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What a long way we have come since

1984! Not just in terms of the instrument

suite – a fully-developed first target

station, and a brand-new second target

station with seven operating instruments

and potential for so much more – but in

terms of the science we have delivered.

And what advances in science! I doubt

that we would have predicted, 25 years

ago, that ISIS would be exploring materials

used to repair cleft palates, or for drug

delivery, or protein arrays for medical

diagnosis. Or the myriad other applications

that neutron scattering now has, in

addition to the more traditional areas of

superconductivity and magnetism. Who

knows what will the next 25 years hold!

One sign of a mature science facility is

the partnerships that it has fostered. ISIS is

no exception: collaboration with

researchers from The Netherlands to realise

the Offspec reflectometer; or Nimrod developed

with colleagues from Italy; or Spanish colleagues

building the tank for LET and detectors for Pearl;

or the upgrade of Polaris with scientists from

Sweden – to name but a few. And this year we

celebrated 20 years of muon science

collaboration with the RIKEN institute of Japan

through the RIKEN-RAL muon facility. Prof Ryoji

Noyori, Nobel Laureate and President of RIKEN,

signed an agreement which will continue our

partnership for many years to come.

But it is people that enable all this to happen.

Members of the user community become

collaborators and close colleagues, working with

ISIS staff to produce science of the highest

quality. The ISIS team consists of hundreds of

people – many seen here – each with individual

skills and expertise that combine to make ISIS the

world-leading facility that it is. It is invidious to

single out any individual staff member, but

recognition this year must be paid to Harry Jones,

Head of the ISIS Target Division, who retired after

a career spanning five decades. Awarded an MBE

in the New Year Honours this year for his services

to science, he exemplified the qualities needed to

manage a project of the scale and complexity of

the Second Target Station.

As I write, ISIS is within a long shut-down

period. We are refurbishing parts of the

accelerator and proton beamline systems to

provide for many future years of running. And we

are further developing our instrument suite

through upgrades to Polaris and Pearl, and are

eagerly awaiting the next phase of second target

instruments. There are undoubtedly tough times

ahead, and ISIS will not be immune from the

current financial squeeze. But we are looking

forward to further great science in 2011 – and for

a long time beyond!

Happy Birthday ISIS!
The ISIS Facility Board has been created
to provide advice to STFC and ISIS on
ISIS operational performance. The
Board met for the first time in
February. Seen here during their
visit to ISIS are Prof Tom McLeish
(Durham University, Chair), Mr
Jonathan Flint (Oxford Instruments),
Prof Andrew Harrison (Institut Laue
Langevin), Dr Stuart Henderson (Oak
Ridge National Laboratory), Dr David
Lennon, (Glasgow University), Professor
Peter Littlewood (Cambridge University)
and Prof Bob Newport (Kent
University). 
10EC1255

Prof Ryoji Noyori (President,
RIKEN, Japan) and Prof Keith
Mason (STFC Chief Executive)
signing an agreement to renew the
partnership between STFC and
RIKEN for muon science.  This year
saw the 20th anniversary of the
first RIKEN-RAL agreement, signed
in 1990, which established the
RIKEN-RAL muon facility at ISIS.
10EC2488

▼ Dr Robert Kirby-Harris,
Chief Executive,
Institute of Physics,
examining a single
crystal array with 
Toby Perring (ISIS)
during his visit in April.
10EC2808

New STFC council member
Will Whitethorn (President
of Virgin Galactic, right)
being shown ISIS by Chris
Frost during his visit in June.
10EC2809

▼ New STFC Chairman 
Professor Michael Stirling
visited ISIS in September. 
Left to right: Dr Andrew Taylor
(ISIS Director), Mrs Sterling, 
Prof Stirling and Prof Keith
Mason (STFC Chief Executive).
09EC3074

Ed Vaizey MP, Minister for Culture,
Communications and the Creative
Industries, visited the ISIS Second
Target Station in July. Here he is
making a thermocouple
measurement of his temperature
with ISIS’s Julie Roberts, Andrew
Chamberlain and Zoe Bowden. 
10EC2753

▼

▼
▼

▼

ISIS celebrated 25 years of successful neutron
production last December.  

ISIS staff celebrating 
25 years of ISIS running. 
09EC4000

25
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A year around 

The Offspec instrument on the ISIS
Second Target Station has been built
through a collaboration between ISIS
and Technical University Delft in The
Netherlands. Professor Tim van de
Hagen, Director Reactor Institute
Delft (left) and Professor Karel
Luyben, Rector Magnificus Technical
University Delft (Right) are seen
inspecting the new instrument.
09EC3106

▲ A delegation from the Chinese Academy
of Sciences visited ISIS in October. 
09EC3607

SEEDER is a collaborative
study by industrial partners
to try and establish how
single event effects (SEEs),
produced by cosmic-ray
neutrons, impact on the
workings of microchips and
electronic systems. Richard
Jenkins (BAE systems) is seen
here performing initial
studies of the effect on
Vesuvio, preparing the way
for a dedicated instrument
on the ISIS Second Target
Station. 10EC2736

Dr Paul Williams and Dr Godfrey Stafford,
former directors of the Rutherford Appleton
Laboratory toured the ISIS facility with
Dr Andrew Taylor, ISIS Director, in December.
09EC4134

▼ December 16, 2009 marked 25 years of running at
ISIS.  First neutrons were produced at the facility
on 16 December 1984, and ISIS has been
producing science ever since.  ISIS users and staff
met for a small celebration in the ISIS foyer. 

A delegation from the Republic of Korea visited  ISIS in July.
Here we see Mrs Young-Ah Park, MP, Member of the Korean
National Assembly, Mr Jong-Min Jeon, Policy Advisor to MP
Park, Prof Dong-Pil Min, Chair of Korea Research Council of
Fundamental Science and Technology (KRCF), Dr Chae-Jun
Song, Research Fellow, KRCF, Prof Hong Thomas Hahn,
President of Korea Institute of Science and Technology
(KIST), Prof Young-Joon Kim, Vice President of Gwangju
Institute of Science and Technology (GIST) and Hyeyoung
Kim, Science and Innovation Manager, British Embassy,
Seoul, with Andrew Taylor and Uschi Steigenberger (ISIS).
10EC2803

The Rt Hon Lord Drayson,
Minister for Science and
Innovation, visited ISIS in
February. Here he is
discussing hydrogen
storage materials with
Professor Bill David (ISIS)
and STFC Chief Executive
Keith Mason. 
10EC1231

▼ The Research Complex at Harwell (RCaH)
was formally opened in July. RCaH is a
new, multidisciplinary laboratory at RAL
that provides facilities for researchers in
both life and physical sciences, particularly
users of Diamond and ISIS.  ISIS users from
UK institutions are eligible to use RCaH
facilities.  See the ISIS website, or contact
the ISIS user office, for further information.
09EC3907

▲ Members from the Japanese institute RIKEN visited ISIS
in April. Seen here are Dr Hideto En’yo (Director, RIKEN
Nishina Centre), Mr Motohide Yokota (Director, RIKEN
Advanced Research Promotion Division), Dr Masa
Iwasaki (Chief Scientist, RIKEN Advanced Meson
Science Laboratory), Mr Koji Yokoyama (Chief,
Planning section, Advanced Research Promotion
Division) and Dr Tei Matsuzaki (Head, RIKEN-RAL Muon
Facility), along with Andrew Taylor, Uschi
Steigenberger and Philip King (ISIS). 10EC2762

ISIS
▲

▲

▼

▼

▲
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Highlights of 
ISIS science

The advanced facilities
provided by ISIS enable world-
class research to be performed
by scientists from around the
world in partnership 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

Michael Pitcher and Dinah Parker (Oxford University)
using Polaris to investigate the correlation of
composition, structure and superconductivity in
electron-doped pnictide LiFeAs.
10EC2501

▼
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The use of surface coatings in orthopaedic
and dental implants has significantly
improved the quality of human life. Modern
implants provide improved recovery times and
lower implant rejection rates. Early implants
were expensive, and often failed because the
bonding between the implant and the bone, a
process known as osteo-integration, was
poor. Several designs have been formulated to
date but many failed to achieve a strong
enough bond. A solution involves coating the
metal with a layer of hydroxyapatite (HA).
Hydroxyapatite forms almost three-quarters
of natural bone. Coating the metal first with
HA gives a stronger metal-bone bond. Even
with this improvement, one in five implants
can still fail. One of the main reasons of
failure is the residual stress developed at the
metal-HA interface. Neutrons offer significant
advantages to analyse this critical interface,
enabling measurements to be made in-depth
and non-destructively. This unique capability
enables us to improve our understanding of
how HA bonds to the metal and bone. 

Understanding flow in ice-rock mixtures

How neutrons can improve 
orthopaedic implants

The rheology of multi-phase materials is of
relevance to a broad range of applications. Our
recent work has focused on the properties of
ice-rock mixtures, which are likely to occur in
the outer solar system’s icy satellites – e.g.,
Ganymede, Callisto, Titan – and to have played
a role in their geological evolution. Rocky
particles may pin ice grain boundaries,
hindering the flow of the icy matrix, thereby
reducing the efficiency of convection. We have
carried out tests upon ice-fluorite mixtures (an
‘ice-rock’ proxy) using neutron diffraction on
Engin-x to measure the strain partitioning
between the phases. We have observed unusual
behaviour in that, under certain conditions,
increased load leads to reduced stress on the
fluorite. We hypothesise that this may be due
to pressure melting of ice around points on the
fluorite grains. These data show that the ice-
rock fabric has a more complex behaviour than
hitherto thought, and this may have unexpected
consequences for the evolution of icy planetary
bodies.

▲ Measurement and applications of flow in ice-rock
mixtures: atomic arrangement in ice; scanning-
electron micrograph of ice-rock fabric; possible icy-
moon interior; and experiment on Engin-x.

