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Joint Nordic Focus on Research Infrastructure 
James Yeck

2014

Construction	
  
work	
  starts	
  on	
  
the	
  site2009

Decision:	
  ESS	
  
will	
  be	
  built	
  in	
  
Lund

2025

ESS	
  
construction	
  
complete

2007

ESS	
  secretariat	
  
was	
  set	
  up	
  in	
  
Lund

2013

ESS	
  enter	
  
construction	
  phase	
  
of	
  the	
  project

2019

First	
  neutrons	
  on	
  
instruments

2023

ESS	
  starts

user	
  program

Road	
  to	
  realising	
  the	
  world’s	
  leading	
  facility	
  for	
  
research	
  using	
  neutrons

1843	
  M€

Technical	
  Design	
  Report	
  

Signing	
  of	
  ESS	
  MoU
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Design	
  update	
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  2012
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Joint Nordic Focus on Research Infrastructure 
James Yeck

The ESS Project

ESS-­‐
DMSC

ESS
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Joint Nordic Focus on Research Infrastructure 
James Yeck

• Expressions	
  of	
  Interest
• http://europeanspallationsource.se/eoi
• 683	
  Proposals	
  from	
  115	
  Respondents
• 52%	
  Companies
• 48%	
  Organisations

75%

25%

50% 50%

Total	
  construction	
  cost:	
  
€	
  1,84	
  billion Target	
  station

€	
  154M

Accelerator
€	
  522M

NSS/Instruments
€	
  350M

ESS	
  In-­‐kind	
  contributions	
  potential

65%
35%

In-­‐kind

Cash
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Workshop on Nordic Neutron Science Collaboration
Dimitri Argyriou
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Workshop on Nordic Neutron Science Collaboration
Dimitri Argyriou

Sebastien Bousson

Pierre Bosland

Santo Gammino

Søren Pape 
Møller

Roger 
Ruber

Ibon Bustinduy

CERN The National Center for 
Nuclear Research, Swierk 

Anders J 
Johansson

Prototyping the ESS accelerator

Roger Barlow
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Short Update on the Politics
• ESS	
  continues	
  to	
  enjoy	
  wide	
  support	
  from	
  Science	
  Community	
  and	
  European	
  

Nations.

• France	
  recently	
  announced	
  that	
  it	
  will	
  participate	
  in	
  the	
  construction	
  and	
  
operation	
  of	
  ESS.

• Support	
  from	
  French	
  Science	
  Community	
  important	
  !

• ESS	
  seen	
  as	
  an	
  important	
  infra-­‐structure	
  for	
  France	
  after	
  finding	
  from	
  recent	
  
review.

• Positive	
  decisions	
  in	
  Switzerland	
  and	
  Czech	
  Republic	
  made	
  already	
  !

• Numerous	
  interactions	
  on	
  details	
  of	
  commitments	
  between	
  various	
  countries	
  and	
  
Host	
  states;

- Germany,	
  Spain	
  Italy,	
  UK,	
  Switzerland,	
  Poland,	
  Baltic	
  Countries	
  and	
  Holland.

- Positive	
  interactions	
  with	
  European	
  Investment	
  Bank

• Host	
  countries	
  and	
  management	
  feel	
  optimistic	
  that	
  we	
  will	
  be	
  able	
  to	
  
reach	
  85%	
  threshold	
  for	
  commitments	
  in	
  order	
  to	
  begin	
  construction	
  in	
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Organisation
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Sweden, 
Denmark and Norway: 
50% of construction
15-20% of operations

European partners:
50% of construction

Largest	
  European	
  science	
  project
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( A ) Acting
( I ) Interim
( C ) Contracted Staff
( L ) Leave

__________________________________________
J. Yeck October 4, 2013

INFRASTRUCTURE DIRECTORATE
Ö. Larsson (I)

DIRECTOR

PERSONAL ASSISTANT I. Persson

ENVIRONMENT, 
SAFETY & HEALTH  

(ESH)
DIVISION

P. Jacobsson
HEAD OF DIVISION

U. Agnvik (C)
T. Hansson

F. Jörud
G. Myhré (C)
D. Skölde (C)

ENERGY DIVISION
T. Parker

HEAD OF DIVISION

E. Lindström
F. Indebetou (C)

MACHINE DIRECTORATE
F. MEZEI (I)
DIRECTOR

DEPUTY DIRECTOR J. Lehander
PERSONAL ASSISTANT E. Lagrelius (L), M. Lindberg (A)

PROJECT SUPPORT & ADMINISTRATION DIRECTORATE 
M. Tiirakari
DIRECTOR

DEPUTY DIRECTOR T. Welander (L), A. Weeks (A)
SENIOR ADVISOR – INNOVATION                         J.T. Hernani 
SENIOR EXECUTIVE ASSISTANT K. Hélène
ADMIN ASSISTANT                                                      M. Herbst
STEERING COMMITTEE SECRETARY M. Powell 

FINANCE DIVISION 
M. Herder

HEAD OF DIVISION

G. Åstrand (A)
A. Halepovic (L)

L. Lindkvist
S. Nilsson

M. Valtonen André (C)
I. Viberg Eusepi

LEGAL DIVISION 
O. Graber-Soudry

HEAD OF DIVISION

S. Backman (C)
A. Iriondo Plaza (C)

J. Långberg
C. Ramberg (C)

PARTNERS & 
INDUSTRY GROUP

U. Gunsenheimer 
(A)(C)

GROUP LEADER
R. Larrea Basterra (C)

O. Rey Orozco (C)
A. Schmidli

COMMUNICATIONS AND 
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DIVISION
A. Weeks

HEAD OF DIVISION

M-L. Ainalem
M. Ekdahl
M. Nilsson

A. Simoes (C)

HUMAN RESOURCES 
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L. Petersson 
HEAD OF DIVISION

A. Carlekrantz
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GROUP
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L. Lavesson (C)
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U. Hammarlund (C)
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M. Eneroth 
GROUP LEADER

M. Åberg
L. Hedenklo

M. Jakobsson
J. Mattsson
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L. Persson
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K. Sjöstrand

K. Wennerholm

SCIENTIFIC 
PROJECTS DIVISION

R. Connatser
HEAD OF DIVISION

A. Larsson (C)

NEUTRON 
INSTRUMENTS

DIVISION
K. Andersen

HEAD OF DIVISION
M. Strobl

DEPUTY HEAD OF 
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P. P. Deen
P. Henry

A. Jackson
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B. Linnenberg
TEAM ASSISTANT
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CONTROL SYSTEM 
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G. Trahern
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SYSTEM ENGINEER
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GROUP
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GROUP LEADER

J.  Kvarnhammar
C. Olsson
L. Sima

N. Åsvatne

CS HW & IS 
GROUP

D. Piso Fernandez (I)
GROUP LEADER

CS SW & SVCs 
GROUP

S. Gysin (I)
GROUP LEADER

E. Laface
K. Rathsman

EUROPEAN SPALLATION SOURCE, AB BOARD
S. Landelius, CHAIR
B. Smith, VICE-CHAIR

EUROPEAN SPALLATION SOURCE (ESS)
J. Yeck

DIRECTOR GENERAL AND CHIEF EXECUTIVE OFFICER (CEO)

SENIOR EXECUTIVE ASSISTANT        K. Hélène
ADMIN ASSISTANT                                                                                                          M. Herbst
ASSOCIATE DIRECTOR FOR  OPERATIONS, ES&H and QA                                   P. Carlsson

QUALITY ASSURANCE MANAGER L. Berdén
QUALITY ASSURANCE CONSULTANT G. Svensson (C)

SENIOR ADVISOR C. Vettier (C)

In-Kind Review Committee
M. Marazzi, Chair

Administration & Finance 
Committee

M. Scharff, Chair

EUROPEAN SPALLATION SOURCE STEERING COMMITTEE
L. Börjesson, CHAIR

HOST COUNTRIES:  SWEDEN AND DENMARK 

DESIGN GROUP
J. Molander (C)

GROUP LEADER

F. Bergstedt (C)
B. Hedén

J. Lundgren
R. Sjöholm
K. Svedin
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& SOFTWARE 
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GROUP LEADER

K. Batkov
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A. Takibayev
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J. Haines (A)
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P. Nilsson

TARGET 
CONTROLS 

GROUP
L. Coney

GROUP LEADER

A. Sadeghzadeh

MATERIALS 
GROUP 

Y. J. Lee (A)
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E. Noah (C)
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J. Haines
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DEPUTY HEAD OF 
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F. Plewinski
T. McManamy (C)

C. Blixt
ADMINISTRATIVE 
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CHOPPERS 
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I. Sutton

GROUP LEADER

E. Nilsson

DETECTOR 
GROUP 

R. Hall-Wilton
GROUP LEADER

C. Höglund
K. Kanaki

A. Khaplanov
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S. Kolya
D. Pfeiffer

ELECTRICAL 
ENGINEERING 

GROUP
T. Gahl

GROUP LEADER

A. Sandström

SAMPLE 
ENVIRONMENT 

GROUP 
M. Meissner (C)(I)
GROUP LEADER

NEUTRON 
OPTICS GROUP

P. Bentley
GROUP LEADER

N. Cherkashyna
C. Cooper-Jensen

D. Di Julio
D. Rodriguez

NEUTRON 
TECHNOLOGIES

DIVISION
O. Kirstein

HEAD OF DIVISION
R. Hall-Wilton

DEPUTY HEAD OF DIVISION

M. Dell Anno Boulton
TEAM ASSISTANT

BEAM 
INSTRUMENTATION 

GROUP
A. Jansson

GROUP LEADER

C. Böhme
B. Cheymol

I. Dolenc Kittelmann
H. Hassanzadegan

M. Jarosz
E. Lundh
C. Roose
T. Shea

L. Tchelidze
C. Thomas

RF GROUP
A. Sunesson

GROUP LEADER

C. Darve
C. De Almeida Martins

S. Molloy
M. R. F. Jensen

R. Zeng

BEAM PHYSICS 
GROUP 

H. Danared
GROUP LEADER

R. de Prisco
S. M. Eshraqi
R. Miyamoto

M. Munoz
A. Ponton

E. Sargsyan

SPECIALIZED 
TECHNICAL 
SERVICES 

GROUP
J. Weisend II

GROUP LEADER

P. Arnold
J. Fydrych
W. Hees
G. Hulla

F. Jensen
J. Jurns
T. Köttig
P. Ladd

G. Lanfranco
H. Spoelstra

E. Tanke
X. Wang

ACCELERATOR
DIVISION
M. Lindroos

HEAD OF DIVISION
H. Danared

DEPUTY HEAD OF 
DIVISION

J. Weisend II
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ACCELERATOR 
PROJECTS

D. McGinnis
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SAFETY & RELIABILITY 

MANAGER

C. Prabert
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G. Jacobsson
TEAM ASSISTANT
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GROUP 
P. Rådahl (I)

GROUP LEADER
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J. Persson
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D. Lundgren (C)
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GROUP 
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GROUP LEADER
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R. Jongeling (C)
A. Nilsson (C)

INTEGRATION & 
DESIGN SUPPORT 

DIVISION
P. Rådahl (I)

HEAD OF DIVISION

U. Hammarlund (C)
TEAM ASSISTANT

SUPPLY, 
PROCUREMENT & 

LOGISTICS DIVISION
A. Weeks (A)

HEAD OF DIVISION

M. De Silva
T. Hadfield

B.O. Persson (C)

IN-KIND GROUP
G. Németh (A)

GROUP LEADER

WAREHOUSE & 
LOGISTICS

GROUP
Vacant

GROUP LEADER

PROJECT SUPPORT 
DIVISION
J. Brisfors

HEAD OF DIVISION

I. Persson
PERSONAL ASSISTANT

J. Andersson
M. Jakobsson
K. Jonsdottir
J. Nilsson (C) 
S. Ossowski
M. Palade

A. Stenberg (C)
H. Szentes (C)

M. Klein-Velderman (C)
J. Wollberg

BUDGET & 
CONTROL GROUP

Vacant
GROUP LEADER

INFORMATION 
TECHNOLOGY 

DIVISION 
H. Björkman

HEAD OF DIVISION

C. Andreasson
Å. Bejram 

A. Berglund Dacke
H. Hagenrud
J. Kjellman

J. Lidholm (C)
S. Lind (C)
J. Olander

J. Olausson
P. Reinerfelt

A. Tenggren (C)
A. Zahr (C)

Conventional Facilities
Advisory Committee

TBD, Chair

Science
Advisory Committee

A. Matic, Chair

Technical
Advisory Committee
R. Garoby, Chair
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A. Sunesson

GROUP LEADER

C. Darve
C. De Almeida Martins

S. Molloy
M. R. F. Jensen

R. Zeng

BEAM PHYSICS 
GROUP 

H. Danared
GROUP LEADER

R. de Prisco
S. M. Eshraqi
R. Miyamoto

M. Munoz
A. Ponton

E. Sargsyan

SPECIALIZED 
TECHNICAL 
SERVICES 

GROUP
J. Weisend II

GROUP LEADER

P. Arnold
J. Fydrych
W. Hees
G. Hulla

F. Jensen
J. Jurns
T. Köttig
P. Ladd

G. Lanfranco
H. Spoelstra

E. Tanke
X. Wang

ACCELERATOR
DIVISION
M. Lindroos

HEAD OF DIVISION
H. Danared

DEPUTY HEAD OF 
DIVISION

J. Weisend II
DEPUTY HEAD OF 

ACCELERATOR 
PROJECTS

D. McGinnis
CHIEF ENGINEER

I. Aviles Santillana (C)
R. Bonomi (C)
M. Conlon (C)
S. Peggs (C)

N. Valverde Alonso (C)

A. Jansson
SAFETY & RELIABILITY 

MANAGER

C. Prabert
PERSONAL ASSISTANT

G. Jacobsson
TEAM ASSISTANT

ENGINEERING 
SUPPORT & 
SERVICES 

GROUP 
P. Rådahl (I)

GROUP LEADER

G. Aprigliano
N. Elias

J. Persson

Magnus Andersson (C)
Mikael Andersson(C)

C-J Hårdh (C)
D. Lundgren (C)

M. Puls(C)

N. De La Cour (C)
A. Lundgren (C) 

T. Gårdman (C)
R. Peterson (C)

SURVEY 
ALIGNMENT & 
METROLOGY 

GROUP

F. Rey
GROUP LEADER

CAD/PDM 
SUPPORT 

GROUP
H. Lindblad

GROUP LEADER

A. Ehn
P. Andersson (C)

H. Norberg (C)

DESIGN 
INTEGRATION 

GROUP 
Z. Lazic (I)

GROUP LEADER

H. Hahn
R. Jongeling (C)
A. Nilsson (C)

INTEGRATION & 
DESIGN SUPPORT 

DIVISION
P. Rådahl (I)

HEAD OF DIVISION

U. Hammarlund (C)
TEAM ASSISTANT

SUPPLY, 
PROCUREMENT & 

LOGISTICS DIVISION
A. Weeks (A)

HEAD OF DIVISION

M. De Silva
T. Hadfield

B.O. Persson (C)

IN-KIND GROUP
G. Németh (A)

GROUP LEADER

WAREHOUSE & 
LOGISTICS

GROUP
Vacant

GROUP LEADER

PROJECT SUPPORT 
DIVISION
J. Brisfors

HEAD OF DIVISION

I. Persson
PERSONAL ASSISTANT

J. Andersson
M. Jakobsson
K. Jonsdottir
J. Nilsson (C) 
S. Ossowski
M. Palade

A. Stenberg (C)
H. Szentes (C)

M. Klein-Velderman (C)
J. Wollberg

BUDGET & 
CONTROL GROUP

Vacant
GROUP LEADER

INFORMATION 
TECHNOLOGY 

DIVISION 
H. Björkman

HEAD OF DIVISION

C. Andreasson
Å. Bejram 

A. Berglund Dacke
H. Hagenrud
J. Kjellman

J. Lidholm (C)
S. Lind (C)
J. Olander

J. Olausson
P. Reinerfelt

A. Tenggren (C)
A. Zahr (C)

Conventional Facilities
Advisory Committee

TBD, Chair

Science
Advisory Committee

A. Matic, Chair

Technical
Advisory Committee
R. Garoby, Chair

You are 
here !
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ESS Project Structure

Accelerator Integrated 
Control 

Systems  

Target Neutron 
Scattering 
Systems  

Conventional 
Facilities

ESS
Program 

M
aj

or
 P

ro
je

ct
s

C
hange 

C
ontrol 

Board

ESS 
Program

e 
G

roup

Machine Directorate Science 
Directorate

Infrastructure 
Directorate
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Charge to Science Advisory Council

Terms	
  of	
  reference	
  of	
  the	
  European	
  Spallation	
  Source	
  Science	
  Advisory	
  Committee	
  

Committee	
  Charge
The	
  Scienti*ic	
  Advisory	
  Committee	
  	
  (SAC)	
  will	
  independently	
  assess	
  the	
  scienti*ic	
  goals	
  and	
  the	
  overall	
  layout	
  of	
  the	
  ESS	
  

as	
  presented	
  by	
  ESS	
  AB.	
  The	
  Science	
  Advisory	
  Committee	
  (SAC)	
  will	
  advice	
  on	
  the	
  scienti*ic	
  objectives	
  and	
  ensure	
  that	
  

they	
  are	
  adhered	
  to.	
  It	
  will	
  provide	
  independent	
  advice,	
  in	
  particular,	
  on	
  all	
  relevant	
  scienti*ic	
  and	
  technical	
  issues	
  

related	
  to	
  the	
  instrument	
  suite	
  and	
  the	
  desired	
  characteristics	
  of	
  the	
  neutron	
  beams	
  and	
  the	
  accelerator	
  performance,	
  as	
  

well	
  as	
  facilities	
  for	
  scienti*ic	
  support	
  and	
  the	
  scienti*ic	
  operation	
  of	
  the	
  facility.

