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APPLICATIONS OF NUCLEAR PHYSICS
PROGRESS REPORT - JULY 1993 - JUNE 1994

PROGRAM OVERVIEW

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

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

Participation in and management ofA ustralian use of international neutron scattering, synchrotron radiation
and high energy physics facilities to assist graduate training in the universities and to foster Australian
benefusfrom developments in high technology.

The maintenance of expertise in fundamental nuclear and atomic processes relevant to nuclear science and
technology including neutron physics, ion interactions, radiation standards, dosimetry and laser enrichment.

Expansion of the use of the accelerator mass spectrometry service both nationally and internationally to make
major contributions in the understanding and remediation of severe environmental problems such as the
greenhouse effect.

The application of charged particle beams and ionising radiation to industrial, biological and environmental
problems.

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

The Program Area is continuing the development of several major new facilities. These include new
beamlines and a new ion source on the Tandem accelerator (ANTARES), preliminary calibration of the small
angle neutron scattering instrument (AUSANS) on the HIFAR reactor, refurbishment of one of the single
crystal spectrometers on HIFAR (2TANA) and further development of the Australian National Beamline
Facility at the Photon Factory at Tsukuba in Japan. In addition, significant improvements were made to the
two neutron powder diffractometers on HIFAR.

Accelerator Mass Spectrometry

The AMS research program based on the ANTARES accelerator is part of a multi-disciplinary effort aimed at
studying an array of problems concerning the international community such as global climate change, soil
erosion, environmental pollution, nuclear waste management and nuclear safeguards. Other studies involve
disciplines such as Quaternary science and biomedicine. This activity is based on the cooperation with
universities, scientific institutions and government agencies both in Australia and overseas.

The long-lived radioisotopes 14C, 26AI and 36CI are measured on two specialised beamlines developed at the
high energy end of the AMS spectrometer. A pulsed injection system to switch rapidly between the isotopes of
interest is fully operational and is the key component for the high precision AMS analysis. New chemistry
laboratories to process 14C samples with high throughput have been designed and their installation is nearly
completed. Chemistry procedures to produce AMS targets for 113e, 26AI and 36CI have been also developed.

The Quaternary science program, funded by the Australian Research Council and AINSE, now involves more
than 20 Australian universities and the analysis of nearly 1000 samples from 80 projects. Most of these
projects are based on the AMS analysis of 14C in organic microsamples. Projects with other long lived
cosmogenic radioisotopes include: "glacial history of the northern Charles Mountains (Antarctica) region using
in-situ produced Be and26Al to model rock surface exposure history" (with the University of New England),
"Use of 36CI and 1291 for dating of mineralisation in the secondary zone of the Broken I-fill Ore Body" and
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"long term storage of components in the sub-arc mantle: implications for the chemical evolution of the earth"
(with the University of Melbourne).

Two projects, the first to determine the age-spread of air trapped in Antarctic ice and the second to study the
ventilation rates of the Southern Ocean, have been founded by the National Greenhouse Advisory Committee
(in collaboration with CSIRO, Antarctic Co-operative Research Cntre and Flinders University). Test samples
for these projects have been already analysed.

The AMS group is involved in several international projects involving archaeology, hydrology and other
disciplines in collaboration with countries from the European Community. The puzzle of the Venafro
chessmen was solved in collaboration with the University of Naples by dating the animal bones from which
these artifacts were made. The result of 1090 80 yr BP is compatible with the hypothesis that this game was
introduced to western Europe by the Arabs. In collaboration with the University of Turin and Paris-Sud, 36CI
and 14C was analysed in groundwaters near uranium mines to study the water-rock interaction.

Accelerator Based Ion Beam Analysis

The recent installation and commissioning of the high energy tandem accelerator, ANTARES, has permitted
the development of new analysis techniques complementing long term expertise and applications on the older
Van de Graaff accelerator. Projects currently underway include the study of manufacturing methods of
advanced telecommunications microchips and superconductors and solar cells. Dmand for this new facility
is increasing, with collaborative partners drawn from both the Australian scene, as well as internationally, with
participants from countries such as Sweden, Germany and the USA. Ion implantation is an established method
for modifying the surface properties of materials. In the case of metal surfaces, recent studies have included
the implantation of type 4140 steel for improved wear resistance and the implantation of type 2011 aluminium
alloy with titanium ions for improved corrosion resistance in saline media. In addition, the modification of
non-metallic substrates, such as alumina A1203) and silicon, has been investigated to dtermine the effect of
selected implant ions on biocompatibility. This study has shown that ion implantation can influence the
attachment of cells to surfaces.

Aerosol Sampling

From the beginning of 1991 to the end of 1993, ANSTO was the principal collaborator in a major fine particle
aerosol sampling project, run in collaboration with the NSW Environment Protection Authority, Pacific Power,
the University of New South Wales and Macquarie University and funded by the Energy Research and
Development Corporation. The study covered the major urban and industrial areas of NSW including
Wollongong, Sydney and Newcastle, using 25 sampling units monitoring fine particles at these sites every
Wednesday and Sunday for nearly to years. The ANSTO accelerator based ion beam analysis techniques
were used to analyse the composition of these fine particles produced by anthropogenic and natural sources.

