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• Neutrons as a tool for science

• Unique ESS capabilities

• Neutron Scattering Systems and Neutron Science
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1932: Chadwick discovers "a 
radiation with the more 
peculiar properties", the 

neutron. 

Cliff Shull: w
here are the

 

atoms ?
Bert Brockhouse: what do they do ?

Neutrons
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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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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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Neutrons are special

• charge neutral: deeply pene-
trating ... except for some isotopes

• nuclear interaction: cross 
section depending on isotope    
(not Z), sensitive to light elements.

• spin S = 1/2: probing magnetism

• unstable n → p + e + νe  with life 
time τ ~ 900s , I##=##I0##e- t/τ

• mass: n ~p; thermal energies 
result in non-relativistic velocities. 
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10.0 K with counting times of 10 hours (SmFeAsO) and 15 hours 

) for each temperature. The purely nuclear 

) were fitted to establish scale factors, 

lattice parameters and the instrument profile function. These were 

10 K) were fitted 

to obtain the magnetic structure. All refinements of the neutron 

The samarium moments were found to order antiferromagnetically 
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• neutron absorption µ is 
different to x-ray: 
I##=##I0##e- µ.d

• Strong contrast for 
hydrogen and deuterium.

• not increasing with Z2

neutron radio- 
and tomography

http://www.frm2.tum.de/fileadmin/stuff/events/VDI_WExpertenforum/talks/TUM-Industrietag_Schillinger.pdf
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Bragg law

(
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diffraction

http://www.ill.eu/about/movies/animations/science-animations/jdiffraction/

I(Q) ~ |FN|2 + |FM|2 

FN = ∑ b exp (i Q r) 
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neutron diffraction: 
elastic scattering

Active-site region of hAR 
!
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magnetic structures hydrogen in organic materials
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neutron spectroscopy:
inelastic scattering

I(q,E) ∝ S(q,E) = <n> χ”(q,E)

• I(q,E):    observed neutron intensity. 

• S(q,E):     scattering function;  FT(spin-spin-correlation function) 

• χ”(q,E):   microscopic magnetic susceptibility.

• <n>:        temperature (Bose) factor. 

‣ momentum (Q) and energy (E) dependent microscopic 
information on the dynamics. 



!#

dancing benzene 
on graphene

• Does the benzene hope 
from position to position 
or move freely ?

by P. Fouquet



ESS project: key facts

• 5MW long-pulse neutron source.
• First neutrons in 2019 on 7 instruments.
• 22 instruments by 2025
• ESS will be user facility.

• Total cost 1478 M!; funding negotiation
• MoU agreed with 17 european countries
• currently in pre-construction phase
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unique capabilities of ESS
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Time distance diagram

• Time distance diagram of white beam instrument with Pulse 
shaping chopper .

!%

2.2. AN INSTRUMENT SUITE FOR THE ESS 41
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Figure 2.21: (top) Time-distance diagram of a white-beam instrument with a pulse-shaping chopper. τ
and T are the source pulse-width and repetition period, respectively, and L1 and L2 are the source-
chopper distance and chopper-detector distance, respectively. The figure shows the ”natural” length for
an instrument with a pulse-shaping chopper: fully filling the time frame without the need for wavelength-
frame multiplication. (bottom) Time-distance diagram of a white-beam instrument with a pulse-shaping
chopper and triple wavelength-frame multiplication

which will be required. The work is still on-going, but it is already clear that the instrument concepts of
the reference suite will perform very well. Several different chopper schemes for RRM have been identified
which are able to achieve the varying frame lengths required for the different incident energies, and are
in the process of being further optimized. Detailed WFM calculations have demonstrated the feasibility
of the method in simulations, and test experiments and prototyping are well under way. It has been
shown [110] that guides as long as 300 m can deliver almost perfect brilliance transfer up to the sample
for realistic beam divergences of both thermal and cold neutrons. Enhancing signal over noise is clearly
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Instrument Reference Suite



users and sample

!'

