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SUMMARY. The Australian Institute of Nuclear Science and Engineering is a national organisation with a
45 year track record of collaboration and facilitation of the interaction of universities and one of the major
Publicly Funded Research Agencies, ANSTO. AJNSE supports research and training in fields that utilise the
techniques and instrumentation of nuclear physics.

ATNSE currently has 37 Australian university members as well as the University of Auckland and the New
Zealand Institute for Geological and Nuclear Sciences. Income is primarily obtained from members in the form
of membership fees, ANSTO and a Commonwealth government contribution (also paid through ANSTO). Each
university pays in proportion to the benefit received and the aggregate university augmented by equal
contributions from ANSTO and the Federal Government (through ANSTO). This is seen as an essential element
of this model which allows individual researchers to access the facilities irrespective of any funding from other
major funding bodies.

The replacement reactor for HTFAR will bring further impetus to AJNSE collaborations with ANSTO. The
new Tandetron accelerator that will come on-line this year is another collaborative AINSE initiative with
ANSTO. Its use as an accelerator mass-spectrometer will provide a state-of-the art facility for dating and general
ion-beam analysis experiments.

AJNSE supports research projects over a very wide range of disciplines, ranging from biomedical
science/biotechnology, environmental science, material properties and engineering, archaeology and
geosciences to material structure and dynamics.

AJNSE currently supports over 200 active projects.

INTRODUCTION
1.

ATNSE was founded in 1958 with an initial
membership of ten universities; the first President
of ATNSE was Professor D.O. Jordan of the
University of Adelaide. Thirty seven Australian
universities are now members of ATNSE in addition
to the University of Auckland and the New Zealand
Institute of Geological and Nuclear Sciences
(IGNS).

ATNSE's mission is to advance research,
education and training in nuclear science and
engineering and their applications within Australia
by being, in particular, the key link between
universities, ANSTO and major nuclear science and
engineering and associated facilities.

The objective is to:
• Provide a mechanism for users in member

organisations of AJNSE to have access to major
nuclear science and engineering and associated
facilities at ANSTO and other agreed sites for
research purposes.

• Facilitate graduate and undergraduate education
and training experience utilising major nuclear
science and technology facilities at ANSTO and
other agreed sites.

• Encourage collaboration and cooperation
between member organisations of ATNSE in
areas primarily related to nuclear science and
engineering and their applications.

• Sustain and support the development of major
nuclear science and technology facilities at
ANSTO and other agreed sites for shared use by
member organisations of AINSE.

The federal government has recently established a
review panel to look into collaborations between
universities and major publicly funded research
facilities, which, of course, includes ANSTO.
Through AINSE such collaboration between
ANSTO and the universities has been very
successful; the ATNSE model has stood the test of
time!

AINSE is also recognised by ARC as an
umbrella organisation representing the universities.
This recognition has also allowed us to utilise the
ARC LIEF program to develop and enhance
facilities located at ANSTO and acquire some
major new pieces of equipment for use of its
members. This requires an additional financial
commitment by a number of member universities
and AINSE, as well as a contribution from
ANSTO, in a joint application to the ARC from
AINSE. This funding mechanism was used by



AINSE recently for the purchase of the new
Tandetron accelerator (see also below). Ainse also
uses this funding avenue to support access of
AINSE researchers to the ISIS neutron spallation
source in Oxford (UK) for its members.

2. AINSE POSTGRADUATE
RESEARCH AWARDS

These are awarded to PhD students whose research
projects are associated with nuclear science, or its
applications and involve access to facilities at
ANSTO, ISIS or other AINSE supported facilities.
AINSE Postgraduate Research Awards are in the
nature of a top up scholarships and require the
applicant to hold an Australian Postgraduate
Research Award (APRA) (or university
equivalent). There are usually 3-4 times as many
applicants as awards available. The Postgraduate
wards cover a stipend, travel and accommodation
expenses for two trips and on average one month's
accommodation at the motel adjacent to the Lucas
Heights site. In addition, a nominal payment of
$5,500 is made to ANSTO for facility costs that the
students will use. AINSE postgraduate scholars
accessed ANSTO facilities for 776 days in 2002. In
2003 we have 39 postgraduate scholars with about
10 new awards made each year.