CA Middleton, PM Grindrod,
AD Fortes, SA Hunt,
J Bowles, IG Wood
(University College London),
SJ Covey-Crump
(Manchester University),
S-Y Zhang (ISIS)

Contact: 

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

Further reading: 

Durham et al., J Geophys
Res 102 (1997) 16293

R Ahmed (Heriot-Watt
University), AM Paradowska
(STFC), M Fitzpatrick (Open
University)

Contact: 

Dr R Ahmed,
R.Ahmed@hw.ac.uk

Further reading: 

R Ahmed et al., Mater Sci
Forum 652 (2010) 309
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Studying the growth of silica-surfactant
architectures during the formation of
mesoporous silicates is pivotal to understand
how these materials may be used in catalysts,
drug delivery, and nanotechnology. Small-angle
neutron scattering (SANS) has been used to
study the in-situ formation kinetics of these
hierarchical structures. SANS can
access a wide enough size range

and has sufficient temporal resolution to follow
how silica grows around the templating
surfactant. Ultra-small-angle scattering and light
scattering can access length scales larger than
the hundreds of nanometres possible with SANS
but, in this case, long data collection times and
the turbidity of the solution prevent their use.

Recent developments in spin-
echo-SANS techniques now allow
studies of structures from hundreds
to thousands of nanometres with a
time resolution of a few minutes.
We have used this approach on
Offspec to monitor the
condensation and aggregation of
silica around surfactant micelles to

form larger particles. The final structures were
fitted to a sphere model with characteristic radii
of approximately 2500 nm.

Time-resolved spin-echo SANS profiles during the
aggregation of surfactant template silica particles (see
photograph). Each scan lasted for 7.5 minutes every
15 minutes.

A time-resolved study into the growth of    
large silica-surfactant particles 

Getting on top of calcite

Mind the gap: interfaces, 
from nano to macro

Left: optical
birefringence of
calcite (Iceland
spar). Middle:
reflectivity profile
and fit (blue) for a
surfactant (AOT) in
water at the calcite
interface compared to
a bare surface (red).
Right: schematic
illustration of the
structure deduced. 

K J Edler, MJ Wasbrough
(Bath University)

Contact: 

Dr KJ Edler,
K.Edler@bath.ac.uk

Further reading: 

KJ Edler, Soft Matter 2
(2006) 284

… biological interfaces mimicking the physiological conditions found in cell
membranes and ion channels can now be prepared and studied at ISIS using
state-of-the-art equipment for the production of lipid bilayers.
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SM Clarke, IN Stocker
(Cambridge University),
K Webb (BP), C Kinane,
J Webster (ISIS)

Contact: 

Dr SM Clarke,
stuart@bpi.cam.ac.uk; 
Ms IN Stocker,
is288@cam.ac.uk

Further reading: 

FC Meldrum et al., Chem
Rev 108 (2008) 4332
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Calcite is an extremely important mineral in
sedimentary deposits and in many industrial
processes. This is particularly evident in water
heating where it forms ‘scale’ in hard water
areas due to its retrograde solubility (solubility
falls on heating). This precipitation leads to
major process difficulties including pipe
blockage. We have successfully used neutron
reflection on Crisp to address the surface
behaviour of calcite, particularly adsorption of
surface active agents including those that
inhibit calcite crystal formation and growth. The
adsorbents studied include surfactants and

polymers of different molecular weights
adsorbed from both water and oil, reflecting the
wide range of systems of interest. The results
are complex with mono, bi and multilayer
formation together with surface dissolution in
some cases. Similarly, this approach can be used
to probe adsorption of biopolymers on to the
surface of calcite which in nature leads to the
formation of beautiful, complex calcite
architectures
that are still
perfect single
crystals.

Socket
(Acetabular Cup)

Ball
(Femoral Head)

Femoral 
Stem

▼

▲
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Many technologically important polymers are
partially crystalline and their crystalline
structure and morphology are critical to
delivering the required properties. Although the
process whereby polymers crystallise by folding
into thin lamellae was discovered some fifty

years ago, the existence of a transition in which
a randomly coiled polymer chain in the melt
reorganises to form a chain-folded lamellar
phase remains a subject of much debate and
conjecture. Crystallisation involves
conformational changes to produce chain
segments with a regular conformation leading
to a translationally ordered crystal containing
chain-folded surfaces. Three key length scales
characterise this process: chain-folded lamellae
of thickness ~ 10nm, the crystal unit cell 
(~ 1nm), and chain-conformation details 
( ~ 0.1nm). We have used Nimrod to follow, in
real time, all three length scales during the
crystallisation process. These experimental

results are being used to develop
detailed multiscale models of

polymer crystallisation. 

Time-resolved neutron scattering
data for poly(e-caprolactone)

during cooling from the melt. The
observed structural variations are

linked to the three key length scales 
for crystallisation.

… the high flux on the ISIS Second Target Station enables
kinetic studies, from polymer crystallisation to protein
binding, down to millisecond timescales.

Nimrod gives quantitative insight into the 
structural  kinetics of polymer crystallisation

The development of polymer-based
optoelectronic devices (or ‘plastic solar
cells’) that could deliver electricity at a
competitive cost is a key area of research.
Solutions of conjugated polymers can be
‘printed’ to produce the active layer of
low-cost solar cells by means of
technologies such as screen and ink-jet
printing or spray coating. The properties
of this ‘ink’ need to be controlled to
ensure that the self-assembled
nanostructures formed in the process are
electrically conducting. Small angle
neutron scattering (SANS) measurements
were made on LOQ on a range of
solutions of conjugated pure and blended
polymers at different temperatures. From these
studies, we are able to determine how solvent
interaction, temperature, polymer molecular
weight, and polydispersity influence the
structural properties of the polymer assemblies
in solution. A temperature-induced shape
change (from globular to semi-flexible rod) and
solvent-induced size changes have been

observed. These findings will be used to
improve the layer fabrication procedure which,
in turn, will increase the efficiency of the
resulting solar-cell. 

A Urbina, N Espinosa,
R García-Valverde
(Universidad Politécnica de
Cartagena, Spain),
V García-Sakai, SE Rogers
(ISIS), F Batallan,
C Díaz-Paniagua (Instituto
de Ciencia de Materiales,
Spain), M Jiménez
(ILL, France), J Abad
(Universidad de Murcia,
Spain)

Contact: 

Dr A Urbina,
antonio.urbina@upct.es

Further reading: 

A Urbina et al., Phys Rev B
78 (2008) 045420;
R García-Valverde et al.,
Prog Photovolt: Res Appl
18 (2010) 535
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Plants are constantly exposed to pathogens and, in response, have
developed multiple defence mechanisms that include the expression
of antimicrobial proteins. These are characterised by having high
structural and thermodynamic stability, but their precise mechanism
of action is not known. However, it is widely accepted that these
proteins act at the level of the cell membrane.  

We have investigated the membrane interactions of the
puroindolines, a family of antimicrobial proteins found in wheat. The
puroindolines are unique among plant proteins as they contain a
tryptophan-rich domain and play an additional role in determining
wheat endosperm texture, an economically important quality that
determines the milling characteristics of wheat. 

The tryptophan-rich domain is thought to be implicated in the
membrane interactions of puroindolines. Using air/liquid
monolayer and solid/liquid floating bilayer models, we
have used neutron reflectivity to explore how single
amino-acid residue substitutions affect a protein’s
ability to penetrate lipid membranes, as well as how
these findings relate to antimicrobial effectiveness.

Exploring membrane activity of 
plant seed defence proteins

Solution structure of proteasome activators

Big and alive: biology and
supramolecular science 

M Sugiyama (Kyoto
University, Japan),
E Kurimoto (Meijo
University, Japan), S Takata
(JAEA, Japan), K Kato
(Okazaki Institute for
Integrative Bioscience and
Institute for Molecular
Science, Japan)

Contact: 

Dr M Sugiyama,
sugiyama@rri.kyoto-u.ac.jp

Further reading: 

M Sugiyama, in
preparation

Sans2d data for PA28
(points) and initial
simulations (lines) allowing
for dimer–monomer
equilibrium. D2O/H2O
contrast variation with
deuterated α subunits
shows that the rings
comprise three α and four
β units.

LA Clifton (ISIS),
RA Frazier, RJ Green
(Reading University),
AV Hughes (ISIS)

Contact: 

Dr LA Clifton,
luke.clifton@stfc.ac.uk;
Dr RJ Green,
rebecca.green@reading.ac.uk 

Further reading: 

LA Clifton et al., J Phys
Chem B 112 (2008) 15907

In biological cells, the so-called ‘20S
proteasome’ is responsible for breaking down
damaged or unneeded proteins so they can be
recycled into new ones. Its function is regulated
by several Proteasome Activators (PAs). For
example, PA28 binds to proteasomes and the
resulting complex promotes the production of
immune-response peptides. PA28 is known to
comprise seven-membered rings containing two
very similar subunits, named α and β, each of
molecular weight ~28 kDa. Novel insight into
the structure of PA28 has been obtained in
small-angle neutron scattering (SANS)

experiments carried out on the recently
commissioned Second Target Station instrument
Sans2d. Employing water-solvent contrast
variation with deuterated α subunits was key to
this study. Initial modeling efforts having as
starting point the crystal structure of
homologue PA28 indicate that PA28 heptamer
rings are made up of three α and four β
subunits in an alternating zig-zag arrangement.
The SANS intensities also reveal that there is a
well-defined solution equilibrium between
heptamer and its double-ring dimer, making the
analysis more intricate than anticipated. 
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GR Mitchell, D Lopez
Garcia, FJ Davis (Reading
University), and 
DT Bowron (ISIS)

Contact:

Prof GR Mitchell,
g.r.mitchell@reading.ac.uk

Optimising polymer solutions for 
printed electronics

▲ SANS data demonstrating a temperature-induced
shape change from globular to semi-flexible rod for
P3HT in toluene. The inset shows an organic light-
emitting diode and an organic solar cell.

▼

▼ Neutron reflectivity data and associated scattering length
density profile for the interaction of puroindoline-a with an
anionic phospholipid monolayer. The schematic shows the
interfacial layer structure. 

