology company INVAP S.E. The new reactor, with a power
of 30 MW, will offer new neutron based capabilities to the national scientific and technological
system. In addition, Argentina has in the present many active research reactors. One of them is
the RA6 reactor, located in the Bariloche Atomic Center, CNEA. This reactor has among several
research facilities (PGNAA, BNCT), a neutron imaging instrument under regular user regime
since 2012.
In this work we present some results obtained during the last two years in the active imaging
facility at RA6, and the conceptual design of a neutron imaging instrument to be installed in the
RA10 reactor hall.
The new facility will be installed over a cold neutron beam coming from a liquid deuterium (20 K)
cold neutron source. With the general criteria of a highly versatile instrument, we analyze
analytically and using Monte Carlo simulations (McStas) different design options, taking into
account secondary shutters and collimators, in the way of getting L/D values between 400 and
2000, with high neutron fluxes in a uniform illuminated screen of at least 20 cm x 20 cm in the
far detection position, located at 13 m from the reactor face. At this detection position, for L/D
approximately 400, on the mentioned detection screen we expect a neutron beam of about 10^7
n/cm^2/s.

120

ID: PS-3 - 34, 2015-09-03, Hipostila Area
Functional Materials
(Poster)
Analysis of crystallization process and mechanically induced disorder in Ni-Mn-In alloys
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The occurrence of a thermoelastic martensitic transformation between magnetically ordered
phases in Heusler Ni-Mn-based metamagnetic shape memory alloys gives rise to phenomena
such as magnetic shape memory effect, magnetoresistance or giant magnetocaloric effect, of
great technical interest for practical applications in sensing and magnetic refrigeration.
Microstructure, which includes crystallography, atomic order, second phase precipitates,
defects, internal stresses and microstrains, is known to highly affect the magnetostructural
properties underlying those multifunctional features. In this work, the ball-milling technique is
used to produce mechanical deformation up to amorphization. In-situ neutron diffraction
measurements shows that the milled alloy crystallizes on a disordered B2 structure which, on
further heating, evolves towards an ordered L21 structure through three ordering processes.
Likewise, grain size and strain evolution also evolve with the heating temperature. Subsequent
neutron diffraction measurements on samples treated up to the different stages, combined with
DSC calorimetry and SQUID magnetometry, allow to completely characterize the influence of
microstructure on both the martensitic transformation and the long-range magnetic order in NiMn-In alloys
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Structural study of Na-P-S superionic conducting glasses by neutron and X-ray
diffraction
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All-solid-state sodium batteries with excellent safety have attracted much attention as one of
candidates of post-lithium ion batteries because of great abundance and low cost of
sodium. Recently, it has been reported that Na3PS4 glass-ceramic superionic conductor
synthesized by annealing of (Na2S)75(P2S5)25 glass has a conductivity in the order of 10-4 Scm1
at room temperature [1]. In order to understand structural origin of this superior ionic
conductivity, we performed an analysis of atomic structures for Na-P-S system based on
neutron and X-ray diffraction data.
(Na2S)x(P2S5)100-x glass samples (x=50, 60, 66.7, 75) were synthesized by the mechanical
alloying (MA) method. Electrical conductivities of (Na2S)x(P2S5)100-x glasses were measured by
an ac four-prove method in the frequency range from 10-2 to 106 Hz. Time-of-flight neutron and
synchrotron X-ray diffraction experiments were carried out with the high intensity total
diffractometer (NOVA) at the BL21 beam line of MLF in J-PARC and with a horizontal two-axis
diffractometer at the BL04B2 beam line in SPring-8, respectively. Furthermore, reverse Monte
Carlo (RMC) simulations based on neutron and X-ray structural factors, S(Q), were performed
to derive three-dimensional atomic configurations of (Na2S)x(P2S5)100-x glasses. Figure 1 shows
experimental S(Q)s and calculated S(Q)s by the RMC simulation for (Na2S)50(P2S5)50 glass.
In our presentation, we will show results of detailed analysis of the atomic configurations and
discuss the structural characteristics related to the Na+ ionic conductivity for the Na-P-S system.
[1] A. Hayashi, K. Noi, A. Sakuda, M. Tatsumisago, Nat. commun., 3, 856:1-5 (2012).
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Refraction based edge enhancement effects at crystalline structural materials – new
studies based in the use of different neutron wavelengths
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Neutron imaging has become in the latest decade a very useful and popular technique in
different fields of science and engineering. From the study of ancient pieces of art and
archaeology, to the study of novel materials for hydrogen storage, magnetic properties by using
neutron grating interferometry and hydrogen diffusion in metals.
With the improvements of spatial resolution in imaging, in combination with the use of cold
neutrons, many edge enhancement effects appeared in several neutron imaging experiments.
In many cases this effect can deteriorate the quality of the images and researchers explored
different ways to suppress or minimize it. But there is also the possibility of using it to increase
the sensitivity of imaging techniques to internal cracks, or potential for future technological
approaches.
Although there is a model to describe the edge enhancement effects by means of refraction
according Snell’s law, some considerations about inline phase contrast effects (in combination
or as superposition) exist. The approach of this work has been to study the effect in different
structural materials like aluminum, iron, lead and titanium in the dependency on neutron energy
(wavelength). Figure 1 shows the typical intensity profiles, in this case for Iron. The study
includes high resolution imaging with cold neutrons at ICON (PSI) and ANTARES (TUM-MLZ),
and the dependence of refraction effects (i.e. intensity, angle) on the neutron wavelength, from
3 to 6 angstrom. The experimental data are compared with Monte Carlo simulations by a
dedicated McStas tool.
Figure 1. Neutron intensity profiles for a sample of Iron in the beam of ANTARES. A neutron
velocity selector was used to study fundamental parameters of the profile as a function
of neutron wavelength.
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Residual strain analysis by neutron-TOF-diffraction on altered granites from the well
EPS1 of the geothermal site in Soultz-sous-Forêts, France
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The porphyritic granite of the Soultz-sous-Forêts geothermal site has been intensely altered
during several hydrothermal alteration events, which caused the transformation of primary
minerals to secondary minerals and changed the texture of the rock matrix. Secondary clay
inside the granitic matrix and around fractured zones is affecting the mechanical strength of the
rock and the local stress field (Meller & Kohl 2014). The determination of intrinsic strain
parameters of the drill core samples, which reflect the local stress field to which the samples
were exposed in situ, will show inasmuch the intrinsic stress contributes to the total stress field
and is affected by hydrothermal alteration.
The present study aims at determining residual strains in the coarse grained Soultz granite
using on the neutron-TOF-strain diffractometer EPSILON at the pulsed neutron source IBR-2M
of the FLNP (JINR Dubna, Russia). The diffractometer is especially designed for the
investigation of polyphase samples with minerals of lower crystal symmetry (see e.g. Scheffzük
et al. 2014). We selected 3 drill core samples: an unaltered core containing the primary mineral
content, a slightly altered core, with minor mineral transformations and an extremely altered
sample with significant secondary clay content.
The measuring procedure involved 3 measurements for each core sample
1)
2)
3)

The measurement of powder samples grinded up to 63 µm and tempered on 600°C to
achieve a strain-free (in 1st and 2nd order stress) reference sample
The measurement of the core sample at room temperature
The measurement of the core sample after heating to ~140°C in situ temperature to
eliminate thermal strain established after removing the granite from its in situ
conditions

The coarse grained granite samples with a wide distribution of it grain sizes (mm-cm) require a
large gauge volume to register a statistically relevant grain ensemble. Hence, the incident slip
2
has been selected by HxW = 60x50 mm . The detector arrangement geometry allows to detect
two perpendicular diffraction patterns and hence the characterization of the residual strains by
two defined perpendicular directions.
The neutron-TOF-diffraction pattern of the samples was analysed by the Rietveld refinement
method using the MAUD software package, (Lutterotti et al. 1999).
The main mineral phases contributing to the spectrum could be identified as quartz, orthoclase,
microcline, oligoclase, and minor biotite (Fig. 1).
The porphyritic character of the Soultz granite (especially the large K- feldspars) appears to
make the fits of these spectra rather challenging.
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Lutterotti, L.; Matthies, S. and Wenk, H. -R. "MAUD (Material Analysis Using Diffraction): a user
friendly Java program for Rietveld Texture Analysis and more.", presented at ICOTOM 12,
Montreal 1999.
Meller, C., & Kohl, T., 2014. The significance of hydrothermal alteration zones fort the
mechanical behavior of a geothermal Reservoir. Geothermal Energy, 2, 12
Scheffzük, Ch., Ullemeyer, K., Vasin, R., Naumann, R. & Schilling, F.R. (2014): Strain and
Texture Investigations by Means of Neutron Time-of-Flight Diffraction: Application to Polyphase
Gneisses. Materials Science Forum 777, 136-141.
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Magnetic structure of MnSi close to TC studied via small-angle neutron diffraction under
three different directions applied magnetic field
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We have studied in detail the A-phase region in the field-temperature (H-T) phase diagram of
the cubic helimagnet MnSi using small angle neutron diffraction. This experiment was make for
three different directions applied magnetic field H along [111], [110], [100].The A-phase
revealed itself as a two-dimensional hexagonal pattern of Bragg spots with kh(1,2,3) H for all
three directions. The directions and value of wave-vectors kh(1,2,3) are well preserved over the
whole crystal of the size of 100 mm3, but in the small room of the (H-T) phase diagram just
below TC = 29 K. The droplets of the orientationally disordered, presumably hexagonal, spin
structure with kh H are observed in the wide range beyond the A-phase boundaries in the field
range from BT1 ≈ 0.1 T to BT2 ≈ 0.25 T at temperatures down to 15 K. No melting of these
droplets into individual randomly located skyrmions is observed for all temperatures and
magnetic fields and in three directions.
This work was partial support by the Russian Foundation of Basic Research (project 14-0231146-mol_a and 14-22-01073-ofi_m)
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Dynamics of molecular hydrogen in carbon aerogel
Emanuel Bahn1 , Orsolya Czakkel2 , Balazs Nagy3 , Krisztina Laszlo3 , Franz Demmel4 , Mark
Telling5 , Peter Fouquet2
1) Institut Laue-Langevin, Grenoble, France and Cavendish Laboratory, Cambridge, United
Kingdom 2) Institut Laue-Langevin, Grenoble, France 3) Department of Physical Chemistry and
Materials Science, Budapest University of Technology and Economics, Budapest, Hungary 4)
Rutherford Appleton Laboratory, Harwell Oxford, Didcot, United Kingdom 5) Rutherford
Appleton Laboratory, Harwell Oxford, Didcot, United Kingdom and Department of Materials,
University of Oxford, Oxford, United Kingdom
* Orsolya Czakkel, czakkelo@ill.fr
The adsorption and diffusion of molecular hydrogen in carbon materials is of fundamental
interest in various fields. The potential use of porous carbons and carbon nano-structures for
hydrogen storage through adsorption has created a wide interest [1–3]. A large number of
investigations have been performed in roughly the last twenty years, however, the full picture
about the detailed effect on the pore characteristics and the surface chemistry of the carbon
adsorbent on the H2 adsorption is still not drawn yet. Whereas also from application point of
view the comprehensive understanding of the behaviour of the H2 molecules on the carbon
surface is essential.
Here, we present the first results from a systematic study on the dynamics of H2 on carbon
aerogel [4] (CG) surface. CGs are highly porous materials (Figure 1), and one of their most
important strength is the finely tuneable pore structure and surface chemistry. Owing to this
property the effect of these parameters on the adsorption and dynamics of adsorbed H2 can be
studied independently their effects. The diffusion of hydrogen molecules adsorbed on CG
surface has been studied with quasi-elastic neutron scattering (QENS). The diffusion has been
observed to follow a jump process. The temperature dependence of the diffusion rate indicates
an activated process, whose activation energy compares well with existing results from other
porous carbon systems.
As an additional information, the QENS measurements allowed us to monitor the conversion
from ortho- to parahydrogen, i.e., the change of the hydrogen spin states. This conversion has
been observed at a much faster rate than in bulk hydrogen, however the process was
incomplete, which we attribute to a rotational confinement at the nanoscale.

Figure 1. SEM image of CG. (100000x magnification, scalebar=500nm)
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vDiffraction - a serious game about diffraction and crystals
Alain Filhol1 , Mathieu Ippersiel2
1) Institut Laue-Langevin, Grenoble, France 2) Ipter, Lyon, France
* Alain FILHOL, filhol@ill.fr
Whether you are a senior scientist, a student, or just curious about science, vDiffraction is a
serious game that will let you try your hand at crystal diffraction so that you can begin to
understand how scientists identify the symmetry characteristics of a crystal. This is the first,
crucial step towards understanding the atomic and molecular structure of a crystalline material,
in other words what type of atoms and molecules make up the crystal and how they are
organised.
vDiffraction present crystals, where they can be found and why they all look so similar whether
mineral, organic, biological or from small molecules. It shows the relationship between the Laue
diffraction pattern and the orientation and symmetry of the crystal. It lets you try to identify the
crystal system of a sample. Etc.
vDiffraction is a free multiplatform application designed both for the web (computers) and for
tablets (iOS and Android).
A beta version of the application can be tested here: http://www.ill.eu/vdiffraction
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The Esmeralda suite for Laue diffraction data treatment
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The Esmeralda suite for Windows, Linux and OS X is a set of applications that range from the
simulation of Laue patterns to the extraction from measured Laue patterns of normalized
squared structure factors ready for use for structure determination. While still in the beta phase,
Esmeralda is already routinely used for the data processing of neutron Laue diffractometers
such as VIVALDI, CYCLOPS, ORIENT_EXPRESS (ILL) or the hard X-ray facility (ILL).
The main features of the Esmeralda suite can be summarized as follows:










application with a graphic user interface (GUI) - support for any Laue instrument
geometry
accepted data file formats: tif, bmp, hbin, bin, img and raw
interactive zooming, 3D visualization, stereographic projection
automatic search of Bragg peaks
procedures for the indexing of peaks and the refinement of the sample orientation
interactive adjustment of a series of individual parameters (offsets, cell parameters,
propagation vector components, minimum d-spacing and wavelength range).
integration of Bragg peaks using procedures which account for the overlap of close
reflections. This can be performed either automatically or manually.
normalization of the integrated intensities to get lambda-free squared structure factors
etc.

Fig. 1: Interactively adjusting propagation vector components
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Investigation of the residual strain evolution in a Mg-alloy-based short-fiber-reinforced
composite using neutron diffraction method
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In the present work neutron diffraction has been applied for ex-situ investigation of residual
stresses in Mg-4%Al-1%Ca (AX41) magnesium alloy reinforced with short Saffil® fibers.
Samples were deformed in compression at room temperature. Samples with two types of fiber
arrangement were investigated. In the first sample type the fiber planes were parallel with the
loading axis, whereas in the second they were perpendicular to the loading direction. Significant
dependence of both the mechanical properties and residual strains on the fibers orientation was
observed:






The mechanical properties show a strong influence of the fibers’ orientation with respect
to the loading axis. In the case of the parallel orientation, the sample exhibit significantly
higher yield and tensile strength, as well as lower ductility. The observed behavior is in
agreement with theoretical models [1].
In the composite with the parallel fiber plane orientation the residual strain on all four
planes has a tensile character already in the initial state, which caused by the different
thermal expansion coefficient (CTE) of the matrix and alumina fibers [2].
The lattice strain evolution shows an inverse behavior, i.e. the compressive deformation
increases the residual tensile strain in the matrix.
Evolution of the residual lattice strains with the applied stress is different for the
particular planes. Similarly to the observations in the literature [4-5] “soft-orientations“
and „hard-orientations“ were observed.