3. WINTER SCHOOL

Each year AINSE organises a Winter School for
senior undergraduates. The winter school runs over
five days with the students staying on site. The
program involves both members of ANSTO and
university staff as well as AINSE postgraduate
scholars who act as demonstrators and "role
models". Judging from the, often effusive,
responses of the students, this program is very
successful indeed. We are particularly indebted to
those ANSTO researchers that give up their
valuable time to make these winter school such a
success. In 2003 thirty seven students participated
in the Winter School. They were students
completing degrees with majors in biology (3),
biomedical Science (2), chemistry (12), engineering
(3), environmental science (3), geology (3), health
sciences (1), nuclear medicine technology (2) and
physics (8).

Background lectures and experimental sessions
were provided in the Neutron Scattering, Ion Beam
Experiments, Natural Radioactivity, Radioactivity
and the Living World and Radiation Chemistry.

4. CONFERENCES

One of the other functions of AINSE is to organise
conferences in fields related to the AINSE

supported research. IN 2003 AINSE organised the
following conferences:
• ICRR 2003, (12th International Congress

of Radiation Research) Brisbane 1 7 - 2 2
August 2003

• 15 t n International Symposium on
Radiopharmaceutical Chemistry 11-14
August 2003, Sydney

• NTA Nuclear Techniques of Analysis
Conference November 2003, ANSTO

• AINSE SANS/SAX/Reflectometry
Symposium June 2003, ANSTO

• AINSE Plasma Science and Technology
Conference to be held in collaboration
with the AJP Congress in 2004 in
Canberra

5. THE TANDETRON ACCELERATOR

A new accelerator (Tandetron) has been purchased
by AINSE with support of an ARC grant and
financial contributions from a number of
universities and ANSTO A Dutch company, High
Voltage Engineering Europa (HVEE) B.V., has
constructed the 2 MV Tandetron at a cost of about
$3 million. Commissioning is expected in
December 2003. The Tandetron will replace the old
Van de Graaff accelerator which is becoming
obsolete and requires a great deal of maintenance.
AINSE researchers, have used the old Van de
Graaff for Ion Beam Analysis since 1964. Since
1967, AINSE research on the accelerator facilities
has produced 35 PhD and 8 MSc theses through, as
well as training of numerous MSc and Honours
students from most universities throughout
Australia. Since 1976, over 700 journal and
conference research p u b l i c a t i o n s in
interdisciplinary studies based on Ion Beam
Analysis have been produced.

At present the ANT ARES accelerator is also
used for high-precision AMS (Accelerator Mass
Spectrometry) analysis in I4C dating. However, the
demand for this facility for other activities exceeds
time available on this facility. These other activities
are driven by the unique instruments associated
available, such as the Heavy Ion Microprobe,
general ion beam analysis (IBA) and the beam-lines
for the AMS analysis of heavy radioisotopes for
nuclear safeguards and environmental applications.

The main fields of research to be supported by
the new accelerator facility are:
Quaternary Science (AMS/'4C analysis)

The Quaternary period covers the most recent
2.4 million years of Earth history. It is significant
because within this time frame there were great
climatic upheavals and humankind spread across
the world.

High-resolution data series from tree-rings and



coral growth series are the best methods we have
for establishing climate changes on the annual (or
better) time scales. The new facility will enable
independent dating checks and hence greater access
to these kinds of records within Australia.

Oceans and climate (AMS/'4C analysis)
The accelerator analysis of radiocarbon in ocean

waters is a fundamental tool to understand the
influence of ocean circulation on the world's
climate. Australia has considerable responsibilities
in supporting international programs in ocean
circulation (e.g. the World Ocean Circulation
Experiment).

Environmental Studies (Ion Beam Analysis)
The effect of airborne particles on public health

is of increasing national and international concern.
Research projects are being undertaken to
determine a picture of air quality in Australian
cities, together with their concomitant elemental
signatures and emission sources.

Dating and characterising Aboriginal paintings
and engravings (AMS/14C analysis and Ion Beam
Analysis)

Several joint projects between ANSTO and
Australian universities involved in radiocarbon
dating of Aboriginal rock pictures, burial and
occupational sites, have been funded in the last
several years by the Australian Research Council,
AINSE and the Australian Institute of Aboriginal
and Torres Strait Islander Studies.

Biological studies (AMS/HC analysis and Ion Beam
Analysis)

Accelerator-based techniques have proven to be
a rapid and reliable method for determining trace
elements in biological samples. Assistance has been
provided over the years to occupational health
researchers through analysis of human hair, teeth
and blood to identify the intake of toxic elements
(eg. lead) by specific industry groups of workers.
Major studies have also been performed using
accelerator based methodologies on the metabolic
rates of soon-to-become-endangered Australian
marsupials in Western Australia (related to habitat
reduction due to human activities).