▲
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Aromatic π – π interactions between benzene-
like chemical groups play a key role in many
important scientific phenomena, including the
stereochemistry of organic reactions, organic
host-guest chemistry and crystal packing,
protein folding and structure, DNA and RNA
base stacking, protein-nucleic acid recognition,
drug design, and asphaltene (heavy crude oil)
aggregation and fouling. We
have used isotopic labelling
and neutron diffraction to
measure the structure in two
archetypal aromatic liquids:
benzene and toluene. Our
results call for a significant
rethink of the way we model
π-orbital interactions. We have
found that the so-called ‘T-
shaped’ arrangement between

aromatic groups, which had previously been
proposed as a dominant motif in π – π
interactions, in is in fact absent in our liquids.
Instead, we have observed an entirely new
geometry, which we have christened ‘Y-shaped’.
In this configuration molecules direct hydrogen
atoms towards the π-orbitals themselves, rather
than towards the centre of the aromatic ring. 

Twists, bends, and stretches in  
Li(NH3)4, the lightest metal known

π – π interactions in aromatic liquids 

When alkali metals are dissolved in anhydrous
liquid ammonia they give up their outer-shell
electrons to the solvent producing solvated
electrons and metal ions. At low metal
concentrations, the solutions are electrolytic in
nature and deep blue in colour. As the
concentration is increased, the solutions
transform to a fine bronze colour with
metallic lustre.

Lithium-ammonia solutions are unique
amongst the alkali metal systems in that they
form a highly conductive crystalline compound
Li(NH3)4 at low temperature.

The metallic nature of these systems makes
recording of vibrational spectra particularly
challenging! Our inelastic neutron scattering
measurements on Tosca represent the first look
into the vibrational modes of this fascinating
metallic material, revealing unique insights into
the vibrational characteristics of this molecular
system, the lightest metal known.

▲ Metallic Li(NH3)4 photographed in liquid nitrogen in
the open lab. This ultra-light bronze metal even
floats!

MTJ Lodge, PP Edwards
(Oxford University),
WIF David, AJ Ramirez-
Cuesta (ISIS)

Contact: 

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

Further reading: 

E Zurek et al., Ang Chem
Int Ed 48 (2009) 8198

TF Headen, CA Howard,
NT Skipper, MA Wilkinson
(University College London),
DT Bowron, AK Soper (ISIS)

Contact: 

CA Howard,
c.howard@ucl.ac.uk

Further reading: 

TF Headen et al., J Am
Chem Soc 132 (2010) 5735

12

Intermolecular proton transfer through
hydrogen bonds has wide-ranging implications
in fields as diverse as ferroelectrics,
electrochemical processes, and enzymatic
activity.  In the solid state, the environment
around a hydrogen bond is known to alter the
behaviour of the proton, leading to effects such
as proton disorder or migration across bonds as
a function of temperature. However, it is
difficult to control and predict when this may
happen. 4-dimethylaminobenzoic acid (4DABA)
contains dimeric building blocks
in its pure form and also exhibits
hydrogen disorder.However,
introducing the second
component 3,5-dinitrobenzoic
acid into the crystalline lattice
removes this disorder within the
4DABA unit. Using SXD at ISIS,
we have shown that introducing
a third component, 4,4'-
bipyridine, further perturbs the

local environment, and hydrogen disorder is
again observed. These results show that the
behaviour of hydrogen atoms can be tuned by
modifying the molecular and crystalline
environment around the 4DABA dimer building
block, with implications for the general control
of proton transfer processes.

▼ Temperature evolution of hydrogen disorder in 4-
dimethylaminobenzoic acid dimer embedded in a
ternary molecular complex.

Towards controlled proton transfer: tuning proton behaviour 
in a ternary molecular complex

Proton harmonic motion in ice

Back to square one:
rethinking chemistry

The proton momentum
distribution in ice parallel
(p||) and perpendicular (p )
to the bond-stretching
direction.

LH Thomas, AA Kallay,
A Parkin, CC Wilson
(Glasgow and Bath
Universities), N Blagden
(Bradford University),
CC Seaton (Manchester
University), MJ Gutmann
(ISIS)

Contact: 

Prof CC Wilson,
C.C.Wilson@bath.ac.uk

Further reading: 

LH Thomas et al., Cryst
Growth Design 10 (2010)
2770

There is currently great interest in probing the
quantum state of the proton in ice. This can be
revealed from the momentum distribution n(p),
which is a very sensitive probe of the potential
of mean force experienced by the protons in
hydrogen-bonded systems. We have explored
the details of n(p) in ice at T=271 K using a
combination of deep inelastic neutron
scattering and path-integral Car-Parrinello
molecular dynamics simulations. The neutron

data have been interpreted within the
framework of the impulse approximation, which
allows us to extract the three-dimensional n(p).
Experimental and simulation data have been
successfully interpreted with an anisotropic
Gaussian model in which the proton essentially
moves in a harmonic well along each direction,
but with a marked anisotropy between motions
parallel and perpendicular to the bond-
stretching direction.

D Flammini, A Pietropaolo,
R Senesi, C Andreani
(Università di Roma Tor
Vergata, Italy), F McBride,
A Hodgson (Liverpool
University), L  Lin, R Car
(Princeton University USA),
MA Adams (ISIS)

Contact: 

Prof C Andreani,
carla.andreani@uniroma2.it

Further reading: 

C Andreani et al., Adv Phys
54 (2005) 377
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… the time window accessed by the ISIS spectroscopy suite spans eight orders of
magnitude, from attoseconds to hundreds of picoseconds. Larmor, one of the next
instruments planned for the Second Target Station, will boost current capabilities
by an additional factor of 1000, approaching the microsecond domain. 

T

T-shaped (T) Y-shaped (Y)

A slight shift in molecule orientation affects how the benzene molecules
interact chemically with other molecules such as proteins. The ‘T-shaped’
arrangement has a single hydrogen atom pointing into the centre of the
pair benzene molecule. The ‘Y-shaped’ arrangement is slightly rotated so
that two hydrogen atoms are pointing to the other molecule’s delocalised
electron ring.

▼

▼
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Alkali-doped fullerides are the simplest type of
high-Tc superconductors. In the hyperexpanded
bcc-structured A15 Cs3C60, superconductivity
emerges upon applied pressure out of an
antiferromagnetic insulating state and
displays a dome in Tc as a function of
the volume per C60

3- anion. Whereas
in the high-Tc cuprates, the Cu2+

cation is limited to one structural
arrangement (a 2D square lattice),
we have now isolated a second
polymorph of the magnetic and

superconducting fulleride Cs3C60 with an fcc
structure. This enables a comparison between
these two cooperative electronic states when

the same electronically active
unit is arranged

differently in space.
The dominant role

of electron
correlations is
then shown by
a simple
structure-
independent
scaling of Tc

according to
proximity to the

correlation-driven
Mott metal-insulator

transition. ISIS muons
were vital in the discovery of

spin ordering of the fcc variant, where
magnetism is dramatically suppressed
by the frustrated nature of the lattice
structure.

… it is possible to perform measurements from 20 μeV up to 80 meV with a
continuous position-sensitive detector coverage of 1 steradian, and up to 
9 Tesla magnetic field. All this on just one instrument – LET – not to mention
the other spectroscopy instruments!

Magnetic excitation spectrum of Fe1+yTe1-xSex

Strongly correlated alkali fullerides

The recent discovery of superconductivity with
Tc up to 55 K in Fe-based materials has
generated much excitement, yet the mechanism
underpinning superconductivity in these
‘unconventional’ superconductors remains
elusive. Of the mechanisms proposed, spin-
fluctuation-mediated superconductivity is
among the most promising. As such,
studies of magnetic excitations by
means of inelastic neutron scattering
are crucial. The simple crystal
structure and availability of large
crystals makes Fe1+yTe1-xSex
particularly interesting. We have
performed detailed inelastic neutron
scattering studies of the magnetic
excitations in Fe1+yTe1-xSex crystals
with x=0.27 (non-superconducting)
and x=0.49 (superconducting). These
measurements reveal
incommensurate 2d magnetic
excitations up to energies of at least
300 meV. The spectrum exhibits four-
fold symmetry about the (π,π) wave vector
showing that a square lattice constitutes the

fundamental unit cell for the magnetic
interactions, as also found in the cuprates. The
presence of incommensurate excitations and
their evolution with energy are also similar to
previous observations in the cuprates, which
may suggest a common origin of
superconductivity in both classes of materials.

MD Lumsden,
AD Christianson,
SE Nagler, HA Mook,
C de la Cruz, MB Stone,
DL Abernathy,
GJ MacDougall, AS Sefat,
MA McGuire, BC Sales,
D Mandrus (Oak Ridge
National Laboratory, USA),
EA Goremychkin (ISIS,
Argonne National
Laboratory), T Guidi (ISIS)

Contact: 

Dr MD Lumsden,
lumsdenmd@ornl.gov

Further information: 

MD Lumsden et al., Nat
Phys 6 (2010) 182

▲ Constant-energy plots of the magnetic excitations
projected onto the H–K plane for the x=0.27 sample (panels
a-c) as measured on Merlin. Panels d-f are fits to the data.

K Prassides (Durham
University), MJ Rosseinsky
(University of Liverpool),
PJ Baker (ISIS)

Contact: 

Prof K Prassides,
K.Prassides@durham.ac.uk

Further information: 

AY Ganin et al., Nature
466 (2010) 221

Universal trend in the
superconducting transition
temperature as a function
of the proximity to the
Mott transition. The inset
shows a muon (green)
implanted in fcc Cs3C60. 
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Confinement is the binding of particles by an
interaction whose strength grows with
separation. The most famous example is that of
three quarks confined by the strong nuclear force
to form protons or neutrons. As this force
becomes stronger with increasing separation, free
quarks do not exist and can only be observed
indirectly. An analogous confinement process is
predicted in condensed matter systems known as
spin ladders. Ladders consist of two parallel
chains of spin-1/2 ions magnetically bonded
together. A remarkable feature of a single chain is
that the individual electrons separate into
independent spin and charge parts. The spin parts,
or spinons, have spin 1/2. By coupling two chains
together to form a ladder, spinon pairs form
composite spin 0 or 1 particles in a way
analogous to how protons and neutrons emerge
from quarks. This phenomenon was investigated
on the spin-ladder compound CaCu2O3 where the
interchain coupling is weak enough to allow the
observation of confinement effects. Using Maps,
the excitation spectrum was measured and found
to agree well with the theoretical model,
confirming the confinement picture.

