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APPLICATIONS OF NUCLEAR PYSICS
PROGRESS REPORT - JULY 1994-JUNE 1995

PROGRAM OVERVIEW

The objectives of the Applications of Nuclear Physics Program Area are:

The development and promotion of research programs on national nclear science facilities such as charged
particle accelerators and neutron beam instruments thereby encouraging strategic research i nclear science
and technology at ANSTO, in tertiary institutions and industrial research and development laboratories.

Participation in and management of Australian se of international neutron scattering, nchrotron radiation
and high energy physics facilities to assist graduate training in the niversities and to foster Astralian benefits
,from developments in high technology.

The aintenance of epertise in fiindamental nuclear and atomic processes relevant to nclear science and
technology including neutron physics, ion interactions, radiation standards, dosimerry and laser enrichment.

Expansion of the se of accelerator mass spectrometn7 both ationally and iternationally to make ajor
contributions in the nderstanding and reinediation ofsevere evironmental problems sch as the greenhouse
effe c t.

The application of charged particle beams and ionising radiation to idustrial. biological ad environmental
problems.

The eploitation of neutron scattering techniques i the development of new materials, drugs, biological
substances and complex chemicals.

The research activities of the Applications of Nuclear Physics Pro-ram Area are organised into several arge
projects:

Accelerator Applications
Accelerator TMass Spectrometry
Neutron Scattering
International Science incorporating High Energy Physics and Synchrotron Radiation Research)
Radiation Technology and Standards

In addition, there were a number of other supporfing projects.

An important aspect of the activities of the Program Area, as will be clear from the objectives listed above, is the
development and improvement of the larger experimental facilities within the Program Area. Considerable
progress has been made in the development of the Tandem accelerator in the current year. The new HVEC
Model 846 Ion Source was installed on the 90' injection line of the Tandem. Full computer control of this ion
source is now possible. The HVEC Model 860 ion source previously in this position was moved to the right 33'
port of the 45 degree injection magnet. The optics for a He ion source have been studied and an Alphatross ion
source with an 80 kV injector system has been ordered. This will be located on the left 33' port of the 45 degree
injection magnet. Considerable progress has also been made with the beamline facilities. The "'C AMS was
improved with better alignment and modification of the detector system. The electrostatic analyser beamline,
used for all other AMS measurements, is now fully operational. A new electrostatic beamline, to be located on
the O' port of the high energy analyser magnet, has been designed to permit AMS measurements of elements to
A = 250 and the beamline is expected to be installed in 1996. Several electrostatic quadrupole magnets and a
high voltage large radius electrostatic analyser is on order.

Improvement in the neutron scattering facilities and ancillary equipment has continued during the year. The new
four-circle diffractometer was installed on 2TanA in the second half of 1994. An additional 9 detector channels
(total number now 24) have been added to the Medium Resolution Powder Diffractometer (MRPD), and good
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quality powder pattens can now be collected in a few minutes. A major effort continues towards the installation
of AUSANS. The development and construction of the position-sensitive neutron detector is the most
challenging aspect of this project. Design chances have been made to overcome the failures which occurred
during the first trials and the detector is now beina re-assembled for a second trial soon. Polarising supermirrors
which will improve the beam intensity and polarisation of the long wavelength polarisation instrument (Longpol)
have been developed (with Hahn Meitner) and are now under construction. A sample changer for use on either
powder instrument has been designed, constructed and is now in use, and both high temperature furnaces have
been brought under computer control. These improvements have led to a substantial increase in both the quality
and quantity of data obtained. This has led to the use of neutron sattering for new experiments previously
considered to be in the too hard basket. In situ studies of structural and inaarietic phase changes are becoming
routine, and kinetic information can now be derived.

The Phase 11 monochromator for the Australian National Bearriline Facility at the Photon Factory was installed
during the current year. The monochromator features sagittal focussing and fixed height exit for the
monochromator.

Accelerator Based Ion Beam Analysis

The development of ion beam analysis facilities on the Tandem accelerator has created new opportunities for
their application to surface and interface characterisation studies. The high energy, heavy ions generated by the
Tandem make it suitable for heavv ion time-of-fli-ht recoil spectrometry which is now in routine use. Studies
performed recently with this technique include the analysis of thin etal nitride films, modification of ion
implanted high temperature superconductors and depth profiling of metal germanide layers. In addition. time-of-
fIiQht recoil spectrometry has provided the basis for an Australian-Swedish collaboration on the characterisation
of several semiconductor materials such as MOCVD grown aluminium -allium arsenide and indium phosphide
thin films. Proaress has also been made on the proposed heavy ion microprobe on the Tandem with the
completion of initial ion beam optics calculations. These examined several novel configurations and arrived at a
design capable of meeting acceptable performance specifications. The aforementioned research on te Tndem
has been complemented by extensive usa.ge of the older 3 MV Van de 6raaff accelerator. This facility is now
used primarily for routine analysis by both ANSTO scientists and external researchers from Australian
universities supported by the Australian Institute of Nuclear Scionce and Engineering,

ANSTO has continued to play a major role in fine particle aerosol sampling and analysis in Australia. Support
for this research as come from industrial groups and local cuncil bodies who are interested in the distribution
and composition of aerosols in a particular rgion or from research bodies who are examining the relationship
between airborne fine particles and espiratory conditions such as asthrria. In addition, an investigation of fine
particle source reconciliation has been carried out under a �,rant from he NSW Environmental Trust. The
combination of ANSTO's extensive database of elemental compositions of fine particles with eteorological
data has permitted the estimation of source contributions to the total fine particle mass sampled in urban and
rural environments. Participation in international programs which foster the development of nuclear techniques
and their application to aerosol pollution studies has also been aintained under the auspices of the Cooperative
Research Pro-rams of the International Atomic Energy Agency or through direct interaction with environmental
agencies and universities worldwide. The strength of the current ANSTO program is highlighted by a recent
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collaboration with the National University of Singapore and the Singapore inistry of the Environment.
ANSTO contributed expertise and two aerosol samplers to this interaction which will utilise the proton
microprobe in the University's Physics Department to obtain elemental maps of individual aerosol particles.

Accelerator Mass Spectrometry

The aim of the AMS project is to promote advanced research programs in Quaternary science, global climate
chance, biomedicine and nuclear safeauards, based on the use of Ion--lived radioisotopes. The requirements of
these programs necessitate continuous technical developments to enhance precision, sensitivity and throughput
and to expand the range of measurable radioisotopes. The AMS project has developed in the past five years, a
comprehensive AMS spectrometer based on the ANTARES accelerator and a clean laboratory for processing
natural samples and prepare suitable tar-ets for the accelerator. The AMS spectrometer combines capabilities to
measure a range of radioisotopes with hgh precision and high throughput. The Iona-lived radioisotopes 14 C,

C 0 C C,

26AI, 36CI and "'I can be currently measured, with '13e and actinides under development. Improved precision
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for 14C, to 0.5% has been achieved with the commissioning of a 59 sample ion source coupled with automated
data acquisition. In the two years since becoming operational more than 1500 unknown samples have been
measured of which approximately 85% were 14C.

Neutron Scattering

A number of projects pursued in collaboration with Advanced Materials staff have been progressing well. In
addition to recording data from the more intractable of the Synroc related phases, the MRPD was used in studies
of the crystallisation at 1000'C of an yttria-alun-Lina-silica glass, and in the setting of cement. The study of
cement appears to be complete apart from the identification of minor phases. Both X-ray and neutron diffraction
are used in this work. In a feasibility study, carried out by a student from Cambridge, the MRPD was used to
map the residual stresses around a weld. To be useful for stress measurement, the neutron beam must have a
sufficiently narrow wavelength spread to give good peak resolution, but enough intensity so that good spatial
resolution can also be obtained. Previous studies had shown that both the TAS (A�. too large) and the HRPD
(intensity too low) were unsuitable. The new measurements demonstrate the feasibility of stress measurements
usina the MRPD.

Following successful measurements on rutile by Lucas Heights staff, as long ago as 1982, and a more recent
detailed analysis, staff in the Department of Chemistry at Sydney University collaborated in a systematic study of
metal dioxides having the rutile structure. That study is now complete and the results on I I oxides have been
submitted for publication. The collaboration has been extended to investigations of the crystal structures of
pyrochlores, and a number of interesting and publishable results obtained. These studies are providing detailed
information on the nature of the chemical bondin- in the materials in question. The work is supported by
AINSE. The study of metal-hydrides continues to be very productive, with active collaborations with Physics
Department Griffith), The Centre for Superconducting and Electronic Materials, University of Wollongong and
ADFA.

ANSTO neutron scattering continues to serve as a centre for a significant program in the study of magnetic
materials, which involves substantial university collaboration. A study of the magnetic structure and properties
of calcium manuanate is nearing completion (Melbourne University, CSIRO Minerals etc.). Lon-pol has been
used to investigate both the mixed ferrc)macynetic/antiferromacnetic nature of iron-mancanese-silicon, FC3-

,MnSi, and the magnetic domain structure in ribbons of iron-zirconium alloys, these being related to magnetic
recording tapes (UNSW, McGill University). Longpol continues to be used for measurements of the magnetic
flux trapped in high-temperature oxide superconductors, including BiSrCaCu,08.

While most neutron powder data leads to useful structural information, there is a growing list of materials with
complex powder patterns which have so far defied attempts at structure determination. As a consequence there
has been a significant improvement in data processing capabilities, including modification of the computer
proLyram LHPM (for the analysis of neutron and x-ray powder diffraction data) to enable image plate data
collected at the Australian National Beamline Facility (ANBF) to be combined with neutron data during
structure refinement. This has involved cooperation of staff from Applications of Nuclear Physics (Neutron
scattering and ANBF), Advanced Materials and Sydney University Chemistry.

International Interaction
There have been continuing financial contributions to the United Kingdom Science and Engineering Research
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Council's Rutherford Appleton Laboratory to assist construction of an improved reflectometer on the ISIS
accelerator. Involvement with the Rutherford Appleton Laboratory has allowed continued access to ISIS for
Australian scientists.

ANSTO, in collaboration with particle physics groups from the Universities of Melbourne and Sydney, has been
involved in two major experiments at CERN, namely NOMAD and ATLAS. NOMAD involves a search for
evidence that fundamental particles called neutrinos can oscillate from one type to another. Observation of this
phenomenon would prove that neutrinos possess mass which is one of the burning questions in particle physics.
The NOMAD detector at CERN is now fully operational and data taking has been in progress for almost I year.
ATLAS is a detector that is being developed to be used with the Large Hadron Collider, the next eneration
accelerator at CERN. ANSTO's contribution involves research and development on solid state detectors made
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from gallium arsenide, a material which can withstand the large radiation dose received near the collision vortex
in ATLAS. ATLAS will carry out leading edge experiments including a search for the Higgs Boson which will
elucidate the processes which determine the masses of fundamental particles. It involves the collaboration of
over 130 international groups.

The Australian National Beamline Facility at the Photon Factory at Tsukuba in Japan is now fully operational
and time on the facility is in strong demand. In the current year, 28 separate experiments were performed. To
cate for the rapid increase in demand for time on synchrotron radiation facilities, a proposal was submitted on
behalf of the Australian synchrotron research community to the Major National Research Facility Program,
seeking funding of $12.2M over years to expand Australian access to overseas synchrotron radiation facilities.
The proposal involved Australia joining Collaborative Access Teams, namely the Synchrotron Radiation
Instrumentation CAT and the Consortium for Advanced Radiation Sources CAT at the Advanced Photon Source
at Argonne National Laboratory, USA. The proposal also sought funds to continue the collaboration with the
Photon Factory. Subsequent to the end of this reporting period (61h December 1995), this proposal was
successful.

Other Activities

Standards for nuclear radiation measurement were maintained, with special attention being applied to the
measurement of radioactivity of the radioisotopes produced by the National Medical Cyclotron for Positron
Emission Tomography (PET) applications. Technical assistance was also given in the operation of this facility.
The program continued to provide a national calibration service to nuclear medicine departments of Australian
hospitals for a ranae of radioisotopes.

Outcomes

High priority has continued to be given to the quality and quantity of scientific output as measured by
publications in refereed international journals and presentations at international conferences. In 1994/95
Procrram staff had 86 papers accepted in international journals and international conferences and 41 other papers.
The 53 papers in international journals was more than in any previous year. Thirty percent of these papers
involved international authors. The level of interaction with the Australian University com-munity via AINSE
has ore than doubled in the last three years. For 1996, ollowing peer review, there arc now 147 collaborative
projects with the Australian Universities with more than 100 post graduate students dependent upon these
interactive programs for their higher degrees. The interaction with CSIRO has also increased with major joint
pro-rams in lobal change. oceanography and aerosol sampling. The Access to Major Research Facilities
Proqram manaticd by the Program Area for the Department of Industry, Science and Tchnology, has expanded
by a factor of 3 in the last three years. Eighty eight senior scientists plus forty one postgraduate students were
supported through this program with many of these scientists and postgraduate students granted support on more
than one occasion.
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1. ACCELERATOR APPLICATIONS
(David D. Cohen[Mgr])

ANSTO has had a long history of involvement in the applications of accelerator based techniques and has
been at the forefront of the development of some of the techniques. The current focus in Accelerator
Applications is on the application of these techniques to Aerosol Sampling and characterisation. However, there
are also diverse applications in other areas such as biological and surface science studies, nuclear and atomic
physics, radiation damage and archaeological studies partly driven by a strong university collaboration and
partly internallycontinuing applications where the group has had a long term presence. The group operates
facilities on the 10 MV ANTARES accelerator, is responsible for the running and development of facilities on
the 3 MV Van de Graaff accelerator and operates a high current, 50 keV metal vapour vacuum arc (MEVVA)
ion source. A staff of 10 officers, 4 professionals and 6 technicians, is involved in these studies.

The use of the ANSTO accelerators has been promoted nationally, within the many universities in
Australia throuah AINSE, within CSIRO and throuah local industries as well as internationally through its
collaborative research. The group has generally taken the lead in introducing new techniques of applications
within Australia. During 1994-95 Professor Dymnikov, from University of St. Petersburg, Russia visited for 6
months to collaborate on high energy ion beam optics and microprobe calculations.

1.1 AEROSOL SAMPLING PROGRAM (ASP)
(D.D. Cohen, G. Bailey, D. Garton, E. Stelcer and E.P. Johnson)
Recently there has been increased international interest in the monitoring of fine particles in the

atmosphere. This interest has been in the keys areas concerning the possible effects of these fine particles on
human health and on alobal warmin- and greenhouse modelling pedictions. Work published by the US
Environmental Protection Agency and the Harvard School of Public Health has suggested that 50,000 to 60,000

Z� co
deaths a year in the United States are caused by fine particle pollution, a far larger number than for any other
form of pollution. Similar calculations based on British government data suggest that fine particles from exhaust
fumes are killing 10,000 people a year in England and Wales. For the most part these studies were concerned
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with fine particles of 10 pm diameter or less (PM10) and their effects were more severe on the young, the aed
and those groups who were predisposed to lung and respiratory disorders. The major sources of such fne
particles are combustion processes such as occur in automobiles. fossil fuel burning and industrial processes.

ANSTO has been applying accelerator based ion beam analysis (IBA) techniques to fine particle analysis
for many years now. The BA techniques of PIXE, PIGME, PESA and RBS are routinely applied
simultaneously to hundreds of samples a month to determine the elemental composition of atmospheric aerosols.
Typically, days a month of the 3 MV Van de Graaff accelerator running time are dedicated to analysing, such
samples for both research into fine particle pollution and commercially for industry

1.1.1 Environmental Trust Grant- Fine Particle Source Reconciliation
(D.D. Cohen, R. Kondepudi, R. Hyde' and P. Crisp')
(' Macquarie University; UNSW)

At the beginning of 1994 ANSTO received a grant from the NSW Environmental Tust to take our large
database of elemental composition of fine particles, obtained during 1992 and 1993 at 25 sites hroughout NSW.
and by combining it with meteorological data from the same period, estimate unique fine particle source
fingerprints. These fingerprints could then used to estimate source contributions to the total fine particle mass
loadings measured in urban and rural atmospheric environments.

The one year grant is now complete and has been successful in combining the wind and the chemical
databases derived. Concurrent meteorological data for wind direction and speed during 1992 and 1993 have
been acquired, validated and analysed. Reliable and almost complete data were found for 13 locations spread
widely within the study area. These data have been compiled in a standard format and are available at hourly
intervals for the two year period. The significance of this is that we now know which way and how strongly the
wind was blowing when the samples of airborne particles were collected during 1992 and 1993. This has
allowed the chemical fingerprints of fine particle sources to be determined. The average monthly contributions
of different source fingerprints to the fine airborne particles in the Sydney region have been estimated. The
relative proportions of these fingerprints at each of the 24 fine particle- sampling sites have been calculated for
each month of 1992-1993.



This database has been used to provide an estimate of the major source types contfibuting to the fine
particle aerosol in the greater Wollongong, Sydney and Newcastle regions. The combination of these two
databases is far more valuable than its separate parts. It opens the way to detailed study of pollution events on a
daily basis, to the calculation of air-mass trajectories and to the refinement of source fingerprints for fine
particles <2.5 M in diameter).

In order to obtain a chemical fingerprint of a given fine particle source, two things must be dtermined:
firstly which elements characterise that fingerprint and secondly the relative proportions of each of those
elements which provide the signature for that fingerprint at a sampling site. These fingerprints or profiles can
then be used in Chem�ical Mass Balance (CMB) programs (provided by the USE EPA) to determine the relative
contributions of each of these fingerprints to the total ambient particle mass.

The multivafiate analysis method of Principal Component Analysis (PCA) followed by varimax
orthogonal rotation has been employed to determine the appropriate elements for each chemical fingerprint as
well as the regional distribution of a given element across all sites in the network. Having determined the
appropriate elements, particular events (such as favourable wind information) and sites were then selected which
optimised the source receptor parameters being considered. The measured ambient relative elemental
concentrations together with these parameters were then used to estimate each individual fingerprint or profile
for use throughout the network.

FiY.I.l shows the regional roups of the element sulphur as determined by PCA of all sites across the
network. It shows two major grouping for sulphur, a coastal group and a rural group. These roups are further
subdivided into smaller groupings associated with sulphur at Wollongong, Sydney and Newcastle. The rural
grouping of sulphur sites is of particular interest, since NSW obtains much of its power from coal fired power
stations located within this rouping
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It is not possible to apply a statistical procedure directly to the entire data set for all sites at all the times:
the variations in concentrations between sites are so large that the variance of the analvsis is too great for
meaningful results to be obtained. If only data for a single site or a roup of sites having similar particle
chemistry) are considered, PCA followed by varimax orthogonal rotation allows the principal element roupings
to be identified. When this was performed, it was found that a maximum of six groups of elements was required
to explain the variance in the data which is statistically significant. Furthermore, the six element roupings were
remarkably constant in the elements which they contained. Each element grouping does not correspond to a
unique source, but rather to a group of sources which release airborne particles at the same locations at the
same time. The 6 primary fine particle fingerprints derived during this study were named: motor vehicles, coal
combustion, industn o high sulphur days, smoke, soil, and seaspray since their elemental makeup identified
them as the mjor contributors to these ingerprints. Their relative elemental concentrations are shown in
Fi g. 1. 2 (a) to (f).

Averaged over all the network sites for the two year sampling period the fingerprints for motor vehicles
Vg/M3' Pg/M3(2.4tl.3) industry (2.ItO.9) and coal combustion 1.1±0.4) P Or/M3 accounted for over 70% of the

3 between 3%average fine particle mass 8±4) pg/m . utions were genSoil and seaspray contrib erally small, bein.,
and 5% of the total fine particle mass averaged over the two year period from 1992-93 for all sites. This was not
unexpected as both these particulate components were generated by mechanical methods and were therefore
expected to dominate the coarser mass components. Mineral components approximating, to soil may also be
found in the coal combustion, industrial sulphur and motor-vehicle fingerprints. The use of these fingerprints
has enabled us to estimate their seasonal variations and typical data are shown in Fig. 13 for each of the six
finger-prints for the 24 month period from 1992-93. Most fingerprints showed significant seasonal variations.
For example, fine particles associated with wood and vegetation burning on average accounted for 12% of the
total fine particle mass across the network, but Fig. 1.3(d) shows that there were very strong seasonal variations

3which accounted for the high standard deviation associated with the mean smoke mass (0.9tO.8) Pg/m.

Table 1 I shows the 1992-93, two year average contributions of the six selected fingerprints to the total
fine particle mass across the 24 sampler network.
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Table 1. - The average 1992-93 contributions of the six selected fingerprints to the total fine particle
mass across the 24 sampler network. The average gravinietric mass for this two year period was (7.8±3.9)

Pg/m,

Fingerprint Contributions during 1992-93
Fingerprint Average mass pg/m,) %of total mass

Motor vehicles 2.4±1.3 3 
Coal combustion 1.1±0.4 14
Industry 2.1±0.9 27
Smoke 0.9±0.8 12
Soil 0.3±0.1 3.6
Seaspray 0.4±0.2 5.4

Total 7.2±3.9 93

Contributions from motor vehicles and industry, which includes coal combustion, in the Wollongong,
Sydney and Newcastle areas, dominated with 31% and 2717 of the total fine particle mass respectively.
Contributions from coal combustion dominated in the rural areas away from the coast, with an average of 14 of
the fine particle mass.

Across the network and over the two year sampling period the sum o the contributions from each of the
fingerprints accounted, on average, for 93% [(7±4) pg/m 3] of the mean ravimetrical measured mass [(8±4)C C, I--
pcr/M3]Z� . This was acceptable since none of the fingerprints contained a fine particle nitrate (NO 3 component
which measurements have shown to contribute an extra % to 15% to the total fine particle mass.

1.1.2 International Intercomparison Tests on Aerosol Filters
(D.D. Cohen, G. Bailey and N. Dytlewski)
The standard aerosol analysis system was used to do tests on the following filters; a loaded Nuclepore

fine fter sample, a loaded Nuclepore coarse filter sample and Nuclepore fine and coarse blank filters. The
filters were part of an intercomparison study organised in collaboration with the University of Illinios through
the IAEA in Vienna and involved 18 different overseas laboratories who conduct routine aerosol analysis
programs in their countries. The coarse and fine filters were derived from an NIST 2710 soil sample standard.

At ANSTO a series of thin film Micromatter standards were used to calibrate both the PXE and PIGME
detectors. The standard measuring conditions of an 8mm diameter beam and a beam current of 10-12 nA of 26
MeV protons were used. A series of runs on both the loaded filters and the blanks, covering different positions
on the filter surface, were used to produce average element concentrations.

Some typical result of these intercomparisons are shown for the fine filters in Fig. 14. In this figure our
results, are shown as the points, with the error bars representing the ±1 standard deviation range for the average
result of all 18 laboratories. In ueneral our values show good areement with the average result, falling within
the expected span for the majority of elements detected.

1.1.3 Fine Particle Composition and Asthma Studies in Children
(D.D. Cohen, G. Bailey, D. Garton, E. Stelcer and P Lewis
(' NETRU, Newcastle)
Early in 1994 a study into the possible health effects of fine particles on young children with asthma, in-

the Newcastle region, was commenced, This study was run in collaboration with the Newcastle Environmental
Toxicology Research Unit (NETRU) and was funded by the NETRU and Newcastle City Council. Two ANSTO
fine particle samplers (PM2.5) took data everyday at Wallsend and Mayfield, suburbs of Newcastle, for the
seven month period from April to the end of September. Wallsend is an urban site west of the centre of
Newcastle and Mayfield is a heavy industrial site close to the centre of Newcastle. During the sampling period
the daily records of lung function of young children with asthma were kept and the data is currently being

C, CD

assessed against the fine particle loadings in the area.
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Fig-1-4 - Comparison of the elemental concentrations measured at ANSTO with the mean measurements
from IS other international laboratories on fine filter material

1.1.4 Fine Particle Monitorinc, and Analvsis at the Global Baseline Station at Cape Grim

(D.D. Cohen and J. Gras

Atmospheric Research. CSIRO. klelbourne. VIC)

ANSTO with the assistance of the staff at the Cape Grim global baseline station and the staff a[

Atmospheric Research, CSIRO has been measuring ambient fine particle (P-"vl2.5) concentrations and their

elemental composition at Cape Grim since July 1992. Cape Grim is an isolated station at the north western tip of

Tasmania. The air sampled at Cape Grim is generally quite clean, although we do see some components of fine

particles associated with urban airsheds from elbourne, Hobart and even Perth. However. Cape Grim is

renowned for its westerly winds that have blown for thousands of kilometres oer nothing but the southern

ocean. This makes the sampled air a Cape Grim representative of global air and hence useful in determining

global air pollution trends.

Fine particles with aerodynamic diameters less than 25 pm (PN12.5) have been routinely sampled over a

24 hour period every Sunday and Wednesday usinc, stretched Teflon filters. These filters are sent to ANSTO for

analvsis. The 2ravimetric mass and elemental concentrations for up to '15 different species are determined by us

for each filter. Accelerator based ion beam analysis techniques at ANSTO are used to determine the elemental

concentrations for H, C, N. 0, F. Na, Al, Si. P, S, C1, K, Ca, Ti, V, Cr. Mn. Fe, Ni, Co, Cu, Zn, Br, and Pb.

Laser integrated plated methods are also used to estimate elemental carbon concentrations. These ion beam

techniques are very sensitive, non destructive and require only a few minutes of accelerator runnina time per

filter to obtain minimum detectable limits of the order of 10 ng/m3or better for most elements.
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Some typical results for the fine mass (PM2.5), hydrogen, sodium, sulphur, chlorine and elemental carbon
are shown in Fig. 1.5. These plots show average monthly values for the period from July 1992 to December
1993 for each of the elements listed. Average annual values for 1993 for some elements measured are given in
Table 12. The 1993 average annual fine particle mass at Cape Grim of 6.7±1.5) Pg/m 3was comparable or
larger than some rural sites in the ASP network in NSW the main difference being the larger seasalt component
at Cape Grim. The sodium plus chlorine concentrations accounted for nearly 40% of the total fine mass at Cape
Gfim, this was 2 to 3 times hiaher than many coastal sites in NSW.

Since sodium chloride is over 90% of the dry weight of seaspray and the ratio of (Na+Cl)/Na=2.54 for
sodium chloride we would expect a plot of 254 times the sodium concentration versus the sodium plus chlorine
concentration to be linear. Fig.1.6 shows such a plot, it also demonstrates that there appears to be no loss of

P gchlorine with respect to sodium for chlorine concentrations up to 25 /M3 . Fig. 16 also shows a plot of the
measured sulphur concentration against the sodium concentration for the Cape Grim site from July 1992 to
December 1993. It shows no correlation between these two elements. This was because the sulphur
concentrations measured were typically 3 times higher than the sulphur levels associated with seaspray
(S/Na-8%) and must therefore be associated with other sources of sulphur.

Table 12 - Average annual values for the elemental composition of fine particles for 1993 at Cape Grim
in NW Tasmania.

Species 1993 Average Species 1993 Average
(ng/M3 ) (ng/m 3

Mass 6740±1500 Cr <5
H 120±30 Mn <5
Na 1070±340 Fe <5
Al <10 Co <5
Si 10±4 Ni <5
P <10 Cu <5
S 250±60 Zn <5
Cl 1500±430 Br <10
K 39±13 Pb <10
Ca 35±8 Elt.C 360±100
Ti <5 NonseaS 160±75
V <5

1.1.5 IAEA Interactions
(D.D. Cohen and G. Bailey)
ANSTO is a part of a global Coordinated Research Pro-ram (CRP), with the IAEA in Vienna, on

"Applied research on air pollution using nuclear related techniques". The CRP involves different countries
from around the world in a five year project from 1992-96. Each country will sample fine particles of diameters
10 pm or less and 25 pm or less using a standard stacked filter air sampling system. The air samples obtained
over a 12 month period at both a rural and an urban site will then be analysed using nuclear techniques for the
broadest possible range of elements.

The main expected benefits of the CRP include; the improved capability to make high quality
measurements of specific air pollutants, particularly toxic and other trace elements; information on pollution
levels in areas of high and low pollution and trends over time; information pertaining to pollution source
identification and apportionment; information on long range trans-boundary movement of air pollutants; and
supplementary information relating to specific aspects of problems of acid rain and global climatic change. A
particular benefit of the CRP is that, for the first time ever, it will provide reliable comparative data on the
concentrations of selected air pollutants in a wide variety of countries and continents using the same, standard,
sampling device.
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The first meetin- of the CRP was held in Vienna from 30 March to 2 April 1993 and was attended by
sixteen of the 19 member countries. Dr David Cohen represented ANSTO at this meeting in Vienna and as a
consequence the second meeting in the series was held at the Lucas Heights Research Establishment from 27 to
31 March 1995. All member countries were represented at this meeting.

1.1.6 Other International Collaborations with ASP
(D.D. Cohen and R Kondepudi)
Over the past few years the Group has continued to foster strong collaborations with the Physics

Department of the National University of Singapore. This Department operates a Van de Graaff accelerator
similar to the one at ANSTO. The key feature of this facility is a world class proton microprobe with submicron
resolution. The group conducts research in the biological and materials areas. In collaboration with ANSTO
and the Singapore Ministry of the Environment, they have recently commenced work in Singapore on accelerator
based ion beam techniques in fine particle pollution studies. ANSTO has supplied expertise and 2 fine particle
sampling units to the Ministry of the Environment, while the National University Group has used their
microprobe to study individual fine particles. Fig.1.7 shows typical fine particle elemental maps obtained by this
microprobe group in Singapore. Each square represents a 00 pin area and maps for elements from Na to Pb
are shown. The elements carbon and oxygen were obtained from RBS spectra while all other elements were
obtained using PIXE. The scanning transmission ion microprobe (STIM) image was also obtained using a
proton beam. Individual micron sized particles are clearly distinguished.

Data from the fine particle ASP Network in NSW is being analysed in collaboration with the group from
Clarkson University, Potsdam, New York. This Group are world leaders in statistical analysis of large databases
for air pollution studies. We are currently using principal components analysis (PCA) followed by varimax
rotation to estimate source contributions and to evaluate the spatial patterns of fine sulphur and lead
concentrations over NSW. Similar data to that enerated by us in Fg. 1 I for sulphur correlations across NSNN'
are obtained from this work and further studies on the relative elemental distributions of PM2.5 and PM10
particles is continuing.

1.2 CHARGED PARTICLES
(D.D. Cohen[Mgrl, G. Bailey, N. Dytlewski, J. Martin, D. Garton, E.P. Johnson, A. Croal, E. Stelcer W.
Kyu and R. Kondepudi)
The charged particles sections is responsible for the operation of the 3 MV Van de Graaff accelerator and

performs research on this facility as well as ion beam applications on 10 MV ANTARES tandem accelerator.

1.2.1 Heavy Ion Time-of-Flight Recoil Spectrometry
(D.D. Cohen, N. Dytlewski, J. Martin'and D. Garton)
(' University of NSW)
The heavy ion time-of-flight (TOF) recoil spectrometer performed flawlessly in the past year. The Group

has averaaed several days per month of run time on the Tandem throughout the year. The majority of this time
has been run with iodine beams in the energy range 60-80 MeV. Measurements have consisted primarily of
multilayered semiconductor structures, with partners in the Australian/Swedish Recoil Spectrornew,
Collaboration and low temperature super conductors with collaborators from the University of NSW.

The mass and energy resolution of the TOF spectrometer will be considerably improved when terminal
voltaaes above 7 MV are attained - the pmary restriction to this limit at the present time being the availability
of S176 insulating gas from the tank. Higher terminal voltage results in longer stripper foil lifetimes with less

� C Zn
energy straggling and better beam optics for the heavier ion masses. The best beam spot size yet achieved in the
target chamber for 77 MeV iodine beams is around 30 mm. This blows out in the horizontal plane by factors of
2 to 3 for the fixed recoil anale of 135' and beam incident angles to the target plane of between 20' and 30'.
Typical target currents, for iodine beams, were between I and 30 nA, which produced count rates into our data
acquisitions systems of up several hundred Hertz.

1.2.2 The Australian/Swedish Recoil Spectrometry Collaboration
(D.D. Cohen and N. Dyflewski with J. Martin - University of NSW; P. Johnston, S. Walker and I. Bubb -
RMIT; H. Whitlow, M. Hult - Lund Institute of Technology, Sweden; C. Zaring and M. Ostling - The
Royal Institute of Technology, Sweden and M. Andesson - Uppsala University, Sweden)
The Australian/Swedish collaboration had several runs on the 10 MV Tandem throughout the year.