References
[1] Ferkel H. and Mordike B.L. : Magnesium strengthened by SiC nanoparticles . Mater. Sci.
Eng., A 298 , 193 -199 (2001).10.1016/S0921-5093(00)01283-1
[2] Ryu, S.-H., Park, J.-H., Lee, C.S., Ahn, S.-H., Oh, S.-T.: Experimental measurement of
coefficient of thermal expansion for graded layers in Ni-Al2O3 FGM joints for accurate
residual stress analysis, Materials Transactions (2009) 50 (6), pp. 1553-1557
[3] Farkas, G., Máthis, K., Lukáš, P., Pilch, J., Vrána, M., Janeček, M., Trojanová, Z.: Neutron
diffraction and acoustic emission study of Mg-Al-Sr alloy reinforced with short Saffil® fibers
deformed in compression, Materials Science Forum (2014) 777 PP. 92 - 98
[4] Garcés, G., Bruno, G.: Anisotropy of the residual strain in Mg-SiCp composites, (2006)
Comp.Sci.and Technology 66 (15), pp. 2664-2670
[5] Van Houtte P, De Buyser L.: The influence of crystallographic texture on diffraction
measurements of residual stress. Acta Metal Mater (1993) 41:323–36.
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Study of Proton Disorder in D2O – Ice at the Flat-Cone Diffractometer E2
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Water ice (H2O) at low pressure can be understood as a hexagonal structure where each
Oxygen atom is bond to two Hydrogen atoms. Further, each bond between Oxygen atoms is
occupied by only one Hydrogen atom. These are the famous ice – rules that give rise to a highly
disordered ground state with a residual entropy of R Ln (3/2). We have measured the diffuse
scattering of a large D2O ice crystal using neutron diffraction at the Flat-cone Diffractometer E2.
Different to previous descriptions of the ice - structure by Monte Carlo methods we are able to
explain the data using an analytical method. The theoretical approach has been integrated into
the data analysis tool TVneXus to fit the complex data sets using GPU computing power.
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Resonant behavior of the neutron refractive index near the Bragg reflection
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The features of neutron refraction in a perfect crystal near the Bragg reflection were
investigated. It is shown that the dependence of the refractive index on the deviation from the
Bragg condition is characterized by resonance form curve with width on the order of the Bragg
reflection (for thermal and cold neutrons ∆d/d~ 10-5) . The variation of the interaction potential of
the neutron with the crystal in this energy range can reach about ± 20%.
The resonance behavior of potential of neutron interaction with the crystal result in a new
phenomena, acceleration of neutrons near the Bragg resonance. This effect arises from the fact
that during the neutron time-of-flight through the crystal, the value of deviation on the exact
Bragg condition changes and, respectively, potential of neutron interaction with crystal changes.
This work was supported by Ministry of Education and Science of the Russian Federation.
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The main idea of this method is to use the spin interferometry technique SESANS (Spin Echo
Small Angle Neutron Scattering), used now in condensed matter investigations, for
investigations of fundamental properties of the neutron.
There is a spatial splitting of neutron on two eigenstates with different projection of spin on
magnetic field. After passing through the working area these two eigenstates are reduced back.
So, the phase of the interference pattern, i.e. azimuthal spin direction, is defined by phase
difference of two neutron eigenstates, accumulated in working area.
It’s proposed to modify this method cardinally by using the effect of diffraction enhancement
under the Laue diffraction conditions on perfect crystals. In this scheme, the initial spatial
splitting occurs during the passage of magnetic coils, and diffraction by crystals acts as a
"booster" of the splitting. The coefficient of the "gain" may reach 105 for cold neutrons.
-15
Preliminary estimations show the technique sensitivity can reach σ(En) ~ 10 eV. If, for
example, we apply the uniform electric field on a neutron, then two neutron eigenstates, due to
their spatial splitting, will be under different electric potentials. With presence of electric charge
of neutron it will give the energy splitting and, respectively, will give additional phase shift. So,
one can see that such system is sensitive to neutron electric charge.
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Short hydrogen bonds – the remarkable role of proton tunnelling
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Hydrogen bonds play an important role in enzyme catalysis. Proton tunnelling through the
barrier of the potential energy surface facilitates proton transfer between donor and acceptor
sites at temperatures at which classical, over-barrier processes would be forbidden.
Short hydrogen bonds are particularly reactive due to the short distance between donor and
acceptor sites and they are now being sought systematically in protein structures. The two wells
of the potential energy surface in a normal hydrogen bond are thought to merge into a single,
asymmetric or flat-bottom well in a short hydrogen bond which precludes proton tunnelling at all
temperatures.
For several molecular crystals, in which short hydrogen bonds can be studied accurately, we
have combined neutron scattering and NMR experimental investigations with DFT calculations
[1-4]. Focussing most recently for 3,5-pyridine dicarboxylic acid, which has one of the shortest
known N-H···O hydrogen bonds, a two-well potential has been identified in the multidimensional potential energy surface, signifying the possibility of proton tunnelling. Diffraction
and spectroscopic data reveal the strong temperature dependence of the structure, vibrations
and proton dynamics, including a tunnelling regime at low temperature.
This remarkable observation suggests proton tunnelling should be considered as a mechanism
enhancing proton transfer in all hydrogen bonds, including the shortest, most reactive ones.

[1] F. Fontaine-Vive et al., J. Am. Chem. Soc. 128, 2963 (2006)
[2] F. Fontaine-Vive et al., J. Chem. Phys. 124, 234503 (2006)
[3] S.J. Ford et al., Chem. Eur. J. 17, 14942 (2011)
[4] I. Frantsuzov et al., Phys. Rev. Lett. 113, 18301 (2014)
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* Juergen Klepp, juergen.klepp@univie.ac.at
Previous experiments with nanoparticle-polymer composite grating-structures fabricated by
optical holography have demonstrated how they can be used as multi-port beam-splitters or
mirrors for cold and very-cold neutrons [1]. In a recent experiment, we have observed the
Pendellösung interference effect occurring simultaneously for the full broad incident wavelength
spectrum of a very-cold neutron beam in the periodic potential of holographic nanostructures.
[1] J. Klepp, C. Pruner, Y. Tomita, P. Geltenbort, I. Drevensek Olenik, S. Gyergyek, J.
Kohlbrecher, M. Fally, Materials 5, 2788 (2012)
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The dynamics of a highly correlated Bose system, superfluid helium-4, in the multiexcitation regime.
Ketty Beauvois1 , Björn Fåk2 , Henri Godfrin3 , Hans-Jochen Lauter4 , Jacques Ollivier5
1) 1. Institut Laue-Langevin, 6, rue Jules Horowitz, 38042 Grenoble, France; CNRS, Inst NEEL,
F-38042 Grenoble, France; Univ. Grenoble Alpes, Inst NEEL, F-38000 Grenoble, France 2) 2.
Institut Laue-Langevin, 6, rue Jules Horowitz, 38042 Grenoble, France; CEA, INAC-SPSMS, F38000 Grenoble, France 3) 3. CNRS, Inst NEEL, F-38042 Grenoble, France; Univ. Grenoble
Alpes, Inst NEEL, F-38000 Grenoble, France 4) 4. Spallation Neutron Source, Oak Ridge
National Laboratory, Oak Ridge, Tennessee 37831, USA 5) 5. Institut Laue-Langevin, 6, rue
Jules Horowitz, 38042 Grenoble, France
* Ketty Beauvois , ketty.beauvois@neel.cnrs.fr ,
We present high precision data of the dynamic structure factor of superfluid 4He in the
intermediate “multi-excitation” regime. Measurements performed at very low temperatures on
the ILL time-of-flight instrument IN5-B reveal a much richer behavior than that inferred from
earlier measurements. Since similar kinematics govern the physically relevant multi-excitations
as well as undesired multiple scattering, the latter must be minimized, its remaining intensity
calculated using numerical simulations and subtracted from the data in order to ascertain that
the measured spectra correspond to genuine multi-excitations. Our extensive experimental
results confirm the predictions of a recent Dynamic Many-Body theoretical calculation.

Keywords: Correlated Bosons; superfluid helium; excitations; multi-phonons
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The new experimental method to test the weak equivalence principle for the neutron with
UCN
Maxim Zakharov1 , Alexander Frank1 , Dmitry Kustov1 , German Kulin1 , Semyon Goryunov1
1) The Joint Institute for Nuclear Research (JINR)
* German Kulin, kulin@nf.jinr.ru
The possibility of a new approach to the experiment to test the weak equivalence principle for
the neutron is discussed. The idea is to convert the original narrow energy spectrum of ultra
cold neutrons (UCN) to the line spectrum consisting of several lines with accurately known
distance between them. This conversion may be performed, in particular, when UCN pass
through a moving diffraction grating [1]. Synchronous measurement of the falling time of
neutrons for the entire set of primary energies allows one to determine the gravitational
acceleration of the neutron without precise knowledge of the initial energy and the height of the
falling. The measurement of the falling time can be realized by Fourier TOF spectrometry or by
the correlation spectrometry with pseudorandom flux modulation. The results of MC simulations
of this experiment are presented.
References:
[1] A. I. Frank, P. Geltenbort, G. V. Kulin,et al. . JETP Letters, 81 (2005) 427-431.
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Molecular Deuterion crystallisation under cuasi-1D confinement
Carlos Cabrillo 1 , Fernandez-Perea RIcardo1 , Claudia Mondelli2 , Miguel Angel Gonzalez3 ,
Leonor Chico4
1) Instituto de Estructura de la Materia (CSIC), Serrano 123, 28006 Madrid, Spain. 2) CNRIOM-OGG Institut Laue Langevin, 6 rue Jules Horowitz F-38042, Grenoble Cedex 9, France 3)
Institut Laue Langevin, 6 rue Jules Horowitz F-38042, Grenoble Cedex 9, France 4) Instituto de
Ciencia de Materiales de Madrid (ICMM), CSIC, Sor Juana Inés de la Cruz, 3, Cantoblanco,
28049 Madrid, Spain
* Ricardo Fernandez-Perea, ricardo@LANGRAN.IEM.CSIC.ES
A particularly interesting aspect of Carbon Nanotubes is their use as nearly one-dimensional
nano-containers. Apart of their possibilities for controlled chemistry in nano-fluidics devices new
phenomena induced by confinement are also expected, such as liquid–like ordered structures
[1] or exotic crystalline phases [2]. As expected, water has attracted much of the theoretical
efforts [1-2]. On the experimental side new water crystalline phases under cuasi-1D
confinement have been finally observed [3].
The molecular hydrogens have attracted also a substantial attention. Owing to the quantum
aspects of their bulk condensed phases they represents particularly attractive scientific cases.
For instance, new quantum transitions have been predicted [4] and, like in water, exotic
crystalline phases emerge in the numerical simulations [5]. Within this respect we have recently
demonstrated that bulk crystallisation of pure para-Hydrogen is driven by quantum fluctuations
[6] adding further interest to the study of hydrogens crystallisation under cuasi-1D confinement.
Here, we present a series of neutron diffraction measurements (instrument D20, ILL, Grenoble)
of molecular deuterium confined within Multiple Wall Carbon Nanotubes (MWCTNs). The
MWCTNs were oxidised in order to open them. D2 adsorption measurements at 20 K revealed a
small but significant amount of microporosity (pore size below 2 nm) accessible to the D2. Using
the adsorption isotherm as a reference we have measured the evolution of the diffraction signal
during cooling from 20 K down to 2 K in a series of decreasing D2 uptakes.
Bulk liquid D2 at its vapour pressure crystallises in an hcp structure at ~18.7 K. At low uptakes
we have found a clear depression of the solidification temperature down to ~13 K. Interestingly,
at the lowest uptake, where only the smallest nanopores are expected to be filled, the diffraction
pattern is consistent with the minimal fcc lattice compatible with a cylindrical symmetry (See
figure).
[1] W. H. Noon et al, Chem. Phys. Lett 355, 445 (2002).
[2] K. Koga er al, Nature 412, 802, (2001).
[3] Y. Maniwa et al, Chem . Phys. Lett. 401, 534 (2005).
[4] M.C. Gordillo et al, Phys. Rev. Lett. 85, 2348 (2000).
[5] Y. Xia, et al, Phys. Rev. B 67, 115117 (2003).
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[6] F. Fernandez-Alonso et al, Phys. Rev. B 86, 144524 (2012).

Figure caption: Minimal fcc nano-crystallite compatible with the observed neutron diffraction of
solid D2 adsorbed in oxidised MWCNT at low uptakes.
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From phonon lifetimes to energy materials
Helmut Schober1 , Pierre-Francois Lory1 , Mark Johnson1 , Marc de Boissieu2 , Valentina
Giordano2 , Stephane Pailhes3 , Marek Mihalokovic4
1) Institute Laue Langevin, Grenoble, France 2) University Grenoble Alpes, Grenoble, France 3)
University of Lyon, Lyon, France 4) Institute of Physics, Bratislava, Slovakia
* helmut schober, schober@ill.fr
Society’s need for cleaner and more efficient production and use of energy is driving materials
research. Thermoelectric materials convert heat into electricity based on the Seebeck effect.
Since a temperature gradient has to be maintained across the material, low thermal conductivity
is a key requirement and yet this phenomenon remains poorly understood from a materials
design viewpoint.
As part of a current thesis at ILL, we have investigated in detail the link between the
microscopic dynamics related to heat-carrying phonons and macroscopic thermal conductivity
for two realistic materials: a quasicrystal approximant Al13Co4 and a Barium-Germanium
clathrate. Both of these materials have cage-like structural units which are thought to be
responsible for scattering phonons. Single crystals of these materials have been used in
measurements of phonon dispersion and lifetimes of the acoustic modes and low frequency,
optic modes with inelastic neutron and X-ray scattering techniques. Finite phonon lifetimes are
observed near Brillouin zone boundaries where acoustic and optic phonons cross and in low
symmetry directions and they are weakly temperature dependent. In parallel, lattice dynamics
based on DFT give an accurate description of the phonons in the harmonic approximation.
In the case of the clathrate, thermal conductivity is calculated per phonon branch based on
group velocity, heat capacity and phonon lifetime. For the quasicrystal approximant, empirical
pair potentials have been extracted from DFT data and used to perform large scale molecular
dynamics simulations, which include temperature dependent, anharmonic effects and give
access to phonon lifetimes. The classical MD simulations also allow thermal conductivity to be
determined from the Green-Kubo relations based on heat flux. In both cases, an accurate
estimate of thermal conductivity is obtained. Structural disorder is the most plausible
explanation for low thermal conductivity in these materials.
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Prospects for a new Neutron Electric Dipole Moment Search using a Pulsed Beam
Florian Piegsa1
1) ETH Zürich, Institute for Particle Physics, CH-8093 Zürich, Switzerland
* Florian Piegsa, florian.piegsa@phys.ethz.ch
Recently, a novel concept to search for a CP-violating neutron electric dipole moment has been
presented [F.M. Piegsa, Phys. Rev. C 88, 045502 (2013)]. It employs a pulsed neutron beam
instead of the established use of storable ultracold neutrons (UCN). The technique takes
advantage of the high peak flux and the time structure of a next-generation pulsed spallation
source (e.g. the planned European Spallation Source ESS) to directly measure the previously
limiting systematic v×E-effect. Such an experiment would be complementary to planned
experiments with UCN and could compete with their sensitivities. In this talk, I will describe this
alternative approach and first test experiments performed at the spallation neutron source SINQ
at the Paul Scherrer Institute in Switzerland.
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Mesoporous silicon as thermoelectric material: heat transport and phonons
Tommy Hofmann1 , Rasmus Toft-Petersen1 , Klaus Habicht1
1) Helmholtz Zentrum Berlin für Materialien und Energie GmbH
* Tommy Hofmann, tommy.hofmann@helmholtz-berlin.de

