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Foreword
During a visit to ISIS on 14 March 2011, Universities and Science Minister
David Willetts announced an £11 million investment to start the second phase
of instruments at the ISIS second target station. This was closely followed by a
further £10 million announced by Chancellor George Osborne in the budget
on 23 March.

This is fantastic news for ISIS and a superb reflection on the outstanding work of the ISIS user
community and staff in delivering world-leading science and technology. The success of ISIS
continues to be recognised at the highest levels within the UK government, and the impact of ISIS
science is clearly appreciated.

The combined funding of £21 million, together with additional contributions from ISIS partner
countries, will finance the construction of four new instruments within the ISIS second target
station: Chipir, Imat, Zoom and Larmor. These instruments will add world-class capabilities in
microchip screening, neutron imaging and small angle scattering, together with extending the time-
and length-scales of neutron experiments. Exciting days ahead.

Creating new instruments enables us to deliver world-class science. From novel magnetism to new
types of solar cell; practical hydrogen storage materials to antibiotics for life-threatening illnesses;
human tissue protein studies to silicates for catalysis – research at ISIS spans a huge range pure and
applied science areas, a range that will continue to grow as new instrument capabilities are added.

But also part of enabling ISIS science is the work of keeping the ISIS accelerator complex up and
running. This year saw a six month maintenance shut-down which was several years in the planning.
A huge amount of work – some 700 small projects, together with several large projects – took place
to keep the ISIS machine and instruments going well into the future. I would like to thank ISIS staff
for all their work not just in the shut-down itself, but for the years of preparatory work beforehand.

We deliver world-class science with impact in many areas, and we maintain, operate and develop
our accelerators and instruments – these things are central to ISIS. But also key are the many other
activities that form part of the life of the facility – ISIS engineers working with AS level school
students on detector projects; ISIS scientists and engineers winning prizes for their work in national
competitions; staff enthusing school children at UK science fairs; receiving students and members of
the public as visitors to explain what we do and to encourage the next generation of scientists.
These are all signs of the health and maturity of the ISIS community.

ISIS is not immune to the current financial pressures, and we find ourselves facing a reduced level of
operations. Despite this, we are seeking to maintain ISIS at the forefront of neutron and muon
science. Together with our user community we will strive to deliver another exciting year of
excellent science.

Andrew Taylor 
Director

Right: Patxi Lopez, Lehendakari

Basque Government President

visited ISIS in March. He is seen

here discussing ISIS science with

ISIS Director Andrew Taylor.

Right: Andrew Smith MP learning about neutron reflectometry

from Rob Dalgliesh (ISIS) during his visit in July.

Lord Alec Broers, Chairman of

Diamond Light Source Ltd., with the

Offspec instrument in the ISIS

Second Target Station.

Above: Nicola Blackwood MP

touring the ISIS Second

Target Station with Sarah

Rogers (ISIS) in February.

Below: John Howell MP (left)

visited ISIS in June with

Andrew Taylor (Director, ISIS).

David Willetts MP, Minister for

Universities and Science, visited

ISIS in March. During his visit

he announced £11M funding

for the Chipir instrument, to be

built on the ISIS Second Target

Station, and near right:

considering soft matter science

at ISIS with Julian Eastoe

(Bristol University).
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A year
around ISIS

The STFC Science Board visited ISIS in October.

Science Board members provide advice on all

aspects of STFC’s science and technology

programme. Left to right: Prof Anthony Watts

(Oxford University), Prof Steven Rose (Imperial

College London), Prof Guenter Rosner

(Glasgow University), Prof Shiela Rowan

(Glasgow University), Prof Bob Newport

(University of Kent), Prof Tony Ryan (Sheffield

University), Prof Matt Griffin (Cardiff

University), Prof Neville Greaves (Aberystwyth

University), Prof Jon Butterworth (University

College London).

Right: In December ISIS had an exhibition at

the Cornerstone gallery in near-by Didcot. The

exhibition enabled members of the public to

experience ISIS science and technology

through photos, pictures and hands-on

displays.  Bill Heine, BBC Radio Oxford

presenter, was one of the visitors to attend

the opening evening.

Above right: In October ISIS welcomed the Mayor of Tokai-

Mura, Japan, Mr Tasuya Murakami, together with other

members of the Tokai-Mura village and senior staff from J-

PARC (Japan Proton Accelerator Complex) and the Japan

Atomic Energy Agency (JAEA). J-PARC is located on the Tokai

site of JAEA.

Above centre: The Rt Revd John Pritchard, Bishop of Oxford,

visited ISIS in March with other members of the Wallingford

Deanery. He is seen here in the ISIS Second Target Station

with Andrew Kaye and Philip King (ISIS).

Above left: RAL held an open day for the general public on

9th June 2011. Here we see Sean Langridge (ISIS) with

visitors in the ISIS Second Target Station.

Left: The Schools Science Prizes were presented at RAL in

October.  Pupils were nominated by their teacher and

received a certificate and book tokens to encourage their

future development as scientists. Here Christopher Stewart

(Lord Williams's School, Thame) is helping Stephen Boag and

Max Skoda (ISIS) during their demonstrations of the science

of the very (very) cold and how it is used in superconducting

magnets in ISIS and the Large Hadron Collider.

Johnson Matthey scientists Barry Murrer, Peter Bishop,

Jonathan Sharman and Sue Ellis visited ISIS in November.

ISIS has had ongoing collaborations with KEK

in Japan for many years. Osamu Shimomura,

Director, Institute of Materials Structure

Science, KEK, and other KEK members, visited

ISIS in June. Here, Prof Shimomura is

presenting Andrew Taylor, ISIS Director, with a

gift to mark the ISIS-KEK collaboration.

Prof Andrew Hamilton (Vice-Chancellor, Oxford

University) and colleagues visited ISIS in

September. Left to right: Prof Ian Walmsley (Pro-

Vice Chancellor, Research, Oxford University),

Prof Richard Wade (STFC Chief Operating

Officer) Prof Andrew Hamilton, Dr Andrew

Taylor (Director, ISIS) and Prof Angus Kirkland

(Department of Materials, Oxford University).

Below: In January ISIS hosted

visitors from the King Abdulaziz

City for Science and Technology

(KACST), Saudi Arabia. Here David

Barlow (left) and Jayne Lawrence

(right), Kings College London, are

discussing biomolecular science

applications of neutrons with

Muhanna Al Muhanna (KACST)

and Hamid Al-Shejni (STFC).



The advanced facilities provided by ISIS enable world-class research to
be performed by scientists from around the world together with facility
staff. Academic and industrial applications of the intense neutron and
muon beams encompass a very broad range of science areas. Presented
in the following pages are brief summaries of recent science highlights

Highlights 
of ISIS science
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Life sciences ‘We must not forget that when Radium was discovered, 

no one knew that it would prove useful in hospitals’ – M Curie

How does the 
antibiotic amphotericin work?

F Foglia, A Dabkowska, MJ Lawrence, DJ Barlow (King’s College London), 
R Barker (University of Bath), AE Terry, SE Rogers, AV Hughes, JRP Webster (ISIS)

Contact: Dr DJ Barlow, dave.Barlow@kcl.ac.uk

Further reading: F Foglia et al., Biochim. Biophys. Acta 1808 (2011) 1574

Amphotericin has been the first line of defence against fungal infections since the mid-
1950s. Unfortunately, resistance to this drug is beginning to emerge, posing serious
problems for AIDS and chemotherapy patients who often suffer potentially fatal fungal
infections. Normally, replacement drugs would be sought by examining compounds with a
similar mechanism of action. For amphotericin, though, this is difficult. It is
established that the drug punches holes in cells, which makes
them leaky and so causes them to die, but how it does this,
and why it causes more damage to fungal cells than human
cells remains unclear. Neutron reflectivity and small-angle
scattering studies have been performed to study the effects
of amphotericin on model human and fungal cell
membranes, to find out why the drug is so selective.
Rather surprisingly, the drug is found to insert into both
fungal and human cell membranes but the neutron studies
also clearly show that it perturbs these two types of
membranes in markedly different ways.

The unusual behaviour of 
a plant seed defence protein

LA Clifton, MR Sanders, SE Rogers, RK Heenan, C Neylon (ISIS), V Castelletto, RA Frazier, 
RJ Green (University of Reading)

Contact: Dr LA Clifton, luke.clifton@stfc.ac.uk; Dr RA Frazier, r.a.frazier@reading.ac.uk

Further reading: LA Clifton et al., Phys. Chem. Chem. Phys. 13 (2011) 8881

A combination of small angle neutron scattering, dynamic light scattering and size-exclusion
chromatography has been used to uncover a protein’s unique structuring behaviour in solution. 

Puroindoline-a is a plant seed defence protein found in wheat. It has a broad spectrum of antifungal
and antibacterial activity, and has potential applications such as novel antibiotics or targeted drug-
delivery systems. 

Puroindoline-a forms micelles in aqueous solution. One part of a
puroindoline-a molecule is water-loving; the other end is water-insoluble.
Micelles are groups of the protein molecules in which the water-loving
parts all point outwards, into the surrounding solution. Proteins
which form micelles are rare, with only one other protein
known to spontaneously form these assemblies in solution. 

