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Cover Image: ‘Lightbridge " by Chris Henschke

Melbourne based digital artist Chris Henschke undertook a residency at the Australian Synchrotron
funded through the Arts Victoria"Arts Innovation program and the Australian'Network for Art and
Technology in 2007. During his'stay'he used the Australian Synchrotron to collect visual data.

One visualisation experiment produced the image used on the cover of this report. Chris is now
undertaking a second artistic residency at the Australian Synchrotron also funded by the Australian
Network for Art and Technology:
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Foreword

During my tenure as Head of Science at the Australian
Synchrotron, | was fortunate to oversee a period of rapid
growth in capability and outcomes.

Accordingly, | am pleased to announce the publication of the
Australian Synchrotron’s first Research Highlights Report.

This report covers the period from the Australian
Synchrotron’s opening in June 2007 to the end of 2009 and
provides a short description of the facility, a summary of its
capabilities and scientific highlights, its publications and
presentations, information about our users, details of the
process for applying for beam time and information about our
foundation investors.

As a state-of-the-art,
3 GeV light source,
the Australian
Synchrotron has

nine beamlines
allowing experiments
to be performed

in a wide variety of
scientific fields from
macromolecular

and micro-
crystallography,
powder diffraction
and x-ray fluorescence
microscopy to infrared spectroscopy.

Synchrotron techniques like these and others open up critical
new possibilities in understanding the molecular structure,
properties and nature of materials, and how they change,
react and interact with one another, providing sectors such
as agriculture, advanced materials, food sciences, mining,
micro-technology and pharmaceuticals with new and
innovative research methods; methods that deliver cheaper
and sometimes faster scientific results.

In recognising the significant developments that have
occurred over the 2007 to 2009 period, it is important we
acknowledge the vision and tireless work of a number of
groups who were instrumental in establishing this facility.

Without the work and dedication of those at the Australian
National Beamline Facility (ANBF, Tsukuba, Japan 1991-
1995), individuals involved in the Australian Synchrotron
Research Program (ASRP, 1995-2008) and the critical support
offered by Foundation Investors, this facility would not be a
reality today.

We would like to thank these groups, the State Government
of Victoria, the Australian Federal Government and the New
Zealand Government for their continued support of this state-
of-the-art research facility.

“In its relatively short life, the AS has already
made a vital contribution to numerous high-profile
research projects, raising and bolstering the image

of the nation's university and research sectors,

while also improving the economic and social
welfare of all Australians.”

N N |

| believe this report provides a robust record of the
Australian Synchrotron’s development and major
achievements; achievements that validate the support
given by the facility’s funders and Foundation Investors.

Since its inception, the facility has had over 2000 users

pass through its doors and seen over 200 research papers
published. In addition, four thousand people have visited the
facility under its combined marketing and education and
outreach programs.

In its relatively short life, the Australian Synchrotron has
already made a vital contribution to numerous high-profile
research projects, raising and bolstering the image of the
nation’s university and research sectors, while also improving
the economic and
social welfare of all
Australians.

While the state and
federal governments
actively review

the Australian
Synchrotron’s
second investment
and science

case, detailing

the rationale for,
and benefits of,
increasing the number of beamlines at the facility, the
Australian Synchrotron is moving forward with its existing
plans for expansion and growth.

These plans will focus on the construction of several new
buildings including a National Centre for Synchrotron
Science, the construction of a new user accommodation
centre, development of an office extension building and
completion of a technical support laboratory.

The Australian Synchrotron believes these plans and the
creation of further beamlines at the facility will make a
positive contribution to the development of stronger research
outcomes into the future; outcomes that will continue to
place the Australian Synchrotron at the forefront of scientific
research and development.

We hope you enjoy reading the Australian Synchrotron’s first
Research Highlights Report.

Professor lan Gentle

[Professor lan Gentle was Head of Science at the
Australian Synchrotron from October 2008 - December 2010]
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The Australian Synchrotron

About us

As a third-generation, 3 GeV light source, the Australian Synchrotron is a leading science and research facility supporting a
diverse and exciting mix of scientific and commercial research activities.

Since its opening in June 2007, the facility and its scientists have established nine beamlines offering users a range of scientific
techniques from powder diffraction and macro-molecular crystallography to x-ray absorption spectroscopy.

Using this range of non-destructive, high-resolution, rapid, in-situ, real-time imaging and analysis techniques, which are far
superior in accuracy, clarity, specificity and timeliness to conventional laboratory equipment, users can now better understand at
a molecular level, the structure, shape and function of substances and the way they change, react and interact with one another.

In its short life, the Australian Synchrotron has already achieved significant research outcomes. These include providing a
unique insight into the conditions underlying sensory perception and the analysis of solar wind samples from the NASA Genesis
spacecraft. The facility has also made notable contributions to the development of new treatments aiding cancer, mental illness,
IVF and malaria.

Today, use of synchrotron science is considered an essential element in the development of many knowledge-intensive
industries, including biotechnology and nanotechnology, and other more traditional industries such as pharmaceuticals, mining
and telecommunications.

The Australian Synchrotron is funded by the Victorian State Government, the Australian Federal Government, the New Zealand
Government and a number of national and international science-based consortia.

Its vision is to be the catalyst for the best scientific research and innovation in Australasia, with its focus to provide a thriving
scientific research environment conducive to creating and nurturing the best scientific outcomes for users and staff of the facility.
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Capabilities

Accelerator Science and Operations

The heart of the Australian Synchrotron is its light source, the ‘machine’ that generates synchrotron x-rays and infrared light for
diverse research experiments. The major components of the synchrotron light source include an electron gun, which generates
a stream of electrons, and a linear accelerator, which accelerates the electrons until they are moving at close to light speed.
Next the electrons are accelerated to their operating energy in the booster ring. The final stage is the storage ring, where

the electron beam (made up of electron bunches approximately 60 centimetres apart) circulates for many hours, producing
‘synchrotron light’ that is harvested for use in experiments.

The light source is operated and maintained by a highly trained team working in close collaboration with other specialists who
conduct research aimed at improving the characteristics of the light source - and the quality of the light generated for use in
beamline experiments.

The Imaging and Medical beamline

When completed in 2012, the Imaging and Medical beamline will provide unrivalled x-ray imaging and radiotherapy capabilities
for a wide range of research applications from medicine to specialised materials research. It will deliver a wide x-ray beam by 4
cm x-ray beam to a satellite building that is fully equipped for pre-clinical and clinical research.

The extended beamline and satellite building facility currently under construction will provide high-resolution imaging of cells,
tissues and tumours, enable cell tracking using markers, and facilitate radiotherapy research. The beamline’s cardiac and
cardiovascular, lung and tissue (breasts, bones and organs) imaging capabilities will also allow preclinical programs to be
extended to clinical research with patients.

The Infrared beamlines

The Australian Synchrotron has two infrared beamlines that are operated independently. One is used for infrared
microspectroscopy, the other for far-infrared and high-resolution infrared studies.

Infrared spectroscopy is widely used in research, analytical and industrial laboratories. The synchrotron infrared
microspectroscopy beamline extends the scope of this popular technique, and can locate and analyse individual components in
samples with dimensions of only a few microns, producing high spatial resolution chemical images.

The far-infrared and high-resolution infrared beamline offers high spectral resolution infrared spectroscopy for characterising
gas phase samples, solids and thin films on surfaces.

The Macromolecular Crystallography beamlines

Macromolecular crystallography is the study of the structure of large biomolecules such as proteins and nucleic acids using
x-ray crystallography. Proteins are essential to life and carry out almost all reactions inside living cells.

X-ray diffraction is the most widely-used method for protein structure determination, providing essential information for a wide
range of applications, including drug development, food technology, agriculture, manufacturing and chemical processing.
Determining the structures of proteins provides valuable information on how these “molecular machines” work, how they
evolved and how to design drugs to modify their actions. This information can be used to design specific drugs that target
proteins involved in diseases such as cancer, HIV, tuberculosis and malaria.