Thermoelectric materials convert temperature gradients into electrical voltages or vice versa
electrical currents into temperature differences. This property makes them particularly
interesting for green applications and sustainable energy harvesting. State of the art
thermoelectric materials however exhibit fairly low efficiencies as characterized by the figure of
merit zT=σS2T/λ, which incorporates electrical conductivity σ, Seebeck coefficient S, thermal
conductivity λ and temperature T. As a consequence, strategies must be devised to tune
electrical as well as heat transport in an appropriate manner to significantly increase zT.
In this contribution, we discuss nanostructured silicon as thermoelectric material of interest. In
particular, electrochemical etching is presented as structuring technique to synthesize porous
silicon with tubular aligned nanochannels approximately 10 nm across and only several
nanometers apart. Macroscopic heat transport measurements (PPMS) will illustrate a decrease
in thermal conductivity by several orders of magnitude in these samples. Additionally, inelastic
neutron scattering experiments performed with the cold triple axis instrument FLEXX located at
the HZB research reactor BER II will help to elucidate the influence of structuring on the phonon
dispersion in silicon, which defines the dominant contribution to the thermal conductivity on a
microscopic level.
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Functional crossover in the dispersion relations of phonons and magnons
Ulrich Köbler1 , Andreas Hoser2
1) Peter Grünberg Institute, Forschungszentrum Jülich 2) Helmholtzzentrum Berlin
* Andreas hoser, hoser@helmholtz-berlin.de
As analysis of experimental data shows, the dispersion of acoustic phonons and magnons can
consist of two sections with different functions of wave vector. Description by one theory then is
not possible. The dispersion of the acoustic phonons frequently starts as a perfect linear
function of wave vector. Since the slope of the linear section agrees with the measured sound
velocity it can be concluded that phonon dispersion has been attracted by the dispersion of the
Debye bosons. This allows verification of the linear dispersion of the Debye bosons (sound
waves) from the known inelastic neutron scattering spectra up to considerable energies and
wave vector values. At the end of the linear section a rather sharp functional crossover to sine
function of wave vector occurs. However, in order to get agreement with experiment a phase
shift has to be added to the argument of the sine function. The phase shift is a measure for the
interaction strength between phonons and Debye bosons. In ordered magnets with a sizeable
magnon gap magnon dispersions also consist of two sections with different functions of wave
vector. For small wave vector values the continuous part of the magnon dispersion starts by a
power function of wave vector. Exponent values of 1.25, 1.5 and 2 have been identified. The
power functions of wave vector are identified as dispersion of the Goldstone bosons that control
dynamics of the ordered spins. Thermal decrease of the order parameter is determined by the
heat capacity of the boson field. For small q-values magnon dispersions become identical with
the dispersion of Goldstone bosons owing to attractive interactions between the two dispersion
relations. This allows for an evaluation of the dispersion of the Goldstone bosons from the
known magnon dispersions. It is shown that the magnon gap is caused essentially by magnonGoldstone boson interaction. Strong interactions between magnons and Goldstone bosons
requests that the Goldstone bosons have magnetic moment and therefore must have non-linear
dispersion. In contrast to the Debye boson field that always is isotropic the Goldstone boson
field can assume all dimensions. Goldstone bosons are essentially magnetic dipole radiation
emitted upon precession of the ordered moments. Moreover, the heat capacity of the Goldstone
boson field depends on whether the sources of the field quanta, the spins, have integer or halfinteger moments. This results into six universal power functions of absolute temperature for the
heat capacity of the Goldstone boson field. All six power functions of temperature and the
associated six power functions of wave vector could be evaluated. These empirical results
provide a sound experimental basis for the development of realistic field theories of magnetism.
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Magnetic Structure of Frustrated Shastry-Sutherland Magnet, Neodymium
Tetraboride.
Daniel Brunt1 , Oleg Petrenko1 , Geetha Balakrishnan1 , Bachir Ouladdiaf2 , Navid Qureshi2
1) Department of Physics, University of Warwick, CV4 7AL 2) Institut Laue Langevin, B. P.
156X, F-38042 Grenoble, France
* Daniel Brunt, D.Brunt@warwick.ac.uk

The rare earth borides oer a wide variety of intriguing physical properties and have been studied
extensively both experimentally and theoretically. In recent years, the rare earth tetraborides,
RB4 have garnered a great deal of attention due to the unusual magnetic and electrical
properties they display [1-3]. They are a rare experimental realisation of the Shastry-Sutherland
lattice (SSL), an example of a frustrated lattice which has an exact solution for the ground state
[4].
We have grown a large single crystal of NdB4 using the floating zone technique. X-ray and
neutron Laue photograph have shown the crystals are of good quality. We have
fully characterised the crystals using magnetisation and resistivity measurements.
Successive phase transtions for H parallel to the c-axis were observed at TN1 = 7.1 K and TN2 =
4.8 K these indicate transitions to an incommensurate and to an antiferromagnetic state
respectively, while an additional transition at TQ = 17.2 K is observed for H perpendicular to the
c-axis. The magnetic structure in each phase was determined using the D10 diff
ractometer at ILL. We found in the low temperature phase (T < TN2) antiferromagnetic
commensurate peaks (q = 0) appear along side an additional incommensurate peaks with q =
(0, 0.18, 0.4). We report the results of the characterisation and neutron experiment.