6. RESEARCH HIGHLIGHTS

The following small sample of interesting projects
taken from the AINSE 2002 Annual Report,
provides just a quick insight into the broad range of
fascinating and important projects carried out at
ANSTO with AINSE support.

Archaeology and Geosciences

Use of PIXE and SIMS in Economic Geology -

Study of the shape, chemistry and texture of
minerals is particularly useful in deciphering the
nature of fluid flow deep in the Earth's crust, and
has direct application to understanding the genesis
of hydrothermal ore deposits. A collaborative study
between Dr Geordie Mark (Monash University), Dr
Kathryn Prince (ANSTO), Dr Chris Ryan (CSIRO)
and Dr Patrick Williams (James Cook University)
has used Secondary Ion Mass Spectrometry (SIMS)
and Proton Induced X-ray Emission (PIXE) to
examine the correlation between mineral
composition and growth history to unravel the
hydrothermal processes associated with ore
formation together with constraining the origin of
the main ore-forming components.

A New Perspective on Hellenistic Trade and
Exchange in the Western Mediterranean -

Two archaeological projects conducted through
AINSE by researchers at the University of New
England have produced an unexpected insight into
long-distance trade during the Hellenistic and
Roman periods. Dr Pam Watson employed PIXE-
PIGE analysis on ceramics from an archaeological
survey in Jordan; Dr Peter Grave was also
conducting a similar analysis on ceramics from
Hellenistic/Roman Gordion, in Central Turkey.

Environmental Science

Macquarie Marshes- Geomorphic Model -
The Macquarie Marshes in north-west NSW is

one of several wet land areas in the Murray Darling
Basin. Marshes are an important habitat for
migratory birds and other species and a key aspect
of their management are the creek systems within
them. In order to understand the causes of avulsion
(the movement of channels) and the role of near-
channel sedimentation in an inland fluvial wetland
system, Dr Paul Hesse and his ATNSE Postgraduate
scholar Tim Ralph at Macquarie University in
collaboration with Dr Henk Heijnis at ANSTO use
lead-210 and AMS carbon-14 dating in conjunction
with sedimentological analysis to document the rate
and distribution of sedimentation adjacent to a
marsh feeder channel in the southern Macquarie
Marshes.

Differences between the contemporary and
long-term sedimentation rates, with historical
evidence, indicate a recent change in sedimentation
regime, which is related to channel avulsion at this
site 70 to 90 years ago rather than to catchment-
scale post-European influences.

Materials - Properties and Engineering

Diamond and Alchemy -
For centuries scientists have been fascinated by

the 'alchemy' of transforming carbon into diamond.
Under atmospheric pressure, graphite and not



diamond is the stable form of carbon. This project
aims to fabricate diamond nanocrystals embedded
in a glass matrix by direct ion implantation
followed by thermal annealing. Unlike other
methods of making diamond, the coalescence of
carbon into diamond occurs under heating in a
conventional furnace and does not require the
application of high external pressures or any pre-
existing diamond template. Professor Steven
Prawer and his team at The University of
Melbourne has developed a scheme to create arrays
of these nanocrystals for use in quantum devices.
Secondary Ion Mass Spectrometry (SIMS) was
used to provide depth profiles of C, O, Si and H in
the fused quartz matrix and in so doing elucidate
the mechanism of diamond formation.

Polymer research -
More and more applications are being developed

for plastics, which are formed when some sort of
radiation is applied to the monomers. Most people
who have been to the dentist in the last few years
will have experienced polymer fillings that are
hardened or cured using visible blue light. Plastic
lenses are hardened by thermally induced
polymerisation. Some coatings are hardened by
high energy ionising radiation. AINSE funded
gamma irradiation facilities at Lucas Heights are
being used by Stuart Prescott of the Key Centre for
Polymer Colloids (KCPC) at the University of
Sydney to give even more control to the eventual
properties of polymers. They have been studying
the chemical mechanisms of the Reversible
Addition Fragmentation chain Transfer
Polymerisation (RAFT) processes.which can be
initiated by gamma radiation.