▲ Top: Region between two spinons on a chain consists
of reversed spins (red); reversed spins cost energy
due to their parallel alignment with the spins on the
neighbouring chain. Bottom: Bound spinon spectra.
The lines are theoretical predictions for the weakly
coupled ladder.

Quantum systems have zero-point fluctuations
even at zero temperature. When such
fluctuations become strong, they can drive
transitions between distinct phases of matter.

One of the most theoretically studied paradigms
for such a quantum phase transition is the one-
dimensional (1D) chain of Ising spins in a
transverse magnetic field. The field stimulates
quantum tunneling between the ‘up’ and
‘down’ spin orientations and, above a critical
field, these quantum fluctuations become
strong enough to ‘melt’ the spontaneous
magnetic order and stabilise a paramagnetic
state.

We have realised this system experimentally
for the first time by applying strong magnetic
fields to the quasi-1D Ising ferromagnet
CoNb2O6. Using high-resolution single-crystal
neutron scattering on Osiris and Iris we have
observed a dramatic change in the fundamental
quantum character of spin quasiparticles as the
magnetic field quantum melts the spontaneous
magnetic order. Our results emphasise that
quantum criticality opens up new avenues to
experimentally realise and explore otherwise
inaccessible and novel correlated quantum
states of matter.  

Quantum melting of magnetic order in an Ising spin chain

Confinement phenomenon 
observed in spin ladders

Weird is beautiful: strongly
correlated quantum matter

B Lake (Helmholtz Zentrum
Berlin, Technical University
Berlin), AM Tsvelik
(Brookhaven National
Laboratory, USA),
S Notbohm (Helmholtz
Zentrum Berlin, St Andrew’s
University), DA Tennant
(Helmholtz Zentrum Berlin,
Technical University Berlin),
TG Perring (ISIS), M Reehuis
(Helmholtz Zentrum Berlin),
C Sekar (Periyar University),
G Krabbes, B Büchner 
(IFW Dresden)

Contact: 

Prof B Lake,
Bella.lake@helmholtz-
berlin.de

Further reading: 

B Lake et al., Nat Phys 6
(2010) 50-55 

R Coldea (Oxford
University), DA Tennant
(Helmholtz Zentrum Berlin,
Technical University Berlin),
EM Wheeler (Oxford
University), E Wawrzynska
(Bristol University),
D Prabhakaran (Oxford
University), M Telling (ISIS),
K Habicht, P Smeibidl,
K Kiefer (Berlin)

Contact: 

R Coldea,
r.coldea@physics.ox.ac.uk 

Further reading: 

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

Top: Schematic phase
diagram and cartoon of
the spin excitations in the
ordered and paramagnetic
phases of CoNb2O6.
Bottom: Evolution of the
spin excitation spectrum
as a function of applied
field. 
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‘Smart’ materials display a plethora of
potentially useful properties, and these can
interact with each other giving rise to new
phenomena. In magnetic systems such as
ferrromagnetic shape memory materials and
magnetic refrigerants, magnetism and crystal
structure are intimately linked with each other;
that is, a change in one can alter the other.

This feedback mechanism – known as
magneto-elastic coupling – is usually quite
weak, with atomic separations changing by
fractions of a percent as the temperature of
the material changes. However, using the
high resolution powder diffractometer
(HRPD) at ISIS, we see that the separation of
magnetic centres in CoMnSi can change by
up to 2% as it is heated.

Such large changes in crystal structure
have urged us to postulate a novel
mechanism for large magneto-elastic
coupling. We conclude that the manganese
atoms experience a competition between
energetically similar magnetic states resulting
in quite different atomic separations. Thus,
temperature (or magnetic field) can ‘tip the
balance’ in these novel materials.  

Magnetricity

Tipping the magneto-elastic balance

SR Giblin (ISIS),
ST Bramwell, S Calder,
R Aldus (University College
London), D Prabhakaran
(Oxford University), and
T Fennel (ILL)

Contact: 

SR Giblin,
sean.giblin@stfc.ac.uk 

Further information: 

ST Bramwell et al., Nature
461 (2009) 956

A Barcza (Cambridge
University), Z Gercsi
(Imperial College London),
KS Knight (ISIS),
KG Sandeman (Imperial
College London)

Contact: 

Dr K Sandeman,
k.sandeman@imperial.ac.uk

Further information: 

A Barcza et al., Phys Rev
Lett 104 (2010) 247202

▼ Temperature dependence of Mn-Mn
nearest-neighbor distances in (a) CoMnSi
and (b) Co0.95Ni0.05MnSi. Crystallographic
positions are shown in (c), together with
the closest commensurate version of the
helical spin Co and Mn sublattices. 
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Metal-organic frameworks (MOFs) are excellent
candidates for solid state hydrogen storage. Our
aim was to determine the preferred position of
hydrogen adsorption sites within one of the
most promising Cu-MOFs: NOTT-112. The
intrinsic scattering properties of hydrogen and

its isotopes make
neutron powder

diffraction a
useful tool for
monitoring

the hydrogen adsorption mechanism. The
sample was exposed to aliquots of D2 gas at
50 K allowing us to populate sequentially
different adsorption sites. Data were collected
after each dosing on Gem. The figure shows the
adsorption site distribution revealing positions
within NOTT-112. For the first time, we have
been able to demonstrate preferential
adsorption to the two Cu atoms in the
paddlewheel coordination unit (the sorption site
within the cage) filling before the exo-cage site

(i.e. A1 and A2). Future work will
apply inelastic neutron

scattering techniques with
the same experimental
procedure in order to
investigate the nature of
the interaction between

the hydrogen molecule and
these two Cu sites.

Mg-Ti thin film alloys have large hydrogen
storage capacities, fast hydrogen
absorption/desorption kinetics and are
structurally stable. These qualities stem from a
short-range-ordered distribution of the Mg and
Ti atoms. In order to study the influence of
short-range order on the hydrogen
sorption properties of Mg-Ti systems, we
artificially engineered chemical
segregation by depositing a Ti/Mg
multilayer with 10 repetitions of 
Ti(2 nm)/Mg(4.4 nm). On exposure to H2, a
two-step hydrogenation process occurs
with the Ti layers forming the hydride
before Mg. In-situ neutron reflectometry
allows an accurate determination of the
out-of-plane expansion associated with
each hydrogenation step. The volume
expansion expected for the hydrogenation
of both Ti and Mg is transferred
completely along the vertical direction,
indicating that large plastic deformations have
to occur upon hydrogen uptake. Owing to the

large negative neutron scattering length of
hydrogen, neutron reflectometry proves to be
an excellent technique for the in situ
characterisation of the hydrogen absorption
properties of thin films.

Hydrogen absorption in Ti/Mg multilayers 
studied by neutron reflectometry

Metal-organic polyhedral frameworks 
by powder neutron diffraction 

Tomorrow is today: materials 
for emerging technologies 

A Baldi, H Schreuders,
B Dam, R Griessen (Delft
University of Technology,
The Netherlands),
PC Aeberhard (Oxford
University), C Kinane,
WIF David, M Skoda,
R Fan, S Langridge (ISIS)

Contact: 

Dr A Baldi,
A.Baldi@tudelft.nl; 
Dr C Kinane,
christy.kinane@stfc.ac.uk

Further reading: 

A Baldi et al., Phys Rev B
81 (2010) 224203

▲ Neutron reflectometry patterns measured during the
hydrogenation of a 10x{Ti/Mg} multilayer at 333 K in
vacuum and after exposure to 20 and 600 Pa of H2.
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The transport of electrically charged
quasiparticles (based on electrons, holes or
ions) plays a pivotal role in modern technology
as well as determining the essential function of
biological organisms. In contrast, the transport
of magnetic charges has barely been
explored experimentally, mainly because
magnetic charges are generally
considered to be, at most, convenient
macroscopic parameters rather than
sharply defined quasiparticles. However,
the recent proposition of emergent magnetic
monopoles in certain materials may change this
point of view. We have dusted off a 1930’s
theory of electrochemistry and applied it to
demonstrate that in some materials there is a
magnetic equivalent of electricity. In electricity,
charges can be driven apart by the application
of an electric field. We used muons to show
that magnetic charges can be driven apart using
magnetic fields, creating a magnetic
current.

Magnetic charge moving apart under the
influence of an applied magnetic field.

IPL Telepeni, GS Walker,
Y Yan, X Lin, M Schröder
(Nottingham University),
W Kockelmann (ISIS)

Contact: 

Prof GS Walker,
Gavin.Walker@nottingham.ac.uk

Further information: 

Y Yan et al., J Am Chem Soc
132 (2010) 4092

… many experiments, from catalysis to gas storage, batteries to fuel cells, need
to measure a physical property (e.g., conductivity, weight change, gas uptake,
or Raman spectrum) in conjunction with the collection of neutron and muon
data. All of the above are possible at ISIS.

D2 sites in NOTT-112 cages A (a) and B (b). (c) shows five
possible D2 sites: A1, lavender; A2, blue; A3, yellow; A4,
orange; A5, green.

(a) (b) (c) ▲

▼



18 19

ISIS
2010

H
ighlights of

ISIS
science

Nickel-based superalloys are a family of
materials designed to exhibit both exceptional
mechanical properties and superior corrosion
resistance at very high temperatures. Typically,
they are the material of choice for the most
demanding applications in modern gas turbines.