The Australian Synchrotron has two crystallography beamlines. The macromolecular crystallography (MX1) beamline is a
high-throughput beamline for users with large numbers of samples. The micro-crystallography (MX2) beamline also caters for
difficult crystals that are small or weakly diffracting. Remote access is available on both beamlines by prior arrangement.

The Powder Diffraction beamline

Powder Diffraction provides information on the crystal structure of polycrystalline natural and synthetic materials that can

be related to the properties of those materials. It permits the study of bulk materials and provides a robust alternative for
structural characterisation when single crystals are not available, as is often the case in nature and the laboratory.
Applications include in-situ studies of reaction mechanisms, investigations of crystal chemistry, phase identification and
determination of how crystal structure affects physical, chemical or magnetic properties. The technique is used for studying a
wide variety of samples and processes, including pharmaceuticals, radioactive waste materials, battery components such as
electrolytes and electrodes, mineral ores and mineral processing conditions.
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Compared to conventional laboratory-based powder diffraction, synchrotron powder diffraction offers superior, more accurate
data, excellent signal-to-noise outcomes, faster time-frames and can be used to examine significantly smaller samples.

A further advantage is that synchrotron x-rays can be tuned to particular wavelengths to suit sample composition and
experimental requirements.

The Small and Wide Angle x-ray Scattering beamline

The Small and Wide Angle x-ray Scattering beamline provides information on the structure of materials on scales ranging from
atomic to molecular to particle scale: from 1 angstrom up to 400 nanometres. Many types of materials have structure on the
nano scale, including liquid emulsions, colloids, particles, proteins and surfaces.

SAXS provides useful structural information on a wide range of solids, powders, gels, liquids and solutions, including biological
materials, polymers, coatings, biosensors, and mineral ores and products. The technique is a valuable complement to x-ray
crystallographic structural determinations.

The beamline also offers simultaneous WAXS, which is useful for structures ranging down to the atomic level. The beamline’s WAXS
capabilities are used for projects such as phase analysis in minerals, molecular packing in polymers, and small-scale structures in
surfactants. In many cases, the SAXS and WAXS measurements are taken simultaneously to study dynamics at differing scales.

The Soft x-ray Spectroscopy beamline

This beamline can provide information on bond lengths, coordination numbers, coordination geometry and oxidation state for
atoms with atomic numbers below 20 (hydrogen to calcium) for a wide range of solid and liquid samples.

It is mainly used for near-edge x-ray absorption fine structure (NEXAFS) studies. NEXAFS can only be done at synchrotrons
because it requires the ability to scan through a range of x-ray energies. The beamline also offers soft x-ray photoelectron
spectroscopy (SXPS), which gives higher photon resolution and sensitivity than conventional laboratory XPS.

The x-ray Absorption Spectroscopy beamline

X-ray Absorption Spectroscopy techniques provide chemical and structural information on atoms from calcium to uranium
for a wide range of solid and liquid systems. XAS experiments require an intense, tuneable photon source only available at
synchrotrons.

The x-ray absorption near-edge structure (XANES) region of an XAS spectrum yields chemical information such as local
coordination geometry and oxidation state. The extended x-ray absorption fine structure (EXAFS] region provides structural
information such as bond length, coordination number and disorder.

Widely used by both specialists and non-specialists, XAS is a mature technology that enables the advancement of new areas
of science. The technique complements protein crystallography studies, and the two are frequently used in combination to
determine challenging structures.

The x-ray Fluorescence Microscopy beamline

The x-ray Fluorescence Microscopy beamline provides valuable elemental, structural and chemical information from a very
diverse range of samples with micrometre and sub-micrometre resolution (less than one-hundredth the width of a human hair).

XFM produces a detailed x-ray image of a whole sample by collecting data from small sections and combining these to make up
the full picture. It can simultaneously identify the presence and determine the level in the sample of multiple elements such as
iron, magnesium, copper and gold. The technique is particularly useful in biology, geology and mining, environmental studies
and forensics. The beamline’s nanoprobe capabilities can resolve features as small as 200 nanometres, making it ideal for sub-
cellular elemental mapping and imaging of biological samples.

International Synchrotron Access Program (ISAP)
From 2009 ISAP supported 71 visits to overseas synchrotron facilities. This program is managed by the Australian Synchrotron.

Australian National Beam line Facility (ANBF)
Between September 2008 and 2009, the ANBF and its funding program (which has been managed by the Australian Synchrotron
since mid 2008) supported 52 visits by Australian-based groups to the Japanese facility.

RESEARCH HIGHLIGHTS 2007 - 2009 | 5
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Highlights

This section contains highlights selected from all the Australian Synchrotron-related peer-reviewed journal articles, published
conference proceedings, conference papers, book chapters and theses published between July 2007, when researchers officially
began using the Australian Synchrotron to further their research goals, and December 2009. All these publications draw on

data obtained at the Australian Synchrotron, the Australian National Beamline Facility or other overseas facilities with financial
support from the Australian Synchrotron Research Program or the International Synchrotron Access Program or which list
Australian Synchrotron staff members as authors.

Research typically involves a lengthy journey from ideas, concepts and theories to experiments, results and conclusions, and
from there to further experimentation or development. Major research programs can take many years to reach their final goals.
Along the way, the findings are published whenever the researchers have something of particular value to report to their peers.

The highlights presented in this report demonstrate the high quality of the research conducted at or supported by the Australian
Synchrotron in the early years of a facility that is designed to continue operating for decades to come. This impressive early
output augurs well for the Australian Synchrotron’s ability to provide ongoing benefits for the Australian and New Zealand
scientific and industrial research and development communities.

e High-resolution details of long, thin, protein assemblies called pili that enable diphtheria-causing bacteria to attach to host
tissues offer fresh insights into bacterial evolution and potential routes to new vaccines.

e Nanostructured materials that self-assemble are increasingly being used in applications such as drug delivery, and
providing new insights into cellular processes involving lipid bilayer membranes in living organisms.
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e Researchers are using synchrotron techniques to gradually build a detailed picture of our highly complex immune system.

¢ A newly identified mechanism that the immune system uses to maintain self-tolerance highlights the versatility of
the T cell repertoire and interaction with peptide-MHC complexes.

e Structural studies of natural killer T-cell receptors have revealed greater scope for differential recognition of a broad
variety of lipid-based antigens.

e The finding that induced-fit molecular mimicry underpins T-cell alloreactions has implications for reducing morbidity
and mortality rates associated with tissue transplantation.

e Synchrotron Fourier transform infrared studies have paved the way for development of an automated infrared-based
technology capable of diagnosing malaria at all stages of the parasite’s lifecycle inside red blood cells.

e (lose examination of the structure and chemical states of nitrogen atoms in nitrogen-doped zinc oxide films suggests that
specific annealing temperatures are required for creation of p-type semiconductor zinc oxide films, which could potentially
be used in many optoelectronic applications.

e The Maia detector array has demonstrated megapixel high-definition trace element imaging on the x-ray fluorescence
microscopy (XFM] beamline at the Australian Synchrotron, with faster acquisition and improved counting statistics.

e Powder diffraction is an invaluable tool for conducting parametric studies of perovskite structures, providing an overview of
form and function that is important for harnessing the useful electronic and magnetic properties of these versatile materials.
Researchers recently investigated a series of doped perovskite manganites with varying ratios of strontium, calcium and
neodymium.

e A promising new approach to stabilising electron beams combines feedback control with neural network feed-forward
techniques. Developed at the Australian Synchrotron as part of an international project, the new system will help ensure the
best possible light quality at next-generation light sources.

e Inthe period 2007 - 2009, access to the Australian Synchrotron (AS), ISAP (International Synchrotron Access Program) and
ASRP (Australian Synchrotron Research Program) resulted in 422 papers being published in journals across the world. This
activity was made possible through direct funding from the Australian Government.

e Access to overseas facilities during this period was administered under three programs: the ASRP (managed by ANSTO],
which ended in July 2008, the ISAP and the Australian National Beamline Facility access program.
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New details of key bacterial structures
involved In diphtherial infections

The Corynebacterium diphtheriae shaft pilin SpaA is built of tandem Ig-like modules with stabilising
isopeptide and disulfide bonds

H.J. Kang, N.G. Paterson, A.H. Gaspar, H. Ton-That, and E.N. Baker, The Corynebacterium diphtheriae shaft pilin SpaA
is built of tandem Ig-like modules with stabilizing isopeptide and disulfide bonds, P. Natl. Acad. Sci. U.S.A., 106, 16967-
16971, (2009). Impact factor 9.432.