We have been able to discover that the structure formed by
puroindoline-a is unique amongst known protein micelles, being
highly elongated rather than spherical.  Puroindolines contain a
tryptophan-rich part which is responsible for the protein’s
antimicrobial membrane-binding activity. This part is also thought to be
responsible for its solution-structuring behaviour, with this region forming the
water-insoluble interior of the micelle. 

Protein motion in 
red blood cells 

AM Stadler (Jülich, Germany), L van Eijck (ILL, France), F Demmel (ISIS), 
G Artmann (Aachen University, Germany)

Contact: Dr. Andreas Stadler, a.stadler@fz-juelich.de

Further reading: AM Stadler et al., J R Soc Interface 8 (2011) 590

Ongoing cell research aims at a coherent picture of the interactions and dynamical
properties of proteins inside living cells under physiological conditions. In this
context, red blood cells are exceptional, as they are highly specialized and
relatively simple in composition, the main macromolecular component being
haemoglobin. 

We have used high-resolution quasielastic neutron scattering to study the
motions of haemoglobin in whole red blood cells. Neutron scattering is
exceptionally useful as measurements on living cells are possible without
damaging these highly sensitive specimens. We find that the diffusion of
haemoglobin in the crowded environment of a red blood cell can be described
using concepts from colloid physics. Furthermore, interfacial hydration water
has a large influence on protein diffusion. This work demonstrates how
neutron scattering allows the measurement of internal protein dynamics and
global macromolecular diffusion in whole cells, thereby contributing to a
better understanding of cellular phenomena at the molecular level.

Schematic diagram of a red blood cell (lower left) and surrounding extracellular

medium. The cell is densely filled with haemoglobin, shown in red (© David S.

Goodsell 2000). 

Dynamics in 
lipid vesicles 

Y Gerelli (Università di Parma, Italy and ILL, France), A Deriu, (Università di Parma, Italy), 
V Garcia Sakai (ISIS)

Contact: Dr Y Gerelli, gerelli@ill.eu

Further reading: Y Gerelli et al., Soft Matter 7 (2011) 3929

Interest in the fundamental properties of systems based on lipids (fat-like molecules that are
insoluble in water) has increased owing to a growing number of applications in pharmacy, medicine
and food science. Investigation of the internal dynamics of lipid aggregates raises some important
and yet-to-be-answered questions, including the effects of temperature on these motions.

Using Iris at ISIS and IN6 at ILL, we have explored a wide range of
dynamics of lipid-based systems (energy-transfer range 10 μeV –

5 meV). The quasielastic neutron scattering (QENS) data confirm
the existence of dynamical heterogeneities, whereby the terminal

ends of the acyl chains experience faster motions than those of the
head groups and neighbouring chain segments. Owing to the larger

available free volume, the terminal CH2 and methyl groups can also
undergo torsional structural changes.

The addition of chitosan, a charged polysaccharide used along
with lipids in drug-delivery applications, affects the localised

hydrogen motions on the upper part of the molecule yet
they do not seem to influence the structural changes.

Molecular model of a

lipid monolayer showing

the fungal sterol

ergosterol (yellow)

interacting with the

inserted antibiotic

amphotericin (blue).

The structure of a lipid

molecule is shown on

the left, where coloured

arrows indicate the

motions investigated in

this work. Using the

same colours, the

corresponding

contributions to the

QENS spectrum are

shown on the below.

Structures of

puroindoline-a micelle

(top) and monomer

(bottom) obtained from

small angle neutron

scattering, dynamic light

scattering, and

size-exclusion

chromatography.
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Spreadable polymer 
solar cells

PA Staniec, AJ Parnell, ADF Dunbar, H Yi, AJ Pearson, T Wang, AJ Ryan, A Iraqi, RAL Jones, DG Lidzey (University of
Sheffield), PE Hopkinson, AM Donald (University of Cambridge), C Kinane, RM Dalgliesh (ISIS)

Contact: Dr A Parnell, e-mail: a.j.parnell@sheffield.ac.uk

Further reading: PA Staniec et al., Adv. Energy Mat. 1 (2011) 499

Over the next fifty years society is going to need to supply the growing energy demands of the world’s population without
using fossil fuels, and the only renewable energy source that can do this is the Sun. Plastic (polymer) solar cells are much

cheaper to manufacture than conventional silicon solar cells and have the
potential to be produced in large quantities. Using neutron reflectivity, we have

shown that when complex mixtures of molecules in solution are spread
onto a surface, like varnishing a table-top, the different molecules

separate to the top and bottom of the layer in a way that maximises
the efficiency of the resulting solar cell.  These results have given

important insights into how ultra-cheap solar energy panels for
domestic and industrial use can be manufactured on a large

scale. Rather than using complex and expensive
fabrication methods to create a specific semiconductor

nanostructure, high-volume printing could be used to
produce nanoscale (60 nanometer) solar cell films.

Left: A polymer-based, test solar cell with the structure of the

donor polymer, PCDTBT. Right: Dr Rob Dalgliesh (ISIS) holding a

polymer solar-cell sample.

Getting the hole picture:
porosity in activated carbons 

for hydrogen storage
Z Mileeva, DK Ross, D Wilkinson (University of Salford), S King (ISIS), T Ryan, H Sharrock (Chemviron Carbon Ltd)

Contact: Z Mileeva, Z.Mileeva@edu.salford.ac.uk

Further reading: Z Mileeva et al., in preparation

Activated carbons are of interest for hydrogen storage because hydrogen molecules can be trapped on the carbon surface. 
Such trapping works best in nanoscale ‘slit pores’ where adsorbate molecules interact
with both walls. 

The standard method to measure porosity, helium pycnometry, overestimates pore
volumes because condensation of the gas increases the apparent carbon density. The use
of small angle neutron scattering (SANS) and contrast-matching liquids circumvents these
difficulties. Using mixtures of H/D-toluene to match the scattering
from carbon, we can obtain the carbon density at different length
scales. On the scale of atomic distances, this density is close to that of
graphite. At larger, nanometer length scales, the density drops owing
to the presence of porous structure.

SANS data for carbon show fractal behaviour at the larger length
scales, and a well-defined hump at atomic scales caused by the
activation (oxidation) process. From these data, the minimum pore
radius as a function of toluene partial pressure can be found. The
SANS data also allow us to compare the accessible pore volumes at
each partial pressure with those obtained gravimetrically.

SANS data as a function of toluene partial pressure. The inset shows a

comparison between SANS and gravimetric data.

You want it 
where?

IA Fallis, SJ Pope, PC Griffiths, A Paul  (Cardiff University), RK Heenan (ISIS)

Contact: PC Griffiths, GriffithsPC@cardiff.ac.uk

Nuclear power has played an important role in Britain’s history, and with plans to build 10 new facilities, it is set to play an
equally important role in its future. There is a need to develop rapid, selective methods for the detection and speciation of
transuranic radioisotopes (e.g. Np, Pu, Am, Cm) in solution, as these elements represent hazardous by-products of the
nuclear power industry. In collaboration with Magnox Ltd we are developing microemulsion systems to speciate these
radionuclides in liquid wastes, to determine not only the element type and concentration, but also its oxidation state.  

In essence, a range of water soluble complexing agents have been synthesised that display selectivity towards the
radionuclides of interest.  The binding of these agents to a radionuclide cation causes them to separate out within the
microemulsion. The properties of the cations can then be studied.  Small angle neutron scattering (SANS) is being used to
probe the separation within the
microemulsion system and to discover
unique complexing agent – metal cation
combinations.

Hydrophobic ligands selectively sequester ions

and transport them to specific places within

microemulsion systems for detection.

Understanding a catalyst
from formula to mechanism

SF Parker, AC Hannon, E Barney (ISIS), K Refson (CSE-RAL), SJ Robertson (AMG-RAL), 
P Albers (AQura GmbH)

Contact: Dr SF Parker, stewart.parker@stfc.ac.uk

Further reading: SF Parker et al., J Phys Chem C 114 (2010) 14164

Palladium catalysts are a key component of the three-way catalytic converter used in cars, where
they effect complete oxidation of hydrocarbons and carbon monoxide. To discover the effect of
palladium, we have investigated the low-temperature catalytic conversion of carbon monoxide over
hydrous palladium oxide powders. This oxidation reaction is remarkable in that it readily occurs at
room temperature and pressure. 

However, almost all that has been known about hydrous palladium oxide is its
empirical formula, namely, PdO•H2O. We have characterised the material using 
a combination of neutron and x-ray powder diffraction, transmission electron
microscopy, inelastic neutron scattering spectroscopy, infrared spectroscopy and
computational methods. The results show that the material is best described as
PdO nanocrystallites around 2 nm in size, terminated by a monolayer or so of
hydroxyl groups, and capped by 4-7 layers of water. This model allows us to gain
insight into the mechanism of catalytic oxidation of CO over a supported
palladium catalyst.