SAC	
  will	
  monitor	
  the	
  costs	
  for	
  the	
  construction	
  and	
  operation	
  of	
  ESS	
  within	
  it’s	
  area	
  of	
  expertise.

The	
  SAC	
  will	
  advise	
  ESS	
  AB	
  and	
  report	
  it’s	
  advise	
  to	
  the	
  Steering	
  Committee	
  (STC).
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Conventional Facilities
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ESS	
  is	
  co-­‐located	
  with	
  Max	
  IV	
  and	
  Science	
  
Village	
  in	
  close	
  proximity	
  to	
  Lund	
  

Max	
  IV

Science	
  Village

Lund

ESS

E22	
  Highway
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The	
  ESS	
  Site	
  covers	
  75	
  hectares

~	
  1,2	
  km
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Target	
  and	
  Instruments
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Introduction to Science Directorate
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Instrument Scientists, methods & 
techniques and scientific user support

User support facilities, sample 
enviroment, scientific activities and 
community interactions

Choppers, detectors, electronics, 
shielding and neutron optics

instrument construction 
and upgrades projects

Data management,  analysis, 
visualisation and modelling

Science Directorate 
Dimitri Argyriou
Director for Science 

Oliver Kirstein
Deputy and Project Lead

Sindra Petersson
Senior Advisor

Data Management and 
Software Centre

Mark Hagen 

Science 
Advisory 
Council

Instruments Division

Ken Andersen 

Instruments 
Technology Division

Oliver Kirstein

Scientific Projects 
Division

Robert Connatser

Scientific Activities 
Division

Arno Hiess

Science and 
Technology 

Advisory Panels 
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The	
  scope:

Construct	
  the	
  22	
  “public”	
  instrument	
  suite	
  of	
  ESS	
  
together	
  with	
  a	
  technical	
  and	
  scienafic	
  support	
  
infrastructure	
  that	
  enables	
  scienafic	
  excellence	
  and	
  
high	
  quality	
  scienafic	
  user	
  service	
  with	
  reliable	
  and	
  
sustainable	
  operaaons.	
  

Neutron	
  Scadering	
  Systems	
  Project	
  Scope

+ DM + +

22 Instruments Sample Environment Science Support 
Laboratories

Analysis and 
Visualisation Software

tisdag 4 februari 14



SAC Orientation
Dimitri Argyriou

Pre-Construction Phase
Teams Around Europe are Exploring Novel Instrument Concepts for ESS
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Teams Around Europe are Exploring Novel Instrument Concepts for ESS
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Small-Angle Neutron Scattering
Chair: Richard Heenan, ISIS, 

UK.
11 members. 

Macromolecular Diffraction
Chair: John Helliwell, U of 

Manchester, UK.
5 members. 

Reflectometry
Chair: Robert Dalgliesh, ISIS, 

UK.
11 members. 

Imaging
Chair: Muhammad Arif, NIST, 

US.
5 members. 

Neutron Spin-Echo 
Spectroscopy

Chair: Bela Farago, ILL, FR.
8 members. 

Indirect-Geometry Spectroscopy
Chair: Bernhard Frick, ILL, FR.

6 members. 

Direct-Geometry Spectroscopy
Chair: Tobias Unruh, Univ. of 

Erlangen, DE.
7 members. 

The Community Advises ESS on Instruments 
through the STAPs and SAC

STAP’s consist of 77 expert-scientists from the international community
STAP advises ESS management and informs SAC.
SAC advises ESS management, who proposes to STC. 

Materials and Engineering 
Diffraction
Chair: tbd.
7 members. 

Single-Crystal Diffraction
Chair: tbd.
7 members. 

Powder Diffraction
Chair: Bo Brummerstedt 

Iversen, Aarhus University, 
DK.

10 members. 

STAP: Scientific and 
Technical Advisory Panel. 
One for each instrument 
class.

Scientific Advisory 
Committee (SAC)

Chair: Aleksandar 
Matic, Chalmers 

University of 
Technology, SE.

Co-chair: 
Peter Böni, 
Technische 
Universität 

München, DE.

23 members. 

E
ur

op
e’

s 
S

pa
lla

tio
n 

S
ou

rc
e
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Proposal 1

Proposal 2

Proposal 3

Proposal n

Review Recommendation STC 
decides

SAC
Scientific Advisory 

Committee

STAP
Scientific & Technical 

Advisory Panels 

STC
ESS Steering 

Committee

ESS 
assessment

Partners
Scientists from ESS or 

Partner Institutes

From Idea to Construction via an Open Process
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ODIN - Optical and Diffraction Imaging with Neutrons

NMX Macromolecular Diffractometer 

LoKI - A Broad-Band SANS Instrument

Geo & engineering
Heritage

Magnetism
Soft matter

Life science
Chemistry

First Instruments Selected
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VOR      Wide Bandwidth Spectrometer
T-REX     Bi-Spectral Spectrometer
ESS-CCS    Cold Chopper Spectrometer
Tempus Fugit    Time-Focusing Spectrometer
CAMEA     Indirect Geometry Spectrometer
ESS-NSE    Spin Echo Spectrometer
 
SKADI     High Intensity SANS
Compact-SANS   SANS Biology & Materials Science
 
ESS-ENG    Engineering Diffractometer
MODI     Monochromatic Diffractometer
HEIMDAL    Thermal Powder Diffractometer
POWHOW    Bi-Spectral Powder Diffractometer

FREIA     Reflectometer for liquid interfaces
THOR     Horizontal Reflectometer
ESS-PAREF    Polarised Reflectometer
ESTIA     Focusing Reflectometer

Spectroscopy

16 Instrument Concepts were Presented at IKON5

SANS

Diffraction

Reflectometry

tisdag 4 februari 14
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Active Engagement with Community and Partners 

Neutrons and Food

• 20 Science Symposia proposed by 
the community

• More than 400 people participating
• Real Input into the planning of ESS

Spin Dynamics

ESS, NMR, QENS and Molecular Dynamics

Science 
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Active Engagement with Community and Partners 

Neutrons and Food

• 20 Science Symposia proposed by 
the community

• More than 400 people participating
• Real Input into the planning of ESS

Spin Dynamics

ESS, NMR, QENS and Molecular Dynamics

Science 
• 5 IKON Collaboration meetings
• Regular attendance by as much as 160 

partners every six months
• Instrument concepts, technologies, STAP 

mettings 

Instruments 
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Instrument 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Instrument 1

Instrument 2

Instrument 3

Instrument 4

Instrument 5

Instrument 6

Instrument 7

Instrument 8

Instrument 9

Instrument 10

Instrument 11

Instrument 12

Instrument 13

Instrument 14

Instrument 15

Instrument 16

Instrument 17

Instrument 18

Instrument 19

Instrument 20

Instrument 21

Instrument 22

Start of Hot Commissioning/instrument

Hot Commissioning/ Demonstration Experiments/Friendly Users
Start of Scientific User Program/instrument

Scenario for Transition of Instruments into User Program
Start of Peer Review User ProgramFriendly Proposals
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An Early Success Strategy for ESS
Prioritisation

• ESS will be judged as a success or failure early !
• The first instruments need to:

– Attract a wide user community.
– Provide scientific impact.
– Work as expected  
– High quality user service (Software, sample enviroment, science support)

• Prioritise the right instruments
• Prioritise the support for those instruments 
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Key Assumptions

• The NSS construction budget is set to 350 Mil €(2013-2025). 
– Budget is ring fenced 
– Inflation corrections will be applied through the construction phase 
– The construction budget is consistent with 16 instruments

• The NSS construction budget alone will not deliver the scope of 22 
instruments.
– Additional support and strategies to supplement the NSS construction 

investment that extended beyond the boundaries of the capped ESS 
construction budget.

• The average cost-book value of a “bare” instrument is 12.5 Mil Euro. 
– This price is an explicit price and does not include the additional value that ESS 

adds on each instruments. Eg. common shielding, ICS, software, instrument 
technology standards and support. 
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NSS	
  budget	
  allocaaon	
  of	
  350M€
Instrument	
  projects	
   	
   	
   188.7	
  M€
Number	
  of	
  instruments	
  	
   	
   15	
  (16)

	
   Average	
  cost	
  (*)	
   	
   	
   10.5	
  M€

Management	
  &	
  Administraaon	
   7.1	
  M€
Instrument	
  Concepts	
   	
   	
   8.8	
  M€
Science	
  Support	
  Systems	
   	
   24.3M€

DMSC	
   	
   	
   	
   	
   	
   26.2	
  M€
Detector	
  systems	
   	
   	
   	
   39	
  M€
Chopper	
  systems	
   	
   	
   	
   12.1	
  M€
Neutron	
  Opacs	
  &	
  Shielding	
   	
   8.7	
  M€
Electrical	
  Engineering	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   11.4	
  M€

Conangency	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  15.7M€
Budget	
  plug	
  2013	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  8M€

Total	
  	
   	
   	
   	
   	
   	
   350	
  M€

Administration, concept developments, 
and supporting scientific infrastructure

Technical platforms that provide 
added value to instruments by 

suite wide solutions, 
standardisation and support 

Instrument-build programme
Common bunker / shielding for up to 32 

instruments

13
7,
6	
  
M
€

NSS Contingency
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Instrument Construction Investment 
Budget : 350 Mil €

Tranche 1
8

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Tranche 2
16

Tranche 3
22

Tranche 4
28

Instruments
(cumulative)

1st Neutrons

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Start of User 
Program 

Pre-Ops Budget  Ops Budget

Construction Budget

EOC

In order to deliver project scope NSS will need to;
– Draw from pre- and steady state operations funding. 

• Implies in-kind contributions into the operations phase of ESS 

– Encourage and support community-lead funding initiatives to supplement 
instrument budgets.  

• Leveraging can provide conservatively up to 15% of the instrument cost.

– Interact with in-kind partners to devise plans to maximise the value that is 
obtained from their contributions

Strategies to meet the NSS Scope and Goals
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Key Risks and Mitigations for Science Programme

• Failure to engage or align the priorities of ESS with the priorities and 
needs of the user community
– Extensive engagement programme bringing in community and partners in the 

design and choice of instruments and support facilities

• Construction partners disengagement / Construction partner focus on 
own interests and priorities / Partner Interfaces
– Construct a framework of shared ownership of the science programme and bring 

partners as close as possible into the process of ESS
– Establish “Resource Board” like structures to manage in-kind contribution between 

ESS, partners and funders.
– Establish remote “Competency Centers” to ensure technical integration of partners

• Interfaces with Target and other parts of ESS are vital for Scientific 
Success
– Improve and build better inter-directorate relationships and establish better 

management of interface-controls
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Summary

• We are engaging with the community 
– IKON, Science Symposia, STAPs, Science and Scientists Meetings
– Facility has wide support and interacts broadly with the community
– Will offer quantum leap in performance opening up scientific new horizons

• We have a plan that delivers the TDR scope of 22 public instruments
– Construction investments will deliver word-class instrument program
– Additional investments, leveraged during construction and initial operations, 

will be used to realise the TDR scope

• We are positioning ESS to deliver the instrument program
– Community is expecting ESS to lead and direct 
– Continuous engagement with the science community
– Success is assured by working with our partners using the in-kind framework
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Instrument Concepts WP 
 

Ken Andersen 
Head of Neutron Instruments Division 
 
SAC Orientation Day 
4 February 2014 
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Introduction 
 

Ken Andersen 

‣  1988-1992 PhD in Physics on elementary excitations in                              
superfluid 4He from Keele University (UK) with ILL studentship 

‣  1992-1994 Post-doc at KENS (Japan) on percolating antiferromagnets 

‣  1995-1999 ILL Instrument Scientist for D7 diffuse-scattering 
diffractometer with polarisation analysis 

‣  1999-2002 ISIS Instrument Scientist for OSIRIS backscattering 
spectrometer with powder diffraction 

‣  2002-2010 ILL Head of Neutron Optics Lab 

‣  2010: ESS Neutron Instruments Division Head, WP leader for the 
Instrument Concepts WP 
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Neutron Instruments Division Organization 

Ken Andersen 
Division Head 

Hanna Wacklin 
Reflectometry 

Andrew Jackson 
SANS 

Werner Schweika 
Single-Crystal 

Diffr. 

Paul Henry 
Powder Diffraction 

Markus Strobl 
Imaging 

Pascale Deen 
Chopper Spectr. 

Melissa Sharp 
Spin Echo 

Niko Tsapatsaris 
Backscattering 

Esko Oksanen 
Macromol. Diffr. 

Ruep Lechner 
Backscattering 

Arno Hiess 
Indir. Geom. 

Spectr. 

Camille Theroine 
Fund. Physics 

Markus Strobl 
Deputy Division 

Hd 

Today 

seconded 
staff 

consul- 
tants 

Instruments 
Division 

other ESS 
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Neutron Instruments Division Organization 
Division Head 

Diffraction 
Group Leader 

Large-Scale Structures  
Group Leader 

SANS 2A 

Imaging & Eng. 
Group Leader 

Fund. Physics 
Group Leader 

SANS 1A 

Spectroscopy 
Group Leader 

Deputy Division Hd 

seconded 
staff 

consul- 
tants 

Instruments 
Division 

other ESS 

Operations 

SANS 1B 

SANS 2B 

Reflect. 1A 

Reflect. 1B 

Reflect. 2A 

Reflect. 2B 

Reflect. 3A 

Reflect. 3B 

Imaging 1A 

Imaging 1B 

Methods 1A 

Methods 1B 

Eng.Diff. 1A 

Eng.Diff. 1B 

PowDiffr.2A 

PowDiffr.2B 

HiPDiffr.1A 

HiPDiffr. 1B 

PowDiffr. 1A 

PowDiffr. 1B 

XtalDiffr.1A 

XtalDiffr.1B 

NMX 1A 

NMX 1B 

ChopSpec.2A 

ChopSpec.2B 

QTAS 1A 

QTAS 1B 

ChopSpec.1A 

ChopSpec.1B 

NSE 1A 

NSE 1B 

Eng.Diff. 1A 

Eng.Diff. 1B 

Backscatt.1A 

Backscatt.1B 

UCN 1A 

UCN 1B 

FundPhys.1A 

FundPhys.1B VibrSpec.1B 

VibrSpec.1A 
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Scope of Instrument Concepts Work Package 

•  Ensure the ESS instruments can deliver the science 
programme 
–  optimized to provide world-leading performance 
–  delivering instrument capabilities for a broad and topical science 

programme 
–  taking full advantage of the long-pulse performance 

•  Develop and evaluate concepts 
–  develop science case, concept and methods 
–  management and coordination, e.g. IKON meetings 
–  identify instrument opportunities and gaps in scientific capabilities 
–  peer-review by Scientific and Technical Advisory Panels (STAPs) 
–  annual submission of instrument construction proposals 

Top-level requirement:  
 Deliver 22 instrument concepts, ready for construction 
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Workhorses vs Hedgehogs 
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Workhorses vs Hedgehogs 
Bigger Detectors

30 years ago – D1B neutron PSD detector 1973

Original D1B PSD detector

Bigger Detectors
Important from the beginnings of ILL

30 years ago – D1A, D1B & D6 “Hedgehog” 1973

Original D1A mono-detector

D6 single crystal hedgehog

First D1A multi-detector

Science Council Nov 2004 http://www.ill.fr/dif/AlanHewat/

D1B powder diffractometer 1973 
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Scope of Instrument Concepts WP 