Studies on fine particles are continuing with support from industrial groups, local councils and research
bodies. These include a major study funded by the Newcastle Environmental Toxicological Research Unit and
the Newcastle City Council, into the effects of fine particles on the lung functions of asthmatic children.
International collaborative research is also continuing into nuclear techniques and their uses in aerosol
pollution studies through Cooperative Research Programs with the International Atomic Energy Agency and
through direct collaborationk&rith environmental agencies and university groups in Europe, the United States
and Asia.

Neutron Scattering

The neutron scattering facilities based on the neutron beams from HIFAR, have continued to be exploited by
Program staff, working in collaboration with more than thirty groups from Australian universities via AINSE.
The medium resolution powder diffractometer (MRPD) is now in full operation, and together with the high
resolution powder diffractometer (HRPD), provides a very significant capability in powder diffraction and its
applications. The MRPD has been used for an in situ study of the uptake of high pressure deuterium gas into
palladium to form palladium deuteride, and it has been established that, in the low temperature (50K) structure
of palladium deuteride, the deuterium occupies the octahedral interstices in palladium in an ordered way.
MRPD has also ben used to study the onset of magnetic ordering (antiferromagnetism) in MnPS3 as the



temperature is reduced. It has Wi 1bund that the onset of orderingis'a two stage process: first there is
magnetic ordering on individual planes (two-dimensionsal ordering) then, at lower temperature, a full three-
dimensional pattern of ordering is established. HRPD has been used by Dr Masaki Takata, who was attached
from the Dpartment of Applied Physics, University of Nagoya, Japan, to make accurate measurements on
strontium titanate and related materials. The idea is to apply newly developed methods of data analysis to
obtain very precise details of the crystal structures. The commissioning of the Australian Research Council
funded cryorefrigerator, able to provide temperatures for powder diffraction samples down to 3.6K, represents
an important enhancement of capabilities in this field.

The development towards commissioning of the Australian Small Angle Neutron Scattering instrument
(AUSANS) has continued. The neutron beam has been delivered and carefully characterised, the results being
in complete agreement with calculations. The construction and testing of the position sensitive neutron
detector to be used on this instrument is nearing completion.

Highlights of the neutron scattering research include the completion of measurements on the deuterated
fullerene (bucky ball') C60D36, the successful analysis of data from cubic stabilised zirconia to provide an
accurate description of its crystal structure, and the elucidation of hydrogen bonding in tert-butylbenzoic acid-
cyclam. The latter study suggests how the butybenzoic acid and cyclarn might become associated in solution to
produce a system able to attach specific metal ions with great efficiency. The use of the polarisation analysis
instrument to measure trappe magnetic ux in high critica temperature superconductors, and to see how this
flux decays, has continued. This technique has been used to measure flux pinning energies and flux creep in
the Bi(2212) superconductor.

International Interaction

There have been continuing financial contributions to the United Kingdom Science and Engineering Research
Council's Rutherford Appleton Laboratory to assist constriction of an improved reflectometer on the ISIS
accelerator. Involvement with the Rutherford Appleton Laboratory has allowed continued access to ISIS for
Australian scientists. The eperiments completed included an at-temperature study of the processes occurring
during heat treatment of a partially stabilised zirconia, carried out by Program staff, and featured as a highlight
in the 1993 Rutherford Appleton Laboratory Annual Report. In the current year, 20 applications - 45 days
access, by Australian scientists have been accepted. ANSTO, in collaboration with particle physics groups
from the Universities of Melbourne and Sydney, have recently formed the Australian High Energy Physics
Consortium to promote Australian participation in experiments at the European Particle Physics Laboratories
(CERN) near Geneva. Grant funding of 615,000 was obtained in 1994, enabling ANSTO to collaborate in
two major experiments at CERN, namely NOMAD and ATLAS. NOMAD involves a search for evidence that
fundamental particles alled neutrinos can oscillate from one tpe to another. Observation of this phenomenon
would prove that neutrinos possess mass which is one of the burning questions in particle physics. ATLAS is a
detector that is bing dveloped to be used with the Large Hadron Collider, the next generation accelerator at
CERN. ANSTO's contribution involves research and development on solid state detectors made from gallium
arsenide, a material which can withstand the large radiation dose received near the collision vortex in ATLAS.
ATLAS will come on line early in the next century, and 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 Program Area continues to be
responsible for the management and operation of the Australian National Beamline Facility at the Photon
Factory at Tsukuba in Japan. The facility was opened by the Minister for Science in October 1993. Since then
the facility has found increasing use by Australian teams. The Program Area has two staff permanently
stationed at the Photon Factory.

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 range 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 1993/94
Program staff had 68 papers accepted in international journals and international conferences and 102 other
papers. The level of interaction with the Australian University community has doubled in the last two years.
There are now 139 collaborative projects with the Australian Universities with 112 post graduate students
dependent upon these interactive programs for their higher degrees. The interaction with CSIRO has also
increased with majorjoint programs in global change and oceanography.