Time-of-flight recoil spectrometry techniques, using 70-90 MeV iodine beams, were used to further studies on
MOCVD grown A1,,Ga1-,,As, metal InP thin film reactions and the formation of thin CoSi, films on GaAs. Other

I I
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work on improved mass resolution and multivariate analysis for energy calibration of the system was also
performed.

A critical part of manufacturing GaAs devices and integrated circuits is the metallisation process. There
is a need for ohmic contacts that possess qualities such as low resistivity, a high de-gee of uniformity and
stability at elevated temperatures. These qualities become more crucial as device dimensions decrease.
Problems with alloved ohmic contacts are of a major concern for the development of GaAs technology. CoSi is
one of the most interesting metal sicides to study for these applications since it has low resistivity ( 16 n cm)
and the temperature stability is high up to about 6OO'C. In this study Si(22O nm)/Co(50 nm)/GaAs samples were
furnace annealed in the temperature range 300-700'C, and the reaction sequence studied using TOF techniques

C C
as well as X-ray diffraction, scanning electron microscopy and X-ray photoelectron spectroscopy. The basic
idea was that Si and Co would react and form CoSi� before any reaction took place with the substrate. Recoil

127 1mass spectrometry using 77 MeV beams permitted separation of C. 0. Si, Co, Ga and As profiles. The
mass resolution was poorer for the larger masses but hi-her energies on the Tandem would improve this
considerably.

A typical experimental set up is shown in Fig. 1.8 Inspection of the typical data shown in Figs 1.9 and
1 IO reveals that the Co has started to react with GaAs. This is apparent from the increased widths and spread LO
hiaher ener-ies of Ga and As leading dges and by the Co tailing dge. Initial studies show that the CoSi,/GaAs
formed bv thermal reaction constitutes a low electrical resistance metallisation \%ith high temperature stabilit-,
and there as no detectable reaction between the GaAs bulk and the CoSi, overlaver for samples annealed at
500 and 6OO'C.

77 MeV 1271

6 O'

la�9

00 \0 75"
"es\-

a)
37.5 mm

T11001
E

Fig.1.8 - The recoil spectrometry geometry for the experimental setup on the ANTARES time-of-flight
system
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Metal/InP reactions are of fundamental interest because they provide important information about
reaction paths and how these relate to equilibrium phase diagrams. These reactions are also of technological
interest because of the importance in metallisation for contact and lithographic masking applications. More
conventional techniques like RBS are particularly difficult to apply to nP structures because iht elements like
P are obscured by the signals from the heavier elements like In. Recoil time-of-flight methods are ideal for
these very situations. The identity of each individual recoil species and its depth profile can be determined. A
typical 3D plot of counts versus energy versus time is shown in Fiq. L I . This data was obtained for 71
I'O' beams and demonstrates how TOF echniques can be used to produce signals associated with each e[ernent
present in the sample.
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Fig.1.11 - 3D plot of energy versus mass and count and yield for Ni/InP
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Fig. 1 12 shows typical time-of-flight, energy and time-of-flight versus energy spectra for Ni film 50 nm)
vacuum evaporated onto InP wafer. The spectra were obtained using a 77 NeV 127, lo' beam of ions. The ions
impinged at a glancing angle of 30' to the surface and the recoil atoms were detected at 450 to the incident beam
direction. Separate recoil energy distributions leading to depth profiles for In, P and the metal can be obtained
by placing windows along the mass axis and integrating the data spanned by the window onto the energy axis.
FIL. 1 13 shows the recoil enerav distributions for Ni from an as deposited and for 500'C heat treated samples.
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Fig.1.12 - Typical time-of-flight, energy and time-of-flight versus energy spectra for NillnP sample
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Preliminarv conclusions from this studv show that the temperature dependent behaviours of the Pd/InP, Ni/InP
and Pt)1nP systems are quite different. Reaction starts in the P nd Ni cases at lower emperatures. ""ith ternar,-
phase formation in the P case. At higher temperatures, P is lost In the P case but retained in the ";i and the :
cases. presumably because it is bound in stable phosphides.

Collaborative work has also been proceeding on the problems associated with pronounced nonlinear
response of the silicon detectors used as the nergy detector in the time-of-flight system. To minimise this
limitation, a simple empirical formula with an associated multiple regression method has been proposed for the
absolute ener2v calibration of the surface barrier detector used. A significant improvement in mass assignment
was realised, which allowed for more accurate and improved elemental depth profiling.

1.2.3 Recoil Spectrometry of Thin Metal-Nitride Films
(J.W. iklartin', D.D. Cohen, G.]. Russell' K.S.A. Butcher'. and T.L. Tanslev-

University of NSW. School of Physics; acquarie University, School of Physics)
Wide band ap semiconductors are currently under development for both electronic and optoelecironic

semiconductor devices. In particular the roup III nitrides of allium nitride and indium, nitride promise to
provide devices that are far superior to currently available devices. Parameters such as power output and
frequency response should be considerably improved and these devices should have more short wavelength
applications.

GaN has two physical properties which are of importance for device application. Its direct band ap and
its complete miscibility with AIN and nN. The direct bad ap provides greater efficiencies in optoelectronic
devices when compared with indirect band ap semiconductors and its miscibility with the other nitrides allows
tailoring of the alloyed band gap over a wide range of wavelengths. InN has its potential application as a
material for solar cells and also as an ohmic contact for GaN, alone with the study of In,,-,,GaN compounds
for other semiconductor devices.
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For all the group III nitrides, the retention of nitrogen within the crystal lattice is problematic. The
relative bond dissociation energies for nitrogen within the group III nitrides requires that low temperature crystal
growth be used. The Heavy Ion recoil time-of-flight spectrometer on the N tandem accelerator allows the study
of nitro-en retention as a function of heavy ion bombardment. Fig. .14(a) & 1. 14(b) shows the nitrogen profile
produced from the spectrometer as a function of ion dose for fnN and GaN respectively. The continual loss of
nitrogen from these films is clearly evident from the figures. The study of the loss mechanism due to ion
bombardment is used to refine the growth processes of these thin metal-nitride films in an attempt to produce
more robust materials.

1.2.4 Transition-Nietal Implanted High Temperature Superconductors
(J.W. Martin', D.D. Cohen, G.J. Russell' and A. Hartmann)
(' University of NSW, School of Physics)
The study of transition-metal (Fe, Ni & Co) implanted high Tc superconductors is continuing with the

expansion of the analytical techniques used in the characterisation of these materials. Previously, Rutherford
backscattering spectrometry (RBS) as well as heavy ion recoil time-of-flight spectrometry have been employed
to provide elemental depth profiles. Apart from this information, it is crucial to know the valance structure of the
implanted ions of Fe, Ni and Co. To do this, X-ray absorption spectrometry (XAS) on the Australian National
Beamline Facility (ANBF) in Tsukuba, Japan has been used. Fig. 1. 15 shows the X-ray absorption edge for an
Fe implanted YBaCU307., (YBCO) polycrystalline superconductor after implantation and after an anneal
treatment in comparison with known Fe-oxides and an Fe-doped YBCO material. The exciting result here is the
change in valence structure of the Fe after annealing to a structure that is very similar to doped materials. This
means the process of implantation and annealing, can be used to change a small quantity of a superconductor
material in a controlled fashion. The use of XAS as well as the materials characterisation techniques on the
AINSTO accelerators provides comprehensive sample information that is being used to fabricate superconductors
with different electronic properties.

1.2.5 Heavy Ion iNficroprobe
(D.D. Cohen, N. Dyflewski, A. Dymnikov and G. Leo,,e

University of Melbourne)
An acknowledged world expert on beam transport calculations and ion optics design for microprobes,

Prof A. Dymnikov, was a visiting scientist to the Accelerator Applications Group for a period of six months.
During this time he performed beam optics calculations on several novel designs for a proposed high energy,
heavy ion microprobe system for the Tandem accelerator. From third order computer odelling calculations.
designs of various optical configurations and optical elements have been produced, which are currently being
evaluated and further refined.

Initial calculations show that it is possible to construct a microprobe for a 90 MeV iodine beam with a
focussed beam spot size between and 15 pm. Typically the beam line length would be 8 metres, contain a
quadruplet magnetic quadrupole system with lens lengths of the order of 30 to 40 cm, pole gaps 3 to 4 cm and
maximum magnetic field strengths below 3 kG. The lens system demagnification would be between 20 and 30
for a working distance to the target of 30 to 40 cm. A beam emittance of IO to 3Ox 10-9 mm mrad would have to
be achieved.

1.2.6 Heavy Ion TOF-ERDA of High Dose Metal Implanted Germanium
(N. Dyflewski, P.J. Evans, J.T. Noorman, L.S. Wielunski' and J. Bunder')
('CSIRO Division of Applied Physics; 'University of Wollongong)
In silicon microelectronic technologies, the use of transition metal-silicides for contacts and interconnects

has been the subject of much study. These metal sicides can be formed by depositing a metal layer on a Si
substrate, followed by thermal annealing at a few hundred degrees celsius. Of particular interest are CoSi2 and
TiSi,,both of which have oood thermal stability and low resistivity. These metal-silicides, amongst others, can
also be formed directly by ion implantation techniques. However little work has been done on the formation of
metal-aermanides, principally because germanium has some undesirable microelectronic properties as compared
to silicon. With the emerging development of GaAs and Si,,Ge,-, based microelectronic devices, the use of
metal-aermanides for thermodynamically stable metallisation contacts is being considered. Low resistivity
inetal-aermanides such as CoGe2, TiGe2 and CU3 Ge have been produced by thermal annealing but to our
knowledge, there have been no reported attempts to produce metal-germanides directly by metal ion
implantation.
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Heavy ion time-of-flight ERDA, and conventional RBS has been used to study the implantation profiles
and oxygen uptake of Ge(100) implanted with high dose Ti and Cu ions from a MEVVA ion source. Using
RBS, the backscatter energies from the implanted transition metal species and Ge were nearly equal, making it
very difficult to obtain depth profiles, as well as observing low levels of oxygen incorporated in to the sample.
However, heavy ion recoil spectrometry provided, in one measurement, mass separated elemental depth profiles
of all species. Copper implantations were made at an incident ion dose of 3x 1017 atomskM2, with Ge substrate
temperatures at ambient, 200'C and 300'C. A significant change in the Cu implantation profile was observed at
300'C, consistent with that seen in therinal annealing studies. Ti implantations were made at 5x 1017

atoms/cm with substrate temperatures of 200'C, 300'C and 370'C. Implantation of Ti gave rise to a surface
layer of average stoichiometry GeTiO.8, which rew in thickness with implantation temperature. No significant
reaction with air or moisture was seen in the damaged Ge(100) implantation surface region.

1.2.7 Transfer of 860A Caesium Sputter Source
(N. Dytlewski, J. Fallon and D. Garton)
With the corrunissionina of the multi-sample 846B ion source on ANTARES, the single sample 860A ion

source has been transferred to another, independent, low energy injection beamline. This bean-dine has its own
small injection magnet and uses the larger 90' injection magnet as a drift space only before injection into the low
energy end of the accelerator tank. Beam optics calculations have been made to optimise the location of this
new low energy injection bean-dine, as well as the other beamline elements between the ion source and existing
90' double focussing injection magnet. The injection optics have been tested with beams of carbon and iodine,
and no operational problems have been encountered. The beam transport system has transmissions consistent
with that of the previous location of the 860A ion source.

1.2.8 AINSE Collaborations
(D.D. Cohen, G. Bailey, N. Dytlewski, E.P. Johnson, W. Kyu and A. Croal)
Interaction with all Australian universities throuah AINSE continues to be strona with 28 separate

projects approved for calender year 1995. These projects have provisionally been granted in total, 134 days on
the 3 MV Van de Graaff Accelerator, 31 days on the Tandem Accelerator and 101 days on the MEVVA metal
ion implanter. The initial funding requested of AINSE by the university groups exceeded the available resources
and indicates that the demand for Ion Beam Analysis facilities at ANSTO by all Australian University groups is
still very strong.

1.2.9 3 MV Van de Graaff Accelerator
(a) Annual Usage

For the period I July 1994 to 30 June 1995 the 3 MV accelerator operated for a total of 943 hours on
230 days, averaging, 8.5 hrs/day. The total running time on the machine was up 27% on last year and 12%

C C C
higher than the average running time per year over the previous years.

The percentage usage for the financial year 1994/95 is shown in Fig.1.16. This figure illustrates that the
use of the accelerator was equally divided between the research, commercial and AINSE categories, a pattern
not dissimilar to the 1993/94 operating period.

(b) Maintenance
(A. Croal and W. Kyu)
This year saw a major refit of the 3 MeV accelerator in February. It was brought about by machine

energy instability caused by electrical tracking across a number of segments of the accelerating tube. The worst
segments were shorted out in an endeavour to prolong tube life, however in the end, tube sparking from these
damaged sections became too great for economic benefit and it was decided to replace the tube and refurbish the
accelerator at the same time. The accelerator was thoroughly cleaned, the tube and drive motor belt replaced.
The drive motor and alternator bearings were removed, cleaned, and re-greased and the column resistors were
tested and graded before replacement. A refurbished ion source was also installed

The replaced accelerator tube had only achieved 3576 hrs. of operation. It is thought that high energy
operation (above 3 MV) in its early life contributed to its demise. The old drive belt had accrued 4060 hrs of
operation. The drive motor and Alternator bearings were re-greased after 4060 hrs of operation.
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Fig.1.16 3 MV accelerator annual usage

Apart from the occasional ion source replacement there were not many other problems with the
accelerator except for an oil leak in the accelerator refrigeration unit compressor, the need to replace the beam
stops actuating system, (failed and parts redundant) and the growth of the probe volt and source focus Perspex
actuating rods which rendered these components inoperative until the rods were re-machined.

An ongoing problem with ion source bottle refurbishment may have been solved. It is thought that the
c C

composition of the glue that attaches the glass bottle to the aluminium base may have been changed from a PVA
0 C,

to a Styrene based glue, after changing to a known PVA based glue the problem with pressure dependent leaks at
this joint appears to have been overcome.

With the accelerator vacuum system, both the old turbo pumps on the accelerator and switch magnet had to
have their drive belts replaced. As spare parts are no longer available for these pumps, new Generation turbo
pumps have been purchased and adaptor housings manufactured in preparation for replacement as redundant
pumps fail.

During the vear a considerable technical upgrade of various components of the 3 MV Van de Graaff s
electrical and mechanical systems has been performed. This includes:

The designed, manufacture and installation of a solid state analysing magnet power supply to replace the old
C el

value system. This has resulted in improved stability and lower maintenance
• The design, construction and installation of new logic multiplexing "wait" unit for the simultaneous data

acquisition on the PLXE/PIGME/RBS leg (SR2)
• The upgrade of the mobile data acquisition system for the PLXE/PIGMEIRBS rig (SR2)
• The replacement of the old magnet quadrupole supplies for the proton milliprobe (SR5) with higher stability

and more reliable semiconductor supplies
• The purchase and installation of new modern high vacuum monitoring equipment throughout the 3 MV Van

de Graaff system.
• The redesign of the electrical wiring for the switch and analysing magnet power supplies and turbopumping

systems to accommodate new 20A supplies.
• The redesign and installation of the belt charging control panel systems with subsequent improvement in

reliability and ease of servicing.
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1.2.10 Elastic Recoil Analysis of Deuterium Ions Incorporated in SYNROC by Reaction with D at
Elevated Temperatures
(N. Dytlewski and E.R. Vance
(' Advanced Materials, ANSTO)
The very high leach resistance of SYNROC in aqueous media makes it difficult to study the mechanisms

of dissolution. Previous studies by other laboratories, using HO, have difficulty in trying to measure with
confidence, the minute amount of hydrogen incorporation in SYNROC and have suffered from the always
present hydrogenous surface contamination and atmospheric effects. The use of DO provides a much more
sensitive, and back-round free marker. In the present work, a standard sample of hot pressed SYNROC was
leached at 190'C with 99.9% purity DO for days, and then subjected to various oven drying temperatures.
The measured deuterium depth penetrations and concentrations are beinc used to evaluate the chemical reactions
taking place during SYNROC dissolution. Fig.1.17 shows measured hydrogen and deuterium yields for (a) dried
at 20'C, (b) 200'C, (c) 100'C and (d) unleached SYNROC.
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Fig. 117 - Forward recoil spectrum of SYNROC, showing the relative recoil yields of hydrogen and
deuterium. (a) leached SYNROC dried at 25'C, (b) 100'C, (c) 200'C, and (d) unleached SYNROC
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1.2.11 Measurements of Total and Bonded Hydrogen in Amorphous Hydrogenated Silicon Using Forward
Recoil Analysis and Fourier Transform Infrared Spectroscopy
(N. Dytiewski, R. Ruther' and J. Livingstone'
(' University of Western Australia)
A study on the influence of deposition temperature, and an in-chamber annealing treatment, on the

hydrogen depth profiles of sputter deposited amorphous hydrogenated silicon thin films was undertaken in
collaboration with the University of Western Australia. Our results show that for higher temperature deposition
(285'C - 300'C), which leads to a lower degree of hydrogen incorporation, hydrogen distribution profiles
decreased rapidly with increasing depth. The hydrogen content at the film-substrate interface of such deposited
films, can be - 23 of that at the film's surface. It is believed that a strong hydrogen out-diffusion from the bulk
took place during film growth at those relatively high deposition temperatures used. When an in situ in-chamber
annealing treatment was carried out just after deposition, and before samples cooled to ambient temperature,
hydrogen distribution through the film showed a more constant profile. Moreover, the resultant films appeared to
be more dense when samples were subjected to this treatment in an atomic hydrogen atmosphere.

1.2.12 Measurement of Nitrogen Incorporation in Steel by P13
(N. Dytlewski and K.T. Short)
(' Advanced Materials, ANSTO)
Proton Rutherford Backscattering has been used to determine nitrogen content and diffusion depths in a

ran(ye of steels, as a function of treatment temperature and ion dose/treatment time by the pI3 process. These
results are being used in conjunction with other surface elemental and morphological characterisations to
correlate the operating conditions of the p13 reactor with surface hardness and wear resistance measurements.

1.2.13 Standardisation Tests on PIXE Analysis of Thick Samples
(G. Bailey and E.P. Johnson)
Preliminary work on the standardisation of the PLXE system for the analysis of thick samples conducted

in 1993 during the analysis of quartz samples from the University of Tasmania has been extended during 1994-
95. The receipt of additional internationally recognised rock standards has enabled a more comprehensive study
to be made on the performance of the PIXE analysis system and some of the results of this study are presented
below.

Standards, which are in the form of finely graded powders, were intimately mixed in a commercial shaker
with 20% by mass of spectroscopically pure graphite, to render them conductive, and finally pressed into small
10mm diameter aluminium capped discs suitable for accelerator measurement. The standard pellets were
analysed using 25 MeV protons and an accumulated charge of 20 pC. For these measurements a new pinhole
filter was made for the Si(Li) X-ray detector. This filter consisted of a front layer of 0.05 mm thick Mylar
combined with 26 m thick perspex having a I mm diameter central hole. A .5 mm diameter beam spot was
used to bombard the samples and beam currents were maintained in the range 50-80 nA in order to limit the
PIXE detector dead time to less than 5%.

The results from the analysis of 22 standards using 9 major elements are illustrated in Fig.1.18. The
overall performance of the PIXE analysis system is seen to be excellent, in view of the fact that the rock
standards are not individually certified, and variations of a few percent in the element concentrations are to be
expected.

1.2.14 International Intercomparison Tests of The PLXE/PIGME System Using IAEA Powder Samples
(G. Bailey, D.D. Cohen, and E.P Johnson)
In an International round robin series three powdered samples were provided by the IAEA for

PIXE/PIGME analysis at our laboratory. The samples were identified only as Podsolic Soil, Coal Fly Ash, and
Urban Dust and were typical of samples to be found in an urban environment. They were prepared for
accelerator analysis by mixing with 20% pure graphite and pressing into 10 mm diameter standard pellets. PIXE
and PIGME analyses were performed using 25 MeV protons from the 3 MeV accelerator. The experiment was
performed using three different filters for the X-ray detector and including well characterised rock standards for
calibration. The different X-ray filters were used to allow estimates to be made of low levels of intermediate
atomic number elements in the presence of high concentrations of Al, Si and Ca. An average of the three filter
results was used as the final determination. The PIGME detection system was unchanged during these
measurements. The results of the intercomparison are illustrated in Fig.1.19. They are seen to be in good
agreement with the recommend values.
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1.2.15 Studies of Neutron Damage to Silicon Strip Detectors
(G. Gorfine', G.F. Moorhead', GN. Taylor', .J. Donnelly, R. El-Hajje and A. Williams)
(' Physics Department, University of Melbourne)
Silicon strip detectors, being developed for use near the vertex region of the ATLAS particle physics

detector at CERN, will be exposed to a large radiation flux which can damage the silicon and reduce the
efficiency of the detector operation. Of particular interest is their performance after exposure to a radiation field
which is non-uniform along the strip direction. In such cases the Si can remain n-type in the region of low
damage but be converted to p-type in the high damage region.

The gaussian shaped beam of neutrons which can be obtained from the Van de Graaff is ideal for the
study of this effect. This beam is generated by the Li(pn)Be reaction. A 20 �tA 26 MeV proton beam onto a
200 keV thick Li target generates a forward directed beam of neutrons with mean energy of 750 keV, ad a
width of 25 cm at a distance of 2 cm from the target. The fluence at the beam axis is 1.2x 1013 n/cM2 for hours
irradiation, and it is an order of magnitude less at a radius of 35 cm. About 7x IO" n/cm- are required to invert
typical detectors from n- to p-type.

Three separate irradiation runs have been carried out on 3 different sets of detectors over a total period of
5 nights. Analysis at the University of Melbourne of the electronic response of the detectors has shown that
partial inversion of the material has been obtained in all cases, as desired. Further details of the application of
this work are given in the High Energy Physics section of this report.

1.2.16 Composition of Vein Quartz from the Beaconsfield Gold Mine
(D.W. Russell', G.M. Bailey, J.C. van Moort' and D.D. Cohen)

The Don Colleae, Devonport; Geology, University of Tasmania)
In order to characterise the quartz of the vein systems in the Beaconsfield n-fine area, trace lement

distributions in 327 samples of vein quartz were determined by PIXE, PIGME ion beam techniques on the 3 MV
Van de Graaff accelerator. Repeated use of duplicate analyses as monitors and rigorous mixing of the quartz
powdered samples, ensured that the analyses were representative of the bulk samples. Comparisons with known
rock standards found the precision of the techniques to be between 3 and 5% and the accuracy between 92%
and 104% for the analysis of most elements.

Comparisons of the old bearing quartz samples had, on average, statistically higher mean values of Ge.
9 C

Li, As, Fe, and Al content, and lower mean values of K, S, Na, and C than the barren quartz samples, In
-eneral, hiah Ge content, moderate K content and low Mn content of vein quartz were ood indicators for the

C, Z�
presence of old in the quartz at Beaconsfield. The identification of no Li was useful in removinc, the no-
auriferous samples, allowing further analyses to be done a restricted number of samples, increasing the overall
cost effectiveness of the analysis methods. The cause of the high Ge and K content was probably due to capture
of these elements during rapid growth of hydrothermal quartz containing gold. In the Beaconsfield Reef such
quartz is fractured, microcrystalline quartz and is known to contain free old.

More sophisticated statistical techniques, like spearman rank correlation methods, identified correlations
between the gold fire assay and the PIXE/PIGME analyses. In particular, the elements As, Ge and Li had the
greatest promise as indicators of the gold content of the drill core quartz. Other high ranking elemental pairs
included A/F, Al/Li, and As/Fe. Typical correlation plots for Ge and Li and Al and Li are shown in Fig. 120.
Hence, elemental combinations of these types, when determined on spot samples by ion beam techniques, were
found to be just as reliable as the conventional indicators of gold mineralisation in quartz and are proving a
useful toot for geochemical exploration.

1.2.17 International Workshop on Ion Beam Applications
(D.D. Cohen, P.J. Evans, N. Dytiewski, J. O'Connor'and S. Sic')
(' Newcastle University; CSIRO North Ryde)
From the 13 February 1995 the Accelerator Applications Group, in conjunction with the Australian

Institute of Nuclear Science and Engineering (AINSE), the University of Newcastle and CSIRO ran an
international workshop on the applications of ion beam analysis. This workshop preceded the 9th International
Conference on Ion Beam Modification of Materials (IBMM-95) Conference held in Canberra from 6 to 
February 1995 and was also the second workshop in an ongoing series of French - Australian workshops on ion
beams and their uses. The Ist French - Australian Workshop was held at Saclay, France from 17-21 May 1993
and the French delegation to this return meeting at ANSTO comprised eight people,
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The primary purpose of this Workshop was to review recent developments and current status of the use of
light and heavy, high and low energy ion beams for analysis with emphasis on the following key areas:

• Fundamental ion beam research and secondary effects of ion beams
• Materials sciences, geological and industrial applications
• Environmental, archaeological and life science applications
• Data bases and computing, codes for use in accelerator research
• Stopping powers and cross sections for IBA
• Recent technological developments using ion beams
• High energy heavy ion scattering and recoil

The Workshop was well attended with over 50 participants including 30 from 12 overseas countries.
There were 28 oral presentations in the three day program with plenty of time allocated for discussion. The
program also provided time to visit the experimental facilities at ANSTO, including the 10 MV Tandem
accelerator, and the CSIRO Tandetron accelerator at North Ryde.

The ion beam techniques discussed included, PIXE, NRA, RBS, PIGME, ERDA, HIRBS, RTOF.
Channelling, SIMS, STIM, XPS, SEM, AMS for the bulk and surface characterisation of materials using ions
ranging from protons to gold with energies from eV to GeV. The applications of these ions included nuclear
waste management, geology, mining exploration, catalytic converters in cars, solar cell fabrication, alloys for
diffusion devices, multilayers, surfaces and thin films, tribolo.-y and semiconductor characterisation.
Discussions also took place on the studies of ion-atom interactions with matter such as in stopping and straggling
processes. This was an extremely broad range of topics and their applications and demonstrated the healthy
multidisciplinary nature of the research being carried out internationally using ion beams. The Workshop also
demonstrated the strong scientific linkages that exist between researchers around the world with a common
interest in ion beam research.. It was generally areed that the Workshop was most successful with the Germans
looking to start up a similar series in collaboration with Australian scientists at Darmstadt some time during the
second half of 1996 and the French contingent already discussing the program and the location of the 3rd
French- Australian Workshop for some time in 1997.

1.3 OBSIDIAN STUDIES
(J.R. Bird, G.M. Bailey, E.P. Johnston, R. Torrence' and G.R. Summerhayes')

The Australian Museum; Department of Archaeology, Latrobe University)
An ongoing program of PIXE-PIGME measurements on some hundreds of obsidian artefacts per year

from the Papua-New Guinea region is aimed at determining the original source location of the material in each
artefact - based on comparison with previous analyses of material from known sources. The accumulated
evidence on the number of distinguishable source roups has been evaluated by reviewing results for both
sources and artefacts and carrying out additional measurements - concentrating on source material from three
regions: 1) Willaumez Peninsula and 2 Cape Hoskins regions of New Britain; and 3 Admiralty Islands. The
results provide an improved basis for comparisons with artefact analyses.

1.3.1 New Britain Obsidian
Obsidian has been collected from 65 locations amongst seven volcanos (Fullagar et al. 1989, Torrence et

al. 1992, Summerhayes and Hotchkis 1992, Summerhayes et al. 1993) with the following proposed grouping:

Willaumez Peninsula: Gulu 9), Kutau/Bao/Humucrari 2 1);
Garua Island: Baki (15), Hamilton 12);
Garala Island: Baki 3);
Cape Hoskins: Witori (Mopir).

None of the obsidian exposures can be directly attributed to Mt Humugari and material from around Mts
Kutau and Bao (denoted as Talasea in early publications) is not distinguishable in any of the measurements
made to date. However, material from the flanks of Mt Gulu (Pilu and Voganakai) is distinguishable from
Kutau/Bao obsidian. A number of locations on Garua Island have obsidian attributable to Mt Hamilton or Mt
Baki but some involve secondary deposits of boulders and cobbles in gully and beach exposures which are not
definitively linked to a specific volcanic centre. Some of this material may have been affected by geothermal
activity (Torrence et al., 1992). Three exposures on Garala Island (which has no identified volcanic centre)
most likely arise from Mt Baki flows. Samples from Garua and Garala Islands were initially considered in three
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categories - Mt Hamilton, Mt Baki and Garala. The analytical results provide evidence for two groups
(Hamilton, Baki) plus two (or possibly more) types of variability (GaralaB and GaralaQ. Samples from the
Mopir region of Cape Hoskins are attributed to eruptions of Mt Witofi.

(a) Data
Mean concentrations of 13 elements (Table 13) show relatively small differences amongst the obsidian

sources of the Willaumez Peninsula. Good precision is therefore important for distinguishing the Willaurnez
sources. Careful comparison of results for samples from Garua and Garala islands show a well defined group
which can be attributed to Mt Baki plus a number of samples (GaralaB and GaralaQ which show systematic
departures and are discussed in more detail below. Mopir obsidian differs considerably for elements such as
Na, F, K, Mn and Rb and forms an easily distinguishable group. The standard deviations for Gulu, Kutau/Bao,
Baki and Mopir groups are fairly similar whereas Hamilton and the additional Garala groups have higher
standard deviations.

(b) Distinctions
All New Britain obsidian has low Rb and N, moderate F and Zr but relatively high Sr - distinguishing

New Britain obsidian from material from neighbouring parts of the Pacific region. Correspondence analysis of
the source data has been used to assess clustering as shown in the principal components plot in Fig.1.21.
Reliable distinctions are readily drawn between four groups: Gulu/Hamilton, Kutau/Bao, Baki/Garala, Mopir A
distinction between Gulu and Hamilton samples, although small, is apparent in the plot of 3 principal
components from Correspondence analysis (Fig.1.21(b)) and in selected 2 element plots but is limited by
variability of the Hamilton material. There is also considerable variability amongst Garua/Garala samples so
that a number of results separate from the otherwise well defined Baki group.

Gulu (NBI)
This a distinguishable group except for the results for samples 439 and 441 (VO09). The latter were collected
from site 30 to the southwest from Mt Gulu (Torrence et al., 1992) and, from the analytical evidence, must be
attributed to the Kutau[Bao source. The remaining Gulu samples are closer in composition to the Hamilton
group than to Kutau/Bao but have significantly lower concentrations of many elements. Element ratios-are
sufficiently different for distinction in cluster analysis (self nearest neighbour distances less than 0.5).
Ambi-uities can be resolved by consideration of plots such as F vs Sr (Fig.1.22(2a)), Fe vs Mn Fig. 1.22(b))

C - C7

and K vs Ca Fig. 1.22(c)).

Humugari
Five source samples from site 21 (Talasea airstrip - Torrence et al., 1992) cluster with Kutau/Bao results but
some results have lower values of Fe and Mn Fig. 1.22(b)). Site 21 is a sedimentary deposit south of Gulu
locations and closer to Mt Bao. There is also a spread to low values of Fe and Mn for Gulu, Garala and Mopir
samples which is rather unusual and limits but does not prevent the separation of sub-sources. A number of
artefacts also show low Fe and Mn so that the possibility of a further sub-group requires further investigation.

KutaulBao (NB2)
Samples from around Mts Kutau and Bao form an easily distinguishable group with self nearest neighbour
distances of 03 or less.

Hamilton (NB3)
Thirteen samples define a distinguishable group with only self nearest neighbours (distances of 03 or less in
correspondence analysis). Sample 34 (originally attributed to Baki) clusters with the Harnilton roup. Four
samples show major differences from the Hamilton group and have been omitted from its definition. One
clusters with the Baki/Garala group and 2 have higher fluorine than observed in any other Melanesian obsidian
so that modification or contamination must be considered as a possible explanation. Several results show low K
and Ca or high Ca and Sr. Hamilton material shows inclusions, signs of alteration and is not of good flaking
quality - all of which may contribute to the observed variability (and lack of archaeological occurrence). No
measurements have been made on other samples from the north flank of Mt Hamilton and it would be
interesting to do this.