Right: The structure of hydrous palladium oxide. Neutron diffraction (Gem, upper) defines the

PdO core while vibrational spectroscopy (Tosca, Mari, Maps, lower) defines the water shell.

Energy and catalysis
‘Chemistry without catalysis would be a sword without a handle, 

a light without brilliance, a bell without sound’ – A Mittasch

Dry carbon
Dry carbon (corrected using PI)
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Quantum Matter 1
‘What we observe is not nature in itself but nature exposed to our

method of questioning’ – W Heisenberg

Good chemistry between 
magnetism and superconductivity

E Coronado, C Martí-Gastaldo, E Navarro-Moratalla, A Ribera (University of Valencia), 
SJ Blundell (University of Oxford) and PJ Baker (ISIS)

Contact: Prof SJ Blundell, s.blundell@physics.ox.ac.uk

Further reading: E Coronado et al., Nature Chemistry 2 (2010) 1031

Superconductivity and magnetism are usually sworn enemies and often refuse to cohabit in
the same compound.  In a new method to make a multifunctional material by direct chemical
design, layers of superconducting material and layers of magnetic material, each one
molecule thick, have been pre-assembled and then brought together by electrostatic
attraction.  Thus, rather than building up the material one molecule at a time, nanosheets
with different functionalities have been self-assembled. This is like constructing a
building by adding entire pre-fabricated floors rather than brick by brick, and is
the secret behind combining these two inimical properties. Putting magnetic
and superconducting layers together in close proximity offers the possibility
of using one property to alter the other. To examine the effect of this
coupling in this new class of materials, we have used ISIS muons to
determine the volume of the sample that becomes magnetically ordered as
well as the strength of the superconducting state.

Alternating superconducting and magnetic layers combine to form a hybrid material.

Understanding the role of oxygen vacancies 
in a spintronics semiconductor

PMDS Monteiro, M Barbagallo, N-J Steinke, A Ionescu, CHW Barnes, NDM Hine (University of Cambridge), CJ Kinane, 
TR Charlton, S Langridge (ISIS)

Contact: Dr A. Ionescu, e-mail: ai222@cam.ac.uk

Further reading: M. Barbagallo et al., Phys. Rev. B. 84 (2011) 075219

Electron-doped europium oxide (EuO) is a semiconductor which undergoes a simultaneous ferromagnetic and metal-to-insulator
phase transition, across which the resistivity drops by 8 to 13 orders of magnitude. The conduction electrons are nearly 100%
spin polarized, making EuO an excellent material for next generation spintronic devices – devices in which the spins of the
electrons are exploited instead of, or as well as, their charge. 

An unanswered question is what effect electron doping has on the interactions
and, crucially, on the degree of spin polarisation. By combining polarised
neutron reflectometry with magnetometry and crystallography, we have been
able to obtain precise values of oxygen-vacancy concentrations and relate this
quantity to the enhanced magnetic moment in thin films and the increase in
conduction-band polarisation. The results indicate that electron doping
mediates an additional ferromagnetic interaction leading to an increase in
ordering temperature, a result confirmed using theoretical models. These
insights help to provide a fundamental understanding of the interactions in this
fascinating material, as well as suggesting ways of increasing the ordering
temperature in similar materials.

Polarised neutron reflectivity data and model calculations as a function of oxygen

deficiency. The inset shows the crystal structure of stoichiometric EuO.

Slow magnetic crossover 
in the frustrated magnet Ca3Co2O6

S Agrestini (Max-Planck Institut CPfS), LC Chapon (ISIS), C Mazzoli (ESRF), 
A Bombardi (Diamond Light Source), CL Fleck, MR Lees, OA Petrenko (Warwick University)

Contact: Dr S Agrestini, stefano.agrestini@cpfs.mpg.de

Further reading: S. Agrestini, et al., Phys. Rev. Lett. 106 (2011) 197204

Temperature-induced phase transitions between two magnetically ordered states usually correspond to lock-in transitions,
transitions from collinear to non-collinear order, or magnetic ordering of symmetry-independent ionic sites. Very rarely,
transitions between two magnetically ordered phases involve a change of translational symmetry, especially at low
temperatures. A recent time-resolved powder diffraction study of the frustrated Ca3Co2O6 compound has shown that

below 12 K, the known magnetic structure (a nearly 600 Å
longitudinal spin-density wave) transforms slowly into a
commensurate magnetic phase (in which the magnetic
structure follows the atomic structure). The broadening of
diffraction features suggests that this new phase forms as an
inter-growth within the matrix of the initial magnetic phase, 
i.e., the sample does not undergo macroscopic phase
separation. This phenomenon appears below the freezing
point of 12 K, where bulk dynamical behaviour is also
known to change dramatically and steps appear in the
magnetization. Both effects, however, still defy explanation
at the atomic level.

Schematic representation of the spin-density-wave and

commensurate phases. In the former case, the figure shows three

sets of spin chains. In the latter case, the moments are aligned

ferromagnetically  perpendicular to the page.

Antiferromagnetic tendencies in 
superconducting LiFeAs

AE Taylor, MJ Pitcher (University of Oxford), RA Ewings, TG Perring (ISIS), SJ Clarke, AT Boothroyd (University of Oxford)

Contact: Professor AT Boothroyd, a.boothroyd@physics.ox.ac.uk

Further reading: AE Taylor et al., Phys. Rev. B 83 (2011) 220514(R)

Superconductors are metals whose electrical resistance vanishes below a certain ‘critical temperature’ Tc. This remarkable
phenomenon was first observed in 1911, so 2011 was the 100th anniversary. Before 1986 the highest known Tc of any
superconductor was only 18 degrees above absolute zero, or a chilly minus 255 Celsius. Despite such low operating
temperatures, superconductors are widely used to provide high magnetic fields for magnetic resonance imaging and other
applications. 

The material we have studied, LiFeAs, is a member of a new family of iron-based
superconductors discovered in 2008. Compounds in this family tend to develop
antiferromagnetic order, and this property is believed to offer a possible route to
higher Tc. In the case of LiFeAs, however, theoreticians had predicted an anomalous
tendency for ferromagnetism. In our experiment we probed the atomic-scale
magnetic dynamics in LiFeAs directly by neutron spectroscopy and found an
antiferromagnetic tendency after all. We also found that the magnetic signal
increased on cooling below Tc, providing clear evidence that antiferromagnetic
fluctuations in LiFeAs are intimately linked to superconductivity.

Neutron scattering spectrum of superconducting LiFeAs taken on Merlin at 6K, showing 

a plume of intensity at Q = 1.2 Å-1 due to antiferromagnetic fluctuations 

and evidence for a superconductivity-induced spin resonance (inset).
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Nanostructured 
ionic liquids

R Hayes, R Atkin (University of Newcastle), 
GG Warr (University of Sydney), S Imberti (ISIS)

Contact: Dr Rob Atkin, Rob.Atkin@newcastle.edu.au

Further reading: Hayes et al, Phys. Chem. Chem. Phys, 13 (2011) 13544

The Greek philosopher Aristotle once suggested 'No reactions in the
absence of solvent.' Whilst chemists have long since demonstrated solid-
and gas-phase transformations, the vast majority of reactions are still
conducted in the liquid phase. The choice of solvent can have a profound
influence on reaction outcomes (yields, kinetics, etc.) and yet there are
relatively few studies which characterize the structural origin of solvent
properties. In this work, we have examined the bulk structure of ionic liquids – a
special class of solvents composed entirely of ions – using neutron diffraction and
computer simulation. The results show that ionic liquids self-assemble into
bicontinuous nanostructures of polar and apolar domains. This solvent ordering is
structurally analogous to thermodynamically stable bicontinuous microemulsions
(microemulsions of two immiscible liquids stablised by a third component, such as oil
and water stabilised by a surfactant), but with characteristic length scales at least an
order of magnitude smaller. Interestingly, the nature of the bicontinuous arrangement
could be modified via simple variations in ion structure, meaning that, in principle, the
solvation properties of ionic liquids can be designed for particular chemical reactions.

Butterflies 
and bridges

Y Shoji, T Matsuo, D Hashizume, K Tamao (RIKEN), H Fueno, K Tanaka (Kyoto University), MJ Gutmann (ISIS)

Contact: Dr T Matsuo, matsuo@riken.jp

Further reading: Y Shoji et al., J. Am. Chem. Soc. 133 (2011) 11058

While covalent bonds are usually formed by sharing two
electrons between two atoms, some compounds contain B–H–B
bonds in which an electron pair is distributed over three sites.
The electron-deficient nature of these ‘3-center, 2-electron’
bonds can give rise to various distinct chemical structures,
some of which have only been predicted theoretically. We have
isolated the stable diborane(4), [B2H4]2-, with butterfly-shaped
B–H–B bonds and a boron-boron link with triple-bond
character. Neutron data were collected on a large-size single
crystal of 11B-labeled and deuterated diborane(4) using the SXD
neutron diffractometer. The two bridging deuterium (μ-D)
atoms are found to be located over two positions, which have
been refined with occupancy factors of 0.5. An extraordinarily
short B-B distance of 1.483(3) Å is comparable to
computational predictions of B-B triple bonds. These structural
features indicate that the chemical bonding at the B atoms can
be described in terms of sp-hybridization.