The performance of the Australian National Tandem Accelerator for Applied Research (ANTARES) for
Accelerator Mass Spectrometry (AMS) applications has been improved dramatically and the demand for time
on the accelerator is increasing rapidly. The refurbishment progam on the neutron scattering instrumentation
continued with effort now concentrating on improving the single crystal spectrometers.

International interaction continues at a high level as a consequence of the new programs in AMS and airborne
pollution and the use of neutron scattering facilities at the Rutherford Appleton Laboratory in the United
Kingdom. The Australian National Beamline Facility at Tsukuba in Japan achieved a major milestone with
the commissioning of the large diffractometer on the facility. The performance of the ANBF for powder
diffraction ranks with that of the best in the world. The first stage of a. collaborative effort with the
Universities of Sydney and Melbourne and other external bodies was reached with data acquisition
commencing on the NOMAD experiment at CERN.

iv



CONTENTS
Page No.

ACCELERATOR APPLICATIONS I

1.1 CHARGED PARTICLES 1
1.1.1 Heavy Ion Time-of-Flight Recoil Spectrometry Development 1
1.1.2 The Australian/Swedish Recoil Spectrometry Collaboration 3
1.1.3 Surface Coatings for Low Heat Loss Windows 5
1.1.4 Surface Characterisation. of Automotive Catalytic Converters using

Proton Induced X-Ray Emission and Time-of-Flight Recoil Spectrometry 6
1.1.5 Nuclear Structure Measurements 6
1.1.6 Measurements of Total and Bonded Hydrogen in Amorphous Hydrogenated

Silicon using For-ward Recoil Analysis and Fourier Transform Infrared
Spectroscopy 8

1.1.7 Resolution Considerations of Elastic Recoil Time-of-Flight Spectrometers 8
1.1.8 Recoil Spectrometry of High Tc Superconductors 8
1.1.9 Collaborative Studies on Metallised Films on Polymers with GSI 10
1.1.10 AINSE Collaborations 10
1.1.11 3 MV Van de Graaff Accelerator 13
1.1.12 Element Profiles in Giant Clam Using Proton Milliprobe 14
1.1.13 Calibration Standards for Accelerator Based PIXEIPIGME Analysis 14
1.1.14 PIGME Measurement in Fluorine in Thick Samples 16

1.2 AEROSOL SAMPLING PROJECT (ASP) 18
1.2.1 Environmental Trust Grant - Fine Particle Source Reconciliation 21
1.2.2 Fine Particle Composition and Asthma Studies in Children 21
1.2.3 Airborne Lead Levels at Broken Hill 2 
1.2.4 IAEA Interactions with ASP 22
1.2.5 Other International Collaborations with ASP 22

1.3 ION SOURCE DEVELOPMENT AND ION IMPLANTATION 24
1.3.1 Corrosion Studies of Ion Implanted Type 2011 Alurninium Alloy 24
1.3.2 Wear Properties of Metal Ion Implanted AISI 4140 Steel 25
1.3.3 Diamond Thin Film Deposition on Metal Ion Implanted Surfaces 26
1.3.4 Ti Implantation of Austenitic Stainless Steel 26

2. ACCELERATOR MASS SPECTROMETRY 28

2.1 STATUS OF THE ANTARES AMS FACILITY 28
2.1.1 The AMS Spectrometer 28
2.1.2 Target Preparation 28
2.1.3 The AMS Database 32

2.2 SUMMARY OF THE AMS, EXPERIMENTS 33
2.2.1 Carbon-14 33
2.2.2 Aluminium-26 37
2.2.3 Accumulation in the Brain of Aluminium. Ingested via Drinking Water 38
2.2.4 Chlorine-36 39
2.2.5 Chlorine-36 in Groundwaters near Uranium Mines 40
2.2.6 Iodine-129 43

2.3 RESEARCH PROGRAM 43
2.3.1 Quaternary Science 43
2.3.2 Global Climate Change 43
2.3.3 Nuclear Safeguards 44

v



CONTENTS (Cont'd)
Page No.

2.4 INTERNATIONAL LINKAGES AND COLLABORATION 44

2.5 THE 6TH INTERNATIONAL CONFERENCE ON AMS (AMS-6) 45

3. NEUTRON SCATTERING 46

3.1 NEUTRON SCATTERING 46
3.1.1 Development of Instrumentation 47
3.1.2 Analysis of X-ray and Neutron Diffraction Data 49
3.1.3 Structural Studies of Rutiles and Pyrochlores 49
3.1.4 Crystal Structure of Zr2NiD4 49
3.1.5 Zirconia Ceramics 49
3.1.6 Ordering of Deuterium at Low Temperatures in Palladium-Deuteride 50
3.1.7 Neutron Depolarisation Studies in Bi2Sr2CaCu2O8-x Superconductors 52

3.2 AUSANS FACILITY 56
3.2.1 Installation and Testing of the Monochromating Multilayers 56
3.2.2 Neutron Beam Characterisation 56
3.2.3 Instrument Hardware within B73 58
3.2.4 Detector Development 58
3.2.5 Instrument Software 59