Baki (NB4)
In the many runs on Baki samples (collected on Garua Island and attributed to Mt Baki but without sample 34
which clusters with Hamilton obsidian), only a few anomalies are observed (e.g. 2 with low K). Most runs form
a well defined group with 32 giving self nearest neighbours (distances 03 or less). Ten Baki samples have
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Garala nearest neicrhbours and the overlap between Baki and Garala results is evident in the Correspondence
plots. There is thus a well defined group (including 7 samples from Garala Island) which define the Baki group
which is quite distinct from other NB groups. Two Baki samples have low Na and high K as is observed for a
number of Garala samples (see GarB).

Garala (NB5)
Two Garala samples gave results for Mn which separate them from all the established groups (requiring them to
be ornitted from correspondence analysis). Apart from the 7 samples collected on Garala island which cluster
with the Baki group, another samples have low Na, high K and small differences in some other elements.
These cluster away from the main Baki/Garala group and may be identified as a separate roup - GarB. Baki
samples 83 and 97 from Garua Island match this group. Several other samples also have anomalous Na and K
but not sufficiently to be seen in the GarB cluster. There is no visible feature of the samples to explain the
difference from the main Baki group - most are good quality, black glass with no inclusions. A second group of
9 Garala samples (GarC) show low values of a number of elements. Ratios are close to normal so that no GarC
group appears in the cluster analysis. Again, the reason for the variations is not obvious from inspection of the
samples which are mostly good quality glass. The conclusion must be that Garala obsidian is variable in
composition but probably not for the same reasons as for Han-fflton material. More measurements are needed to
establish whether there are 3 distinguishable sub-groups or just one Baki/Garala group with much greater

C C,
variability than is observed elsewhere.

Mopir (NB6)
The Mopir samples form a compact group with self nearest neighbours (istances 03 or less). It is quite
different in composition from the previous groups and provides a demonstration of the limited variation for each
element that can be expected for relatively homogeneous source aterial.

1.3.2 Admiralty Obsidian
Obsidian sources have been located on Lou, Pam and Manus Islands in the Bismarck Sea and some, at

least, were used extensively by prehistoric people. Lou Island consists of a succession of volcanic flows starting
at the northeast and culminating in Tulurnan Island (off the SW end of Lou) which was formed in 1953.
Samples have been collected from Lakou, Urnrei, Wekwok, Solang, Baun, Tuluman athough the last is not
relevant to archaeological studies). Pam Lin and Pam Mandian Islands fie to the south of Lou Island across the
St Andrew Strait. Only obsidian from Pam Lin is discussed here. Several samples from Malai Bay, Manus
Island have also been analysed and there may be more sources on Manus Island.

(a) Data
Means and standard deviations for Admiralty source groups are listed in Table 4 Significant

differences are observed between Lou, Pam and Manus results but only m .inor variations occur amongst the
samples from various sites on Lou Island. Juluman obsidian is quite distinctive).

(b) Distinctions
Several two element plots (Fig. 123) show separation of ost of the source groups and are very useful

for quick distinctions (e.g. Fe vs Zr and K vs Ca) but allowance must be made for small differences in means for
sources and artefacts. Particularly si-nificant are the lower values for many elements in Pam artefacts (causing
them to fall outside the source cluster region).

Lou Island
Of the Lou sub-groups, correspondence analysis with various combinations of elements and ratios give good
separation of Umrei and Wekwok but the other Lou island groups are not systematically separated. Umrei
obsidian forms a rather broad group but all except 3 runs on Urnrei samples have their own group as nearest
nei-hbours. Lakou, Lalosol and Solang results cluster in marginally separate roups near Urnrei.

Pam Islands
Pam Lin obsidian forms a well-defined group separated from other Admiralty groups in practically all tests but
the best separation is achieved in Correspondence analysis based on 9 ratios.

Manus Island (AD7)
Malai Bay obsidian is completely different from other Admiralty sources by having low fluorine 578 ppm)
which is in the range typical for New Britain obsidian. The ratio of Rb/Sr is low 61/122) which is also a
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characteristic of NB obsidian (typically 53/199 for KB, 61/135 for Hamilton, etc.). However, other elements
differ from New Britain sources. For example Mn = 834), and Nb = 19) are higher and Zr (= 98) is lower
than for all NB sources. No artefacts have been found to correspond to the Malai Bay source.

Tuluman Obsidian (AD5)
This differs from other Admiralty sources in having the highest Na, Ca, Fe, Ti, Zn, Y, Zr, Nb and lowest Si so
that it is easy to distinguish from other sub-sources. Because it comes from a 950s eruption it is irrelevant to
archaeological studies and can be omitted from artefact cluster comparisons.

1.3.3 Geochemistry
number of general trends are observed amongst Admiralty obsidian:

• SiO2 increases from Tuluman, Lakou, Umrei, Wekwok, Pam to Malai whereas e'03 decreases trough this
sequence - all being lower than for New Btain obsidian and with little change amongst Admiralty samples;
Na, Ti, Zr, Nb mostly follow Fe2O3; this is the trend of constant oxide sum;

• Pam Lin obsidian has the lowest Ca, Mn, Sr, Y and relatively low Nb;
• Malai Bay obsidian has the lowest K and Rb.

Table 13 - Composition (Mean, St.Dev) of New Britain Obsidian Groups

Na% Al% Si% K% Ca% Fe% F 'win Rb Sr Y Zr Nb
Gulu(26) 2.39 6.08 37.8 3.77 0.82 0.97 587 376 62 155 18 147 1

.07 .06 1.7 .19 .05 .06 7 '10 3 5 2 5 1
KIB(43) 2.67 6.35 37.4 3.42 0.94 1.06 560 52 4 55 208 20 152 1

.08 .09 1.7 .14 .04 .03 11 18 3 6 2 5
Ham(19) 2.29 6.00 37.9 3.82 0.73 0.92 545 378 61 137 11 160 2

.14 .15 1.9 .33 �06 .14 53 43 2 7 5 52 2
Baki(54) 2.59 6.29 36.3 3.71 0.82 1.24 637 509 60 146 29 179 2

.12 .10 1.9 .29 .04 .06 16 21 3 4 3 28 2
GarB(10) 2.14 6.31 37.2 4.75 0.81 1.19 625 504 57 146 29 172 2

.is .08 2.5 .39 .05 .06 29 31 3 to 3 10 2
GarC00) 2.54 6.15 32.2 3.36 0.70 1.07 620 455 55 129 26 153 1

.16 .24 2.8 .35 .04 .06 26 31 5 13 3 16 1
Mopir(27) 2.95 6.06 39.1 2.03 1.09 1.10 488 670 37 191 28 137 1

.08 .04 . 2.4 .12 . .06 .04 2 7 , 2 5 1

Table 14 - Composition of Admiralty Obsidian Groups

Na% Al% Si% K% Ca% Fe% F Mn Rb Sr Y Zr Nb
Pam(15) 3.25 6.64 34.2 3.85 0.70 1.69 1409 502 176 49 36 295 47

( I 1) (.15) (1.5) ( IO) (.02) (.03) (76) (I 1) (8) (3) (4) (18) (4)
Wekwok(138) 3.25 6.79 34.6 3.63 0.89 1.78 1262 516 161 72 33 362 46

(.30) (.13) (2.9) , (.23) (.05) (.05) (144) (6) (6) (4) (4) (9) (4)
Umrei(32) 3.39 6.96 32.3 3.54 1.02 2.14 1329 557 159 77 37 448 50

(.15) (.24) (2.3) (.20) (.05) ( 10) (121) (8) (8) (5) (5) (18) (6)
Lakou(7) 3.54 6.97 32.2 3.37 1.18 2.58 1477 705 149 93 4 505 52

(.07) (.31) (2.6) (.27) (.09) (.17) (37) (47) (9) (5) (4) (31) (9)
Tuluman(7) 3.64 6.92 29.8 2.80 1.44 3.09 1487 820 126 91 54 525 57

(.09) (.12) (1.5) (.16) ( I 0) (.09) (I 89) (7) (6) (6) (5) (22) (4)
Malai Bay 6) 3.13 6.33 34.5 2.23 0.77 0.69 578 864 6 122 43 98 9

(.05) (A 1) (4.8) .34) (.1 1) (.04) (96) (3) (5) (2) (5) (8) (3)
Solang(8) 3.42 6.82 32.9 3.58 0.92 1.98 1430 534 162 7 36 418 50

(.07) (.21) (2.4) (.20) .14) (142) (21) (4) 4) (3) (28) (5)
Baun(4) 3.52 7.11 32.4 3.36 1.20 2.54 1458 679 151 96 45 512 '52

(.24) (.02) (3.8) (.33) (A ) (A 1) (40) (41) �4)_ (5) (5) (I 3)
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1.4 ION SOURCE DEVELOPMENT AND ION IMPLANTATION
(P.J. Evans[Ldr] and J.T. Noorman)
In November 1994, the ANSTO Mission Review recommended the cessation of ANP's ion implantation

research. Pior to this date, the Ion Implantation group was engaged in a number of research projects in the field
of surface modification, focussing primarily on metals and ceran-fics with some preliminary work on polymers.
These applied studies were complemented by the continued development of ANSTO's ion implantation facilities
aimed at improving system performance or extending its capability. A consequence of this development
program was ANSTO's successful bid for the supply of ion source power supplies to Dokuz Eylul University,
Izmir, Turkey. The manufacture of this equipment was a joint undertaking with the Nucleonic Instrumentation
group who had played a major role in the development of ANP's ion implanter. The final designs selected for
the specified items drew heavily on experience in ion implantation technology gained by Program staff over the
past 4 years. The contract was completed in November 1994 with the shipment of the ordered equipment to
Turkey.

Followina release of the Mission Review's findings and their subsequent endorsement by the ANSTO
Board, the group has redirected its efforts into completing outstanding work. In particular, a project concerned
with the formation of titanium alurninide compounds by high dose implantation was completed and prepared for
publication. In addition, an investigation of the ion beam ri-fixing of thin metal films using metal ions, which

0 ZD

commenced in niid-1994 in collaboration with scientists at University of Wollongong and Lawrence Berkeley
Laboratory (USA), was concluded and the results presented at the 9th International Conference on Ion Beam
Modification of Materials held in Canberra, February 1995. These projects are described in more detail below.

The roup has also participated in a number of national and international collaborations. The scarcity of
ion implantation facilities in Australia has resulted in an increase in the number of requests through AINSE for
access to ANISTO's metal ion implanter. In this review period, AINSE usage of the implanter amounted to 60
days. Much of this usage has been devoted to joint interactions in which ANP's facilities and expertise in the
ion beam modification of materials have played an essential role in enabling the work to proceed.

The powerful ion beam analysis techniques available on the 3 MV Van de Graaff and 10 MV Tandem
accelerators are particularly well suited to the characterisation of modified surfaces. For this reason, they have
been extensively used for the analysis of ion implanted materials by both ANSTO and AINSE researchers.
Exemplifying this utilisation was a study on the ion implantation of germanium (refer Section 12.6 for details).
The --roup performed high dose implantations of Ti, Cu and Pd into single crystal Ge substrates. The specimens
were subsequently characterised by RBS on the Van de Graaff and by heavy ion time-of-flight elastic recoil
spectrometry on the 10 MV Tandem. Use of the latter technique permitted measurement of the copper profile.
which could not be resolved with conventional RBS. This project illustrates the research benefits to be gained
from the nexus between complementary technologies, in this case production and characterisation
methodologies.

1.4.1 Ion Beam ixing of Metal Thin Films with Energetic etal Ions
(P.J. Evans, N. Dytlewski, E.P. Johnson, F.J. Paoloni' and I.G. Brown')

University of Wollongong; Lawrence Berkeley Laboratory, USA)
The fm and interface structure of thin Cr, Co and Ag films deposited on silicon has been investigated

following bombardment with 80 keV Pt ions. Measurable n-fixing was observed at the film-substrate interface.
An example of this effect is presented in Fig 124 for the case of a 15 A Co film irradiated with a Pt dose of
1.8XIO16 ions M-2. The heavy ion firne-of-flight elastic recoil spectrum in this figure clearly shows the Co
distribution extends to greater depth compared with the as-deposited film. At the upper end of the dose rangeC,
studied, significant sputtering of the films occurred with the effect being most pronounced for the Ag films. The
results of this study suggest that the ion beam mixing of thin films with energetic metal ions is a feasible method
for the preparation of novel ternary or mixed binary meta sicides.

1.4..2 Implantation of Alumina for Biomaterials Applications
(P.J. Evans, J.T. Noonnan, E.P. Johnson, J.C. Kelly' and C.R. Howlett')
(' University of New South Wales) I X 1017 CM,2).
This study involves the implantation of polished alumina disks with Mg ions (dose ions

These disks were then used in cell growth experiments at the UNSW. Reproducibility of the implanted surfaces
was an important factor in the preparation of these samples so that variations which may effect growth behaviour
were minimised. Therefore, representative samples from each batch were analysed by BS, refer Fig.1.25 to
determine the dose and distribution of implant.
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is shown for comparison
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RBS analysis was also performed on selected specimens after various cleaning and test procedures. Of
interest was changes, caused by these procedures, to the concentration and distribution of the implanted Mc,
particularly in cases where the treated surface was visually different. As a result, we observed instances where
leaching of the implanted species had occurred.

1.4.3 Titanium Aluminide Formation in Ti Implanted Alurninium Alloy
(P.J. Evans, ST. Knight' and M. Samandi)
(' University of Wollongong).
Vacuum arc ion sources are capable of generating high current metal ion beams of most suitable

elements. This fact was utilised in the present study to implant high doses of titanium ions into type 6061
alurninium. alloy. The aim of the work was to investigate conditions under which titanium aluminide formation
occurs and to identify the stoichiometry of the resulting intermetallic compounds. Polished specimens were
implanted with doses in the range 0. - 6.Ox 1017 ions CM-2 and at ambient or elevated temperatures. RBS.

Iglancing angle X-ray diffraction (GAXRD) and scanning electron microscopy were used for surface
characterisation. At doses < 3.0xl0l' ions cm-2 , no new features were observed in the GAXRD analysis.
However, for doses 3x 1017 ions CM-2 , GAXRD detected the presence of several new intermetallic phases. The
dominant new phase in implants performed at ambient temperatures was AlTi3 as indicated by the spectrum
displayed in Fig. 126.

The amount of Ti in the implanted layer of this sample was determined by RBS analysis to be 65 atom
percent which is in the range required for the formation of the titanium-rich intermetalfic, AT'3- Our work
appears to be the first reported case of A]Ti3 frmation by means of ion implantation. In contrast, at the higher
substrate temperature of 400T, AhTi was the main aluminide phase formed as observed previously by other
investigators. Elevated temperatures promote diffusion of the Ti from the implant layer to greater depths belov.-
the surface, thus formin- a thicker modified layer. RBS analysis yielded a Ti concentration of - 30 atom percent
for this layer which is consistent with the presence of AhTi.
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2. ACCELERATOR MASS SPECTROMETRY
(C. Tuniz Mgr], D. Fink, M.A.C. Hotchkis, G.E. Jacobsen, E.M. Lawson, A.M. Smith, Quan Hua P.
Drewer and P. Lee)
In response to strong pleas from the Quaternary Science community, ANSTO has established an

Accelerator Mass Spectrometry (AMS) centre for the ultrasensitive analysis of radiocarbon and other long-lived
radioisotopes. Preliminary planning for the AMS based research began in 1981 but it took almost 10 years
before an appropriate accelerator system could be installed and the appropriate techniques developed. The
research program involves a multi-disciplinary and multi-institutional effort aimed at studying environmental and
public-health issues concerning the international community such as global climate change, environmental
pollution and nuclear safeguards. Studies in Quaternary science and biomedicine based on AMS analyses of
long-lived radioisotopes are carried out. These programs are based on the collaboration with universities,
research institutions, government aencies and the International Atomic Energy Agency and are supported by
the Australian Research Council, the Australian Institute of Nuclear Science and Engineering, the National
Greenhouse Advisory Committee and the Australian Safeguards Office.

2.1 STATUS OF THE ANTARES ANIS FACILITY

2.1.1 The AMS Spectrometer
The ANTARES AMS spectrometer (Fig.2.1) has been used to measure the Iong-lived radioisotopes '4C,

C el
MAI, "Cl and 2'1. In the last 12 months, the system was mainly devoted to the analysis of 14 C and 1291.

(a) Recent Accelerator Upgrade
A prerequisite for satisfactory AMS operation is optimum and reproducible beam transmission.

Experience at ANTARES has revealed that beam transmission from the analysing magnet to the final detector
can be affected by the quality of the stripping foil. During an AMS measurement, terminal voltage regulation is
achieved throueh the use of a -enerating voltmeter [GVM] and magnetic flux regulation is maintained by the
tandem control computer, using individually calibrated Hall probes (precision 001%). Long term drifts in the
tuned value of the GVM readinc, have been observed, which are probably related to changes of the SF6 pressure
and terminal-GVM capacitance as the tandem warms up during operation. Voltage stabilisation using a
feedback sianal from the split off-axis Faraday cup intercepting the 3C" beam has been trialed during
radiocarbon measurements and is under development.

In order to achieve constant and reproducible charge stripping we have recently installed a gas stripper in
addition to the foil stripper. This system is similar to that used at other AMS labs and incorporates a removable
stripping tube, turbornolecular pumping of the terminal and optical telemetry of the stripper box pressure to
around. The -as scavenged from the stripper box by the turbornolecular pump is returned to the stripper tube
directly from the foreline and additional gas can be added from a reservoir using an externally controlled
thermo-mechanical leak.

(b) Carbon-14
14C isotopic ratios are presently measured with a precision of 0. - .0 %. The fast-cycling operating

mode is used with a Hz cycle in which 14 C is measured for 198 ms and 13C for 2 ms. In the past year we have
changed the 14 C detector to a Bragcr curve spectroscopy chamber built at INFN, Italy. This detector has several
advantages over the split-anode ionisation chamber previously used. Its axial geometry makes possible a larger
diameter entrance window 30 mm) without serious distortion of the internal electric field. This accommodates
beam shifts caused by terminal voltage fluctuations, stripper foil degradation, or other effects, allowing onger
run times between beam retunin-. Furthermore the laraer diameter means that particles are less likely to scatter
into the walls thus reducing degradation of their energy signals.

A "batch" mode of operation has recently been implemented. This allows the operator to select a
sequence of measurements of several unknown and standard reference samples which are then run automatically.
Batches of similar samples, for example with a certain precision requirement, can be run together and the
sequence repeated until an acceptable statistical precision is achieved. A typical measurement sequence consists
of several sets of three unknowns, each bracketed by measurements of standards. Each individual 'run' lasts 300
- 500 seconds for older samples and blanks. For high precision samples, the sequence is repeated three times.
With typical 13 C beam currents of 500 nA this provides 20,000 14C counts per run (for a modern sample), and
0.4% overall counting statistics per sample. During each run, the 4C/13C isotopic ratio is calculated after a fixed
number of data buffers corresponding to approximately 2500 events. Hence a run provides about 10 separate
ratio values, one every 30 seconds, each with 2 statistical error. For old samples and blanks, the ratios are
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calculated less frequently and with poorer statistics, as the data buffers fill with non- 14 C events and pulser
counts. The pulser rate (10 Hz) ensures that ratios are calculated at least every 200 seconds.

The data from batch running of 14C provide several opportunities to examine the statistical qualities of the
data and assess the performance of the measurement system. The short-term stability (over periods of minutes)
can be checked by examining the constancy of the individual ratio measurements within a run. The long-term

stability of the system (over periods of hours or days) can be evaluated by examining the constancy of the

standards measurements. These are shown in Fig.2.2 for a 24 hour period. The figure shows ood performance

for most of the period, except for one standard sample which did not give adequate current output. After run 70

standard ratio declined gradually, which we believe was caused by a drift in the GVM.

The system reproducibility is tested by examining the repeat measurements of unknowns. These repeat

measurements are analysed by calculating the weighted mean and, for each run, the relative deviation

(X - where is the mean and xi are the pMC values with uncertainties G. The relative deviations for all

repeated sample measurements are shown in Fig.2.3 as a histo am. If the individual uncertainties are truly

representative of the system reproducibility, the histogram should have a standard deviation of 1.00. Our value

of 1. 1 8 demonstrates that our uncertainties underestimate our reproducibility by a small amount and that a source

of random error other than from counting statistics and standardisation is present, probably due, we believe, to

chan-es in the terminal volta2e stability.
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Fig.2.2 - Measured 14C/13 C ratios for the ANU sucrose standard over a two day period. Unknown

samples were measured between standard measurements
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Achievin2 a hizh deLyree of accuracy (as distinct from precision) in ANIS radiocarbon dating depends on a

varietv of factors other than those discussed above. It is essential to consider and assess sources of sstematic
error, such as the backgrounds which arise in the accelerator system and the sample preparation. Furthermore.
the best sensitivities, and therefore age limits. are only maintained by continual close attention to detail. For
example, the background from the ion source can be kept at a negligible level by regular source cleaning. In the
ANTARES ANIS system the residual accelerator-related background corresponds to 001 - 0.05 pMC.

A 'C-free blank is used to assess the contamination introduced during sample preparation. For every
batch of samples of a similar nature processed, an appropriate blank is put through the same system to monitor
the contamination level. Blank data are analvsed on the assumption of a constant contaminant mass of modern
carbon for our system. Improved procedures have reduced the mass of contamination introduced by chemistry
treatment and a contamination (combustion/hydrolisis + graphitisation) as low as 2 modern carbon has been
measured on samples prepared at AINSTO.

(c) Iodine 129
"91 measurements are being carried out using the 55' bean-dine equipped with the high resolution 22', 5

in radius electrostatic analyser (ESA). A new time-of-flight (TOF) system has been installed comprising a
0 0

microchannel plate (vICP) start detector and a Si surface barrier stop detector. The MCP operates at 3800 V
with a 19 nun radius 20gg/cm 2carbon foil positioned at 45' to the beam. The total flight path at present is 600
mm. Modifications are in progress to increase the flight path to 1200 rrLm and construct retractable MCP units
with electrostatic mirror assemblies to enable a 90' foil orientation so as to minimise flight path differences and
improve the TOF transmission. The stop detector is a large area 300 MM2) Si surface barrier detector which

127also provides measurement of total energy. The bean-dine is tuned with an equal-riaidity I beam to a Faraday0 0
cup assembly positioned after the ESA and in front of the MCP unit. The tandem is operated at 63 MV for the
II+ charge state to ive final 121II "" energies of 75 MeV. The off-axis cup is positioned to intercept the 127,11+
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beam at the terminal voltage used for measuring the 29 11" rate. The bouncer is not used simultaneously with 129,

measurement due to excessive rates in the E(Si) detector during isotope cycling and is effectively used as a beam1� C,
chopper with image cup insertions for each mass changeover. A measurement sequence involves 300 sec for 129i

and 50 sec for 1271.

For a TOF flight time of 55 nsec, we have achieved a timing resolution of - 500 psec, which is sufficient
to resolve the low background rate of 127, which inevitably filters past the ESA. The I I+ particle transmission
varies from 13% depending on foil quality. The use of a gas stripper will considerably improve this. Overall
transmission losses from the image cup (where the 271 is measured) to the E(Si) detector is about 50% and
results from a 66% loss across the TOF and about 66% beam losses throuah the switch magnet. A 2-parameter
TOF vs E(Si) spectrum is used to ive total identification of 129I events separated alone, both axes from the 127,

background events.

A series of measurements on different blanks, low level samples and standards has been carried out. S.
Vo�,t of PRIME laboratory has kindly supplied a complete set of 129, standards with isotopic ratios ranging from
12 to 6220 x 10-13. Fig.2.4 shows a typical 2-D E vs TOF spectrum for the 129, standard from S. Vogt at 6220 x.

013 We have used a number of these standards to assess our reproducibility, transmission losses and absolute
isotopic ratio. Due to rapid stripper foil deterioration, and unsteady F ion-source output which both lead to
variations in the measurement of the standard, our reproducibility is at present no better than 6. Commercial
Aal and chemically prepared AgI at ANSTO both give 1291/1 ratios of 2x 1 -13 . Blanks supplied by M. Paul at the
AMS laboratory at the Hebrew Univ Jerusalem, Israel and from M. Roberts at the AMS laboratory at Lawrence
Livermore National Laboratory (LLNL) have also been measured at ANSTO. These blanks are reported to have
1291/1 ratios of 0.5 x 10,13. Our result of 2 x Iff 13 for these samples indicates that the potential of on-site 12"1

contamination from HIFAR operations into our chemistry preparation system is negligible and the source of our
129 1 events is most likely the result of 1211 misidentification and/or ion-source cross talk. Fig.2.5 shows the 2-D
E(Si) vs TOF identification spectrum for the LLNL AO blank 300 secs, 20 129, counts, 750 nA 127111+, 1.5 x
io-13).

We have also positively identified 128Te contamination in the Cu cathode used to load our Ag[ samples.
Ficy.2.6(a) shows a TOF spectrum recorded when an empty Cu cathode was inserted into the ion source. From
both energy and TOF signals we conclude that these events can only be mass 128 and thUS 128Te, which falls
centrally between the 121 1 and 121 1 TOF peaks. However, when these Cu cathodes are loaded with AGI samples
the Cu surface exposed to Cs sputtering is drarnaticall reduced. Fi-.2.6(b) shows a 2-D spectrum for a Cu
cathode filled only with the Ag powder which is mixed with the A-I samples to inprove ion-source performance.
The absence of any 129, counts verifies that the Ag powder is not responsible for our higher than expected blank
ratios. Further tests are planned to improve our sensitivity into the 10-14 range and remove the Te. Table 21

12summarises the operating and measurement status of our 9I measurements. Reproducibility of 9I AMS
analyses is represented in Fig.2.7.C,

Table 21 - Experimental parameters for 29I analysis at ANTARES

Terminal voltage 6.3 MV
Charae state II+
127 1 current 5- 10 gA
"91 rate 5 -IO Hz counts per sec (LLNL std, 90OXIO-13)

Precision (I s) 6 
Blank 2x 10-13

(d) Actinides
There is considerable scientific effort underway to analyse rare nuclides of heavy mass, such as 236 U,

23 9Pu and other long-lived actinides. These radioisotopes are ideal tracers to identify, on long time scales,
nuclear activities for verification of arms control agreements and to monitor environmental responsibility related
to the use of nuclear technologies. AMS is the ultrasensitive analytical method of choice, as milligram sized
samples taken from environmental media can provide a sufficient signal. AMS also improves detection limits
over alternative methods such as alpha and gamma spectrometry, neutron activation analysis and thermal
ionisation mass spectrometry. A beam line optimised for measurement of isotopic ratios and concentrations of
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elements in the mass region of the actinides is being constructed at ANTARES from the O' port of the existing
analysing magnet.
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ANIS measurement of high-Z elements poses technical challenges in addition to those normall"
encountered with established isotopes. The negative ion vield from cesium sputter sources is low, with a
characteristic high energy 'sputter tail'. With a small relative mass difference and areater possibilit of
interference from molecular masses, the limited mass resolution of the injection magnet results in the
acceleration of unwanted molecules and sputter tails. that restrict the ultimate sensitivity of the system and
contribute to overall detector deadtime. Furthermore, backgrounds will enerally be hi-her due to the larger
cross sections of elastic scattering, and charcle chan-ina events for low energy heavy ions.

of 21� 228UWe plan to test the yield �U and from the high intensity 846B ion source using, natural and
depleted uranium metals and oxides as source materials, and to assess the mass resolution of the injection
ma-net for these high masses. If inadequate, consideration will have to be given to adding an ESA to the

injection line to provide energy resolution and elin-iinate the sputter tails. The existing 55' beam line and TOF
will be used initially for high energy analysis to check on charge state yields from both the as and foil strippers
and the effect of energy stra-ling in the OF foil.

Measurement sensitivity can be improved by evaluation and selection of an appropriate charge state to
eliminate ME/Q2 ambiguities, however he chosen charge state may not necessarily coincide with that for high

gyield. An N tandem accelerator, with the opportunity to choose either as or foil stripping, and
offering a wider range of beam energies could be tuned to enhance the yield of the chosen carge state and in

C, C,

this way may provide an advantage over smaller machines. The effectiveness of the turbomolecular pumping
system installed in the tern-Linal with the new gas stripper will be critical, since leakage of stripping gas into the
high energy acceleration tubes may introduce significant and undesirable charge changing events.

With the significant injection of molecular and sputter tail background, both the magnetic rigidity and the
electric rigidity must be analysed in order to achieve adequate isotopic resolution for these high masses. In the
first staae of development, the 42.5' port of a spare double focusing magnet will be trialled. This magnet has a

a 0 0
small air gap and a large focal length but it will enable selection of a unique charge state and allow us to assess
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the specifications for a replacement magnet. Construction of a Danfysik 90' spherical ESA with radius of 25 m,

plate separation of 25 nun and a voltage rating of ±80 kV is nearing completion, which will provide an energy
dispersion of 5000 for ions of up to 76 MeV/Q. Beam optics calculations have commenced to establish a layout
for a prototype experimental beam line, which will incorporate electrostatic quadrupole doublets for mass
independent beam transport.

Final identification of the ions will be made usinc a TOF unit with either a surface barrier detector or an
ionization detector to provide velocity and energy signals for the multiparameter data acquisition system. The
need for an intermediate lens between the detectors is under investigation.

2.1.2 Sample Chemistry and Curation
(with M. Barbetti', J. Head', B. McKelvey" and D. Hannan)
(' University of Sydney; Australian National University; University of New England; t University of
Tasmania)
In the period July 1994 to June 1995 the target preparation laboratory received 947 samples for

radiocarbon analysis. 70 samples for the measurement of other isotopes were also received, of which 50 were
for the measurement of 211 . To facilitate the processing of a large number of samples, work has proceeded in
collaboration with several laboratories. The Quarternary Research Centre at ANU has processed a large number
of radiocarbon samples and has set up procedures for loading the samples before sending them to ANSTO.

The NWG Macintosh Centre for Quaternary Dating at the University of Sydney has pretreated wood and
pollen samples. An agreement has been established with the Geophysics Geology Dept, University of New
England to perform the pre-treatment chemistry for surface rock samples dealing with in-situ exposure ae and
erosion rate studies usina ")Be and 26 Al. This involves crushing and grinding to 500-700 micron quartz grain

7 C - Zn
sizes and subsequent controlled etchina using HF to remove meteoric 10Be and stable Al. The Dept of Physical
Sciences at the University of Tasmania (at Launceston) have commenced similar pre-treatment operations
dealin- with 36C, in-situ exposure ae studies. Both pre-treatment laboratories will then transfer their pre-treated
rock powders for total dissolution to ANSTO and use of ion-exchange methods to isolate the "Be, "Al and 16CI
components. The procedures required for the preparation of targets for radiocarbon analysis are numerous and
are dependent on the sample type and the condition of the individual sample e.g. decree of degradation) In

Caeneral, there are five main steps which are:

a) cleaning or physical treatment;
b) chemical treatment;
c) CO, isolation by combustion or hydrolysis;
d) graphitisation; and
e) loading the source cathode.

Different sample types require different processing and different sample sizes require different
techniques. In order to process a large number of samples we have installed a number of purpose specific
manifolds, We are now routinely doing:

• combustion of large organic samples and standards > 20 mg C),
• combustion of small organic samples 2.0 - 0.5 mg C);
• combustion of microgram organic samples < 0.5 mg C);

• hydrolysis of large carbonate samples;
• hydrolysis of small carbonate samples;

• purging of water for total inorganic carbon 200 - 00 ml); and
• graphitisation.

Z7

Sample loading is labour intensive and time consuming as care must be taken to prevent contamination of
the target during its transfer into the metal holder and tamping. A hydraulic press is used for the final pressing.
All samples are pressed to 2000 Pa.

There is a constant effort to minimise contamination introduced by various stages of processing.
Backarounds have been achieved which exhibit an equivalent 14 C age of 50 000 BP for a I mg size sample. Thisel
compares well with a typical reported range of 35 000 to 55 000 BP, for samples of I mg r greater.
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One of the major advantages of radiocarbon analysis using AMS over conventional methods is the
reduction of sample size. Recently there has been a push to reduce the sample size from n-tilligram to microgram
carbon. Procedures are currently being tested by which very small samples 20-100 gg can be processed.
The limiting step is graphitisation, as the reaction is pressure dependent. For very small pressures it has been
found that the reaction is often slow 2 days) and/or incomplete. Incomplete reactions can result in fractionation.
To ensure a complete reaction, techniques are currently being tested for the dilution of the sample C02 using
blank CO,. In this way the initial pressure of the reaction can be increased, though there are disadvantages such
as increasing the chance of contamination and the degree of dilution must be known accurately.