Molecular structure of (μ-D)2(Eind)11B11B(Eind) determined using

single-crystal neutron diffraction (50% probability ellipsoids). 

Eind is a large hydrocarbon molecule used to stabilise the compound.

Influence of lone-pair cations 
on the germanate anomaly in glass

ER Barney, AC Hannon (ISIS), N Laorodphan, D Holland (University of Warwick)

Contact: Dr ER Barney, emmacruddace@gmail.com

Further reading: ER Barney et al., J. Phys. Chem. C in press (DOI: 10.1021/jp202279b)

Lone-pair cations in glasses are important due to the strong non-linear optical properties which they impart to the glass.
Cations with a non-bonding (lone-pair) of electrons, such as lead or thallium, can adopt two different types of

environment: a symmetric, highly coordinated environment, or a much more optically active,
asymmetric, low coordination environment. It has long been believed that lone-pair cations

change their behaviour as the glass composition is changed. However, there has been little
evidence on this point until a few recent studies which have mostly not

found signs of this. 

We have used neutron diffraction to study a series of thallium
germanate glasses. We have shown firstly that the lone-pair

thallium cations undergo a change in behaviour from a symmetric
to an asymmetric environment. Secondly, we have shown

that this change is associated with the germanate
anomaly – a growth and subsequent decline in the number
of higher coordinated germanium VGe sites in the glass.

A fragment of the network in a thallium

germanate glass

Polymers 
in prison

F Barroso-Bujans, S Cerveny, A Alegría, 
J Colmenero (CSIC/UPV-EHU, Spain), 
F Fernandez-Alonso, SF Parker (ISIS)

Contact: Dr F Barroso-Bujans, fbarroso@ehu.es

Further reading: F Barroso-Bujans et al., 

Soft Matter 7 (2011) 7173

Polymer confinement at nanometer length scales
can lead to significant changes in physicochemical
properties including chain conformation and
macromolecular relaxation. In this work, two-dimensional
confinement of the ubiquitous polymer poly(ethylene oxide) was
achieved via its intercalation into graphite oxide, leading to well-
defined (subnanometer) polymer layers of thickness ~3.4 Å. The extreme spatial
confinement of the polymer phase is responsible for the suppression of crystallization and
cooperative relaxation processes. For the first time, high-resolution inelastic neutron scattering
experiments on Tosca show that poly(ethylene oxide) under these extreme confinement
conditions adopts a planar zig-zag conformation which in no way resembles the characteristic
helical structure of the bulk crystal. Moreover, the neutron data also account for a drastic
reduction in long-range order and chain mobility. 

Supramolecular science and nanotechnology
‘There is plenty of room at the bottom’ 

– RP Feynman 

Poly(ethylene oxide) confined

between two graphite-oxide

sheets, leading to a single

polymer layer of thickness

~3.4 Å. Neutron spectroscopy

shows that the polymer is

forced to adopt an unfolded

planar conformation.

Snapshot of the bulk structure of

ethylammonium nitrate from neutron

diffraction and computer simulation.

Two interpenetrating networks of

polar (red) and apolar groups (grey)

can be identified.



H I G H L I G H T S O F  I S I S  S C I E N C E

16

I S I S  P U L S E D  N E U T R O N  A N D  M U O N  S O U R C E

17

Low energy 
spin-gap studies of LiErF4

N Nikseresht (EPFL, Switzerland), B Dalla Piazza, HM Rønnow (Ecole Polytechnique
Federale de Lausanne), R Bewley, J Taylor (ISIS), C Kraemer (ETH-Zurich)

Contact: Dr R Bewley, robert.bewley@stfc.ac.uk; Dr J Taylor, jon.taylor@stfc.ac.uk

Further reading: C. Kraemer Phd Thesis ETH-Zurich 2009

(http://infoscience.epfl.ch/record/144121)

Arguably the most fundamental collective physics problem in magnetism is that of interacting
dipoles. Yet investigations of antiferromagnetic dipolar-coupled magnets have been scarce
due to lack of materials exhibiting this property and due to the low energy scale involved. 

We have established the material LiErF4 as a dipolar antiferromagnet exhibiting both classical
and quantum phase transitions. The excellent resolution of the new Let instrument on the ISIS
Second Target Station has allowed direct observation of the full pattern of magnetic
interactions in the material, including accurate measurement of a tiny 25 μeV energy gap.
The excellent signal and low background allowed full 4-dimensional datasets (3 momentum
directions and one energy axis) to be recorded. While detailed analysis and a follow-up
experiment are still ongoing, the results so far are providing detailed information on the
nature of the phase transitions and how the behavior of LiErF4 is linked to that of other
materials. The excellent instrument resolution and high flux of Let open a new range of low
energy scales that can be exploited by neutron spectroscopy to address fundamental
questions in quantum physics.

Let probes excitations 
in a quantum Ising chain

IM Cabrera, R Coldea (Oxford University), R Bewley, J Taylor (ISIS), D Prabhakaran (Oxford Univesity)

Contact: Dr R Coldea, r.coldea@physics.ox.ac.uk

Further reading: R Coldea et al., Science 327 (2010) 177

The newly commissioned Let spectrometer on the ISIS Second Target Station, combined with the vertical-opening 9 T magnet
and dilution refrigerator insert, offers unparalleled opportunities for probing atomic dynamics with high resolution and wide
coverage in all three momentum directions. 

We have used Let to explore the magnetic behaviour in
CoNb2O6. We recently showed this material to be the first
experimental realization of the much theoretically-studied Ising
chain in transverse field. Here ‘quantum melting’ of order
occurs above magnetic fields of 5.5 T, in which spontaneous
long-range order is replaced by a gapped ‘quantum
paramagnet.’ We have probed the magnetic behaviour in this
high-field phase at 7 T along both interchain crystal directions
and confirmed a model of frustrated interchain couplings.
Knowing the strengths of these couplings is important as they
are responsible for the formation of a ‘Zeeman’ ladder of
confined bound states in zero field.

Top: Magnetic behaviour at 7 T along the chain and two inter-chain

directions measured on Let. Dashed lines show behaviour expected for

a model of frustrated interchaing couplings. Bottom: ‘Zeeman’ ladder

of bound states in zero field measured on Iris.

Using neutrons to probe 
electron clouds in crystals

MD Le (Helmholtz Center Berlin), KA McEwen (University College London), J Jensen (University of Copenhagen), M
Rotter (Max-Planck Institute Dresden), RI Bewley, T Guidi (ISIS)

Contact: MD Le, e-mail: duc.le@helmholtz-berlin.de

Further reading: MD Le et al., submitted to J. Phys.: Condens. Matt. (2011).

Contrary to the popular view that an electron is a ball-like particle orbiting the nucleus, quantum mechanics dictates that
it ought to be described in terms of a spatial probability distribution – a charge cloud, rather than a rigid ball. The shape of
such a charge cloud is uniquely defined by its orbital angular momentum, and can be conveniently decomposed into

different multipoles (e.g., monopole, dipole, quadrupole, …). In general, electron
clouds around different atoms are not correlated, but in certain ordered
compounds they are. As neutron scattering relies on the constructive interference
of rays scattered from an ensemble of many atoms, only such compounds are
amenable to study. Further, the shape of a given electron cloud can also change
with time, and its temporal evolution can be probed via inelastic neutron
scattering. The accompanying figure shows data from a quadrupole-ordered UPd3
crystal measured on the Merlin spectrometer. From an analysis of the energy- and
momentum-transfer dependence of the scattered intensity, it is possible to deduce
how electron clouds around particular atoms evolve in time.

Left: measured UPd3 dispersion relations at T=3.5 K. Below: time-resolved snapshots of the

electronic charge distribution associated with the intense inelastic mode around 14 meV.

Mapping out 
a quantum spin liquid

FL Pratt, PJ Baker (ISIS), SJ Blundell, T Lancaster (Oxford), 
S Ohira-Kawamura (J-PARC), C Baines (PSI), Y Shimizu (Nagoya), K Kanoda (Tokyo), 
I Watanabe (RIKEN), G Saito (Kyoto)

Contact: Dr FL Pratt, francis.pratt@stfc.ac.uk

Further reading: FL Pratt et al., Nature 471 (2011) 612

In magnetism, the idea of a quantum spin liquid phase has fascinated
theoretical and experimental physicists for many decades. In such a phase, the
ordered magnetic state, as usually found in systems of interacting magnetic
spins, is completely absent due to the destabilising effect of strong quantum
fluctuations.  

Although the idea of the spin liquid is quite old, it is only recently that
experimental systems have become available that show all the hallmarks of
such a state. This is particularly the case in materials containing triangular
lattices of spin-1/2 molecular radical dimers. One such system, κ-(ET)2Cu(CN)3,
has been the focus of intense study since its discovery a few years ago.
Muons provide an exquisitely sensitive local probe of magnetic properties.
Recent muon experiments at ISIS show that a weak magnetic phase can be
recovered from the spin-liquid phase using a very small magnetic field. 