3.3 INTERNATIONAL COLLABORATIONS 59

4. RADIATION TECHNOLOGY STANDARDS 61

4.1 RADIATION TECHNOLOGY 61
4.1.1 Radiation Processing and Dosimetry 61
4.1.2 International and National Interaction 62
4.1.3 Food Irradiation 62
4.1.4 3 MeV Van de Graaff Electron Beam Accelerator (Building 45) and

Cobalt-60 Irradiators (Hut II) 63

4.2 RADIATION STANDARDS 64
4.2.1 Quality Control Support 64
4.2.2 Difficulty with 201TI Measurement Corrected 65
4.2.3 Dose Calibrator Standardisation Service 65
4.2.4 Collaboration with JAERI 65
4.2.5 International Comparisons 65
4.2.6 The Statistical Effect of Deadtime 65
4.2.7 Support Services 67
4.2.8 Absorbed Dose and Exposure Standards 67

5. BIG SCIENCE 68

5.1 HIGH ENERGY PHYSICS 68
5.1.1 The NOMAD Experiment 68
5.1.2 NOMAD Software Development 69
5.1.3 Production of Liquid-Phase-Epitaxial GaAs 69
5.1.4 Detector Development Based on Liquid-Phase-Epitaxy GaAs 69
5.1.5 Direct RD8 Collaboration 69
5.1.6 GaAs PIN Device Development 69
5.1.7 Radiation Dosimeter Development 70

Vi



CONTENTS (Cont'd)
Page No.

5.1.8 Surface Passivation of GaAs Using Atomic Hydrogen 70
5.1.9 Neutron Damage Studes of LVE GaAs and High Purity Silicon 70
5.1.10 Effects of Neutron and Electron Iradiation on the EL2 Defect 70
5.1.11 Studies of Radiation Damage in GaAs Caused by Thermal Neutrons 70
5.1.12 Thermal Annealing of GaAs 70
5.1.13 Experimental Studies on Charge Transport GaAs 1
5.1.14 Theoretical Studies on Charge Transport GaAs 72
5.1.15 Radiation Detector Support 72
5.1.16 Overseas Visits 72

5.2 SYNCHROTRON RADIATION 72
5.2.1. Introduction 72
5.2.2 Characteristics of the Australian National Beamline Facility 73
5.2.3 Progress in 1993/94 73
5.2.4 On-Going Construction and New Initiatives 74

5.3 TRANS VENOUS CORONARY ANGIOGRAPHY AT THE NATIONAL
SYNCHROTRON LIGHT SOURCE (NSLS) AT BROOKHAVEN
NATIONAL LABORATORY 75

6. MOATA OPERATIONS 76

6.1 MOATA UTILISATION 76

6.2 MAINTENANCE 76
6.2.1 Safety Rods 76
6.2.2 Coolant Circuits 76
6.2.3 Shield and Fuel Storage 76
6.2.4 Nucleonics 76

6.3 MAINTENANCE DOCUMENTATION 76

6.4 REVENUE 76

6.5 L4,EA/ANSTO COOPERATION 76

7. TANDEM ACCELERATOR OPERATIONS 77

7.1 ACCELERATOR MAINTENANCE 77
7.1.1 Pressure Dependent Leak 77
7' 1.2 Terminal Voltage Stability 77
7.1.3 SF6Gas Handling System 77

7.2 DEVELOPMENTS 77
7.2.1 HVEE Model 846 Ion Source 77
7.2.2 Electrical Installation 77
7.2.3 Column Resistors 77

8. DATA ACQUISITION 78

8.1 BACKGROUND 78

8.2 GOALS 78

Vii



CONTENTS (Cont'd)
Page No.

8.3 CONTROL 78

8.4 DATA ACQUISITION 79

8.5 ANALYSIS 79

8.6 NETWORKING 79

9. NUCLEONIC INSTRUMENTATION 81

9.1 ANTARES TANDEM ACCELERATOR 81

9.2 MEWA ION IMPLANTER 81

9.3 OTHER NUCLEAR PHYSICS SUPPORT 81

9.4 OTHER ANSTO SUPPORT 1

9.5 NON-ANSTO SUPPORT 82

10. TECHNICAL PHYSICS 83

10.1 1.3 MeV ELECTRON ACCELERATOR 83

10.2 TANDEM ACCELERATOR 83

10.3 NATIONAL MEDICAL CYCLOTRON 93

10.4 SITE EMERGENCY PUBLIC ADDRESS SYSTEM 83

10.5 INTERNATIONAL ACTIVITIES 83

II. PUBLICATIONS 84

11.1 BOOKS 84

11.2 JOURNAL PAPERS 84

11.3 INTERNATIONAL CONFERENCE PAPERS 86

11.4 LOCAL CONFERENCE PPERS 89

11.5 ANSTO TECHNICAL NOTES 92

11.6 COMMERCIAL REPORTS (ANSTO) 92

11.7 NON-ANSTO REPORTS 92

12. PERSONNEL 93

viii



ACCELERATOR APPLICATIONS
(David D. Cohen[Mgr])

The Accelerator Applications Group comprises 12 people: 4 research, 6 technical and two PhD students, and is
responsible for two sub-projects - Charged Particle Applications and Ion Source Development (Ion
Implantation). The Group nins facilities on the 10 MV ANTARES Tandem accelerator, and is responsible for
the 3 MV Van de Graaff accelerator and a 50 kV Metal Vapour Vacuum Arc MEVVA) ion source.