To track the status of samples during the various stages of processing the AMS Radiocarbon Database
has been developed in collaboration with the ANSTO Computing Centre. The database is now in production

and to the end of June 1995 had over 1500 samples registered.0

Procedures have been developed for the extraction of 129, from water and soil. The iodine is concentrated

usin- ion exchange chromatography, purified by solvent extraction and recovered by precipitation as silver

iodide. Soil samples are extracted under basic conditions and treated as for water. Procedures for the extraction

of iodine from biological samples are currently being investigated.

At the ANU Quaternary dating laboratory, major research has been carried out on chemical pretreatment

of "difficu[C' samples where intrusive carbonaceous material has been a major problem. Sample materials

posing problems are bone, teeth, some charcoal, soils and carbonates. New pretreatment techniques for bone

material involving selective heatinc, to remove secondary carbonate from bone apatite in teeth and bones have

been studied intensively and a collaborative paper will be drafted by the end of December. Techniques

separating intrusive amino acids from bone proteins are also under development. Techniques separating pure

soil hurnic materials from soil oraanic matter have been studied, and applied to palaeosol samples collected from

loess-palaeosol sequences within the Loess Plateau of China. A paper was presented at the Fourth International

Conference on the Evolution of the East Asian Environment, held in Hong Kong in early January 1995.

2.2 MEASUREMENT PROGRAM (selected projects)

2.2.1 Groundwater Studies
(with E. Sacchi', D. Louvat', G.M. Zuppi"' and R. Bonetti")

Dipartimento di Scienze delta Terra, UniversitA di Torino, Italia; ' Commissariat A I'Energie

Aton-iique, CEN de Cadarache, France; " Laboratoire d'Hydrolocrie et de G6ochimie Isotopique,

Universit6 de Paris-Sud, France; " Istituto di Fisica Generale Applicata, Universit� Degli Studi di

Milano, Italia)
36CI and 14 C analyses were performed on a number of deep roundwater samples from France. These

samples were taken from two geologically different sites, characterised by the presence of ranite and shaleC C C,
respectively, and at depths of ca., mixing of orroundwaters and nucleogen iC 36CI production. Preparation of A'Cl

Z :_ C�
and 350m below the surface. The aim of the study was to elucidate the influence of factors such as water-rock

interactions. Graphite targets was carried out at the University of Paris-Sud, France, with AMS analysis at

ANTARES. The 36CI, Cl and 14 C results are summarised in Table 22 for the two sites ; 3H data from

neighbouring locations and depth are available but are not presented.

The presence of elevated tritium levels in the groundwaters from the granite site leads to the conclusion

that they have had recent contact with youncy (- 40 a) surface waters and thus decay cannot be used to explain

the strona variation in their 36CI ratios. From measured U/Th and trace element composition of the granite from

site I we are able to arrive at a reliable estimate of 162 x 10-'5 for the saturation 36CUCI ratio from nucleogenic

production. Isotopic ratios measured in the deep groundwaters are all above this (minimum) value, supporting

the evidence for infiltration of young surface waters. Moreover, a comparison of 36CI concentration (in units of

atoms/1) with stable chlorine suggests a significant and variable admixture of bomb-pulse 36CI, presumably

depending on residence times and flow paths. Variations in both 36CI and 14 C are well correlated with

thermodynamic estimates for the calcite saturation indices for these waters, which indicates the extent of rock-

water interaction. For example, sample 8002 shows the lowest 36CI concentration and highest degree of rock-

water interaction, whereas L844, with a low index, has both the h ighpSt 36CI concentration and ratio indicative of

the addition of 36CI.
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Table 22 _ 36C, and 14C concentrations measured in deep groundwaters (ca. 350 m) sampled from the
two French sites. Errors for stable C concentrations are of the order of %.

36C, conc. stable C 36C11CI error 14C ± error

finte 1: granite [X 106 atoms/11 [mg1l) [lo-,,] - - (pMC)
L844 240 3 1100 200 73.9 ± 07

P1051 6 8 9.6 415 50 49.4 ± 07

8002 1 3 7 7.9 275 50 10.3 ± 03

site 2 shale

L711-2 230 21.3 635 100 42.9 ± 03

L71 I 1 84 33.0 150 20 8.0 0.1

L501 65 19.2 200 30 45.6 0.3

L700-1 59 26.6 130 10 11.9 1.2

L700-2 39 45.7 50 5 6.3 0.1

blank 20 10 2.2 0.1

The composition of the shale at site-2 were characterised by an irregular distribution of U and Th in the

matrix, making nucleogenic production calculations intractable. Tritium values were lower than those measured

in the groundwaters of site 1. Apart from sample L711-2, the behaviour of 36C, concentration (atoms/1) with

stable C suggests mixinor with waters depleted in 36CI or leaching of dead Cl. High partial pressures of CO,

indicative of a deep C02 flux are presumed to be responsible for lowering the 14 C ratios. As the source of 36CIi n

these waters is unknown, no conclusion can be drawn regarding their acre. Further analysis of the data is in

progress.

2.2.2 Archaeology

(a) Donatello's Glue
(with Maria Grazia Vaccari' and Marco artini

Italian Ministry of Cultural Heritage, Opificio delle Pietre Dure, Florence, Italy; University of Milan,

Italy)

Aareements have been established with Italian institutions for radiocarbon datinc, in archaeology. One of

the analyses involved dating the resin used to repair a terra-cotta cherub made by Donatello 1386-1466 AD) for

the Annunciazione Cavalcanti (Cathedral of Florence, Italy). The ANSTO results for the glue, 1331-1429 AD,

proves that the restoration had been performed during the lifetime of the artist himself, after damaging the statue

in the kiln. Thermoluminescence (TQ analysis of the clay gives the same ae range (Fig.2.8) (Science, Vol 267,

17 Feb 95).

(b) Dating of Charcoal from Prehistoric Copper Production in North-Tyrol, Austria

(with G. Goldenberg)

('University of Innsbruck, Austria)

The copper ore deposits in the Austrian Alps rank among the classic regions for archaeometallurgical

studies in Europe. With the ore from these deposits the Chalcolithic and Bronze Age metal market of Central

Europe was supplied with copper. The dominating copper ores were essentially chalcopyrite and to some degree

copper oxide minerals, if one sunu-narises the results of the research work carried out in this field. A still

unexplored aspect of the prehistoric copper production in the alpine regions is related to the winning of copper

out of fahlores (Cu/As/Sb-sulphides). The fahlore discussion is today of a great interest, since the spectrum of

analytical data obtained from Chalcolithic and Bronze Age metal artefacts from all over Central Europe requires,

for several groups of material, mineral substance such as fahlores, which can furnish an arsenic and/or antimony-

rich copper respectively, bronze.

One of the most important fahlore deposits in the Alps is the mining district of Schwaz/Brixlegg in North-

Tyrol. In summer 1994, the Institutes of Prehistory and of Mineralogy and Petrography of the University of

Innsbruck, started systematic field survey in this area, with the aim to locate and to date prehistoric copper mines

and smelting sites and to reconstruct the technology used by the early miners and metallurgists to extract the

copper from the ore. Meanwhile extended prehistoric activities have been proven with surface finds (pot shards,
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stone tools). Some sites have been chosen for archaeological excavations, which furnished, among other
archaeological materials, charcoal from resetting as well as from metallurgical processes. So far, ten samples
of charcoal were analysed at the ANTARES laboratory by AMS techniques. 'Me radiocarbon data obtained
cover a time ran-e from 1400 to 200 BC. The results, together with the archaeological evidences, give first
indications that the main period of copper production in the area under investigation is related to the
"Umenfelder culture" from about 1200 to 800 BC. To confirm this hypotheses, further excavations and `C
analysis will be necessary.

(c) The Earliest Neolithic Peopling of Friuli, Italy
(with Andrea Pessina)
(' University of Trento, Italy)
The Neolithisation of Friuli (north-eastern Italy) is evident from archaeological findings in more than 20

early Neolithic sites. They include chipped and polished stones and pottery. Little is known about the origin of
the Neolithic peoples in this region and of the relationship between the last Mesolithic bands and the first
farmers. Dating has been performed in the past with conventional radiocarbon methods on charcoal samples. A
burial site with some human remains was found in 1994. The remains belonaed to a 56 year old girl, buried
together with a large quantity of shells. Preliminary dates obtained at ANTARES bth on the skull and the
shells confirm a chronology of 68 ka BP for these remains. This is the first direct dating of human bones from
the Italian Neolithic.
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(b) Biological Uptake of Atmospheric C02 in the Antarctic Ocean
(with Tom Trull', John Gibson", Dennis Franklin' and Harry Burton')
('Antarctic CRC, University of Tasmania; Australian Antarctic Division)
The project's pimary objective is to assess the relative importance of air-sea exchange and deep

convection as carbon sources to Antarctic oceanic phytoplankton. This is important in estimating the effective
transfer of atmospheric CO, to the deep ocean via photosynthetic carbon fixation and organic matter settling If
most of the carbon utifised by the phytoplankton is actually derived from deep ocean waters, then little uptake of
atmospheric carbon will occur despite the relatively high bological productivity of the Antarctic coastal
marains. Carbon-14 measurements are the method of choice because they can readily distinguish carbon from

C 0
deep ocean waters ("old" carbon with A 14 C approximately 150 per mil) and from the atmosphere ("bomb"

carbon with A14C _ 150 per mfl). A secondary benefit of determining the "'C content of particulate Antarctic
14

oraanic matter is an estimate of its initial "aae", which is important in the C dating of sediments.

'Monthly "C analyses of seawater dissolved inorganic carbon (DIC) from a nearshore Antarctic site sow
that surface water carbon is dominated by input from deep seawater, with little (less than 25%) re-equilibration
with the post-bomb atmosphere (Fig.2.9). It also appears that complete replacement of surface waters by deep
waters occurred several months after the formation of the winter ice cover. This result can be extended
regionally by comparison to 14 C analyses for four surface plytoplankton samples taken along a transect across
Prydz Bay and extending to the shelf edge, which show similar "'C contents to the waters of the nearshore site.
This modern material has 14C "ages" of about 900 years (A14C of 120), which affects sediment core ating and
which is beina considered in the framework of a sedimentation and carbon exchanae model for sediment-water

0 Z2
interface. Future analyses of 14C in organic matter from sediment traps at the nearshore site will address whether
sea-a�ze aaae use a hi-her proportion of atmospheric CO, than is present in the water column and whether

C z -
atmospheric CO, incompletely equilibrated with the DIC pool is utilised durino, intense summer phytoplankton
blooms.
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Fig.2.9 - 14C in surface seawater at O'Gorman Rocks near Davis Station, Antarctica
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(c) Dating Stick-Nest Rats
(with J. Dodson'and Stuart Pearson)
('University of New South Wales)
Researchers in the School of Geography have collaborated with the AMS Group at ANSTO to date the

nests of rats. About 50 age estimates have been per-formed so far to give the essential framework for interpreting
information locked in the ancient dwellings of stick-nest rats which are built in ad areas from local materials
and preserve plant and animal material for up to 10,000 a. The material can be analysed to determine what was
livina in the vicinity and radiocarbon dating provides the temporal context for the study. Similar research in the
United States has provided detailed information about changes in the past which have been used to predict future
conditions.

Samples from Western Australia, Northern Territory and South Australia have been radiocarbon dated.
The material includes bones and hair from extinct species and pollen from plants growing thousands of years ago
in the arid centre of the continent. AMS dating is being used to reconstruct the past distribution of Australia's
arid zone mammals and provide much needed information about the last few thousand years.

(d) Dating Lacustrine Sequences
(with P. De Deckker' and J. Head)
('Australian National University)
The main aim of this project is to identify a standard protocol for preparing samples from lacustrine

sequences of significance to Quaternary climatic changes. Procedures for preparing samples for radiocarbon
datinz need to be developed to determine the suitability of organic samples versus inorganic ones. The project
consisted in processing samples from Lake George (AGSO core 354), a trench dug on the edge of Lake Muncro
(JCT Trench of J.M. Bowler) and from The Gulf of Carpentaria (core GC-2 of De Deckker) for the episode
when the latter was disconnected from the ocean and registered lacustrine sedimentation. All three sites require
better dating precision in order to precisely qualify environmental changes for those important Quaternary
sequences.

Samples of biogenic carbonates (consisting principally of the skeletal remains of microcrustaceans called
ostracods and which live at the sediment-water interface in lakes) were separated from sediment samples also
containing oruanic matter.

The two different t pes of material were processed at ANU and graphite targets for analysis were
y C -

prepared at ANSTO. The ANU researchers employed Ms A. Barrie who processed numerous samples durinor
the 1993-94 period. Collaboration with staff at ANSTO is in progress with respect to the interpretation of the
A-NIS results. So far, for all three lacustrine sequences, the AMS targets from the organic samples demonstrate a
very clear in-situ contamination, thus providin a much younger age in comparison with the samples onsisting
of extremely clean skeletons of ostracods. For further information refer to Fig.2.10. Additional material is now
being processed at ANU to identify the origin and composition of the 'younger' organic compounds.

of 14C(e) Detern-driation of Growth Rates of Tropical Trees by Ivleans Nleasurements Using a
Standard Based on Java Teak
(with John Murphy)
('Monash University)
In the early sixties there was a dramatic increase in the level of 14C content in tree ring sections resulting

from the hydrogen bomb atmospheric testing program. Our research program over the last 3 years has
established the variations in atmospheric 14C from the analysis of teak annual width sections obtained from sites
in Java and India. The wood analysis values and the atmosphereic values of 14C show a very close
correspondence (Fig.2.1 1). This variation also provides a tracer of tree growth over time when matched against
a standard curve for atmospheric CO, Consequently rates for growth of tropical tree species, which do not
usually exhibit any annual nng structure, can be estimated.

(f) Geornorphology and Landscape Evolution
Production of long-lived cosmogenic radionuclides is generally dominated by the interaction of cosmic

rays in the atmosphere. An alternative production mode is in the Earth's lithosphere, particularly in exposed
rocks and surfaces to a depth of a meter or so. These in-situ produced cosmogenic radionuclides are ideal
candidates as geochronometers, tracers and probes of various geochemical and eophysical surface modification
processes. The measurement by AMS of in-situ Be , 26 Al, and 36CI in rocks can be used to determine their
erosion and exposure history; eg, glacially polished bedrock, moraine bolders, alluvial terraces and fans, desert
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sands and also meteorite impact craters. The timing of these formations can then be used to better understand
the past climate.

We have commenced in-situ studies relatina to the Australian and Antarctic environments in
collaboration with a number of universities.

(i) Glacial History of the Northern Prince Charles Mountains Using in-situ Produced '13e and 26 Al
(with Barrie McKelvey' and Bernd Lottermoser)

University of New En-land)
The Antarctic Ice sheets have a fundamental influence on oceanographic processes and climate. Yet their

histories are not well known or understood. The Lambert glacier, the largest glacier in the world today, is
bordered by the Prince Charles Mountains and drains more than 15% of the East Antarctic Ice sheet. Thus its
expansion and contraction as evidenced by its glacial moraine deposits and landscape sculpturing, records its
historical volume. Geomorphic evidence points to a dynamic, multiphase glacial history during the late
Pliocene. In-situ exposure acre dating, using 'Be and 26 Al of glacially cut surfaces and large boulders studding
the deposits will enable an acre estimate of past glacial movements.C, 0

Carefully selected samples were collected from the region during the last 1994-1995 summer season by
B. McKelvey. At the University of New England, the rocks have been crushed, washed and pre-treated in order
to achieve the correct size fraction of quartz grains. Controlled etching and dissolution of the quartz in order to
extract loBe and 26 Al will be carried out at ANSTO.

(h) Glacial History of a Pleistocene Ice Cap on the Northern Central Plateau of Tasmania
(with David Hannon' and Murray Frith)
(' University of Tasmania)
The central Tasmanian Plateau shows distinct sicyns of 21acial action with a series of defined moraine

stages. Field observations have located two glacial phases relating to that of the Last Glacial maximum during
the Younger Drvas period, about 10-12 kyears ao, and a second of the Penultirriate glaciation over 100 kyears
ago. Exposure age dating of these moraine boulders will quantify both the limits of glacial extent and timing of

C7 C

retreat phases of the glacial history of Tasmania. As the major rock type, dolerite, is quartz free, we plan to
undertake in-situ 36ci measurements in order to determine their exposure ages.

set of surface rock samples from selected boulders alone each moraine crest have been collected by
David Hannon and David Fink in April 1995. These samples have been crushed, seived and pretreated at the
chemistry labs of University of Tasmania and are in the process of conversion to A4yCl samples at AINSTO for
36C I AMS measurement. In addition two cores from an inter-morainal lake (or bog) were taken to supply basal
oruanic carbon, which lies just below the first al-al layers in the core, for dating the onset of warmino, and lake
formation thus aivina an estimate of the minimum deglaciation ae.

C C -

(iii) lo-Be Analysis of Deep Sand Regoliths in Coastal Plains of South West Western Australian to Ascertain
their Formation Process
(with David Newsome' and Karl Heinz-Wyrwoll')
(' Murdoch University; University of Western Australia)
The Victorian Plateau region of Western Australia contains extensive upstanding coastal reliefs of sand

recroliths overlying mesozoic bedrock. The formation process of this landscape may be explained either through
an internal chemical modification process (laterization of pre-exisiting rock) or contrastingly, an accumulation
process of external material resulting, in stratigraphic sequences onto the bedrock. The time scales for these two
processes are quite different and the in-situ 1OBe signal profiled in the regolith from surface to bedrock,
including that in the bedrock, may possibly be used to distinguish between the alternatives. A profile of 'O'Be as
a function of depth should follow the known attenuation slope of cosmic rays in rock if the regolith was formed
via laterization and moreover, the bedrock sample should be void of 1013e.

We have extracted regolith cores from two appropriate sites that are - 34 m in length plus samples of
associated bedrock using a hand auger. 6 samples of 500 ram each have been taken from the 2 cores at
different but known depths. These samples are in the process of being treated at ANSTO to supply "Be tarlets
for AMS measurement.
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2.3.2 Global Climate Change
AMS 14C measurements have been undertaken on samples associated with two Australian National

Greenhouse Advisory Committee projects 1993-1996) which seek to study the effect of the ocean carbon cycle

on the atmospheric C02 budget and the record of past climatic changes archived in Antarctic ice cores. The

status of these projects is illustrated in the following:

(a) Age-Spread of Air in Ice Cores

(with Roger J. Francey', David M. Etheridge', Ian G. Enting', C.M. Trudinger', John Head', Vin

Moruan" and Vladimir Levchenko")

CSIRO, Atmospheric Division; ANU "Antarctic CRC; " National Greenhouse Advisory Committee)

The National Greenhouse Advisory Committee project Determination of the Age and Age-Spread of Air

in Ice Cores" is complementing intensive international studies aimed at reconstructing atmospheric composition.

The general significance of the work stems from the continuing uncertainty in the global budgets of the

climatically-active" trace ases (greenhouse gases), and from the difficulty in separating "natural" from

anthropogenic variations in the species.

Ice cores are providing the best source of preserved air from which to reconstruct levels of greenhouse

aases over recent centuries to millennia. Recent Australian work, combining cores of high-time resolution0
drilled by the Australian Antarctic Division, and improved air extraction and analysis at CSIRO Division of

Atmospheric Research, have produced a major improvement over past international work. Ice cores from Law

Dome, East Antarctica, are characterised by high accumulation rates but minimal sunu-ner melting and are

providing unparalleled time resolution through the holocene and possibly beyond. Annual lavering is

identifiable throughout most of the record. Isotopic analyses of the ice layers are providin a wealth of

information of climatic sianificance. Additionally, air extracted from bubbles in the firn has the most recent air

so far reported, permitting direct comparison of entrapped trace gas concentrations with modern records. The

entrapped air also exhibits the narrowest age spread highest time resolution) of known cores used for trace gas

studies. When coupled with snificant improvements in the precision of trace gas measurements, the historic

record of climate forcing using trace gases are providing any new nsights into pre-industrial and early-

industrial atmospheric behaviour. Unique features of the recent work, especially for C02, CH4, NO and the

isotopic composition Of C02, provide the first detailed overlap with modern measurements and very high

precision. In spite of this, the interpretation is not straightforward.

In an ice core, air entrapment occurs at depths of about 70 to 100 metres below the surface, when the

weight of accumulated snow causes sufficient compression to closeoff bubbles. In the compressed snow above

the closeoff region, called firn, air can diffuse, so that entrapped air is younger than the surrounding ice, but

older than the surface air, and the trapped air in an annual layer of ice is a mixture of many years. While the ice

and firn retain seasonal chemical variations and can be accurately dated by layer counting, the age of the trapped

air is much less certain.

At the hiah accumulation Law Dome sites, the most recent trapped air has a mean age of about 15 years

(much more recent than previously analysed cores) and has contributions of air spread over about 10 years. The

diffusion in the firn not only smooths real atmospheric variations, and modifies the age relative to the ice, but

also separates species slightly (particularly serious for isotopic reconstructions). Thus a reconstruction of past

atmospheric composition from any measurements in ice requires a model to describe the influence of diffusion

and the trapping process on each individual species. CSIRO have constructed such a model, which also predicts

the composition of firn air. Pumping firn air from various levels below the surface at Law Dome has helped to

clarify the processes.

Atmospheric nuclear bomb tests in the 1960's provide a unique opportunity to calibrate the model of firn

diffusion and bubble formation, particularly at the high accumulation Law Dome site. The large "bomb-spike"C

in 14C , having diffused through the firn and recently trapped, is a perfect tool for confirming the model for the

most important species, C02 as it provides a well defined event in time. Via the physically-based model, the

results have great relevance for other species and for all ice and firn studies world-wide.

The ANSTO accelerator plays a crucial role in providing both the sensitivity and precision to measure 14C

in the ice and firn. Particularly in the ice, the amount of available air is not large, Typically I kg of ice yields

I 00 ml of air, which contains less than 16 micro-grams of carbon. Reduction of the contamination in sample

handling becomes a critical issue. Air trapped in ice bubbles is extracted at CSIRO/DAR using a dry "gating"

process. C02 from this air or from firn samples is cryogenically separated and sealed in glass tubes for transport
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to Sydney. At ANU and ANSTO, special techniques for handling the small amounts of carbon and processing to
graphite have been developed, along with calibration strategies.

Preliminary results from the first series of measurements for one Law Dome drilling site is showed in
Fig.2.12. Model predictions of the smoothed "bomb-spike", as a function of depth below the snow/firn surface,
are given. At this site, the firn-ice transition is at about 75 metres. The preliminary measurements show a good
agreement with the predictions (with minor deviations only around the complex close-off region) and provide
great confidence in the firn diffusion and bubble close-off model, and thus also in subsequent atmospheric
reconstructions using the complete dataset.

The techniques developed during this project, plus the current availability of high quality ice over the full
Holocene, offer umatched opportunities for comprehensive trace gas reconstructions (including the 1t) over
the full period.

Use of A.MS to detect t in trapped air provides a tool to explore natural 14C variations related to climate
forcina, extendin- back into the last glacial period.

Analysis of the Law Dome Ice core for GBe, 6CI and 291 will be a future development of this program.
Profiles of Iona-lived CSMoaenic radionuclides, produced both naturally and anthropogenically, as a function of
depth and thus ae will provide vital information on past solar variability and production rate changes using
tte) and on atmospheric transport and deposition mechanisms of radionuclides produced from the nuclear
power industry (36 Cl and '29I).
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Fig.2.12 - Expected A14C profiles in DE08 (solid lines and DE08/2 (broken lines) ice cores. Filled squares
- measurements in firn; open squares - measurements in ice.
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(b) Ventilation Rates of the Southern Ocean
(with John Church', Matthew Tomczack', William Budd Tilbrook', J. Ribbe')
(' CSIRO, Oceanographic Division; Flinders University; Antarctic CRQ
The aim of the project is to examine the role of the Southern Ocean as a source region for water masses,

to determine its contribution toward the ventilation of the world ocean, and to quantify its performance as a sink
for anthropogenically produced greenhouse ases. For this purpose, a radiocarbon validated tracer model is
being developed. The database from oceanic field observations available for model validation purposes is
sparse, and the role of the Southern Ocean within the global carbon cycle represents, to date, the largest
unknown quantity in discussions of an anthropogenically enhanced reenhouse effect.

Water samples from locations within the Australian sector of the Southern Ocean were obtained to
determine their carbon-14 content. The determination of the carbon-14 distribution as a function of depth and
location are required to validate results obtained from the tracer model which was developed for the world ocean
region south of 24'S. Subsequently, the validated model is applied to integrate the observed carbon-14
distribution in space and time, and to establish a carbon 14 budget for the Southern Ocean.

First carbon-14 AMS measurements are compared to observations made during the Geochernical Ocean
Sections Studies (GEOSECS) programme conducted in the late 1970s for the southeast Indian Ocean (Fig.2.13).
Profiles 8 and 22 were measured at the AINSTO AMS facility. The water samples were collected in November
1994 on board RV Franklin operating in waters off the Great Australian Bight. The sample locations were
approximately 2000 km away from the closest available GEOSECS stations 431. 432, 433 and 435. Of those,
the data of GEOSECS station 435 are closest to the values found at station and 22. All three positions are
located north of the Subtropical Front, while those of stations 431, 432 and 433 are south of this front. Nearly
exact a-reement is found for the intermediate water range at approximately I 00 m and below that depth. Future
analysis of samples collected in closer proximity to GEOSECS data will allow to determine temporal changes in
the carbon-14 concentration since the end of the GEOSECS expedition. Collection of the samples have been
undertaken through the World Ocean Circulation Experiment WOCE). Our program is providing data in the
Australian region and in particular parts of the Southern Ocean. A very high precision (less than 0.5% is
necessary in the analyses of radiocarbon isotopic ratios for Oceanography. An inter-laboratory calibration with
the Woods Hole Oceanographic Centre (USA) is underway.

2.3.3 Nuclear Safeguards
(with Australian Safeguards Office and IAEA)
As a result of the increasing interest and awareness in the Utility Of 129I (half-life = 15.9 Ma) as an

environmental tracer and monitor of nuclear operations, '29I AMS measurements have been developed at
ANTARES. Cosmocenic 1291 is produced in the atmosphere via cosmic ray interactions with Xe and then is
distributed by the hydrosphere into terrestrial reservoirs such as marine sediments, brines and oil shales where it
has been used to date their formations or accumulation times. It is also produced radiogenically from
spontaneous fission of 238 U and from neutron induced fission of 235 U and as such can be applied as a tracer in U-
rich ore bodies for analogue studies. However a major proportion of the global inventory of 1291 is

anthropogenically produced as a result of the nuclear activities which has resulted in a 100-fold elevation of
ambient pre-bomb 1291 levels. Pollution ocean plumes from coastal reprocessing plants in Europe have been
identified using 129 1.C,

In collaboration with the IAEA and the Australian Safeguards Office, we have successfully analysed a
suite of 30 samples of waters and sediments collected by IAEA inspectors at various locations from a nuclear
power plant for their 129I concentration.

2.4 INTERNATIONAL LINKAGES AND COLLABORATION

2.4.1 Asia
Countries from the Pacific Basin have shown interest in using the ANSTO dating system for

oceanographic studies related to global chancre. A collaborative areement for the AMS analysis of radiocarbon
in seawater samples was made with the Kansai Environmental Centre, Osaka, Japan.

2.4.2 Europe
An international collaborative project between the ANTARES AMS group and the Universities of Paris,

Turin and Milan on environmental applications of long-lived radioisotopes has been funded by the International
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Science and Technology Committee (ISTAQ in 1994. The aim of this 3-year project is to develop new
environmental applications of long-lived AMS radioisotopes:

(a) Analysis of long lived radioisotopes such as 12"'I produced by spontaneous fission of 38U and neutron
induced fission of 235U, in the Oklo natural reactor. Primary objectives are to measure concentrations of
these isotopes in rock and groundwater samples in order to evaluate in situ production, mobilisation of
fission products and migration behaviour in groundwater.

(b) Use of 14 C and4'Ca as tracers to study the mechanism of biocalcification.

The European Conununity network study Biological Calcification - the major link between life and
earth environments' includes a number of projects. This sub-project, on early diagenetic stages of biominerals,
enables us (i) to contribute by measuring isotopic signatures from laboratory and field studies and (ii) to gain

0 0 0
new knowledge on processes of great importance to 14C datina using such materials.
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Fig.2.13 - 14C concentrations (measured at ANTARES) in waters off the Great Australia Bight and in the
southeast Indian Ocean (GEOSECS, 1975)
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2.4.3 United States
An International Workshop on AMS & Global Climate Change will be held at the Scripps Institution of

Oceanography (USA) in 1996, organised by ANSTO University of Arizona and University of California.

2.5 WORKSHOPS
2.5.1 Quaternary Dating

A Workshop on Quaternary Dating Methods was organised by the Physics and Environment Divisions
and held at Lucas Hei-hts in October 1994. Eighty university researchers attended, with presentations on AMS,
uranium and thorium datina, thermal ionisation mass spectrometry, electron spin resonance dating amino acid
racernisation and ther-moluminescent dating .

2.5.2 Determination of the Age of Air in Antarctic Ice
A Workshop on the Determination of the Age of Air in Antarctic Ice was organised by the AMS group

and held at Lucas Heights on 9 June 1995. A number of off-site AMS researchers attended with presentations by
ANSTO, Australian National University, CSIRO and the Antarctic Cooperative Research Centre.
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3. NEUTRO N SCATTERING

3.1 NEUTRON SCATTERING
(C.J. Howard'[Mgr], M.M. Elcombe, R.L. Davis [deceased 16/6/95], S.J. Kennedy, B.A. Hunter, G.E.
Gadd, M. James [from 9/l/95], 1. Hirka, D. Howell [until 14/9/941', C. Laman, P.A. Baxter, C.P. Bock
[from 3/1/95 until 31/3/95]', C.G. Landers [from 62/95], M. Perry, D.W. Knipe" and L.E. Jones")
('ARC Funded Post,* Vacation Student)
The Neutron Scattering group is responsible for ensuring the effective use of the neutron beams from

HIFAR in support of Australian science and industry, and the national benefit. The beams are used for basic and
applied research into atomic, molecular and magnetic structures. The work involves the continuing development
of HIFAR's neutron scattering facilities. A further objective is to encourage the use of intense neutron beams at
major overseas facilities (especially the ISIS facility at the Rutherford Appleton Laboratory, UK) for certain
applications which cannot be undertaken at the HEFAR reactor.

The effective application of nutron scattering techniques requires an appropriate range of
instrumentation. The current instrumentation includes two neutron sincIle crystal (2TanA and 2TanB) and two
neutron powder (HRPD and MRPD) diffractometers, a triple axis spectrometer (TAS) a neutron polarisation
analysis instrument (Longpol), an experimental white beam facility (XI66), and the Australian Small Angle
Neutron Scattering instrument (AUSANS) under construction and now nearing completion. Research scientists
have been assianed "instrument responsible" duties for the different neutron scattering instruments. The
utilisation of the different instruments for the period July 1994-June 1995 is indicated in Fig.3. 1. There has been
a continuing emphasis on the upgrading and further development of instrumentation as detailed in Sections 3 1 I
and 32 below.
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Fig.3.1 Utilisation of the different instrunrients

A strona, program of research continues, and some scientific highlights are reported in the sections to
follow. It is pleasing to note that the long-standing university involvement in neutron scattering, through
AINSE, remains at a high level, there being 37 AINSE proposals for the use of neutron beam facilities approved
for calendar year 1995. The university interaction has been recognised by the Australian Research Council
(ARC), which awarded a 180K infrastructure grant toward the further development of the instrumentation in the
calendar year 1995. The improvements being made with the help of this grant should make the neutron
scattering facilities even more attractive to university scientists in the future. There are strong collaborations
with other organisations in Australia and overseas, and in the year under review neutron scattering staff have
made substantial efforts in support of the activities of such international organisations as the International
Atomic Energy Agency, the International Conference on Nuclear Cooperation in Asia, and the International
Union of Crystallography.
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3.1.1 Development of Instrumentation
(R.L. Davis, 1. Hirka, D. Howell, S.J. Kennedy, B.A. Hunter, P. Baxter, C. Bock, C. Landers and M.
Perry)
In addition to a major effort on the development of AUSANS (Section 32), there has been further

development during the year as follows:

• Single Crystal Neutron Diffractometer (2TanA). A major upgrading of this diffractometer in progress. As
a first step, the aeing diffractometer has been replaced by a 'state-of-the-art' four circle diffractometer
manufactured by Hueber. This diffractometer features a large Eulerian cradle designed to accommodate a
cryorefrigerator or furnace, so it will become possible to make measurements over a range of temperatures.
New Windows-based software for automatic control and data acquisition has been developed and installed,
which, in combination with the superior engineering of the new diffractometer, will improve the speed of
data collection. The diffractometer was installed as planned in the second half of 1994, but there have been
some delays in its conunissioning. Intermittent driving failures have been traced, quite recently, to a degree
of incompatibility between the motor drive box provided and the motors on the goniometer itself. The
suppliers have undertaken to rectify this fault. For the moment, the new diffractometer carries the single
BF3 detector from the old 2TanA. Eventually, this detector will be replaced by a small position sensitive
,area' detector, which is being developed in collaboration with the European Molecular Biology Laboratory
and the Institut Laue Lan-evin (Dr Garry McIntyre) in Grenoble, France. Future planned development
includes improvements to the shielding and tuning of the neutron beam.