•  Develop instrument concepts for 22 instruments 
–  adapt present-day concepts to the ESS long pulse 
–  evaluate crazy ideas 
–  manage peer-review selection process 

•  Instrument Concepts WP 
–  includes exploration of science cases 
–  includes method development & instrument-specific prototyping 
–  has sufficient resources to allow some concept developments to fail 
–  minimise risks for instrument construction projects 
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Instrument Concepts Overview 

SAN 

Blue = Stopped 
Red = Not Covered 

Yellow  = Proposed 2013-14 
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Organization 
2011 2012 2013 2014 2015 2016 2017 2018 2019 

DE 

CH CZ 
NL 

IT 

DK 

CH-
DK 

ESS 

FR 

liquids reflectometer 
magnetism reflectometer 
bispectral chopper spectrometer T-rex 
cold chopper spectrometer 
extreme-environments diffractometer 
bispectral powder diffractometer 
engineering diffractometer SPEED 
small-sample SANS 
conventional polarized SANS 
high-resolution spin-echo 
wide-angle spin-echo 
Mieze-type spin-echo 
imaging 
phase-space transformers 
focusing for spectrometers 
Vitess simulation support 
McStas simulation support 
compact SANS 
Selene-type vertical reflectometer 
Selene-type horizontal reflectometer 
hybrid diffractometer Heimdal 
crystal-analyser spectrometer Camea 
imaging 
engineering diffractometer CEED 
Larmor labelling for SANS 
Larmor labelling for reflectometry 
Larmor labelling for diffraction 
monochromator spectrometer Tempus Fugit 
vibrational spectroscopy 
liquids reflectometer Freia 
broadband SANS Loki 
multi-purpose imaging Odin 
macromolecular diffractometer NMX 
thermal powder diffractometer 
monochromator diffractometer Modi 
wide-angle spin-echo 
magnetism single-crystal diffractometer 
materials & engineering diffractometer 
bispectral chopper spectrometer Vor 
thermal chopper spectrometer 
backscattering spectrometer 
fundamental physics beamline 
fundamental physics in-monolith 
surface scattering 
extreme-environments diffractometer 
HZB test beamline 
V-SANS add-on 
magnetism single-crystal diffractometer 
Future: new 1 
Future: new 2 

3/4 16 5 2 3 

Number of instrument construction proposals 
(expected) 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 
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The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
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MAGNETISM
SCIENTIFIC HIGHLIGHTS

Coexistence of long-ranged magnetic order
and superconductivity in the pnictide
superconductor SmFeAsO1− xFx (x = 0, 0.15)

6000 barns, nearly 2.5 times that of cadmium) yields a 1/e 
thickness for SmFeAsO of about 80 mg/cm2, precluding the use 
of conventional sample holders. 

We used a recently developed large-area single-crystal flat-
plate sample holder [4] to place about 1.6 g of material in the 
neutron beam. The scattering measurements were carried out at a 
wavelength of 2.417 Å on the D20 thermal powder diffractometer 
at the ILL. For each sample, data sets were obtained at 1.6 K and 
10.0 K with counting times of 10 hours (SmFeAsO) and 15 hours 
(SmFeAsO0.85F0.15 ) for each temperature. The purely nuclear 
patterns at 10 K (figure 1a) were fitted to establish scale factors, 
lattice parameters and the instrument profile function. These were 
then fixed while the difference patterns (1.6 K−10 K) were fitted 
to obtain the magnetic structure. All refinements of the neutron 
diffraction patterns employed the FullProf suite [5, 6].

The samarium moments were found to order antiferromagnetically 
along the c−axis in a G-mode which has a + − + − moment sequence. 
This structure corresponds to the Cm'm'a' group. Figure 2a shows 
a representation of the derived magnetic structure of SmFeAsO at 
1.6 K. Fitting the section of the diffraction pattern shown in figure 1b 
yields a samarium moment of 0.60(3) µB for SmFeAsO at 1.6 K. 

A similar analysis of the SmFeAsO0.85 F0.15 data shown in figure 1d 
yields a closely related magnetic structure (Shubnikov magnetic 
space group: P4/n'm'm') and a Sm moment of 0.53(3) µB.

The most significant aspect of the pattern shown in figure 1d 
is not that SmFeAsO and SmFeAsO0.85F0.15 adopt closely related 
magnetic structures, but rather, that the samarium moments are 
magnetically ordered in a superconducting sample (this sample 
exhibits a Tc of 53.5 K) and that the samarium moments are 
essentially the same in both compounds. This provides direct 
confirmation that antiferromagnetic order and superconductivity 
co-exist in the SmFeAsO/F system [7]. 

We will be extending this project to the GdFeAsO system which 
should be easier to work with as while gadolinium has a much 
higher absorption cross-section it also has a larger moment, 
making the magnetic signal much easier to see.

High-intensity two-axis diffractometer D20
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Figure 2: (a) The samarium magnetic structure of SmFeAsO at 1.6 K.
The layered nature of both the chemical and magnetic structures
is emphasised by showing two unit cells in the b direction. 
(b) A projection of the magnetic structure onto the basal plane shows 
the relationship between the magnetic structures of SmFeAsO
and SmFeAsO0.85 F0.15 at 1.6 K. The black discs mark the samarium 
atoms on the z = 0.137 plane that have their moments pointing “up”,
while the green discs denote samarium atoms on the z plane that 
have their moments pointing “down”. Four unit cells of the smaller 
(tetragonal, P4/n'm'm') form of SmFeAsO0.85 F0.15 each containing 
two samarium atoms (one each of black and green) are shown by 
the magenta lines, while the relationship to the larger (orthorhombic, 
Cm'm'a') cell of SmFeAsO that contains four samarium atoms is 
shown by the grey lines.
Note: The orthorhombic basal lattice parameters differ by only
0.7 % and cannot be distinguished here.
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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and superconductivity in the pnictide
superconductor SmFeAsO1− xFx (x = 0, 0.15)

6000 barns, nearly 2.5 times that of cadmium) yields a 1/e 
thickness for SmFeAsO of about 80 mg/cm2, precluding the use 
of conventional sample holders. 

We used a recently developed large-area single-crystal flat-
plate sample holder [4] to place about 1.6 g of material in the 
neutron beam. The scattering measurements were carried out at a 
wavelength of 2.417 Å on the D20 thermal powder diffractometer 
at the ILL. For each sample, data sets were obtained at 1.6 K and 
10.0 K with counting times of 10 hours (SmFeAsO) and 15 hours 
(SmFeAsO0.85F0.15 ) for each temperature. The purely nuclear 
patterns at 10 K (figure 1a) were fitted to establish scale factors, 
lattice parameters and the instrument profile function. These were 
then fixed while the difference patterns (1.6 K−10 K) were fitted 
to obtain the magnetic structure. All refinements of the neutron 
diffraction patterns employed the FullProf suite [5, 6].

The samarium moments were found to order antiferromagnetically 
along the c−axis in a G-mode which has a + − + − moment sequence. 
This structure corresponds to the Cm'm'a' group. Figure 2a shows 
a representation of the derived magnetic structure of SmFeAsO at 
1.6 K. Fitting the section of the diffraction pattern shown in figure 1b 
yields a samarium moment of 0.60(3) µB for SmFeAsO at 1.6 K. 

A similar analysis of the SmFeAsO0.85 F0.15 data shown in figure 1d 
yields a closely related magnetic structure (Shubnikov magnetic 
space group: P4/n'm'm') and a Sm moment of 0.53(3) µB.

The most significant aspect of the pattern shown in figure 1d 
is not that SmFeAsO and SmFeAsO0.85F0.15 adopt closely related 
magnetic structures, but rather, that the samarium moments are 
magnetically ordered in a superconducting sample (this sample 
exhibits a Tc of 53.5 K) and that the samarium moments are 
essentially the same in both compounds. This provides direct 
confirmation that antiferromagnetic order and superconductivity 
co-exist in the SmFeAsO/F system [7]. 

We will be extending this project to the GdFeAsO system which 
should be easier to work with as while gadolinium has a much 
higher absorption cross-section it also has a larger moment, 
making the magnetic signal much easier to see.

High-intensity two-axis diffractometer D20
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Figure 2: (a) The samarium magnetic structure of SmFeAsO at 1.6 K.
The layered nature of both the chemical and magnetic structures
is emphasised by showing two unit cells in the b direction. 
(b) A projection of the magnetic structure onto the basal plane shows 
the relationship between the magnetic structures of SmFeAsO
and SmFeAsO0.85 F0.15 at 1.6 K. The black discs mark the samarium 
atoms on the z = 0.137 plane that have their moments pointing “up”,
while the green discs denote samarium atoms on the z plane that 
have their moments pointing “down”. Four unit cells of the smaller 
(tetragonal, P4/n'm'm') form of SmFeAsO0.85 F0.15 each containing 
two samarium atoms (one each of black and green) are shown by 
the magenta lines, while the relationship to the larger (orthorhombic, 
Cm'm'a') cell of SmFeAsO that contains four samarium atoms is 
shown by the grey lines.
Note: The orthorhombic basal lattice parameters differ by only
0.7 % and cannot be distinguished here.
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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MAGNETISM
SCIENTIFIC HIGHLIGHTS

Coexistence of long-ranged magnetic order
and superconductivity in the pnictide
superconductor SmFeAsO1− xFx (x = 0, 0.15)

6000 barns, nearly 2.5 times that of cadmium) yields a 1/e 
thickness for SmFeAsO of about 80 mg/cm2, precluding the use 
of conventional sample holders. 

We used a recently developed large-area single-crystal flat-
plate sample holder [4] to place about 1.6 g of material in the 
neutron beam. The scattering measurements were carried out at a 
wavelength of 2.417 Å on the D20 thermal powder diffractometer 
at the ILL. For each sample, data sets were obtained at 1.6 K and 
10.0 K with counting times of 10 hours (SmFeAsO) and 15 hours 
(SmFeAsO0.85F0.15 ) for each temperature. The purely nuclear 
patterns at 10 K (figure 1a) were fitted to establish scale factors, 
lattice parameters and the instrument profile function. These were 
then fixed while the difference patterns (1.6 K−10 K) were fitted 
to obtain the magnetic structure. All refinements of the neutron 
diffraction patterns employed the FullProf suite [5, 6].

The samarium moments were found to order antiferromagnetically 
along the c−axis in a G-mode which has a + − + − moment sequence. 
This structure corresponds to the Cm'm'a' group. Figure 2a shows 
a representation of the derived magnetic structure of SmFeAsO at 
1.6 K. Fitting the section of the diffraction pattern shown in figure 1b 
yields a samarium moment of 0.60(3) µB for SmFeAsO at 1.6 K. 

A similar analysis of the SmFeAsO0.85 F0.15 data shown in figure 1d 
yields a closely related magnetic structure (Shubnikov magnetic 
space group: P4/n'm'm') and a Sm moment of 0.53(3) µB.

The most significant aspect of the pattern shown in figure 1d 
is not that SmFeAsO and SmFeAsO0.85F0.15 adopt closely related 
magnetic structures, but rather, that the samarium moments are 
magnetically ordered in a superconducting sample (this sample 
exhibits a Tc of 53.5 K) and that the samarium moments are 
essentially the same in both compounds. This provides direct 
confirmation that antiferromagnetic order and superconductivity 
co-exist in the SmFeAsO/F system [7]. 

We will be extending this project to the GdFeAsO system which 
should be easier to work with as while gadolinium has a much 
higher absorption cross-section it also has a larger moment, 
making the magnetic signal much easier to see.

High-intensity two-axis diffractometer D20

[1]
[2]
[3]

[4]
[5]
[6]
[7]

M.D. Lumsden and A.D. Christianson, J. Phys. Condens. Matter 22 (2010) 203203
L. Ding, C. He, J.K. Dong, T. Wu, R.H. Liu, X.H. Chen, and S.Y. Li, Phys. Rev. B 77 (2008) 180510(R) 

A.J. Drew, F.L. Pratt, T. Lancaster, S.J. Blundell, P.J. Baker, R.H. Liu, G. Wu, X.H. Chen, I. Watanabe, V.K. Malik,
et al., Phys. Rev. Lett. 101 (2008) 097010

D.H. Ryan and L.M.D. Cranswick, J. Appl. Cryst. 41 (2008) 198
J. Rodríguez-Carvajal, Physica B 192 (1993) 55

T. Roisnel and J. Rodríguez-Carvajal, Mater. Sci. Forum 378-81 (2001) 118
D.H. Ryan, J.M. Cadogan, C. Ritter, F. Canepa, A. Palenzona and M. Putti, Phys. Rev. B80 (2009) 220503(R) 

REFERENCES

ILL ANNUAL REPORT 2010 017

Figure 2: (a) The samarium magnetic structure of SmFeAsO at 1.6 K.
The layered nature of both the chemical and magnetic structures
is emphasised by showing two unit cells in the b direction. 
(b) A projection of the magnetic structure onto the basal plane shows 
the relationship between the magnetic structures of SmFeAsO
and SmFeAsO0.85 F0.15 at 1.6 K. The black discs mark the samarium 
atoms on the z = 0.137 plane that have their moments pointing “up”,
while the green discs denote samarium atoms on the z plane that 
have their moments pointing “down”. Four unit cells of the smaller 
(tetragonal, P4/n'm'm') form of SmFeAsO0.85 F0.15 each containing 
two samarium atoms (one each of black and green) are shown by 
the magenta lines, while the relationship to the larger (orthorhombic, 
Cm'm'a') cell of SmFeAsO that contains four samarium atoms is 
shown by the grey lines.
Note: The orthorhombic basal lattice parameters differ by only
0.7 % and cannot be distinguished here.
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 

ILL ANNUAL REPORT 2010    010

Magnetism:
cf. article "Very 
high horizontal
field investigations
using SANS
at the ILL" p. 18 

Chemistry
and structure:
cf. article "Giant 
deuteron migration 
in deuterated 
3,5-pyridine-
dicarboxylic acid" 
p. 32

Materials 
science
and engineering:
cf. article 
"Optimising the 
processing of 
mineral ore at the 
Styrian Erzberg 
iron mine" p. 34 

Soft matter:
cf. article "Giant 
surfactants made 
of amphiphilic 
dual brush block 
copolymers and 
their self-assembly 
in aqueous 
solution" p. 40 

Science	
  Topics
Today



nuclear	
  physics

theory

applied	
  +	
  instrumental

biology

liquids	
  +	
  glasses

soG	
  maHer

materials

magne-sm

structure	
  +	
  chemistry

data: ILL

AUTH
ORS

D. Z
ehm an

d A
. L

asch
ewsk

y (
Univ

ers
ity 

of 
Pots

da
m, G

erm
an

y)

J.-F
. L

utz 
(Fr

au
nh

ofe
r In

stit
ute

 of
 App

lied
 Poly

mer 
Rese

arc
h, P

ots
da

m, G
erm

an
y)

P. H
eunemann (IL

L a
nd

 TU
 Berl

in, 
Germ

an
y)

R. S
ch

weins (
ILL

)

J. G
ummel (E

SRF)

S. P
révo

st 
(TU

 Berl
in 

an
d H

ZB, G
erm

an
y)

M. G
radzie

lsk
i (T

U Berl
in, 

Germ
an

y) 

Gian
t s

ur
fa

cta
nt

s m
ad

e 
of

 a
m

ph
ip

hi
lic

 d
ua

l 

br
us

h 
bl
oc

k 
co

po
lym

er
s a

nd
 th

eir
 se

lf-
as

se
m

bl
y 

in
 a

qu
eo

us
 so

lu
tio

n

We 
hav

e 
ext

end
ed

 the
 co

nce
pt 

of 
am

ph
iph

ilic
 mole

cul
es,

 suc
h 

as 
sur

fac
tan

ts 
or 

blo
ck 

co
po

lym
ers

, 

to 
du

al 
bru

sh 
blo

ck 
co

po
lym

ers
 - “

gia
nt 

sur
fac

tan
ts”

 w
ith 

a m
ole

cul
ar 

weig
ht 

(M w
) o

f s
eve

ral 
100.000 g/

mol.  