Materials - Structures and Dynamics

Charge Densities, Hydrogen Bonding and Drug
Design -

The hydrogen bond is responsible for molecular
aggregation, protein folding and enzyme activity.
Conventionally strong hydrogen bonds such as O -
H ...O, N - H ...O and O - H ...N have been
extensively studied in the areas of supramolecular
chemistry, crystal engineering and have important
roles in nature. For example, the gross structure of
protein molecules, the structures of the genetically
important DNA and RNA molecules, as well as
drug-receptor binding involve hydrogen bonding.
Most pharmaceuticals act by interacting with
specific macromolecular receptors, located inside
or on the surfaces of cells. The drug-receptor
interaction is extremely specific in a stereochemical
sense (drugs having a particular shape), being
influenced by the distribution of functional groups
as well as the absolute configuration of the
molecule. The interaction is also specific in an
electronic sense, in that the charge distribution

must be entirely complementary to that of the
receptor binding site. Drs David Hibbs and Jacob
Overgaard of the University of Sydney, together
with Dr Ross Piltz from ANSTO, have determined
the experimental charge distribution in a number of
potential drug molecules using a combined high-
resolution neutron and x-ray single crystal
diffraction technique.

Ferroelectric device materials -
Layered bismuth oxides such as SrBi2Ta2O9

(SBT) are of considerable interest for use in the
next generation of ferroelectric devices. A major
stumbling block to their use is the degradation of
the performance of thin films of SBT when they are
annealed above the Curie Temperature (Tc), as
occurs during their manufacture. Changes in the
structure of SBT as it goes from the room
temperature ferroelectric state to the high
temperature para-electric phase are thought to be
important in this. A/Professor Brendan Kennedy
from Sydney University and Rene Macquart have
used high resolution powder neutron diffraction
methods to probe the structural changes in SBT as a
function of temperature. These measurements have
shown the presence of a hitherto unidentified
intermediate phase in SBT at elevated
temperatures, solving a fifty-year dilemma on the
relationship between the ferroelectric properties
and structure.

Biomedical Science and Biotechnology

Radiopharmaceuticals and Imaging -
The rapid advances in imaging technology and

the development of modern "physiological
radiotracers" has, for the first time, enabled
scientists and clinicians to make a noninvasive
study of the biochemical processes leading to
diseases in the body with unprecedented resolution
and sensitivity. This capability has largely been
possible through the development of the functional
imaging modalities of Single Photon Emission
tomography (SPECT) and Positron Emission
Tomography (PET). By employing a range of
medium to short lived radionuclides, various
metabolic tracers: have been used to study, image
and define diseases at the molecular level in
neuroscience, oncology and cardiology. For
example, tracers radiolabelled with carbon-11,
fluorine-18 or iodine-123 have allowed the study of
neurological disorders such as epilepsy,
Alzheimer's and Parkinson's disease using PET
and SPECT. During the past two decades receptor
ligands and drugs from the pharmaceutical industry
have been investigated as po ten t ia l
radiopharmaceuticals for detecting and monitoring
neurological and psychiatric disorders. One such
drug is the antipsychotic drug Dexetimide that,
after radiolabelling with the SPECT isotope iodine-



123, becomes a potent and selective receptor
marker for the muscarinic acetyl choline receptor
(mAChR) system. Diseases such as Alzheimer's
disease (AD), epilepsy and a wide range of related
disorders have been linked to abnormalities in these
mAChRs. AINSE is currently supporting four
clinical trials involved in cognitive impairment in
dementia patients and in AD, in epilepsy and in
post-traumatic stress disorder.

7. THE FUTURE

AINSE has embarked on formulating a strategic
plan to guide its future development in the light of
changes in the landscape of government funding of
the tertiary education sector, organisation and
funding of research infrastructure and exciting new
prospects such as the ANSTO replacement reactor
and the Australian Synchrotron in Victoria.

Consideration has been given to broadening
both the facilities that might come under the
AINSE umbrella as well as opening membership to

institutions other than universities. The question of
possible international membership is also of
interest. Mechanisms, and funding arrangements,
for realising such an enlarged membership would
need to be addressedt.

It is envisaged that the AINSE strategic plan will
be tabled for adoption at the next council meeting
of AINSE in December this year. The plan, which
has been discussed also with the Minister of
Science, the Hon. Peter McGauran, is seen as an
important blueprint for the future development of
AJNSE. It is clear that the Federal government
wants to enhance collaborative activities between
universities and publicly funded major research
facilities. AINSE has successfully provided a
mechanism for doing precisely that with ANSTO.
Whilst we are clearly on the right path, we must
embrace opportunities to develop this model
further.

Reference:
AJNSE 2002 Annual Report:

http://www.ainse.edu.au
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