The presence of γ’ Ni3(Al,Ti,Ta) precipitates
accounts for their exceptional material
performance. The precipitate size and
distribution are carefully controlled by heat
treatments during manufacturing so as to attain
optimal properties. 

To investigate γ’ particle size distributions,
microscopy is often used, though this technique
can only be used before and after heat
treatment. An in situ experiment investigating
the temporal evolution of γ’ particle size
distributions in a RR1000 nickel-based
superalloy during aging at 760°C has been
performed using small angle neutron scattering
(SANS) on LOQ. Due to the high γ’ volume
fraction, our data analysis had to account for
the scattering from both within and between
each distribution. The SANS results will help to
validate computer models of precipitates and
improve our understanding of these important
class of alloys.

Bulk metallic glasses have unique properties
which offer potential developments for a wide
range of technological applications. CaMgZn
glasses have extremely good glass-forming
ability, whilst exhibiting low densities (1.6 –
2.4 g/cm3) and extremely low Young’s (~20-30
GPa) and shear (~9-14 GPa) moduli. Relating
the structural characteristics of these glasses to
their physical properties will allow the design of
new materials for specific applications. We
have used neutron and X-ray diffraction,
combined with Reverse Monte Carlo and ab
initio molecular dynamics modelling. We find
that those CaMgZn glasses which form easily
have zinc- and magnesium-
centred clusters, around which
calcium atoms are packed
efficiently to give high
coordination numbers. As the
composition of the glass is
altered, the arrangement of
the atoms in the clusters
changes dramatically. A
decrease in the glass-

forming ability is linked to the formation of
clusters similar to those found in Ca2Cu crystals,
as well as to an increase in Zn-Zn clustering.

Every large neutron facility uses liquid helium
cryostats for scattering experiments at very low
(cryogenic) temperatures. The ISIS Sample
Environment Group has designed, assembled,
and successfully tested a prototype of a liquid-
cryogen-free system based on a pulse-tube
refrigerator. Equipped with a 50 mm diameter
top-loading port for neutron scattering
experiments, the sample temperature range
achieved in our tests is 1.35 – 300 K, with a
maximum cooling power of 55 mW at 1.8 K. All
cryostat parameters are similar to those of the
classic ‘Orange’ cryostat, yet this system does
not require any liquid cryogens. This new
cryostat design can also house ultra-low
temperature inserts such as the Kelvinox VT
dilution refrigerator, so as to reach
temperatures as low as 30 mK.

… ISIS scientists develop new processes, technologies, and equipment in close
collaboration with a wide range of industrial R&D teams in the UK and abroad,
from small and medium enterprises to large multinational corporations.

Measurements 
from TEM images 

PSD prediction 
from modelled 
SANS profiles
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Prize-winning accelerator diagnostic systemsLow-temperature cryogenics 
based on pulse-tube technology

Characterisation of nickel-based superalloys
as used in aero-engine turbine discs

Structural studies of 
Ca-Mg-Zn bulk metallic glasses 

Knowing is doing:
enabling technologies 

DM Collins, HJ Stone
(Cambridge University),
RK Heenan (ISIS)

Contact: 

DM Collins,
dmc51@cam.ac.uk

Further information: 

DM Collins, Met Trans A
(accepted, 2010)

Top: Transmission electron
images of carbon replicas
used to image the γ'
precipitates in RR1000 at
the start and end of the
heat treatment. Bottom:
measured particle size
distributions and SANS
predictions.

The ISIS synchrotron accelerates a beam
of 2.8 x 1013 protons to 85% of light
speed, 50 times per second. Each cycle
lasts 10 ms, during which the beam
makes 12,000 revolutions in a 163 m
circumference, with the proton energy
gradually rising from 70 to 800 MeV.

The amount of beam the synchrotron
can accelerate is limited by beam losses.
A new monitoring system has been
developed to analyse data from thirty-
nine gas ionization tubes distributed
around the synchrotron. Beam losses are
identified in individual monitors at any
time during acceleration.

Accurate determination and
correction of the position of the proton beam is
also a major factor in reducing losses. To this
end, data acquisition and analysis systems for
the fourteen horizontal and seventeen vertical
beam position monitors have been installed in
the synchrotron. The new system can closely
monitor and correct the beam position to
within 2 mm of the machine centre.

▲ LabVIEW-based user interface displaying beam loss
levels in the synchrotron. 

These developments have helped set new
records for maximum beam current from the
ISIS synchrotron. The record average current for
24 hours of operation now stands at 217.1 μA.

B Jones, SA Fisher (ISIS)

Contact: 

B Jones,
bryan.jones@stfc.ac.uk

Further reading: 

The ISIS Proton
Synchrotron: Beam Data
Acquisition and Analysis
Using NI PXI and LabVIEW
(http://sine.ni.com/cs/app/
doc/p/id/cs-12422) 

CR Chapman, BE Evans,
MP Dudman, J Keeping,
RBE Down, O Kirichek,
ZA Bowden (ISIS)

Contact:

Dr O Kirichek,
oleg.kirichek@stfc.ac.uk

Further information:

Cryogenics, submitted

ON Senkov, DB Miracle 
(Air Force Research
Laboratory), YQ Cheng,
E Ma (John Hopkins
University), ER Barney, and
AC Hannon (ISIS)

Contact: 

Dr ON Senkov,
oleg.senkov@wpafb.af.mil

Further information: 

ON Senkov et al., Phys Rev
B 82 (2010) 104206

▼ Zinc (blue) and magnesium (red) centred clusters
formed by the close packing of calcium atoms
(green) in the Ca60Mg20Zn20 glass.  

▲ Cryogen free top-loading cryostat based on a pulse-
tube refrigerator. The arrow indicates the height of
the beam.

▼
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Simon Titmuss (Oxford University) employing
off-specular reflectivity to probe the
characteristic lateral length-scales in
responsive polyelectrolyte brushes on
Offspec. 10EC2530

▼ Jacqueline Edge and Michael Wilkinson
(UCL) making preparations for studies of
the dynamics of an important water
soluble pesticide molecule, paraquat, in
solution and in hydrated clay on IRIS.
10EC2594

▲ Andrew Quirk (Newcastle
University) preparing samples
for Polref studies of the
assembly of antibody binding
proteins as part of a
programme to develop
wireless medical diagnostic
sensors. 10EC2533

Bella Lake, Alan Tennant and Elisa
Wheeler (Helmholtz Zentrum Berlin)
using Mari and Merlin to determine
orbital ordering in ZnV2O4. 
10EC2515

▼ Andrew Hodgson, Fiona McBride (Liverpool
University) and Carla Andreani (Università di
Roma – Tor Vergata) studying the proton
momentum distribution in oriented ice films
on Vesuvio. 10EC2555

▼ Andrew Christianson
(Oak Ridge National
Laboratory, USA)
prepares to examine
high energy magnetic
excitations in Fe(Se,Te)
using on MAPS.
10EC2556

Ross Colman, Andrew Wills
(University College London), Fabrice
Bert (CEA-Saclay) and Laura Fenner
(Université de Paris-Sud) using
MuSR to continue their studies on
Kagome quantum spin liquids.
10EC2545

▲ Samantha Callear (ISIS) and Kazuya Kamazawa
(Toyota, Japan) performing in-situ inelastic neutron
spectroscopy studies of metal-hydride hydrogen
storage materials on Tosca. 10EC2587

Sanjooram Paddea and John
Francis (Open University)
using Engin-x to measure
residual stress distributions
and stress relaxation due to
post weld heat treatment in
P91 (9Cr-1Mo) steel welds.
10EC2573

▼

▼ ▲

▲
ISIS users at work
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Technology 
and training

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. 

The past year has seen first users on
several new ISIS instruments, and a
variety of other technique and
instrument enhancements.
Alongside technical development
comes a wide range of education
and training activities – from
training courses and workshops for
the user community, to projects run
with teachers and schools. 

Technology
and training

Emma McCabe (Durham University)
preparing her oxyselenide sample
to examine its crystal and
magnetic structures on HRPD.
10EC2525

▼
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Polref
Soumya Ray and Steve Lister
(University of St Andrews) using
Polref to study the interaction
between superconductivity and
magnetism in iron-lead thin
films. The newly commissioned
3D vector cryomagnet is visible
behind them. Polref is a neutron
reflectometer exploiting state
of the art sample environment
and flexible polarisation to
study a wide range of
nanomagnetic and
superconducting systems. It
delivers significantly reduced
data acquisition times
compared to current
instrumentation. Increasingly,
the instrument also enables the
application of polarised
neutrons to studies on soft
matter and biology resulting in
important improvements in
data analysis.  
10EC2562

Inter
Over the past year, Inter has hosted a range
of experiments from electrochemistry to
biocompatible surfactants and ‘designer’
DNA adsorption. A new stream of research
enabled by the reflectometer has been the
study of kinetics and complexity. As an
example, the figure shows a recent
experiment to measure the evaporation of
volatile molecules incorporated into
surfactant layers. Inter’s high flux allows the
kinetics of such transport mechanisms to be
investigated with a time resolution better
than 30s, with further improvement planned. 

Offspec
Offspec has started its user
programme with successful
experiments in both Spin Echo
Small Angle Neutron Scattering
(SESANS) and Spin-Echo
Resolved Grazing Incidence
Scattering modes (SERGIS), the
only regularly operating user
instrument in the World with
these techniques. Grating
samples have shown that it is
possible to access length scales
of order 100 nm for some
samples. In standard reflectivity
mode, using two incident
angles and a resolution of
~3%, measurement times of
around 1 hour produce high
quality data with extremely
low background. 

Science
with Second     Target Station instruments
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▲ Offspec SERGIS data from a 139nm repeat silicon grating.

▼ First users of Offspec. David Bucknall (Georgia Institute of Technology and
Oxford University), Jinhyun Hannah Lee and Zamri Radzi (Oxford University)
with Rob Dalgleish (ISIS) investigating hydrogels for their prospective role
in cleft pallet repair.  09EC3928

‘Head space’
apparatus for
measurement of
the evaporation of
volatile molecules
incorporated into
surfactant layers
on Inter. 