Brus
h c

op
oly

mers
 ha

ve 
de

nse
ly g

raf
ted

 sid
e-c

hai
ns 

rat
her

 th
an 

sim
ple

 po
lym

er 
cha

ins
. Th

ey 
can

 be
 sy

nth
esi

sed
 

for
 di

ffe
ren

t b
rus

h b
loc

ks 
of 

hyd
rop

ho
bic

 an
d h

ydr
op

hili
c d

om
ain

s a
nd

 ca
n b

e d
isp

ers
ed

 in
 w

ate
r. O

ur 
sm

all-

ang
le 

neu
tro

n a
nd

 X-ra
y s

cat
ter

ing
 m

eas
ure

ment
s (

SANS an
d S

AXS) h
ave

 sh
ow

n t
hat

 th
ey 

for
m w

ell-
de

fine
d 

ag
gre

ga
tes

 in 
aq

ueo
us 

sol
utio

ns 
who

se 
siz

e a
nd

 st
ruc

tur
e is

 co
ntr

olle
d b

y p
ack

ing
 co

nsi
de

rat
ion

s in
 a 

fas
hio

n 

sim
ilar

 to
 co

nve
ntio

nal
 su

rfa
cta

nts
, th

ere
by 

rev
eal

ing
 a 

new
 ty

pe
 of

 na
no

str
uct

ure
d s

elf-
ass

em
ble

d a
gg

reg
ate

. 

Wate
r-b

ase
d 

am
ph

iph
iles

 con
ven

tio
na

lly 
com

e 
in 

the
 for

m of 

sur
fac

tan
ts 

(M w
 =

 200-1000 g/
mol)

 or
 co

po
lym

ers
 (M

w
 =

 2000-

50000 g/
mol)

 [1]. 
Th

ey 
are

 wide
ly 

em
plo

yed
 for

 dis
pe

rsin
g 

oth
erw

ise
 ins

olu
ble

 co
mpo

un
ds 

in f
orm

ula
tio

n a
pp

lica
tio

ns 
ran

gin
g 

fro
m de

ter
ge

ncy
 to

 dr
ug

 de
live

ry; 
the

y ty
pic

ally
 co

nta
in h

ydr
op

ho
bic

 

do
main

s w
ith

 a 
siz

e r
an

ge
 of

 2-20 nm
.

Th
e a

mph
iph

ilic
 m

ole
cul

e m
od

el 
can

 be
 ex

ten
de

d t
o m

uch
 la

rge
r 

siz
es 

if, i
nst

ea
d o

f u
sin

g s
tra

igh
t ch

ain
 mole

cul
es,

 we u
se 

mole
cul

es 

with
 a 

bru
sh 

arc
hit

ect
ure

, i.e.
, con

tain
ing

 gra
fte

d 
sid

e-c
ha

ins
 

alo
ng

 a 
ba

ckb
on

e [
2, 3

]. 

We s
ynt

he
sis

ed
 th

ese
 am

ph
iph

ilic
 du

al 
bru

sh 
dib

loc
k a

nd
 tri

blo
ck 

cop
oly

mers
 b

y t
he

 o
ver

lay
 o

f r
eve

rsib
le 

ad
dit

ion
 fr

ag
men

tat
ion

 

cha
in 

tra
nsf

er 
(RAFT

) an
d 

nit
rox

ide
 med

iate
d 

po
lym

eri
sat

ion
 

tec
hn

iqu
es 

(NMP), th
ere

by 
ob

tain
ing

 co
po

lym
ers

 of
 se

ver
al h

un
dre

d 

tho
usa

nd
 M w

. In
 th

ese
 po

lym
ers

 po
ly(e

thy
len

eg
lyc

ol)
 br

ush
es 

(m
ad

e 

fro
m Poly

(et
hyl

en
e g

lyc
ol m

on
om

eth
yl e

the
rac

ryla
te)

 (P
EGA)) f

orm
 

the
 hyd

rop
hili

c 
moie

ty, 
while

 po
lys

tyr
en

e 
(PS) or 

po
ly(n

-bu
tyl 

acr
yla

te)
 (PnB

A) 
bru

she
s 

pro
vid

e 
the

 hyd
rop

ho
bic

 pa
rt 

[4]. 

Th
ese

 po
lym

ers
 th

ere
for

e r
ese

mble
 su

rfa
cta

nts
 fro

m a f
un

da
men

tal 

str
uct

ura
l p

oin
t o

f v
iew

, al
tho

ug
h t

he
ir h

ydr
op

hili
c a

nd
 hy

dro
ph

ob
ic 

un
its 

are
 ab

ou
t a

 fa
cto

r 1
00-1000 la

rge
r t

ha
n 

in 
con

ven
tio

na
l 

sur
fac

tan
ts (

see
 fig

ure 1)
. W

e s
tud

ied
 the

 ag
gre

ga
tio

n b
eh

avi
ou

r o
f 

the
se 

"gi
an

t su
rfa

cta
nts

" in
 an

 aq
ue

ou
s s

olu
tio

n u
sin

g a
 co

mbin
atio

n 

of 
dyn

am
ic l

igh
t sc

att
eri

ng
 (D

LS
), S

ANS an
d S

AXS m
ea

sur
em

en
ts. 

Th
e e

xpe
rim

en
tal 

inv
est

iga
tio

n o
f th

e p
oly

mers
 with

 the
 hy

dro
ph

ob
ic 

PnB
A com

po
ne

nt 
sho

wed
 tha

t in 
aqu

eo
us 

sol
uti

on
 the

y for
m 

sta
ble

 m
eso

sco
pic

, sp
he

rica
l ag

gre
ga

tes
 with

 siz
es 

in 
the

 ra
ng

e o
f 

150 to
 3

50 n
m; t

he
 si

ze 
is 

de
ter

mine
d 

by 
the

 le
ng

th 
of 

the
 

str
etc

he
d 

po
lym

er 
mole

cul
es.

 Th
e 

sca
tte

rin
g 

exp
eri

men
ts 

for
 

the
 d

ua
l b

rus
h 

cop
oly

mers
 (c

op
oly

mers
 w

he
re 

bo
th 

hyd
rop

hili
c 

an
d 

hyd
rop

ho
bic

 blo
cks

 ha
ve 

a 
bru

sh 
arc

hit
ect

ure
) sho

wed
 

tha
t a 

com
pa

ct 
str

uct
ure

 is 
for

med
, do

mina
ted

 by 
the

 lar
ge

 

hyd
rop

ho
bic

 po
ly (

n-b
uty

l 
acr

yla
te)

 (nB
A) 

blo
ck.

 Figure 2 

sho
ws S

ANS cu
rve

s f
or 

the
 si

ng
le 

bru
sh 

cop
oly

mer 
(PEGA) 192

-

b-(
ClPEA) 72

-b-
(PEGA) 192

 (with
ou

t the
 hyd

rop
ho

bic
 sid

e 
cha

ins
 

ILL
 A

NNUAL
 RE

PO
RT

 2
01

0    

040

Figure 1:
 Sche

matic
 dr

aw
ing

 of
 th

e s
tru

ctu
re 

of 
trib

loc
k g

ian
t 

sur
fac

tan
ts 

of 
du

al b
rus

h s
tru

ctu
re 

(ce
ntr

al p
art

 with 
the

 blu
e li

ne
s 

de
pic

ting
 th

e h
ydr

op
ho

bic
 sid

e c
hai

ns 
PS or

 PnB
A, th

e o
ute

r p
art

s 

with 
the

 re
d d

ots
 de

pic
ting

 th
e h

ydr
op

hili
c P

EO sid
e c

hai
ns)

.

Figure 2:
 SANS int

en
sity

 as
 a 

fun
ctio

n o
f th

e m
ag

nitu
de

 

of 
the

 sc
att

eri
ng

 ve
cto

r, q
, at

 25° C
: 

(  
 ) 1

.0 wt%
 (P

EGA) 192- 
b - 

(ClPEA) 72- 
b - 

(PEGA) 192 i
n D

2O
; 

(  
 ) 0

.9 wt%
 Tr

iB-1 ((P
EGA) 192 - b

 - (C
lPEA-g-

BuA 51) 72 - b
 - (P

EGA) 192 ) 

in D
2O

/D
MF (

10:1); (
   ) 0

.1 wt %
 Tr

iB-1 in 
D 2O

.

PE
O

PS
%or
%Pn
BA

0.0
1

0.1

110$
4

10$
3

10$
2

10$
1

10$
(1

I%(c
m/1

) q%(
nm
/1 )

AUTHORS

A. Harrison (ILL)
T. Pirling, V. Nesvizhevsky, P. Steffens, S. Capelli, G. Nenert, M. Brunelli, J. Ollivier, P. Callow and R. Schweins (ILL College Secretaries)

Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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MAGNETISM
SCIENTIFIC HIGHLIGHTS

Coexistence of long-ranged magnetic order
and superconductivity in the pnictide
superconductor SmFeAsO1− xFx (x = 0, 0.15)

6000 barns, nearly 2.5 times that of cadmium) yields a 1/e 
thickness for SmFeAsO of about 80 mg/cm2, precluding the use 
of conventional sample holders. 

We used a recently developed large-area single-crystal flat-
plate sample holder [4] to place about 1.6 g of material in the 
neutron beam. The scattering measurements were carried out at a 
wavelength of 2.417 Å on the D20 thermal powder diffractometer 
at the ILL. For each sample, data sets were obtained at 1.6 K and 
10.0 K with counting times of 10 hours (SmFeAsO) and 15 hours 
(SmFeAsO0.85F0.15 ) for each temperature. The purely nuclear 
patterns at 10 K (figure 1a) were fitted to establish scale factors, 
lattice parameters and the instrument profile function. These were 
then fixed while the difference patterns (1.6 K−10 K) were fitted 
to obtain the magnetic structure. All refinements of the neutron 
diffraction patterns employed the FullProf suite [5, 6].

The samarium moments were found to order antiferromagnetically 
along the c−axis in a G-mode which has a + − + − moment sequence. 
This structure corresponds to the Cm'm'a' group. Figure 2a shows 
a representation of the derived magnetic structure of SmFeAsO at 
1.6 K. Fitting the section of the diffraction pattern shown in figure 1b 
yields a samarium moment of 0.60(3) µB for SmFeAsO at 1.6 K. 

A similar analysis of the SmFeAsO0.85 F0.15 data shown in figure 1d 
yields a closely related magnetic structure (Shubnikov magnetic 
space group: P4/n'm'm') and a Sm moment of 0.53(3) µB.

The most significant aspect of the pattern shown in figure 1d 
is not that SmFeAsO and SmFeAsO0.85F0.15 adopt closely related 
magnetic structures, but rather, that the samarium moments are 
magnetically ordered in a superconducting sample (this sample 
exhibits a Tc of 53.5 K) and that the samarium moments are 
essentially the same in both compounds. This provides direct 
confirmation that antiferromagnetic order and superconductivity 
co-exist in the SmFeAsO/F system [7]. 

We will be extending this project to the GdFeAsO system which 
should be easier to work with as while gadolinium has a much 
higher absorption cross-section it also has a larger moment, 
making the magnetic signal much easier to see.

High-intensity two-axis diffractometer D20
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Figure 2: (a) The samarium magnetic structure of SmFeAsO at 1.6 K.
The layered nature of both the chemical and magnetic structures
is emphasised by showing two unit cells in the b direction. 
(b) A projection of the magnetic structure onto the basal plane shows 
the relationship between the magnetic structures of SmFeAsO
and SmFeAsO0.85 F0.15 at 1.6 K. The black discs mark the samarium 
atoms on the z = 0.137 plane that have their moments pointing “up”,
while the green discs denote samarium atoms on the z plane that 
have their moments pointing “down”. Four unit cells of the smaller 
(tetragonal, P4/n'm'm') form of SmFeAsO0.85 F0.15 each containing 
two samarium atoms (one each of black and green) are shown by 
the magenta lines, while the relationship to the larger (orthorhombic, 
Cm'm'a') cell of SmFeAsO that contains four samarium atoms is 
shown by the grey lines.
Note: The orthorhombic basal lattice parameters differ by only
0.7 % and cannot be distinguished here.

b

c

Fe
As

Sm

a

Sm'(z=0.137)

Sm'(z=10.137)
a

b

b

a

O

One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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MAGNETISM
SCIENTIFIC HIGHLIGHTS

Coexistence of long-ranged magnetic order
and superconductivity in the pnictide
superconductor SmFeAsO1− xFx (x = 0, 0.15)

6000 barns, nearly 2.5 times that of cadmium) yields a 1/e 
thickness for SmFeAsO of about 80 mg/cm2, precluding the use 
of conventional sample holders. 

We used a recently developed large-area single-crystal flat-
plate sample holder [4] to place about 1.6 g of material in the 
neutron beam. The scattering measurements were carried out at a 
wavelength of 2.417 Å on the D20 thermal powder diffractometer 
at the ILL. For each sample, data sets were obtained at 1.6 K and 
10.0 K with counting times of 10 hours (SmFeAsO) and 15 hours 
(SmFeAsO0.85F0.15 ) for each temperature. The purely nuclear 
patterns at 10 K (figure 1a) were fitted to establish scale factors, 
lattice parameters and the instrument profile function. These were 
then fixed while the difference patterns (1.6 K−10 K) were fitted 
to obtain the magnetic structure. All refinements of the neutron 
diffraction patterns employed the FullProf suite [5, 6].

The samarium moments were found to order antiferromagnetically 
along the c−axis in a G-mode which has a + − + − moment sequence. 
This structure corresponds to the Cm'm'a' group. Figure 2a shows 
a representation of the derived magnetic structure of SmFeAsO at 
1.6 K. Fitting the section of the diffraction pattern shown in figure 1b 
yields a samarium moment of 0.60(3) µB for SmFeAsO at 1.6 K. 

A similar analysis of the SmFeAsO0.85 F0.15 data shown in figure 1d 
yields a closely related magnetic structure (Shubnikov magnetic 
space group: P4/n'm'm') and a Sm moment of 0.53(3) µB.

The most significant aspect of the pattern shown in figure 1d 
is not that SmFeAsO and SmFeAsO0.85F0.15 adopt closely related 
magnetic structures, but rather, that the samarium moments are 
magnetically ordered in a superconducting sample (this sample 
exhibits a Tc of 53.5 K) and that the samarium moments are 
essentially the same in both compounds. This provides direct 
confirmation that antiferromagnetic order and superconductivity 
co-exist in the SmFeAsO/F system [7]. 

We will be extending this project to the GdFeAsO system which 
should be easier to work with as while gadolinium has a much 
higher absorption cross-section it also has a larger moment, 
making the magnetic signal much easier to see.

High-intensity two-axis diffractometer D20
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Figure 2: (a) The samarium magnetic structure of SmFeAsO at 1.6 K.
The layered nature of both the chemical and magnetic structures
is emphasised by showing two unit cells in the b direction. 
(b) A projection of the magnetic structure onto the basal plane shows 
the relationship between the magnetic structures of SmFeAsO
and SmFeAsO0.85 F0.15 at 1.6 K. The black discs mark the samarium 
atoms on the z = 0.137 plane that have their moments pointing “up”,
while the green discs denote samarium atoms on the z plane that 
have their moments pointing “down”. Four unit cells of the smaller 
(tetragonal, P4/n'm'm') form of SmFeAsO0.85 F0.15 each containing 
two samarium atoms (one each of black and green) are shown by 
the magenta lines, while the relationship to the larger (orthorhombic, 
Cm'm'a') cell of SmFeAsO that contains four samarium atoms is 
shown by the grey lines.
Note: The orthorhombic basal lattice parameters differ by only
0.7 % and cannot be distinguished here.
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One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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MAGNETISM
SCIENTIFIC HIGHLIGHTS

Coexistence of long-ranged magnetic order
and superconductivity in the pnictide
superconductor SmFeAsO1− xFx (x = 0, 0.15)

6000 barns, nearly 2.5 times that of cadmium) yields a 1/e 
thickness for SmFeAsO of about 80 mg/cm2, precluding the use 
of conventional sample holders. 

We used a recently developed large-area single-crystal flat-
plate sample holder [4] to place about 1.6 g of material in the 
neutron beam. The scattering measurements were carried out at a 
wavelength of 2.417 Å on the D20 thermal powder diffractometer 
at the ILL. For each sample, data sets were obtained at 1.6 K and 
10.0 K with counting times of 10 hours (SmFeAsO) and 15 hours 
(SmFeAsO0.85F0.15 ) for each temperature. The purely nuclear 
patterns at 10 K (figure 1a) were fitted to establish scale factors, 
lattice parameters and the instrument profile function. These were 
then fixed while the difference patterns (1.6 K−10 K) were fitted 
to obtain the magnetic structure. All refinements of the neutron 
diffraction patterns employed the FullProf suite [5, 6].

The samarium moments were found to order antiferromagnetically 
along the c−axis in a G-mode which has a + − + − moment sequence. 
This structure corresponds to the Cm'm'a' group. Figure 2a shows 
a representation of the derived magnetic structure of SmFeAsO at 
1.6 K. Fitting the section of the diffraction pattern shown in figure 1b 
yields a samarium moment of 0.60(3) µB for SmFeAsO at 1.6 K. 