90

Figure 2.23: Flow of samples used for neutron experiments within the ESS indicating core activities
performed on site (cyan) and supplementary activities concerning sample preparation (purple) that require
dedicated access modes and mid-term involvement of the user group.

help users, ensuring the measured sample has the expected characteristics and has not, for example, been
damaged during travel. The facilities will complement those available at the home institute or at more
specialised local infrastructure, taking the special requirements of neutron samples (isotope substitution,
special containment) into account. The flow of samples at ESS is illustrated in Figure 2.23.

Appropriate and safe handling are prerequisites for a successful research project. Samples have to
be handled safely before, during and after experiments at ESS, taking potential risks into account in-
cluding radiological, biological and chemical hazards. Disposal routes for radiological, conventional and
chemical/biological laboratory waste will be established and controlled access zones will be planned to
ease sample transport between the various laboratories. Given the size of the facility and the distances
involved, logistics and infrastructure (pathways) have to be provided to ensure safe and efficient transport
of samples, equipment and users under controlled environments.

The technical support required prior to and during a user visit is related to a specific experiment. For
this, workshops with mechanical technical capabilities are required close to the instruments to prepare items
in a timely manner for running the user programme. The user laboratories in the controlled areas should
all provide the possibility to condition the samples promptly before the experiment by an adequate number
of users. Such facilities include equipment for sample handling, preparation and storage as appropriate
for different types of materials (biological, active, chemical). Concerning the sample handling before and
after the experiment, different scenarios need to be considered. Most samples will arrive prior to the
experiment from the user’s home institute or other facilities and will need to be tracked and stored. After
the experiment, the samples will either be disposed of on-site or shipped back to the user’s home institute.
In both cases, the radiological activation will require special precautions and temporary storage in adequate
conditions from a few days up to two years following adequate guide lines described in chapter 12.

In the following sections, the specific laboratory requirements for the different key scientific areas are
discussed.

2.3.3 Laboratories for life science and soft condensed matter research

A great challenge for many of experiments in biology and soft condensed matter (SCM) is obtaining the
optimal sample, and conditioning as well as characterising it properly before and during the experiment.
This calls not only for well equipped sample handling and characterization laboratories in the immediate
vicinity of the instruments, but also for central support facilities for sample production specific to neutron
experiments, particularly by deuteration.

Since many of the potential users are not experts in producing and characterising deuterium-labeled
sample materials, such as recombinant proteins, lipid molecules, polymers or other speciality chemicals,
ESS will provide support and expertise in these techniques in addition to the sample handling laboratories.



Neutron Scattering Systems
and Neutron Science

• BUILDING  Neutron Scattering Systems
– Instrument Concepts:   define the ‘best’ instruments to be build
– Instrument Construction: build the ‘selected’ instruments
– Neutron Technologies:   detectors, chopper, optics, sample 

       environment, electrical engineering
– Data Management and Software Center
– Neutron Science Support Facilities

• DOING   Neutron Science Activities
– Science Focus Areas:  life science, chemistry, magnetism, engineering, 

      geo-science, fundamental physics
– Community:   science symposia, ESS S&S, sponsoring, outreach
– Industrial R&D using neutrons
– Ext. funded Research

!(



Science Symposia

")

Neutrons and Food

(Photo courtesy A. D. Jackson)

Objectives: The First NBIA Meeting on ESS Science initiates a series of annual workshops 
which bring together widely recognized experts to promote advanced training for young 
post-graduates, postdocs and researchers devoted to developing a practical approach to 
neutron scattering who have already some background in this domain and desire to learn 
complementary techniques as well as exchange their experience. The school is to be followed 
by a series of lectures where current research is presented and its impact largely discussed. 

The first meeting of this series will be devoted to the combined application of neutron 
scattering, NMR, and molecular dynamics simulations to the dynamics of molecules in 
condensed matter.

The primary objective of this first school is to provide an understanding of current methodology 
in spectroscopic techniques applied to the dynamics of molecules in condensed phase systems. 
Each module will be introduced by a motivating talk, where scientific achievements are 
carefully explained, so that the students get a broader notion of the benefits of the technique 
that will be discussed. Basic information on data interpretation, on the complementary 
properties of the different types of techniques, as well as information on recent applications 
and developments will be given. The students will be given a small project and will be guided 
by the lecturers to a solution. The results from the students projects will be presented in a 
short oral section.