Quantum Matter 2 ‘More is Different’ – PW Anderson

The ordering expected for a

triangular lattice S=1/2 Heisenberg

antiferromagnet (background). 

Left: the κ−(ET)2Cu2(CN)3 spin liquid.

Right: field-induced recovery of its

suppressed magnetism.
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ISIS helps UK magnesium producer 
with a cracking problem

M Turski (Magnesium Elektron, Manchester, and Open University), AM Paradowska, 
S-Y Zhang (ISIS), D Mortensen, H Fjaer (Institute for Energy Technology, Norway), 
J Grandfield (Grandfield Technology Pty Ltd, Australia), B Davis, 
R DeLorme (Magnesium Elektron North America, Madison, USA)

Contact: Dr. M Turski, Mark.Turski@magnesium-elektron.com

Further reading: M Turski et al., submitted to Metallurgical and Materials Transactions A (2011)

Scientists from ISIS have worked in partnership with UK company Magnesium Elektron to solve
manufacturing challenges. 

Magnesium Elektron is a world leader in magnesium technology and alloy development. 
The company, who first produced magnesium in Manchester in 1936, specialises in the
development, manufacture and supply of magnesium products to technology industries
worldwide. Their alloys are extensively used for applications in the aerospace and automotive industries. 

“Magnesium is 30% lighter than aluminium, and therefore it could be used for components in the transport industry to help
reduce emissions. For magnesium to be a financially viable alternative to aluminium, we need to be able to mass produce it.
However, we were unable to mass produce it as large slabs because they cracked during casting,” explained Dr Mark Turski, a
senior metallurgist at Magnesium Elektron.

The company used Engin-X, the engineering beamline at ISIS, to examine the residual stress in large magnesium alloy slabs that
caused the cracking. Using neutrons, scientists from Magnesium Elektron were able to build up an accurate picture of where
the strain and stress were within the casted slabs.

Magnetic imaging using 
a time of flight neutron beam

Dr A S Tremsin (University of California at Berkeley), Dr M Strobl (Hahn-Meitner-Institut), Dr C J Kinane, 
(STFC), Dr S Boag (STFC), Dr R M Dalgliesh (STFC),  Dr J Kelleher (STFC)

Contact: Dr A S Tremsin (ast@ssl.berkeley.edu), Dr C J Kinane (christy.kinane@stfc.ac.uk)

Further reading: A. S. Tremsin et. al., in print, Nucl. Instr. and Meth. A. 652 (2011) 400.

The recent development of fast, highly pixelated neutron detectors capable of performing transmission radiography at a pulsed
source, along with 3He spin filters, has opened up a number of interesting new possibilities in polarised neutron imaging from
magnetic materials. For instance, by combining the inherently good energy resolution of a time of flight (TOF) instrument at a
pulsed source with high spatial resolution it is possible to perform detailed structural and compositional analysis of complex
materials. By the addition of neutron polarisation (provided by polarised 3He spin filters) it also becomes possible to directly

image magnetic flux both in vacuum and within materials, akin to
using the neutrons as iron filings to show magnetic field patterns. The
additional image contrast observed in polarized neutron imaging
results from the precession of the neutron spin in a magnetic field, e.g.
within the sample. The amount of rotation depends on the wavelength
of the neutron. The good wavelength resolution of a pulsed neutron
source (<0.1% Δλ/λ) should produce better resolution than that of a
reactor (>1% Δλ/λ). The Crisp reflectometer was used to demonstrate
that polarised neutron imaging can be performed at ISIS with these
advantages of the TOF technique.

Image of measured intensity variation caused by neutron precession in the

magnetic field of a simple DC coil. The coil is oriented horizontally along the

fringes. The variation of image intensity is shown as a function of TOF

(wavelength) for three regions of interest. This can be used to reconstruct the

magnetic field of the coil.

Neutron Compton scattering 
in moderate-mass systems 

AG Seel, A Sartbaeva, PP Edwards (University of Oxford), J Mayers, AJ Ramirez-Cuesta (ISIS)

Contact: Prof. PP Edwards,  peter.edwards@chem.ox.ac.uk

Further reading: AG Seel et al., J. Chem. Phys. 134 (2011) 114511

This study suggests for the first time that the technique of neutron Compton scattering (NCS) may be extended beyond the
study of the lightest elements (such as H or He isotopes) to provide additional information about the profile widths of
heavier nuclei in complex systems. If the relative stoichiometry of heavier elements in a material is known, fixing it in the

standard Vesuvio data-analysis procedures enables a determination
of neutron Compton widths.

Measurements were conducted on three systems: bulk NaH,
amorphous Na within a silica gel framework (SiGNa), and a system
with both amorphous Na and NaH nanocrystallites encapsulated in
the framework (SiGNaH). In addition to subtle differences in the
proton momentum distribution in NaH and SiGNaH, a systematic
increase in Na Compton widths is demonstrated in SiGNa, SiGNaH
and bulk NaH. This sensitivity to chemical environment is further
supported by examination of O and Si widths in the gel samples.

NaH nanocrystallites (or amorphous Na) can be encapsulated in a silica gel

framework, and studied by neutron Compton scattering.

Understanding 
the deep Earth

A Lindsay-Scott, IG Wood, DP Dobson, L Voc̆adlo, JP Brodholt (University College London), 
T Taniguchi (National Institute for Materials Science, Japan),  KS Knight, MG Tucker (ISIS)

Contact: Dr I Wood, ian.wood@ucl.ac.uk

Further reading: Lindsay-Scott et al., Phys. Earth. Plan. Int. 182 (2010) 113

At the bottom of the Earth’s lower mantle and just above the liquid outer core,
there is a ~300 km thick region termed the D''-zone. Although thin, this zone
plays a crucial role in Earth’s evolution as it regulates heat exchange from
the metallic core to the silicate mantle and is the source of plume-style
mantle convection. D'' is associated with a change in crystal structure of
MgSiO3 perovskite – the major mineral in the lower mantle – to a denser
‘post-perovskite’ form. Post-perovskite MgSiO3 is stable only at million-
atmosphere pressures and so it is impossible to measure directly many of
its physical properties. Instead, measurements must be made on other
materials with the same structure and combined with computer simulations to
estimate values for the D'' MgSiO3 structure. Our experiments at ISIS on CaPtO3,
one of very few post-perovskites stable at atmospheric pressure, show that its structure
responds to temperature differently from MgSiO3 and so it may not be a suitable
substitute. The search for good post-perovskite analogues must, therefore, continue.

The structure of the deep Earth and the D'' region between lower mantle and core. Post-perovskite

MgSiO3 in D’’ consists of layers of octahedra and hendecahedra. In the lower mantle, MgSiO3 is made

up of corner-linked octahedra.

Materials and technologies ‘Nothing tends so much to the advancement of knowledge

as the application of a new instrument’ – H Davy

Direct chill (DC) cast slab being

positioned on Engin-x.
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ISIS users
at work

Above: Yasuhtro Takabayashi and Ruth Zadik

(University of Durham) using muons to study

magnetism and superconductivity in hyper

expanded fullerides.

Above centre: Anusha Kankanale and Jon

James (Open University) using Engin-x to

explore the effects of post-weld heat

treatment on a dissimilar metal butt weld.

Above right: Jon Duffy (University of Warwick)

investigating the dynamics of confined CO2

on Mari.

Left:  Stephen Gaw (university of Oxford)

using Merlin to investigate the origin of

high-temperature magnetoelectricity in CuO.

Left:  Robbie Warringham (University of Glasgow)

using Maps to improve understanding of the

active phase of iron-based Fischer-Tropsch

catalysts.

Below: Fabio Bruni

(University of Rome),

Katrin Winkel

(University of

Innsbruck), Alessia

Giuliani (University

of Rome) and Mark

Adams (ISIS) using

Vesuvio to study

the environment of

water protons in

amorphous ices.

Tristan Youngs and John Holbrey (Queens

University, Belfast) using Sandals to conduct

studies on the hydration of the nootropic

drug piracetam.

Nancy Ross (Virginia Tech, USA) determining

the thermodynamic properties of the

hydration layers on porous alumina

nanoparticles using Tosca.

Right: Anton Tremsin (University of California) developing high resolution 

Bragg edge time of flight transmission detectors on Engin-x.

Below: Edward Bilbe, Elena Marelli, Ann Chippindale and Simon Hibble 

(Reading University) studying structure-property relationships in 

photoluminescent platinum and palladium cyanides on Gem.



Technology development at ISIS is a continuous process, driven in response to the changing scientific
needs of the user community and to maintain ISIS as a world-class neutron and muon source. Evolution
of existing instruments and construction of new ones, together with advances in neutron and muon
techniques, provide fresh opportunities for materials investigations. Technology developments within
the ISIS accelerator complex are designed to improve ISIS reliability and performance.

The past year has seen work starting on four new instruments for the Second Target Station. In addition,
a huge amount of work was carried out across ISIS during the planned maintenance shut-down at the
end of 2010. Alongside technical developments comes a wide range of other activities – science
workshops, training courses, user meetings, public understanding of science events, schools visits – to
name but a few.