Studies of the incorporation of volatile
molecules into surfactant layers on Inter.

▲
 

▲
 

▼
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Sans2d
Commissioning of the Sans2d beam
line started in the summer of 2009 and
has continued in parallel with an initial
user program and development of new
data reduction software. Recently,
complex sample environment, such as
shear, pressure and stopped-flow cells,
has started to be used. 

Stopped-flow kinetic data taken on Sans2d
(collaboration with TU-Berlin). The data show
a micelle-vesicle transition followed by an
increas in vesicle monodispersity measured
with 15s time resolution.

Wish
From the moment it received beam in June
2009, the Wish diffractometer started
producing very high quality data. The high cold
neutron flux, good Q-resolution and low
background have already made an impact in
the study of magnetic systems with weakly
ordered moments which had not been resolved
anywhere previously (as low as 0.1 μB) and
routinely allow work on 100 mg samples. On
larger samples, a collection time of minutes
provides good statistics for Rietveld refinement.
Wish is also used in areas such as hydrogen
storage materials with large unit cells. The first
experiment using the dedicated 14T
cryomagnet gave excellent results, showing
that the radial collimator eliminates the Al
contamination in a wide angular range.  

▼ The team for the first Wish experiment. Roger Johnson
and Tom Frawley (Durham University) working with
Pascal Manuel and Dmitry Khalyavin, Wish instrument
scientists, and Jeff Keeping and Richard Down of the ISIS
user support group, to determine the magnetic
structures of Er2CoGa8 and Tm2CoGa8. 09EC4179
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Nimrod
Nimrod has been developed for
atomic-resolution structural
characterisation of liquid and
disordered material systems on a
single continuous measurement
length scale up to tens of
nanometres. The instrument is built
around a pixellated small angle
detector bank that consists of 756
neutron scintillation elements, fibre-
coupled to an array of 120
photomultiplier tubes. This array
covers scattering angles of 0.5°-2.2°,
which in combination with the
instrument’s wider angle detector
modules, allow Nimrod to access a
Q-range from 0.02Å-1 to 50Å-1 giving
a structural resolution of 0.1Å out to
length scales of 300Å. This
performance is unique in the world.

Beau Webber (University of Kent, right) was
the first user on Nimrod. He is seen here
with Daniel Bowron and Alan Soper (ISIS)
during their experiment to study the wall
structure of pores in templated silcas.
09EC3548

LET
LET has completed the commissioning of all seven
disk choppers, and 4 detector panels out of the
final detector complement of 12. The massive 4 m
long detectors perform excellently with a 20 mm
position resolution along the length and very low
background noise. The first inelastic measurements,
performed in May 2010, confirmed the top class
performance in good agreement with simulations.

▲ LET measurements of excitations in the Fe8 single molecule
magnet demonstrating the instrumental resolution.Science

with Second Target Station   instruments

▼
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EMU Upgrade
This year has seen a significant upgrade to the EMU
muon spectrometer. EMU has been given a new
detector array, with three times the number of
detector elements providing significant improvements
in data rates. It also has enhanced performance for
small samples, and is now equipped for dilution
refrigerator use. The new instrument has been
commissioned and is performing extremely well.

The refurbished EMU instrument provides three times the
previous data rate together with other experiment
improvements.

Polaris
Polaris will be completely upgraded during the ISIS 2010
long shutdown. When complete, its 38 modules of fibre-
coupled scintillation detectors will contain some
400,000 m of fibre optic light guide and will give Polaris a
gain of up to a factor of 20 in count rate. Manufacture of
the main vacuum tank at Cadinox has been completed,
and production of the Debye-Scherrer collimator is
currently underway at RAL. 

▲ The upgraded Polaris will have a primary flight path of 14 m. Thirty
eight detector modules will give a total coverage of ~44% of the
maximum possible solid angle.

Iris detector upgrade 
The detector bank upgrade on the Iris spectrometer was
successfully completed in May this year. Following the
installation and commissioning of the detector manifold for
the pyrolytic graphite bank in March 2008, the upgrade of
the detectors for the mica bank is now also finished. Iris is
now equipped with state-of-the-art detector electronics and
new photomultiplier manifolds with μ-metal shielding to
avoid stray field interference from magnet operation on
Osiris. We see a much increased detector stability, a strong
reduction in stray fields and, in the case of the Mica bank,
significant improvements in signal to noise. 

Pearl
During the long 2010 ISIS shutdown the high pressure
neutron diffraction facility, Pearl, will undergo a major
upgrade. The aim is to provide the option of tuning the
resolution of the diffraction data while maintaining as large
as possible d-spacing range. To this end the full detector
compliment is being replaced with a new design of ZnS
scintillator detector developed in collaboration with Spain.
The secondary flight path is being slightly increased and,
combined with the new detectors, this will improve the
resolution and the counting stability of the instrument. In
addition, a new incident beam collimation system is being
installed which will enable neutron flux to be traded for a
further increase in resolution. This project is being funded by
the Spanish government and being designed and constructed
by ISIS in partnership with AVS and Scientifica in Spain.

First users 
on HiFi

▲ Helen Jarvie (Centre for Hydrology and Ecology), Steve King (ISIS), pictured here,
and Jayne Lawrence (King’s College London) have been looking at the behaviour
of man-made nanoparticles in sewage treatment processes.  Because sewage
contains potentially harmful bacteria and viruses, ISIS engineers designed and
constructed a robust hermetically-sealed containment vessel for the LoQ small
angle neutron scattering experiment. 09EC3847 

in instruments      and techniques

Advances

HiFi is the new ISIS high-field muon spectrometer.
The instrument opens up new possibilities for muon
studies at ISIS by providing an order of magnitude
increase in applied field (up to 5T) compared with
existing ISIS muon spectrometers. HiFi took four years
to design and build. It is based around a state-of-the-
art superconducting split-pair magnet that is cryogen-
free and has very high field homogeneity. The

instrument is now fully available to the ISIS user
programme.

First users on the HiFi muon instrument. (left to right)
Dr Alan Drew, Dr Laura Nuccio, Leander Schulz,
Maureen Willis (Queen Mary University of London)
and Dr Iain McKenzie (ISIS) using the instrument to
explore spin scattering processes in organic materials
relevant to spintronics. 09EC3991

▼

▲ Iris results from a vanadium calibration standard
for the new mica detector bank, showing
improved signal-to-noise and resolution. 

▼  Olatz and Natxo Carrera with the Pearl 
90° detector in production at Scientifica, 
Deba, Spain.

▼
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Polarised Neutrons
The ISIS polarisation group is on course to deliver polarised
neutron capability on both the LET and Wish instruments.
This year saw the construction of the LET polariser and
analysis systems, and the LET spin-filter cells, designed to
reduce background contamination, are in production. A
compact polariser and analyser insert has been constructed
for use on Wish. Tests on the Wish beamline showed the
device to be working well,
with a 3He spin-relaxation
time of 82 hours. When the
new ISIS 3He optical pumping
station is delivered early in
2011, we will be in a position
to run wide-angle neutron
polarization analysis
experiments on both LET and
Wish, adding a new
dimension to the ISIS
instrument suite.

Biolabs
ISIS houses two biology
Laboratories, one in each
target station. Both labs
provide basic biochemical,
biological and biophysical
facilities. They are equipped
with general lab equipment
as well as several more
specialised instruments.  

Luke Clifton (ISIS) prepares 
for studies of bacterial
membranes on Polref in an 
ISIS biolab.  10EC1962

High fields and low temperatures
The combination of high magnetic field and ultralow temperatures is
indispensable for a broad range of neutron scattering experiments.
However, problems with the global helium supply have raised
significant concerns about the affordability of conventional
cryogenic equipment. Oxford Instruments, in collaboration with
ISIS, have designed, produced and tested 9T and 14T
superconducting magnets which can be
combined with a dilution refrigerator
producing a base temperature of 60 mK.
The systems can be operated continuously
with zero helium boil-off. This significantly
reduces liquid helium consumption as well
as having operational simplicity. The two
magnets have been used on Wish and
Merlin.

Oleg Kirichek (ISIS) with the new
superconducting magnet systems.
08EC3821

Advances
in instruments and techniques

As ISIS instruments become more complex and capable
of taking increasingly large data sets in a single run or
across multiple runs, so tools for handling data also
need to grow accordingly. ISIS has ongoing projects to
ensure that software for data reduction and analysis
keeps pace with instrument hardware developments.

Mantid is an open-source, multiplatform project for
neutron data reduction, analysis and visualisation.  The
package supports an increasing number of ISIS
instruments, soon to include all Crystallography
instruments and progressively the instruments of the
Excitations Group. It will eventually be used for all ISIS
instruments. ISIS staff are working with developers from
Tessella on the project, which now consists of more
than 260,000 lines of code. Recently an agreement
has been signed with the US Spallation Neutron
Source for joint Mantid development – doubling the
size of the development team. Mantid supports
data reduction for the time-of-flight
diffractometer EXED at the Helmholtz Zentrum
Berlin, and the Institut Laue Langevin in France
is also considering piloting Mantid over the
next year. 

A major sub-project within Mantid is the
development of multi-dimensional visualisation
software for inelastic and diffraction data. Exploring four
dimensional data sets from the Merlin instrument, which
can be as large as 100GB, is a challenge, and is one that
is set to become greater as instruments such as LET and
Wish come online. Capabilities will be built into Mantid
to visualise such massive datasets using established
open-source libraries that take advantage of multi-core
and distributed computing environments. Model fitting
of inelastic scattering data will also be integrated into
the Mantid framework, allowing users to fit their own
models or select from a models library.

Merlin data showing excitations in
YBaCo4O7. The image shows a 3d plot at
fixed energy extracted from the original
4d dataset.