High-resolution details of long, thin, protein assemblies called pili that enable diphtheria-causing bacteria to attach to host
tissues offer fresh insights into bacterial evolution and potential routes to new vaccines.

Diphtheria is a potentially fatal bacterial disease that affects the upper respiratory tract. In most industrialised countries,
including Australia, the disease has largely been eradicated through large-scale vaccination programs. However, it still claims
lives in other parts of the world, and can be fatal in as many as one in five cases.

The causative agent, Corynebacterium diphtheriae, has long, hairlike, protein assemblies called pili on its cell surface that
enable it to infect its human host. These very thin structures were first observed in 2003 by one of this paper’s co-authors.
Remarkably, they had been unknown until then. Their discovery and characterisation as covalent polymers was a milestone in
understanding colonisation and infection by Gram-positive bacteria.

Bacterial pili have aroused great interest because of their direct roles in infection and pathogenesis and their importance as
vaccine candidates. What is remarkable about the pili from Corynebacterium diphtheriae is that they use covalent isopeptide
(amide) bonds, both intermolecular and intramolecular, for strength and stability, and thus present a new paradigm among
protein polymers. Isopeptide bonds are like the bonds that join amino acids together in a protein backbone chain, but it is highly
unusual for an isopeptide bond to occur as an internal crosslink between side chains.

Using the MX2 beamline at the Australian Synchrotron, a collaborative NZ-US research team has now obtained a high-resolution
(1.6 angstroms) crystal structure of SpaA, the protein that forms the polymeric shaft of the C. diphtheriae pilus.

The C. diphtheriae SpaA shaft pilin consists of three immunoglobulin-like domains, arranged like beads on a string. Two of
these domains contain isopeptide bond crosslinks formed between lysine and asparagine side chains. The bonds form when the
protein folds as the lysine-asparagine pair is brought together in a hydrophobic environment. One domain of SpaA also contains
a disulfide bond.

The two internal isopeptide bonds in SpaA resemble those found previously in pili from another pathogenic bacterium,
Streptococcus pyogenes, which causes sore throats and tonsillitis as well as severe invasive illnesses such as rheumatic fever.
They have since also been found in the bacteria that cause pneumococcal disease and anthrax.

The results reported in this paper reveal that despite profound dissimilarities in primary sequences, the shaft pilins of Gram-
positive pathogens have strikingly similar tertiary structures. This suggests a likely common architecture for the backbones of
many Gram-positive pili involving modular construction and stabilising intermolecular and intramolecular isopeptide bonds.

The widespread occurrence of internal isopeptide crosslinks in the cell-surface proteins of Gram-positive bacteria indicates
their structural and functional importance in enhancing thermodynamic stability and resistance to proteolysis. The strategic
locations of the isopeptide bonds also impart mechanical (force-bearing) stability.

The disulfide bond in SpaA is not found in the pili of other Gram-positive bacteria, many of which lack the machinery to make
disulfide bonds. This leads to the intriguing idea that isopeptide bonds may have evolved as an alternative means of stabilisation.
Amide bonds are less prone to chemical disruption than disulfide bonds, which may be important for such thin, exposed
assemblies.

Intriguingly, the SpaA molecules pack end-to-end in columns through the crystal, providing a very convincing model for the way
they assemble into the actual pilus structure - a nice example of the way in which crystal structures can give quite unexpected
insights into biological assemblies.
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High resolution structure of the SpaA pilin protein from Corynebacterium diphtheriae. Image: Edward Baker
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Self-assembled lipid nanoparticles

Observing self-assembled lipid nanoparticles building order and complexity through
low-energy transformation processes

X. Mulet, X. Gong, L.J. Waddington, C.J. Drummond, Observing Self-Assembled Lipid Nanoparticles Building Order and
Complexity through Low-Energy Transformation Processes, ACS Nano, 3 (9], 2789-2797 (2009). Impact factor 7.493.

Nanostructured materials that self-assemble are increasingly being used in applications such as drug delivery, and providing new
insights into cellular processes involving lipid bilayer membranes in living organisms.

Nanostructured high surface area self-assembly materials are used for an increasing range of applications, including drug delivery,
material templating, and membrane protein crystallography. Additionally, nanostructures of cubic symmetry occur in many cellular
organelles, such as the endoplasmic reticulum and mitochondrial inner membranes. Complex 3D membrane reorganisation
processes have been observed during skin barrier morphogenesis, and the transition from lamellar phase to cubic phase is
considered a valuable model for biomembrane lipid scaffold remodelling events such as endocytosis.

Researchers from CSIRO Materials Science and Engineering believe the future of nanoscale soft matter design will be driven by the

biological paradigms of hierarchical self-assembly and long-lived non-equilibrium states. Our ability to reproducibly control the low-
energy self-assembly of nanomaterials will depend on our understanding of the highly ordered cubic membrane structures found in
cellular organelles.

Developing a better understanding of how lipids build structural order and complexity is a key element in progressing bottom-up
nanofabrication processes based on amphiphile self-assembly. However, a dynamic, non-equilibrium transition is by its very nature
difficult to observe. It shows little order, cannot be resolved by standard x-ray diffraction techniques, and cannot be directly imaged
owing to its short lifetime.

In 2009, Xavier Mulet and his colleagues from CSIRO and the University of Sydney used the small angle x-ray scattering (SAXS)
beamline at the Australian Synchrotron in conjunction with cryo-transmission electron microscopy to successfully investigate
the complete sequence of major transformations in the conversion from a one-dimensional lamellar membrane (L ) to a three-
dimensional inverse bicontinuous cubic nanostructure (Q,°).

The researchers used the two complementary techniques to observe and characterise initial lipid bilayer contacts and stalk
formation followed by membrane pore development, pore evolution into 2D hexagonally-packed lattices, and finally the creation of 3D
bicontinuous cubic structures.

The results indicate that stalk formation is a continuous process with constant changes in the curvature of the membrane system.
Progression to a cubic phase lattice involves the formation of pores (interlamellar attachments or ILAs), which start to pack in a lowest
energy configuration while maintaining preferential curvature in either a cubic or a hexagonal lattice. These lattices eventually stack
into a close-packed hexagonal or close-packed cubic lattice that is a precursor to an intermediate mesophase known as phase X,
itself a precursor to the cubic phase. Using a triblock copolymer to stabilise a highly-hydrated and relatively long-lived metastable
phase, the researchers were able to conclude that this metastable phase was in fact the elusive phase X. The high degree of hydration
enables the system to achieve the reduced pore size and decreased interpore distance required for ideal curvature configuration.

On the basis of their results, the researchers proposed a comprehensive model for cubic phase formation from a lamellar phase
(the L, to Q,° phase transition] involving: membrane undulations, stalk formation, interlamellar attachments (ILAs] via hemifusion
rupture, ILA alignment and reduction in size, phase X formation, and formation of cubic lattice via swollen intermediate.

In a cell biology context, experimental confirmation of the intermediate lipid self-assembly structures advances our understanding of
organelle morphogenesis and maturation as well as dynamic processes such as endocytosis and exocytosis. Cells may use similar
steric effects, using membrane proteins for example, to control shape changes in membranes and mechanically affect rates of
membrane reconfiguration.