Technology 
and training

Rachel Evans (Trinity College, Dublin)

preparing samples to study the controlled

assembly of cationic polythiophene-surfactant

complexes on Loq.
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Imat
Imat is a neutron imaging and diffraction instrument for materials science. The instrument
will offer a combination of possibilities such as neutron radiography, neutron tomography,
energy-selective imaging, neutron strain scanning and texture analysis. The combination of
these analytical techniques on the same instrument is unique and will
allow new types of experiments to be carried out. For
example, residual stresses inside engineering-
sized samples can be more effectively analysed
if the diffraction scans are guided by
radiographic data. Conversely, diffraction
analysis may be indispensable for a
quantitative analysis and physical
interpretation of the attenuation
features observed in radiography data.
Imat will have a straight neutron guide to
transport the neutrons to an aperture selector
giving a maximum field-of-view of 20 x 20 cm2

at a sample position at 56 meters from the
moderator. 

The new Imat instrument.

Zoom
Zoom will be a flexible, high count rate small-angle scattering instrument ideally suited
for kinetic and dynamic experiments. Additionally, it will allow for grazing incidence
techniques to study surface structures and
will be able to polarise neutrons for studies
of magnetic materials. It will be the first
ISIS instrument to use focusing, which,
when coupled with a high resolution, two
dimensional detector, will enable us to
reach very small Q, ~ 0.0003 Å-1 (~ 2 μm)
with a wide simultaneous Q range out to at
least ~ 0.15 Å-1. Stage 1 of the design, a
highly flexible small angle instrument, is
presently underway.

Larmor
Larmor will extend both the spatial and temporal ranges

accessible to the neutron technique and is particularly
applicable to soft matter and biomolecular science. It

will exploit the Larmor precession of the neutron
spin to deliver a suite of techniques extending
those presently available at ISIS. Larmor will

initially be used for small angle neutron scattering
(SANS) with polarisation analysis, spin-echo SANS and

Larmor diffraction, but additional operational modes will be made available as the instrument develops.
Detailed instrument design is now underway, and component procurement has started.

Chipir 
Concrete shielding for Chipir, an instrument
designed to look at the effect of cosmic
radiation on microchips, has been
manufactured and installed this year. This
shielding stops stray neutrons from the
instrument entering the experimental hall, and
creates a platform on which Chipir will be
placed.

Chipir will be one of only a handful of facilities outside of the US
capable of looking at the response of silicon microchips to cosmic
radiation. Cosmic radiation has the power to cause the failure of
critical electronic systems such as those found in aircraft and road
vehicles. The new neutron beam line will replicate the cosmic
radiation that can affect microchips. The findings will help
manufacturers build more reliable electronic systems for use in cars,
planes and other devices.

Right: Beginning of the construction of the Chipir beamline.

Above: Design drawing of Chipir.

From Phase One to Phase Two!  
Alongside the seven instruments that are up and running on the ISIS Second Target Station,
construction has started on four new ‘Phase 2’ instruments following the announcement of funding by
David Willetts MP, Minister for Universities and Science, in March. Chipir, Larmor, Zoom and Imat will
all be built over the next few years.

Advances in 
instruments and techniques

Design drawing of the new Larmor

instrument.

Design drawing of Zoom.
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First user experiment on Let 
Radu Coldea and Ivelisse Cabrera (Oxford University) were the first scheduled
users on the new Let spectrometer on the Second Target Station. A single
crystal of CoNb2O6, a quasi-one-dimensional Ising ferromagnet, was mounted
on a rotation stage in a dilution fridge at 50 mK in the new 9T magnet which
was designed specially for Let. This was therefore a complex experiment, but it
was very successful nevertheless – see highlight on page 16.

TOSCA Chopper Upgrade
With a new disc chopper running at 10 Hz, the energy-transfer range on Tosca
has been extended below 3 meV. This development provides new scientific
opportunities, particularly in the study of the interplay between low-energy
excitations and molecular mobility in a wide range of applied systems
(hydrogen storage, catalysis, proton conductors, soft nanocomposites, etc).
It also provides a direct link to quasielastic studies on Osiris and Iris.

The new, four-bladed Tosca chopper.

Polaris
The upgrade of the Polaris instrument is nearly completed, and
commissioning experiments are planned to begin towards the end of
2011. When finished, 38 modules of fibre-coupled scintillation
detectors will contain some 400,000 m of fibre optic light guides and
will give Polaris a count rate up to 20 times higher than the old
instrument. New opportunities in the study of disordered and
nanostructured materials, in-situ investigations of chemical and
electrochemical reactions and texture measurements of historical
artefacts will become routinely available.

The new Polaris tank being fitted with detectors.

Pearl
Over the past year the high-pressure
diffraction facility at ISIS (Pearl) has
undergone a major upgrade to improve the
diffraction data resolution and detector
stability while maintaining as large as
possible incident flux and d-spacing range.
All of the detectors have been replaced, with
the new modules incorporating the latest
design of ZnS scintillator detector element.
The commissioning trials conducted so far
have demonstrated the anticipated
resolution gains very well. The Pearl upgrade
work has been part-funded by the Spanish
government via the CSIC research council in
partnership with Spanish companies AVS and
Scientifica.

Geoff Eacott (ISIS) working on the Pearl detector banks.

The new Mantid interface showing data analysis and visualisation on Tosca.

Mantid goes International
Mantid is a data analysis framework and application to support
the neutron and muon communities. The project started as a
joint collaboration between ISIS and Tessella, and has now
grown to include the SNS and HFIR facilities at the Oak Ridge
National Laboratory (ORNL). In the last 12 months the data
reduction for direct and indirect-geometry spectrometers has
been moved to operate within the Mantid framework, so that,
for example, Iris, Osiris and Tosca data can be fully reduced
using Mantid.

Advances in 
instruments and techniques

Left: Construction of the 4m long position-sensitive detectors for Let.

Below: Ivelisse Cabrera (Oxford University) during the first scheduled

experiment on Let.
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Polarisation
This year saw a significant milestone in the ISIS
polarized neutron project – the first wide-angle
polarised neutron measurement ever performed at
ISIS. A full polarisation analysis measurement of
silicon powder was performed on the Wish
diffractometer on the Second Target Station, using the
new uniaxial field-coil polarized neutron insert.   The
flipping ratios of the silicon Bragg peaks (the ratio
between spin-up and spin-down scattered neutrons)

gives a
measurement of the
polarisation of the
beam. 

With the delivery of
the ISIS 3He ‘filling
station’ at the end
of 2011, polarised
neutrons will be
available on both
Wish and Let in the
coming year.

Stephen Boag (ISIS)

craning the polarisation

field-coil insert into the

Wish diffractometer.



Accelerator
and target news

The past year saw an extended maintenance shutdown for ISIS, from August 2010 to
February 2011. The shutdown was necessary to replace a wide range of ageing ISIS
equipment and components, many of which were installed over 25 years ago. Two major
projects were carried out: refurbishment of part of the proton beamline for ISIS Target
Station 1, and replacement of heavy-duty electrical cable for the accelerator magnets. In
addition, some 700 smaller tasks were also completed: around 200 tasks on the
accelerators, 200 on the neutron target systems and 300 on the neutron beam lines and
instruments, including major rebuilds of Pearl and Polaris.

Refurbishment of the
proton beamline 
to Target Station 1
After 25 years of being bombarded by high energy
protons, the proton beam exit window in front of the
neutron target in target station 1 had become weak.
During the six month shutdown, nearly 60 people
worked on the project to replace the window.

The refit was planned in great detail over several years
since special long-reach tools, machines and shielding
flasks had to be designed and constructed, movable
thick steel shields had to be deployed, and rehearsals of
the whole refurbishment were made using a full-scale
mock-up of the work area. The project involved
removing the layers of concrete and steel shielding
above the proton beam, a 4-week task in its own right.

In addition to replacing the proton beam window, three
new quadrupole magnets were also installed, replacing
older magnets and providing
additional control for the
proton beam.

Inset: The team who worked on

the Target Station 1 proton

beamline refurbishment. The

three new quadrupole magnets

can be seen in the foreground.

Right: Adrian Hooper and Steve

Cook working on remote tooling

for the proton beamline

refurbishment.

Rewiring the ISIS
synchrotron
Also during the long shutdown, over 2km of heavy-duty
power cables were replaced in the ISIS synchrotron
accelerator. The cables deliver rapidly-varying currents up
to 1000 amps to the bending magnets controlling the
proton beam path.

A ring of 10 bending magnets in the ISIS synchrotron
keeps the proton beam within the evacuated beam tube as
it is accelerated. As the beam gets faster during
acceleration, the current in the magnets is increased to 

give the larger and larger magnetic fields needed to keep
the beam following the correct path. 

The power cables for the magnets were originally installed
in the 1980s. The cables were jointed, and over the past
two years joints have begun to fail more and more
frequently. To improve performance, the entire cable
installation was replaced with single continuous cable runs
– a job involving many weeks of specialised work
removing heavy cables, each 4 cm in diameter.