The use of ANSTO accelerators has been promoted both nationally with most universities in Australia through
25 different AINSE projects, CSIRO and local industries and internationally, through extensive collaborative
research with more than 15 different overseas organizations and laboratories.

1.1 CHARGED PARTICLES
(D.D. Cohen (Mgr], G. Bailey, N. Dytlewski, J. Martin, D. Garton, E.P. Johnson, A. Croal, E. Stelcer,
W. Kyu and R. Kondepudi)

1.1.1 Heavy Ion Time-of-Flight Recoil Spectrometer Dvelopment
(D.D. Cohen, N. Dytiewski, J. Martin* and D. Garton)
(* University of NSW)

A Time-of-Flight (TOF) Recoil Spectrometer on the Tandem accelerator has been developed over the past 12
months and is now fully operational. The spectrometer system is shown schematically in Fig. I. I. A high
energy, heavy ion beam is incident on the sample material, ejecting near surface target atoms into the recoil
spectrometer which measures both the atones speed and its energy. The measurement of the recoil atom!s
speed and energy uniquely identifies its mass.

A variety of incident heavy ion beam species such as 35CI, 7913r and 127I have been used, with energies ranging
from 40 MeV to 105 MeV. The maximum beam energy has been achieved using 1'271 in the 14+ charge state
with an accelerator terminal voltage of 70 MV. It has been observed that as the accelerator terminal voltage
increases, so does the efficiency of transportation of the heavy ion beams through the accelerator to the target
chamber, with at least 65 MV required to obtain stufficient target current to measure samples in an acceptable
time period. It is not possible to compensate for low transmission efficiencies simply by injecting more beam
current into the accelerator, as the carbon stripper foil has a mean lifetime of approximately two hours at the
modest beam currents presently used for heavy ions like 127J.

To date, over 100 samples have been measured and include a variety of multilayer thin film semiconductor
devices, solar cells, and metallised polymers, as well as thick samples, such as SYNROC and YBaCuO
superconductors. An example of the raw data obtained is shown in Fig. 12, which is a three dimensional
projection of data from a SYNROC sample. Each of the curved tracks shown on the time versus energy plot
represents a major elemental constituent, with the height of the curve indicative of the elemental concentration.
The principal constituents by weight of SYNROC are 0 (491/6), Al (21/o), Ca (61/6), Ti (341/6), Zr (41/6) and Ba
(41/o), which correspond to the 6 curves shown, in order from left to right. The surface of the sample
corresponds to the right hand edge of each track. By following each track from right to left, the elemental
concentration as a function of smple depth is obtained. The complex mathematical soffivare to reconstruct the
concentration vs depth profile is being developed by the Ion Beam Analysis Group, in collaboration with
RMIT, and the Lund Institute of Technology, Sweden.

It has been established that the spectrometer can detect elements as light as hydrogen, and as heavy as gold,
and can mass resolve Ga from As in GaAs. The mass and energy resolution of the system is still to reach its
optimum, however the current timing resolution of 300 ps ad energy resolution of a few hundreds of keV is
sufficiently good to permit analyses to be made on most sample tes. The spectrometer resolution is
determined principally by the geometrical size of the beam spot on the sample, and variations in target recoil
angle, due to beam spot walk across the sample surface caused by an variations in the accelerator terminal
voltage.

Work is underway to reduce the beam spot size by the addition of a higher power beamline quadrupole power
supply, and modifications to the aperture system to provide better collimation. Accelerator terminal voltage
stability will be improved with the scheduled replacement of the column resistor chain, which will also enable
higher terminal voltages to be reached (greater than 7 MV), and consequently, better energy and mass
resolution. Fig. 13 shows the spectrometer resolution as a function of mass.
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Fig. 1. - A schematic of the ANTARES time of flight recoil spectrometer
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The asymmetrical shape of magnesium is due to the different isotopic constituents 24Mg (79o/) 2Mg loo/),

26Mg (I %), and likewise for copper. Most of the current work is concerned with analyses of light to medium

weight elements, where the spectrometer mass resolution is better than the natural mass separation of most

adjacent elements. Some applications of the Time-of-Flight Recoil Spectrometer are presented later in this

progress report.

1.1.2 The Australian/Swedish Recoil Sectrometry Collaboration

(D.D. Cohen, N. Dytlewski, J. Martin% P. Johnston+, S. Walker' and 1. Bubb', H. Whitlow#, M.

HuIO, C. Zaring", M. Ostling" and M. Andersson")

(* University of NSW; Royal Melbourne Institute of Technology; Lund Institute of Technology,

Sweden; " Royal Institute of Technology, Sweden; Uppsala University, Sweden)

A major problem in semiconductor metallisation technology is that no good simultaneous and quantitative

multielemental profiling method for multilayered structures has existed. The Australian/Swedish Recoil

Spectrometry Collaboration has developed over the past two years, mass and energy dispersive recoil

spectrometry to address this problem, with a view to resolving underlying commercialisation problems

associated with device fabrication and reliability.