The manipulation of intermediate structures such as ILAs in nanoparticulate dispersions of lipid self-assembly phases may provide

a unique system for encapsulation and controlled release of bioactives. The ability to control intermediate transformations may also
allow the development of flexible growth media for applications such as growing crystals of integral membrane proteins or liquid crystal
templating of nanostructured materials. A better understanding of how amphiphiles use low-energy transformation processes to order
and build complex structures will assist the creation of novel high-performance functional amphiphile self-assembly materials.
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Understanding immune receptor
function at the atomic level

In 2009, James McCluskey and Dale Godfrey from the University of Melbourne, Scott Burrows from Queensland Institute of
Medical Research and Jamie Rossjohn from Monash University, their teams and collaborators published three Immunity
papers (impact factor > 20) that drew on protein x-ray crystallography data collected at the Australian Synchrotron. The
papers reported new advances in our understanding of T cells, a key component of the immune system, and have significant
implications for immune-related disorders such as T-cell mediated transplant rejection.

The work is supported by grants and fellowships from the Australian Research Council, National Health and Medical
Research Council and the ARC Centre of Excellence in Structural Functional Microbial Genomics.
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Understanding immune receptor
function at the atomic level (1)

The shaping of T cell receptor recognition by self-tolerance

S. Gras, S.R. Burrows, L. Kjer-Nielsen, C.S. Clements, Y.C. Liu, L.C. Sullivan, M.J. Bell, A.G. Brooks, A.W. Purcell, J.
McCluskey and J. Rossjohn, Immunity 30, 193-203, February 20, 2009

A newly-identified mechanism that the immune system uses to maintain self-tolerance highlights the versatility of the
T cell repertoire and interaction with peptide-MHC complexes.

How does the host avoid alloreactivity, and what are the mechanisms underpinning self-tolerance? This study addresses the
central - but not well-understood - issue of how the immune system navigates the subtle distinction between self-restriction
and self-tolerance.

This paper describes how self-tolerance toward a trans-HLA allotype shapes TCR recognition of an Epstein-Barr virus
determinant (FLRGRAYGL). The researchers compared how HLA-B8-FLRGRAYGL is recognised by two archetypal TCRs:

LC13 and CF34. In HLA B8+B44+ individuals, LC13 T-cells exhibit alloreactivity to HLA B44 and are therefore deleted from the
repertoire. In those individuals, a new T-cell repertoire is generated against HLA B8-FLR to keep EBV in check; these new TCRs,
which include CF34, lack HLA-B44 reactivity.

Both TCRs engaged the HLA B8-FLRGRAYGL equally effectively - but with markedly contrasting footprints. While the alloreactive
LC13 TCR docked at the C terminus of HLA-B8-FLRGRAYGL, the CF34 TCR docked at the N terminus, creating potentially
unfavourable interactions predicted to prevent cross-reaction with HLA-B44.

These findings simultaneously demonstrate a mechanism for avoiding autoreactivity and highlight the versatility of the T-cell
repertoire and TCR interaction with peptide-MHC complexes.

CF34-HLA-BB-FLR LC13-HLA-B8-FLR

The docking mechanisms that T-cell receptors use to engage with target antigens can change to avoid autoreactivity.
Image: Jamie Rossjohn, Monash University
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Understanding immune receptor
function at the atomic level (2)

Differential recognition of CD1d-a-galactosyl ceramide by the V38.2 and
VB7 semi-invariant NKT T cell receptors

D.G. Pellicci, O. Patel, L. Kjer-Nielsen, S.S. Pang, L.C. Sullivan, K. Kyparissoudis, A.G. Brooks, H.H. Reid, S. Gras, |.S. Lucet,
R. Koh, M.J. Smyth, T. Mallevaey, J.L. Matsuda, L. Gapin, J. McCluskey, D.I. Godfrey and J. Rossjohn, Immunity 31, 47-59, July
17, 2009

Structural studies of natural killer T-cell receptors have revealed greater scope for differential recognition of a broad variety
of lipid-based antigens.

While MHC molecules present peptide antigens to T-cells, CD1d presents lipid-based antigens to natural killer T (NKT) cells.
NKT cells are implicated in a broad range of diseases, including microbial immunity, tumour immunity, autoimmunity and
allergy.

NKT cells in mice and humans typically express a semi-invariant T-cell receptor that pairs an invariant TCRa chain with a limited
selection of TCRB chains (VB11 in humans; VB8.2, VB7 and VB2 in mice). The TCRP chains are important in determining the ability
of NKT cells to recognise a large array of CD1d-restricted lipid antigens, including bacterial lipid, human self antigen like iGb3
or GD3.

This paper reports the structures of the V8.2 and V37 NKT TCRs in complex with mouse CD1d-a-galactosyl ceramide and
compares them with a new higher-resolution structure of the human VB11 CD1d-a-GalCer.

The different NKT TCRp chains converged on a common CD1d-antigen footprint, but with differences that partly reflect sequence
and structural differences between the V3 domains. Similarities between the homologous human V311 and mouse V(8.2
domains highlight the conserved nature of this interaction across the 70 million years of evolution that separate mice and
humans.

The results confirm that NKT TCR could be considered as a pattern recognition receptor, but also reveal the potential for
greater diversity at the NKT TCR-CD1d interface - providing greater scope for differential recognition of a broad variety of
CD1d-restricted antigens.

Val4Vp7-D1d-aGalCer Va14VB8.2-mCD1d-aGalCer

Recent studies have revealed how natural killer T (NKT) cells recognise lipid-based antigens and demonstrated their potential to recognise a
broad range of antigens. Image: Jamie Rossjohn, Monash University
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Understanding immune receptor
function at the atomic level (3)

T cell allorecognition via molecular mimicry

W.A. Macdonald, Z. Chen, S. Gras, J.K. Archbold, F.E. Tynan, C.S. Clements, M. Bharadwaj, L. Kjer-Nielsen, P.M. Saunders,
M.C.J. Wilce, F. Crawford, B. Stadinsky, D. Jackson, A.G. Brooks, A.W. Purcell, J.W. Kappler, S.R. Burrows, J. Rossjohn and
J. McCluskey, Immunity 31, 897-908, December 18, 2009

The finding that induced-fit molecular mimicry underpins T-cell alloreactions has implications for reducing morbidity and
mortality rates associated with tissue transplantation.

Mature T cells are restricted to recognising antigens presented by host MHC molecules, or self-MHC. However, some T cells are
able to break the MHC-restriction law and can react with non-self MHC molecules; this is known as alloreactivity.

T cell alloreactivity with foreign human leukocyte antigens (HLAs) is responsible for much of the morbidity and mortality
associated with tissue transplantation. However, despite its great clinical importance, the paradox of alloreactivity has remained
a mystery for more than three decades.

This paper reports how the LC13 T-cell receptor (TCR) selected for recognition on self-HLA-B*0801 bound to a viral

protein alloreacts with B44 allotypes (HLA-B*4402 and HLA-B*4405) bound to two different allopeptides. Despite extensive
polymorphism between the three HLAs and differences in the viral and allopeptide sequences, the LC13 TCR engaged all three
peptide-HLA (pHLA] complexes identically, accommodating mimicry of the viral peptide by the allopeptides.

The data presented in this paper highlight the intricate peptide dependence of T cell alloreactivity and show that direct T cell
alloreactivity is attributable to exquisite TCR specificity rather than degenerate recognition of MHC. The findings suggest that
in transplantation, nonpermissive taboo mismatches might depend on serendipitous mimicry that is lacking in permissive
mismatches.

The authors suggest that mimicry will underpin most alloreactions, but note that more definitive data will be required regarding
the relative roles of mimicry versus disparate docking modes.

LC13-HLA-B4405-Mimo LC13-HLA-BE-FLR LC13-HLA-B4405-allo

New information about the mechanisms that underlie T-cell alloreactions could help to reduce morbidity and mortality associated with tissue
transplantation. Image: Jamie Rossjohn, Monash University
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Towards better and earlier
diagnosis of malaria

Discriminating the intraerythrocytic lifecycle stages of the malaria parasite using synchrotron FT-IR
microspectroscopy and an artificial neural network

G.T. Webster, K.A. de Villiers, T.J. Egan, S. Deed, L. Tilley, M.J. Tobin, K.R. Bambery, D. McNaughton and B.R. Wood,
Discriminating the Intraerythrocytic Lifecycle Stages of the Malaria Parasite Using Synchrotron FT-IR Microspectroscopy and
an Artificial Neural Network, Anal. Chem., 81, 2516-2524, (2009). Impact factor 5.214.