[1] D. Okuyama et al., J. Phys. Soc. Japan 77 (2008) 044709
[2] S. Matas et al., J. Phys.: Conf. Series 200 (2010) 032041
[3] K. Semensmeyer et al. Phys. Rev. Lett. 101 (2008) 177201
[4] S. Shastry, and B. Sutherland, Physica 108 B (1981) 1069
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24-spin cluster in the natural mineral Boleite: Possible excitations in spin-liquid droplet?
Erik Dreier Christensen1 , Sonja Lindahl Holm1 , Tom Fennell2 , Kim Lefmann1
1) Nano-Science Center, Niels Bohr Institute, University of Copenhagen, Copenhagen,
Denmark 2) Paul Scherrer Institute, Villigen, Switzerland
* Erik Dreier Christensen, erik.dreier.chr@gmail.com
Frustration of magnetic order often leads to interesting cooperative behaviours, amongst which
the resonating valence bond state and spin liquids are particularly sought after. This is due to
their connection to superconductivity [1], and, latterly, the realization that such states are
intrinsically interesting as host of exotic quasiparticle excitations [2]. The true groundstate of
models with candidate spin liquids is frequently debated, and often investigated numerically [3].
In our study we look at the crystal structure of the mineral Boleite. Boleite contains Cu2+ ions
(each with S=1/2) forming truncated cube clusters of linked triangles. Boleite appears to occupy
a middle ground between very small spin clusters such as isolated dimers or triangles, and an
extended lattice system, and should be an ideal test case for spin liquids theories whilst
simultaneously providing access to non-trivial many body physics. The clusters in Boleite afford
an intermediate situation, accessible to both experiment and exact diagonalization, in which a
spin liquid "droplet" can be studied. Several neutron scattering and susceptibility experiments
has been performed to try to characterize the excitations in the individual spin states as well as
to search for low energy excitation connected with the coupling between the trimers.
Susceptibility, neutron scattering, and exact diagonalization calculations suggest that effective
S=1/2 degrees of freedom emerge on the triangles, followed by condensation of these into a
singlet state at lower temperature.
At the conference we will present the latest result from the susceptibility and neutron scattering
experiments together with exact diagonalization calculations of Boleite.
[1] Anderson, Science 235, 1196 (1987)
[2] Han et al., Nature 492, 406 (2012)
[3] Yan et al., Science 332, 1173 (2011)
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Magnetic fluctuations in the frustrated chromium spinels : ZnCr2S4 and ZnCr2Se4
Fabiano Yokaichiya1 , Heloisa N. Bordallo2 , Vladimir Tsurkan3 , Giovanna G. Simeoni4 , Dimitri
N. Argyriou5
1) Department Quantum Phenomena in Novel Materials, Helmholtz-Zentrum Berlin für
Materialien und Energie GmbH, Hahn-Meitner-Platz 1 D-141 09 Berlin, Germany 2) Niels Bohr
Institute (H.C. Ørsted Institute, bldg. D) University of Copenhagen, Universitetsparken 5 2100
Copenhagen, Denmark 3) Institut für Physik Universität Augsburg 86135 Augsburg, Germany 4)
Heinz Maier-Leibnitz Zentrum (MLZ) and Physics Department, Technische Universita¨t
Mu¨nchen, 85748 Garching, Germany 5) European Spallation Source (ESS), Lund, Sweden
* Fabiano Yokaichiya, fabiano.yokaichiya@helmholtz-berlin.de
Frustrated systems are distinguished by the impossibility to satisfy all pair-wise interactions
simultaneously, and in the particular case of magnetic materials, spin frustration disturbs longrange magnetic ordering, enhancing spin fluctuations. This is the case for the chromium spinels
with stoichiometry ACr2X4 (X=O,S,Se), where the chromium ions form a network of cornerssharing tetrahedral known as pyrochlore lattice. Depending on the chalcogen atom, these
materials exhibit different magnetic structures [1,2,3] making these systems interesting because
of their complex phase diagram as a function of lattice constant or Curie-Weiss (CW)
temperature. Their behavior is normally related to the competition between geometrical and
bond frustration.
Measurements performed using the neutron powder diffraction (NPD) at the HelmholtzZentrum-Berlin (HZB) using the fine resolution powder diffractometer, E9, evidenced negative
thermal expansion (NTE) as well as magnetic fluctuations (MF) in ZnCr2Se4, which are
observed well above the antiferromagnetic transition (TN =21 K). From the NPD data the onset
of the NTE was related to the behavior of the Cr spins. Furthermore, previous specific heat and
magnetization measurements [4] suggested strong spin fluctuations below the temperature
where the NTE is observed. Indeed, broad diffuse scattering contributions centered in (0,0, δ)
magnetic reflections are seen for temperatures as high as 100 K. Moreover, below TN,
ZnCr2Se4 exhibits an incommensurate helical magnetic structure accompanied by a structural
transition from cubic Fd3m to tetragonal I41/amd. On the other hand, in the case of ZnCr2S4,
two antiferromagnetic transitions were detected at TN´=15K and TN”=8K, while NTE and
magnetic fluctuations were only observed under applied magnetic field.
In other to shed light on the evolution of the magnetic fluctuations when the magnetic transition
is approached, inelastic neutron scattering measurements were performed in both spinels
systems, using the time of flight spectometer TOFTOF at FRMII with neutron wavelength of 3
and 5 Å between 4 and 120 K. In ZnCr2Se4, a spin excitation is clearly seen below TN at 0.5
meV, while for T > TN clear magnetic fluctuations are observed up to 120K. For ZnCr2S4,
magnetic fluctuations were observed only above TN”. Here we discuss such dissimilarities in
relation to the origin of the magnetic frustration in these spinels.
References:
[1] Lee S.-H., Broholm C., Ratcliff W., Gasparovic G., Huang Q., Kim T. H. and Cheong S. –H.
Nature vol 418, 856 (2002).
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[2] Yokaichiya F., Krimmel A., Tsurkan V., Margiolaki I., Thompson P., Bordallo H. N.,
Buchsteiner A., Stüßer N., Argyriou D. N. and Loidl A. PRB 79, 064423 (2009).
[3] A. Krimmel, H. Mutka, M. M. Koza, V. Tsurkan, and A. Loidl, PRB 79, 134406 (2009).
[4] Hemberger J., Krug von Nidda H. A., Tsurkan V., and Loidl A. Phys. Rev. Lett. 98, 147203
(2007).
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Anisotropy tuned magnetic order in pyrochlore iridates
Emilie Lefrançois1 , Rafik Ballou2 , Elsa Lhotel2 , Laurent Chapon1 , Pascal Manuel3 , Dmitry
Khalyavin3 , Pascal Lejay2 , Virginie Simonet2
1) Institut Laue-Langevin, Grenoble, France 2) Institut Néel, CNRS, Grenoble, France 3) ISIS,
Rutherford Appleton Laboratory, UK
* Emilie Lefrançois, lefrancois@ill.fr
Attention of the condensed matter community was recently attracted by the pyrochlore iridates
R2Ir2O7 (R = rare-earth ion) where magnetic frustration, strong spin-orbit coupling associated to
the Ir4+ ions and magnetocrystalline anisotropy associated to the rare earth ions coexist and
may lead to exotic magnetic phases and unprecedented electronic transport properties. These
compounds exhibit a metal-insulator transition at the temperature corresponding to the onset of
the Ir4+ magnetic ordering. The transition temperature and the high-temperature electronic state
both depend on the rare-earth ion [Matsuhira et al., JPSJ 80 (2011) 094701].
We studied Er2Ir2O7 and Tb2Ir2O7 by means of magnetization measurement and neutron
diffraction on polycrystalline samples. A bifurcation between the zero-field-cooled and fieldcooled magnetic susceptibility was observed at respectively 140 K and 130 K, which is
attributed to the Ir4+ magnetic moment ordering. The neutron diffraction patterns revealed
magnetic Bragg peaks below 40 K in Tb2Ir2O7. We show that these result from a freezing of the
Tb3+ magnetic moments, induced by the Ir-Tb exchange, along their local 3-fold axis to form the
so-called all-in/all-out magnetic configuration. On the other hand, no evidence of magnetic
ordering was found in Er2Ir2O7 down to 2K by neutron diffraction, though measurements on a
magnetometer equipped with a dilution refrigerator show an extra thermomagnetic hysteresis
suggesting a possible freezing below 0.6 K The contrasting behaviors between Er2Ir2O7 and
Tb2Ir2O7 are explained as being inherent to the change of magnetocrystalline anisotropy
between Er (easy-plane) and Tb (easy-axis), which respectively competes against or is
consistent with the molecular field associated with the Iridium magnetism
[arXiv: 1502.00787]. This in turn strongly supports an all-in/all-out magnetic order on the Ir
pyrochlore sublattice, which was awaited as a signature of the topological nature of the low
temperature insulating state [Wan et al., PRB 83 (2011) 205101].
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Random dilution effects in the frustrated spin chain β-CaCr2-xScxO4
Manila Songvilay1 , Sylvain Petit1 , Vincent Hardy2 , John-Paul Castellan3 , Gilles André1 ,
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Germany
* Manila Songvilay, manila.songvilay@cea.fr
β-CaCr2O4 is a compound in which magnetic chromium ions (S=3/2) form parallel triangular
ladders. This topology allows to combine both magnetic frustration and low dimensionality.
Long-range magnetic order with a propagation vector k=(0 0 q) (q≈0.47 at 1.5 K) sets in at
approximately TN=21 K [2] but for T < 150 K, one-dimensional-like magnetic excitations are
revealed by inelastic neutron scattering measurements [1].
A series of substituted compounds CaCr2-xScxO4 (0≤x≤1) has been investigated by neutron
scattering and magnetization measurements in order to study the effects of random dilution on
the magnetic properties and the one-dimensional character of this system. With increasing x up
to 0.3, a magnetic order still persists with a decreasing ordering temperature and correlation
length. Non-classical 1D excitations are still observable, with a characteristic energy increasing
both with temperature and substitution, as reported for other one-dimensional systems [3].
These features are replaced by a quasi-elastic signal characteristic of a spin-glass for x=0.5.
The results are interpreted in terms of a progressive confinement of the 1D excitations within
shorter chains as x increases, until the average chain length reaches a threshold for which the
system breaks appart into disconnected finite 3D clusters. The experimental correlation length
is close to the theoretically calculated one for a J1-J2 chain and shows the crucial role of J2 in
propagating the 1D excitations [4].
[1] F. Damay, C. Martin, V. Hardy, A. Maignan, C. Stock and S. Petit, Phys. Rev. B 84 (2011)
[2] F. Damay, C. Martin, V. Hardy, A. Maignan, G. André, K. Knight, S.R. Giblin and L. Chapon,
Phys. Rev. B 81 (2010)
[3] I.A. Zaliznyak, L.-P. Regnault, D. Petitgrand, Phys. Rev. B 50 (1994)
[4] M. Songvilay, S. Petit, V. Hardy, J.P. Castellan, G. André, C. Martin and F. Damay, Phys.
Rev. B 91 (2015)
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“Ice-rule” and external magnetic field in inverse opal-like structures: competition and
сooperation
Alexander Mistonov1 , Ivan Shishkin1 , Ilia Dubitskiy1 , Natalia Grigoryeva2 , Andre Heinemann3 ,
Sergey Grigoriev1
1) Saint Petersburg State University, Petersburg Nuclear Physics Institute 2) Saint Petersburg
State University 3) Helmholz Zentrum Geesthacht
* Alexander Mistonov, mistonov@lns.pnpi.spb.ru
We study magnetic properties of inverse opal-like structure (IOLS) based on Co. It was
prepared by templating technique: the voids of face-centered-cubic (fcc) opal, which was
constructed of 590 nm polystyrene microspheres, were filled with Co by an electrochemical
crystallization. Then, the microspheres were dissolved in toluene and free-standing
ferromagnetic net was obtained. Since the voids in close packed structure are of two types –
tetrahedral and octahedral, the IOLS is built of unit elements, consisting of three parts: two
quasitetrahedra and one quasicube with concave faces. These parts are connected by vertices
along <111> directions of fcc structure.
The IOLS are interesting as a 3D nanoscale analogue of geometrically frustrated spin-ice. We
assume, that magnetic properties of the IOLS are determined by four systems of local
magnetization vectors, directed along different directins of <111>-type due to their high
anisotropy. In analogy to the “spin ice rule”, the magnetic flux conservation law for the elements
of the IOLS must be fulfilled. It means that amount of the vectors of local magnetization going
into each quasitetrahedron or quasicube should be equal to amount of the vectors going out.
Previously, on this basis we have developed a model for the distribution of magnetization
vectors within the IOLS.
In this work we have performed neutron small angle diffraction experiment in attempt to verify
the model. During the experiment external magnetic field was directed along [111], [100] and [12-1] fcc axes. Magnetic scattering intensities as a function of the field for the Bragg peaks of
202-family have been obtained. A difference between the curves for these geometries can be
explained, in terms of different scenarios of the interplay between of the “ice-rule” and the field.
In the first one, the field competes to the “ice-rule”, and the situation (3-in-1-out) arises, when
the magnetic field breaks the “ice-rule”. In the second geometry the “ice-rule” and magnetic field
interfere constructively, because the “ice-rule” is fulfilled, when all vectors have positive
projections on the field direction, thus minimizing the Zeeman energy. In the third geometry,
when one of the <111>-type directions is perpendicular to the field (i.e. does not depend on it),
possible magnetic configurations in the IOLS are determined by the “ice-rule”.
The work is supported in part by the Russian Foundation for Basic Research (Project No. 1422-01113)
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Unconventional ground states and excitations in low dimensional, frustrated, magnetic materials
is currently a hot topic in experimental condensed matter physics. The frustrated
antiferromagnetic system YMnO3 known to be both a frustrated 2D XY system and a
multiferroic material falls within this field [1,2,3]. As the system is multiferroic there is a strong
coupling between the magnetic moments and the ion positions, and therefore also between the
magnetic excitations and the phonon modes [4,5].
In our study of the phonon-magnon interaction we have identified phonon-magnon mixing with
polarized neutrons and observed avoided crossing of the dispersion curves, and also studied
the behaviour of the magnon dispersion, with an applied magnetic field, in detail. Moreover the
phonon lifetime exhibits a strange behavior in the temperature region close to the Neeltemperature where the lifetime of the magnon is short. At the conference, we will present the
latest data from this ongoing work.
[1] Th. Lonkai et al. J. Appl. Phys. 93, 8191 (2003)
[2] Z. J. Huang et al., Phys. Rev. B 56, 2623 (1997)
[3] F. Yen et al., Phys. Rev. B 71, 180407(R) (2005)
[4] S. Lee et al Nature 451, 805 (2008)
[5] S. Petit, et al. Pramana J. Phys. 71, No. 4 (2008)
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Incommensurate magnetic structure in a valence-fluctuating system Ce2RuZn4
Steffen Hartwig1 , Clemens Ritter2 , Rainer Poettgen3 , Thomas Hansen2 , Tobbias Foerster4 ,
John Mydosh5 , Karel Prokes1
1) Helmholtz-Zentrum Berlin, Germany 2) Institut Laue Langevin, Grenoble, France 3)
Westfaelische-Wilhelms-Universitaet Muenster, Muenster, Germany 4) Helmholtz-Zentrum
Dresden-Rossendorf, Dresden, Germany 5) Leiden University, Leiden, The Netherlands
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Neutron powder diffraction experiments were performed on a static intermediatevalent Ce2RuZn4 polycrystal and combined with magnetic measurements including high
magnetic field experiments up to 58 T. Ce2RuZn4 forms in the tetragonal superstructure variant
of the YbMo2Al4 type (space group P4/nmm, No.129, a = 7.1658(1) A, c = 5.1660(1) A. Two
different Ce-sites with unequal next neighbour distances has been shown to exist. Previous
theoretical studies suggested that only one (here Ce1) out of two inequivalent Ce sites is
magnetically active.
Ce2RuZn4 orders antiferromagnetically at TN=2.3 K. The magnetic structure is characterized by
an incommensurate propagation vector qm = (0.384, 0.384, ½). This leads to four 1-D
irreducible representations and correspondingly to four possible magnetic structures that allow
magnetic moments on both, Ce1 and Ce2, sites. Assuming that the Ce2 site does not carry any
substantial moment, Ce1 magnetic moments confined to the a-b plane and transversely
modulated with an amplitude of 2.11(2) μB. Since the antiferromagnetically coupled Ce1
moments reside on two interpenetrating distorted triangular-lattices, they are frustrated
explaining the magnetic bulk data and the incommensurate nature of the magnetic structure.
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Crystal structures and magnetic properties of quasi-2D layered Ru oxides, Sr3-xCaxRu2O7
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Ruddlesden-Popper type perovskite ruthenates (Sr,Ca)n + 1RunO3n + 1 have provided many novel
physical properties; ferromagnetic metals, antiferromagnetic metals and insulators,
superconductors, and so forth. Through the studies on the system with n=2, Sr3-xCaxRu2O7, we
have clarified that the system exhibits enhanced paramagnetic metals (x<0.5), ferromagnetically
correlated metals (0.5<x<1.2), and antiferromagnetic two-dimensional (2D) metals (1.2<x< 3).
With high-resolution neutron powder diffraction crystal structures of some compounds with
x=1.0, 1.5 and 2.0 have been studied from room temperature to 12 K. These data have been
analyzed well by a Rietveld analysis with the space groups of Bbcb for x=1.0, and Bb21m for
x=1.5 and 2.0. For x=1.0, all lattice constants decrease with decreasing temperature in contrast
with antiferromagnetic metals with higher Ca contents. The rotation angles of
RuO6 octahedrons increase from that of paramagnetic Sr3Ru2O7, indicating an enhancement of
ferromagnetic correlations. For x=1.5 and 2.0, the lattice constants a and b increase at low
temperatures, which corresponds with their antiferromagnetic transition. In these compounds
the rotation of RuO6 octahedrons changes to the tilting, which also correlates to their
antiferromagnetic ordering.
In the antiferromagnetic phase with x=1.5, the magnetization data at low temperatures show a
hysteresis, suggesting that the magnetic ground state is canted antiferromagnetic. The
magnetic susceptibility indicates that its magnetic easy axis continuously changes from the axis
in the ab-plane to the c-axis with increasing Sr content. By neutron diffraction experiments
further, we have decided those magnetic structures. In Ca3Ru2O7 (x=3) the magnetic moments
align ferromagnetcally in the double layers and antiferromagnetically between the layers below
the Néel temperature TN of 56 K. The magnetic moment orients along the a-axis between 56
and 48 K, but changes to the b-axis below 48 K. At this temperature 48 K, the transition from a
normal metal to a 2D metal and the crystal structural change occur simultaneously. With
increasing Sr content, the ferromagnetic intensities grow strongly, corresponding to the results
of the magnetic susceptibility and the magnetization measurements. The enhanced intensities
along the c-axis observed in x=1.25 indicate that the canted antiferromagnetism is certainly
induced in the compounds with around this concentration.
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Spin wave simulation on complex magnetic lattices: introduction to SpinW
Sandor Toth1 , Bella Lake2
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SpinW is a set of Matlab functions that can perform classical Monte Carlo and spin wave
calculations on interacting magnetic moments in periodic structures. It is aimed at neutron
scatterers and experimental scientists, who need a fast and easy to use modeling tool of
magnetic properties. It allows a general spin Hamiltonian to be defined with arbitrary two-spin
exchange interactions, single ion anisotropy and external magnetic field. The Hamiltonian is
based on the lattice geometry, making it easy to define simple lattice models (e.g. triangular,
kagome geometry) as well as realistic crystal models with several different exchange
interactions. SpinW can calculate the spin-spin dynamical correlation function based on linear
spin wave approximation for arbitrary commensurate magnetic structures [1,2]. It can also
handle incommensurate structures using a rotating coordinate system [3,4,5], with the only
restriction that the structure has to be described by a single wave vector. Furthermore it has
several additional algorithm that helps to determine the magnetic ground state for a given
Hamiltonian. The SpinW package is available under the GNU General Public License [6]. I will
show recent examples, where the code combined with inelastic neutron scattering data
revealed the microscopic spin Hamiltonian of novel quantum magnets [7].
[1] S. Petit, École Thématique De La Société Française De La Neutronique 12, 105 (2011).
[2] S. R. White, et al., Phys. Rev. 139, A450 (1965).
[3] A. Chernyshev and M. E. Zhitomirsky, Phys. Rev. B 79, 144416 (2009).
[4] S. Toth, et al., Phys. Rev. Lett. 109, 127203 (2012).
[5] S. Toth, B. Lake, ArXiv:1402.6069 (2014).
[6] http://www.psi.ch/spinw
[7] J.-H. Kim, et al., Phys. Rev. Lett. 113, 147206 (2014).
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In the intermediate mixed state (IMS) of a type II superconductor (SC), the sample splits up into
field-free Meissner domains and Shubnikov domains which carry the vortex lattice (VL) [1].
Experiments on the topology of the IMS show a variety of different patterns including striped,
dendritic and bubble phases, which represent typical domain morphologies also seen in various
other physical contexts [2]. Seen from another viewpoint, the emergence of the IMS reflects the
crossover from repulsive to attractive vortex-vortex interaction. A detailed investigation of IMS
domain patterns offers the possibility to study general characteristics of domain nucleation and
morphology as well as the physical properties of vortex matter.
The IMS structure is typically investigated by surface sensitive techniques such as decoration,
scanning probe microscopy and magneto optical imaging. However, surface flux pinning and
Landau branching can significantly hamper the deduction of bulk properties. Furthermore, the
aforementioned methods are mostly restricted to flat surfaces. In contrast, neutrons can
uniquely probe the bulk behaviour without any limitation on the sample shape. However the
typically used small angle neutron scattering (SANS) fail to probe the µm domain structure of
the IMS. Furthermore, no spatially resolved information can be obtained.
In our contribution we will explain on the example of Niobium how a combined study using ultra
small angle neutron scattering (USANS) [3] and neutron grating interferometry (nGI) [4] yields
detailed information on the morphology of the IMS. nGI is an advanced technique in neutron
radiography where regions involving the scattering of neutrons at µm structures are identified.
Hence a direct imaging of the IMS domain distribution in the bulk can be obtained (Fig. 1).
Furthermore, USANS scattering curves provide structural information of the IMS domains. We
will demonstrate how this approach allows to study the effects of sample geometry and quality
on the IMS bulk domain nucleation.
References
[1] E. H. Brandt , M. P. Das, J Supercond Nov Magn 24, 57 (2011)
[2] M. Seul, D. Andelman, Science 267, 476 (1995)
[3] J.G. Barker, et al., J. Appl. Cryst. 38, 1004 (2005)
[4] C. Grünzweig, et al. Appl. Phys. Lett. 93, 112504 (2008)
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Bound–states and ferromagnetic modes in an ideal quantum spin ladder
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* Simon Ward, simon.ward@psi.ch
The 2-legged antiferromagnetic spin ladder is one of the most fundamental models in low
dimensional quantum spin systems. Ideal model materials are rare, with BPCB [1] and DIMPY
[2] being recognised examples. (C5H12N)2CuCl4 (BPCC) is a new material which realises the
spin ladder geometry and allows for a unique study of spin dynamics and collective excitations
[3].

Presented are results from inelastic neutron scattering studies on high quality deuterated
samples, performed on the low energy time-of-flight spectrometer LET (ISIS). By utilising frame
rate multiplication and Horace scans a complete scattering cross section has been obtained.
Analysis of the dispersion allows for the independent determination of magnetic exchanges and
spin-spin correlations. The measured data will be compared to two models, the single mode
approximation (SMA) with both theoretical and fitted parameters and density matrix
renormalisation group theory (DMRG). Excitations with different parities have been extracted for
the first time without polarisation analysis, showing two-particle bound states.
With exchanges of Jr = 3.42 K and Jl = 1.34 K the complete phase diagram can be explored with
magnetic field [3, 4]. For the first time we drive a spin ladder material to a ferromagnetic state
and measure the full dispersion when quantum fluctuations are quenched. Applying the parity
analysis that was used in the zero field case, we observe and categorise previously postulated
spin-wave modes, which independently confirm the previously extracted exchange parameters.
[1] B. Thielemann, et al., Phys. Rev. Lett. 102, 107204 (2009).
[2] D. Schmidiger, et al., Phys. Rev. Lett. 111, 107202 (2013).
[3] S. Ward et al., J. Phys.: Condens. Matter 25 014004 (2013).
[4] H. Ryll, S. Ward, et al., Phys. Rev. B 89, 144416 (2014).
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Spin correlations and magnetoelastic excitations in Tb2Ti2O7
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In the rare earth pyrochlore Tb2Ti2O7, a three-fold puzzle exists - the mechanism by which
Tb2Ti2O7 escapes both magnetic order and/or a structural distortion, and furthermore, the nature
of the spin liquid which exists instead, are long standing questions in the field of frustrated
magnetism [1]. Using polarized neutron scattering we have recently shown that at low
temperature Tb2Ti2O7 has power-law correlations [2], manifested by pinch point scattering,
somewhat similar to a spin ice. We have also discovered that an acoustic phonon is coupled to
an excited crystal field state, producing a hybrid excitation with both propagating spin and
phonon components, a magnetoelastic mode [3]. Our results imply that the Hamiltonian of
Tb2Ti2O7 must incorporate both spin and lattice degrees of freedom, and that it must produce a
type of Coulomb phase.

[1] J. S. Gardner, M. J. P. Gingras, and J. E. Greedan, Rev Mod Phys 82, 53 (2010).
[2] T. Fennell, M. Kenzelmann, B. Roessli, M. Haas, and R. Cava, Physical Review Letters 109,
017201 (2012).
[3] T. Fennell, M. Kenzelmann, B. Roessli, H. Mutka, J. Ollivier, M. Ruminy, U. Stuhr, O.
Zaharko, L. Bovo, A. Cervellino, M. K. Haas, and R. J. Cava, Physical Review Letters 112,
017203 (2014).
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Modularised and Standardised Sample Environments - Examples for Soft matter
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New sample environments can greatly improve data measured in scattering experiments as well
as allowing studies under a range of previously unexplored conditions. For example, provision
for effective, correctly placed shielding could reduce the background in some neutron reflection
experiments by a factor of five thus providing a similar factor increase in the ratio of signal to
background [1]. In preparing new apparatus, it has been helpful to have clear specifications of
operating conditions and to plan for an increase in the range of applications by use of
modularity to give easy routes to upgrades. Specific examples include the cell illustrated in
Figure 1 (a) that was designed initially for reflection studies of solid/liquid interfaces but is easily
adapted to include options for stirring, study of two different surfaces in contact with the same
fluid and studies of grazing incidence scattering. The second example in Figure 1(b) shows a
simple rotating mount to avoid problems of sedimentation of large particles in small-angle
scattering and ultra small-angle scattering experiments.
The modularity in the design of both these units is exemplified in the reflection cell by the ease
of mounting of crystals with different thickness, preparing mounts for use of the cell with the
reflecting surface in either the horizontal or vertical plane, provision of a standard 4-wire
connector a platinum sensor so that facility provided temperature controllers work directly with
the sample temperature and adapting the mounts to take optical kinematic mounts. The
rotating mounts use the same motor and the same driver circuit as the stirrer on the kinematic
mounts. The mounts can be inverted to provide a different height above the mounting table to
allow easy adjustment for a range of different instruments. Both designs exploit modern
manufacturing methods; 3-d printing allows fabrication of holders for a wide range of different
SANS sample cells, even with different thickness and different apertures that may be used at
various facilities.
References
[1] Adrian R. Rennie, Maja S. Hellsing, Eric Lindholm and Anders Olsson ‘Note: Sample cells to
investigate solid/liquid interfaces with neutrons’ Rev. Sci. Instrum. 86, (2015), 016115.
[2] Anders Olsson, Maja S. Hellsing and Adrian R. Rennie (2013) ‘A holder to rotate sample
cells to avoid sedimentation in small-angle neutron scattering and ultra small-angle neutron
scattering experiments’ Meas. Sci. Technol. 24, 105901.
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New developments in simulation of polarized neutron experiments with McStas.
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For many years polarized neutron instrumentation have been lacking the simulation tools that
have been available for its unpolarized counterpart. In latter years effort have been made to
remedy this situation [1-4].