In parallel with, and following the school a small but intensive scientific meeting will be held 
with ample time for discussions between experimentalists and theoreticians involved in neutron 
scattering, NMR and molecular dynamics simulations. 

This workshop is sponsored by the Niels Bohr International Academy, by the ESS Science 
Symposia and by the PhD School of the University of Copenhagen. There is no fee for 
the participants. 

The school is limited to 20 students to be selected from the applications received .

Excursion and conference dinner at The Louisiana Museum of Modern Art, the most visited art 
museum in Denmark, will be sponsored by the Helmholtz-Zentrum Berlin.

Organizers: Heloisa N. Bordallo (bordallo@fys.ku.dk), Juergen Eckert 
(juergen.eckert@mrl.ucsb.edu), Gerd Buntkowsky (Gerd.Buntkowsky@chemie.tu-
darmstadt.de), Janez Mavri (janez.mavri@ki.si) and  Klas Risveden (klas.risveden@fys.ku.dk).

from 27 June 2011 to 01 July 2011 (Europe/Copenhagen) The Niels Bohr International
Academy
Europe/Copenhagen timezone

Europe/Copenhagen English LoginMore

Overview

Confirmed Speakers

UPDATED Scientific
Program

Abstract Book

MOLARIS Compendium

Registration

Picture

Picture_B&W

First Annual NBIA Meeting on ESS Science (27 June 2011 - 01 July 2011) https://indico.nbi.ku.dk/conferenceDisplay.py?confId=291

1 of 3 18.04.2012 18:00

13 Science Symposia
More than 300 people participating
Real Input into the planning of ESS
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Topics 
Science Symposia
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Key findings 
from symposia

• Where is science going and what are the 
experimental challenges ?

• Which instruments are needed ?

• What else (alternative techniques, infrastructure) ?

""



summary tables

"#

 

 Scientific 
challenges 

Instrumental 
requirements 

Other techniques 
and infrastructure 
requirements 

Spin dynamics of 
correlated systems  
A Boothroyd 
Abingdon, UK 
Feb. 2012 
 
 

Emergent quasi-
particles 
Small samples under 
extreme conditions 
(high B, low T, high 
p).   
Users will not all be 
'professional users'.  
Mapping single crystal 
excitations. 

Cold direct geometry 
chopper spectrometer 
(super-LET/IN5).  
Thermal direct 
geometry chopper 
spectrometer (super-
Merlin).  
Extreme environment 
spectrometer.   
!eV resolution SANS.  
Polarised neutrons as 
option on all 
instruments.  
Focus on what ESS is 
good at (avoid doing 
'everything').   
Avoid 'niche' 
instruments.   
Envisage event-mode 
recording. 

Central support 
facilities.  
Advanced data 
analysis.  
Neutron spectroscopy 
remains 'standard tool' 
only complemented by 
RIXS, IXS and ARPES. 

NMR meets 
neutron scattering 
H. Bordallo 
Copenhagen, DK 
June 2011 
 
 

Inelastic:  
rotational tunneling 
spectroscopy; low 
frequency excitations 
in glasses and 
molecular magnetism.  
Quasi-elastic 
scattering:  diffusion 
in soft matter and bio-
related molecules; 
liquids; critical 
scattering. 

Backscattering and 
NSE instruments to 
complement TOF 
instruments for high E 
resolution.  
Vibrational 
spectroscopy 
(Lagrange or TOSCA 
type) for high 
energies. 

Scientific support 
facilities (deuteration).  
In-situ analysis (x-ray, 
thermal analysis, bulk 
measurements).  
MD modelling efforts. 

Neutrons and food 
W. Bouwman  
Delft, NL  
Feb 2012 
 
 

Nano- to millimeter 
structural information 
as a function of 
external parameters. 
‘Dirty systems’ 
 

Variety of neutron 
techniques: SANS, 
reflectometry, 
SESANS, INS, 
tomography. 
Incorporate flow set-
up & complementary 
techniques 

Deuteration required.  
Labs close to 
instruments.  
Sample environment.  
In-situ 
characterisation.  
Analysis support.  
Rapid access.  
Try first experiments 

 
 

   