Synchrotron Fourier transform infrared studies have paved the way for development of an automated infrared-based
technology capable of diagnosing malaria at all stages of the parasite’s lifecycle inside red blood cells.

One of the world’s deadliest infectious diseases, malaria is caused by unicellular parasites of the genus Plasmodium. It afflicts over
500 million people and kills more than one million a year, almost all due to P. falciparum. The infection begins with the bite of a
female Anopheles mosquito carrying P. falciparum.

The parasite spends part of its lifecycle inside red blood cells. These intraerythrocytic stages are the early ‘ring’ stage, the
trophozoite phase, and finally the schizont stage, which is when the parasite replicates.

In its trophozoite phase, the parasite digests large quantities of haemoglobin and releases toxic free ferrous protoporphyrin IX
(Fe(Il)PPIX] and denatured globin. The Fe(ll)PPIX is oxidised to Fe(lll)PPIX and aggregates into an insoluble biomineral known as
haemozoin (malaria pigment).

Bright-field microscopy has been the standard for malaria diagnosis since the disease was discovered in 1880. However, while
microscopy can quantify and identify the different lifecycle stages, it requires experienced personnel. Rapid diagnostic tests (RDTs)
or “dipsticks” that detect malarial antigen in blood samples are simple to use and allow on-the-spot diagnoses, but are expensive
and cannot provide quantitative results. Laser desorption mass spectrometry can detect haemozoin but cannot identify the early
ring stages. Raman microscopy also relies on detection of haemozoin.

The importance of lipids as catalysts for haemozoin formation is well documented. This means that a spectroscopic method for
detecting lipid signatures in infected erythrocytes could be useful for distinguishing the early intraerythrocytic stages.

Although resonance Raman spectroscopy has been used to detect and monitor haemozoin formation in erythrocytes, the diagnostic
potential of FT-IR spectroscopy has not hitherto been investigated. FT-IR is more sensitive to the lipid moieties than Raman spectroscopy,
potentially enabling detection of parasites prior to haemozoin formation, and much faster. Red blood cells make ideal subjects for FT-IR
synchrotron spectroscopy, since each erythrocyte is closely matched in size to the diameter of the synchrotron infrared beam (8 microns).

An international research collaboration has used the Australian Synchrotron to produce the first synchrotron Fourier transform
infrared (FT-IR) spectra of fixed single erythrocytes (red blood cells or RBCs) infected with Plasmodium falciparum at different
stages of the intraerythrocytic cycle.

The work demonstrates that synchrotron FT-IR spectroscopy in combination with multivariate statistical methods can detect the
presence of haemozoin in single infected RBCs. The technique can also differentiate between the three parasitic lifecycle stages
based on fatty acid composition within the infected erythrocytes. As well as the morphological differences observed between the
parasite’s intraerythrocytic lifecycle stages, there are specific changes in lipid composition that give rise to a very specific lipid
signature in the 3100-2800 cm™' region of the mid-IR spectrum.

Features attributable to haemozoin are not immediately obvious in the raw spectra of trophozoite-infected cells; so the researchers
calculated a second-derivative difference spectrum between the control and the trophozoite spectrum.

To demonstrate the diagnostic utility of FT-IR spectroscopy, the researchers employed an artificial neural network (ANN] to
unambiguously differentiate the different stages of the parasite. The results pave the way for an automated infrared-based
technology capable of diagnosing malaria at all intraerythrocytic stages.

Finding inexpensive, sensitive and rapid methods for malaria diagnosis that require minimal training for technicians would

have a major impact on malaria management. FT-IR spectroscopy may offer several advantages, including ability to detect all
lifecycle stages including the early ring stage prior to haemozoin formation, and unambiguous non-subjective diagnosis based
on neural network spectral pattern recognition. Although the instrumentation is currently expensive, actual cost per test is very
low, especially with inexpensive substrates such as commercially available infrared reflecting microscope slides. The technique’s
sensitivity is 1 parasite/uL of blood on a thin film when using a synchrotron source.

While a synchrotron source is not suited for a clinical environment, ongoing instrumentation and software development could
potentially lead to FT-IR spectroscopy becoming a new weapon in the fight against malaria.
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Atomic force microscopic image of haemozoin (malaria pigment), an important biomarker used for

the identification of the malaria parasite inside a single red blood cell using synchrotron infrared
spectroscopy. Image supplied by Volker Deckert, University of Jenna. Reprinted with permission from G.T.
Webster, K.A. de Villiers, T.J. Egan, S. Deed, L. Tilley, M.J. Tobin, K.R. Bambery, D. McNaughton and B.R.
Wood, Discriminating the Intraerythrocytic Lifecycle Stages of the Malaria Parasite Using Synchrotron

FT-IR Microspectroscopy and an Artificial Neural Network, Anal. Chem., 81, 2516-2524, (2009). Copyright
2011 American Chemical Society.
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Nitrogen doping of ZnO
semiconductor films

Study of a nitrogen-doped ZnO film with synchrotron radiation

C.W. Zou, X.D. Yan, J. Han, R.Q. Chen, W. Gao and J. Metson, Study of a nitrogen-doped ZnO film with synchrotron radiation,
Applied Physics Letters 94, 171903-1 to 171903-3 (2009). Impact factor 3.554.

Close examination of the structure and chemical states of nitrogen atoms in nitrogen-doped zinc oxide films suggests that
specific annealing temperatures are required for creation of p-type semiconductor zinc oxide films, which could potentially be
used in many optoelectronic applications.

Semiconductors such as silicon have many uses in electronic and optoelectronic devices - including transistors, telephones,
integrated circuits, diodes, lasers and photovoltaic cells - because their electrical conductivity can be manipulated in a controllable
way by doping them with small quantities of other elements. Binary semiconductors consist of two elements; their advantages
over single-element semiconductors include faster operation, greater robustness at high temperature and a broader range of
optoelectronic characteristics.

P-type semiconductors have dopant atoms that can accept electrons from the bulk material, creating an excess of ‘holes’ into
which electrons can move. N-type semiconductors have dopant atoms that can donate electrons to the bulk material, creating an
excess of free electrons. Both types are needed for most semiconductor applications.

The binary semiconductor zinc oxide has attracted considerable attention worldwide for its potential devices applications. However,
fabrication of p-type ZnO is is still a challenge because of the self-compensation effect from native defects such as zinc and other
atoms that are out of place in the lattice (interstitial atoms). For example, oxygen vacancies and zinc interstitials can donate extra
electrons that may detract from the process of ‘hole’ formation.

Nitrogen is generally regarded as the most promising candidate for p-type doping of ZnO films because its radius is similar to
oxygen. However, although the low solubility of nitrogen acceptors in ZnO can be overcome, doping efficiency and stability are still
not good enough and the nitrogen doping mechanism is not clear.

Chongwen Zou and Wei Gao from the University of Auckland in New Zealand used x-ray absorption near-edge spectroscopy
(XANES) and photoelectron spectroscopy (PES) on the soft x-ray beamline at the Australian Synchrotron to systematically
investigate the mechanism of nitrogen doping and the effects of annealing temperature on the doping process.

XANES is a powerful tool for investigating the local environment around atoms, providing element-specific information about
chemistry, site occupancy and the neighbouring environment. However, other researchers have reported conflicting results from
XANES studies of nitrogen-doped Zn0, such as whether low or high annealing temperatures are more effective.