A similar analysis of the SmFeAsO0.85 F0.15 data shown in figure 1d 
yields a closely related magnetic structure (Shubnikov magnetic 
space group: P4/n'm'm') and a Sm moment of 0.53(3) µB.

The most significant aspect of the pattern shown in figure 1d 
is not that SmFeAsO and SmFeAsO0.85F0.15 adopt closely related 
magnetic structures, but rather, that the samarium moments are 
magnetically ordered in a superconducting sample (this sample 
exhibits a Tc of 53.5 K) and that the samarium moments are 
essentially the same in both compounds. This provides direct 
confirmation that antiferromagnetic order and superconductivity 
co-exist in the SmFeAsO/F system [7]. 

We will be extending this project to the GdFeAsO system which 
should be easier to work with as while gadolinium has a much 
higher absorption cross-section it also has a larger moment, 
making the magnetic signal much easier to see.

High-intensity two-axis diffractometer D20
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Figure 2: (a) The samarium magnetic structure of SmFeAsO at 1.6 K.
The layered nature of both the chemical and magnetic structures
is emphasised by showing two unit cells in the b direction. 
(b) A projection of the magnetic structure onto the basal plane shows 
the relationship between the magnetic structures of SmFeAsO
and SmFeAsO0.85 F0.15 at 1.6 K. The black discs mark the samarium 
atoms on the z = 0.137 plane that have their moments pointing “up”,
while the green discs denote samarium atoms on the z plane that 
have their moments pointing “down”. Four unit cells of the smaller 
(tetragonal, P4/n'm'm') form of SmFeAsO0.85 F0.15 each containing 
two samarium atoms (one each of black and green) are shown by 
the magenta lines, while the relationship to the larger (orthorhombic, 
Cm'm'a') cell of SmFeAsO that contains four samarium atoms is 
shown by the grey lines.
Note: The orthorhombic basal lattice parameters differ by only
0.7 % and cannot be distinguished here.
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One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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MAGNETISM
SCIENTIFIC HIGHLIGHTS

Coexistence of long-ranged magnetic order
and superconductivity in the pnictide
superconductor SmFeAsO1− xFx (x = 0, 0.15)

6000 barns, nearly 2.5 times that of cadmium) yields a 1/e 
thickness for SmFeAsO of about 80 mg/cm2, precluding the use 
of conventional sample holders. 

We used a recently developed large-area single-crystal flat-
plate sample holder [4] to place about 1.6 g of material in the 
neutron beam. The scattering measurements were carried out at a 
wavelength of 2.417 Å on the D20 thermal powder diffractometer 
at the ILL. For each sample, data sets were obtained at 1.6 K and 
10.0 K with counting times of 10 hours (SmFeAsO) and 15 hours 
(SmFeAsO0.85F0.15 ) for each temperature. The purely nuclear 
patterns at 10 K (figure 1a) were fitted to establish scale factors, 
lattice parameters and the instrument profile function. These were 
then fixed while the difference patterns (1.6 K−10 K) were fitted 
to obtain the magnetic structure. All refinements of the neutron 
diffraction patterns employed the FullProf suite [5, 6].

The samarium moments were found to order antiferromagnetically 
along the c−axis in a G-mode which has a + − + − moment sequence. 
This structure corresponds to the Cm'm'a' group. Figure 2a shows 
a representation of the derived magnetic structure of SmFeAsO at 
1.6 K. Fitting the section of the diffraction pattern shown in figure 1b 
yields a samarium moment of 0.60(3) µB for SmFeAsO at 1.6 K. 

A similar analysis of the SmFeAsO0.85 F0.15 data shown in figure 1d 
yields a closely related magnetic structure (Shubnikov magnetic 
space group: P4/n'm'm') and a Sm moment of 0.53(3) µB.

The most significant aspect of the pattern shown in figure 1d 
is not that SmFeAsO and SmFeAsO0.85F0.15 adopt closely related 
magnetic structures, but rather, that the samarium moments are 
magnetically ordered in a superconducting sample (this sample 
exhibits a Tc of 53.5 K) and that the samarium moments are 
essentially the same in both compounds. This provides direct 
confirmation that antiferromagnetic order and superconductivity 
co-exist in the SmFeAsO/F system [7]. 

We will be extending this project to the GdFeAsO system which 
should be easier to work with as while gadolinium has a much 
higher absorption cross-section it also has a larger moment, 
making the magnetic signal much easier to see.

High-intensity two-axis diffractometer D20
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Figure 2: (a) The samarium magnetic structure of SmFeAsO at 1.6 K.
The layered nature of both the chemical and magnetic structures
is emphasised by showing two unit cells in the b direction. 
(b) A projection of the magnetic structure onto the basal plane shows 
the relationship between the magnetic structures of SmFeAsO
and SmFeAsO0.85 F0.15 at 1.6 K. The black discs mark the samarium 
atoms on the z = 0.137 plane that have their moments pointing “up”,
while the green discs denote samarium atoms on the z plane that 
have their moments pointing “down”. Four unit cells of the smaller 
(tetragonal, P4/n'm'm') form of SmFeAsO0.85 F0.15 each containing 
two samarium atoms (one each of black and green) are shown by 
the magenta lines, while the relationship to the larger (orthorhombic, 
Cm'm'a') cell of SmFeAsO that contains four samarium atoms is 
shown by the grey lines.
Note: The orthorhombic basal lattice parameters differ by only
0.7 % and cannot be distinguished here.
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One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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MAGNETISM
SCIENTIFIC HIGHLIGHTS

Coexistence of long-ranged magnetic order
and superconductivity in the pnictide
superconductor SmFeAsO1− xFx (x = 0, 0.15)

6000 barns, nearly 2.5 times that of cadmium) yields a 1/e 
thickness for SmFeAsO of about 80 mg/cm2, precluding the use 
of conventional sample holders. 

We used a recently developed large-area single-crystal flat-
plate sample holder [4] to place about 1.6 g of material in the 
neutron beam. The scattering measurements were carried out at a 
wavelength of 2.417 Å on the D20 thermal powder diffractometer 
at the ILL. For each sample, data sets were obtained at 1.6 K and 
10.0 K with counting times of 10 hours (SmFeAsO) and 15 hours 
(SmFeAsO0.85F0.15 ) for each temperature. The purely nuclear 
patterns at 10 K (figure 1a) were fitted to establish scale factors, 
lattice parameters and the instrument profile function. These were 
then fixed while the difference patterns (1.6 K−10 K) were fitted 
to obtain the magnetic structure. All refinements of the neutron 
diffraction patterns employed the FullProf suite [5, 6].

The samarium moments were found to order antiferromagnetically 
along the c−axis in a G-mode which has a + − + − moment sequence. 
This structure corresponds to the Cm'm'a' group. Figure 2a shows 
a representation of the derived magnetic structure of SmFeAsO at 
1.6 K. Fitting the section of the diffraction pattern shown in figure 1b 
yields a samarium moment of 0.60(3) µB for SmFeAsO at 1.6 K. 

A similar analysis of the SmFeAsO0.85 F0.15 data shown in figure 1d 
yields a closely related magnetic structure (Shubnikov magnetic 
space group: P4/n'm'm') and a Sm moment of 0.53(3) µB.

The most significant aspect of the pattern shown in figure 1d 
is not that SmFeAsO and SmFeAsO0.85F0.15 adopt closely related 
magnetic structures, but rather, that the samarium moments are 
magnetically ordered in a superconducting sample (this sample 
exhibits a Tc of 53.5 K) and that the samarium moments are 
essentially the same in both compounds. This provides direct 
confirmation that antiferromagnetic order and superconductivity 
co-exist in the SmFeAsO/F system [7]. 

We will be extending this project to the GdFeAsO system which 
should be easier to work with as while gadolinium has a much 
higher absorption cross-section it also has a larger moment, 
making the magnetic signal much easier to see.

High-intensity two-axis diffractometer D20
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Figure 2: (a) The samarium magnetic structure of SmFeAsO at 1.6 K.
The layered nature of both the chemical and magnetic structures
is emphasised by showing two unit cells in the b direction. 
(b) A projection of the magnetic structure onto the basal plane shows 
the relationship between the magnetic structures of SmFeAsO
and SmFeAsO0.85 F0.15 at 1.6 K. The black discs mark the samarium 
atoms on the z = 0.137 plane that have their moments pointing “up”,
while the green discs denote samarium atoms on the z plane that 
have their moments pointing “down”. Four unit cells of the smaller 
(tetragonal, P4/n'm'm') form of SmFeAsO0.85 F0.15 each containing 
two samarium atoms (one each of black and green) are shown by 
the magenta lines, while the relationship to the larger (orthorhombic, 
Cm'm'a') cell of SmFeAsO that contains four samarium atoms is 
shown by the grey lines.
Note: The orthorhombic basal lattice parameters differ by only
0.7 % and cannot be distinguished here.
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One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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Magnetism 
Since the ILL's foundation the study of magnetism and magnetic 
materials has been a cornerstone of the ILL scientific programme, 
and it still accounts today for about 30 % of demand. The most 
recent focus of such activity has been the layered iron pnictides 
and chalcogenides, structurally similar to the ‘original’ high-Tc 
layered cuprates, and shown in 2008 to superconduct at moderate 
temperatures. Neutrons provide a crucial tool for exploring the 
role that magnetic interactions may play in their charge transport, 
exemplified by several of our highlights here. However, a quarter 
of a century after their discovery, the high-Tc cuprates themselves 
are still not yet well understood, inspiring work on model 
low-spin antiferromagnets, also reported here. There is 
considerable diversity too, from multiferroic ceramics through 
the so-called single-molecule magnets that may one day provide 
the qubits for quantum computers in the future, to the only 
elemental molecular magnet, oxygen. 

These scientific advances go hand with technical development: 
the arrival of a 17 T horizontal-field magnet has already enabled 
flux-line lattices to be observed by SANS at unprecedented fields, 
while high pressure techniques  are now available to a wider user 
community through stronger technical support. Improvements 
to our instruments too promise new ways of doing science. 
In particular, the increased, continuous angular coverage of the 
new IN5 detector married with developments in data analysis 
is opening up a new generation of single-crystal magnetic 
measurements that may transform the way in which we map out 
magnetic excitations. 

Chemistry and structure 
The point of departure in searching for the reasons why a material 
behaves the way it does is usually the determination of its structure 
and composition. Increasingly, the motivation for such work at ILL 
is the search for better materials for energy capture, storage 
and conversion, in which the location of hydrogen or oxygen 
atoms and their associated defects is often the key unknown. 
Here, conventional structure determination is becoming more 
frequently augmented by pair distribution function (PDF) analysis, 
which reveals aspects of the deviations from perfect crystallinity. 
In situ measurements under conditions related to the operation of 
devices such as batteries and fuel cells are also on the rise. 

However, our highlights focus elsewhere. The first relates to 
the structure of polymorphs of cisplatin - the most successful 
chemotherapeutic drug known - important in understanding how 
processes such as dissolution and uptake in the body occur. 
The second concerns the migration of deuterons in model 
hydrogen-bonded materials to explore the role of such bonds and 
hydrogen mobility in materials essential for life, or key components 
of modern technology. 

2010 also saw an evolution in our instrument suite. The new CCD 
-detector Laue instrument CYCLOPS can now produce refinable 
data from measurements as short as 10 s.  We also witnessed the 
last experiment on our original powder diffractometer D1A as it is 
dismantled to make way for the guide that will serve the upgraded 
IN16 spectrometer; fittingly, this saw it out in a spectacular fashion 
with a result that we expect to highlight in next year’s report. 

Materials science and engineering 
We feature the very broad field of ‘Materials’ in many other sections 
of this report; we will therefore focus here on systems with an 
engineering, earth-sciences or materials-processing component. 
Perhaps the most strongly represented area is strain-scanning 
studies of engineering materials, benefitting from the dedicated 
instrument SALSA: a heavy-duty hexapod is now routinely used 
in experiments and, when combined with tight beam collimation, 
enables precise studies of very specific parts of heavy engineering 
components - most recently from nuclear power plants and bridges.

This year our highlights draw attention to a yet wider range of 
problems and reflect a trend towards increasing in situ work. 
The evolution of the mesoscopic structure of cement precursors 
during hydration is explored through ultra-small-angle neutron 
scattering measurements (USANS) on the reflectometer S18. 
The change in composition of  low-grade iron ore during thermal 
processing was followed by high-flux powder diffraction on D20, 
providing a way of optimising the process to make it cheaper and 
less polluting. Finally, the reflectometer D17 has been used to 
explore the potential for new materials as barriers against copper 
diffusion in semiconductor devices. 

Soft matter 
The strongest growth area in the science we support – judged 
by user demand - is in soft condensed matter, which has risen to 
at least 15 % of all proposals in recent rounds. Our Partnership 
for Soft Condensed Matter (PSCM) is supporting a much wider 
range of complementary measuring techniques - for example 
light-scattering - that are essential for performing good neutron 
experiments. However, the provision of sample environment 
facilities for the conditions most appropriate for soft-matter 
systems - around ambient temperature and humidity - needs much 
development and will be a future priority area. 
It is difficult to pick scientific trends in such a diverse field, 
but research centred on nanoparticles, on self-assembled, often 
hierarchical supramolecular structures and under kinetic conditions, 
facilitated by ‘faster’ upgraded instruments, are certainly more 
prominent than a few years ago. Our highlights reflect some of 
this, with work on water-based amphiphiles that self-assemble 
into aggregates that may be used to disperse otherwise insoluble 
compounds - very useful in drug delivery - as well as real-time 
reflectometry measurements on FIGARO that reveal the mechanism 
of film-formation as a polymer is deposited from solution on a 
surface. Finally, a combination of SANS and neutron spin-echo 
measurements have explored the relation between the structure 
and short-time (ns) dynamics for the clustering of protein molecules, 
key not only to biological systems, but also the formation of 
functional materials. 

Liquids and glasses 
Despite the tremendous breadth of work at ILL on the structure 
and dynamics of liquids and glassy materials, one or two 
trends dominate recent work. There has been a change in 
emphasis from fundamental work - with some very honourable 
exceptions - towards systems with real or potential applications, 
in which performance depends on nanoscale inhomogeneities and 
disorder; examples include new electrolytes for next-generation 
batteries, and high-performance polymers and composites. 
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One of our highlights illustrates how neutrons can explore the link 
between molecular structure and dynamics, and bulk properties 
such as viscosity in ionic liquids - with the potential to provide 
greener solvents for chemical synthesis. 

Another distinct feature of work in this field of late at ILL has 
been the key enabling role of technical development, sometimes 
enabled by our Long Term Proposal (LTP) scheme. One such 
concerns hydrodynamic laser-heated levitation furnaces, for 
the structure and spectroscopy of high-temperature melts. 
This is exemplified by our highlight on a molten yttria-alumina 
mixture which has been claimed controversially to possess a 
liquid-liquid transition temperature at 1788 K. A LTP project 
has also enabled experiments to be performed on D4 to 200 °C 
and 8 GPa, complementing improvements to its monochromator 
which provides 2.5 times as much flux on the sample. Finally, PDF 
analysis is increasingly in demand to unravel structural correlations 
in a broader range of liquids and glassy materials.

Biology 
The use of neutrons to unravel structural problems across a broad 
range of length-scales has increased steadily at ILL over the past 
decade and now accounts consistently for 9 % of applications. 
The cold-neutron Laue instrument LADI now holds the record 
both for the largest unit cells and the smallest crystal ever studied 
by high resolution neutron diffraction. D19 is also breaking new 
ground with larger cells and yet smaller crystals that can be studied.

At larger length-scales, the activity on the low-resolution instrument 
DB21 was transferred on its closure at the end of 2009 to D16, 
where crystallographic studies of large macromolecular assemblies 
will benefit from higher neutron flux and the new MILAND 
detector. Coordinated sample environment developments on D17 
and FIGARO will cement ILL's position as a world authority in the 
study of biomembranes in strong synergy with the needs of the 
PSCM. D22 has in addition been realigned over the past two winter 
shutdowns, resulting in up to 50 % increase in flux.

Our highlights in this field reflect work at all of these length-scales, 
from the mechanism of hydrogen transfer in enzymes that could 
be used in biofuels, to the large-scale structures of membrane 
proteins, the conformational changes in enzymes acting as part of 
bacterial immune systems, and the evolution of structure in silk-
forming molecules as they are extruded from a silkworm. The last 
highlight combines SAXS and SANS measurements with electron 
microscopy to produce the first low-resolution structure of a 
multienzyme complex implicated in controlling stable glucose levels 
in a wide range of organisms. 