▲ Data visualisation on 
Offspec using Mantid

▼

▲

▲

Software
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▲ The polarisation analysis insert being
lowered into the Wish sample tank. 

Plot showing a relaxation time of
82 hours for the 3He cell in the 
Wish sample tank.

▲
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The ISIS Controls group.  
The group are responsible
for monitoring and control
of the many thousands of
components that are needed
to keep the ISIS accelerators
running. Work this year has
included integration of
LabView diagnostics into the
controls systems. 
10EC2804
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Accelerator and Target 

News

▲ Jim Ellis (ISIS) is monitoring power
supplies for EPB2 magnets.
09EC1453

The Second Target Station extracted
proton beamline (EPB2) transports
protons from the ISIS synchrotron to
the Second Target Station hall.
Steve Jago (ISIS) is seen here with
quadrupole magnets for the EPB2
line which he designed.  
09EC1819

Bryan Jones and Sarah Whitehead of the ISIS
Diagnostics group, pictured here in the ISIS control
room, were awarded first prize in a competition run by
National Instruments for their paper describing their
work on ISIS synchrotron diagnostics. A highlight on
Sarah and Bryan’s work can be found on page19.
09EC3834

The Electrical Engineering group
deal with all the power supplies
and motors required to drive ISIS.
The group are presently taking
delivery of and testing over ninety
new power supplies for the
synchrotron and extracted proton
beam to target station 1.  Here
group members are seen with one
of twelve new energy storage
chokes for the synchrotron main
magnet power supply. 08EC3909

Simulations of the ISIS
injection region
showing the H– beam
hitting the stripping foil
and the trajectories of the
resulting H+, H0 and H–

beams. The H0 and H– are
intercepted by a beam dump
while the H+ proceed into the
synchrotron. Such simulations
are needed for studies of possible
developments of ISIS, including
increasing the injection energy
into the synchrotron to provide
overall increases in ISIS proton
power. 

▲ Alan Letchford, leader of the Linear Accelerator group at ISIS, has
been promoted to STFC Fellow in recognition of his international
excellence in the field of accelerator engineering. He is seen here
with the ISIS Front End Test Stand, a facility designed to demonstrate
key technologies for the initial stage of the next generation of high
power pulsed proton accelerators. 10EC2882

▼

▲

▲

▲

▼

▲ Development of beam profile monitors (using arrays
of miniature electron multipliers)  has been an active
research area at ISIS over the last few  years. These
monitors, which are located in the ISIS accelerator
ring, are able to capture a profile of the proton beam
on a microsecond timescale. The profile monitor data
here shows a 3D display of the beam profile evolution
over the full 10ms accelerator cycle.

▼



Small Angle Scattering
Conference held in Oxford
SAS-2009, the XIV IUCr International Conference on Small-
Angle Scattering (SANS) was jointly organized by the ISIS
SANS team and their counterparts from Diamond under the
chairmanship of Steve King and Nick Terrill. A total of 434
delegates from 32 different countries attended. A vast range
of science and technology was presented in 10 plenary
presentations, 144 contributed oral presentations and 308
posters, testament to the continuing broad appeal of small-
angle scattering as a technique.  

▲ Delegates at SAS-2009 listening to talks at the Examination Schools
in Oxford. 09EC3270
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Attendees at the
Disordered Materials
Data Analysis
Workshop held in
March at The
Cosener’s House.
10EC1774

Students on the
neutron training
course preparing
samples for a
reflectometry
experiment.
10EC2800

▼ Students on the ISIS muon
training course viewing the
new Chronus spectrometer on
the RIKEN-RAL muon facility.
10EC2151

▼ Attendees at the one day workshop on
Strongly Correlated and Interacting
Electron Systems organised by ISIS and
held at The Cosener’s  House in January.
10EC1083

Muon Training School
ISIS also runs a muon training school to give
postgraduate and postdoctoral students practical
experience in running muon experiments. The course
also includes lectures and workshops in the principles
and applications of the technique given by experts in
the field. This year, 18 students from nine countries
came to ISIS for six days in May. Each had the
opportunity of running two experiments on the ISIS
muon instruments. 

Daniel Bowron (ISIS) discussing solution
chemistry with Prof Ryoki Noyori,
President of RIKEN and Nobel Laureate in
Chemistry, during Prof Noyori’s visit to
sign a new agreement between ISIS and
RIKEN for muon science. 
10EC2451

Prof Ken Nagamine was
instrumental in creating the
RIKEN-RAL muon facility at
ISIS. Here he is leading the
toast to celebrate 20 years of
successful collaboration and
the further renewal of the
RIKEN-RAL agreement.
10EC2497

Neutron Training Course
The ISIS Neutron Training Course took place in May.  The
course is designed to provide practical experience of
setting up and running neutron scattering experiments on
a wide range of instruments at ISIS, and is aimed at
researchers new to neutron science. 24 students and post-
docs took part in the course. The 8-day event included
practicals on Engin-x, HRPD, Merlin and other instruments,
plus the first use of the new LET spectrometer on the
Second Target Station. 

ISIS People

Congratulations to Harry Jones, Project Manager
for the ISIS Second Target Project, who was
awarded an MBE in Her Majesty the Queen’s
New Year Honours List. “No-one could deserve
this award more than Harry Jones,” said ISIS
Director Andrew Taylor. “His contribution to
delivering this world-leading project was
absolutely key. Just as importantly, throughout
his career Harry has developed and mentored
successive generations of young engineers,
contributing to the engineering skills base not
only in this laboratory but more widely across
the different sectors of UK industry where
many of them now work.”

Congratulations are also due to
Andrew Taylor, ISIS Director,
who was awarded an Honorary
Degree of Doctor of Science
from the University of Glasgow
in recognition of the major
contributions he has made in
Chemistry and Physics.   
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Harry Jones MBE
inside the ISIS
Second Target
Station. 10EC1309

▼

▼

▲

▲

A year around ISIS
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ISIS regularly takes work
experience pupils, who come for
up to two weeks to learn about
the world of work and get
valuable experience working in a
large science facility.  Here we
see Matthew Izzard from King
Alfred's School, Wantage,
working with a design for a
shutter lift mechanism for the
Second Target Station. 10EC2689

37

Inspiring the next generation 
of scientists!

ISIS
2010

▼ Pupils from Didcot Girls School
learning about superconductivity at
ISIS as part of a schools ‘triple
science conference’ in January.
10EC1175

A teacher training weekend was held at
ISIS in July.  Participants learned about
science at ISIS and its relevance to
science in schools.  Here we see them
during a tour of the ISIS Second Target
Station. 10EC2728

A Particle Physics Masterclass for around
400 sixth form students is held every year
at RAL.  Here, students from Tiffin School
for boys, Kingston upon Thames, are being
shown ISIS by Adrian Hillier (ISIS).
10EC1460

▼

▼

▼
 

▼ Pupils from Marling
School, Stroud,
visited ISIS in
February with
French exchange
students they were
hosting.  10EC1292

ISIS held a ‘friends and
family’ afternoon in
January.  Five hundred
visitors were able to
learn about ISIS and
see what their ISIS
friends or family
members get up to in
their work at the
facility. 10EC1138,

10EC1140

▼ ISIS staff helped Harwell Primary School Year 6 pupils to build an
electric car. Here we see the ISIS and school team following
assembly of the car in July, together with pupils visiting the ISIS
Second Target Station with Chris Frost (ISIS). 10EC2653, 10EC2424

▼
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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
roughly six weeks after each ISIS proposal deadline.
They rigourously review all proposals received based
on their scientific merit and timeliness.

Colin Pulham
(Edinburgh University)
preparing Pearl for a
high-pressure study
of monovalent
bifluorides. 
10EC2596

▲ Samantha Ford (ILL, Grenoble)
and Ivana Evans (Durham
University) exploring pressure
effects on proton migration in
3,5-pyridinedicarboxylic acid
on SXD. 10EC2554

▼ Sarah Norman and Tristan
Youngs (Queens University
Belfast) in the ISIS Second
Target station during Nimrod
studies of atomic and mesoscale
structural correlations in 
1-alkyl-3-methylimidazolium
ionic liquids. 10EC2527

Helen Playford (Warwick
University) using GEM to
examine structural
models of gallium oxide
polymorphs. 10EC2514

Stuart Hunter (Glasgow University)
studying anion transfer catalysis
ternary molybdenum carbonitrides
on Polaris. 10EC2535

▼

▼
 

▲
 

Bella Lake (Helmholtz Centrum Berlin)
and Toby Perring (ISIS) studying
Excitations proposals. 09EC4266

Rod Macrae 
(Marian College,
USA) and Ray Osborn
(Argonne National
Laboratory, USA)
during the Muon 
FAP meeting. 
09EC4276

▲ Crystallography FAP members: Duncan Gregory
(Glasgow University), John Claridge (Liverpool
University), Peter Slater (Surry University) and
Lawrence Falvello (Universidad de Zaragoza).
09EC4281

Milva Celli (Istituto dei Sistemi Complessi) of
the Disordered Materials FAP. 09EC4296

Jon Goff (Royal
Holloway and Bedford
New College) during
Large Scale Structures
FAP discussions.
09EC4235

▲ The Large Scale Structures
FAP at work. 09EC4225

▲ Howard Stone
(Cambridge University)
discussing Engineering
proposals. 09EC4246

Chris Hardacre (Queen’s University Belfast)
chairing the Disordered Materials FAP.
09EC4292

▲

▼

▼

▲

▼

Users at work
ISIS Facility Access Panels (FAPs)
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ISIS Publications
2009-2010

Publications relate to
all work carried out at
ISIS. Listed here are
345 publications
resulting from work at
the facility that have
been published since
ISIS 2008.  