Zou and Gao prepared their p-type ZnO:N films by thermal oxidation of Zn,N, samples. The films were cleaned by argon ion (Ar’)
bombardment until no carbon-related signals could be detected by x-ray photoelectron spectroscopy (XPS). The synchrotron XPS
results were far clearer than those obtained by laboratory XPS, enabling the researchers to study the complex nitrogen 1s spectra
in samples annealed at 450, 550 and 600°C. With higher annealing temperatures, the peak associated with nitrogen molecules
(N,), at oxygen sites decreased markedly and a new peak appeared, most likely associated with nitrogen atoms (N]_ at oxygen sites.
These nitrogen atoms are regarded as the acceptors, and responsible for the p-type characteristics of nitrogen-doped ZnO films.

XANES measurements around the nitrogen K-edge produced spectra with seven main peaks associated with 1sto 2p nm* and other
electronic transitions in the N-Zn bond. The spectra indicate a greatly reduced nitrogen molecule contribution for an annealing
temperature of 550°C, consistent with the PES results. Experimental results for the 550 and 600°C samples agree with the
theoretical simulation, indicating that the residual nitrogen atoms occupy the oxygen sites and become (N} acceptors at these
annealing temperatures.

Overall, the results indicate that ZnO:N films show p-type behaviour after annealing at 500 and 550°C, and come back to n-type
behaviour after annealing at 600°C. The researchers proposed a mechanism to explain this behaviour. They concluded that the
nitrogen atoms that behave as acceptors are metastable and sensitive to annealing temperature, and that p-type doping of ZnO
with nitrogen dopants can only be realised after annealing within a suitable temperature window.
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Peaks due to electron transitions in nitrogen K-edge NEXAFS spectra show that annealing nitrogen-doped ZnO films at higher temperatures leads
to the residual nitrogen atoms occupying the O sites and becoming (N)o acceptors. Image: Chongwen Zou, Auckland University. Reprinted with
permission from Figure 3 from: C.W. Zou, X.D. Yan, J. Han, R.Q. Chen, W. Gao and J. Metson, Study of a nitrogen-doped ZnO film with synchrotron
radiation, Applied Physics Letters 94, 171903-1 to 171903-3 (2009). Copyright 2009, American Institute of Physics.
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High-definition trace element imaging

The new Maia detector system: methods for high definition trace element imaging of natural material

C.G. Ryan, D.P. Siddons, R. Kirkham, P.A. Dunn, A. Kuczewski, G. Moorhead, G. De Geronimo, D.J. Paterson, M.D. de
Jonge, R.M. Hough, M.J. Lintern, D.L. Howard, P. Kappen and J. Cleverley, The New Maia Detector System: Methods For
High Definition Trace Element Imaging Of Natural Material, International Conference on x-ray Optics and Microanalysis,
Karlsruhe, September 2009, AIP Conference Series, 1221, 9-17 (2010).

The Maia detector array has demonstrated megapixel high-definition trace element imaging on the x-ray fluorescence
microscopy (XFM) beamline at the Australian Synchrotron, with faster acquisition and improved counting statistics.

Microscopy and microanalysis are critical tools for research in the geological and environmental sciences. Clues to process and
evolution occur on spatial scales ranging from nanoparticles and micron-scale minerals to textural features such as zonation
and alteration through subtle variation at the hand-specimen scale and on up to the scale of macroscopic geological features.

With the new XFM beamline at the Australian Synchrotron providing intense focused hard x-ray beams, the challenge is to
efficiently capture spatial detail over four orders of magnitude from the micron scale to the scale of a few centimetres in images
approaching 100M pixels.

Motivated by the goal of megapixel trace element imaging and the challenge of increasing collection solid-angle and count-
rate capacity to gain adequate statistics in so many pixels, researchers from CSIRO and Brookhaven National Laboratory have
developed a large energy-dispersive detector array called Maia for synchrotron x-ray fluorescence (SXRF) elemental imaging on
the XFM beamline and on beamlines at the National Synchrotron Light Source.

The complexity of SXRF spectra in geoscience and environmental applications demands a full spectral approach to imaging to
unfold overlapping contributions from interfering elements and detector artefacts. Complex SXRF data can be decomposed into
elemental components using a matrix transform method called Dynamic Analysis (DA}, originally developed for PIXE (proton-
induced x-ray emission) imaging. The Maia concept is to use a large detector array and real-time processing techniques to apply
the DA method to each event in turn to project images in real-time.

The researchers initially used their DA imaging method on data from the Advanced Photon Source to probe the spatial
distribution and speciation of specific pathfinder elements (e.g. Au, Cu, As] in regolith material from the Moolart Wells gold
deposit in Western Australia. In this material, the presence of gold is masked by some particularly challenging peak overlaps.
The DA method successfully separated gold from the overlaps to produce a unique image for gold that contrasts other elemental
distributions and appears free of discernable artefacts.

The XFM beamline was then used to examine a heavy mineral (rutile) concentrate sample from an Australian mineral sands
deposit and a calcrete thin-section sample from the Mount Gibson gold deposit in WA. The Maia detector and integrated real-
time processing system enabled images up to 77 megapixels to be acquired that capture spatial detail over 3-4 orders of
magnitude with collection times of 3-10 hours. Preliminary images were acquired at 500 x 500 pixel definition in 10 minutes.

Applying Maia to geological samples provided images with fine textural detail captured within a broader spatial and chemical
context. A feature of SXRF imaging is its sensitivity and, due to the large depth of focus of the lens system and penetration of
fluoresced x-rays, its ability to detect rare small particles at depth within a sample section. In the Mount Gibson example, rare
sub-micron gold particles were detected in correlation with the infiltrating veins, suggesting that gold is carried by the fluids, or
remobilised from calcrete, and is precipitated in the veins in contact with the unaltered calcrete.

Update: the Maia detector

The Maia detector reported here comprises 96 elements in an 8x12 rectangular array. A new Maia with 384 detector elements in
an annular array has recently begun user experiments at the XFM beamline. The system’s processor can perform deconvolution
at up to 50M events per second and has easily handled the upgrade, which now provides a further six-fold increase in solid angle
and counting rates.

In June 2011, the Maia detector won a prestigious R&D 100 award from R&D Magazine, an award that recognises the 100 most
significant technological products to enter the world market.
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X-ray fluorescence microscopy image (9600 x 8000 pixels) of a thin section of calcrete from the Mount Gibson gold deposit in Western Australia
showing the elements As (red), Fe [green) and Br (blue), acquired using the new Maia detector at the Australian Synchrotron. Image courtesy of
Chris Ryan and Mel Lintern [CSIRO). Ryan et al., AIP Conf. Series 1211 [2010) 9-17.
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sr.Ca,,Nd MnQ, perovskites
and the Jahn-Teller effect

Structural characterisation of the perovskite series SriCai.xyNdyMnOs: Influence of the Jahn-Teller effect

B.J. Kennedy, P.J. Saines, J. Ting, Q. Zhou and J.A. Kimpton, Structural characterisation of the perovskite series
Sr«Cai-«yNdyMn0a: Influence of the Jahn-Teller effect, Journal of Solid State Chemistry 182 (2009) 2858-2866 . Impact factor 2.34

Powder diffraction is an invaluable tool for conducting parametric studies of perovskite structures, providing an overview of
form and function that is important for harnessing the useful electronic and magnetic properties of these versatile materials.
Researchers recently investigated a series of doped perovskite manganites with varying ratios of strontium, calcium and
neodymium.

As a result of their enormous structural and compositional flexibility, which give rise to interesting and useful physical
properties, perovskite-type materials have numerous commercial applications such as medical sensors, microphone and mobile
phone components, hydrogen fuel cells and sonar transducers. Perovskite-type oxides can be fine-tuned to take advantage of
particular electronic or magnetic functional capabilities (such as the type of magnetism or the ability to conduct or not conduct
electrons) that arise as a result of the atomic structure of the material; this sensitivity of function to structure may also be
exploited through application of external stimuli such as temperature or pressure.

As part of a broad study of perovskite-type oxides, researchers from the University of Sydney used powder diffraction at the
Australian Synchrotron to determine the precise structures and phase transitions observed in response to temperature changes
between room temperature and 500°C in two series of SrxCaixyNdyMnOs perovskite manganites, where y=0.1 or y=0.2, and x=0.1,
0.2,0.3,..1.0.