• Medium Resolution Powder Diffractometer (MRPD). This instrument, which recorded its first diffraction
patterns in October 1992, was further upgraded with funds from the 1994 ARC Infrastructure Grant. Nine
detecting, channels were added in October, bringing the complement of neutron detectors to twenty-four.
MRPD can record good quality diffraction patterns in 'us a few minutes, and is finding many applications
in real-time studies of reactions occurring in the solid state. The instrument is fully utilised, and is routinely
producing excellent results.

• Other Development. Neutron time-of-flight measurement has been incorporated into the long wavelength
polarised neutron instrument (Longpol), and tested in a measurement of the phonons in lead. The
development of polarising supermirrors for Longpol has continued, in collaboration with Monash
University and the Hahn-Meitner Institute, Berlin. The first supermirrors are now under construction.
Preparations are well advanced for the upgrade of the high resolution powder diffractometer (HRPD),
funded from the 1995 ARC Infrastructure Grant. The work, including the installation of sixteen additional
detecting channels, will be undertaken during the forthcoming long reactor shut-down. As regards ancillary
equipment, a sample-changer has been designed, constructed, and is now in use, while both the I 100'C and
1750'C furnaces have been brought under computer control. A 1.5 Tesla electromagnet has been
commissioned on MRPD, and a tension/compression rig for in situ studies of samples under stress has been
successfully trialed.

3.1.2 Analysis of X-ray and Neutron Diffraction Data
(C.J. Howard, B.A. Hunter, T.M. Sabine', M. Sakata' and M. Takata')
('ANSTO Advanced Materials; 'Department of Applied Physics, Nagoya University, Japan)
It is incumbent on members of the Neutron Scattering group to maintain contact with current

developments in the methods of data analysis for diffraction data.

For the analysis of powder diffraction data, the use of the Rietveld method is routine. The Lucas Heights
group were among the pioneers in certain applications of this method, in particular its application to quantitative
phase analysis QPA) of multiphase rr�xtures. Of particular interest over the past twelve months has been the
use of the Rietveld method in simultaneous fitting of X-ray and neutron diffraction patterns from a number of
materials of interest. The local computer program, LHPM, has been modified to include absorption corrections
appropriate for X-ray capillary samples, and to allow for simultaneous fitting of X-ray data recorded on several
image plates (with particular reference to data recorded at the Australian National Beamline Facility) and
neutron data recorded in the usual way. The method is being applied to analysis of X-ray and neutron data with
an increasing degree of success.

In collaboration with Japanese scientists, the development of the maximum entropy method (MEM) for
data analysis has continued. The MEM derivation of electron and nuclear densities from X-ray and neutron
powder diffraction data has been demonstrated in a small number of test cases, but there is a need to gather
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ftirther experience. The analysis of the neutron diffraction data to give the nuclear density in YBa2CU307

superconductor has now been completed, and a manuscript describing the result has been submitted for
publication. This work forms part of ANSTO/Nagoya collaborative research which began in July 1990 and is
continuing.

Much of the work on this topic is intended to connect with the implementation of arrangements for
Australian work at major overseas facilities (Rutherford Appleton Laboratory, and Tsukuba), and with the
further development of the neutron facilities at Lucas Heights.

3.1.3 Structural Studies of RutHes and Pyrochlores
(M.M. Elcombe, C.J. Howard, B.A. Hunter, Ismunandar' and B.J. Kennedy)
('Department of Chemistry, University of Sydney)
Systematic studies of metal dioxides with the rutile structure (see Progress Report, ANSTO/ANP - PR93,

Section 31.5) are now essentially complete, and the results (on eleven oxides having the rutile structure) have
been accepted for publication. Detailed information on the nature of the chemical bonding has been obtained.
Some work remains to be done on GeO2, where the diffraction pattern shows anisotropic broadening and has yet
to be properly interpreted, and also on CrO,, which is yet to be measured. The structure of MnF2 a fluoride with
the rutile structure, has been redetermined.

The s sterriatic study of structures of the pyrochlore type, including both stoichiometric and oxygen-
y C,

deficient pyrochlores continued during the year. In the basic pyrochlore structure, as in the simple rutile, there is
only one atomic position parameter to be determined. Certain of these pyrochlores are used as bifunctional
electrocatalysts for both evolution and reduction of oxygen, and as catalysts for the oxidation of organics. The
presence of heavy metals (lead or bismuth) in the materials of interest requires the use of neutrons to determine
the detailed stoichiometry and ordering of the oxygen atoms. Neutron and X-ray powder diffraction studies of
the simple stoichiometric pyrochlore stannates LnSn2O7 (Ln =Y, La, Pr, Nd, Yb-Lu using neutrons, Ln = Sm-
Gd using X-rays) have been completed, and systematic trends observed. The oxygen position parameter
decreases quite systematically with increasing lattice parameter (Fig.3.2). There is considerably anisotropy in
the Ln thermal vibrations, but there seems to be no simple relationship between thermal vibration parameters and
lattice parameters. With reference to the variation of the oxygen position parameter, note that BiSn,07 was
measured at hiah temperature, because at room temperature this compound is tetragonally distorted. Despite
continuing efforts. the room temperature structure of Bi2Sn2O7 has not yet been completely determined.

3.1.4 Structures of Organornetallics
(B.A. Hunter, S. Moussa', B.J. Kennedy' and R. Fenton)

Department of Chemistry, University of Sydney)
Many orcranometallics have important biological considerations. As part of an increasing program. in the

structural study of organometallics using the HRPD, we have investigated the hydrated and anhydrous cis
isomeric form of the bis(glycinato)copper(H) complex. To determine the important hydrogen bonding network,
the compound was partially deuterated to reduce the incoherent scattering from hydrogen. Powder patterns were
collected on hydrated and dehydrated samples. The refinement of the structure yielded the positional parameters
of the hydrogen network and indicated that the deuterium substituted on the N-H and O-H bonds and hydrogen
remained on the C-H, as expected from bonding considerations. The atomic positions and occupation of the
HO molecule was also determined in the hydrated sample. Ongoing, work will include a comparative study of
the cis and trans isomeric forms.

3.1.5 Zirconia Ceramics

(D. Argyriou C.J. Howard, R.H.J. Hannink , R.I. Smith and S. Hull

Argonne National Laboratory; CSIRO Division of Materials Science and Technology; Rutherford
Appleton Laboratory, UK)
Although the work on zirconia engineering ceramics supported by GIRD Grant No. 15042 was brought

to a conclusion in 1993 a smaller effort on zirconia ceramics is continuing. Among the highlights of previous
work were the at-temperature studies of the ageing of magnesia-partially stabilised zirconia (M-PSZ at
different temperatures, completed on the high intensity time-of-flight powder diffractometer Polaris at the ISIS
neutron source, Rutherford Appleton Laboratory (RAL), UK These at-temperature studies have been described
in previous progress reports (Progress Report, ANSTO/ANP - PR93, Section 31.6; Progress Report,
ANSTO/ANP - PR94, Section 31.5) and elsewhere.
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Fig.3.2 - Variation of the oxygen position parameter with lattice parameter for a series of cubic
stoichiometric pyrochlore stannates. The majority of these results were obtained by analysis of neutron
powder diffraction data recorded using HRPD. Note that the result for the bismuth compound has been
obtained at elevated temperature, because this compound adopts a tetragonally distorted structure at

..room temperature.

In December 1994, we conducted further in situ studies, using the Polaris instrument, on the new
ternary oxide ceramic magnesia-ceria-partially stabilised ZiTConia, MgCe-PSZ. Measurements were made on
three bars of sample in the RAL neutron diffraction furnace. The temperature program was as follows: heating
at 100'C per hour from room temperature to I 00'C, hold at I 100'C for hours, heating, to 1200'C in I hour.

hold at 1200'C for 16 h, then cooling at 100'C per hour to room temperature. Neutron diffraction patterns were
recorded over consecutive 15 minute time intervals, these patterns including 3 patterns recorded during the
I 100'C hold and 60 patterns at 1200'C. This represents A large number of diffraction patterns, and their
analvsis is far from complete. Preliminary results are as follows:

0 Sample at room temperature. The preliminary analysis shows the starting material to be approximately 33%
tetragonal and 67% cubic zirconia.

0 Heating to 00'C. The patterns have not yet been analysed. Thermal expansion coefficients will be
obtained from the analysis. It seems that there is some increase in the tetracyonal content during heating

since the sample was 38% tetragonal on reaching I 100'C.

100'C ageing. It was found that the amount of tetragonal increased during ageing. The variation of phase
composition with time is shown in Fig.3.3. The composition after hours was 47% tetragonal and 53%C,
cubic. The fitted lines show phase development with a rate constant 041 h, towards an equilibrium
composition, at this temperature, of 47.5% tetragonal and 52.5% cubic. There is no evidence for the
development of the 5-phase, such as occurs in Mg-PSZ during ageing at the same temperature. It seems

that in this material the 8-phase development is inhibited by the presence of 125 mot% CeO2.. The lattice
parameter of the cubic phase decreased during ageing. This decrease, which seems to indicate increasing,
MgO and/or decreasing CeO2 content in the cubic phase, is a somewhat surprising result. There was no
significant change in the tetragonal lattice parameters during ageing, nor in the oxygen position parameter
in the tetragonal structure.

0 Hold at 1200'C. The 60 patterns recorded at this temperature have not yet been analysed. There is some
indication that MgO is being freed, but that the process is very slow.
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Cooling. Patterns obtained during cooling have not yet been analysed. It is obvious nevertheless that there
is substantial transformation from tetragonal to monoclinic zirconia at temperatures around 200'C.
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Fig.3.3 - Variation in the amounts of c- and t-ZrO2 in '*IgCe-PSZ with ageing time at 1100'C. The fitted
lines describe approach to an equilibrium composition, 52.5% cubic and 47.5% tetragonal, with a time
constant 24 hours.

A re-investication by neutron powder diffraction of 3 mol% yttria-tetragonal zirconia polycrystal (Y-
TZP) was completed during the year under review. The powder patterns were recorded using the HRPD. It was
realised that the sample, initially taken to be sin-le phase tetragonal zirconia, was in fact a two phase mixture of
the tetragonal (0%) and cubic 20%) polymorphs. Two phase refinement gave for the tetragonal phase
[P4,/nmc, a=3.6008(l), c=5.1793(l) Al the results z=0.4564(l), B 0,45(2), B=0.72(2) A 2. Refinement onZr. Y
the basis of single phase tetragonal yielded values for the position and displacement parameters somewhat biased
towards those pertaining to the cubic phase. The conclusions from previous studies were re-examined in the
liaht of this work.

From an interest in zirconia engineering comes an interest in zirconia itself, and in particular in the
different crystal structures it adopts. Another attempt was made, at RAL, to complete an in situ examination of
the high pressure structure of zirconia. Zirconia powder was loaded, ogether with a pressure calibrant and a
pressure transmitting fluid, into the Paris-Edinburgh pressure cell, and neutron diffraction patterns recorded
using Polaris. Even at the highest pressure achieved 9.6 GPa), the transformation to the high pressure phase
was far from complete, and the patterns therefore difficult to analyses An interesting result, however, was an
indication of considerable anisotropy in the compressibility of monoclinic zirconia. More careful analysis of the
data will be required to confirm this result.

3.1.6 Structures of Zr2NiD4.1 (room temperature) and Zr2NiD4 (low temperature)
(M.M. Elcombe, C.J. Howard and S.J. Campbell)
(' Department of Physics, Australian Defence Forces Academy)
After successfully solving the structure of Zr2NiD4 (ANSTO/ANP - PR94 p49), further attempts to solve

the room temperature structure of ZNiD5 have been made. Synchrotron data have been collected on BIGDIFF
at the Photon Factory, Tsukuba and on the National Synchrotron Light Source at the Brookhaven National
Laboratory. In addition a high intensity, high resolution neutron pattern was collected on the HRNPD at
Brookhaven, and a low temperature pattern was collected for Zr2NiD4 on the HRPD at ANSTO.
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The data from Tsukuba confirmed that the Zr2NiD5 cell was triclinic, but a cell suitable for structure
solution was not obtained. The correct cell was determined from the Brookhaven data (synchrotron and
neutron), and was refined using the neutron data and the program ULLPROF. The distortions from
orthogonality are very small <0.5'for all three angles). The only symmetry in this cell (a centre) can be
equivalent to only one of the two non-equivalent centres in the parent tetragonal structure. The coordinates of
the atoms in the Zr2NiD4 structure, as well as symmetry related deuterium positions which were feasible, were
transformed to the new cell for both possibilities, and attempts at refinin.c a model through occupation of D sites
were made. A structure corresponding to Zr2NiD4.5 was obtained for one of the two possibilities. Site
occupancy factors for 9 independent deuterium sites were between 095 and 1.05. Attempts to locate further D
positions, either a full one or some partially occupied ones, consistent with loading to D5 have been
unsuccessful. The Zr2NM4.5 structure has been refined using the neutron data from Brookhaven, giving a
ooodness of fit = 13.45 and a Bragg R = 749. These values are higher than usually obtained for this type of
refinement, and there are definite indications, particularly in the synchrotron data, that a second phase is present.
Work is continuing to try and solve the second phase.

The solution of the 10 K structure of Zr2NiD4 was straightforward. The cell quickly showed as triclinic.
with the same volume as the room temperature structure. The metals and half the deuterium positions refined
from the monoclinic values. The remaining deuterium positions are related to the monoclinic D2 and D3 sites
through the original tetragonal symmetry. After initial refinement it was found that the pattern was 2 phase with
approx. 17% of the material remaining in the room temperature structure. The final pattern refined to a
aoodness of fit =2.27, with Braa- R=9.22 and 12.11 for the triclinic and monoclinic phases.

In both these structures the D atoms are located in tetrahedral sites, subject to the restriction that
tetrahedra with a common face are not simultaneously occupied. In the low temperature D4 structure 2
deuterium atoms are in 4 Zr coordinated sites and 2 in a ZrlNi site. This is the same as at room temperature
where some disorder also occurs. In the D4.5 structure a new 4Zr coordinated site, which has become larae
enouoh following expansion of the lattice, is occupied (I of 2 possible). As a consequence I of the 4 Di sites
(4Zr coordinated) is now unoccupied and an additional D2[D3 site has been filled.

3.1.7 Lattice Dynamical Study of Cubic Stabilised Zirconia (CSZ)
(D.N. Argyriou and N/I.M. Elcombe)
Phonon dispersion curves have been measured for three crystals of CSZ with compositions 95 and 24

MolY'O 3_ZrO2 and 12.5 rno1% CaO-ZrO2. All crystals were mounted with the [I 10] zone axis perpendicular

to the scattering plane, allowing access to all possible reflection types of the luorite lattice. The Ca stabilised
crystal was also mounted with a f I 00] axis vertical to measure the (��O) TA, branch. The measurements were
made usinc, the TAS on the 10H hole of HIFAR. Data were collected in the three symmetry directions (00�),
0), and Transverse acoustic modes were measured using constant-Q scans and longitudinal acoustic
modes were measured usin- constants scans. Despite an extensive search in (q,(o) space optic phonons were
not observed in any of the CSZ crystals. Phonon positions were obtained by least squares fitting the observed
counts with a gaussian peak shape, with approximately 40 independent phonons being measured for each crystal.

The main features of the measurements are:

a The acoustic phonons close to the zone centre are consistent with the instrumental resolution and elastic
constants of the crystals as reported from ultrasonic measurements.

• As the measurements extend out into the Brillouin zone the peaks broaden more than would be expected
from the change in focussing conditions.

• The TA branches in the (�00) and �) directions and the TA 2 branch in the (�CO) were measured out to

the zone boundary.
• In all three directions the LA branches were measured to quite high frequencies (up to 95 THz) but the

zone boundary points were not obtained.
• The TAI branch in the (��O) direction broadened very rapidly and was not observable beyond (0.5,0.5,O).

These results agree with other results reported in the literature. No explanation of these results has
previously been proposed.
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Using the single crystal structure results (ANSTO/ANP-PR 93) and a rigid ion model for the lattice
dynamics of CSZ these results can be explained. The structure proposed for these crystals contains disorder of
the oxygen ions; some being on the ideal fluorite site, some being displaced in the (100) direction and some
being displaced in the (I I ) direction. This disorder gives rise to a variation in bond lengths of 615% within
the lattice with a consequent variation of interatomic forces (both short range and long range). This in turn gives
a variation in phonon frequencies. The magnitude of this effect has been calculated with the following results:

• a 10% variation in the Zr-O interaction produces a 25 THz chancre in the optic mode frequency. The LA
and TA frequencies vary by 12 THz at the zone boundaries.

• A 10% change in the parameter for the 01-02 interaction reduces the (I 10) TAI mode from to 4 THz,
produces a I THz change in the TO zone boundary fequencies as well as in the TA (01), but does not
produce a significant variation in the other branches.

• Phonon frequencies in the (I I 1) direction are less affected by the variations in force constants, in agreement
with the experimental observations.

As the phonons propagate through the crystal their frequencies will be affected by the local environment,
so each mode will have a band of frequency associated with it rather than a single frequency. The broader this
band the harder the phonon will be to observe. The static disorder model for CSZ provides calculated frequency
band widths which fully explain the phonon observations (or lack thereof) given above. In particular the phorion
branch which becomes unobservable half way across the zone is extremely sensitive to a single parameter which
produces only small effects on other branches. It is also the branch which is associated with the cubic-tetragonal
phase transition.

3.1.8 Neutron Diffraction Experiments on Single Crystals of a Bi(2212) Superconductor
(P.A. Miles', S.J. Kennedy, R.L. Davis G.J. McIntyre')

Physics Department, University of NSW; Institut Latie-Latic'evin)
Despite numerous attempts to resolve the incommensurate crystal structure of the Bi(2212)

superconductor, some controversy remains as to the correct space group, the description of the inconu-nensurate
modulation vector, and the crystallographic defect distributions. This is due to observation of different satellite
reflections and diffuse peaks by different single crystal X-ray and neutron diffraction studies. In addition to this
some temperature dependence of the incommensurate structure has been suc-ested in some reports.

In this study two Bi(2212) crystals have been examined using the 2TanA diffractometer in HIFAR and
the D19 diffractometer at ILL, Grenoble. One with a large mosaic spread measuring 65 x 65 x 09 mm, and
another near perfect crystal measuring 4 x 35 x 04 mm from which we had obtained flux pinning information in
neutron depolarisation measurements on Longpol. As this was the first time that 2TanA and D19 had been used
to investigate an incorruriensurate crystal system it was necessary to modify the data collection software in both
machines before routine scans could be performed.

Crystallographic structure factors were measured at room temperature on 2TanA and between 12 K and
room temperature to high order reflections (ea, (8,4,O) & 0,0,42)) on D19, and several diffuse features were also
scanned. The incommensurate lattice structure was found to have space group Bbmb with modulation vector
0.21 lb*. At this stage, we find this gives the best agreement with our data. However, as with the earlier reports,
there still remains some discrepancy between observed and calculated structure factors in the first order
satellites. This discrepancy is even more striking in the second order satellites and therefore the analysis is still
continuing to improve our understanding of the exact nature of the modulation. Our results also indicate that the
widely reported 'diffuse' features are strongly sample dependent, and that in the near perfect crystal many are
actually absent. No structural changes were evident between 12 K and RT in the D 19 experiments.

3.1.9 Neutron Depolarisation Study of Magnetic Order in a-Fe,,Zrj00.,, (x=90-93), a-FegoScio and their
Deuterides
(D.H. Ryan', J.M. Cadogan' and S.J. Kennedy)

Physics Department, McGill University, Canada; Physics Department, University of NSW)
Amorphous iron rich alloys of the form a-FeMlw,, (where M=ScYZrHf and x90), provide a rich

testing ground for models of magnetic order in the presence of exchange fustration as their behaviour spans the
full range of possibilities from ferromagnet to spin glass with increasing frustration. Two magnetic transitions
are observed on partially frustrated systems, the first at T, to a collinear ferromagnetic state, followed at T by
the ordering of transverse spin components into a random orientation.
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Neutron depolarisation measurements have been performed on thin ribbons of these amorphous alloys
between I I K and room temperature on the Longpol polarisation analysis spectrometer. The results show that
ferrornagnetic domains exist in (X-FeZrjOO_,, for 90 < x < 93, and that these domains are not affected by the
ordering of transverse spin components at T, (the spin glass freezing temperature). Magnetic domain sizes
decrease from 1.1 gm at x=90 to 009 m by x=93. Measurements in an applied field set an upper limit of
-50nm for correlations in the transverse components. The addition of deuterium <17%) in the x=92 and x=93
ribbons decreased the level of frustration leading to an increase of T to 390 K and in increase of magnetic
domain size to -I gm.

By contrast a-Fe9OScjO shows no evidence of ferromagnetic order and is confirmed to be a spin glass.
Deuterium loadings of up to 28% were achieved in x-Fe9OScjO by electrochemical means. It was found that the
addition of as little as 3 D more than doubles T and converts the as-cast alloy from a spin lass to a
ferrornaunet with 04 gm magnetic domains. Saturating the material with deuterium leads to a further doubling
of the domain size and Tc.

3.1.10 Determination of the Direction of the Antiferrornagnetic Modulation Below the Low Temperature
Re-ordered Regime in Fe2MnSi
(T. Ersez', S.J. Kennedy and T. J. Hicks)

Monash University)
The Fe3-,Mn,,Si system (0.7<x<1.75) provides an opportunity to study the coexistence of competing

ferrornametic and antiferromagnetic interactions in an ordered crystallographic context. In order to accurately
model the magnetic phases in this system the relative orientation between the two magnetic components and the
crystal lattice in this system must be established. Much speculation as to these orientations has been published
without te support of any definitive experiment. Neutron polarisation analysis measurements on a single crystal
of FeMnSi at 36K using Longpol have confirmed the previously assumed orthogonality between the
ferromaonetic and the antiferromaunetic directions below the spin reorientation temperature TR 9 K.

3.1.11 Production of Metaflofullerenes by Laser Ablation of Implanted Carbon
(G.E. Gadd, P.J. Evans, H. Noorman, A. Croal, Professor G.W. Willett', K. Fischer', P. Jackson' and F.
Hopwood')
('University of New South Wales)
The possibility of making metallofullerenes using ion implantation has been investigated. Ion implantation

is a well established technique of surface and material modification which produces materials with different physical
and chemical properties than their precursors. At ANSTO, we had a well established MEVVA ion implantation
group that carried out both routine as well as exciting fundamental work in ion implantation. A diverse ranare of
implant elements was available and of particular interest are barium and yttrium, for which the corresponding
endofullerenes have already been observed.

Investiuation has been carried out on the ion implantation of glassy carbon, with various metals, followed by
C C,

the use of laser ablation (LA) and fourier transform mass spectrometry (FTMS), to produce and identify fullerene
production. Ion implantation yields a uniquely doped material which when exposed to the high fields of the
focussed YAG laser, provides the right conditions for metallofullerene production. his method provides an
effective and quick way of testing which metals may form stable endofullerene complexes. The ion implantation
technique will make and break bonds in the carbon material and important metal-carbon entities may be made which
can act as important precursors in the plasma formation of endofullerenes. It was found that a yttrium/glassy carbon
sample produces a range of endofullerenes, including YC6o.

Investiaation has also been carried out on the ion implantation of C6o films on Si surfaces. With the right
energy a metal ion may enter a C60 molecule. The energies used in conventional ion implantation are in the range of
10- 100 KeV. This is many times the energy to break a bond (typically 46 eV). Thus the technique would appear to
be too harsh and one might propose an ion source with much less energy. However, with lower energies sputtering
is prevalent. Infrared spectroscopy (IR) has shown that with yttrium and molybdenum implantation at about 5
KeV a decrease of the C60 bands occurs, and new weaker bands appear (Fig.3.4). The LA/FTMS surprisingly
showed only C60. We are currently elucidating whether the new bands are due to fragmentation of the C60 or are
attributable to exo fullerenes.
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Fig.3.4 - Specta showing yttriurn and molybdenum implantion at 15 keV

3.1.12 Mixed Films
(G.E. Gadd P.J. Evans, H. Noorman, A. Croal, P. Johnson and W. Kyu)
Unique films of C60 and metals such as Te and M have been produced. The use of IR and Rutherford

backscattering (RBS) has been used to characterise these films. It must be pointed out that films of C60 and K
have led to new superconducting materials. Preliminary studies show that with Mc, a unique C6o polymeric film
results as evidenced by strongly perturbed IR absorptions. Similar results have been noted in the literature for
Rb but the Ma system has not as yet been studied. Some interaction of Te with C60 is also evidenced by the IR
after the films had been hot isostatically pressed (HIP) at 400'C. The use of mixed films and enero, transfer by
ions to induce metallofullerene formation is beinu investigated.C

3.1.13 HIPing of C60 Films and Crystalline Solid C60

(G.E. Gadd, M. James, S. Kennedy, B. Hunter, M. Elcombe, C. Howard, P.J. Evans, H. Noorman A.
Croal, P. Johnson, S. Moricca', N. Webb', D. Cassidy', M. Blackford', G. Thorogood' J. Bartlett', K.
Finne' and K. Prince')
(' Advanced Materials; Environmental Science)
Physics and Advanced materials are presently investigating the use of HIP fullerenes, at high pressures

and temperatures to try and force gases into the C60 molecule or lattice. The use of mixed fullerene alloys
and/or implanted fullerene films and subsequent HIP to induce reaction is being investigated. It has been
serendipitously found that Ar can be forced into the C60 lattice at elevated temperatures and pressures. The
compound is found to be stable at room temperature and have a stoichiometry of ArIC60. The compound was
fully characterised by X-ray and neutron diffraction and is shown to have the same lattice structure as pure C60-
The Ar is found to occupy octahedral lattice sites of the lattice which is fec at room temperature, when the C60
molecules are freely rotating, but which is simple cubic below 250 K when the rotational motions freeze and
orientational ordering takes place (Fig.3.5). Both thermal gravimetric analysis (TGA), transmission electron
microscopy (TEM) and energy dispersive X-ray spectroscopy (EDS) have definitively and elegantly shown the

presence of Ar. The TGA showed the expected 5% weight loss whilst the TEM and EDS monitored argons Kot
X-rays.

Using RBS Ar trapped in implanted/unimplanted films Of C6WC70 has been studied and it has been shown
that stoichiometric trapping of the rare gas occurs. These films have also been preliminarily analysed by
secondary ion mass spectroscopy (SIMS).

3.1.14 Irradiation of Fullerenes
(G.E. Gadd, P.J. Evans, T. Wall, G. McOrist", S. Moricca', M. James, D. Hurwood', P. Wood', G. Gant,
C. Banos and W. Garrett)
(' Advanced Materials; Australian Radioisotopes; Environmental Science)
ArIC60 has been irradiated at HIFAR in collaboration with ARI and the Ar has been activated. None of

the Ar was released from the lattice in the process and the fulleride compound survived the harsh conditions of
the reactor. Gamina spectroscopy confirmed the presence of 4Ar. No evidence has been found for recoil of the
4'Ar into the C60 interior. The 41Ar with a half life of 1.8 hours, can easily be released by dissolving the
compound or by heating. A pulsed IR laser could produce very short pulses of 41 Ar for unique probe
experiments.
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Fig.3.5 View of the crystal lattice of Ar, C60 along the <111> axis

Prelirninarilv investigation has been carried out on the effect of 2am-ma rays on films Of C60 and evidence
shows that C60 is highly resistant. Over a loncy period of irradiation with a 6Co source, some evidence for
polymerisation has been found as indicated by new absorptions in the IR.

3.1.15 C60 and the Tandem Accelerator
(G.E. Gadd M Hotchkis, A. Smith and D. Fink)
C60'ions have been produced in the Tandem accelerator. The possibility of making unique anions of C60

and their chemical physics is being investigated.
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3.1.16 Density Function Theoretical (DFT) Molecular Studies
(G.E. Gadd, Professor G.W. Willett', P. Jackson' and F. Hopwood')
('University of New South Wales)
Investigating has been carried out of the use of high performance computing for not only unravelling the

complexities of our research but as an aid in guiding scientific research. Using state of the art density functional
theoretical programs such as Dmol we are learning about the parameters that dictate metalloftillerene production.

3.1.17 Entrapment of C60 in Resins
(G.E. Gadd, Professor G.W. Willett' and F. Hopwood')
(' University of New South Wales)
A method for putting C6o into polyester resins has been found leading to a red orange colouration of the

resin. FTMS has shown evidence of trapped C6o, the majority may be incorporated mainly in some polymeric
form.

3.2 THE SMALL ANGLE NEUTRON SCATTERING FACILITY (Building 73)
(R. Knott, P. Baxter, A. Vial and C. Laman)
The major components for the small angle neutron scattering instrument in Building 73 have been

installed and are awaiting for the neutron beam. Active collaboration continues with Institut Laue Langevin,
Brookhaven National Laboratory, Missouri University Research Reactor, RISO and PSI on certain aspects of
the instrument desian.

3.2.1 Instrument Hardware
(R. Knott, A. Vial and P. Baxter)
All instrument components within Building 73 have been installed and optically aligned with the

collimator front-end located in the HIFAR Reactor Containment Buildina. Difficulties with the inflation rate of
the airpads on the main vacuum vessel have not been resolved.

To reduce neutron beam attenuation by air scatter, all instrument components involving beam transport
have been manufactured as vacuum vessels. All such components have now been extensively tested under
vacuum conditions and modified where necessary to meet our leak-rate requirements. The instrument vacuum
system is now complete. 'Me system maintains all instrument components at the working pressure.

The two main design options for the sample chamber have been evaluated by the potential user
community. The open option has been installed for the alignment and first experiments. Low-scatter windows
permit the neutron beam to impinge on a sample located in the laboratory atmosphere. The vacuum-enclosure
for the sample (second option) has been manufactured and is presently being installed.

3.2.2 Detector Development
(R. Knott, P. Baxter, A. Vial, C. Laman, P. Geltenbort', G. Smith+. G. Watt and J.W. Boldeman)

Institut Laue Langevin; Brookhaven National Laboratory)
The initial tests of the detector vessel assembled with the Model #1 front window have been completed

and indicate satisfactory energy resolution on the anode arid. Because of a dsign fault, the odel 1
confl-uration was limited to a maximum differential pressure of 25 atmospheres and the acceptance test could
not be completed. Because of a design fault Model 2 front window required remachining to meet the design
specifications. After considerable delay, the inner membrane window was electron beam welded, subjected to
final acceptance tests and installed.

Durina the initial sefies of tests it was identified that the grid assembly was damaged beyond repair and
required a complete rebuild. Because of major difficulties with the manufacture and installation of ceramic
supports, it was decided to rebuild with GIO fibre reinforced epoxy substrate. This increased the possibility of
gas contamination so the capacity of the gas purification system was increased accordingly. The manufacture of
the replacement components is in progress. When complete, the entire grid wire assembly will be reconstructed
and installed in the detector chamber.