This presentation will show the latest developments within the McStas software package
pertaining polarized neutron scattering. Among the detailed matters discussed are a new and
more accurate propagation algorithm, and a connection with the widely used magnetic field
calculation code RADIA.
[1] VITESS polarized neutron suite: allows for the simulation of performance of any existing
polarized neutron scattering instrument, (S. Manoshin, A. Belushkin, A. Ioffe), In Physica B Condensed Matter, 2011.
[2] Extension of the VITESS polarized neutron suite towards the use of imported magnetic field
distributions (S. Manoshin, A. Rubtsov, V. Bodnarchuk, S. Mattauch, A. Ioffe), In Journal of
Neutron Research, 2014.
[3] Investigation of propagation algorithms for ray-tracing simulation of polarized neutrons (E. B.
Knudsen, A. T. Rømer, P. K. Willendrup, P Christiansen, K Lefmann), In Journal of Neutron
Research, 2014.
[4] McStas-model of the delft SESANS (E. Knudsen, L. Udby, P.K. Willendrup, K. Lefmann, WG
Bouwman), In Physica B: Condensed Matter, Elsevier, 2010
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Polarizing guide for cold neutron TOF spectrometer NEAT-II
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The TOF spectrometer at the BER-II in Berlin is undergoinf under large scale upgrade to
achieve 40 fold intensity gain. The new instrument will offer a number of new instrument and
sample environment capabilities for optimized and efficient studies in area of magnetism,
material science and soft matter (biological matter). Development and implementation of
polarized spectroscopy is an important part of the project. Here we present design concept of
the polarizing neutron guide which will be used for the polarization of incoming neutrons. For the
concept development several requirements and restrictions have been considered. The focused
guide system was optimized for incoming neutron wavelength range of 2-6A, while the length of
polarizing guide was set to 3.7 m. The intended polarization was set as 98%.
In the process of the concept development the systems of parallel V-shaped supermirror
cavities ("V-cavity") and two V-shaped cavities ("2V-cavity") have been considered. Analytical
calculations have been performed tp determine the concept of polarizing guide. It has been
found that the "hybrid" systems, which polarizes and compresses the neutron beam
simultaneously, is a preferable solution baed on the initial focusing requirements. Calculations
show that the polarization of 98% is possible in case of model with 4 V-shaped cavities in the
first stage and 3 V-shaped cavities in the second stage within the hybrid system.
Acknowledgment
This work is supported by German Federal Ministry Education and Research (project BMBF05K12CB1). GRR thanks Th.Krist, K.Leutenant and A.Ioffe for help in the beginning stage of
calculations.
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We have developed a novel neutron spin filter based on the strong spin dependence of the
neutron scattering on protons. The filter is small (5x5x5 mm3) needs little cryogenics (25 K) and
works also in inhomogeneous and weak magnetic fields (down to 0.01 T). The protons in the
naphthalene spin filter crystal are polarized with a recent method of dynamic nuclear
polarization (DNP) using photo-excited triplet states, which allows the design of a compact
apparatus that can be placed at a short distance (30 mm) from the sample under investigation.
With the present prototype system a flipping ratio of 4.5 at an overall transmission of above 30
% is typically achieved for cold neutrons.
We will shortly introduce the novel method and then discuss the first demonstration experiment:
its application as polarization analyzer in a magnetic small-angle neutron scattering experiment
where a 3He filter can only be operated with a proper magnetic shielding. The performance of
the analyzer has been demonstrated by measuring the spin dependent scattering signals of a
CuFeNi alloy that has a pronounced textured structure factor of ferromagnetic precipitates in a
paramagnetic matrix. The data can be understood using simulations based on a model of
superparamagnetic particles which are ordered in a simple cubic paracrystalline lattice.
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Most neutron facilities have a large number of liquid based cryostats providing low, ultra-low
temperature and high magnetic fields for sample environment. Large scale usage of liquid
based cryogenic equipment can require significant resources and can also create a number of
problems with logistics, health and safety issues as well as operating costs.
The ISIS facility has approximately 30 wet systems and also has a large number of Gifford
McMahon and Pulse Tube based closed CCR systems, these include bottom and top-loading
cryostats; the systems are optimized for neutron access by using thinned windows for both
spectroscopy and diffraction and can easily offer the user a range of temperatures between 4
and 700 Kelvin.
ISIS has developed and has a collaboration with Oxford Instruments PLC that has produced a
top loading Pulse Tube based CCR that is commercially available, the ISISSTAT is capable of
sustained operation of 1.8K with a cooling power of 240mW, the system has very good stability
over a range of temperatures, two system are now operational at ISIS.
ISIS currently has several superconducting magnets that have zero cryogen boil-off; this has
been achieved by the re-condensation of helium by a Pulse Tube Refrigerator CCR: the
systems include a wide angle chopper magnet for spectrometry, a 3D magnet and a 14T
magnet for diffraction measurements.
The main advantage of the systems are that all magnet operating procedures, for example
cooling, running up field and quenching remain the same as for a standard Helium bath magnet.
This approach also provides a homogeneous temperature distribution, which is crucial for
optimum magnet performance. All standard system accessories: current leads, power supply,
helium transfer siphon, etc. can be used with these systems.
ISIS uses a number of dilution refrigerator inserts which can be used with standard variable
temperature inserts (VTI) of cryostats or superconducting magnets; however the range of
applications of the systems mentioned is limited by their relatively low cooling power and small
sample space. These parameters can be crucial for a number of neutron experiments that
require a combination of extreme conditions like high pressure, high magnetic field or large
sample size. Oxford Instruments in collaboration with ISIS has developed a powerful cryogenfree dilution refrigerator for neutron scattering experiments. The fridge is capable of cooling
large and heavy samples.
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Polarization techniques will play an increasingly important role as the second phase of
instruments in ISIS TS2 come online. We present the implementation of polarized neutrons on
new and existing ISIS instrumentation [1], including the latest developments for LET, the Cold
neutron multi-chopper spectrometer, the polarizing SANS instrument ZOOM and LARMOR, a
multi-purpose instrument for SANS, diffraction and spectroscopy that utilises the Larmor
precession of polarized neutrons.
Polarized 3He in the form of Neutron Spin Filter (NSF) cells, and has an important role in the
implementation of polarization on ISIS instruments. 3He gas is traditionally polarized by two
methods, metastability-exchange optical pumping (MEOP) [2] and spin exchange optical
pumping (SEOP) [3]. At ISIS both methods are employed, SEOP in the form of an in-situ
continuously pumped incident beam polarizer and MEOP through the use of the Flynn polarized
3
He filling station. We outline the performance of “Flynn” the new polarized 3He filling station
constructed at ILL, and now installed at ISIS, and give details of the main components of the
machine. We show the performance of the produced polarized gas from time of flight
polarization measurement performed at ISIS. We will also present the latest performance and
specification of the in-situ SEOP polarizer system, including a focus on upgrades to the laser
system required for the SEOP process due to the contamination of light polarization from the
reflection of coated optics.
[1] http://www.isis.stfc.ac.uk/instruments/instruments2105.html
[2] K.H. Andersen et al. Physica B, 356, 103–108 (2005)
[3] S. Boag et al, Physica B, 404, 2659 (2009).
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Polarisation analysis is one of the most time consuming methods in neutron scattering. Part of
this is the need to spend time measuring the spin-flip and the non-spin-flip channels. By
combining the multianalyser system at PUMA with an innovative polarization analysis setup
saves beam time by allowing a simultaneous detection of both channels.
A combination of two polarisers/deflectors reflecting spin-down and transmitting spin-up
neutrons are used to differentiate the neutron beam scattered by the sample. The separated
beam components reach different blades of the PUMA multianalyser where they are reflected
towards different detectors.
First test experiments performed recently demonstrated that the spin-up and spin-down
components can be manipulated according to our expectations. The Bragg scattering of
3
neutrons polarized by a He filter on the anti-ferromagnetic hematite (Fe2O3) sample was
analyzed using the presented technique. In the case of nuclear reflex (006) only the transmitted
(non-spin-flip) signal was recorded, whereas the anti-ferromagnetic scattering (003) shown both
signals: transmitted (non-spin-flip) and reflected (spin-flip) signals. These two signals were
clearly distinguishable with our setup and observed simultaneously in a single measurement.
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Prism systems for focusing and energy analysis of neutron beams
Thomas Manicke1 , Thomas Krist1 , Jennifer Schulz1
1) Helmholz Zentrum Berlin
* Thomas Manicke, thomas.manicke@helmholz-berlin.de
Devices made from silicon are used in neutron optics to influence the properties of neutron
beams. Transferring the principle of the clessidra lens [1] to neutrons allows focusing the beam.
We could show with simulations in Vitess that the usage of a clessidra lens in a VSANS
instrument improves the beam quality. The disadvantage of the lenses of reducing the intensity
by absorption is more than compensated by the focussing effect which leads to a smaller
FWHM and a higher peak intensity. Comparing a pinhole set up with and without a lens we
could show that the use of a lens lowers the total intensity by the factor of 0.2, reduces the
FWHM by the factor 2 and enlarges the peak intensity by 1.5. For a fixed size of the sample
pinhole and for a fixed FWHM of the signal, the lenses can exceed the standard pinhole setup
by the factor of 12 in intensity.
A second application of silicon prisms is energy analysis. J. Schulz showed in a proof-ofprinciple experiment that this method allows measuring different wavelengths at the same time
and thus avoiding losses due to monochromatization [2]. Applying two improvements [3],
namely coating the prisms back with an absorbing layer to avoid total reflection and bending the
prism rows, which shifts the transmitted wavelength band, developed the system in a way that
now a range from 0 to 20 Å can be analyzed by a compact device.