In 1937, Jahn and Teller proposed a theorem that predicts the structural distortion of non-linear molecules with degenerate
energy states. The distortion that they undergo has the effect of lowering the overall energy state of the molecule and is
commonly observed in highly symmetrical molecules, such as octahedrally coordinated transition metals with appropriate
distribution of d-electrons. This is thus called the Jahn-Teller (JT) effect.

Over the years, the Jahn-Teller (JT) effect has attracted considerable interest from chemists and physicists, initially to gain a
fundamental understanding of the properties of molecules and crystals, but increasingly to explain technologically important,
but complex, phenomena such as superconductivity in cuprates and magnetoresistance in manganites.

More recently, the complex interplay between the structure and the magnetic and electronic properties in perovskite manganites
has motivated numerous studies of mixed valence oxides of the general type A, sR;Mn0; where A is an alkaline earth cation and
R a lanthanide cation. There are many examples of unusual properties of these oxides that are strongly influenced by distortions
associated with the presence of the JT-active Mn** cation. An example is that a modest amount of doping in the La;..SrMn0O;
system transforms the canted anti-ferromagnet into a ferromagnetic insulator and with further doping into a ferromagnetic
metal.

The authors have previously reported temperature-induced phase transitions of SrMn0O; doped with cerium and observed both
long-range ordering of the JT tilted MnO, octahedra and cooperative tilting of the MnO, octahedra. However, using Ce gives rise
to the possibility of mixed valency, i.e. Ce®* and Ce*. In the current study the use of neodymium (Nd*] instead of cerium removes
the potential impact of cation valency on the structural transitions and on the ability to identify the extent of Jahn-Teller-active
Mn3 cations.

Orbital ordering rarely occurs in orthorhombic Pbnm manganese perovskites, with LaMnO; being an important exception.
Strontium-rich samples in the Srg;.4CaCeq1Mn0s, however, have a tetragonal structure with the MnO, octahedra exhibiting
a noticeable elongation due to orbital ordering. Heating selected members of this series results in a transition to the cubic
perovskite structure in which the orbital ordering and octahedral tilting disappear in two distinct stages.

In this paper, the authors report that the room-temperature structures of the Sr,Cags-«Ndo1Mn0O; perovskite series, x=0.9, 0.8,
0.7,..0.0, vary in symmetry across the series from cubic Pm3m «—»tetragonal I4/mcm «—»orthorhombic Pbnm and in the
series SryCaggxNdg,Mn0; where x=0.8, 0.7, 0.6...0.0 the symmetry varies tetragonal /4/mcm 4 orthorhombic Pbnm.

Orbital ordering is apparent in the tetragonal oxides, as revealed by the tetragonal elongation of the MnO, octahedra. High-
temperature diffraction measurements identify an apparently continuous, isosymmetric (/4/mcm to 14/mcm) phase transition
associated with the loss of long-range orbital ordering (and the cooperative JT distortion), and continuous evolution of the
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octahedral tilt angle. Heating the manganites to still higher temperatures results in a continuous transition to the cubic
Pm3m structure. The orthorhombic structures (Pbnm) do not exhibit orbital ordering and although a first order transition to
the tetragonal structure is observed in Srq,CassNdo;MnQO;, this high-temperature tetragonal structure does not exhibit orbital
ordering.

Perovskite structures such as those reported in this paper are versatile materials with useful electronic and magnetic
properties. Powder diffraction is an invaluable tool for conducting parametric studies that provide an overview of the materials’
form and function; in this case being used specifically to examine crystal structure and phase transitions arising from variation
of sample temperature.
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Variation of scaled lattice parameters and Mn-0 bond distances in selected members of the SrXCaLdeyMnOJ series y=0.1,x=0.4 or 0.5 and
y=0.2, x = 0.4 or 0.5 with temperature, as shown by high-temperature synchrotron x-ray diffraction studies. Transitions in (a), (c] and [d] are
tetragonal to cubic. Transitions in (b] are from orthorhombic to mixed Pnma and I14/mcm to pure tetragonal to pure cubic.
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Feed forward-feedback system
for electron beam stability

Development of a combined feed forward-feedback system for an electron Linac

E. Meier, S.G. Biedron, G. LeBlanc, M.J. Morgan, J. Wue, Development of a combined feed forward-feedback system for an
electron Linac, Nucl. Instrum. Meth. A, 609, 79-88, (2009). Impact factor 1.317.

A promising new approach to stabilising electron beams combines feedback control with neural network feed-forward
techniques. Developed at the Australian Synchrotron as part of an international project, the new system will help ensure the
best possible light quality at next-generation light sources.

The next generation of synchrotron light sources being developed around the world will use free-electron laser (FEL)
sources to produce synchrotron light of even greater brilliance than current (third-generation) sources like the Australian
Synchrotron. Producing light of this quality requires high stability in the longitudinal parameters (energy and energy spread)
of the electron beam.

This paper describes the development of a neural network or advanced control algorithm designed to stabilise the energy of an
electron beam from a linear accelerator (linac).

The ultimate aim of the work is a precise and robust control system that will stabilise electron beam energy and energy spread
for the FERMI@@Elettra free electron laser being constructed at the Elettra synchrotron in Italy.

The approach described in this paper combines a conventional proportional-integral (Pl) controller with a neural network
(NNET) feed-forward algorithm. Combining the robustness of Pl control with the capabilities of a feed-forward system enables
control over a wider range of frequencies. The team chose neural networks to operate the feed-forward task because of their
proven ability to learn and adapt. This is believed to be the first time that neural networks have been used to control longitudinal
beam parameters in a feed-forward way.

Artificial neural networks are based on mathematical models of biological neural networks. They are adaptive systems that can
change structure based on sets of inputs and outputs presented during the learning phase. Each network consists of an input
layer and an output layer of neurons, with a ‘hidden’ layer (sometimes more than one) in-between.

The AS linac (see diagram on opposite page) consists of an electron gun, focussing elements (solenoids and quadrupoles), and
bunching and accelerating sections supplied by klystrons (radiofrequency amplifiers). Bunch characteristics are controlled by a
500 MHz sub-harmonic pre-buncher (SPBJ, a 3 GHz primary buncher (PBU) and a 3 GHz final buncher (FBU).

Perturbations in longitudinal parameters such as energy mostly come from jitter (variations) in the klystron output. For these
experiments, jitter was induced in the phase and voltage of klystron 1, which affects the PBU, FBU and first accelerating section
(ACC1). The second accelerating section (ACC2), which is only supplied by klystron2, acted as the control.

The team trained their NNET to recognise jitter in phase and voltage for one of the linac’s two klystrons, and to predict future
energy deviations. The neural network was only provided with information on klystron phase and voltage and its response was
not affected by perturbations in other elements in the line. In a two-stage control process, past values of klystron phase and
voltage were fed into the neural network, which predicts the next klystron pulse deviation. The second stage used the NNET
prediction to compute the feed-forward correction and combines it with the Pl control algorithm. For stability reasons, the NNET
response is bounded to the maximum response determined during the training phase.

The researchers collected three sets of data. The first set was used to evaluate appropriate neural network topologies for a
single frequency. The second was used to train the network for the single frequency case. The third was used to evaluate the
topology and train two neural network types - a hyperbolic tangent network (HTN) and a radial basis function (RBF) network -
for a multi-frequency study.

Tests confirmed that the HTN topology chosen for the single frequency study was viable for any combination of voltage and frequency
in the data set. Evaluation of the HTN showed similar performance to that obtained on the training data, indicating the network’s
capability to successfully deal with amplitudes and frequencies different from the training data but within the same range.

Although RBF network design requires less data and can be much faster than HTNs, RBF performance seems slightly poorer.
The results demonstrate the network’s ability to interpolate its predictions when the encountered frequency is within the
training range.
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In summary, these experiments in an operating accelerator environment demonstrated the controller’s capability to cancel
single and multi-frequency jitter, as well as the successful augmentation of the NNET by the Pl algorithm. The preliminary
results obtained on the Australian Synchrotron Linac were encouraging, and this strategy will be pursued for complementing a

feed forward-feedback system based on neural networks for the new FERMI@Elettra FEL.