Neutron spectroscopy is less widely exploited in this field than 
diffraction – possibly because it usually requires larger amounts 
of material, often with targeted deuteration, and because the 
interpretation of data is often less direct. Nevertheless, here we 
report remarkable insights into the influence of cholesterol in 
model biological membranes as well as the application of BRISP to 
explore correlations between protein and solvent (water) dynamics 
at THz frequencies that may be central to protein function in vivo; 
the influence of hydration on the internal dynamics of the protein 
molecules themselves (timescale) was explored on IN13.

Nuclear and particle physics 
Activity here has always spanned a tremendous range of 
fundamental science. However, increased economic and political 
pressure to reduce our reliance on fossil fuels appears to be 
stimulating a marked increase in experiments in nuclear physics 
relevant to the improved exploitation of nuclear fission. Here PN1 
is ideally placed to explore fission yield products - for example 233U 
in relation to the 233 Th breeding process - while a high priority is 
given to future developments in ! spectroscopy with strong impact 
on the study of fission products.  

The resolution and dynamic range of the GAMS spectrometers on 
PN3 provide unrivalled opportunities to study nuclear structure. One 
highlight here describes the search for evidence that tetrahedral 
nuclear states can exist - commonplace at a molecular level, but not 
yet observed for elementary particles bound by strong interactions.  

A key enabling technology for much of the fundamental physics 
at ILL is the production of high densities of ultra-cold neutrons 
(UCNs) for which two superfluid-helium sources are currently 
being developed. The first source, for which a UCN density 
beyond 50 per cc was recently demonstrated, will feed GRANIT 
- a second-generation ultra-high energy resolution gravitational 
neutron spectrometer at ILL. The work is in progress. 

Finally, we highlight an elegant experiment to explore a phenomenon 
called the whispering gallery effect, observed for many years with 
sound waves near a curved reflecting surface. The effect has 
been revealed for the first time in cold neutrons with reflectometer 
D17- a result that may provide a new method of probing surfaces 
in fundamental physics and in neutron optics.

Spectroscopy, modelling and theory 
‘Spectroscopy’ in this context covers excitations not included in the 
other sections of this report, and most notably ‘magnetism’ (though 
of course the two are strongly coupled in important cases such as 
multiferroics and many superconductors). The experimental side 
of this subject frequently goes hand in hand at ILL with the work 
of our Computing for Science (CS) Group - boosted in 2010 with 
the arrival of a new, more powerful computer cluster. Two of our 
highlights illustrate the impact of such work. The first concerns 
negative thermal expansion in tellurium-based liquid alloys while the 
second relates to the interplay between structure and specific atom-
atom interactions in alloys of magnesium and zinc, where changes in 
composition lead to remarkable changes in complexity of structure. 

The scope of spectroscopy in solid-state physics and chemistry 
is broad, but much is related to the challenges society faces in 
the environment and to improved technology for energy, ranging 
from diffusion in membranes or solid electrolytes for fuel cells 
and batteries to sequestration of CO2 in porous media. However, 
we continue to have a very strong presence in fundamental work, 
shown in our third highlight on helium confined to porous media. 
The ILL has played a key role in exploring quantum condensed 
phases based on 3He and 4He. The latest contribution concerns 
an amorphous form of 4He produced through condensation 
in a porous silicate medium. Diffraction on D20 confirms the 
amorphous character, while spectroscopy on IN5 may provide 
insights into a novel form of motion called superflow. 
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  (fund)

details set-­‐up	
  user	
  office,	
  on-­‐site	
  visits

strategy standardise	
  with	
  other	
  facili4es

interface sohware	
  by	
  DMSC,	
  Admin.

details symposia,	
  conferences,	
  seminars	
  
schools,	
  lectures,	
  partner	
  days

strategy exchange	
  ESS	
  scien4sts,	
  partners
interface Communica4ons
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seminars,	
  workshops,	
  symposia	
  

•	
  IKON:	
  mee4ngs	
  of	
  in-­‐kind	
  collabora4on	
  on	
  Instrument	
  Construc4on

•	
  Science	
  Symposia:	
  16	
  symposia	
  exploring	
  the	
  ESS	
  scien4fic	
  possibili4es

•	
  ESS	
  -­‐	
  SFT	
  seminars:	
  internal	
  ESS	
  seminars	
  covering	
  various	
  science	
  topics	
  

•	
  NewScience	
  Seminars:	
  topical	
  seminars	
  organised	
  jointly	
  with	
  LU	
  and	
  MaxIV.

8
Hosts: Heloisa Bordallo and Arno Hiess ESS,  
Ulf Olsson LTH

Seminar series on New Science
Research Opportunities with Neutrons 

and Synchrotron X-Ray Radiation

Understanding the anisotropic water dynamics 
in clays by coupling QENS and MD

Seminar with:
Prof. Virginie Marry
Université 
Pierre et Marie Curie, Paris

DATE:  24 October 2013
TIME:  14h15 
PLACE: Chem. Dept. Lecture Hall B

Professor' Virginie' Marry' works' at' the' University'
Pierre' and' Marie' Curie' in' Paris,' France.' She' is' a'
member' of' the' group' "MulBscale' Modelling' and'
Dynamics"'of'the'laboratory'PECSA.'She'studies'the'
structure' and' transport' properBes' of' fluids' in'
porous' media' using' molecular' simulaBons' and'
neutron'scaGering.

The' study'of'the'anisotropic' 'transport' properBes'in'clays,'which'are'a'main'component'of'
soils,' is ' crucial' for' environment' and' industry.' Indeed' clays' are' used' as' barriers' for''
radioacBve'waste'and''CO2'storages'in'aquifers.
The'analysis'of'the'dynamics'of'water'in'this 'materials'is'of'crucial 'importance,'and'has'been'
determined'by'means'of'Quasi 'ElasBc'Neutron'ScaGering'(QENS)'in'several'clay'systems.'The'
analysis'of'the' experimental'results,'however,' 'are' oRen'done'without'accounBng' for' the'
disBncBve' features' of' transport' in' these' lamellar' negaBvely' charged' aluminoSsilicates'
(anisotropy,' complex' diffusion'processes,' etc...);' and' the' choice' of' an' irrelevant'model'of'
analysis' can' lead' to' erroneous' interpretaBons.' With' the' help' of' molecular' dynamics'
simulaBons,'which'allow'a'descripBon'of'the'waterSclay'system'at'the'same'space'and'Bme'
scale' (nm' and' ns)' accessed' by' the' neutron' experiments,' we' show' how' to' choose' the'
adequate'model'for' the' relevant'analysis 'of' the' experiments.' The' limits 'of' this'model'will'
also'be'discussed'in'this'talk.
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Details	
  Sample	
  Environment

Science	
  
Support	
  
Systems

Laboratories	
  
and	
  Facili4es

Sample	
  
Environment

Science	
  Coord.
&	
  User	
  Office

Management	
  	
  
Administra4on

Temperature	
  
&	
  Fields

High	
  Pressure	
  
&	
  Gas	
  handling

SE	
  Systems

SE	
  Systems

Workshop	
  
Development

details low	
  &	
  high	
  T,	
  magn.	
  &	
  other	
  fields

strategy phase	
  1:	
  dry	
  systems,	
  std.	
  magnet

details pressure	
  cells,	
  gas	
  handling	
  syst.

strategy phase	
  1:	
  clamp	
  cells,	
  link	
  to	
  labs

details changers,	
  gas-­‐vap-­‐liquid,	
  surface...

strategy link	
  to	
  Instruments;	
  nmx,	
  loki	
  ...

details geo	
  science,	
  cultural	
  heritage

strategy link	
  to	
  Instruments;	
  odin

details workshops,	
  maintenance	
  equip.

strategy link	
  Instrument	
  Technology	
  team
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Sample	
  Environment	
  -­‐	
  
Temperatures	
  and	
  Fields

• ‘Cryogen-­‐free’	
  systems	
  for	
  low	
  temperatures	
  and	
  magne4c	
  fields

• PTR	
  or	
  GMR	
  from	
  industrial	
  suppliers	
  for	
  T	
  =	
  2.5K	
  -­‐	
  600K	
  	
   (phase	
  1)
• Re-­‐condensing	
  systems	
  for	
  T	
  <	
  2.5	
  K	
  and	
  B	
  >	
  10T	
  	
   	
   	
   (phase	
  2)	
  

• Small	
  devices	
  for	
  temperature	
  control	
  (T	
  =	
  30	
  K	
  -­‐	
  800	
  K)	
  using	
  Pel4er	
  coolers,	
  
S4rling	
  CCR	
  or	
  gas	
  flow	
  devices	
  integrated	
  and	
  adapted	
  from	
  suppliers.	
  
collabora4ons	
  within	
  SE@NSF	
  FP7	
  network.	
  	
   	
   	
   	
   	
   	
   (phase	
  2)

• Follow	
  closely	
  and	
  collaborate	
  for	
  development	
  of	
  pulsed	
  magnets	
   (phase	
  2)	
  
and	
  superconduc4ng	
  hybrids	
  	
   	
   	
   	
   	
   	
   	
   	
   	
   (phase	
  3)

• Vacuum	
  furnaces	
  	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   (phase	
  1)	
  	
  
mirror	
  and	
  levita4on	
  furnaces	
  	
   	
   	
   	
   	
   	
   	
   	
   	
   (phase	
  2)	
  

10
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Sample	
  Environment	
  -­‐	
  Pressure

• Designs	
  for	
  pressure	
  cells	
  for	
  gases,	
  liquids	
  and	
  solids	
  are	
  available.	
  

• isosta4c	
  clamp	
  pressure	
  cells	
  (p	
  <	
  20	
  kbar)	
   	
   	
   	
   (phase	
  1)

• uni-­‐axial	
  pressure	
  (p	
  >	
  1	
  kbar)	
   	
   	
   	
   	
   	
   	
   (phase	
  2)

• gas	
  pressure	
  (several	
  kbar)	
  	
   	
   	
   	
   	
   	
   	
   	
   (phase	
  2)

• Gas	
  handling	
  including	
  Hydrogen	
  	
   	
   	
   	
   	
   	
   	
   	
   (phase	
  1)

• High	
  pressure	
  cells	
  (PE)	
  require	
  collabora4on	
  with	
  expert	
  groups	
  	
   (phase	
  2)

• Mul4-­‐anvil	
  systems	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   (phase	
  3)

11
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Sample	
  Environment	
  -­‐	
  In-­‐situ	
  equip,	
  
Automa4sa4on,	
  Life	
  Science	
  /	
  Soh	
  Mader

• In-­‐house	
  development	
  of	
  liquid	
  handling,	
  robo4c	
  and	
  linear	
  changers,	
  surface	
  
prepara4on	
  and	
  growth,	
  humidity	
  control	
   	
   	
   	
   	
   	
   (phase	
  1)	
  

• Gas/Vapor/Liquid	
  interfaces,	
  chemical	
  reac4ons,	
  stress	
  strain	
  analysis,	
  pump-­‐
probe,	
  kine4cs,	
  shear	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   (phase	
  2)	
  

• Load	
  frame	
  for	
  engineering	
  and	
  geosciences	
  with	
  geo	
  lab	
  	
   	
   	
   (phase	
  2)

• Requires	
  integra4on	
  of	
  commercial	
  components	
  and	
  SE	
  data	
  acquisi4on	
  and	
  
processing	
  within	
  Instrument	
  Control;	
  collabora4on	
  DMSC	
  and	
  ICS.

12



Science	
  Support	
  Systems

SAC	
  February	
  2014

Details	
  Laboratories	
  and	
  Facili4es

Science	
  
Support	
  
Systems

Laboratories	
  
and	
  Facili4es

Sample	
  
Environment

Science	
  Coord.
&	
  User	
  Office

Management	
  	
  
Administra4on

Sample	
  Handl.
Lab	
  Coord.

Deutera4on
Crystallisa4on

Labs

Labs

Labs

details coordinate	
  MV,	
  define	
  on-­‐site	
  lab

strategy health	
  &	
  safety,	
  facili4es,	
  MAX	
  IV

details process	
  macromolecular	
  xtalo

strategy link	
  to	
  LU	
  deutera4on	
  plaVorm

details changers,	
  gas-­‐vap-­‐liquid,	
  surface...

strategy link	
  to	
  instr.,	
  std.	
  lab	
  fiung	
  only	
  ...

details charact.	
  &	
  pressure	
  plaV.;	
  powder

strategy link	
  to	
  instr.,	
  std.	
  lab	
  fiung	
  only	
  ...

details metrology,	
  cultural	
  heritage

strategy link	
  Instrument	
  Technology	
  team



User	
  Laboratories	
  and	
  Facili4es	
  around	
  
Experimental	
  Halls

• 3	
  Life	
  Science	
  and	
  Soh	
  Condensed	
  Mader	
  Labs
• 3	
  Basic	
  Chemistry	
  Labs
• Extended	
  Chemistry	
  including	
  glass	
  sealing,	
  furnaces,	
  
and	
  thin	
  film	
  prep

• Engineering
• Imaging
• X-­‐ray	
  and	
  Physical	
  Characteriza4on
• Ac4nide
• Coffee	
  rooms	
  and	
  user	
  lounges	
  in	
  each	
  quadrant

14
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User Areas,
Meeting Rooms, 
Support Labs



A	
  few	
  construc4on	
  facts
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• Level	
  100	
  throughout	
  has	
  5.5	
  m	
  of	
  total	
  space	
  leaving	
  ~4	
  m	
  of	
  free	
  space
• All	
  other	
  levels	
  have	
  4.2	
  m	
  of	
  total	
  space
• Instrument	
  hall	
  floor	
  in	
  Halls	
  1	
  and	
  2	
  is	
  2	
  m	
  below	
  target	
  center	
  line
• Instrument	
  hall	
  floor	
  in	
  Hall	
  3	
  is	
  3	
  m	
  below	
  target	
  center	
  line	
  where	
  most	
  of	
  our	
  

top	
  loaders	
  will	
  be
• Crane	
  hook	
  height	
  is	
  planned	
  to	
  be	
  8.9	
  m	
  in	
  Halls	
  1	
  and	
  2
• Crane	
  hook	
  height	
  is	
  planned	
  to	
  be	
  6.5	
  m	
  in	
  Hall	
  3
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Cost	
  Es4mate

17

Science	
  
Support	
  
Systems

Laboratories	
  
and	
  Facili4es

Sample	
  
Environment

Science	
  Coord.
&	
  User	
  Office

Management	
  
Administra4on

2.5
M€

labor
non-­‐labor

3.4
M€

10.0
M€

6.7
M€

22.5
M€
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Cost	
  Es4mate	
  and	
  Schedule

• Only	
  core	
  func4onali4es	
  for	
  first	
  neutrons	
  ensured	
  by	
  construc4on	
  budget.	
  
• Ramp	
  up	
  follows	
  selected	
  instrument	
  (nmx,	
  loki,	
  odin)	
  construc4on	
  schedule.	
  
• Addi4onal	
  func4ons	
  for	
  opera4on	
  require	
  external	
  funding	
  sources.

18

0
1
2
3
4
5
6
7

14 15 16 17 18 19 20* 21* 22* 23* 24* OPS**

co
st

 (
M
€

)

NSS labor
NSS non-labor
OPS labor
OPS non-labor

*	
  	
  	
  	
  	
  requires	
  opera4onal	
  funds
**	
  	
  	
  without	
  user	
  reimbursement	
  and	
  PhD	
  prg	
  (~	
  5	
  M€/y)



Science	
  Support	
  Systems

SAC	
  February	
  2014

Strategy	
  for	
  in-­‐kind	
  and	
  addi4onal	
  funding

• Only	
  core	
  func4onali4es	
  ensured	
  by	
  ESS	
  NSS	
  construc4on	
  budget.	
  

• Standard	
  sample	
  environment	
  equipment	
  and	
  laboratory	
  fiung	
  poten4ally	
  
provided	
  in-­‐kind.	
  Could	
  involve	
  university	
  partners	
  with	
  restricted	
  budget.

• Addi4onal	
  func4onali4es	
  require	
  funding	
  outside	
  in-­‐kind	
  framework.	
  
Permits	
  leverage	
  of	
  budget	
  risks	
  during	
  construc4on	
  and	
  opera4on.

• Added	
  value	
  for	
  instruments	
  and	
  user	
  programme	
  by	
  enabling	
  users	
  to	
  
come	
  with	
  their	
  resources	
  during	
  opera4on	
  phase.

19
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Summary

• Illustrated	
  path	
  to	
  adequate	
  science	
  support	
  during	
  opera4ons	
  adding	
  
value	
  to	
  the	
  instruments	
  and	
  ESS	
  as	
  a	
  (materials)	
  science-­‐driven	
  facility.	
  

• Priori4es	
  ensuring	
  core	
  func4onality	
  in-­‐line	
  with	
  instrument	
  construc4on.	
  	