Most of our activities are related to the formation and stability of reliable ohmic contact structures in

metalloid/Ill-V semiconductor compounds. Most metals react with group III-V materials, but the contact is

thermodynamically stable. The objective is to find a metalloid phase that is compatible with III-V processing

technology, having a low formation temperature and good electrical properties. Samples have been prepared

in Sweden, and in Australia at RMIT and ANU, and measured on the ANSTO Heavy Ion Time-of-Flight

Recoil Spectrometer. A common data analysis platform using CERN's Physics Analysis Workstation graphical

software has been implemented, to facilitate exchange of data. Fig. 14 shows some typical TOF spectrum

obtained during a recent collaborative run with RMIT from Melbourne and the Swedish group from the

University of Lund.

SYNROC

6LDO

5N

J

7

35
360C

2000
2000 0

1750
1500

1250 500
1000

Fig. 12 A 3D plot of time of flight spectrum for a SYNROC sample
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1.1.3 Surface Coatings for Low Heat Loss Windows
(N. Dytlewski, D. Collins* and Yin Zhiqiang+)
(' Sydney University; Tsinghua University, China)

The Time-of-Flight Spectrometer on the Tandem accelerator, in conjunction with the 3 MV Van de Graaff
facilities, has been applied to the measurement of indium-tin-oxidelsilver coatings on glass, for use in low heat
loss windows. At the temperature needed to fuse glass surfaces together in a low heat loss vacuum window,
the deposited surface coating diSCOIOUTS, esulting in a decrease in optical transparency. The objective was to
find what happens to the deposited surface layers at the glass fusing temperature.

The surface coating studied consisted of a sandwich of approx. 30 nin of indium-tin-oxide, 25 nni of silver, and
30 nm of indium-tin-oxide deposited on glass. Measurements of the oxygen concentration profile through the
multilayer coatings were made for three samples; as-deposited, annealed in air at 2501C, and at 5501C. The
results, as shown in Fig. 1.5 obtained using heavy ion time-of-flight spectrometry, show a step in the oxygen
profile at the surface for the as-deposited and the 2501C sample, indicative of the lower oxygen concentration
in the indium-tin-oxide/silver thin film layer, as compared to the glass substrate. However, no step is seen on
the 5500C annealed sample, indicating that oxygen has penetrated the outer ITO layer and attacked the silver
layer oxidising it, resulting in an almost uniform oxygen concentration throughout the surface layer and into
the substrate.
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Fig. 1. - TOF spectra for the oxygen profiles in surface coatings on glass at
different annealing temperatures
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Other samples, which consisted of only a thick, single layer of ITO, were measured for total oxygen content
using the 3 MV Van de Graaff Acelerator. Results showed an unchanging oxygen content of the deposited
material for different, low annealing temperatures. X-Ray diffraction data shows a structural rearrangement
and stoichiornetry charge upon annealing. As the total oxygen content is unchanged, oxygen vacancies are
presumed to be formed on heat treatment.

1.1.4 Surface Characterisation of Automotive Catalytic Converters Using Proton Induced X-Ray
Emission and Time-of-Flight Recoil Spectrometry
(G. Bailey, N. Dytlewski, David D. Cohen and D. Angove*)
(* Macquarie University)

A major problem influencing the long term performance of automotive catalytic converters is the accumulation
of some combustion products on the surface of the active catalytic material, which act as poisons. Catalytic
converters can show a variety of surface activities, depending on the conditions of use, such as TAX of fuel
used, and additives in lubricating oils. Some preliminary work has been done to identify the nature and depth
distribution of the accumulated material using both Time-of-Flight Recoil Spectrometry and PIXE, and to
correlate these results with the history of the catalytic converter.

The PIXE spectra indicated the presence of significant quantities of intermediate and heavy elements, in
particular Rh, Pd, Ba, La, Ce and Pt. These elements emit copious quantities of L X-rays which complicates
the unfolding of peaks in the energy range up to keV. Fig. 16 illustrates the X-ray spectrum for an unused
catalyst, recorded for an incident proton energy of 25 MeV, using a pinhole filter and an electron flood to
prevent charge buildup on the insulating target sample. The energy scale for the X-rays corresponds to 040
keV. PIXE analysis was carried out over the full 40 keV energy range to remove uncertainties at low energies.
Before this could be accomplished, the PIXAN analysis data base had to be modified to include the La and Ce
K X-ray energies and fluorescence yields. Analysis of "used" catalysts indicated the presence of P, Ca, Zn, Cu
and P previously absent in unused catalysits, and are presumably deposited from engine wear and combustion
of fuel. Of significance was the complete loss of elemental Pd.
The Time-of-Flight results for the same two samples are shown in Fig. 17. The raw time-of-flight spectrum
in the upper half of Fig. 17, is that of a "clean" converter, and shows the high data yield from the aumino-
silicate matrix, with the Ba, La, Ce catalyst material seen in the bottom portion of this spectrum. In contrast,
the lower spectrum of Fig. 17 is that of a "bad" catalyst, and clearly shows a much higher oxygen content due
to the formation of many complex oxides, the introduction of Mg, P, Ca, K and Pb, all of which are contained
in either fuel or oil additives, and also, but not readily apparent, the absence of the active catalytic converter
material.