[1] DE CARO, L.; JARK, W.: Diffraction theory applied to X-ray imaging with clessidra prism
array lenses. In: J. Synchroton Rad. 15 (2008), S. 176–184
[2] SCHULZ, J.; OTT, F.; HÜLSEN, C.; KRIST, T.: Neutron energy analysis by silicon prisms. In:
Nucl. Instr. and Meth. A 729 (2013), S. 334–337
[3] SCHULZ, J.; OTT, F.; KRIST, T.: An improved prism energy analyzer for neutrons. In: Nucl.
Instr. and Meth. A 744 (2014), S. 69–72
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Simulation of waviness in neutron guides
Ursula Bengaard Hansen1 , Mads Berthelsen1 , Erik Bergb äck Knudsen2 , Kim Lefmann1
1) Niels Bohr Institute, University of Copenhagen, Universitetsparken 5, Denmark 2)
Department of Physics, Technical University of Denmark, Lyngby, Denmark
* Ursula Bengaard Hansen, uhansen@fys.ku.dk
As the trend of neutron guide designs points towards longer and more complex guides
imperfections such as waviness becomes increasingly important. At neutron scattering facilities,
neutron reflecting guides are most valuable, since they transport the neutrons from the source
(moderator) surroundings to a low-background region, often 20 to 100 meters away. For timeof-flight neutron instruments, also the sheer instrument length is valuable, since it gives an
important contribution to improving the instrument resolution.
Back-of-the-envelope calculations show that present-day values of waviness are unproblematic
for straight guides. However, concerns have been raised about the severity of imperfect guide
conditions for complex guide shapes like the parabolic or elliptic ones. The actual relevance of
this is emphasized, as these ballistic guide types are foreseen to be used for a significant part of
the instruments at the European Spallation Source (ESS), with guide lengths up to 165 m [1, 2].
Simulations of guide waviness has so far been limited by a lack of reasonable waviness models.
A waviness algorithm was implemented in McStas1.12c and 2.0[3] but has shown to yield
unphysical results in some cases, since it is possible for the neutron to reflect from a surface
with zero footprint normal to the neutron beam [4]. We here present a new stochastic
description of waviness and its implementation in the McStas simulation package. The effect of
this new implementation is compared to the guide simulations without waviness and the
waviness model implemented in McStas1.12c and 2.0. As an example the comparison between
an ideal guide without waviness, a guide with the waviness description in McStas 1.12s and the
new waviness model is seen in the figure. The unphysical behavior of the previous McStas
waviness model for large waviness values is clearly no longer present in the new model. Here,
the main consequence of waviness is a reduced intensity as expected from simple physical
arguments.
[1] The European Spallation Source. ESS technical design report, 2013, [2] K. Klenø et al.,
Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment, 696:75–84, [3] Kim Lefmann and Kristian Nielsen.
McStas, a general software package for neutron ray-tracing simulations. Neutron News ,
10(3):20-23, 1999, [4] Kaspar Hewitt Klenø. PhD thesis, University of Copenhagen, 2013.
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Optimalization and installation of a novel type focusing double monochromator
Tamás Veres1 , László Rosta1 , László Cser1 , János Füzi1
1) Wigner Research Centre for Physics
* Tamás Veres, vertam@freemail.hu
The arrangement of REF neutron reflectometer at Budapest Research Reactor is paralell to the
guide because of space restrictions. This is achieved using two PG monochromators. A novel
arrangement focusing double monochromator was designed. The columns of the
monochromator at the guide end focus on the elements of the outer monochromator, which are
positioned on an aslope line in the plane of collimation. The efficacy of this monochromator was
studied by Monte-Carlo simulation. The double monochromator was installed. The beam
reflected by the different elements of the outer monochromator was investigated by pin-hole
method. The arrangement gives remarkable intensity gain, but the effect of the inaccuracies of
installation is also observable.
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Integration of Advanced Motion Control & Automation into the Modular Instrument
Control Concept of the European Spallation Source ESS
Thomas Gahl1 , Torsten Boegershausen1 , Stephen Cox2 , Anders Sandstroem1 , Miha Rescic1 ,
Timo Korhonen1 , Oliver Kirstein4
1) European Spallation Source ESS, Lund, Sweden 2) STFC-ISIS, Harwell Oxford, UK 3)
University of Newcastle, Callaghan, Australia 4) European Spallation Source ESS and
University of Newcastle, Callaghan, Australia
* Thomas Gahl, thomas.gahl@esss.se
The European Spallation Source (ESS) in Lund, Sweden has just entered the construction
phase with three neutron instruments starting in its detailed design phase in 2015. As a
collaboration of 17 European countries the majority of hardware devices for neutron
instrumentation will be provided in-kind. This presents numerous technical and organisational
challenges for the construction and the integration of the instruments into the facility wide
infrastructure; notably the EPICS control network with standardised hardware interfaces and the
facilities absolute timing system. Additionally the new generation of pulsed source requires a
new complexity and flexibility of instruments automation to fully exploit its opportunities.
In this contribution we present a strategy for the modularity of motion control & automation
hardware with well-defined standardised functionality and control & data interfaces integrating
into EPICS and the facilities timing system. It allows for in-kind contribution of dedicated
modules for each instrument (horizontal approach) as well as of whole instruments (vertical
approach). To match the requirements of future ESS applications we are compiling and
valuating together with our in-kind partners an extensive catalog of motion control
functionalities. Key point and top requirement is the time stamping of all readings from the
motion control electronics extending the event mode data acquisition from neutron events to all
metadata. This gives the control software the flexibility necessary to adapt the functionality of
the instruments to the demands of each single experiment. We give examples for the
advantages of that approach in classical motion control as well as in complex robotics systems
and discuss matching hardware requirements necessary.
[1] S.Peggs et al., ESS Technical Design Report, ESS-2013-0001 (2013)
[2] T.Gahl et al., Hardware Aspects, Modularity and Integration of an Event Mode Data
Acquisition and Instrument Control for the European Spallation Source, Proceedings on
ICANS XXI (2015)
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SANS Polarization Analysis Capability With Extended Q Coverage
Wangchun Chen1 , Shannon Watson2 , Kathryn Krycka2 , John Barker2 , Cedric Gagnon1 ,
Thomas Gentile2
1) National Institute of Standards and Technology, Gaithersburg, Maryland 20899 and
University of Maryland, College Park, Maryland 20742, USA 2) National Institute of Standards
and Technology, Gaithersburg, Maryland 20899, USA
* Wangchun Chen, wcchen@nist.gov
Polarization analysis with a 3He neutron spin filter (NSF) as a spin analyzer has been developed
on the NG-3 and NG-7 small-angle neutron scattering instruments at the National Institute of
Standards and Technology Center for Neutron Research (NCNR) [1]. The polarized beam
apparatus consists of a supermirror polarizer, a radio-frequency (RF) spin flipper, and a 3He
analyzer. The 3He analyzer cell is polarized offline by spin-exchange optical pumping (SEOP)
and stored in a magnetically shielded solenoid that provides a homogeneous magnetic field
along the neutron beam axis. Neutron spin flipping of the scattered beam is accomplished by
inverting the 3He polarization using the adiabatic fast passage nuclear magnetic resonance
technique. In our setup, neutron spins at the sample are typically oriented transverse to the
beam, so a 90-degree adiabatic spin rotation is necessary from the sample to the 3He
analyzer. Key issues for practical applications for a 3He NSF to SANS polarization analysis are
sufficient angular coverage and long polarization storage times in the presence of stray fields
from strong sample magnetic fields. We will present significant improvements in spin-analyzed
SANS capability on NG-7. Using hybrid spin-exchange optical pumping method with high power
diode lasers spectrally narrowed by chirped volume holographic gratings we have obtained 3He
polarizations up to 88%. Such high 3He polarizations, together with a recently installed double-V
supermirror cavity polarizer and an RF flipper allow us to achieve flipping ratios as high as 100
with a neutron transmission of 55% for the desired spin state of the 3He analyzer. With an
improved magnetically shielded solenoid and an improved adiabatic spin rotation device
between the magnet and solenoid we have obtained relaxation times up to 300 h when the
solenoid is placed close to the 1.6 T sample magnet. The SANS polarization analysis capability
has opened up new opportunities for hard matter investigations of, for example, magnetic
nanoparticle assembly, multiferroics, exchange-bias systems, and giant magnetostriction.
We expect that more scientific applications would benefit from SANS polarization analysis
capability with an extended Q coverage. For our current SANS polarization analysis capability,
the wavevector transfer Q is 1.2 nm-1 (scattering angle of 6 degrees) at a wavelength of 0.55 nm
for a sample field of 1.6 T. This has been limited by the diameter of the 3He analyzer cell, the
extent of the iron-yoked magnet along the beam path, and spatial constraints of the solenoid
location from the sample chamber. Recently we have produced 3He cells with the diameter
almost doubled, which has allowed us to extend the maximum Q coverage to 2.0 nm-1. We will
present results for these new large cells.
[1] W.C. Chen et al., J. Phys.: Conf. Ser. 528, 012014 (2014); K.L. Krycka, et al., Physica B
404, 2561-2564 (2009).
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Elastic neutron scattering at the Extreme Environment Diffractometer at HZB in high
magnetic fields up to 26T
Wolf-Dieter Stein1 , Oleksandr Prokhnenko1 , Maciej Bartkowiak1
1) Helmholtz-Zentrum Berlin, Germany
* Wolf-Dieter Stein, wolf-dieter.stein@helmholtz-berlin.de
The Extreme Environment Diffractometer (EXED) at Helmholtz-Zentrum Berlin (HZB), which
from this year operates together with the High Field Magnet (HFM, up to 26T), is a time-of-flight
diffractometer optimized for restricted sample environment geometry and has a huge accessible
Q-range from 0.01 to 12 Å-1 for elastic scattering experiments. Until recently EXED has been
running as a general purpose diffractometer with the capability to perform powder, single crystal
and small angle scattering experiments. Measurements using standard sample environments
available at HZB were performed with the potentiality of a flexible secondary instrument.
Here we present recent results of experiments undertaken at EXED covering the neutron
scattering techniques described above and discuss the advantages and the restrictions
connected to them. Based on the experience from previous experiments consequences are
given for experiments up to 26T within the restricted geometry of the High Field Magnet, which
has a conical opening of 30° in forward and backscattering direction.
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Compact On-beam 3He polarizer for high Q-range SANS using SEOP polarized GE180
neutron spin filter cell
zahir salhi1 , earl babcock1 , patrick pistel2 , Alexander Ioffe1
1) Juelich centre for neutron science 2) Forschungszentrum Jülich GmbH- Engineering und
technologie (ZEA-1)
* zahir salhi, z.salhi@fz-juelich.de
Polarization analysis is very useful for soft matter research. Removal of incoherent background
can reduce the number of parameters need to fit data, especially in the high-Q regime. We have
been working on an ultra-compact 3He polarizer to be used as a polarization analyzer for this
purpose. The 3He will be polarized in-situ within a very compact magnetic cavity,18 cm long,
that can be simply placed between the sample and the detector tank without lowering the
maximum achievable Q range of the SANS machines we currently use at the JCNS. The
angular coverage is a pyramid of 38° from the sample position. The optical pumping will be
done with an ultra-compact volume Bragg grating frequency narrowed diode laser array bar.
The full system will be readily hand transportable and thus useful as an instrument add-on.
Additional, we present the progress of the fabrication of GE180 neutron spin filter cells that
achieve both long relaxation times and high 3He polarization.
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Dynamically polarized samples for protein crystallgraphy at the SNS
Jinkui Zhao1
1) Oak Ridge National Laboratory
* Jinkui Zhao, zhaoj@ornl.gov
We present new developements of Dynamically Polarized Crystallography at the SNS. There is
a renewed effort at the SNS to develop a dynamic nuclear polarization facility with the focus on
protein crystallography. Polarized neutron protein crystallography has the potential of delivering
a 2 to 3 orders of magnetitude gain in the data signal to noise ratio. Our current work involves
developing a 5 Tesla/140 GHz system that polarizes the hydrogen nuclei to >95%. Once the
sample is polarized, it will be kept in a 0.5 T holding field. The designed T1 relaxation time will
be several thousand hours for most samples. The low holding field enables us to have a
scattering angle wide enough such that it will not block the view of any detector pixel.
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New Sorgentina Fusion Source (NSFS) A 14 MeV neutron source for fusion and
multipurpose applications
Antonino Pietropaolo1 , Mario Pillon1 , Maurizio Angelone1 , Aldo Pizzuto1 , Patrizio Console
Camprini2 , Davide Bernardi2 , Pietro Agostini2 , Manuela Frisoni3
1) ENEA Frascati Research Centre 2) ENEA Brasimone Research Centre 3) ENEA Bologna
Research Centre
* Antonino Pietropaolo, antonino.pietropaolo@enea.it
Within the framework of research and development on fusion technology, a 14 MeV neutron
source has long been considered as a key facility to perform irradiation tests supporting design
and licensing of DEMO reactor. In this context, New Sorgentina Fusion Source (NSFS) project
has been proposed taking advantage of well-established D-T generators technology, properly
scaled in order to design a bright neutron source of some 1015 n/sec [1,2,3]. It is based on
multiple 200 keV deuterium and tritium ion beams delivering several Amperes towards a
deuterium-tritium enriched layer on a rotating target where fusion reactions take place. Tests on
materials damage upon neutron irradiation are intended to be performed with the actual 14 MeV
neutron spectrum typical of fusion reactors. NSFS project is intended to be carried out within
national as well as international collaborations in order to provide a fusion-related neutron
source and possibly a multipurpose facility. In the present contribution, the main facility
characteristics are highlighted along with expected irradiation performances. Possible
implementations towards a multipurpose utilization will be briefly discussed.
References
[1] M. Pillon, M. Angelone, A. Pizzuto, A. Pietropaolo, Fus. Eng. Des. 89, 2141 (2014) 2141
[2] M. Martone, C. Alessandrini, S. Ciattaglia, R. Coletti, C. Crescenzi, C. Ferro,et al., Feasibility
Study of a 14-MeV Neutron Source (Sorgentina), ENEA Internal Report, 1990.
[3] P. Console Camprini, D. Bernardi, M. Pillon, M. Angelone, M. Frisoni, A. Pietropaolo, A.
Pizzuto, P. Agostini, accepted for publication on Fus. Eng. Des. (SOFT 2014 conference
special issue)
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Some problems of the radiation resistance of the pelletized cold moderator of the IBR-2
reactor
Maxim Bulavin1 , Vladimir Ananiev1 , Alexander Beliakov1 , Alexander Verkhogliadov1 , Sergey
Kulikov1 , Konstantin Mukhin1 , Eugene Shabalin1
1) Joint institute for nuclear research
* Maksim Bulavin, bulavin85@inbox.ru
The first pelletized cold moderator (CM202) of the IBR-2 reactor was started in the 2012.
CM202 represents a chamber which is filled with frozen pellets. The pellets are loaded in the
chamber by pneumoconveying of cold helium at the temperature 30-40K through the steel pipe.
The pellets are made of the mixture of aromatic hydrocarbons – mesitylene and m-xylene. The
full chamber of the CM202 has 1 liter or 27000 frozen pellets. After loading the reactor chamber
with CM202 operates at the power of 2 MW for 1 reactor cycle.
The maximum real work time of CM202 is 9.5 days, but users and physicists of the IBR-2
reactor need the full cycle of the moderator which is 11 days. CM202 can work for a limited
period of time due to problems with radiation resistance of the hydrocarbons mixture in the
chamber
The viscosity of the melted mixture after 9.5 days of the irradiation increases by 15 times, and 1
or 2 extra days can cause the mixture to become solid. This is a critical state of the moderator
and a very serious emergency – moderator will not be able to work again. We can prevent this
problem by adding some useful supplementation in the mixture, for example, it can be an
anthracene or naphthalene. Second point we have a degradation of the neutron flux from the
surface of the CM202 during the cycle of the reactor. It means that we lose 10% of the cold
neutrons by the end of the cycle. We assume that supplementations allow us reduce the
degradation of the neutron flux and the viscosity of a melted mixture.
At last, during operation, regardless of the use of supplementations, we have certain
polymerization problems with melted mixture. At the end of the cycle, when the power of the
reactor is 0W we need to remove the liquid mixture from the chamber as soon as possible as
the mixture can become solid. We need to maintain helium atmosphere in the chamber in order
to delay polymerization. Moreover, we need to clean the chamber using aggressive solvents
after 5-6 cycles of CM202 operation (2 times per year).
E-mail of presenting author: bulavin85@inbox.ru
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Target Upgrade Studies for the ISIS Facility
Cristian Bungau1 , Robert Cywinski1 , Adriana Bungau1 , Robert Edgecock1 , Christopher
Booth2 , Lei Zang2
1) University of Huddersfield 2) University of Sheffield
* Robert Cywinski , R.Cywinski@hud.ac.uk
ISIS is one of the world\'s most powerful spallation neutron sources for the study of material
structures and dynamics. Currently ISIS has two spallation targets, TS1 operating at proton
beam powers of up to 200 kW, and TS2 operating to 45 kW. This paper focuses upon an
upgrade study of TS1 with the goal of increasing the ultimate operating power to 0.5 MW and
beyond. During this study we have taken into consideration the necessity of maintaining the
spallation neutron pulse width at current values. The increased heat deposition was monitored
and the target plates\' dimensions were modified to take this into account. Preliminary studies of
an alternative molten metal target capable of coping with a higher power are also included.
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Benchmarking Geant4 for spallation neutron source design
Douglas D. Di Julio1 , Konstantin Batkov1 , John Stenander2 , Nataliia Cherkashyna1 , Phillip M.
Bentley3
1) European Spallation Source ESS AB, SE-221 00 Lund, Sweden 2) European Spallation
Source ESS AB, SE-221 00 Lund, Sweden, Department of Physics, Lund University, SE-221 00
Lund, Sweden 3) European Spallation Source ESS AB, SE-221 00 Lund, Sweden, Department
of Physics and Astronomy, Uppsala University, 751 05 Uppsala, Sweden
* Douglas Di Julio, douglas.dijulio@esss.se
Geant4 is a widely used Monte-Carlo package for the simulation of radiation in matter,
especially in the realm of high-energy physics. In the current work, we investigate the suitability
of Geant4 for simulating spallation neutron sources. We have benchmarked Geant4, for the full
spallation energy spectrum, against the popular Monte-Carlo package MCNPX for both simple
spallation source geometries and for a model of the European Spallation Source (ESS),
currently under construction in Lund, Sweden. Additionally, we tested methods for increasing
the simulation efficiency in Geant4, via automated variance reduction techniques, and present
some initial findings and results. Our models and methods reveal that there is generally very
good agreement between the two codes and suggest that Geant4 is well suited for simulating
spallation neutron sources.
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Characterization of the radiation background at the Spallation Neutron Source
Douglas D. DiJulio1 , Nataliia Cherkashyna1 , Anton Khaplanov1 , Dorothea Pfeiffer2 , Julius
Scherzinger3 , Carsten P. Cooper-Jensen4 , Kevin G. Fissum3 , Kalliopi Kanaki1 , Georg
Ehlers5 , Franz X. Gallmeier6 , Donald E. Hornbach6 , Erik B. Iverson6 , Robert J. Newby6 ,
Richard J. Hall-Wilton7 , Phillip M. Bentley4
1) European Spallation Source ESS AB, SE-221 00 Lund, Sweden 2) European Spallation
Source ESS AB, SE-221 00 Lund, Sweden, CERN, CH-1211 Geneva 23, Switzerland 3)
European Spallation Source ESS AB, SE-221 00 Lund, Sweden, Division of Nuclear Physics,
Lund University, SE-221 00 Lund, Sweden 4) European Spallation Source ESS AB, SE-221 00
Lund, Sweden,Department of Physics and Astronomy, Uppsala University, 751 05 Uppsala,
Sweden 5) Quantum Condensed Matter Division, ORNL, Oak Ridge TN-37831, USA 6)
Instrument and Source Division, ORNL, Oak Ridge, TN-37831, USA 7) European Spallation
Source ESS AB, SE-221 00 Lund, Sweden, Mid-Sweden University, SE-851 70 Sundsvall,
Sweden
* Douglas Di Julio, douglas.dijulio@esss.se
The quality and efficiency of scientific measurements, performed at neutron scattering facilities,
is directly affected by instrument background levels. At a pulsed spallation neutron source, an
important part of the instrument background is related to the emission of high-energy particles
from the target region, correlated with proton beam impact. In the current study, we present the
results of an investigation of the phenomena leading to this background, performed at the
Spallation Neutron Source (SNS) at Oak Ridge National Laboratory, Tennessee, USA. An
overall picture of the radiation fields throughout the facility was mapped using a number of
different detectors, including a WENDI-2 dosimeter, an Arktis 4He detector, Medipix cameras,
and gamma-ray detectors. These results indicated the presence of particles penetrating the
shielding at various locations, which may be partly responsible for the prompt-pulse
backgrounds on multiple instruments. This work provides important information for developing
future shielding solutions at spallation neutron sources, such as the European Spallation Source
ESS AB, presently under construction in Lund, Sweden.
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Recent instrumentation upgrades on the residual stress diffractometer at NPI-Řež
Charles Hervoches1
1) Nuclear Physics Institute, v.v.i., ASCR, Department of Neutron Physics, CZ-25068 Řež,
Czech Republic
* charles Hervoches, hervoches@ujf.cas.cz
The two-axis diffractometer SPN-100, at the research reactor LVR-15 of the Research Centre
Řež, is an instrument dedicated to macro/micro strain scanning of polycrystalline materials.
The instrument sandwich type monochromator consists of two bent crystal slabs of different
cuts, which can provide two different neutron wavelengths simultaneously (Si(111) + Si(220),
Si(220) + Ge(311)).
Very recently, the diffractometer has been equipped with a new two-dimensional position
sensitive detector (2D-PSD).
For sample positioning, in addition to standard x-y-z translation stage, a new six-axis robotic
arm has been installed to allow more flexible manipulation of complex samples.
The latest experimental results obtained with the upgraded tools will be presented.
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Neutron imaging studies and experiments at the VR-1 zero-power university training
reactor
Jan Crha1 , Jaroslav Soltes1 , Ondrej Huml1 , Pavel Zlebcik1 , Lubomir Sklenka1 , Ladislav
Viererbl2 , Bozena Michalcova3
1) Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague
2) Research Centre Rez Ltd. 3) Nuclear Physics Institute, Academy of Sciences of the Czech
Republic
* Jan Crha, honzacrha@seznam.cz
The VR-1 is a zero-power training reactor which can be operated up to the maximal thermal
power level of 1 kW. The reactor is operated by the Faculty of Nuclear Science and Physical
Engineering of the Czech Technical University in Prague. Due to its low parameters it suits as a
perfect instrument for the education and training for engineering students. Each year new
instruments are developed at the reactor to extend the offer of experiments available to the
students at the reactor site.
In recent time, as a part of a student diploma project, efforts have been done to adapt the radial
channel of the reactor for neutron imaging by means of neutron radiography. The low available
neutron flux and the limiting spatial and construction capabilities of the reactor’s radial channel
led to the development of a special filter/collimator insertion inside the channel and choosing a
non-standard approach by placing neutron detectors inside the channel. The presented
contribution summarizes the realized experiments supplemented by Monte-Carlo simulations
which led to design of the instrument as well as the first neutron radiographic measurements
done with several chosen test samples.
Due to the limited space inside the radial channel and the low available thermal neutron flux,
effective measurements of real industrial or research samples is very limited within the
instrument. It, however, still can suit for demonstration purposes of neutron imaging for the
university and training courses students at the reactor site.
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R2D2 test beamline at JEEPII reactor in Kjeller, Norway
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The upgrade of beam channel 6 (R2D2) at the JEEPII reactor in Kjeller (Norway) is presented
as part of the collaborative activities between the Institute for Energy Technology (IFE) and the
European Spallation Source (ESS). The main goal of R2D2 is to provide a dedicated beam
channel for the testing of novel detector technologies and neutron guide coatings as well as to
contribute to the development of new neutron-related techniques relevant to ESS. The different
components of the beamline setup were optimized in order to provide a wide range of working
possibilities - flexibility - and the best relationship between the available flux and the inherent
background. Preliminary experiments show the versatility of the R2D2 setup.
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A design study for an epi-thermal neutron source based on an electron linac for
quantitative elemental analysis using resonance capture cross section
Yoshiaki Kiyanagi1 , Yoshiyuki Takahashi2
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University
* Yoshiaki Kiyanagi, kiyanagi@phi.phys.nagoya-u.ac.jp
The neutron resonance transmission analysis (NRTA) is one of useful nondestructive methods
for quantitative elemental analysis and temperature measurement. In the N-DeMAIN
(Development of Non-Destructive Methods Adapted for Integrity test of Next generation nuclear
fuels) project in Japan the identification and quantification of nuclides in the fuels by time-offlight (TOF) method has been planned. For this purpose the 46 MeV electron linac at Kyoto
University Research Reactor Institute is used and for this purpose an efficient epi-thermal
neutron source is desired to be developed. For the thermal neutron region moderator
optimization study has been done [1, 2]. However, here, the important neutron energy range is
around 1-500eV and the beam extraction angle is 135 degrees from the incident electron beam.
Such a special situation requires a dedicated optimization study for the target-moderatorreflector assembly (TMRA). As a design study of the neutron source we performed simulation
calculations on the target and the moderator angel by using a particle transport code, PHITS.
We have started the optimization from the target, which was not performed previous studies.
The neutron production was calculated for Ta, W and Pb. The results indicate that W produced
highest intensity and a rectangular shape target gave higher intensity than a grooved target.
Two-layered targets are also studied and obtained the optimal thickness of W/Ta and Pb
layers. Furthermore, effect of angled beam extraction was also studied and the intensity
decreased by about 40% at 135 degree extraction. The results are useful for optimizing the
total TMRA.
Present study includes the result of “Development of Non-Destructive Methods Adapted for
Integrity test of Next generation nuclear fuels” entrusted to the Kyoto University by the Ministry
of Education, Culture, Sports, Science and Technology of Japan (MEXT).
[1] Y. Kiyanagi, H. Iwasa, J. Nucl. Sci. Tech., 19 (1982) 352-358.
[2] Y. Danon, R.C. Block, R.E. Slovacek, Nucl. Instr. Meth., Phys. Res. A352 (1995) 596-603.
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Thermal and cold neutron moderators for ESS
Luca Zanini1 , Konstantin Batkov1 , Esben Klinkby2 , Ferenc Mezei3 , Troels Schoenfeldt2 , Alan
Takibayev3
1) European Spallation Source ESS AB, Lund, Sweden 2) European Spallation Source ESS
AB, Box 176, S-221 00 Lund, Sweden and DTU Nutech, Technical University of
Denmark,Roskilde, Denmark 3) European Spallation Source ESS AB, Lund, Sweden and
Wigner Research Center for Physics, Budapest
* Luca Zanini, luca.zanini@esss.se
The design of the neutron moderators for the European Spallation Source, intended to be
installed at the start of operations of the facility in 2019 has now been finalized.
The moderator design has been driven by the low-dimensional moderator concept recently
proposed for use at spallation neutron sources or reactors. Quasi-two dimensional, disc- or
tube-shaped moderators, can provide strong brightness increase (factor of 3 or more) with
respect to volume para-H2 moderators, which constitute the reference, state-of-the-art
technology for high-intensity coupled moderators. In the design process other, more
conventional, principles were also considered, such as the importance of moderator positioning,
the premoderator and beam extraction angular range.
Different design and configuration options were evaluated. The final configuration accepted for
construction foresees two moderators with identical (so-called “butterfly”) shape, but different
heights, placed above and below the spallation target. Both moderators are able to serve the full
2 x 120° beam extraction sectors of instrument suite. The top, 3-cm tall moderator, has both
high thermal and high cold brightness, more than by a factor of 2.5 compared to the previous
design of the Technical Design Report. The bottom, 6-cm tall moderator, has lower brightness
and emits 1.3 times higher total intensity integrated over the 2 times larger emission surfaces.
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Cryo-TEM – A Complementary Technique for Neutron Scattering
Marie-Sousai Appavou1
1) Forschungszentrum Jülich GmbH, Jülich Centre for Neutron Science JCNS, Outstation at
MLZ, Lichtenbergstraße 1, 85747 Garching, GERMANY
* Marie-Sousai Appavou, m.s.appavou@fz-juelich.de
The neutron instrumentation at the MLZ, in particular Small Angle Neutron Scattering,
reflectometry and macromolecular crystallography allow to investigate structures in the range
from 1 nm up to several hundred nm in reciprocal space. In soft matter and biology the contrast
between hydrogen and deuterium is used to gain deep and quantitative insights about the
shape and interactions of the objects forming the investigated structure.
Transmission electron microscopy may yield real space pictures of soft matter systems, virtually
it may complete and enhance any SANS investigation on soft matter investigation.
A transmission electron microscope (TEM) is available at the Jülich Center for Neutron
Sciences at MLZ in the JCNS building.
In one hand, with TEM, we are able to extract information in the real space about size
measurements and distribution of particles, shape, self-assembly systems and aggregates.
SANS on the other hand is a non-destructive method providing structural information in the
reciprocal space averaged over all grains of different sizes with high statistical
accuracy. Transmission electron microscope allows to get quantitative information about
roughness and intermolecular distances can be extracted and indirect information concerning
average radius and periodical distances by performing a Fourier transform in TEM image.
Additionally, diffraction patterns can be obtained. Hydrogen, which is mainly present in soft
matters, can be highly distinguished from its isotope i.e. deuterium by neutrons whereas both of
those light elements remain invisible in TEM and x-ray small angle scattering. Both techniques
allow to detect structural changes occurring in the relatively large scale structures on the nanoscale. One main advantage in SANS is the contrast variation technique which allow, by using
specific ratio of D2O/H2O for solution sample, to study multi-component system. With TEM, the
energy filter and the energy loss method allows to get information about atomic composition of
the observed system. The energy filter is an additional way to enhance contrast in
complementary to thickness dependent amplitude contrast, the small angle phase contrast and
the diffraction contrast for crystalline structure investigation.
The instrument is a 200 kV JEM-FS2200 from JEOL with a field emission gun (FEG) and an online Omega Energy Filter allowing measurements at magnification from x 50 to x 1 M with a
resolution of 0,2 nm in point and 0,1 nm in lattice. The Microscope is equipped with a Tietz CCD
camera with 2048 x 2048 pixels square area. Unlike for neutron experiments the soft matter
samples have to be investigated either in dried or frozen state (Cryo-TEM) to be able to work in
the necessary vacuum and to suppress blurring motion of the object as well as radiation
damage. Also the samples have to be very thin (max~100nm). TEM investigations require
sophisticated sample preparation different from the needs for e.g. a SANS experiment, the TEM
laboratory comprises an extended suite of preparation equipment. Users will be supported by
JCNS scientists (M.S. Appavou) to conduct the suitable preparation and TEM investigation.
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DrSPINE – Data Reduction for Neutron Spin Echo Experiments – First Results.
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* Piotr Zolnierczuk, p.zolnierczuk@fz-juelich.de
SNS-NSE instrument [1] at Spallation Neutron Source (SNS) in Oak Ridge, Tennessee, USA is
the first Neutron Spin Echo (NSE) instrument installed at a pulsed source. The time-of-flight
capability of the SNS-NSE allows one to resolve the neutron wavelength and conduct the
measurements over a wider bandwidth. The wide bandwidth, in turn, permits the data collection
for several Q-values at the same time and, more importantly, it allows to determine the
symmetry phase more precisely.
We will present DrSPINE (Data Reduction for Neutron Spin Echo Experiments) - a new software
package that aims to reduce data obtained either at a pulsed or at a reactor source based NSE
instrument. Developing the ideas presented at QENS/WINS 2014 conference [2] we will show
first useful result obtained with DrSPINE. We will also compare them with our default reduction
program and point out improvements in the quality of data.