  

• Current	
  team	
  covers	
  scien4fic	
  coordina4on	
  (science	
  focus	
  areas,	
  
community	
  interac4on	
  and	
  lab	
  coordina4on).

• Build	
  up	
  core	
  team	
  for	
  sample	
  environment	
  and	
  support	
  plaVorms	
  to	
  
4mely	
  start	
  in-­‐kind	
  partner	
  involvement	
  and	
  addi4onal	
  funding.

• Refine	
  interfaces	
  to	
  profit	
  from	
  opportuni4es.	
  

20



Data	
  Management	
  and	
  So-ware	
  Centre	
  

Mark	
  Hagen	
  
Head	
  of	
  DMSC	
  

	
  
www.europeanspalla9onsource.se	
  
SAC	
  Orienta9on	
  February	
  44h	
  	
  2014	
  



What	
  is	
  DMSC	
  ?	
  

2	
  

o  Data	
  Management	
  and	
  So-ware	
  Centre	
  (DMSC)	
  
	
  
	
  

o  A	
  Division	
  of	
  ESS	
  Science	
  Directorate…	
  	
  
	
  
•  Just	
  like	
  Instrument	
  Technologies,	
  Neutron	
  Instruments	
  	
  etc.	
  
•  Two	
  campuses:	
  ESS	
  Lund	
  &	
  ESS	
  Copenhagen	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Universitetsparken,	
  Københavns	
  Universitet)	
  
•  DMSC	
  building	
  to	
  be	
  constructed	
  in	
  Copenhagen	
  	
  

	
  
	
  

o  Responsibility:	
  design,	
  develop	
  &	
  implement	
  for	
  the	
  ESS	
  instruments:	
  
	
  

•  So-ware	
  (user	
  control	
  interfaces,	
  data	
  acquisi9on,	
  reduc9on	
  &	
  analysis)	
  
•  Hardware	
  (servers,	
  networks,	
  worksta9ons,	
  clusters,	
  disks,	
  pfs	
  etc.)	
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Control	
  Box	
  

Fast	
  Sample	
  
Environment	
  

Detectors	
  	
  
&	
  Monitors	
  

Timing	
  

INTEGRATED	
  	
  
CONTROL	
  SYSTEMS	
  

NEUTRON	
  TECHNOLOGIES	
  

Data	
  Acquisi9on,	
  Reduc9on	
  &	
  Control	
  

Data	
  Aggregator	
  
&	
  Streamer	
  

(	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  

DATA	
  MANAGEMENT	
  &	
  	
  
SOFTWARE	
  CENTRE	
  

Bulk	
  Data	
  Readout	
  
(Detector	
  Group)	
  

Lund	
  Server	
  Room	
   Copenhagen	
  Server	
  Room	
  

User	
  Control	
  
Interface	
  

Instrument	
  Control	
  Room	
  

Data	
  Analysis	
  Interfaces	
  

Automated	
  
Data	
  Reduc9on	
  

Automated	
  
Data	
  Reduc9on	
  Live,	
  Local	
  &	
  Remote	
  

Data	
  Reduc9on	
  

Generic	
  Framework	
  
	
  

o  Instrument	
  Control	
  
	
  

o  Data	
  Acquisi9on	
  
	
  

o  Data	
  Reduc9on	
  &	
  
Visualiza9on	
  

Choppers	
   Sample	
  Environment	
  Mo9on	
  Control	
  



4	
  

Structure	
  of	
  Nanomaterials	
  o  Data	
  on	
  disk	
  is	
  useless!	
  
	
  

•  It	
  is	
  published	
  results	
  from	
  the	
  	
  
data	
  that	
  makes	
  progress	
  
	
  

o  Need	
  to	
  ensure	
  that	
  ESS	
  users	
  have	
  	
  
access	
  to	
  
	
  

•  appropriate	
  so-ware	
  packages	
  	
  
for	
  data	
  analysis	
  
	
  

•  the	
  necessary	
  computa9onal	
  
resources	
  to	
  exploit	
  the	
  so-ware	
  	
  
to	
  obtain	
  those	
  results	
  
	
  

•  analysis	
  so-ware	
  during	
  experiment	
  
to	
  influence	
  the	
  data	
  taking	
  
strategies	
  
	
  

o  Roll	
  out	
  in-­‐sync	
  with	
  instruments	
  

Data	
  Analysis	
  

Polarized	
  SANS	
  demonstrated	
  that	
  these	
  
nanopar9cles	
  have	
  uniform	
  nuclear	
  structure	
  
but	
  core-­‐shell	
  magne9c	
  structure.	
  
	
  

Required	
  development	
  of	
  both	
  data	
  reduc9on	
  
and	
  data	
  analysis	
  methods	
  and	
  tools.	
  	
  

K.	
  L.	
  Krycka	
  et	
  al.	
  Core	
  Shell	
  
MagneIc	
  Morphology	
  of	
  
Structurally	
  Uniform	
  
MagneIte	
  NanoparIcles	
  
PRL	
  104,	
  207203	
  (2010)	
  



Organiza9on	
  

5	
  

DMSC	
  
Head	
  of	
  DMSC	
  

(Project	
  Coordinator)	
  
+	
  2	
  Team	
  Asst.	
  

Data	
  Systems	
  
&	
  Technologies	
  

	
  

Group	
  Leader	
  
L.	
  Melwyn	
  
J.	
  Selnæs	
  
+	
  2	
  hires	
  

Inst.	
  Control,	
  Data	
  
Acq.	
  &	
  Reduc9on	
  

	
  

Group	
  Leader	
  
+	
  6	
  hires	
  

Data	
  	
  
Management	
  

	
  

Group	
  Leader	
  
+	
  4	
  hires	
  

Data	
  Analysis	
  
&	
  Modeling	
  

	
  

T.	
  Rod	
  
T.	
  Nielsen	
  
+	
  6	
  hires	
  

User	
  Office	
  
So-ware	
  

	
  

Group	
  Leader	
  
+	
  4	
  hires	
  

Copenhagen	
  Data	
  Centre	
  
DMSC	
  servers	
  in	
  Lund	
  
Clusters,	
  Worksta9ons	
  

Disks,	
  Parallel	
  File	
  System	
  
Networks	
  (inc.	
  Lund	
  –	
  CPH)	
  
Data	
  transfer	
  &	
  Back-­‐Up	
  

External	
  Servers	
  

Instrument	
  Control	
  User	
  
Interfaces	
  

EPICS	
  read/write	
  
Streaming	
  data	
  (ADARA)	
  
Data	
  reduc9on	
  (MANTID)	
  

File	
  writers	
  (ADARA)	
  
Data	
  Catalogues	
  

Workflow	
  Management	
  
Post-­‐Processing………….	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐-­‐-­‐-­‐	
  Reduc9on	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐-­‐-­‐-­‐	
  Analysis	
  
Messaging	
  Services	
  
Web	
  Interfaces	
  

Ini9ally	
  one	
  work	
  package	
  (2	
  work	
  units)	
  

MCSTAS	
  support	
  +	
  dev.	
  
Instrument	
  Integrators	
  
Analysis	
  codes	
  	
  (e.g.	
  
SANSview,	
  Rietveld,…)	
  
MD	
  +	
  DFT	
  Framework	
  

User	
  Database	
  
Proposal	
  System	
  
Training	
  Database	
  

Publica9ons	
  Database	
  



Mark	
  Hagen	
  

Head	
  of	
  DMSC	
  since	
  Oct.	
  21	
  2013	
  
	
  

SpallaIon	
  Neutron	
  Source,	
  USA	
  (2004	
  –	
  2013)	
  
HYSPEC	
  Inst.	
  Scien9st/Project	
  Manager	
  (2004	
  –	
  2011)	
  
Inelas9c	
  Group	
  Leader	
  	
  (2007	
  –	
  2011)	
  
Data	
  Analysis	
  Group	
  Leader	
  (2010	
  –	
  2013)	
  
	
  

ANSTO,	
  Australia	
  (2002	
  –	
  2004)	
  
Wombat	
  High	
  Intensity	
  Powder	
  Diff.	
  Inst.	
  Scien9st/Project	
  Manager	
  
(Echidna	
  High	
  Res.	
  Pow.	
  Diff.,	
  Taipan	
  TAS)	
  
	
  

ISIS	
  SpallaIon	
  Neutron	
  Source	
  &	
  Keele	
  Univ.,	
  U.K.	
  (1987	
  –	
  2001)	
  
Physics	
  Dept.	
  Staff	
  at	
  Keele	
  
PRISMA	
  instrument	
  	
  scien9st	
  at	
  ISIS	
  
	
  

Ph.D	
  &	
  Post-­‐doc	
  
Ph.D	
  –	
  University	
  of	
  Edinburgh	
  (1980	
  –	
  83)	
  
Post-­‐docs	
  –	
  ILL	
  (1984)	
  HFIR,	
  ORNL,	
  USA	
  (1985-­‐86)	
  



Ques9ons	
  

QUESTIONS	
  



Oliver	
  Kirstein	
  
	
  

www.europeanspalla2onsource.se	
  
February	
  4,	
  2014	
  

Instrument	
  Technologies	
  
Division	
  



Educa&on	
  
1997	
  -­‐	
   	
  PhD	
  in	
  Physics	
  from	
  Kiel	
  University,	
  Germany	
  
2007	
  -­‐	
   	
  Diploma	
  of	
  Business/Frontline	
  Management,	
  	
  

	
   	
  Swinburne	
  University,	
  Australia	
  	
  
2012	
  -­‐	
   	
  Guest	
  researcher	
  at	
  Uppsala	
  University,	
  Sweden	
  
2013	
  -­‐	
   	
  C/Prof	
  at	
  School	
  of	
  Engineering,	
  Univ.	
  Newcastle,	
  Australia	
  

	
  
Scien&fic	
  projects;	
  user	
  opera&on	
  

	
  1998	
  -­‐	
   	
  Instrument	
  scien2st	
  &	
  project	
  leader	
  for	
  SPHERES	
  backscaYering	
  spectrometer	
  
	
   	
   	
  at	
  FRM-­‐II	
  reactor,	
  Garching,	
  Germany	
  	
  
	
  2002	
  -­‐	
   	
  Instrument	
  scien2st	
  and	
  project	
  leader	
  for	
  the	
  residual	
  stress	
  diffractometer	
  	
  
	
   	
   	
  KOWARI	
  at	
  the	
  OPAL	
  reactor	
  at	
  ANSTO,	
  Sydney,	
  Australia	
  

	
  
European	
  Spalla&on	
  Source	
  

	
  2002	
  -­‐	
   	
  Member	
  of	
  ESS	
  ‘Indirect	
  Geometry	
  Instruments	
  Group’	
  
	
  2011	
  -­‐	
   	
  May;	
  Head	
  of	
  Instrument	
  Technologies	
  Division	
  -­‐	
  Science	
  Directorate	
  
	
   	
   	
  Detector	
  systems,	
  Chopper	
  systems,	
  Neutron	
  Op3cs	
  &	
  shielding,	
  Electrical	
  Engineering	
  
	
  2012	
  -­‐ 	
  April;	
  Project	
  leader	
  of	
  Neutron	
  ScaYering	
  Systems	
  (NSS)	
  

Who	
  am	
  I?	
  



Science	
  Directorate	
  

Neutron	
  Instrument	
  
Division	
  

Scien2fic	
  Ac2vi2es	
  
Division	
  

Instrument	
  
Technologies	
  

Detector	
  
Systems	
  

Richard	
  Hall-­‐Wilton	
  

Chopper	
  
Systems	
  

Iain	
  SuYon	
  

Neutron	
  Opt.	
  &	
  
Shielding	
  

Phillip	
  Bentley	
  
Electrical	
  Engineering	
  

Thomas	
  Gahl	
  

Scien2fic	
  Projects	
  
Division	
   DMSC	
  

Organisa2on	
  -­‐	
  Line	
  

JCNS	
  

FRM-­‐
II	
  

ISIS	
  

SNS	
  

HZG	
  

LLB	
  

PSI	
  

CNR	
  

TU	
  
Delf	
  

Replace	
  circles	
  with	
  logos	
  

ILL	
  

Project	
  structure	
  closely	
  
aligned	
  with	
  the	
  structure	
  
of	
  the	
  ‘Line	
  Organisa2on’	
  



European	
  
Spalla2on	
  Source	
  

Project	
  Director	
  

Neutron	
  ScaYering	
  
Systems	
  

Instrument	
  
Concepts	
  

Instrument	
  
Construc2on	
  

Instruments	
  1-­‐n	
  

Instrument	
  
Technologies	
  

Detector	
  
Systems	
  

Chopper	
  
Systems	
  

Neutron	
  Opt.	
  &	
  
Shielding	
  

Electrical	
  
Engineering	
  

Science	
  Support	
  
Systems	
   DMSC	
  

Organisa2on	
  -­‐	
  Project	
  

JCNS	
  

FRM-­‐
II	
  

ISIS	
  

SNS	
  

HZG	
  

LLB	
  

PSI	
  

CNR	
  

TU	
  
Delf	
  

Replace	
  circles	
  with	
  logos	
  

ILL	
  

Project	
  structure	
  closely	
  
aligned	
  with	
  the	
  structure	
  
of	
  the	
  ‘Line	
  Organisa2on’	
  



Instrument	
  Construc-on	
  

Rob	
  Connatser	
  
Head,	
  Scien-fic	
  Projects	
  Division	
  

www.europeanspalla-onsource.se	
  
November	
  12,	
  2013	
  



Background,	
  Intense	
  Pulsed	
  Neutron	
  Source	
  

•  Neutrons	
  since	
  1998	
  
–  Scien-fic	
  Assistant	
  on	
  QENS	
  at	
  IPNS	
  

•  Managed	
  the	
  QENS	
  Upgrade	
  project	
  	
  
–  From	
  three	
  rota-ng	
  analyzer	
  arms	
  to	
  	
  
	
  	
  	
  22	
  sta-onary	
  arms	
  

•  Supported	
  users	
  &	
  experiments	
  

2	
  



Background,	
  Spalla-on	
  Neutron	
  Source	
  

•  2004-­‐2012	
  
•  Instrument	
  Construc-on	
  &	
  Installa-on	
  



Background,	
  Spalla-on	
  Neutron	
  Source	
  

•  2004-­‐2012	
  
•  Instrument	
  Construc-on	
  &	
  Installa-on	
  



Background,	
  Spalla-on	
  Neutron	
  Source	
  

•  2004-­‐2012	
  
•  Instrument	
  Construc-on	
  &	
  Installa-on	
  



Ac-on	
  

•  Developed	
  reality	
  based	
  installa-on	
  schedules,	
  
working	
  with	
  scien-sts	
  and	
  engineers.	
  

•  Integrated	
  schedule	
  of	
  all	
  beamline	
  installa-on	
  and	
  
construc-on	
  ac-vi-es.	
  

•  Learned	
  the	
  mechanics	
  and	
  organiza-on	
  of	
  the	
  T&M	
  
installa-on	
  contract	
  used	
  for	
  technical	
  installa-on	
  
ac-vi-es	
  at	
  SNS.	
  

•  Worked	
  with	
  instrument	
  teams	
  and	
  technical	
  teams	
  
to	
  install	
  the	
  instruments.	
  



Prac-cal	
  Lessons	
  

•  The	
  majority	
  of	
  the	
  “installa-on”	
  ac-vi-es	
  more	
  
closely	
  resemble	
  a	
  slightly	
  non-­‐standard	
  civil	
  
construc-on	
  effort.	
  



Prac-cal	
  Lessons	
  

•  Close	
  coordina-on	
  is	
  required	
  not	
  just	
  within	
  the	
  
different	
  projects	
  but	
  also	
  among	
  all	
  of	
  the	
  par-es	
  
working	
  in	
  the	
  experiment	
  hall.	
  