The electronic readout system is in the final stages of manufacture. The preamplifier/discriininator
module for each readout wire has two stages of preamplification, followed by threshold discrimination. The
readout prearnplifiers have met the desiorn criteria for si nal gain and stability with respect to feedback-induced
oscillation. The 16 channel board is in manufacture.
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In the event address creation electronics, hit-wire information is latched on receipt of a valid trigger and41
then sequentially scanned. The centroid and width of each cluster of hit-wires is encoded and transferred via
CAMAC DATABUS to the data acquisition computer. The system is a computer driven device requiring high
speed communication between devices. The system has undergone the first series of trials.

Active collaboration on detector development continues with Institut Laue Langevin (ILL), Brookhaven
National Laboratory, Missouri University Research Reactor, TRIUMF and the University of Delft.

3.2.3 Data Acquisition and Analysis Software
(R. Knott, D. Carroll', D. Schneider', R. Ghosh" and S. Hansen")
(' ANSTO Computing; Brookhaven National Laboratory; * Institut Laue Langevin; " RISO)
Version 1.0 of the data acquisition software has been completed. The software interfaces with the event

coding electronics, reads the event address in real time, creates an interactive display and stores the data as a
high density file,

The data analysis software consists of an IDL based package and the ILL package. IDL is a powerful
general purpose data and image analysis package that provides the user with many options for the display and
analysis of data. Version 1.0 of this package is being written. The software package developed at ILL is
presently being ported to the personal computer and Ultrix environment and will be installed as soon as
available.

3.3 INTERNATIONAL COLLABORATIONS AND OVERSEAS VISITS
Neutron scattering staff made a significant contribution, by way of lectures and practical work, to the

IAEA course 'Nuclear Methods in Materials Science' held at Lucas Heights in March. Particularly interesting
was the development, in collaboration with Advanced Materials (Phil Walls), of a demonstration experiment
makina, use of MRPD to follow the crystallisation at 1000'C of an yttria-alumina-silica glass.

ANSTO is the National Affiliated Centre for the Cambridge Crystallographic Data Centre, and thus has
responsibilities for the distribution to academic users of the Cambrid-e Structural Database.

A number of measurements on inconel, and on the hiah temperature superconductor YBaCU307 have
been undertaken for the Koreans. The data on inconel have been provided on a paid basis, but some of the
superconductor work has been conducted under the ANSTO/KAERI collaborative areement.

Maruaret Elcombe worked in Banakok for two weeks as an IAEA expert helping the Office of Atomic
C C

Energy for Peace (OAEP) prepare specifications for a new research reactor, with special reference to the neutron
beam requirements.

Michael James spent two months at the ISIS facility, assisting with the commissioning and operation of
the new SURF reflectometer. This work was funded from the International Science and Technology Program.

Shane Kennedy was an invited speaker at the Denver conference on X-ray analysis, and presented papers
at the International Conference on Maurietism in Warsaw a short time later. In between these meetings he
visited Institut Laue-Langevin (ILL), Grenoble, where he gave a talk, and spent two weeks at the Hahn-Meitner
Institute, Berlin, in connection with the development of polarising supermirrors for the Longpol upgrading.
Shane represented Australia at the ICNCA Workshop on Utilisation of Research Reactors held in Jakarta,
Indonesia, at the end of November, 1994. Earlier this year, he and Phil Miles (UNSW) travelled to ILL to use
the single crystal neutron instrumentation to investigate the incommensurate structure of Bi2Sr2CaCU208 (Section
3.1.8). The visit was funded from the Access to Major Research Facilities Program (AMRFP).

Robert Knott attended the 'Neutrons in Biology' conference held in Santa Fe in October. Robert, who
was a member of the conference Program Committee, presented a paper on the neutron facilities in Australia,
and also chaired one of the sessions. He visited the Los Alamos National Laboratory after the meeting.

Chris Howard was an invited speaker at the special Australia/Japan symposium on 'Impact of Powder
Diffraction in Advanced Materials Research', at the Annual Meeting of the Crystallographic Society of Japan,
Osaka, November, 1994. He travelled on to the UK (funded by AMRFP), to undertake further measurements on
zirconia ceramics at high temperatures (Section 31.5). In conjunction with this visit, he attended the meetings
of the ISIS Neutron Experiment Selection Subcommittees on November 30 and December 1. Dr John Boldeman
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represented ANSTO at the meeting of the ISIS Science Advisory Committee on the following day. Howard
visited the AN13F in March in a Sydney University led experimental team, where he recorded X-ray powder
diffraction data from pyrochlores and zirconium nickel hydrides. He later visited the United States, under the
US/Australia bilateral cooperation agreement, spending the majority of his time at the Brookhaven National
Laboratory. At Brookhaven, he completed high-resolution neutron and synchrotron X-ray diffraction
measurements on zirconium nickel hydrides (Section 3.1.6). He took the opportunity, while in the States, to
make short visits to the Materials Research Laboratory at the University of California Santa Barbara, the Reactor
Radiation Division at the National Institute of Standards and Technology, and the Intense Pulsed Neutron Source
and Advanced Photon Source at the Argonne National Laboratory, Illinois.

Brett Hunter visited ANBF to undertake measurements related to the possible development of a new
germanium monochromator for use there.
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4. RADIATION TECHNOLOGY AND STANDARDS

4.1 RADIATION TECHNOLOGY
(K. Hammerton, W. Garrett, M. Saunders, G. Gant and C. Banos)

4.1.1 Radiation Processing and Dosimetry
(M. Saunders, G. Gant and C. Banos with support from 0. Evans, W. Garrett and K. Hammerton)

(a) Maintenance of Therapeutic Goods Act (TGA) Licence and Quality System
Meeting the criteria of the Australian Codes of Good Manufacturing Practice for Therapeutic Goods is a

prerequisite for Radiation Technology to be able to provide a radiation sterilisation service for therapeutic goods
in Australia. The licence is issued after compliance to the relevant codes of practice is demonstrated during an
audit from the TGA Audit and Licensing Section. Establishment of a quality system is pivotal to achieving this
status. Once a TGA licence is issued, the licensing criteria must be maintained and redemonstrated durina audits
conducted by the TGA.

During the 1994 audit by the TGA of Radiation Technology no deficiencies were recorded and the group
was complemented on the effort put into upgrading procedures. During this period, in addition to maintaining the
existing quality system, Radiation Technology revised or introduced fifty one procedures, specifications.
instructions and forms. In addition, computer software packages used to provide irradiation and dosimetry
service were upgraded to provide uniform interface for all applications. Furthermore processing, dosimetry and
status labels and contract forms were redesigned to comply with current Australian regulations.

(b) Radiation Sterilisation Service
Radiation Technology provided a radiation sterilisation service for ospitals, industry and overnment

bodies.

Support was also provided to ANSTO's Biomedicine Health, Environmental Science, Applications of
Nuclear Physics Programs and Australian Radioisotopes.

(c) Sterilisation of Bone and Tissue Grafts
RTP's involvement with bone and tissue bankin- included the irradiation under dry ice of femoral and

tibial bone and patella tendons for Sutherland and St George hospitals and the Queensland Bone Bank.

(d) Support of Industrial Product Qualification Studies
Radiation Technology offers a unique service for feasibility and product qualification studies. The

facilities comprise 9 cobalt-60 irradiators which offer a range of dose rates and temperature conditions. a cbalt-
60 calibration facility traceable to the Australian Standard for absorbed dose and a small pilot scale irradiator.

With the introduction of the International Organisation for Standardisation (ISO) document Sterilisation
of health care products - Requirements for validation and routine control - Radiation Sterilisation in March 1995.
it is now an international requirement that manufacturers of health care products undergo studies to qualify both
the product and the packaging material's compatibility with radiation processing,. This product qualification is
also a requirement of the TGA.

ANSTO throu-h Radiation Technology has supported the industry demand within Australasia for such
research and development by providing a unique service of accurate doses over a wide dose ranae under a
variety of temperature conditions.

This service was provided to Australasian companies manufacturing health care products.

(e) Support of University Research
Support for research at Sydney University and Newcastle Universities was given through the provision of

a wide range of doses under a variety of irradiation conditions to departments such as biosciences, inunurioloav
and microbiology.

University research was further supported through AINSE, with University of Queensland, University of
Western Sydney Griffith University, James Cook University, Sydney University and University of Western
Australia using this service. Doses ranging from 2 to 6700 kGy with temperature conditions ranging from -
196'C to 140'C were provided for a range of dose rates from 025 to 425 kGy1hour as specified by clients.
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Dosimetry Supply and Calibration Service
Radiation Technology introduced a new range of ceric-cerous dosimeters for monitoring the absorbed

doses between I and 12 kGy. This dosimetry complements the range of absorbed dose (10 to 35 kGy) which
was monitored by the ANSTO high dose ceric-cerous dosimeter. The demand for this dosimetry service
increased to include commercial irradiator operators in Australia, Malaysia, Sri Lanka and companies involved
in the manufacture of medical supplies, pharmaceuticals and sterile disposables.

During this period there was also an increase in demand for calibration of other commercial dosimeters to
the Australian standard for absorbed dose, with the calibration service extended to New Zealand. An on-site
calibration service was also made available to the operator of a Caesium- 37 gamma irradiator.

(g) Sterile Insect Technique
The project in collaboration with the Gosford Postharvest Laboratory, NSW Agriculture is carrying out a

sterile insect technique (SIT) program for controlling Queensland fruit fly in Victoria, NSW and South Australia.
Pupae are sterilised with a small dose of radiation 72.5 ± 25 Gy) and released into infested areas. During July
1994 to June 1995 twelve batches of pupae were processed.

Radiation Technology obtained a contract for the irradiation of up to 20 million pupae per week for the
Tri-State Fruit Fly Stately which is expected to commence during the latter part of 1995

(h) Other Services
In addition to the above, Radiation Technology provided technical information and support to enquires

from outside oroanisations, including commercial irradiation facilities and clients. In addition support was given
for client development studies and eneral irradiation services such as colouration of glass and antique

glassware and gemstone enhancement.

(i) Summary of Radiation Processing and Dosimetry Support Trends

1993-1994 1994-1995
Total Total

Type of Service Requests Total Users Requests Total Users
for Support for Support

Dosimetry Supply and/or Measurement 35 7 50 12
Dosimetrv Calibration 2 2 5 3
Sterile Insect Technique 16 1 12 1
Hospitals' 93 1 1 50 12
Calibration - Blood Irradiations I I I I
Australian Radioisotope Support 48 36
Support to Universities through AINSE I 4 18 8
Validation R&D b Studies[Precision 53 1 43 1 1
(includes SIT not ANSE)

[Tissue Gra t 3 2 3 1 3
1 Total Users 300 55 253 1 66

a AS 4187 - 1994 - Code of practice for reusable medical surgical equipment introduced in 1994. Trend
for hospitals to reappraise practice of reusing items and risk of cross contamination

b product qualification studies are performed to either
0 substantiate product and packaging compatibility with irradiation processing. This study is not

repeated unless changes are made to product or packaging material
or e determine the routine processing dose required to provide the designated level of sterility assurance.

These studies are repeated at regular intervals depending on control of product contamination.
includes requests for routine processing not listed above
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0) Replenishment and Refurbishment of Facilities
During this period 50 kilocuries of cobalt-60 were used to replenish the pilot gamma irradiation facility.

The source array was redesigned to both optimise the use of the facility for routine processing and to maintain
the capacity for precision irradiations.

4.1.2 International and National Interaction
(a) International Atomic Energy Agency(IAEA)
(i) Regional Cooperative Agreement (RCA) Project Radiation Sterilisation of Tissue Grafts

Four reports were presented by the National Coordinator for this project M. Saunders) at the National
Coordinators Meeting and Mid-Term review for the IAEAJRCA Project on Radiation Sterilisation of Tissue
Grafts which was held in Vienna from 37 October, 1994.

(ii) The 2nd National Coordinator's Meetingfor Joint UNDPIRCAIIAEA Project on The Use of Isotopes
and Radiation to Strengthen Technology and Support Environmentally Sustainable Development
Radiation Technology participated in The 2nd National Coordinator's Meeting in Ho Chi Minh City,

Vietnam 21-25 November, 1994 with the attendance of The National Coordinator for Radiation Technology,
Australia (Dr R.W. Garrett), and presented a report.

(iii) MaintenanceofNationalCoordinatorfunctions.
Continuing liaison with Australian tissue bankers to inform of national, regional and international

developments and networks. Successful networking has resulted in tissue bankers from three Australian tissue
banks nominating to attend and present papers at a RCA Workshop on Tissue Banks in Singapore during
September, 1995.

4.1.3 Support to National Institutions
(a) Therapeutic Goods Administration(TGA)
(i) Two drafts prepared by the TGA on Australian Code of Good Manufacturing Practice for Tissue were

reviewed and comments submitted.
(i i) Regular communication with members of TGA to advise on developments and status of International

Standard for Radiation Sterilisation.

(b) Standards Australia
Review of several working documents and draft international standards prepared by several working

C, C�
groups of the International Organisation for Standardisation (ISO) Technical Committee 198 - Sterifisation of
Health Care Products was completed and comments forwarded to Standards Australia for inclusion in Australia's
contribution.

(c) National Health and Medical Research Council
(i) Draft uidelines for the "Donation of Cadaveric Organs and Tissues" were reviewed and comments

submitted.
(i i) Draft guidelines for the "Use of Patient Tissue in Research" were reviewed and comments submitted.
(iii) Draft on Creutzfeldt-Jakob Disease: Guidelines of Patient Management and Infection Control was

reviewed.

(d) Support of Quality Assurance Systems of Other ANSTO Program Areas
Radiation Technology provided support to Australian Radioisotopes (ARI) in the implementation of

Total Quality Management and advised on matters concerning TGA requirements for GMP.

4.1.4 Food Irradiation
(K. Harnmerton)
The food irradiation process can be used for improving the safety and extending the shelf-life of a variety

of foods. One such application which has potential public health benefits, is the elimination or reduction of
pathogenic microorganisms such as Salmonella and Escherichia coli in raw, solid foods. The continuing
increase in food-borne diseases worldwide has led to renewed interest in this application.

The Radiation Technology group provides the main centre in Australia for research and development
work, expertise and advice on food irradiation. The gamma irradiation facilities operated at ANSTO are suitable
for feasibility studies on the irradiation of foodstuffs under controlled conditions. The group provides expert
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advice and assistance to Government, the food industry and consumers on food irradiation issues and
collaborates at the national and international levels on work in this field.

The moratorium on food irradiation in Australia has been extended until the National Food Authority
(NFA) prepares a standard for irradiated foods. In 1994 the report from the World Health Organisation on the
'Safety and Nutritional Adequacy of Irradiated Foods', which was commissioned and funded by the Australian
Government, was published. Radiation Technology provided scientific and technical advice for the response to
the provisional edition of the report and three submissions on the A's proposal to prepare a standard.
Subsequently, a detailed submission by ANSTO in response to the NA discussion paper on its proposal, was
presented in 1995.

The lack of suitable detection tests for irradiated foods was a major consideration when the moratorium
was placed on food irradiation in 1989. Such tests are necessary to enforce compliance with labelling
requirements for irradiated foods or with a prohibition on the sale of irradiated foods. Radiation Technology has
participated in the international research programs to develop these detection methods. The research agreement
with the FAO/IAEA Coordinated Research Program on Analytical Detection Methods for Irradiation Treatment
of Foods (ADMIT) was completed in 1994 and four papers on the work undertaken within this Program have
been accepted for publication in a Royal Society of Chemistry book. Two methods have been established and
validated for the routine control of irradiated spices: the direct epifluorescent filter technique/aerobic plate
count (DEFT/A-PC method) and thermoluminescence (TL) analysis. In 1994/95 the laboratory has been
participating in the following, international collaborative trials:

0 0

(a) 'An Interlaboratory Study on the Detection of Irradiated Shrimps by Thermoluminescence Analysis',
coordinated by the Federal Health Office, Germany;

(b) 'TL-Interlaboratory Study for a Qualitative and Quantitative Detection of Irradiation Treatment of
Potatoes', coordinated by the Federal Health Office, Germany;

(c) 'Collaborative Study of the Half-embryo Test for the Detection of Irradiated Citrus Fruit', coordinated by
the National Institute of Health Sciences, Japan; and

(d) 'MAFF Interlaboratory Trials of TL Detection of Irradiated Fruits, Vegetables and Shellfish', coordinated
bv the Scottish Universities Research and Reactor Centre for the Ministry of Agriculture, Fisheries and
Food, United Kinadom.

Trials (a), (b) and (c) have been completed and all samples submitted to the laboratory for analysis have
been correctly identified as irradiated or untreated. Standardised protocols for these methods have been
established.

4.1.5 13 MeV Van De Graaff Electron Beam Accelerator (Bld 45) and Cobalt-60 Irradiations (Hut 11)
This facility has proven to be 100% reliable over the last 12 months. Electron Gun Filament stability has

been excellent with the machine giving steady DC beam of approximately 30 mA at an energy of approximately
1.3 MeV. In pulse mode, the pulse width is approximately 3 msec with a maximum beam current of 14 mA at
an energy of approximately 13 MeV. Maximum reliable repetition rate is 50 Hz.

In house development of software to collect data on fast transients and to trigger the accelerator and run
the monochromator, solution flush pumps, UV shutter and Faraday cup shutter are under way. The initial stage
I of the software development has reached a point where data can be collected. Cosmetics to the user interface
and debugging of the data analysis section is outstanding. Stage 2 of the software development will focus on
the control of the monochromator stepper motor, flush pump and electron and UV shutters and accelerator
tri-er. Hardware has been purchased

The major use for this machine is pulse radiolysis from various University personnel with some use in
DC mode also. The machine is used currently for investigations involving free radicals, excited states and
single electron oxidation/reduction reactions in metaVorganic, organic, inorganic and biological chemistry.

The cobalt-60 gamma irradiators in Hut It adjacent to Building 45 continue to be used by University
personnel for radiation initiated polymerisation of monomers. Rates of polymerisation are followed by a
dilatometer and optics interfaced to PCS. The current maximum dose rates of the LHS and RHS are now
extremely low and are 0376 and 0013 kGy/hr respectively (as of July 28, 1995).
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There have been 4 university research groups utilising the EB facilities over the last year and two
research groups utilising the Hut I I Cobalt-60 irradiators. All of these users are funded by AINSE research
grants.

Research topics funded by AINSE for the accelerator included:
(a) radiation induced defects in Indium Phosphide
(b) radiation chemistry of organic herbicides and fungicides
(c) the electron induced defects in Gallium Arsenide semiconductors,
(d) biological studies on metal ion cage complexes,
(e) reaction kinetics of carbonate/iodide radical ions in aqueous solution,
(f) pulse radioiysis studies of Cliromium(IV) intermediates and intramolecular electron transfer,
(g) pulse radiolysis of radiomodifying drugs,
(h) defects in irradiated solid oxides,
(i) radiation -rafting reactions involving additives and radiation cross-linking of acrylate elastomers,

mechanistic studies of radioprotection by bibenzimidazoles,
(k) radiolysis of copper protein compounds.

Topics studied using the Hut I I Cobalt-60 irradiators included:
(a) polymerisation of self assembling systems by gamma rays,
(b) emulsion polymerisations of rubbery and water soluble polymers.

Both the accelerator and the cobalt-60 facilities have been utilised by some 0 postgraduate students and
research personnel.

4.2 RADIATION STANDARDS
(S.M. Buckman, H.A. van der Gaast, H.A. Wyllie', D. Alexiev' and A. Rozenfeld")

Senior Fellow; High Energy Physics; Wollongong University)
The Radiation Standards Project, acting as an agent for the CSIRO National Measurement Laboratory,

holds legal responsibility for the maintenance of Australian primary standards of measurement for activity
(unit:becquerel) and absorbed dose (uniugray). In addition, the project also maintains a secondary standard for
exposure which is traceable to the primary standard at the Australian Radiation Laboratory.

The aim of the project is to develop and disseminate these National Standards of Measurement, with
particular emphasis directed towards the nuclear medicine community.

4.2.1 ARI Support
The National Measurement Act requires that the activities quoted on ARI products be traceable to

National Standards of Measurement. The Therapeutic Goods Administration (TGA cnducts annual audits of
Australian Radioisotopes (ARI) to ensure that they comply with the requirements of the Australian Codes of
Good Manufacturin- Practice for Therapeutic Goods. An important aspect of the TGA requirements is the
traceability of ARI activity measurements.

The Radiation Standards Project has worked closely with the Quality Cntrol section at ARI to establish a
calibration program which ensures that ARI's activity measurements are traceable to the national standard.

In December 1993, ARI was appointed by the National Standards Conunission as a verifying authority
67 13 11. To facilitate the issuing of standards by ARL a

licensed to issue standard sources of 99-Tc, Ga, 21T) and
Vinten IV dose calibrator was established as the ARI standard for activity. At ARI's request, a computer
program was developed and installed which has simplified the operation of this instrument. This program is now
used routinely for general activity measurements, the issuing of standards, linearity measurements and for
correcting the effect of impurities in 201TI solutions.

Traceability of the two ionisation chambers within the Quality Control section at ARI has now been
established for the following nuclides: 32P, 5Cr , 67 Ga, 9Y, 99Mo, 99mTc, 1231, 1311, 153SM, 20 1TI and 166mHo.
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4.2.2 1AEA Training Program
Mr Sudarsono, from the Centre for Standardisation and Radiological Safety Research (PSPKR in

Indonesia, spent three months with the Radiation Standards project as part of an IAEA fellowship. His training
in radionuclide metrology included source preparation, coincidence counting, laboratory automation and y-ray
spectrometry. He also assisted with the standardisation of 241,km.

4.2.3 Commissioning of P-Spectrometer
An EG & G Ortec cooled BETA-X spectrometer has been commissioned. The silicon detector has a

beryllium window and can detect up to 2 MeV electrons and 20 keV x-rays. The initial use of the nstrument has
been the identification of P-emitters; supplied by Waste Management.

4.2.4 2Am Standardisation
A primary standardisation of 24 'Am was performed using the computerised 47rVy coincidence counting

system. The results of the standardisation were in good agreement with the existing standard.

4.2.5 Digital Coincidence Counting
The advantages of being able to digitally analyse the pulses from radiation detectors has been recognised

by radionuclide metrologists for several years. However, it is only with recent developments in electronics and
computing technology that such systems are becoming a practical reality. A prototype digital coincidence-
counting (DCQ system is currently being developed by the Radiation Standards and Nuclear Instrumentation
Projects. It is currently the most advanced and versatile system of its kind in the world.

The prototype is comprised of a custom-built high-speed data acquisition card and associated Windows-
based software. The card plugs into the VESA slot of a 66 MHz 486 DX/2 computer and is able to continuously
digitise the signal from two radiation detectors at a sampling rate of 20 MSamples/s With 12-bit resolution.
Continuous high-speed storage of data is achieved by using hardware data compression, on-board FIFO buffers
and 32-bit data transfers over the VESA local bus.

After pulse train information has been stored it can be analysed in any number of ways using software-
based circuits. These circuits may be constructed simply by linking together icons which represent circuit
components such as single-channel analysers, time delays, paralysis units, coincidence mixers and time-to-
amplitude converters. A circuit based on the traditional method of coincidence counting is shown in Fia.4. .
The advantages of the system include the elimination of statistical fluctuations between repeated measurements..
improved reliability, the ability to apply different analysis techniques without the purchase of additional
equipment, ease of use and the ability to switch from one experimental arangement to another in a matter of
seconds. Specific applications of the system include the measurement of short-lived radionuclides and digital
pulse-pileup rejection.

A paper on the development of this system was presented in May 1995 at an international conference in
Paris on 'Applications of Radionuclide Metrology'. The presentation was well received and aroused
considerable discussion arnon-st delegates. Projects of a similar nature are currently in progress in Belgium,

0 Z�
France, Korea, USA, Spain and Switzerland.

The Nuclear Instrumentation Project has completed the design and construction of the prototype data-
acquisition card. A block diagram of this system is shown in Fig.4.2. Object-oriented software for performing
the data acquisition, analysis and graphical display of results is being developed using Borland C+ version 45.
Borland's Object Windows Libraries (OWL) are being used extensively. Programming of the graphic user
interface is 90% complete and code for a variety of circuit components has been written and tested. Some
preliminary results were obtained by using data fom a Hewlett Packard DSO (model 54522A). The realisation
of a generalised deadtime has been confirmed using a simulated pulse train. The main control unit and the
interface to the data acquisition card are the next sections to be developed.

4.2.6 Absorbed Dose
The CSIRO Division of Applied Physics has been informed that ANSTO is no longer able to maintain

primary standards for absorbed dose. Secondary standards for absorbed dose and exposure will continue to be
maintained.
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5. BIG SCIENCE

5.1 HIGH ENERGY PHYSICS
(I.J. Donnelly [Ldr])
High Energy Physics (HEP) explores the basic structure of matter and the fundamental forces in nature.

Experiments in this field bring about major advances in accelerator, radiation detector and superconducting
magnet technologies, and in computer software and hardware. In particular, accelerator technologies have
medical, industrial and multidisciplinary research application, many of which are discussed in a recent volume of
the CERN Courier (Vol.35 July/August 1995). HEP is characterised by strong international collaboration as
very large costs are involved to build and run the accelerators and detectors that are used. Physicists from
ANSTO are collaborating closely with groups from the Universities of Melbourne and Sydney as part of the
Australian HEP Consortium to participate in HEP research at the European Particle Physics Laboratory (CERN)
near Geneva. We are involved in two experiments at CERN, namely NOMAD and ATLAS. Grants totalling
$740,000 have been obtained for this program in 1995 from the Department of Industry, Science and
Technology, the Australian Research Council, and ANSTO.

The NOMAD project aims to discover if elementary particles called neutrinos have mass. The Australian
team desioned, assembled, and tested the veto component of the NOMAD detector in 1993. The veto minimises
the collection of data associated with non-interestina detector sionals caused by charged particles which
accompany the neutrino beam. Australia has helped to run the experiment since startup in April 1994. In the
past year we have collaborated on the design of the Forward Calorimeter (FCAL), which has extended the
capabilities of NOMAD for neutrino physics. CERN has recently extended the use of the SPS accelerator for
neutrino beam eneration until the end of 1997. Australia will continue to monitor the veto performance, and
contribute to the running of the experiment and to the data ollection and analysis in 1995-98. The NOMAD
Collaboration consists of 21 roups from countries, comprising about 140 physicists.C, -

The ATLAS experiment involves the design, assembly and operation of a very large detector to be used
with the Lar-e Hadron Collider at CERN, which was formally approved by the CERN Council in December
1994. The experiment is scheduled to be operational by 2004. The collaboration consists of about 150
institutes, and about 1,500 physicists. ANSTO is contributing to the inner detector design; in particular to the
R&D of new types of high energy particle detectors based on gallium arsenide material. GaAs detectors are
needed for operation in the high radiation flux environment which will occur in the inner detector. AINSTO is a
member of the CERN RD8 Collaboration on GaAs. The HEP Consortium have proposed the construction of
one or more of the "GaAs wheel" detectors in Australia as our contribution to the project. It is planned that
ANSTO will have responsibility for the testing of the individual detectors which make up the wheel, as well as
continuin- fundamental research into GaAs detector systems.

5.1.1 The NOMAD Experiment
(S.B. Boyd', I.J. Donnelly, N. Hyett', G.F. Moorhead', L.S. Peak', C. Poulsen', M. Sevior', P. Soler',
G.N. Taylor', S.N. Tovey', J. Ulrichs', K.E. Varvell L Winton' and B. Yabsley')
(' University of Sydney; University of Melbourne;)
This experiment involves the design, assembly and use of the NOMAD detector to search for neutrino

oscillations in a muon-neutrino beam at CERN. ANSTO is working very closely with the other Australian
groups as part of the contributions made to this experiment by the Australian team.

Electrons, muons and tauons have associated neutrinos (v, v,, v). One of the major questions in particle
physics is whether or not these neutrinos possess mass, and whether each neutrino is a different combination of 3
basic mass eicenstates. If such mass-n-iixing exists then a neutrino of one type will have a certain probability of
"oscillating" backwards and forwards between the 3 types as time progresses. The observation that there is a
deficit in the flux of electron neutrinos coming from the fusion reactions in the sun is highly suggestive that
neutrino oscillations occur. Assuming that inixing occurs between the muon and tation neutrinos, the fraction of
a v beam that has oscillated to v, at a distance L (km) from the source is:

P(v, --->v, = sin220,,, sin 2[7[8M2", L/2.48EJ

where E. (GeV) is the neutrino beam energy, 0, is the mixing angle between the mass states, and 5m 2A, (eV2 is

the difference in the squares of the neutrino masses. The EA ratio for NOMAD is suitable to probe v, masses in
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the range I - 0 eV. The experiment will either observe oscillations, or it will decrease the limit on the mixincr

term sin'20 AT by at least a factor of 10.

Australia has been responsible for the assembly and installation of the veto detector component, which
consists of modules of scintillator counter arrays that cover an area of 5m x 5m on the upstream side of the
detector. The veto contains 59 counters, consistin- of NEI 10 scintillator of lenath 2.1m or 3m and cross-
section 21cm x 2cm. The counters have a light guide and a photomultiplier at each end. Readout electronics
consists of discriminators, mean-timers and logic modules to form the final veto pulse for the experiment, and a
FASTBUS TDC module and scalers for monitoring. The veto n-Linimises the collection of data associated with
non-interesting detector signals caused by the charged particles which accompany the neutrino beam. Australia
has specific responsibility for the maintenance and testing of the veto.

Australia has also collaborated with the Dortmund and Harvard groups on the development of the
Forward Calorimeter (FCAL) for NOMAD, which involves interleaving the steel plates of the NOMAD forward
support structure with layers of scintillator coupled to photomultipliers plus readout electronics. The FCAL was
approved by NOMAD in January 1995. It was installed by Dortmund and was operational in April. This also
required an extension of the veto system (the V8 bank) by Australia. The FCAL adds significant extra capability
to the detector, particularly for measurement of dimuon events.

In early 1994, problems were encountered with the bonding of cathode strips in the drift chambers, which
form a major component of the tar-et and the detector. These have been overcome over the past year with an
improved production process. The majority of the drift chambers were in place by June, and the final 3 modules
will be added in mid-Aucust. Useful data has been obtained durinc, 1994/95, even in the absence of the
complete tracking system, allowing the development of on-line and off-line monitoring to proceed. uch effort
has continued to e placed on Monte Carlo simulation and event reconstruction.

Contributions by the Australian team to the NOMAD program during the period July 1994 to June 1995
include the following

• A total of 116 8-hour operational shifts in the NOMAD control room were carried out. In addition.
designated Australian personnel had the responsibility to address, on call, any queries relating to the
veto/triaaer system.

• The veto performance has been continually monitored, necessary maintenance has been carried out, and
minor improvements made. In particular, information on signal rates in each counter is acquired. and may
be viewed in graphical. format for easy comparison.

• Modifications and improvements to the computerised control systems were undertaken, and are continuing
On-line displays of veto efficiency, beam muon rate, and estimated neutrino event numbers have been set
up.

• Development of offline software for simulation of events in the detector, and for analysis of experimental
data remains a major activity. Considerable effort has been devoted to setting up compatible operating,
systems for workstations at CERN and in the Australian laboratories.

• Simulation of neutrino interactions and energy deposition by hadronic jets in the FCAL. This work has been
of importance for the decision to proceed with the FCAL development.

• Modellino, of the neutrino physics expected in the detector. Particular emphasis is being placed on the
following topics: diffractive pion production, neutrino oscillations via hadronic decays, like sign dileptons.
charm and coherent rho production by neutrinos.

• Australia had a significant role in writina, the Status Paper on NOMAD which will be presented at a number
of particle physics conferences this year.

• On averaue a team of physicists, including typically 3 graduate students, has been maintained at CERN
during the data collection period from April to October.