[1] M. Ohl et al., Nucl. Inst. and Meth. A 696, 85-99 (2012).
[2] P.A. Zolnierczuk et al., EPJ Web of Conferences 83, 03020 (2015)
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ISIS Deuteration Facility
Peixun Li1
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* Peixun Li, peixun.li@stfc.ac.uk
The ISIS Deuteration Facility has now been established and is operational, currently accepting
user’s proposals. The aim of the facility is to provide ISIS users access to deuterated materials
for ISIS experiments. The presentation describe the routine deuterated materials which are
supplied, as well as details on how to request non-routine materials on a collaborative basis.
A recent science highlight is also presented on soft matter research utilising deuterated
materials supplied by the facility.
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The Versatile ESS-Testbeamline at the Helmholtz Zentrum Berlin
Robin Woracek1 , Markus Strobl1 , Ken Andersen1 , Tommy Hofmann2 , Muhammer Bulat2 ,
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This poster will highlight the current status of the dedicated Testbeamline (TBL) for the
European Spallation Source (ESS), installed at the research reactor BERII at Helmholtz
Zentrum Berlin (HZB). The TBL combines a modular super mirror guide system (M=3) with a
sophisticated chopper system, providing the ESS pulse structure (14 Hz, 2.86 ms) and
Wavelength Frame Multiplication (WFM) option. The six-fold WFM option allows wavelength
independent tunable resolution (0.5% - 2%) over a broad spectrum between 2 Å and 9.3 Å.
The highly flexible instrument will be used for method and concept development as well as
component testing. The commissioning of the TBL is taking place in 2015, and related
experimental results will be shown.
References:
[1] M. Strobl, M. Bulat, K. Habicht, The wavelength frame multiplication chopper system for the
ESS test beamline at the BER II reactor – A concept study of a fundamental ESS instrument
principle, Nucl. Instr. Meth. Phys. Res. A, vol. 705, (2013), 74
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Current Status of the IBR-2 Pulsed Reactor and Cryogenic Moderators Complex
Valery Shvetsov1
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The IBR-2 reactor with its unique technical approach, namely, mechanical modulation of
reactivity, produces one of the most intense pulse neutron flux at the moderator surface among
the world\'s pulsed neutron sources: ~1016 n/cm2/s, with a peak power of 1850 MW during 240
μs pulse at 5 Hz repetition rate.
Reactor have started it\'s operation for experemints in 1984 and 23 years later was stopped for
modernization. Diring years 2008-2010 all the main components of the reactor and auxiliary
equipment were replaced including reactor vessel, control and safety system.Since December
10 2010 until October 28 2011 physical and power staturtups have been carried out. Starting
from 2012 IBR-2 is operating as a user facility, providing beamtime at 11 instruments for
approximately 200 visiting experiments yearly.
Current status of the IBR-2 reactor, cryogenic moderators and neutron spectrometers will be
presented.

189

ID: PS-3 - 99, 2015-09-03, Hipostila Area
Neutron Sources and Facilities
(Poster)
High brilliant thermal and cold moderators for the HBS neutron source Jülich
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Brückel1
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* Tobias Cronert, t.cronert@fz-juelich.de
The proposed High Brilliance Neutron Source (HBS), recognized within the German Neutron
Strategy [1], will optimize the entire chain from particle source through particle accelerator,
target, moderator, reflector, shielding, beam extraction, beam transport all the way to the
sample position. For neutron production, the nuclear Be(p,n) or Be(d,n) reaction in the lower
MeV energy range will likely be chosen.
In this chain the moderation from fast to cold neutrons plays a crucial role and much brilliance
can be gained by mapping geometry, material and beam extraction to the incident fast neutron
spectrum as well as to the beamlines and instruments. For this purpose MCNP simulations have
been made by NET (RWTH Aachen) to optimize the efficiency parameters.[2]
Experiments to verify the MCNP model calculations[2] will be conducted with an D2O
moderating reflector prototype feeding an optimized cold moderator at the AKR-2 reactor in
Dresden, which with the nominal power of 2W provides a source strength of 108 n/s with the
fission spectrum on the inner moderator surface. Thermal and cold beam extraction from the
flux maximum within the moderator based on liquid para H2 and other cold moderators will be
tested by energy spectroscopy via TOF-method.
Different ratios of liquid ortho/para H2 will be fed to the cold moderator using natural convection
for heat and liquid transport. The ratio will be controlled by feeding from different reservoires of
natural H2 and a storage loop with an ortho/para converter and determined via online
measurement by Raman spectroscopy.