Within the depth of surface material measured, the continuous tracks indicate that the combustion products
comprise a thick coating on the catalytic converter material, with many of the products in the form of an oxide.
The interpretation of the elemental information is somewhat ambiguous for Mg, Al and Si, as the catalytic
converter sample is a oneycombed structure, which has been dissected to produce a sample for mounting.
The beam can thus sample the underlying matrix in the cut webbing sections, as well as surface deposits.

1.1.5 Nuclear Structure Measurements
(N. Dytlewski, D.D. Cohen and B. Spicer)
(* Melbourne University)

Nuclear structure measurements to test the best available nuclear model computer code have been made on the
Tandem accelerator, in collaboration with Melbourne University. A large basis computer calculation has
predicted the strength and location of certain highly excited nuclear states in 28Si. Two experimental
measurements of these predictions have been reported in the literature, one involving the inelastic scattering of
high energy electrons, the other with proton induced neutron reactions. There is a disagreement between the
reported findings. To reduce this apparent disagreement, an aternative reaction using inelastic scattering of
protons on aluminium was made, using the facilities on the ANTARES Tandem accelerator. By iadiating a
thin aluminium target with protons, highly excited states in 28Si can be formed, which subsequently decay
back to 27AI by a combination of gamma-ray and proton emissions. By monitoring the gamma ray spectrum
produced as the proton energy is swept over regions of interest, the hanging yield of certain de-excitation
gamma-ray spectral lines enabled the location and strength of the nuclear excitations to be mapped.
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Following our earlier successful location of a single, isolated low lying nuclear resonance in 28Si, mapping
continued to higher energy, excitations. The data support the assertions of one of the previous experiments
and the predictions of the computer code calculations. This technique was also applied to find high spin states
in 2Ne, by proton inelastic scattering on 19F. However this was unsuccessful, because the large angular
momentum required to be transferred by the bombarding protons to reach the desired high spin states made the
excitation cross-section vanishingly small. Some feasibility measurements were made on targets of sodium and
phosphorous, to ascertain if these nuclei would be suitable candidates to study to provide additional
information to test further the nuclear model computer code predictions.

1.1.6 Measurements of Total and Bonded Hydrogen in Amorphous Hydrogenated Silicon Using
Forward Recoil Analysis and Fourier Transform Infrared Spectroscopy
(N. Dytlewski and R. Ruther)
(* University of Western Australia)

A systematic study of total hydrogen depth profiling and the bonding configurations for intrinsic type
hydrogenated amorphous silicon thin films deposited by sputtering, and subsequently annealed at different
temperatures has been made. FTIR spectroscopy provides information about H-Si bonding configurations, but
is unable to detect hydrogen not bonded to silicon, which is infrared inactive. However, forward recoil analysis
on the 3 V Van de Graaff accelerator provides total hydrogen content, regardless of bonding configuration.
These two complimentary techniques were used to characterise films made under different processing
conditions. The total hydrogen content and bonding configuration is a critical factor influencing the
performance of a-Si:H solar cells. The objective of this work is to find processing conditions to optimise solar
cell's performance when made by the magnetron sputtering process.

Films of a-Si:H made at elevated temperatures, with an Si substrate temperature of 2851C, and subsequently
in-chamber annealed, showed a low total hydrogen content and a predominance of bonding in the isolated
monohydride configuration. Lower temperature films, which were deposited with a substrate temperature of
2150C, and not in-chamber annealed, had a higher hydrogen content with a predominance of bonding in
clustered monohydride and di/polyhydride groups. Weakly bonded hydrogen apparently evolves at the higher
substrate temperatures and annealing conditions, with lower temperature conditions favouring the formation of
higher hydride bonding configurations. Subsequent measurements have been made. Samples were annealed at
200, 300, 400, 500 and 6001C, with the hydrogen content and bonding measured using forward recoil
spectrometry and FTIR, before and after the annealing to characterise the temperature dependence of the
evolution and bonding configurations in a-Si:H.

1.1.7 Resolution Considerations of Elastic Recoil Time-of-Flight Spectrometers
(J.W. Martin% D.D. Cohen, N. Dytlewski and G.J. Russell)
(* University of NSW, School of Physics)

Detector telescopes of the type shown in Fig. 1. 1, use the energy (E), time-of-flight (T) and flight length (L to
determine the mass of the recoiled particle. Inherent in techniques of this nature is the energy spreading of the
recoiled particle via the processes of straggling, stopping, and multiple scattering in both the target and
telescope, resulting in a finite mass spreading and depth resolution. This can be of importance when the
analysis of structures which have elements at similar mass, such as GaAs where the mass separation is only 
amu.

The development of a computer code to evaluate the resolution components of our system has enabled us to
determine the effects of different resolution components. A major concern has been the effect foil thickness
has in the electrostatic timing signal detectors, on the overall resolution. Fig. 1.8 shows the variation in mass
and depth resolution with foil thickness as a function beam energy.