Adrian McFarland (ISIS) in the inner synchrotron during the recabling

work.

Second Target Station target
The long shut-down also saw replacement of the target in TS-2. 
A revised design with improved cooling based on experience of operating
the target since TS-2 began running was installed. The new target was
designed and manufactured within 8 months – a big achievement.

Finite element modelling of

heat flow in the new TS-2

target, near right, together

with an initial target mock-

up, far right.
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Synchrotron magnet
replacement
From time to time the main bending (dipole) magnets in the ISIS
synchrotron accelerator are replaced. This involves splitting a
magnet in half and refitting new upper and lower coils as well
as cleaning up the yoke and laminations. 

Above: Jamie Searis, Steven Cook, Adrian Hooper and Oliver Newell (ISIS) working

on the lower coil during replacement of a synchrotron dipole magnet.

Right: New extract and injection septum magnet busbar system 

for the ISIS synchrotron.

Accelerator
and target news
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Left: Hayley Smith, from the Synchrotron
Physics group, was awarded second place at
this years ‘Present Around the World (PATW)’
competition, for her outstanding presentation
on foil studies. PATW are technical
competitions in which students and young
professionals give a ten minute presentation
on an engineering or technology subject of
their choice. Having won the local and
regional heats, Hayley presented her stripping
foil studies at the national final in Birmingham
in July and won second place. Stripping foils
are used in the ISIS synchrotron to convert H–

ions to protons.

The ISIS synchrotron accelerator is
a complex machine requiring
people with different areas of
expertise to maintain, operate and
develop it. Seen here are members
of the synchrotron group.

Right: Installation of new
synchrotron steering magnet and
trim quadrupole power supplies in
the ISIS inner synchrotron. The
new power supplies are capable of
delivering a higher current output
and a programmed current
waveform with a slew rate of
300,000 Amps per second, twice
that of the existing units.
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A year
around ISIS

Neutron Training
Course
The ISIS neutron
training course was held in
May. The course is aimed at
researchers new to neutron scattering (mainly
1st year PhD students) and provides practical
experience of the set-up and running of the full suite
of neutron instruments at ISIS. In addition the
students receive lectures in the technique of time-of-
flight neutron scattering, and learn about the
production of neutrons at a spallation source. This
year 25 participants attended the 8-day course.

Right: Students at the 2011 ISIS Neutron Training Course.

Cella Energy Ltd
Cella Energy is a spin-out from ISIS. The
company has already gained major
investments from specialist chemical
company Thomas Swan & Co Ltd., who
signed an agreement on 24 January
2011, and Space Florida who have led
further investments of $2.5m. Cella
Energy has developed a novel
technology that allows hydrogen to be
stored in a cheap and practical way,
making it more suitable for widespread
use as a carbon-free alternative to
petrol.

The Centre for Materials Physics and Chemistry at STFC, together with the
Hartree Centre and Hubbard Theory Consortium, held a two-day workshop at
RAL in June. There was a wide range of talks from researchers from the UK,
Europe and further afield. The meeting was part of the South East Physics
Network (SEPNet) summer programme ‘Condensed Matter Physics in the City’,
focused on stimulating discussions between theorists and experimentalists in
the field of magnetism and strongly correlated and interacting electron
systems.

Attendees at the Large Scale Structures User Group Meeting held at Cosener’s House 24-25th

January. The meeting included talks, posters and a discussion session.

Above: Prof Stephen Bennington from ISIS, Chief

Scientific Officer for Cella Energy, showing a Cella

Energy storage device.

ISIS scientist wins neutron prize for novel nanoscience technique
Rob Dalgliesh from ISIS has been awarded the prestigious BTM Willis Prize for neutron scattering. This is in recognition of
his development of novel neutron techniques that are opening up new areas of fundamental and applied research in
nanoscience. The prize is awarded bi-annually by the Neutron Scattering Group of the Institute of Physics (IOP) and the
Royal Society of Chemistry (RSC). Rob has pioneered a new instrument called Offspec, one of the instruments on the ISIS
Second Target Station. It is designed to look at microscopic structures
such as those found in polymer blends (plastics) and surfactants (soaps
and detergents). Right: Robert Dalgliesh receives the Willis Prize from Dr Ali Zarbakhsh.

Faraday Discussion 151: 
hydrogen storage materials
Organised by the Faraday Division of the Royal Society of Chemistry
and supported by ISIS, this Discussion was held at RAL in April and
attracted 115 participants from 10 countries.
It focused on hydrogen storage for fuel
applications, and included discussion of
adsorption and reaction of hydrogen by
materials, from synthesis to characterisation.

Condensed Matter in the City meeting 
held at ISIS

Condensed Matter in the City meeting 
held at ISIS

Above: Attendees at the meeting on Magnetism and

Strongly Correlated and Interacting Electron Systems,

RAL, June 16-17.

Above: Faraday Discussion 151 on hydrogen

storage materials was held at RAL in April.

Image courtesy of Pacific Northwest National Laboratory, USA.
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A year
around ISIS

ISIS represented at The Big Bang 2011 
The Big Bang 2011 is one of the UK’s biggest science events for young people celebrating
science and engineering, with over 20,000 people attending. The theme of the ISIS stand
at the 2011 event, held in London, was low carbon energy. The stand featured mini
hydrogen-powered cars and an array of novel hydrogen storage material samples, with
experts from ISIS and Cella Energy on hand to answer visitors’ questions.

Left: Visitors to ISIS’ Big Bang

exhibition learning about

hydrogen-powered cars.

New Xpress services
Xpress services have existed on some ISIS
instruments for quite a while. They enable a
‘measure-by-courier’ service that is suitable when
only very limited neutron time is needed or for very
new or infrequent users. The Xpress services have
now been broadened to include the quasi-elastic
instruments (Iris and Osiris) together with the muon
spectrometers. They are an ideal way to do an initial
characterisation of a sample or check a sample’s
feasibility for future experiments. Full details can be
found in the ‘Applying for beamtime’ section of the
ISIS website.

Elastic intensity

vs temperature

for a dry protein

measured on

the Osiris

spectrometer –

an example of a

typical

measurement

that can be

performed via

QENS Xpress.

Above: ISIS presented the operating and phase 2 Second Target Station

instruments at the European Conference on Neutron Scattering held in

Prague in May. Here we see the ISIS team demonstrating complex

scattering experiments to delegates.

Below: Students attending the RAL Particle Physics Masterclass in March

being shown the ISIS Second Target Station by James Lord (ISIS).

Students from Reading Blue

Coat School have been

working with ISIS scientist

Johnny Boxall on neutron

detector technology. This

pairing is part of the

nationwide Engineering

Education Scheme, which

matches scientists and

engineers with students from

local schools. The AS level

students were asked to

examine alternatives to

photomultiplier tubes, part of

the detection system in some

instruments at ISIS. The

students wrote a report

about their findings and had

to present their research at

the Engineering Education

Scheme Celebration Day at

RAL. All four pupils are now

determined to apply to

engineering courses at

university.

Right: Chinese steel company,

Baoshan Iron and Steel Co., Ltd

(Baosteel Co,.Ltd), visited ISIS in

June. Vice President Jianfeng

Zhou, together with Pijun Zhang,

Xiuzhen Lin, Laizhu Jiang,

Hongzhi Shi and Yang Zhao were

joined by Prof Yulong Ding

(University of Leeds) and Dr

Hongbiao Dong (University of

Leicester). The visit was hosted by

Robert McGreevy (ISIS) and Shu

Yan Zhang, instrument scientist

on the ISIS Engin-x engineering

beamline.
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ISIS users
at work

ISIS facility
access panels (FAPs)

Liz Rodriguez, Lucy Rayner, Steve Perkins and Keying Li (UCL) 

using Sans2d to study the solution structures of immunologically

important proteins.

Right: Johannes Moller and Stephen Blundell (University of Oxford)

exploring a field-induced spin Luttinger liquid phase in a spin ladder

using HiFi.

Below right: Matt Hudson and Wendy Queen (university of Maryland,

USA) conducting neutron scattering studies of hydrogen rotational

transitions in metal organic frameworks for gas storage applications.

Below: Mario Campana (Queen Mary University London) using Inter

to conduct a structural study of the hexadecane – water interface.

Neal Skipper (University College London)

reviewing proposals with other members of

the Molecular Spectroscopy FAP.

Far left: Tommy Nylander

(University of Lund,

Sweden) reading a

proposal during the Large

Scale Structures panel.

Centre left: Howard Stone

(Cambridge), Anna

Paradowska (ISIS) and Axel

Steuer (ILL, France)

considering Engineering

applications. 

Near left: Duncan Gregory

(Glasgow) chairing the

Crystallography FAP.

There are seven ISIS FAPs covering the variety of science areas studied by neutrons and muons.
Each FAP consists of experts in their subject field from the international research community.
The FAPs meet twice per year, roughly six weeks after each ISIS proposal deadline. They judge all
proposals received based on their scientific merit and timeliness.

Far left: Isao Watanabe (RIKEN, Japan), Ian Terry (Durham), Rod Macrae

(Marian College, USA) and Alan Drew (Queen Mary University London)

discussing muon proposals.