In summary, the Australian team has made a strong and recognised contribution to NOMAD to date. A
total of 13 people have spent periods of up to 4 months at CERN working on NOMAD. An operational veto
system is in place, software has been set up for data collection and analysis, a large number of shifts have been
carried out, and research into neutrino physics has continued. Australians have participated in all of the major
NOMAD meetinas in this period. With the complete detector scheduled to be in place by August 1995, the next
phase of data collection, analysis and publication of results is about to commence.
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5.1.2 NONIAD Software Development
(K.E. Varvell)
The development of offline software for simulation, data processing and analysis within the NOMAD

experiment is an ongoing project involving many people within the collaboration. At the planning stage,
modelling of the geometry and expected response of the different subdetectors plays an important role in arriving
at an optimally designed experiment. At the analysis stage, detailed comparisons of acquired data and simulated
interactions are important for understanding the resolution and biases of the detector and in extracting the
physics. The CERIN-developed GEA-NLT detector simulation package has been adopted by NMAD for this
purpose.

Data processing involves the decoding and calibration of the raw signals collected by the various
components of NOMAD; for example the reconstruction of particle tracks and momenta from hits in the drift
chambers. the reconstruction of interaction vertices from tracks, the formation of deposited energy clusters in the
calorimeters, and the identification of particle type using the information in the transition radiation detector.
preshower detector and muon chambers. An example of a reconstructed neutrino interaction from the 1995
experimental run is shown in Fig.5. I. Several charged tracks, includin a highly penetrating muon, can be seen
emerQinz from the interaction vertex of a muon neutrino which has entered the detector from the left. A second
vertex rsulting, from the decav or conversion of a neutral particle can be seen, with the tracks pointing back to
the primary interaction. Energy deposition in the cells of the electromagnetic calorimeter is represented as
horizontal bars proportional to the amount deposited.

Contributions to this effort have been and are being made in several areas.

...............

.............................................................. ... ........ . ................................

Fig.5.1 - A reconstructed neutrino event in NOMAD.

(a) NOMAD Veto Software
(S.B. Bovd' and K.E. Varvell)

University of Sydney)
Code for simulation of the veto systern, which forms the Australian hardware responsibility within

NOMAD, has been maintained and enhanced to reflect chan-es in the oerall software of the experiment. The
veto component of the reconstruction program for real experimental data has also been maintained and code for
correlating veto hits with those in other parts of the detector developed.

(b) NOMAD Trigger Timing
(K.E. Varvell)

study of the timing, of the various event triggers which are recorded by the NOMAD detector has been
embarked upon. Accurate knowledge of this time, preferably on an event-by-event basis, is necessary in order to
provide a time window in which to search for hits when reconstructing tracks in the dift and muon chambers.
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(c) Forward Calorimeter Simulation
(P. Soler' and K.E. Varvell)
(' University of Sydney)
The forward calorimeter (FCAL) for NOMAD was proposed late in 1994 as an addition. to the overall

physics capability of the experiment. Consisting of the instrumentation with scintillator of the iron plates
forn-iing the forward support structure of NOMAD, it provides both a target of mass approximately 18 tonnes
and calorimetry to determine the position and energy deposited by neutrino interactions in the iron. Enhanced by
information from the rest of the NOMAD detector, the FCAL provides a good instrument for studying
multimuon physics, leading to insight on charmed quark production and the strange sea content of the nucleon,
and for searching for non-Standard-Model neutral heavy particles, produced in neutrino interactions in the FCAL
and subsequently decaying in the NOMAD detector proper. A further important use of the FCAL is to provide a
high statistics sample of quasielastic neutrino interactions, leading to a better measurement of the neutrino flux at
NOMAD.

A simulation of the FCAL was written within the framework of the GEANT based simulation program for
the experiment. This was used for detailed studies of the expected response of the alorimeter frming a part of
the feasibility study and of the proposal presented to the collaboration. The FCAL was subsequently added to
NOMAD by the Dortmund University Group and has been in operation since the beginning of the 1995 physics
run.

5.1.3 Particle Physics Aims of the ATLAS Experiment - A Summary
(I.J. Donnelly and K.E. Varvell)
The following summarises information in the ATLAS Technical Proposal Report (CERNILHCC/94-43)

on the major particle physics topics which will be addressed by the ATLAS experiment.

(i) The discovery of the Higgs boson is the major oal, and is the prime reason for building the LHC and
ATLAS. The Higgs is a direct consequence of the mechanism invoked in the Standard Model of electro-
weak interactions to explain the processes that determine the observed masses of fundamental particles.
The detector is sensitive to a ran-e of Higgs decay channels depending, on ihe Higgs mass; for example,
the decay to a 4 lepton final state via a 2 Z boson state:

H ---� ZZ -� 4( , 2r-2 v mass range m1 > 2mz

(ii) An important component will be studies on heavy-quark systems, made possible because the LHC will
produce copious quantities of bottom and top quarks. The facility will be able to carry out a detailed
investigation of the top quark, which was recently observed at the Fermilab Tevatron.

(iii) A particularly rich field will be the measurement of charge-parity (CP) violation in 13-mesons. A small
deviation from CP symmetry occurs via specific decays of neutral kaons, and a larger symmetry breaking
is expected in the b-quark sector. CP violation is of major interest because it can explain the reason why
there is more matter than antimatter in the universe. These experiments will involve accurate
measurements of the interaction vertices, and their success will depend strongly on the performance of the
inner detector.

(i v) Supersyrnmetric (SUSY) extensions of the Standard Model predict a ide spectrum of new particles with
masses and production rates such that ATLAS could discover them over a large fraction of the parameter
space. ATLAS will therefore provide a major test of these theories.

5.1.4 Semiconductor Research in Support of ATLAS
(D. Alexiev, K.S.A. Butcher', L. Mo, S.T. Lai', A. Rosenfeld", G. Kaplan* and M. Reinhard")
(' Macquarie University; McMaster University, Canada; University of Wollongong)
Gallium arsenide (GaAs) was first invented in 1929 by Goldschmit, but it remained of little importance

until 1952 when articles on the electronic properties of III-IV compounds of semiconductors were published.
Since then the importance of GaAs as a III-V semiconductor to both solid state physics in general and device
physics, including space and high energy particle detector applications, has made it a material of much research
throughout the world. Device fabrication, material characterisation and evaluation of performance in hostile
radiation fields are conducted as part of ANSTO's program on the use of GaAs detectors in the inner detector
region of ATLAS. Considerable effort has gone into determining the electron trap structure, and its dependence
on radiation damage; this is of importance for an understanding of GaAs detector perfon-nance.
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(a) Studies of Defects in GaAs
The deep level transient spectroscopy (DLTS) technique has been employed to follow closely the effect

of I to 300 Mrad 6Co irradiation on the deep electron traps in undoped vapour phase epitaxy n-type GaAs.
The I Mrad y irradiated Schottky device was identical to the as-grown or control device, with only two electron
trapsEL2(Ec-O.82OeV)andE3(E,-0.408eV)detected. Atydoseof5Mrad,twoadditionalelectrontrapsEL6
(E.-O.336 eV) and E2 (E,-0.128 eV) were observed. As the doses were increased to > 10 Mrad a third
electron trap El (E,,-0.033 eV) was observed and the single exponential EL2 capacitance transient became a
double exponential, indicating two deep-levels lying at E,-0.820 eV (EL2/EL2-A) and Ec- 0843 eV (EL2-B).
The trap concentration of EL2-A remained unchanged up to a dose of 50 Mrad before starting to increase
slowly as the y dose was increased to > 100 Mrad. In contrast, the EL2-B trap concentration was found to
increase by a factor of 32 reaching 26 x 1014 CM-3 at 300 Mrad from a low 8.0 x 11 2 CM-3 at 0 Mrad when it
was first observed. Whereas, for the I MeV electron irradiation with low electron fluence of 1014 electrons CM-2,

the EL6, E2, El and the double exponential EL2 were detected at the same time. There was no sign of EL2-B,
EL3, EL6, E2 or El but only an additional broad U-band was observed after irradiation with I MeV neutrons.
The results of the y and neutron irradiation suggest that the double exponential EL2 transients were not related
to either EL6, E2, E I or the U-band, and is unlikely to be ASGa ---� VGa + Asi but probably is an ASGa complex
defect involving an irradiation defect. The defect concentration of trap El increased strongly from 54 x 1013

cm-3 at 10 Mrad to 93 x 1014 CM-3 at 100 Mrad and E2 increased from 21 X 1 13 CM-3 at Mrad to 67 x 1014
CM-3 at I 0 Mrad.

DLTS technique has also been used to study the EL2 defect in n-type semiconducting GaAs subjected to
I MeVfast neutrons at room temperature. After neutron irradiation, the EL3 defect which is usually detected
between 180 and 2 0 K disappeared and the EL2 defect measured between 20 and 320 K was found to remain
single exponential (Ec-0.820 eV) despite the creation of a broad U-band measured between 100 and 270 K.
From this result, touether with our earlier reports on the double exponential capacitance transient of the EL2
defect after I MeV electron irradiation and the behaviour of the electron irradiated EL2 defect upon isochronal
annealing a difference was observed in the behaviour of the EL2 defect after neutron and electron irradiation.
The results of the present study indicate that the EL2-B level reported in earlier work is not due to any
interaction of the stable EL2 (or EL2-A) level with either the U-band or EL6 defect. The EL2 defect is likely to
be a complex defect which can manifest itself as a number of different defect levels depending an the particular
details of the irradiation used. The U-band is likely to be a cluster defect caused by the large number of atoms
displaced from lattice sites by the fast neutrons and is not likely to be due to any interaction mechanism between
the EL2 and EL6 defects.

Optical deep level transient conductance spectroscopy (ODLTCS) has been employed to characterise
Schottkv devices fabricated on liquid encapsulated Czochralski (LEC) semi-insulating (SI) GaAs material which
has been exposed to low-pressure microwave 242 GHz H plasma. A range of substrate temperatures and
exposure times to the plasma were tested. An increase in device conductance spectra amplitudes were observed
after 60 min of H plasma treatment at 00'C, 300'C and 400'C. However, for devices at 200'C, the
conductance spectra decreased in magnitude with time and after 60 min and 120 min treatments the spectra were
identical to that of the control device. The chanue in device conductance under the above conditions suggests:
(i) there is an optimal plasma condition for the passivation of defects by atomic H with the formation of neutral
defect-H (DH) complexes, (h) the reaction between defects and atomic H is time dependent, and (iii) the LEC SI
GaAs materials are contaminated with H during the growth process. In contrast, the increase in magnitude of
ODLTC spectrum after 200'C treatment with molecular H for 60 min, confirms the role of passivation by the
atomic H.

Defects produced in undoped semi-insulating (SI) GaAs by I MeV electrons, Co gammas (y) and 25
MeV neutrons, and in Cr doped SI GaAs by I MeV electrons were studied using the ODLTCS method. Four as-
grown defects labelled as U I (0 12 eV), LJL2 0.17 eV), UL3 0.32 eV) and UL4 (a broad peak) in the undoped
SI GaAs and one shoulder peak (CLI) in the as-grown chromium (Cr) doped SI GaAs were observed. After
irradiation, ODLTC spectra were again measured from these devices. For the undoped SI GaAs, a new inority
carrier trap (UL6) was observed and the UL4 defect was annihilated by the fast neutrons. The photoconductance
intensities or concentrations of the ULI, UL2 and UL3 defects were found to increase significantly with
increasing neutron fluence. For y fluence of 10 Mrad, the intensity of TL4 becomes higher and its peak
narrower than for I Mrad and an activation energy of 098 eV (UL4) was obtained. As the y fluence is increased
to > 0 Mrad, both TLI and UL2 were found to disappear and a new defect of 021 eV (UL5) was created. The
new defect (UL5) is likely to be an acceptor level belonging to the GaA,. No new defect was observed in the
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electron irradiated undoped SI GaAs devices and the intensities of UL I, UL2, UL3 and UL4 were found to be
lowest after irradiation with the highest electron fluence of I x 1016 electrons CM-2 . Forthe I X 1014 electrons
cm-2 irradiated Cr doped SI GaAs devices, the MeV electrons induced two new defects: a broad
photoconductance peak (CL2) and a small peak (CL5). As the electron fluence was increased to I x 1015

2electrons cm- the broad photoconductance peak split into two peaks of 012 eV (CL3) and 03 eV (CL4).
Similar to the undoped SI GaAs, the intensities of the two distinct peaks decrease significantly with increasinC,
electron fluence and a broad photoconductance peak appears in the Cr doped SI GaAs irradiated with the highest
electron fluence.

Isochronal annealing behaviour of deep level defects in I MeV electron irradiated vapour phase epitaxy
GaAs was studied through DLTS measurements. As the annealing temperature was increased, the activation
energy of the EL2-A trap remained at E-0.823 eV, whereas the EL2-B trap (E,-0.843 eV) transformed to a new
trap, ELN-I(E,-0.870 eV), and finally to another new trap, ELN-2 (E,,-0.891 eV) before returning to the single
EL2-A level at 270'C annealing temperature. The capture cross sections of EL2-B and EL6 increased by an
order of magnitude during the annealing. These results suggest that the EL2-B trap which was split from the
EL2 centre by the I MeV electrons could be related to EL6. Traps El and E2 remain at E,-0.032 eV and E,-
0.129 eV, respectively, throughout the annealing, before annihilation at 290'C annealing temperature. This
result indicates that the atomic structures of El and E2 defects could be related. The EL3 (E,-0.420 eV) is
transformed to a new trap, ELN-4 (Ec-0.456 eV), and then to Ec-0.50 eV (P2) during annealing. The free carrier
concentration of the irradiated sample increases rapidly with annealing, temperature and returns back to the
starting free carrier concentration due to the rapid annealing rates of the electron induced defects.

1� C,

(b) C-V Measurements of High Carrier Concentration GaAs Devices
A number of authors make reference to egative capacitances" observed during impedance

measurements of metal-semiconductor and other semiconductor device structures at sufficiently low frequencies
for parasitic inductances to be assumed negligible. Often these negative capacitances are attributed to physical
phenomena associated with the devices being measured. It has been demonstrated that many such interpretations
incorrectly neglect the importance of parasitic series inductances at low frequencies when device conductance is
larae, as in a forward biased Schottky barrier or when large device leakage currents are present. Simulations of
experimental data for a Schottky diode shows that typical values of probe lead and other instrumental inductance
may be sufficient to provide an instrumental explanation for the apparent effect.

(c) Characterisation of CdTe) y-ray Probe Detector
Small y-ray probe detectors made from Cl and In doped Bridgman-grown crystals of CdTe, rown at

ANSTO has been characterised and described in a publication. It was found, that a slow low-temperature anneal
of the as-rown CdTe ranging from 485 to 85'C, cooled at a rate of < 20'C/h greatly improved detector
performance. Best photopeak to Compton edge ratios were 2 for 662 keV y-rays. Typical values were 1 I
with energy resolutions of % FWHM. Energy resolution was - 13.5% for 185 keV yrays from a 21'U(93%)
source. This indicates that such devices would be well suited for nuclear safeguards.

(d) PIN and CMOS Devices for Use in Neutron and Gamma Dosimetry
A study of PIN and CMOS devices for suitability as neutron and gamma dosimeters in a mixed hadronic

field has been completed. Such devices need to measure separately doses due to fast neutrons and gamma
radiation. Gamma irradiation is measured by charge build up in the SiO2 interface of a CMOS. Neutrons are
measured by damage to the Si lattice and consequently by rise time reduction of the PIN device. It has been
shown in principle that PIN devices are ideally suited for LHC fast neutron dosimetry and in medical
applications, measuring epithermal neutrons in Boron Neutron Capture Therapy.

(e) Passivation of LPE GaAs Surfaces
Passivation was attempted using aqueous P2S5 - NH40H, (NH4)2S, and plasma nitrogenation and

hydrogenation. Results indicate that plasma nitrogenation with pretreatment of plasma hydrogenation produced
consistent reduction in reverse leakage current at room temperature for all p and n type Schottky diodes. Some
diodes show an order of magnitude improvement in current density. (NH4)2S, passivation also show improved I-

characteristics, though the long term stability of this passivation is questionable.
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(f) X-ray Photoelectron Spectroscopy of Liquid Phase Epitaxial GaAs Surfaces
X-ray photoelectron spectroscopy (XPS) with argon ion depth profiling was employed to investigate

sulphur deposition from a standard 3H2SO4:H202:H20 etchant onto (100) GaAs. From these experiments it
appears that etching with 3H2SO4:H202:H20 leaves a mixed sulphide/oxide layer, with free sulphur at the top
surface of this layer. The sulphide within the layer was found to be bound to gallium. No evidence of sulphate
formation was found. Removal of the sulphur contamination using a solution of HCl:H20 was investigated.
Also atmospheric contamination of samples exposed to room conditions for up to six months was observed.

(g) Continuing Research into the Growth of Liquid Phase Epitaxial GaAs
Growth temperature profile was modified produce much improved crystallinity of the epitaxy. Effort

is now concentrated on improving reliability of the purity of the epitaxy. To support this work conventional
analytical techniques such as C-V, IV and DTS, and XPS at the University of New South Wales have been
used.

(h) Voltage Contrast Measurement of Semi-Insulating GaAs
In the early stage of the ANSTO High Energy Physics program a set of voltage contrast measurements

were performed on semi-insulating and liquid phase epitaxial GaAs in a scanning electron microscope. Similar
measurements were being performed on semi-insulating GaAs within the ATLAS (RD8) collaboration at CERN
(of which ANSTO is a member) however, a suitable theoretical framework for understanding the results for that
specific material was absent. Recently, it was observed at the Third International Workshop on GaAs and
Related Compounds, St. Miniato 1995, that a proper understanding of serni-insulatinor GaAs can only be
achieved by treating the material as a relaxation semiconductor rather than a lifetime semiconductor. A
relaxation semiconductor is a material for which the lifetime of free carriers is very much less than the dielectric
relaxation lifetime, the opposite applies for a lifetime semiconductor. This realisation provides a proper
perspective for the treatment of voltaae contrast measurement results for the semi-insulating GaAs and
consequently a paper is being prepared on this basis.

(i) The Suitability of PIN Dosimeter Diodes for Determinin I vieV Equivalent Neutron Fuences for
Use in Radiation Hardness Studies
(with M. Reinhard PhD Student)

University of Wollongong)
The reconstruction of the complex event tracks produced in hadron colliders requires the fast rsponse

and ood spatial resolution of silicon based detectors. However, high event rates as those envisioned in such
0 C,

experiments as ATLAS at the proposed Large Hadron Collider will cause significant darnage to the operational
characteristics of silicon detectors and their associated electronics.

The present study nvestigated the effects of a non uniform field of neutrons of energy 089 MeV on
Ukrainian 'SPO Detectors', silicon ion implanted structures for use in determining the suitability of silicon PIN
dosimeter diodes for measuring I MeV equivalent neutron fluences.

Results show that I MeV equivalent neutron fluences determined through forward voltage shifts in PIN
diodes calibrated in a well characterised Boron Neutron Capture Therapy (BNCT) neutron spectrum agreed to
within 15% of neutron fluences calculated from electrical measurements of ion implanted structures. Hence it
was demonstrated that standardisation of all radiation hardness testing results, where different neutron energy
spectra were used, could be achieved in terms of this I MeV equivalent neutron fluence in silicon I
MeVisi)) as measured by PIN diodes calibrated in any neutron spectrum.

Charge Collection in Large Area Windowless Ion Implanted Silicon Detectors
(with G. Kaplan', PhD student)
(' University of Wollongong)
The passivated ion implanted detectors are manufactured on the base of high purity n-type silicon. They

are very suitable for high resolution spectroscopy of short range charged particles and high energy particles.
Z� C,

For hiah resolution alpha spectroscopy such detectors should have an extremely thin entrance window to
C, With 24

avoid the straggling effect. We studied detector chips with p active area of cm2 by irradiation 'Am
alpha particles (E. = 5486 MeV). The detector showed an effect of peak splitting. For understanding the
charge collection process the collimated alpha particles beam was used to scan the surface of the detector. It was
found that peak splitting depends on the position of the beam with maximum intensity of the second peak near
the edge of the detector active area and only the single peak in the centre. It was also found that the second peak
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disappeared at bias voltage below 12 V. It was suggested that the observed effect was due to non uniform
electric field distribution in the detector which effected slow radial hole collection. In order to test the model of
charge collection, half of the active area was evaporated with Al and the detector was scanned across evaporated
and bare parts. No splitting was observed while scanning the detector part covered by aluminium.

The model of chore collection and technological recommendations for the manufacture have been
suggested.C,

5.1.5 Electric Fields in Semiconductor Detectors under Reverse Bias
(I.J. Donnelly)
Semi-insulating (SI) GaAs will be the material used for radiation-hard strip detectors in ATLAS. The

charge collection efficiency (cce) and charge transport in this material is not well understood. Both depend in
part on the electric field distribution across the detector, and this has a strong dependence on the densities of
donors, acceptors and particularly deep donors. The appropriate boundary conditions at the contacts are also of
importance.

At least for simple semiconductor materials it is relatively easy to write down the appropriate expressions
for Maxwell's equations and the transport equation which can be solved for the electric field E, the electron
potential , and the Fermi level EF. However, the solution of these equations is non-trivial as the equations are
very stiff. An algorithm is being developed based on the boundary-value differential equation solver D02RA-F
from the NAG Fortran Subroutine Libraries. The simpler case of predicting the E field in an n-type Si pad
detector. takinc, into account a constant electron leaka-e cur-rent has been pursued in order to develop an
effective solution technique. The system can be expressed in the form of 3 first-order nonlinear differential
equations, with the equation for the E field being of the form

dE = NDe exp[_ e( - EF)
dx C, kBT

where Ox) is the electron potential, EF(X i the Fermi level and ND is the density of shallow donors. Attempts
to solve this set of equations, even with reasonable estimates being used for the boundary values and the global
solution lead to failures due to overflow errors in the exponential trms. However, a technique of solving for a
less-sinoular case at large T, and then iterating on decreasin- T to obtain the desired solution at T = 300K, has
proved successful. The solution for an under-depleted detector with ND = 1014 CM-3 , 500V reverse bias, and a
leakage current of 100 nA/mm2 shows a low but nearly constant electron density in the depletion zone. followed
by a boundary layer of about 3 �im width over which the electron density increases from 10' cm-' to 10" cm-',
followed by a region of constant E field and electron density.

The solution algorithm is presently being adapted to the more complicated case of SI-GaAs, including the
effects of deep donors and the E feld dependence of the trapping cross section. The deduced fields will then be
used to predict charge transport and time-dependent pulses for comparison with experiment.

5.1.6 Electric Field Studies of Semi-insulating GaAs
(M. Williams', PhD student)
(' University of Sydney)
Transient current pulses have been used for the first time to investigate the nature of the electric field in

semi-insulating (SI) GaAs. These current pulses reflect the behaviour of the electric field in the bulk of the
material. Knowledge of the electric field distribution across detectors made from SI GaAs is currently a very
important area of research - this knowledge is essential in order to understand the behaviour of detectors made
from it. In the previous experimental system stray inductance was a significant problem but a new system has
been constructed and the effects of stray inductance are no longer of great concern. Fig.5.2 shows current vs
time for a 5.5 MeV x-particle incident on the front face of a 600 nun thick Schottky diode for various values of
reverse bias. Other groups have measured the field distribution across a cleaved SI GaAs diode using a voltage
probe, and a comparison of the current pulses which would be obtained using Ramo's theory with those
measured by us was made. This showed that the standard form of Ramo's theory for predicting current pulse
shapes, which is correct for silicon detectors, is incorrect for SI GaAs, and a more correct prediction can be
found using a variation of the Energy Balance formula.
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5.1.7 Low Frequency CV Measurements on SI GaAs
(M. Williams', PhD student)

University of Sydney)
The semi-insulatina nature of SI GaAs arises from the balance between deep donor levels, shallow

acceptor levels and shallow donor levels. Also, the amount of ionisation of the deep donor level is partially
responsible for the behaviour of the electric field across the material. However, a typical capacitance-voltage
(CV) measurement %&-hich uses a measurement frequency of I MHz indicates that the depletion re-ion almost
extends across the entire detector. It has been established that the material is not fully depleted at low reverse
biases, and the reason for the false CV measurement is that the deep donor levels cannot respond at this
frequency. A measurement system based on a lock-in amplifier has been set up in order to reach frequencies
lower than I Hz where these deep donor levels will respond. This will provide information about the amount of
deep donor level ionisation, its distribution throughout the material and the relationship between depletion depth
and bias. and thus aid our understanding of the behaviour of SI GaAs detectors.
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Fig.5.2 - Current pulses for a 600 gm thick undoped SI GaAs Detector

5.1.8 Studies of Neutron Darna-e to Silicon Strip Detectors
(G.N. Taylor', G. Gorfine', G.F. Iloorhead', I.J. Donnelly, R. El-Haje and A. Williams)

Physics Department, University of ',Ivlelbourne)
Silicon strip detectors, being developed for use near [he vertex region of the ATLAS particle physics

detector at CERIN, will be exposed to large fluxes of neutrons, Lramma-rays and charged particles. Under such
irradiation the Si changes from n-type to p-type, with eventual deterioration in charge collection efficiency.
Many of the detectors will be aligned with their strips in the radial direction w.r.t. the beam axis, and therefore
will experience a gradient in radiation flux and hence in the radiation darnage. For some period of operation part
of the detector will remain as n-type and the rest will be p-type. The detector operation in this case needs to be
understood.
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The ANSTO group has participated in the use of the Van de Graaff accelerator to generate a 750 keV,
gaussian-shaped beam of neutrons by proton impact on a Li target. The fluence at the beam axis is 1.2x 1013

n/cm,2 for hours irradiation, and it is an order of magnitude less at a radius of 35 cm. About 7x 1012 n/cM2 are
required to invert typical detectors from n- to p-type. Three sets of Si strip detectors have been irradiated using
this technique. CV analysis of these detectors at the University of Melbourne has shown characteristics
consistent with partial inversion of the Si. Testing of the partially inverted detectors at Melbourne and CERN
have shown that they continue to function efficiently in the partially inverted state. Further details of accelerator
aspects of this work are given in the Accelerator Applications section of this report.

5.1.9 Radiation Detector Support
(A. Williams)
A diagnostic and repair service for semiconductor radiation detectors used at ANSTO has continued to be

maintained. Three high purity ermanium detectors have been repaired and one high purity germanium detector
inspected, tested and recommended for return to the manufacturer (Ortec, USA). Advice on germanium
detectors has been provided to researchers in Environmental Science Program and H &S Program. Technical
support has been provided to HEP researchers including successful development of a fast 500 ps risetime)
transient current cryostat and overseeing of the new gas cylinder installation for the HEP laboratories.

5.1.10 Overseas Visits
Dr K. Varvell has spent the periods mid-September to end-October and mid-May through June at CERIN

helping monitor the NOMAD veto, develop n- and off-line software, run the experiment, and represent ANSTO
at NOMAD and ATLAS meetings. (Funded by DIST).

In March, Dr D. Alexiev attended the GaAs Workshop and RD8 Meeting held in San Miniato, Italy, and
visited collaboratin- laboratories. (Funded by DIST).

5.2 SYNCHROTRON RADIATION
(R. Garrett [Ldr], D. Cookson and G. Foran)

5.2.1 Australian National Bearnline Facility
The aim of the Australian National Beamline project is to provide Australian science with access to

synchrotron radiation on a reliable and routine basis. A general purpose X-ray bearnline and a multi-technique
experimental station have been installed at the Photon Factory, Japan. The project is administered by the
Applications of Nuclear Physics Program Area within ANSTO, and is funded by a consortium comprising the
ARC. DIST, ANSTO, CSIRO Division of Biomolecular Engineering, ANU and ADFA and the University of
Sydney. Time on the beamline is available to all Australian scientists via a proposal system, and funding
towards the travel and livinc, costs associated with running an experiment at the bearrdine is included in the
project. A side benefit of the project is improved access for Australian scientists to other beamlines at the
Photon Factory.

The Photon Factory has provided a bending magnet beam port for the ANBF, which is the ideal Xray
source for the main Australian user community, i.e. crystallographers who use various X-ray diffraction
techniques to investigate the structure of materials. The primary ANBF experimental instrument is a multi-
coriffiuration diffractometer a uniquely versatile instrument which combines a large Weissenber- camera with a
two circle goniometer. The primary detection system is Imaging Plates, which are mounted in a 1146 mm
diameter cassette, which can be moved perpendicular to the axis of the X-ray beam (Weissenbercr geometry or
held stationary during an exposure (Debye-Scherrer geometry). The entire diffractometer is enclosed in a
vacuum chamber: operation in vacuum eliminates back-round from air scatter. The diffractometer can be
configured for:

• High resolution powder diffraction including a time resolved capabilit - Debye-Scherrer camera.
• Protein crystallography - Weissenberg camera.
• Single crystal X-ray diffraction in two and three axis mode.
• Grazincr Incidence X-ray Diffraction
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Other applications, pmarily EXAFS but also including white beam experiments, fluorescence micro-
probe, micro-tomography, and X-ray topography, are accommodated at a secondary station, with the beam
passing through the main instrument. The ANBF EXAFS experimental equipment pool continues to be
developed, and a major new detector will be acquired in the coming year (see section 52.2 (b)).

5.2.2 Instrumentation Development in 1994/95

(a) Phase 1 Monochromator
The Phase 11 monochrornator was installed in the bearnline in October 1994. It features translation of the

first crystal in two dimensions to provide a constant exit beam height, and a sagittally bent second crystal to
focus the monochromatic X-ray beam in the horizontal plane. This was the final major component funded in the
initial construction budget of the facility. The monochromator underwent expensive testing and comrriissioning
in October and December of 1994, and in June 1995. The work pmarily concentrated on the optimisation of
the saaittal focus staue, and a focus close to the theoretical maximum was achieved. The bending magnet source
(horizontal dimension approx. 25 mm, anaular width 1.8 milli-radians) was focused to a spot of 0.8 mm width
and close to a Gaussian profile. The gain in intensity measured in a 00 micron square aperture was a factor of
20. Trials of the focused beam were carried out in protein crystallography and grazing incidence surface X-ray
diffraction. In the protein crystallography trials, the ANBF with the focused beam approximately matched the
intensity available at the newest Photon Factory protein bearriline (BL 1 8). However this is a factor of 3 or more
less than the flux available at the original protein crystallography beamline (BL6C), and it therefore seems
unlikely that the ANBF will be in significant demand for these measurements. The grazing incidence diffraction
tests were an outstanding success, and are reported in more detail in section 3 .

The A.NBF now has both the Phase I and 11 monochromators available. The phase I channel-cut
monochromator will continue as the instrument of choice for EXAFS and routine powder diffraction. The
monochromators can be switched in about half a day.

(b) Multi-Element EXAFS Detector
A consortium of EXAFS users and ANBF staff was awarded a 1995 ARC infrastructure rant to purchase

a multi-element solid state detector for fluorescence EXAFS easurements a the ANBF. Specifications have
been drawn up, in consultation with the user community. for a seven eement high purity ermanium detector.
which will be purchased during the first half of 1995/96. The detector is expected to be installed in time for the
April 1996 start-up of the Photon Factory. With the installation of the multi-element detector, the ANBF will
provide users with a complete suite of EXAFS detection capabilities, comprising transmission detection for high
concentration elements, a ion chamber "Lytle" fluorescence detector for elements in the few percent
concentration ranore, and the multi-element solid state detector for very dilute systems.

5.2.3 Experimental Program
Durine 1994/95 the ANBF experimental pro-ram grew to the point that the available bearntime was full

committed. Of the 143 days that the Photon Factory operated in 1994/95, 122 days were scheduled for 28
experiments 25 purely Australian experiments, 2 Australia/Japan collaborations and I Australia[USA
collaboration), and 20 were devoted to the commissioning of the Phase II monochromator (see section 5.2.2(a)).
A total of 79 research scientists and students (not counting ANBF staff) utilised the facility. The growth of the
programs at the Photon Factory is illustrated in Fig,5.3.

Powder diffraction and XAFS continue to be the most popular techniques at the ANBF, accounting for
37% and 18% of beam days used in 1994/95. Both techniques attracted a number of new user groups in this
period. Grazing incidence and triple axis diffraction is also attracting increasing interest. The breakdown of the
ANBF bearntime by technique is shown in Fig.5.4. Facility time was largely devoted to the commissioning of
the Phase II monochromator.