Vincent Legrand (Rennes University, France)
employing Engin-x for in-situ internal strain
measurements in textured austenitic steel
under strain-path changes.  
10EC2560

▼ ISIS Publications
2009-2010
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B Abbey, S Zhang, W Vorster and
A Korsunsky

Feasibility study of neutron strain
tomography 

Mesomechanics 1 185 (2009)    

I Abrahams, X Liu, S Hull, ST Norberg,
F Krok, A Kozanecka-Szmigiel,
MS Islam and SJ Stokes 

A combined total scattering and
simulation approach to analysing
defect structure in Bi3YO6

Chemistry of Materials 22 15 4435
(2010)    

M Acar, P Bouchard, JQ de Fonseca,
M Fitzpatrick and S Gungor 

Intergranular strains in pre-
strained and welded pipes 

5th International Conference on
Mechanical Stress Evaluation by
Neutron and Synchrotron Radiation
(2009)    

M Adam 

An investigation of hydrogen
bonded molecular systems using
X-ray and neutron diffraction 

Thesis (2009)    

M Adam, M Gutmann, C Leech,
D Middlemiss, A Parkin, L Thomas
and C Wilson 

Stability and cooperativity of
hydrogen bonds in
dihydroxybenzoic acids 

New Journal of Chemistry 34 85-91
(2010)    

D Adams, B Jones, S Payne, B Pine
and R Williamson 

Studies of space charge loss
mechanisms associated with half
integer resonance on the ISIS RCSS 

Particle Accelerator Conference (2009)    

D Adroja, A Hillier, P Deen, A Strydom,
Y Muro, J Kajino, W Kockelmann,
T Takabatake, V Anand and JAT Stewart 

Long-range ordering of reduced
magnetic moments in the spin-gap
compound CeOs2Al10 as seen via
muon spin relaxation and neutron
scattering 

Physical Review B 82 104405 (2010)    

I Ahmed, S Rahman, P Steegstra,
S Norberg, S Eriksson, E Ahlberg,
C Knee and S Hull 

Effect of co-doping on proton
conductivity in perovskite oxides 
BaZr0.9In0.05M0.05O3-δ
(M = Yb3+ or Ga3+) 

International Journal of Hydrogen
Energy 35 6381-6391 (2010)    

H Alberto, A Weidinger, R Vilao,
J Duarte, J Gil, N de Campos, J Lord
and S Cox 

Muonium as a probe of electron
spin polarisation in CdTe 

Physica B Condensed Matter 404
5110-5112 (2009)    

H Alberto, A Weidinger, R Vilao,
J Duarte, J Gil, J Lord and S Cox 

Mechanisms of electron
polarisation of shallow muonium
in CdTe and CdS 

Physical Review B 81 (2010)    

S Alessandroni, A Paradowska,
EP Cippo, R Senesi, C Andreani,
P Montedoro, F Chiti, D Sala, D Spinelli
and C Mannini 

Investigation of residual stress
distribution of wheel rims using
neutron diffraction 

8th European Conference on Residual
Stresses (2010)    

G Alexander, S King, R Richardson and
H Zimmermann 

Determination of the translational
order parameter for smectic liquid
crystals using small-angle neutron
scattering 

Liquid Crystals 37 961-968 (2010)    

D Allan, W Marshall, D Francis,
I Oswald, C Pulham and C Spanswick 

The crystal structures of the low-
temperature and high-pressure
polymorphs of nitric acid 

Dalton Transactions 39 3736-3743
(2010)    

H Al-Obaidi, M Bowes, M Lawrence,
A Drake, M Green and P Dobson 

Fate of silica nanoparticles in
simulated primary wastewater
treatment 

Environmental Science & Technology 43
8622-8628 (2009)    

DC Arnold, KS Knight, G Catalan,
SAT Redfern, JF Scott, P Lightfoot and
FD Morrison 

The beta-to-gamma transition in
BiFeO3: a powder neutron
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Pierre Toledano 
(Universite de Picardie,
Amiens)

Landau approach to phase
transitions: rigorous results

26 January 2010

Dr Ilya Eremin 
(Max-Planck-Institut)

Superconductivity and
metallic spin density wave
in iron-based
superconductors

28 January 2010

Pierre Toledano 
(Universite de Picardie,
Amiens)

Landau theory of
multiferroic materials

9 February 2010

Christoph Salzmann 
(University of Oxford)

Ice XV and other forms of
solid water

16 February 2010

Feliciano Giustino 
(University of Oxford)

Electron-phonon interaction
in copper oxides and iron
pnictides

23 February 2010

Dr Kostya Trachenko 
(Queen Mary University of
London)

Understanding liquids and
glass transition on the basis
of elastic waves

2 March 2010

Dr Matthew Krzystyniak
(University of Oxford)

Neutron Compton scattering
as a probe of proton micro-
dynamics in condensed
matter systems and
molecules

9 March 2010

Dr Moritz Hoesch 
(Diamond Light Source)

Giant Kohn Anomaly and the
phase transition in charge-
density-wave ZrTe3

16 March 2010

Dr Donna C. Arnold 
(University of Kent)

Perovskite and perovskite
related ferroelectric and
multiferroic materials

ISIS Seminars 
2009 - 2010

▼ Dominic Fortes (UCL)
preparing to study
high-pressure
polymorphs of hydrates
of relevance to the
interior of icy bodies in
the outer solar system
on Pearl. 
10EC2517

▼ Isabel Franke (Oxford University) using the
new muon instrument HiFi to decouple the
spin fluctuations with high magnetic fields in
the geometrically frustrated antiferromagnetic
garnet Gd3Ga5O12.  10EC2546

▼ Tommy Nylander and Richard Campbell
(Lund University, Sweden) preparing
Surf for studies of the interaction
between RNA and lipid monolayers at
the air-water interface.  10EC2567



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. 

▼ ISIS user survey results from 2005 to 2010.
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2010

ISIS in facts
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ISIS in facts and figures

FAP 1 FAP 2 FAP 3 FAP 4 FAP 5 FAP 6 FAP 7
Diffraction Liquids Large Scale Excitations Molecular Muons Engineering

Structures Spectroscopy

J Evans C Hardacre A Zarbakhsh D McMorrow J Bermejo S Kilcoyne J Bouchard 
(Chair) (Chair) (Chair) (Chair) (Chair) (Chair) (Chair)

A Bombardi M Celli S Clarke A Boothroyd A Arbe A Drew M Hutchings
J Claridge G Cuello I Gentle J Chalker F Bresme R Macrae N O’Dowd
W Crichton M Gonzalez J Goff P Dai D Colognesi R Moessner J Quinta da Fonseca
L Favello F Meersman J Lakey R De Renzi P Fairclough R Osborn D Rugg
D Gregory J Tse T Nylander B Gaulin M Jones R Scheuermann A Steuwer
B Kennedy M Wilson J Petkov A Huxley MP Marques J Titman H Stone
S Parsons R Winter P Steadman B Lake G Walker I Watanabe J Yates
T Proffen R Thompson O Petrenko P Wood
P Schofield
P Slater
A Wills C Neylon
M Tucker D Bowron J Webster C Stock 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 Oct 2009 meetings. The FAPs meet normally meet twice per year to review all proposals submitted to the
facility based on scientific merit and timeliness. ISIS attendees act as secretary and give technical advice, but are not involved in the experiment review
process.

Chair D Lennon University of Glasgow

IUG1 Crystallography
D Gregory University of Glasgow
P Lightfood University of St Andrews

IUG2 Liquids & Amorphous
J Holbrety 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
A Boothroyd University of Oxford
P Mitchell University of Manchester

IUG5 Molecular Spectroscopy
F Kargl University of Wales – Aberystwyth

D Lennon University of Glasgow

IUG6 Muons
S Kilcoyne University of Salford
T Lancaster University of Oxford

IUG7 Engineering
G Swallowe Loughborough University
M Fitzpatrick The Open University

AD Taylor Director ISIS

U Steigenberger ISS Division Head

ZA Bowden IEO Division Head

D Greenfield II Division Head

RL McGreevy IDM Division Head

PJC King Oversight of ISIS User Programme

R Browning ISIS User Programme Manager

▲ ISIS User Committee Membership for June 2010. The IUC exists to represent the user community on all aspects of facility operation.
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▲ Haixia Wang
(Universität Darmstadt)
studying local structure
in ferroelectric PMN-PT
crystals with SXD.
10EC2520

▲ Mario Campana
(Queen Mary
University London)
preparing Surf for
structural studies
of proteins at the
oil-water interface.
10EC2544

▲

Jeremy Uden 
(Pitt Rivers Museum,
University of Oxford)
holds one of a pair
of valuable Samurai
Swords during
studies using INES.
09EC4405
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ISIS continues to be the world’s most successful pulsed spallation neutron source. For the period of this report and during
scheduled operating cycles, ISIS delivered a total of 630 mA.hrs of user proton beam to the muon and neutron targets.

The tables below give beam statistics for the individual cycles in the year 2009-2010, together with year-on-year statistics for
ISIS performance. 

Cycle 09/1 09/2 09/3 09/4 09/5

19 May – 7 July – 22 Sept – 24 Nov – 16 Feb –
25 June 09 13 Aug 09 22 Oct 09   20 Dec 09 25 Mar 10

Beam on Target 1 (hr) 714 681 381 770 491

Total Beam Current (μA-hr) 148255 141197 81718 165403 93170

Average Beam Current for beam on Target 1 (μA) 171.7 174.2 171.9 174.7 176.7

▲ ISIS operational statistics for year 2009-2010.

Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Total Scheduled Days 168 168 168 156 165 106 134 196 92 163 156

Total Time on Target (days) 153 154 158 144 152 96 107 174 74 144 126

Total Integrated Current (mA-hrs) 687 687 725 612 647 409 459 749 326 612 630

Average Beam Current (for beam on target) (μA) 187 186 192 178 177 177 178 179 183 177 179

▲ Year-on-year ISIS performance summary for the past 10 years.

▲ Average ISIS average beam current per cycle. 

▲ The ISIS integrated beam current over the last twenty years. 

Beam statistics 
2009-2010

▲

Samantha Ford (Durham
University) preparing SXD 
to study pressure effects on
proton migration 
3,5-pyridinedicarboxylic acid. 
10EC2552
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