References
[1]http://www.helmholtz.de/fileadmin/user_upload/01_forschung/06_Struktur_der_Materie/PNI/S
trategy_Neutrons_in_Germany_2015-2045_STC_Matter_Dec-2014.pdf
[2] Simulation Studies on Highly Brilliant Neutron Moderators J. P. Dabruck, P. E. Doege, R.
Nabbi, B. Thomauske, KTG Jahrestagung (2015)
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E-learning for large-scale facilities
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Université Joseph Fourier, UFR de Physique, F38041 Grenoble Cedex 9, France 5)
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* Julie Hougaard Overgaard, juliehougaard@gmail.com
The upcoming European Spallation Source calls for a drastic expansion of the neutron
community in order to harness its full potential.
Expansion of the neutron community outside the traditional physicist users demands new and
innovative teaching and training methods as well as efficient data analysis paths.
Not all of the knowledge, skills and competencies needed to perform neutron experiments
however needs to be acquired through hands-on experimentation.
Traditionally, training for neutron experiments takes place at large-scale neutron facilities as a
combination of lectures and hands-on with limited seats due to the limited amount of beam-time
and staff for tutorials. If a method could be found to train students outside facilities it could
potentially increase the number of trained new users per year. Furthermore, if this method was
combined with a traditional facility-based neutron school it could increase the learning outcome
of hands-on practicals, allowing for higher compelexity in the experimental and and data
analysis levels within the same time-frame of the school.
The Virtual Neutrons for Teaching platform [1] which we are currently developing will be
launched primo 2016. It will provide 24/7 free accessibility to learning material and student
activities and thus comprise a perfect compliment to facility-based neutron schools, either as
preparation or supplement to the class-room lectures during the school. The material is
developed on basis of best-priciples from didactical research and in collaboration with
instruments scientists at European neutron facilities. It contains an interactive textbook in wikiformat as well as many quizzes allowing the student to monitor his progress. Some quizzes are
based on interactive online simulations of neutron experiments and provide a guided path to
central aspects of neutron experiments through active learning [2].
Since Monte Carlo ray-tracing of detailed full neutron scattering experiments is possible it
enables training on virtual beamlines which e.g. match the real ones at each facility. The
simulations allow the students to investigate the neutron instrument and beam throughout the
optical components as well as the effects of optical components and sample environment on the
scattering data from the sample at the detector. Based on 10 years of experience with training
through virtual experiments followed by hands-on experiments we have found that when the
student has actively aquired knowledge of instrumental effects and trained data analysis on
simulated data he is able to participate as an active member of a research team without handson tutorials [2].
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[1] Virtual Neutrons for Teaching platform: http://vnt.nmi3.org
[2] L. Udby et al, “E-learning neutron scattering”, Neutron News 24/1, 18 (2013)
[3] J. Hougaard, J. Bruun & L. Udby, “Enabling student participation in research experiments by
prior virtual experiment simulations ”, in preparation, (2015)
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Information about realization of FLNP JINR User programme at IBR2 reactor spectrometers
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In 2014, the realization of the User Programme at FLNP JINR was continued. 163 proposals
have been received for experimental studies at the IBR-2 spectrometers complex from different
countries, including JINR Member States. After evaluation of proposals by Expert Committees,
about 90 % of this amount was accepted for realization. The report presents the results of the
realization of the User Programme in 2014
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Neutron diffraction texture analysis of mantle peridotites (Balmuccia, Italy) and
implications for geodynamic processes
Tatiana Ivankina1
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The peridotites of the Balmuccia massif (Ivrea zone, Italy) are generally considered to be mantle
material emplaced into the deep crust. Their detailed study of mineral crystallographic preferred
orientations (CPO) provides insight into the active deformation mechanism during complicated
tectonic processes in the lithosphere. The ultramafic peridotites selected for this study basically
consist of olivine, orthopyroxene, and clinopyroxene with small amounts of serpentine. Texture
measurements of multiphase rocks were carried out at the neutron texture diffractometer SKAT
at the pulsed reactor IBR-2 in Dubna, Russia. The SKAT is well-suited for the measurement of
bulk textures on geological samples. Neutron diffraction was applied to obtain the complete
crystallographic preferred orientations of rock forming minerals, which are usually coarsegrained. Introducing the whole diffraction pattern deconvolution method (e.g., MAUD) as
standard procedure for the texture evaluation the experimental pole figures for olivine, diopside
and enstatite have been extracted. In order to describe the complete mineral texture, the
orientation distribution function (ODF) and pole figures of the significant crystallographic planes
have been calculated by means of the WIMV-method. Textures vary in strength and intensity
distribution in dependence upon the mineral considered. The recalculated olivine pole figures
(100), (010) and (001) display pronounced preferred orientations. The diopside and enstatite
textures are weaker compared to the olivine textures. Olivine represents a simple system in
view of texture analysis and in view of the active plastic deformation. The observed orientation
patterns of olivine are recognized as the activation of (010)/[100] slip system. Since the olivine
CPO depends upon the active slip systems and the deformation temperature, neutron diffraction
texture analyses enable us to estimate depth and thermodynamical conditions during texture
formation processes in the Earth’s mantle.
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Resent progress in wide-angle polarization analysis for inelastic scattering: The journey
from PASTIS-1 to PASTIS-3.
David Jullien1 , Alexander Petukhov1
1) Institut Laue-Langevin
* Alexander Petukhov, petukhov@ill.fr

Neutron polarization analysis (PA) is a very power tool to study magnetic properties of new
substances such as molecular magnets, superconductors, spintronic and magnetic
nanostructures. Magnetic interaction of neutron spin with local magnetic field of the sample
leads to rotation of the spin about the local magnetic field and the final polarization Pf may be
coupled with initial polarization Pi by (3x3) depolarization matrix D. In simplest form of 1dimensional PA only one element of the depolarization Dzz is measured by comparison of spinup and spin-down scattering intensities and allows separation of coherent and incoherent
scattering from the sample. The extension of this technique for 3D (XYZ polarization analysis)
gives access to all diagonal elements of the depolarization matrix . In addition to separation of
coherent and incoherent scattering this technique allows also to separate magnetic from nuclear
scattering. To compensate for the low brilliance and/or low scattering intensity the typical
neutron scattering instruments are equipped with large area position-sensitive detector. The
implementation of PA in such instruments requires technique of wide-angle neutron polarization
analysis. A cost effective solution may be found in using optically polarized 3He neutron spin
filters (3He NSF), placed in the vicinity of the sample. In this report we present a progress in
already existing in ILL solutions for XYZ PA (Pastis-1, Pastis-2) and a new concept , Pastis-3,
for the next generation of Thermal Time-of-Flight Spectrometers PANTHER at the ILL.
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The Multi-Purpose Imaging Beamline ODIN at ESS
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The future European Spallation Source (ESS) will unlock unprecedented potentials in the field
of neutron imaging. For conventional imaging applications it will be the first spallation source
offering flux conditions competitive with those at the highest flux continuous sources, which it
will clearly outperform considering imaging modalities requiring high wavelength resolution, like
e.g. Bragg edge imaging. In contrast to current word leading spallation sources the ESS will
also enable flexible wavelength resolution and hence the most efficient implementation of a
broad range of advanced and powerful applications, which is unparalleled so far. The multipurpose imaging beam line ODIN (Optical and Diffraction Imaging with Neutrons) at ESS will
make use of the time structure in the most efficient way by allowing to tailor the resolution and
wavelength band to the specific requirements of a measurement. For this purpose a
sophisticated Wavelength Frame Multiplication (WFM) system is employed, using a pair of
optically blind pulse shaping choppers that produce a tuneable but constant resolution over the
accessible spectrum, which can be adapted by the means of wavelength band choppers. The
concept of ODIN has been approved for construction at ESS and is currently refined and
specified in detail. The current status of the project in particular in terms of its time-of-flight
resolution tailoring chopper system will be outlined and summarised.
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Neutron diffraction study of crystallography and magnetism of quasi-two-dimensional
complex oxides with «honeycomb» structure in layers
Alexander Kurbakov1 , Andrey Kuncevich2 , Alexander Malyshev2 , Elena Tserkovnaya2 ,
Vladimir Nalbandyan3
1) Petersburg Nuclear Physics Institute, NRC Kurchatov Institute, Gatchina, Russia; Faculty of
Physics, St.Petersburg State University, St.Petersburg, Russia 2) Petersburg Nuclear Physics
Institute, NRC Kurchatov Institute, Gatchina, Russia 3) Southern Federal University, Rostov-onDon, Russia
* Alexander Kurbakov, kurbakov@pnpi.spb.ru
The results of neutron powder diffraction study of the crystal and magnetic structures of new
layered quasi-two dimensional honeycomb metallic oxides Na3Co2SbO6, Li3Ni2SbO6 and
Na3Ni2SbO6 are presented.
The studied substances established structural motives on the basis of edge-related ordered
mixed layers of magnetic cations Co2+ or Ni2+ and nonmagnetic Sb5+ inside oxygen octahedral
alternate with alkali metal Na (Li) cations layers. Magnetic cations in the oxygen-octahedral
layers form honeycomb grids that on condition of the antiferromagnetic type interaction between
nearest neighbors can lead to frustration in the magnetic subsystem and the emergence of
unusual types of magnetic moments ordering including non-collinear spiral structure.
All phases represent superstructures derived from the layered-type α-NaFeO2 with the Ni/Co
and Sb ordering in the layers by honeycomb-type. These layers have essentially hexagonal
symmetry. Powder X-ray diffraction patterns at the beginning were indexed within the P3112
space group but our full-profile analysis of X-ray (Li3Ni2SbO6) and neutron (Li3Ni2SbO6,
Na3Ni2SbO6 and Na3Co2SbO6) diffraction patterns found that the stacking of layers in all cases
corresponds to the monoclinic C2/m symmetry. Unlike a number of related phases it is not
revealed mutual substitution of Li and Ni which degrades the electrode behavior of such phases
in lithium-ion batteries.
The appearance of additional reflections related to antiferromagnetic ordering organization of
the samples at TN below 7K (Na3Co2SbO6), 15K (Li3Ni2SbO6) and 17K (Na3Ni2SbO6) is clearly
visible on the low-temperature neutron diffraction measurements. At T > TN the magnetic
susceptibility nicely follows the Curie-Weiss law with positive and negative temperatures: Q ≈ 10K (Na3Co2SbO6) indicating predominance of AFM interaction and +8K (Li3Ni2SbO6), +12K
(Na3Ni2SbO6) with predominance of FM. However at low temperatures long-range AFM order is
established at all oxides. Hence there is a delicate balance of competing AFM and FM
interactions due to difference in character and sign of exchanges between Co2+ (Ni2+) ions
within the magnetic layer and between the layers.
The main results of the neutron researches are study of the magnetic phase transitions, the
explanation of the magnetic features registered by other physical methods, creation of models
of magnetic structures at different temperatures below the magnetic ordering temperatures, the
definition of the numerical parameters of these magnetic models. The models of magnetic
structures are constructed according to which oxides should be considered as a realization of
weakly (even negligible) AFM coupled honeycomb planes but with alternating AFM/FM complex
exchange interaction in the plane.
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The solid solutions of barium ferrites doped with Co, Sc, Ti, Nb [1] and etc. are attracted much
attention due to the their functional properties such as high chemical stability and corrosion
resistivity [2] as well as high coercive force (Нс~ 160 – 55 kA/m) [3, 4] and of the Curie
temperature and of electrical resistance (near 105÷109 Ω*cm against 10-5÷10-9 Ω*cm in metallic
magnets) and relatively large magnetization.
In present work, the influence of diamagnetic ions Al and In onto crystal and magnetic
structures of solid solutions of barium ferrites in a wide temperature range was investigated by
neutron diffraction of high resolution.
Polycrystalline patterns BaFe12-x(Al,In)xO19 were prepared by conventional solid reaction
method. Pressured pellets annealed at 1300oC (6 h) in air. According neutron diffraction data
almost all investigated samples contained a minor amount of a second impurity phase (see
Fig.). Patterns doped by In ions have a little more volume of unit cell unlike patterns doped by Al
ions. The high resolution of neutron diffractometer allowed carrying out analysis of
microstructure parameters, such as microstress in crystallites, with temperature changes.
The increase of microstress with forming of long-range magnetic order in ferrimagnetic crystal
could have linked with the fact that individual sublattices make different contributions in general
deformation. In low temperature range from 150 to 4.2 K the Invar effect (zero thermal
expansion coefficient) are observed. In this region, the thermal expansion is, practically, equal
to zero. Such behavior of lattice parameters of barium ferrites in the range from 150 to 4.2 K
was explained by a change of the regime of mutual rotations and tilts of the oxygen octahedra.

Reference
1. Robert C. Pullar // Progress in Materials Science 57. 2012. 1191–1334
2. Liu, X., Wang, J., Gan, L.M., Ng, S.C. and Ding. J. // JMMM 184. 1998. 344-354.
3. S. Castro, M. Gayoso, J. Rivas et al. // JMMM 152. 1996. 61-69
4. M.H. Makled, T. Matsui, H. Tsuda et al. // Journal of Materials Processing Technology
160 (2005) 229–233
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The rapid development of energy storage media permanently requires new electrode and
electrolyte materials, which are cheaper, more stable\\robust and have better electrochemical
performance. To a large extent the electrochemical energy storage and energy conversion are
diffusion-based processes, where the knowledge about underlying diffusion pathways and
mechanisms becomes crucial. Unfortunately the information about preferable diffusion
pathways of polycrystalline (non-cubic) materials can not be directly obtained by bulk (e.g.
resitivity, impedance spectroscopy, quasielastic neutron scattering etc) measurements.
Theoretical methods for prediction of diffusion pathways are often based on molecular dynamics
simulations (either force-field or ab initio), which creates sufficient challenges for the modeling
of diffusion properties of new materials. Compared to molecular dynamics the bond valence
modeling is a simple tool, which may give necessary first approximation for the mechanisms of
ion diffusion in materials with primarily ionic type of bonding. It is assumed that the ion transport
from one equilibrium site to the other one might follow a pathway, along which, the valences
mismatch ∆V = |V - Vnom| between bond V and Vnom nominal valences remains as small as
possible [1]. The total bond valence sum V of cation A can be expressed as V = ∑XSA-X, where
individual bond valences SA-X are calculated using RA-X bonds to adjacent anions X and
tabulated R and b parameter sets as SA-X=e(R-RA-X)/b. The model is characterised by the high
predictive capabilities and can be easily adapted to different kinds of anionic and cationic
diffusion species.
On the other hand the diffusion processes in a material are determined by its crystal structure,
and there are several methods to predict the preferred ion diffusion pathways with high reliability
on the basis of the underlying crystal structure, i.e. the analyses of probability density function
from anharmonic refinements of powder diffraction data and the reconstruction of
electron/nuclear densities by maximum entropy method [2].
In the current contribution the application of bond valence method for the prediction (and
diffraction-based techniques for the evalution) of ion diffusion pathways in different materials for
electrochemical energy conversion and storage will be presented and discussed.
[1] Garrett, J.D.; Greedan, J.E.; Faggiani et al., J. Sol. State Chem. 42(2) (1982) 183.
[2] A. Senyshyn, H. Boysen, R. Niewa et al., J. Phys. D: Appl. Phys. 45 (2012) 175305
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In this study, some of the physicochemical properties, such as the logarithm of calculated
octanol-water partitioning coefficients (logKow), total biodegradation (TBd in mol/h and g/h), water
solubility (Sw, mg.L-1/25ºC) and median lethal concentration 50 (LC50), were calculated for the
biodegradable synthetic polymers poly (glycolic acid) PGA (1) and poly (lactic acid) PLA (2) with
variable length of the polymers. The equations of the model could be utilized to extend for
longer polymers of PGA (1) and PLA (2).
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We present results from neutron diffraction experiments carried out to study the nuclear and
magnetic structures of the A2MoX5·H2O compound series (with A=Rb, K, and X=Cl, Br) at
several temperatures ranging from 1.7K (magnetic long range order) to 30 K (paramagnetic
phase). The experiments were performed on powder samples at the 3T2 a G4.1 instruments
(Laboratoire Léon Brilloin, Sclay, France), and at the D1B instrument (Institut Laue-Langevin,
Grenoble, France). The nuclear and magnetic structures of the mentioned series were refined
by means of the Rietveld refinement method (FullProff code). The results are compared with the
isomorphs A2FeX5·H2O compound series (A=Rb, K and X=Cl, Br), including its critical
temperatures and spin delocalizations.
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