Several experimental highlights are befly described in the following sections.
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5.2.4 In Situ Investigation of Aluminiurn Hydroxide Crystallisation
(D. Cookson, A. Gerson' and J. Counter)

University of South Australia)
The crystallisation of aluminium hydroxides from caustic solutions is an important process in the

aluminium industry. The question of what phases were present at the initial stage of crystallisation has been the
subject of some debate. Previously, the only way to determine which phases were present was to filter, dry and
age the caustic solution prior to performing X-ray powder diffraction. This process clearly risks distorting the
phase compositions being measured.
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Usincr the high intensity and collimation of the synchrotron X-ray beam at the Australian National
Beamline Facility, it was possible to overcome the high absorption of the caustic solutions. Powder diffraction
patterns were recorded, using Imaging Plates, of aluminium hydroxide phases as they were forming in-situ.

From these time dependent studies, it was determined that if the caustic alun-Linate solutions were
prepared from aluminium metal, both bayerite and gibbsite phases were crystallised. If the solutions were
prepared from gibbsite, the resulting crystallisation depended on whether the feed stock was dissolved on a
molecular scale. When temperatures of around 160 degrees C were used for extended periods, both bayerite and
cribbsite were produced. Deliberately seeding the solution with either gibbsite or bayerite produced only gibbsite
crystallisation. If temperatures at or below 100 degrees C were used, only gibbsite was crystallised, indicatingC
that althouah the solutions were optically clear, it required higher temperatures to dissolve the feed stock on a
molecular scale.

This experiment was the first performed at the ANBF using a sample environment cell mounted in the
diffractometer.

5.2.5 Grazing Incidence X-ray Diffraction using Imaging Plates
(G. Foran, R. Garrett, 1. Gentle', J. Peng' and G. Barnes)
(' University of Queensland)
Grazina Incidence X-ray Diffraction GIXD) is used to study the in-plane structure of surfaces and thin

films, and was performed for the first time at the ANBF during 1994/95. The ANBF diffractometer has proven
particularly suited to these measurements, as it incorporates precision sample goniometers, Imaging Plate two-
dimensional detectors, and the ability to operate in vacuum. Furthermore, the Phase II monochromator has
allowed exposure times to be reduced by a factor of 20, raking time resolved GIXD measurements feasible. No
deterioration of data quality is seen with the focused beam. This system represents the first application of
Ima-ina Plates to GIXD, and in the three experimental runs at the ANBF to date, data of extremely high quality
has been collected.

GIXD has been used at the ANBF to' study Langmuir-Blod-ett (LB) multi-layers of metal salts of long
chain fattv acids. Such systems are the archetypal LB films, but continue to attract strong interest. Fig.5.5 is a
contour plot of a GIXD pattern recorded from a cadmium stearate multi-layer film on a silicon substrate. The
combination of Imaue Plates and vacuum operation results in very low backgrounds, which has allowed
previously unobserved features of the GIXD pattern to be seen. Furthermore, images of this quality can be
acquired in only minutes, compared to more than an hour using conventional counting detectors. This has
allowed preliminary time resolved GIXD measurements to be performed of phase transitions in LB films, with
snap-shot" diffraction patterns taken as the film was heated through a transition at about 105'C. It is planned to

further enhance this capability by the addition of an Image Plate magazine", to allow multiple GIXD patterns to
be measured without opening the vacuum chamber.

5.2.6 Development of the LHPM Rietvelt Refinement Package
(D. Cookson, C. Howard and B. Hunter)
In collaboration with the Neutron Scattering roup, the LHPM Rietveld refinement software has been

modified to facilitate the analysis of synchrotron X-ray powder diffraction data collected on the Australian
diffractometer.

Image plates are revolutionising what can be done with the Debye-Scherrer geometry powder X-ray
0 C,

scattering. The larae dynamic ran-e and hiah sensitivity of image plates gives Australian users the ability to
collect entire powder patterns of up to 300 degrees in two theta in only a few minutes. This makes it possible to
per-form time resolved studies on scales ranging from minutes to hours.

However, the image plate data is acquired in separate histograms, each containing 40 degrees of two theta
data, which have to be meroed or simultaneously refined to allow the structural parameters to be determined.
The LHPM software package, first developed for neutron powder diffraction by the Neutron Scattering Group at
ANSTO then later expanded to include X-ray data, has been modified to include this facility. Any number of
histograms can be merced into the one refinement, including a combination of both neutron and X-ray scattering
data.
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Fig.5.5 - Contour plot of a GLXD pattern recorded from a cadmium stearate multi-layer film on a silicon
substrate. Exposure minutes.
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5.2.7 X-ray Focussing by a Paraboloidally Tapered Glass Capillary
(D. Balaic', Z. Barnea', R. Garrett and K. Nugent')
(' University of Melbourne)
T'he use of tapered alass capillaries to produce X-ray micro-bearns has received a lot of attention in recent

years. X-rays are condensed by multiple reflections in the capillary, producing micron-size and smaller beams.
with orders of magnitude intensity aains. However, the workin- distance of such devices is inconveniently
small, as the transmitted X-ray beam diverges quickly on exiting the capillary. Recently we have characterised a
focusin2 capillary, with a parabolic taper profile produced by a computer controlled oven. The capillary
entrance and exit diameters were 00 and 300 microns respectively, and a true eometric focus was observed at

distance of 25 mm from the capillary tip. The focus using keV X-rays is shown in Fia.5.6: the focus is a 40
C, C,

micron diameter peak, with an intensity ain of 250. A low intensity disk of 300 micron diameter, produced by
X-rays passing straight throuah the capillary without underaoing reflection, can be seen surrounding the focus
peak. This is the first observation of a tue focus from a capillary optic, and overcomes the major disadvantage
of such optics: the short working distance.

e�s_ CD

Fig.5.6 Focus profile from the parabolic taper capillary with keV monochromatic X-rays
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6. MOATA OPERATIONS
(T. Wall[Ldr], H. Linklater and S. Grow)

6.1 REACTOR OPERATIONS
The reactor was operated on 43 days during the period I July 1994 to May 1995. Twenty five days

were provided for AINSE users and the rest for uranium assay and maintenance. A comprehensive set of
documentation associated with reactor maintenance was issued.

6.2 REGULATORY DEVELOPMENTS
Substantial ANP resources have been allocated in recent years to develop the Moata Draft Authorisation.

This effort has resulted in the ANSTO Chairman signing the Authorisation document in June. Controlled copies
were issued to the Nuclear Safety Bureau and other relevant goups. The Moata Authorisation will be used as a
source for the development of deconunissioning documentation. Some of this documentation will also be
derived from material prepared by the Moata Operations group for the ANSTO Task Force which was set up to
consider the recommendations of the ANSTO Strategy Review.

Submissions to the Reactors Safety Committee have been made which recommend that an intra-
Divisional group be formed to take responsibility for the decommissioning of Moata. A plan has been prepared
for part of the first stage of decommissioning involving the safe storage of the Moata fuel.

6.3 URANIUM ANALYSIS
Followina the ANSTO Board's decision in March 1995 to shut down Moata, ANP effort was used to

continue the uranium assay service by restarting the HIFAR rig X193. This rig had been left unused because the
low demand for uranium analysis was met previously by using the Moata analysis facility. The onsite and offsite
demand for uranium analysis since Moata shutdown has totalled 394 samples which have all been successfully
analysed using the HIFAR rig. During the extended HIFAR shutdown, X193 will be upgraded to provide

7 C,
automatic control and analysis. Samples derived from AINSE users may also be analysed using this ric,
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7. TANDEM ACCELERATOR OPERATIONS
(J. Fallon [Ldr], S. Jane, D. Rice, K. Thorpe, J. Crawford, M. Dowson, S. Grow with contributions from
P. Lee, P. Drewer, A. Croal, K. Butterfield, A. Godwin and D. Garton).

7.1 ACCELERATOR MAINTENANCE
7.1.1 Charging Belt

A new belt was installed to replace a belt that was showing many "bare" patches and a corrugated wear
pattern over much of its surface. It also had several transverse cracks in the fabric, some of which could easily
have linked up, leading to the belt breaking. Standard HVEC screens are used with the new belt. The old belt
had been in operation in excess of 5000 hours.

7.1.2 Motor/Alternator
Both the motor and alternator were stripped and refurbished after the bearing had completed

approximately 5000 hours. The bearings at one end of the motor had been skating in the housing and were
replaced using a heavier grade of Loctite Retaining Compound and improved shimming, Arcofial L64 grease
has proven most satisfactory for this service even in the SF6 gas environment.

7.1.3 Foil Stripper
Foil replacement was necessary using nominal 35 Rg/cm2 foils prepared by the Australian National

University and some 360 foils were fitted to the cassette with the collodian support film still in place. Rotation
of the foil cassette is achieved by the use of a DC motor driving through a Geneva drive with microswitch
sensina determining both direction and rotational position. Both the motor and the microswitches were upgraded
to overcome previous failures.

7.1.4 Tube Radiation
On several occasions durinc, the vear excessive radiation appeared first near the entrance of tube 3 and

then toward the end of tube . Levels as high as 600 gSv/h were observed at the tank wall when running with a
terminal voltage of only 56 MV. The radiation would come and gro at random intervals, sometimes lasting for
several days. Close inspection of the igh energy 3 tube revealed foil fragments lying in the tube cavities which
could only be removed with extreme difficulty due to the inclined electrodes. In nearly all cases the fragments
were left in place and short circuits placed across any tube segment where spark darriage was apparent. No
further radiation has occurred in this tube. There were no such foil fra-ments observed in the hiuh energy 4
tube althouah the radiation has persisted.

7.2 ACCELERATOR DEVELOPI'VIENTS
7.2.1 Column Resistors

All 400 (approx) voltage gradient planes alone, the accelerator structure now have coaxially shielded
Welwyn resistors fitted in place. These have replaced a combination of HVEC manufactured "yellowstick"
resistors and Allen Bradley manufactured metal oxide film resistors. There was a significant improvement in the
terminal voltaoe instability caused by the previous poor quality resistors and despite other reasons for continued
volta-e instability, none of the new resistors have failed nor departed from the 2 tolerance band since
installation several months ago.

7.2.2 Ion Sources
As reported in the last Progress Report PR94, Chapter 2 1. 1, the new HVEE Model 846 Ion Source was

being installed. Installation of the ion source commenced in August, 1994 and it has been in operation for
almost a year. Since then, approximately 1200 cathodes have been sputtered, and the injection module and ion
source have undergone continuous improvement and refinement. Source feed materials TiH,, A03, K, KC1,
BeO have been used in addition to graphite. Notable events include:

(a) Software
• Installed new version 121 of the ion source code SRC.EYE, permitting operation in a Windows 31 and

DOS 620 environment.
• Ion Source Remote Control program ISRC2 developed by Michael Scott debugged and put into routine use.

(b) Mechanical
• Fitted new XY sample holder.
• Problems with cathode geometry overcome which were causing unreliable sample loading. Engraved

cathode code restricted to a particular area to avoid similar problems.
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Premature failures of the insertion arm bellows overcome by redesign of flanging and change of bellows
manufacturer.

(c) Electrical
• Decreased sensitivity of source telemetry to source sparking.
• Grounding of source electronics improved for better spark immunity.
• Electrical breakdown of 240v mains contactor support stand atop the main isolation transformer identified

and fixed.
• Now Glassman power supplies for the einzel lens and preacceleration tube installed.
• Fan shelfs fitted in 19" ground rack to prevent overheating of telemetry units.
• Z-motor armature burnt out; repaired whilst spare delivered.
• New X-homing switch modifications installed.

(d) Vacuum
• Vacuum leaks identified and repaired. Vacuum setpoints established in controller for reliable operation.

SYSVAC telemetry installed for connection to Tandem vacuum systems.
• Installation of carousel venting/pumping system commenced.
• Turbomolecular pump failed; pump and controller replaced.

(e) General
• New caesiurn delivery tube temperature controller installed to overcome modulated beam currents.
• Cleaning routines established for the ion source.
• Spare parts stocked to minimise downtime.

Subsequent to the Model 846 being installed, the previously used General Ionex Model 860A, was moved
to a new injection line comprising a 45' injection magnet and electrostatic einzel lens. At the same time the ion
source module was reworked with improved cooling, and electrical wring and reatly improved high voltage
protection. The optics of the new injection line were compromised to some extent due to space limitations but
adequate performance for the experimental program has been achieved.
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8. DATA ACQUISITION
(P. Ellis[Ldr], B. Whittaker and M. Scott)

8.1 BACKGROUND
This project area covers control, data acquistion and Storage, data analysis and display, and networking;

and subsequent integration into an overall system.

The major effort is on the ANTARES data acquisition and control. ANTARES has a number of points
which have to be monitored, displayed and controlled in order to run the machine. Point values are relayed
between the control computers and the operator displays as well as providing links between the control and data
collection processes. The computer controls for ANTARES as at June 1994 allow the operation of the main
operational components of the accelerator, ie. the high voltage source, main magnets, in-line faraday cups, gate
valves, vacuum ion gauges and associated trips are all operated and or monitored. Researchers have text
displays to remotely set the above components and to monitor the status of the more critical factors that affect
the quality of collected data, such as terminal voltage fluctuations and variations in magnet field intensities.

8.2 GOALS
The long term aim for ANTARES is to attain fully remote operation of the facility so that a visiting

scientist can run his experiment with a minimum of supervision. Most controls will be graphical and will mmic
the actual components of the accelerator so that actual identification of individual components will be simplified.
A similar approach will be adopted for data acquisition with an integrated control - data acquisition mechanism
which allows for parameter variation to be synchronised with the actual collection. Offline analysis and refining
of current and archived data should be available to establish trends and also to re-run data where slight parameter
changes are required as knowledge and expertise are developed. For this purpose data should be archived
locally at ANTARES but also remotely in some expertly administered storage centre with a reasonable degree of
access.

8.3 AIMS

8.3.1 Control
(a) Maintenance of the existing control programs to fix bugs and to develop enhancements that improve
operation as more experience is claimed.

Proaress - Several operating, programs have been changed to enhance their operation for different applications.
Occasionally specific applications are still coded separately but these will be integrated when the appropriate
algorithms are fully developed.

(b) Upgrade more components so they can be monitored by the control computers. The highest priority
components are the terminal voltage stabiliser and computer measurement of various slit and cup currents at
critical points.

Progress - The terminal stabiliser programs now vary the terminal voltage from both offset split-cup and in-line
slit currents to ensure that the beam remains at a constant energy and is independent of degrading foils, etc. The
operation with offset cups which is critical for AMS high precision has been tested but will not be operational
until electrical modifications are made during an extended shutdown in Spring 95. Stabilisation using the off
axis split-cup will compensate for Iong term drifts in tank parameters and will keep the energy of the beam
constant especially as stripping foils degrade.

(c) Develop GUI's to replace the text controls that are being used and expand the preliminary control screens
to encompass the whole facility. The long term aim is that all control elements and points can be operated from
GUI mimics using mouse and keyboard.

Progress - At Jul 95, the graphical control system has been fully documented.and is undergoing test whenever
time is available so that operators can become familiar with the operation and then suggest enhancements as
actual operating experience is caimed. The problems encountered with matrices have been overcome and so the
ability to modify and customise individual points in a systematic fashion has been greatly expanded.

Existing GUl's have been modified by replacing clusters of buttons with pull down menus. The resulting
simplified screens are much easier to use by reducing clutter but more extensive monitoring can still be selected
when required.
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Several new graphical screens are under development, one for the new ion source and a specialist screen
for conditioning the tank and flight tubes. The new source will operate as part of the main system whereas the
conditioning screen is effectively stand alone. The latter provides remote operation of the conditioning process
which raises the voltage by small steps according to vacuum and radiation readings.

8.3.2 Data Acquisition
(a) Maintenance of existing data acquisition programs. The existing programs are not perfect and need to be
maintained to:-

i. Remove buas as they are identified.
ii. Change operation for the Accelerator Mass Spectrometry (AMS) group to include those facilities

required as operating experience is attained.
iii. Ditto for the Ion Beam Analysis ( IBA group.

Progress - The data acquisition programs were extensively rewritten to provide extra facilities for data collection
and its subsequent presentation especially for multi-dimensional spectra.

(b) Integration of control parameters within the data acquisition pro-ram to improve overall performance.
This type of operation is required for sequential scans of one or more parameters so that

i. Noise is reduced by averaging rpeated measurements so that random fluctuations tend to be
mimimised.

ii. The optimum operating, value for a parameter or parameters can be achieved by scanning over a
range of values.

iii. Machine drifts can be minimised by cycling the machine hrough different setups so that Iona term
machine drifts affect each setup equally.

Progress - The data acquisition programs for AMS carbon work have been modified to include fast cycling
which is controlled from a sequencer. This method relies on bouncing the 3C through the accelerator for a small
percentage of the time and and repeating the cycle several times pr second. The bouncina allows short term
drifts to be averaged over many cycles and a more precise comparison between isotopes as most drifts have been
minimised. Further integration between the control and data acquisition in conjunction with signals from the
sequencer unit which controls the bounce cycle have been implemented but the differing events really need to be
labelled and sorted by the updated collection algorithm.

Another method of reducing noise and drifts is now available now that the new ion source has come on
line. This ion source which communicates directly with the ion source has allowed the addition of a batch mode
to the data acquisition system. The order of samples to be measured, standards, etc can now be controlled as a
batch and Ion-er term drifts can be minimised by repetitve shorter counting periods of unknowns interleaved
with standards or whatever method is considered appropriate. Machine efficiency has been improved as
changing of samples was hands on and considerable time was wasted just alking to and from the ion source.

(c) Change operation of the collection and display program codes to produce a faster, more flexible data
acquistion system. This will include interrupt handling in the collection stage as well as tagging different events
so that varied sequences of data can be incorporated into the data stream and analysed by tag. Currently all data
has to be constrained to a fixed template which will produce much laraer data streams for on-line, off-line and
storage when more specific events are included in the future.
Progress - Program development has proceeded through the conceptual and planning stages and large parts have

C, t,
actually been coded. Again there is no noticeable progress in this area but program development is still
proceeding during slack periods.
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9. NUCLEONIC INSTRUMENTATION
(G. Watt [Ldr], D. lus and M. Hurry)

9.1 MEVVA ION IMPLANTER
The desian and construction of electronics for a MEVVA Ion Implanter on behalf of a university in Izmir

(Turkey) has been completed. This was a major development for a small group, consuming many man-months
of effort.

The equipment consisted of a high-current pulsed arc power supply, a controUinterlock unit, a high voltage (100C, 0
kV d) monitor, and an extractor conditioning network. The performance testing was satisfactorily concluded at
ANSTO and the equipment has been delivered to the customer, Acceptance testing, requiring a member of the
group to visit the university, is imminent.

A comprehensive report providing, installation advice, and operation, troubleshooting, and performance
data has been prepared and disseminated.

9.2 DIGITAL COINCIDENCE COUNTING HARDWARE
The roup has designed and constructed, on behalf of the Radiation Standards Group, a data

accumulation system (DAS) to implement a Dicrital Coincidence Counting (DCQ system on a personal computer
host. The system allows high-speed real-time analogue-digital conversion and tagging of the pulses from 2
radiation detectors, and the subsequent transfer of compressed pulse-characterising data to a 2 GB capacity fixed
disk archives A prototype version of the DAS is now functional and in operation supporting system software
development.

As noted elsewhere in this progress report, such a system allows the stream of pulses :venerated during an
C 0 0

entire experimental run to be meaningfully reconstructed in time and amplitude. Consequently, a variety of
pulse processing functions may be carried out off-line in software, rather than in hardware, to allow significant
advances in processing complexity, repeatability, and statistical reporting with reduced hardware inventory.

9.3 OTHER NUCLEAR PHYSICS SUPPORT
* number of projects were completed for the High Energy Physics Cyclotron Groups.

* detailed report on the design, development and operation of the electronic systems required for fast-
cycling Accelerator Mass Spectrometry on ANTARES was recently completed. This provided a centralised
resource combining descriptive information, component drawings, and circuitry for a number of sub-systems,
alona with software source code and compiled programs. It was intended as a reference for those who use,
maintain and/or update the systems, and for Program QA purposes.

9.4 NON NUCLEAR PHYSICS SUPPORT
In support of the Radioisotope Tracing Group in Environmental Science refined, and a number of units

were constructed in time for use in field work in Hng Kong Harbour in July 1995. Ongoing development of this
design is contemplated to further improve accuracy and repeatability.
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10. TECHNICAL PHYSICS
(G. Carter [Ldr], A. Godwin, R. Phillips and K. Butterfield)
Electronic and instrumentation support has been provided to all ANSTO programs, other site residents

(e.g. CSIRO and Tracerco) and the National Medical Cyclotron. A comprehensive range of instruments from
the wide range of scientific disciplines represented has been encountered. Support in the form of repair,
modification, calibration, installation and setting up of instruments and systems has been provided. Advice
regarding specification and acquisition of instruments is a valuable activity. A sample of the range of activities
is highlighted in the following paragraphs.

10.1 13 MEV ELECTRON ACCELERATOR
Investi,,-ation of the characteristics of the new electron source continued, but following presentation of the

recommendations of the Mission Review, this activity has not proceeded further.

10.2 TANDEM ACCELERATOR
Maintenance and modification support has been provided for this project, mainly in regard to the high

voltage and magnet power supplies, but also for other instruments which have failed in use.

10.3 NATIONAL MEDICAL CYCLOTRON
Radiation monitoring instruments have required some activity. An interesting result was the finding that

the GM compensating shields in the beam room gamma monitor heads had become slightly radioactive as a
0 C, C,

result of neutron activation, causina calibration difficulties. A worthwhile savinc, has been made by repairing
these heads rather than replacing them as had previously been the case.

10.4 MATERIALS AND CERAMICS ACTIVITIES
Assistance has been provided with the nterfacing between the dip-coating system and relevant computer.

0 -
It has also been provided with acquisition and installation of power supplies for the metallised window and
electrophoresis projects.

10.5 COUNTING SYSTEMS
Considerable assistance has been provided to a number of site programs for the setting up, calibration and

repair of radiation counting systems. These systems/instruments perform an important role on site as they are
involved in safety monitoring and radioactive material analysis, as well as being, used in various research
activities.
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G. Watt and D. Ius 1994 - Logarithmic Slit Current Amplifier - ANTARES', AP/TN253.
G. Watt and D. Ius 1995 - 'Fast Isotope Cycling Sequencer for ANTARES - User Manual and Technical

Reference', AP/TN256.

11.7 SUBMISSION TO GOVT. AUTHORITY
K.M. Hammerton 1995 - 'Submission by ANSTO on the Proposal by the National Food Authority to Develop

a Standard for Food Irradiation (Proposal 89B)'.

11.8 NON ANSTO REPORTS
D.D. Cohen, R. Kondepudi, R. Hyde' and P. Crisp'. 1995 - 'Meteorological and Chemical Interpretation of

Air Pollution by Fine-Aerosol Particles in the Region 200 km Around Sydney', Final Report, NSW
Environmental Trust Grant No 19931RD/G02, March, p 1-236. ( Macquarie University; University of
New South Wales).

C.J. Howard and D.N. Argyriou 1994 - 'Neutrons Shed Light on Ceramics Processing', ISIS Annual Report
RAL-94-050, Vol. 1, p8l-84.

NOMAD Collaboration 1995 - 'Instrumenting the Front 'I's of NOMAD', NOMAD Memo 95-01 1, February.
NOMAD Collaboration 1995 - 'The NOMAD Experiment at the CERN SPS A Status Report', NOMAD

Memo 95-027, June.
G.A. Schreiber, M. Mager, J. Ammon, J. Brunner, H.-V. Buchholtz, B. Butz, H. Delincee, B. Fienitz G.

Frohmuth, K. Hammerton, D. Jahr, J. Kispeter, H. Klein, W. Kruspe, T. Kuhn, K. Mainczyk, H. Meyer, H.
Munz, H. Hootenboom, J. Pfordt, S. Pinnioja, P.B. Roberts, D.C.W. Sanderson, C. Schleich, N. Vreden U.
Zachaus, H.J. Zehnder and KW. Bogl 1995 - 'An Interlaboratory Study on the Detection of Irradiated
Shrimps by Thermoluminescence Analysis', Report of the Federal Health Office, Berlin, Germany, BgVV-
Hefte 31995.
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12. PERSONNEL

12.1 Accelerator Applications
From January to July 1995, Prof Alexander Dymnikov spent time with Accelerator Applications designing a

novel high energy, heavy ion microprobe for the 10 MV Tandem. Prof Dymnikov from the University of St
Petersburg, Russia, is recognised as one of the half dozen leading experts in the world in the area of ion beam optics.
He has made contributions to the theory of electron and proton microscopies by inventing new ways to solve electro-
optics equations and non-linear beam dynamics problems. Prof Dymnikov left the roup in July to continue his work.

External funding from the NSW Environmental Trust allowed the employment of Mr Ramesh Kondepudi for
18 months to work on fine particle source fingerprinting and some reconciliation. His contract expired on 30 June
1995 and Ramesh has now moved on after producing a most significant report to the Trust on the chemical
interpretation of air pollution by fine particles in the region 200 km around Sydney.

12.2 Accelerator Mass Spectrometry
Elissa Sachi, University of Turin, funded by the National Institute of Physics, Italy, spent 2 months with the

AMS group to process uranium minerals for an experiment on radioactivity in collaboration with Prof Bonetti from
the Univesity of Milan. Tim Julle from the University of Azona, visited ANSTO for a week to collaborate on high
precision radicarbon dating. Joachim Ribbe, Flinders University, is collaborating with ANSTO o the National
Greenhouse Advisory Committee Grant and gave a seminar on "The Role of the Southern Ocean within the Climate
System and the Global Carbon Cycle" in October, 1994.

12.3 Neutron Scattering
It was a sad occasion when Lindsay Davis passed away after a Iona Fight against cancer. We all admired

his spirit, which kept him going long after most would have given up. Lindsay's work practices were often
V Z� C,

unorthodox, but his knowledge was extensive, and he got things done, so he is missed. In other staff changes,
Gerry Gadd transferred to our roup in July 1994, and spent much of the year working with Lindsay Davis on
the chemistry of fullerenes. In January we were joined by Michael James, fresh from a Ph.D. in solid state
chen-dstry at Cambridge. Michael's duties include responsibilities related to the development of neutron
reflectometry. Clyde Bock, a former employee of AINSE, returned to Lucas Heights for a three month term, and
made substantial iroads into the backlog of technical work. The position on technical effort was further
improved in February, with the transfer into our group of Craig Landers from Nuclear Technology. At 30 June
1995 the Neutron Scattering group, including those working on the AUSANS project, comprised 7 research
scientists 2 on term appointment), I professional officer, and technical grades.

12.4 High Energy Physics
The HEP group was augmented this year by Scott Butcher who was with us one day per week and Mrs Li

Mo who held a two-day per week part-time position. Both Scott and Li Mo were funded by an ARC grant.
Megan Williams, Mark Reinhard, Sai Teng Lai and Grigori Kaplan did PhD research at ANSTO during the
period.

12.5 Tandem Operations
Two new recruitments were made durina the year with Olle Evans being recruited from Engineering and Grea

Cooke coming to ANSTO from the private sector. Olle has vast experience as an electrical fitter and will be working
on installation of electrical instrumentation on ANTARES whilst Greg will primarily work on the vast amount of
electronics associated with the accelerator. They replace staff who have since left the project and we wish to
acknowledge the efforts of both Ron Sanders and Steve Grow. Unfortunately one staff member remains on Iong term
sick leave and his return to work remains uncertain.
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APPLICATIONS OF NUCLEAR PHYSICS

Proi!rarn Director: Dr JW. Boldeman

Administration: Mr B. Wallace (Business Manager)
Mrs J.A Smith (Administrative Officer)
Mrs M.A. Edmondson (Administrative Assistant)
Mrs D.L. Freeman (Administrative Assistant)

Proiect Mana2ers: Dr D.D. Cohen Accelerator Applications
Dr C. Tuniz Accelerator Mass Spectrometry
Dr C.J. Howard Neutron Scattering
Dr I.J. Donnelly High Energy Physics
Dr R.F. Garrett Synchrotron Radiation

Professional Officers Technical Staff

Dr D. Alexiev Mr P. Baxter
Dr G.M. Bailey Miss C. Banos
Mr S. Buckman Mr K. Butterfield
Mr G.M Carter + Mr G. Cleland
Dr D. Cookson Mr W.J. Crawford
Dr R.L. Davis Mr A. Croal
Dr N. Dytlewski Mr M. Dowson
Dr M.M. Elcombe Mr P. Drewer
Mr P.J. Ellis * Mr P. Elliott
Dr P.J. Evans * Mr 0. Evans
Dr D. Fink Mr J.P. Fallon
Dr G. Foran Mr D. Garton
Dr G.E. Gadd Mr A.Godwin
Mr G. Gant + Mr S. Grow
Dr R.W. Garrett Mr Q. Hua
Dr K. Harnmerton Mr M. Hurry
Mr 1. Hirka Mr D. Ius
Dr M. Hotchkis Mr S. Jane

+ Mr D. Howell Mr E.P. Johnson
Dr B. Hunter Mr W. Kyu
Dr G. Jacobsen Mr C.G. Laman
Dr M. James Mr C. Landers
Dr S. Kennedy Mr P.J. Lee
Dr R.B. Knott Mr J.T. Noorman
Dr R. Kondepudi Mr M. Perry
Dr E.M. Lawson Mr R.A. Phillips
Mr H. Linklater Mr D. Rice

# Mr J. W. Martin Mr E. Stelcer
# Prof L. Peak Mr K.J. Thorpe

Mrs M. Saunders Mr A. Vial
Mr M. Scott Mr A.A. Williams
Dr A.M. Smith Mrs M. Williams
Dr H. Struve
Mr H. Van Der Gaast New Employee
Dr K. Varvell + Retired, Resigned or Transferred
Mr T. Wall Grant Fellowships
Dr R.L. Walsh Secondment
Mr G.C. Watt Deceased
Mr B. Whittaker t Visiting Scientist
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APPLICATIONS OF NUCLEAR PHYSICS 30 June 1995
Program Director: J.W. Boldeman

RESEARCH
ACCELERATOR ACCELERATOR MASS NEUTRON RADIATION BIG SCIENCE
APPLICATIONS SPECTROMETRY SCATTERING TECHNOLOGY PROGRAM

Mgr: Dr D D Cohen Mgr: Dr C Tuniz Mgr: Dr C J Howard Ldr: Dr J W Boldernan Mgr: Dr J W Boldeman

Chareed Particles Accel. Mass Spectrometry Neutron Scattering Radiation Technology High Energy Physics
Cohen D (Ldr) SPRS Tuniz C (Ldr) SPRS Howard C J (Ldr) SPRS Hammerton K SRS Donnelly I Ldr) PRS
Bailey G SRS Lawson E M PRS Elcombe M M PRS Garrett W SRS Alexiev D SRS
Dytlewski N SRS Fink D SRS Kennedy SRS Saunders M SP03 Williams A TG3
Kondepudi R PROI Hotchkis M SRS Gadd G RS Gant G PROI # Varvell. K RS
Martin J PROI Smith A M RS Hunter RS Banos C TG3 # Williams M PROI
Garton D TG4 Lee P TG4 James M RS Evans 0 (50%) TGI
Johnson E P TG3 Drewer P TGI Hirka I SPOI
Croal A TG3 Lane PR I
Stelcer E TG2 LarnanC TG4
Kyu W TG2 Landers C TG2
Elliott P CRPI Perry M TGI

Ion Implantation Sample Preparation Radiation Standards Synchrotron Radiation 00
Evans P J (Ldr) PRS Jacobsen G RS AUSANS Van der Gaast H PRO2 # Garrett R (Ldr) PRS
Noorman H TG4 HuaMQ TG3 Knott R B (Ldr) SRS Buckman PROI # Cookson D RS

Baxter P TG4 # Foran G PRO2
Vial A TG3

OPERATIONS
Moata Operations Tandem Operations Laser Enrichment

Wall T (Ldr) SP03 Fallon J (Ldr) ST02 Struve H PRS
Linklatcr H SPO I Jane TG4

Rice D TG4
Crawford W I TG4
Thorpe K TG4
Grow S TG4
Dowson M TG4
Evans 0 (50%) TGI

OVERHEADS
Administration Data Acquisition Nuclear Instrumentation Technical PhlEig

Wallace B AS06 Ellis P (Ldr) PRS Watt G (Ldr) SP03 Carter G (Ldr) SP02
Smith J AS04 Whittaker PROI lus D TG4 Godwin A TG4
Edmondson M AS03 Scott M PROI Hurry M TG3 Phillips R TG4
Freeman D ASOI Butterfield K TG4 Grant/External Funding
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