Left: Des McMorrow (Univesity College London) reflecting on an

Excitations proposal.



Publications relate to all work carried out at ISIS. Listed here

are 402 publications resulting from work at the facility that 

were published in calendar year 2010.  

ISIS publications
2010
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Stephen Cummings, Azmi Mohamed, Masanubo Sagisaka (University of

Bristol) and Sarah Rogers (ISIS) using Sans2d for studies of surfactant

modifiers of CO
2

solvent properties. 
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Background: Yuli Xiong (University of Bath) using Inter to explore nanostructured

hydrogel films.

Top left: John Claridge (University of Liverpool) preparing multiferroic samples for

structural studies on HRPD.

Left: Andrew Parnell, Tao Wang and Yohei Kamata (University of Sheffield) using

Polref to study the composition profile of multi-layered polymeric systems.
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11 May 2010

Nicola Marzari  (Oxford University)

Characterizing complex materials
from first-principles

25 May 2010

Roger Pynn (Indiana University, USA)

Some recent progress with spin echo
scattering angle measurement

8 June 2010

Dr Tomaso Aste (University of Kent)

Insights into disorder

6 July 2010

Evgenyi Shalaev (Groton Laboratories,

USA)

Water relationships in solid
pharmaceuticals - from small
molecules to biological systems

13 July 2010

Brahim Elouadi (Universite de la

Rochelle, France)

Correlation between the composition
and ferroelectric phase transitions in
Lithium niobate and related non
stoichioemtric compounds

15 July 2010

Gabriel Kotliar (Rutgers University, USA)

Towards an ab-initio theory of
correlated materials: the challenge of
the iron pnictides

20 July 2010

Paola Verrucchi (Istituto dei Sistemi

Complessi, Firenze, Italy)

Optimal dynamics for quantum-state
and entanglement transfer through
homogeneous quantum wires

22 July 2010

Senthil Todadri (Massachusetts Institue

of Technology, USA)

Quantum spin liquids and the Mott
transition

22 July 2010

Jason Ho (Ohio State University, USA)

Quantum simulation with cold
atoms: challenges and opportunities

30 July 2010

Alexei Tsvelik (Brookhaven National

Laboratory, USA)

Visual demonstration of spinon
confinement

10 August 2010

Crispin Barnes (Cambridge University)

Experimental and theoretical
analysis of magnetic moment
enhancement in oxygen-deficient
EuO

14 September 2010

Shinji Kohara (Japan Synchrotron

Radiation Research Institute)

High-energy X-ray diffraction studies
of disordered materials at SPring8

7 October 2010

Eberhard Engel (J.W.Goethe-
Universitaet, Frankfurt, Germany)
Insulating ground states of
transition-metal monoxides from
exact exchange

14 October 2010

Professor Michel Gingras (University of

Waterloo and Canadian Institute for

Advanced Research, Canada)

Open problems in the physics of rare
earth magnetic pyrochlore oxides

2-9 November 2010

Pierre Toledano (Univ. de Picardie,

Amiens, France)

Theory of the amorphous solid state

Symmetry replication in liquid
crystals, superconductors and
multiferroics

18 January 2011

Natalie Malikova (Laboratoire Leon

Brillouin, France)

Hydrophobic ions and
polyelectrolytes in aqueous solution

15 February 2011

Enrique Sanchez Marcos (Universidad de

Sevilla, Spain)

Proving the synergy of MD-XAS for
solving the structure of metal ion
solutions: the actinide aqua ion
contraction and the Pt environment
in an anticancer drug

22 February 2011

Oleg Kirichek (ISIS)

New sample environment at ISIS

1 March 2011

Rahul Roy (Oxford University)

Topological invariants and
topological insulators

22 March 2011

Peter Weightman (Liverpool University)

The physics of life: does quantum
mechanics play a non trivial role?

29 March 2011

Bill David (ISIS)

Neutron, X-ray and computational
studies of  novel hydrogen storage
materials 

ISIS hosts seminars on topics covering the range of science
undertaken at the facility by researchers from the UK,
Europe and further afield.

ISIS seminars
2010-2011

Ian Wood (UCL) conducting experiments on Osiris on the

thermoelastic properties and high-pressure decomposition

of MgSO
4
.11D

2
O relevant to planetary geology.

Right: Greg Chasse (University of

Wales, Bangor), Tian Kun

(Semmelweiss University), 

Neville Greaves (Aberystwyth

University) and David Setiad

(University of Nottingham)

exploring the structure and

dynamics of biocompatible dental

glass cements on Nimrod.

Far right: Nichola Middleton-

Stewart (University of Manchester)

using Engin-X to study temperature

dependence of the coerciver stress

in rhombohedral lead zirconate

ceramics.
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FAP 1 FAP 2 FAP 3 FAP 4 FAP 5 FAP 6 FAP 7

Diffraction Liquids Large Scale Excitations Molecular Muons Engineering
Structures Spectroscopy

D Gregory C Hardacre A Zarbakhsh D McMorrow N Skipper D Paul J Bouchard
Chair Chair Chair Chair Chair Chair Chair

D Allan C Cabrillo D Barlow A Boothroyd D Book H Dilger M Hutchings

A Bombardi F Meersman W Bouman P Dai F Bresme A Drew N O’Dowd

J Claridge G Monaco S Clarke R De Renzi S Golunski R Osborn J Quinta da Fonseca

A Florence G Mountjoy T Hase B Gaulin M Jones I Terry D Rugg

A Goodwin J Tse J Lakey B Lake M Krystyniak J Titman A Steuwer

M Hofmann R Winter T Nylander O Petrenko MP Marques T Veal H Stone

B Kennedy E Sivaniah S Raymond A Nogales Ruiz I Watanabe J Yates

P Slater P Steadman D Reznik R Senesi

R Walton I Tucker N Shannon

A Wills

I Wood

C Neylon

M Tucker D Bowron J Webster J Taylor J Mayers S Cottrell SY Zhang

S Hull A Hannon S Langridge T Perring F Demmel A Hillier J Kelleher

ISIS Facility Access Panel membership for the June 2011 meetings. The FAPs meet meet twice per year to review all proposals submitted to the facility

based on scientific merit and timeliness. 

ISIS user survey results from 2007 to 2011.

ISIS
panels

Director ISIS A D Taylor

ISS Division Head U Steigenberger

IEO Division Head Z A Bowden

II Division Head D Greenfield

IDM Division Head R L McGreevy

ISS Deputy Division Head P J C King

A D Kaye ISIS User Programme Manager

ISIS User Committee Membership for June 2011. The IUC exists to represent the user community on all aspects of facility operation.

Chair D Lennon University of Glasgow

IUG1 Crystallography D Gregory University of Glasgow

A Powell Heriot-Watt University

IUG2 Liquids & Amorphous J Holbrey Queen’s University Belfast

B Webber University of Kent

IUG3 Large Scale Structures A Zarbaksh Queen Mary College, London

J Lakey University of Newcastle

IUG4 Excitations J Goff Royal Holloway University London

P Salmon Bath University

IUG5 Molecular Spectroscopy F Kargl University of Aberdeen

D Lennon University of Glasgow

IUG6 Muons S Kilcoyne University of Salford

T Lancaster University of Oxford

A Drew Queen Mary University of London

IUG7 Engineering M Fitzpatrick The Open University

M Preuss University of Manchester

D Dye Imperial College London

User Satisfaction 
All users visiting the facility are invited to
complete a satisfaction survey which
addresses the quality of the scientific,
technical and User Office support, the
ISIS, instrument and support equipment
performance and reliability, and the
quality of the accommodation and
restaurant facilities. The feedback
obtained in this way helps to ensure a
high quality service is maintained and
improved where necessary. 
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ISIS user satisfaction survey

Scientific support

Technical support

User office

ISIS reliability

Instrument
performance

Instrument
information

Sample environment
equipment

Software

Accommodation
on site

Accommodation
off site

Food in RAL
restaurant

Vending areas

Processing claims

Out-of-hours
technical support

Out-of-hours
scientific support

2007

2008

2009

2010

2011

Ricardo Fernandez-Perea (IEM, Spain), Febienne

Barroso-Bujans and Carlos Cabrill (CSIC, Spain) during

their studies of the kinetics of molecular intercalation

into graphite oxide on Nimrod

ISIS Facility Access Panel

ISIS User Committee
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Bottom left: Chris Howard and Paddy Cullen (University College

London) using Nimrod to study the structure of Ca- and Yb-

ammonia solutions.

Bottom right: Hui Xu (Oxford University) preparing samples for

studies on Inter of spontaneous multilayer formation at

interfaces in mixed surfactant systems.

Below: Mauro Ricco and Mohammad Choucair (Parma

University) using Emu to study the magnetic properties of

grapheme.

Right: Maja Hellsing (Uppsala University) investigating the organisation of

latex particles in solution and at the water-sapphire interface on Offspec.

Left: Vassili Vorontsov and Sophia Yan (Imperial College London) during

their time using HRPD to study lattice misfit in Co-based superalloys.

ISIS users
at work
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