More sophisticated experiments on the LCLS machine have been used to investigate neural network performance for higher
frequency jitter and higher repetition rates.
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In the Australian Synchrotron Linac assembly, a sub-harmonic pre-buncher (SPB), primary buncher [PBU) and final buncher (FBU] bunch the
electron stream from the gun. Two accelerating sections (ACC1 and ACC2) bring the beam to 100 MeV. A beam position monitor (BPM) located
after the bending magnets detects energy variations. Reproduced by permission of Nuclear Instruments and Methods in Physics Research
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The User Office

The User Office is the first point of contact for all current and prospective users, and central to the experience associated with
working at the Australian Synchrotron and producing research outcomes.

In addition to ensuring that more than 600 proposals a year are properly reviewed, ranked and awarded beamtime, the User
Office sees to the practical needs of the hundreds of users who come to the Australian Synchrotron annually.

The User Office oversees the review of all merit-based proposals to use the facility, beamtime scheduling and flow of
information and advice to the user community. Post-beamtime, the User Office manages the collation of publications containing
scientific work resulting from the Australian Synchrotron beamlines.

In addition to the operations based in Australia, the User Office runs the International Synchrotron Access Program, which funds
Australian research groups travelling overseas to other synchrotron facilities.

The main achievement of the period covered by this report was the successful management of over 4000 safe user visits to the
Australian Synchrotron. The ongoing user exit survey reported that for this period, the average user felt their experience with
the User Office was between “good” and “excellent”.

Looking forward, the group will continue improving its processes to meet the demand of growing user numbers, which will see
an increasing utilisation of web-based systems.

The User Office Team

Dr Cathy Harland, Group Leader, User Support
Ms Amanda Louch, User Office Administrator
Ms Eva Christopoulos, User Office Administrator
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User access
The allocation of user access to the beamlines is based on the following schedule:

Merit-based (approximately 50 percent)

Merit beamtime is allocated through a competitive, peer review process. There are three open ‘calls for proposals’ each year
which relate to three beamtime periods. Typically the call for proposals is open for one month, and closes two months ahead of
the scheduling period. The first round is from January to May, the second round is from June to September, and the third is from
September to December of each year.

Proposals received are reviewed for scientific merit and technical feasibility by a specialist committee. Users are notified of the
result of their application within three weeks of the submission date.

Foundation Investor (approximately 30 percent)

Foundation Investor proposals are not subject to peer review and are allocated beamtime by the Foundation Investor Consortia
subject to satisfactory safety and technical feasibility criteria. This arrangement remains in place for six years from the time of
the first beamline becoming operational in September 2007.

Facility and commercial access (approximately 20 percent)

This includes access for scientists working at the Australian Synchrotron to further their own research projects. A commercial
program is also in operation and has achieved significant revenue.

Applying for beamtime

To apply to use one or more of the facility’s beamlines, a user needs to submit an application via the Australian Synchrotron’s
online proposal system. This can be done by visiting:
http://portal.synchrotron.org.au/<http://portal.synchrotron.org.au/AS/proposal/index.jsp>

User support

Users of the Australian Synchrotron are fully supported to ensure that they are able to make efficient use of their visit to
the facility. Prior to visiting the facility the User Office manages interactions with users, assisting with the proposal process,
accommodation booking and travel support. The Australian Synchrotron user experience while on site includes:

e Comprehensive safety and beamline induction training on arrival

e Extensive, hands-on support from our beamline scientists during business hours on all week-days

e Direct support and assistance from our beamline scientists with any trouble-shooting outside of business hours
e Support from our machine operators with common faults when beamline scientists are not available

e On-call support from beamline staff for any significant technical issues.

The Australian Synchrotron also provides extensive facilities to support our users in preparation and analysis of their samples,
including laboratory space and equipment and post-experimental support and analysis to assist in the preparation of scientific papers.
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Our user community

The Australian Synchrotron user community is growing and diverse. It includes a mix of government, academic and

industrial scientists from all over Australia and New Zealand and the rest of the world. A number of our users are students

and early-career researchers, indicating the important role of the Australian Synchrotron in the development of the national and
international synchrotron science community.

Submitted proposals by location
for 2007 - 2009

Overseas 5%

Submitted proposals by
beamline for 2007 - 2009

HRIR
3%

38 | RESEARCH HIGHLIGHTS 2007 - 2009



Australian Synchrotron
Registered Users

HONG KONG
0.1%

KOREA
0.1%

TAIWAN CANADA
0.1% 0.6%

RUSSIA
0.1%

TURKEY
0.1% JAPAN
ISRAEL CHINA \ "\ 0.3%
0.1% 0.2%
INDIA

@

NEW
CALEDONIA
0.1%

1%

GHANA
()
018 KENYA
0.

THAILAND
0.7%

BREAKDOWN OF EUROPEAN USERS

Austria 0.1% Italy 0.1% 0.6%
Croatia 0.2% Monaco 0.1%

Demark 0.1% Portugal 0.1%

Finland 0.1% Slovakia 0.1%

France 0.6% UK 0.9%

Germany 0.2%




!

2

Foundation Investors

The Australian Synchrotron was established as part of a partnership between the Victorian Government and the

Australian Government.

Additional investment and support came from the New Zealand Government, other Australian state governments and six
publicly funded research institutes, 33 universities, 37 medical research institutes from across New Zealand and Australia.

As Foundation Investors (Fls), these groups have played a critical role in the facility’s development, with each contributing a
minimum of $5 million to the establishment and operation of this world-class science and research facility. Each continues
to play an active part in the Australian Synchrotron’s governance as primary advisers to the Australian Synchrotron Board.

Supported by

Foundation Investors

AAMRI %

o —

gy .
Qnsto
Fa TR B 1 ey ] AATEE
AAMRI ANSTO

New Zealand Consortium

Hﬁﬁ Victoria
! -»:&t—"’-’:::‘uu
e e

New Zealand Victoria University
Government of Wellington

! Q) MasseyUniversty

University of Massey
Waikato University

40 | RESEARCH HIGHLIGHTS 2007 - 2009

IB @ MONASH University

C5IRO

Monash
CSIRO University

PLTRLLLILE

2 THE UNIVERSITY OTaco Ucﬁ
&3 0 ADCKLAND m

UNIVEREITY N

e CANTERTLRY
University o University
of Auckland University of Otago of Canterbury

INDUSTIMALS )

Lincoln IRL (Industrial Agresearch
University Research Limited)

ngresaarch

University
of Melbourne

Crop Grains
Science Limited




Foundation Investors

AUSyn14 Consortium
y UN'E A (<1 CHARLES STURT
Liniversiy of it | Southern Cross Charles Darwi R
i o N e UNIVERSITY rass
University of University of Southern Cross Charles Darwin Charles Sturt
NSW Government Western Sydney New England University University NT University
urs RS e
2 ® s
University of University of University of University of University
Technology Sydney Canberra NSW Newcastle of Wollongong University of Sydney
B M
HTASMAN A MACQUARIE
University of Macquarie
Tasmania University

Queensland Consortium

@ m GRIFFITH T !:Wm

UNIVERSITY

James Cook Queensland University University
QLD Government Griffith University University of Technology of Queensland

South Australian and La Trobe Consortium

rnirite g i e bin

Government Flinders University University of La Trobe
of South Australia University of Adelaide South Australia University

Western Australian Consortium

A
- Curtin®
sicarralta WIENTERN ALATRALLS Unharsity of Technology
Government University of _ _ )
of Western Australia Western Australia Curtin University

RESEARCH HIGHLIGHTS 2007 - 2009 | 41

¥ ' L A |



Australian Synchrotron

800 Blackburn Road

Clayton, Victoria, Australia 3168
t.+61 38540 4100

f. +61 3 8540 4200

www.synchrotron.org.au