ESS	
  Responsibili-es	
  

•  Responsible	
  for	
  the	
  budget	
  of	
  the	
  instrument	
  
projects	
  
–  Sub-­‐project	
  manager	
  for	
  Instrument	
  Construc-on	
  within	
  
the	
  Neutron	
  Sca^ering	
  Systems	
  Project	
  

9	
  



ESS	
  Responsibili-es	
  

•  Organize	
  and	
  develop	
  the	
  resources	
  (people,	
  tools,	
  &	
  
space)	
  

10	
  

NMX	
  Instrument	
  Project	
  

LOKI	
  Instrument	
  Project	
  	
  

ODIN	
  Instrument	
  Project	
  

SPD	
  
R.Connatser	
  

Systems	
  Engineer	
  
Instrument	
  
Engineers	
  
(matrix)	
  

G.	
  Aprigliano	
  

C.	
  Lopez	
  

S.	
  Pullen	
  

Instrument	
  
Scien-sts	
  
(matrix)	
  

E.	
  Oksanen	
  

A.	
  Jackson	
  

M.	
  Strobl	
  

Project	
  Planners	
  
(matrix)	
  

S.	
  Ossowski	
  

S.	
  Ossowski	
  

S.	
  Ossowski	
  

Construc-on	
  
Managers	
  
(2016+)	
  



ESS	
  Responsibili-es	
  

•  Develop	
  processes	
  and	
  make	
  the	
  plans	
  needed	
  

11	
  

Decision((
to(move(forward(

Approved((
Baseline(
(Design,((
Cost((

and(Schedule(
(

Readiness(for((
“Hot”(

(Commissioning(

“Hot”&&
Commissioning&
&and&Operations&&

Accepted(
instrument(

Phase(1(–(Preliminary(Engineering((
Design(and(Baseline(

Phase(2(–(Final(Engineering((
Design(and(Installation(Plan(

Engineering(
Review(

Phase(3(–(Construction((
and(Installation(

Phase(4(–(Beam(Testing(
(and(cold(Commissioning(

Safety(Systems((
Review(



ESS	
  Responsibili-es	
  

•  Develop	
  processes	
  and	
  make	
  the	
  plans	
  needed	
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2014! 2015! 2016! 2017! 2018! 2019! 2020! 2021! 2022! 2023! 2024! 2025! 2026! 2027! 2028!

Operations+Schedule+

ODIN+

LOKI+

NMX+

#4+

#5+

#6+

#7+

#8+

#9+

#10+

#11+

#12+

#13+

#14+

Initial!Design! Final!Design! Procurement!
&!Fabrication!

Construction! Installation! Cold!
Commissioning!

Hot!
Commissioning!

Instrument)Installa,on)



ESS	
  Responsibili-es	
  

•  Coordinate	
  with	
  partners	
  
•  Manage	
  and	
  track	
  the	
  work	
  being	
  performed	
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Community	
  Interac/ons	
  
ESS	
  SAC	
  Orienta/on	
  Day	
  

Sindra	
  Petersson	
  Årsköld	
  
	
  

www.europeanspalla/onsource.se	
  
February	
  4,	
  2014	
  



Introduc/on	
  
Sindra	
  Petersson	
  Årsköld	
  

1996 	
   	
  M.Sc.	
  Physics,	
  Stockholm	
  University.	
  	
  

2000 	
  	
  	
   	
   	
  Ph.D.	
  Biochemistry,	
  Lund	
  University.	
  	
  

2001 -­‐2003 	
  Postdoctoral	
  Research	
  Fellow,	
  The	
  Australian	
  Na/onal	
  University.	
  

2003-­‐2010 	
  Assistant	
  Professor,	
  Biochemistry,	
  Lund	
  University.	
  

2010-­‐2011 	
  Associate	
  Professor,	
  Biochemistry,	
  Lund	
  University.	
  

Now	
   	
   	
  Senior	
  Advisor,	
  ESS	
  
	
   	
   	
  Science	
  strategy	
  
	
   	
   	
  Policy	
  
	
   	
   	
  Outreach	
  &	
  community	
  interac5ons	
  

Also	
   	
   	
  Vice	
  Chairman	
  of	
  the	
  Board,	
  Malmö	
  University	
  

	
   	
   	
  Board	
  member	
  &	
  co-­‐founder,	
  Proba/on	
  Labs	
  AB.	
  



Exploring	
  the	
  scien7fic	
  poten7al	
  of	
  ESS	
  together	
  
	
  ESS	
  Science	
  Symposia	
  
	
  Science	
  &	
  Scien/sts	
  at	
  ESS	
  

	
  
Expanding	
  the	
  science	
  case	
  and	
  the	
  user	
  base	
  

	
  Scien/fic	
  outreach	
  
	
  Conference	
  par/cipa/on	
  

	
  
Developing	
  the	
  facility	
  together:	
  instruments,	
  neutron	
  
technologies,	
  support	
  facili/es,	
  sample	
  environment,	
  data	
  
management	
  &	
  analysis	
  

	
  NSS	
  Project	
  Collabora/ons	
  
	
  IKON	
  mee/ngs	
  

	
  
Advice	
  on	
  the	
  scien7fic	
  and	
  technical	
  development	
  

	
  Scien/fic	
  and	
  Technical	
  Advisory	
  Panels	
  
	
  Scien/fic	
  Advisory	
  CommiDee	
  

	
  
Governance	
  

	
  Steering	
  CommiDee	
  
	
  

Built	
  by	
  the	
  Community,	
  for	
  the	
  
Community	
  



Collabora/on	
  is	
  Key	
  to	
  Success	
  

•  Competence	
  &	
  experience	
  
•  Technology	
  transfer	
  between	
  labs	
  
•  Training	
  of	
  the	
  next	
  genera/on	
  
•  Community	
  engagement	
  &	
  buy-­‐in	
  
•  Third-­‐party	
  funding	
  	
  
opportuni/es,	
  H2020	
  

•  Seconded	
  personnel	
  
•  Joint	
  postdocs	
  &	
  PhD	
  students	
  
•  Technical	
  &	
  scien/fic	
  
	
  collabora/ons	
  



NIUS 2012

Neutron Imaging User SymposiumApril 15th  to 18th  2012Hotel zur Therme, Bad Zurzach, Switzerland

The purpose of this symposium is the active exchange of knowledge and 

experience gained in the past years in the field of neutron imaging by our users at 

beam lines of different European neutron sources. In intense dialog with the facilities 

operators and with the other participants of the symposium we want to identify the 

current state of the art, to define further request for technical and scientific 

improvements and to brainstorm about best possible evaluation procedures in the 

field of neutron imaging.
In addition, we want to focus your interest to the options at the upcoming European 

Spallation Neutron Source ESS to be built in Lund (Sweden) until 2019. The 

opportunities and challenges for different techniques in neutron imaging should also 

be discussed during the meeting.

www.psi.ch/nius2012

Exploring	
  Scien/fic	
  Poten/al	
  at	
  	
  
the	
  ESS	
  Science	
  Symposia	
  

Organized	
  by	
  scien7sts	
  on	
  their	
  topic	
  of	
  choice.	
  
Sponsored	
  by	
  ESS.	
  
A\ended	
  by	
  ESS	
  staff.	
  
	
  
Aim	
  of	
  each	
  symposium:	
  To	
  discuss	
  future	
  development,	
  
neutron	
  possibili/es	
  and	
  challenges	
  in	
  that	
  par/cular	
  field	
  
of	
  science.	
  
Report	
  to	
  us	
  a^erwards:	
  requirements	
  on	
  the	
  next-­‐
genera/on	
  neutron	
  source,	
  “wish	
  list”.	
  
These	
  reports	
  feed	
  our	
  science	
  strategy.	
  
	
  
18	
  ESS	
  Science	
  Symposia	
  have	
  been	
  held	
  around	
  Europe	
  
since	
  2011.	
  
The	
  call	
  is	
  open	
  for	
  more.	
  



Exploring	
  Scien/fic	
  Poten/al	
  at	
  	
  
the	
  ESS	
  Science	
  Symposia	
  

Surface	
  and	
  Interface	
  Reconstruc/on,	
  TUM	
  
2014	
  

In-­‐situ	
  Chemistry,	
  2012	
  Gothenburg	
  

Neutrons	
  for	
  future	
  energy	
  strategies,	
  2013	
  PSI	
   NUIS,	
  2012	
  PSI	
  

New	
  Genera/on	
  Green	
  Construc/on	
  Materials,	
  
2013	
  Stockholm	
  

Correlated	
  Electron	
  Systems,	
  2012	
  UK	
  

NS	
  at	
  Extreme	
  Condi/ons,	
  2013	
  Edinburgh	
   The	
  Future	
  of	
  So^-­‐Ma\er	
  SANS,	
  2012	
  Lund	
  

Neutron	
  Par/cle	
  Physics	
  at	
  LPS,	
  2013	
  Grenoble	
   Neutrons	
  and	
  Food,	
  2012	
  Del^	
  

Protein	
  Crystallography,	
  2013	
  Aarhus	
   Off-­‐Specular	
  NS	
  workshop,	
  2012	
  Brussels	
  

Neutrons	
  and	
  Life	
  Sciences,	
  2013	
  Lund	
   NBI	
  ESS	
  Symposium,	
  2011	
  Nils	
  Bohr	
  Ins/tute	
  

Phys.	
  Sim.	
  of	
  Processes	
  in	
  Engineering	
  
Materials,	
  2012	
  Prague	
  

Topological	
  Materials,	
  2011	
  ILL	
  

Materials	
  for	
  Energy	
  Storage,	
  2012	
  Del^	
   Materials	
  Engineering	
  at	
  a	
  Long-­‐Pulse	
  Source,	
  
2011	
  UK	
  

Reports	
  from	
  each	
  symposium	
  at	
  esss.se!	
  



Science	
  &	
  Scien/sts	
  at	
  ESS	
  and	
  IKON	
  

IKON	
  mee7ngs	
  
For	
  discussing	
  the	
  development	
  of	
  
instruments,	
  technologies	
  and	
  support	
  
facili/es	
  in	
  the	
  NSS	
  project.	
  
Every	
  6	
  months	
  in	
  Lund.	
  
Up	
  to	
  160	
  par/cipants	
  from	
  all	
  partner	
  
countries.	
  
	
  

	
   	
   	
   	
  IKON1	
  Sep	
  2011	
  
	
   	
   	
   	
  IKON2	
  Feb	
  2012	
  
	
   	
   	
   	
  IKON3	
  Sep	
  2012	
  
	
   	
   	
   	
  IKON4	
  Feb	
  2013	
  
	
   	
   	
   	
  IKON5	
  Sep	
  2013	
  
	
   	
   	
   	
  IKON6	
  Feb	
  2014	
  

.	
  

.	
  

.	
  

Science	
  &	
  Scien7sts	
  at	
  ESS	
  mee7ngs	
  
For	
  discussing	
  the	
  science	
  to	
  be	
  enabled	
  by	
  
ESS,	
  across	
  the	
  various	
  scien/fic	
  disciplines.	
  
2011	
  in	
  Prague	
  (ECNS	
  satellite)	
  
2012	
  in	
  Berlin	
  	
  

	
  336	
  par/cipants	
  from	
  19	
  countries	
  
2013	
  in	
  Edinburgh	
  (ICNS	
  satellite)	
  

	
  130	
  par/cipants	
  from	
  17	
  countries	
  
	
  



Regional	
  Roo/ng	
  for	
  a	
  Vibrant	
  Scien/fic	
  
Environment	
  

Why	
  is	
  this	
  Important?	
  
A	
  prerequisite	
  for	
  a	
  thriving,	
  resilient	
  science	
  facility.	
  

An	
  academic	
  home	
  for	
  ESS	
  staff.	
  
Enhanced	
  user	
  experience	
  through	
  a	
  strong	
  local	
  environment.	
  

Added	
  value	
  in	
  support	
  facili/es	
  through	
  collabora/ons.	
  

Adjunct	
  Posi7ons	
  for	
  ESS	
  Science	
  Staff	
  
Lund	
  University:	
  Chemistry,	
  Physics,	
  LTH	
  
Copenhagen	
  University:	
  Niels	
  Bohr	
  Ins/tute	
  
Chalmers	
  Ins/tute	
  of	
  Technology	
  
Uppsala	
  University	
  
Mid-­‐Sweden	
  University	
  

Joint	
  Senior	
  Posi7ons/Advisors	
  
Lund	
  University,	
  Copenhagen	
  University	
  

Ac7vi7es	
  
Seminar	
  Series	
  with	
  MAX	
  IV	
  &	
  LU	
  
Exhibi/on	
  at	
  LTH	
  Science	
  Centre	
  

Other	
  Bridges	
  
Lund	
  University:	
  Legal,	
  Astronomy,	
  
Pufendorf	
  Ins/tute	
  of	
  Advanced	
  Studies	
  
Copenhagen	
  University:	
  Legal	
  

Collabora7ons	
  
MAX	
  IV:	
  joint	
  detector	
  lab	
  and	
  much	
  more	
  
Linköping	
  University:	
  detectors	
  
Lund	
  Protein	
  Produc/on	
  Plaiorm	
  
LTH:	
  Accelerator	
  



Communica/ons	
  at	
  ESS	
  

POLITICAL	
  DECISIONS	
  

Third-­‐party	
  funding	
  
New	
  users,	
  
new	
  science	
  

Facility	
  
development	
  

SCIENTIFIC	
  COMMUNITY	
  BUY-­‐IN	
  

Target	
  group	
   Subgroup	
   Main	
  responsibility	
  

Scien7fic	
  community	
   European	
  &	
  regional	
   Science	
  Dir.	
  

Current	
  &	
  poten5al	
  neutron	
  users	
   Science	
  Dir.	
  

Funding	
  bodies	
   Science	
  &	
  facility	
   Communica/ons	
  Div.	
  	
  

Decision	
  makers	
   European	
  &	
  regional	
   Communica/ons	
  Div.	
  

Regional	
  actors	
   Scien/fic	
  &	
  societal	
   Science	
  Dir.	
  &	
  Communica/ons	
  Div.	
  

General	
  public	
   European	
  &	
  regional	
   Communica/ons	
  Div.	
  



Small-­‐Angle	
  Neutron	
  
Sca\ering	
  

Chair:	
  Richard	
  Heenan,	
  ISIS,	
  
UK.	
  

11	
  members.	
  	
  

Macromolecular	
  Diffrac/on	
  
Chair:	
  John	
  Helliwell,	
  U.	
  of	
  

Manchester,	
  UK.	
  
5	
  members.	
  	
  

Reflectometry	
  
Chair:	
  Robert	
  Dalgliesh,	
  ISIS,	
  

UK.	
  
11	
  members.	
  	
  

Imaging	
  
Chair:	
  Muhammad	
  Arif,	
  NIST,	
  

US.	
  
5	
  members.	
  	
  

Neutron	
  Spin-­‐Echo	
  
Spectroscopy	
  

Chair:	
  Bela	
  Farago,	
  ILL,	
  FR.	
  
8	
  members.	
  	
  

Indirect-­‐Geometry	
  
Spectroscopy	
  

Chair:	
  Bernhard	
  Frick,	
  ILL,	
  FR.	
  
6	
  members.	
  	
  

Direct-­‐Geometry	
  
Spectroscopy	
  

Chair:	
  Tobias	
  Unruh,	
  U.	
  of	
  
Erlangen,	
  DE.	
  
7	
  members.	
  	
  

The	
  STAPs	
  consist	
  of	
  85	
  expert	
  scien/sts	
  from	
  the	
  interna/onal	
  community	
  
Each	
  STAP	
  advises	
  ESS	
  management	
  and	
  informs	
  SAC.	
  
SAC	
  advises	
  ESS	
  management,	
  who	
  proposes	
  to	
  STC.	
  	
  

Materials	
  and	
  Engineering	
  
Diffrac/on	
  

Chair:	
  Michael	
  Preuss,	
  U.	
  of	
  
Manchester,	
  UK.	
  

7	
  members.	
  	
  

Single-­‐Crystal	
  Diffrac/on	
  
Chair:	
  tbd.	
  
7	
  members.	
  	
  

Powder	
  Diffrac/on	
  
Chair:	
  Bo	
  Brummerstedt	
  

Iversen,	
  Aarhus	
  University,	
  
DK.	
  

10	
  members.	
  	
  

STAP:	
  Scien/fic	
  and	
  
Technical	
  Advisory	
  Panel.	
  
One	
  for	
  each	
  instrument	
  
class.	
  

Eu
ro
pe

’s
	
  S
pa
lla
/o

n	
  
So
ur
ce
	
  

>100	
  External	
  Experts	
  Have	
  Advisory	
  
Roles	
  in	
  the	
  Development	
  of	
  ESS	
  

Fundamental	
  and	
  Par/cle	
  
Physics	
  

Chair:	
  W.	
  Michael	
  Snow,	
  U.	
  
of	
  Indiana,	
  US.	
  
8	
  members.	
  	
  

Scien/fic	
  Advisory	
  
Commi\ee	
  (SAC)	
  

	
  
Chair:	
  Aleksandar	
  
Ma7c,	
  Chalmers	
  
University	
  of	
  

Technology,	
  SE.	
  
	
  

Co-­‐chair:	
  	
  
Peter	
  Böni,	
  
Technische	
  
Universität	
  

München,	
  DE.	
  
	
  

23	
  members.	
  	
  



Welcome	
  to	
  the	
  ESS	
  team!	
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