 Scientific 
challenges 

Instrumental 
requirements 

Other techniques 
and infrastructure 
requirements 

Non-equilibrium 
SANS  
S. Egelhaaf  
Lund, SE  
Feb 2012 
 
 

Sample in more 
complex situations 
and non-equilibrium 
as used in industry 
processes and in 
biology. 
Contrast variation by 
deuteration and 
complementary 
techniques 

Instruments for small 
samples but complex 
(large) sample 
environment.  
Combine SANS with 
other techniques (light 
scattering) and 
neutron methods 
(imaging…). 
Large Q range and 
resolution 

Requires external 
time- and space-
dependent 'fields' such 
as T, B, E, shear.  
Provide in-situ 
techniques and ex-situ 
support labs close to 
instruments. 
Robotics for sample 
change.  
Reliability and 
reproducibility in 
measurements. 

Topological 
materials  
T Fennell  
Grenoble, FR  
Oct. 2011 
 
 

Universality classes in 
frustrated systems.  
Quantitative lifetime. 
measurements.  
Smaller samples (for 
new materials); 
extreme environment. 
Many experiments will 
be 'standard' 
independent of 
'scientific fashions'. 

 
Optimse signal to 
noise. 
Optimse on current 
science case but keep 
flexibility 
 
Survey and ‘zoom in’ 
 
Flexible test beamlines 
for new concepts, 
non-standard, training 

RIXS might cover 
higher energies, but 
neutrons for 'standard 
and high resolution 
measurements.  
Advanced analysis and 
modelling support 
(theory consortium).   
Flexible access and in-
house research to 
liaise with university 
groups.  
Promote student 
access and long term 
visits. 
Expert groups required 
for instrument 
developments.  
Sociological study to 
get outside view. 

  

 Scientific 
challenges 

Instrumental 
requirements 

Other techniques 
and infrastructure 
requirements 

Off-specular 
neutron scattering  
M. Sferrazza  
Leuwen, BE  
Jan. 2012 
 
 

Separating bulk and 
surface properties in 
2D and 3D;  
nanoscale magnetism 
and soft matter. 
Lateral structures 

Several 
complementary SANS 
instruments;  
one GISANS;  
Sergis-type 
reflectometer with 
TOF option;  
polarised neutrons;  
small samples;  
Optimise signal to 
noise. 
Dedicated instruments 
(no compromises in 
combining too much) 

Advanced analysis 
tools. 

Materials 
Engineering 
Shu Yan Zhang 
RAL, UK 
Dec 2011 

Nuclear Power 
Research 
Advanced materials 
investigations 
Strain and imaging 
Industrial user 

Better penetration 
Better spatial 
resolution 
Faster dynamics 
Detectors: coverage, 
resolution, small angle 
Diffraction & Imaging 
 

Automated sample 
handling 
More lab space 

Neutron Imaging 
Lehmann 
Bad Zurzach, CH 
April 2012 

Plant soil systems 
Concrete and water 
Battery Research 

Flexibility for broad 
user community 
High cold intensity 
Highest spatial 
resolution 
Energy resolution 

Various sample 
environment 

 
 



Science and 
experimental challenges

• ‘real’ samples: diluted, complex, small, bad.

• several length and energy scales; hierarchy

• fast ... reactions, processes, non-equilibrium.

• measure in extreme environment: T, B, p, humidity

• in-frequent and strongly engaged users.

"$



Which instruments

• optimize for signal-to-noise

• optimize (not only) for small samples

• polarisation as option (only)

• avoid ‘eierlegende Wollmilchsau’

• avoid niche-only instruments 

• focus on what ESS is good at: cold and cold/thermal neutrons

• provide necessary suite for user needs; enable ‘integral’ science.

• easy-to-use and increased flexibility; tune resolution by chopper

• sequential or parallel coverage of  S(E,Q): "" " "       
mapping and ‘zooming’ instruments; mulitple E resolutions

• combine other exp. techniques (in-situ and ex-situ) "*



What else ?

• reliability and reproducibility of 
experiments

• adequate access modes (rapid, long 
term, with additional support)

• data reduction, analysis, modeling ... 
accessible for users in need

• additional scientific support labs 

• more support for in-frequent users

• encourage users to get involved 
(students, visiting scientists)

"%