The computer code has enabled us to conclude that the resolution of the telescope is not severely affected by
2foil thicknesses up to about 200�tg/cm . We will continue to approach different theoretical aspects of the

telescope using this platform in an attempt to optimise each experiment for the desired analytical problem.

1.1.8 Recoil Spectrometry of High Te Superconductors
(J.W. Martin% D.D. Cohen, G.J. Russell* and N. Dytlewski)
(* University of N.S.W, School of Physics)

The characterisation of high temperature superconductors through Ion Beam Analytical techniques has een
used extensively in the past, with one of the most commonly employed methods being Rutherford
backscattering spectrometry (RBS). However, the RBS technique is at a disadvantage when applied to these
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rare-earth pervoskite superconductors as the light elements within the atrix are swamped by the yield
dependence of the heavier elements. The recoil spectrometer built on the ANTARES tandem accelerator has
the ability to distinguish both light (0 N Al) and heavy (Bi, Sr, Ba, Au) elements in heavy matrices, making
it ideal for the characterisation of such materials.

The superconducting samples analysed were the cuprite YBa2CU307.& prepared by a flux-growth method at
the University of NSW, and thin films prepared by DC magnetron sputtering by CSIRO Lindfield. In Fig. 19,
a 3D projection of a mass-energy spectrum, is shown for a YBCO thin film, with each of the curves
corresponding to a different element within the matrix, along with the scattered 77 MeV 127110+ beam used for
analysis. With each curve clearly defined, it is a simple procedure to 'cut' the relevant elemental data from the
spectrum, and project them onto the energy axis, producing individual depth profiles for all matrix
constituents. In Fig. 1. 10, the elemental profiles for 0, Mg (MgO substrate), Y, Cu and Ba are shown along
with simulated fits calculated from a unique computer code developed at ANSTO. This enables the accurate
simulation of recoil spectra, with the results showing that the thin film is poorly oxygenated, as the oxygen
content within the film is less than that of the MgO substrate, this being a result that is opposite to that for
correctly prepared films.

In terms of melt-processed, flux-grown superconductors, alurninium contamination is of great concern, and
originates from the A1203 crucible required for the high temperatures involved in their preparation. The recoil
spectrometry of these samples has been able to identify any contamination, and has proven to be a useful tool
in fine tuning preparation methods to minimise alurninium contamination because of the ability to see small
quantities of light elements.

1.1.9 Collaborative Studies on Metallised Films on Polymers with GSI
(N. Dytlewski, P. Evans, D.D. Cohen and Bernhardt Wolf)
(* GSI, Germany)

Good adhesion of metal coatings to polymers is essential for electronic multilayer devices currently under
consideration for microtechnology applications. In particular, the adhesion of copper and gold to fluorinated
polyimides and teflon. Because fluorine is only monovalent, it cannot participate in forming a bonding bridge
between the polymeric substrate and a deposited metal overlayer. Bonds must thus be formed between the
metal and polymer backbone or sidegroups. Work has been done to improve the adhesion bonding by ion
beam mixing the metal-polymer interface using high energy, heavy ion beams provided by the heavy ion linear
accelerator UNELAC, at the GSI Research Laboratories in Germany.

Teflon, with a polymer structure of -[CF2] , had thin copper or gold overlayers deposited on it, and was
subsequently iadiated with 26 GeV Bi24+ ions, with doses ranging from 107 to II ions/cm2. Heavy ion
time-of-flight recoil spectrometry of the elemental constituents at the polymer-metal interface are being made
at ANSTO to correlate the radiation induced interface mixing length with dose. Fig. 1 I I shows the raw, mass
separated carbon, fluorine and copper concentration profiles as measured. Work is proceeding to convert these
data to a real concentration vs depth profile and to study the radiation induced intermixing of the separate
elemental constituents.

1.1.10 AINSE Collaborations
(D. Cohen, G. Bailey, N. Dytlewski, E.P. Johnson, W. Kyu and A. Croal)

During the calendar year 1994 there were 25 AINSE grants approved for use of the Accelerator Applications
facilities. These projects requested running time of 172 days on 3 MV Van de Graaff, 19 days on the
ANTARES Tandem and 71 days on the MEVVA metal ion implanter. Generally, it was found that 2 days of
analysis is needed for each day of running samples on these accelerators. In the past AINSE users have
typically been allocated 25% of the available running time on the 3 MV Van de Graaff. The funding requested
to perform these experiments by the Australian university groups was more than double that available through
the AINSE system. This indicates that the national university interactions with the Accelerator Applications
Group is exceedingly strong and continues to expand.
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1.1.11 3MVVandeGraaffAccelerator
(a) Annual Usage
For the period I July 1993 to 30 June 1994 the 3 MV accelerator operated for 201 days, averaging 76 hrs/day,
for a total of 1534 hours, the total running hours being down slightly over the previous year.

The percentage usage for the financial year 1993/94 is shown in Fig. 1 12. This figure illustrates that the use
of the accelerator was equally divided etween the research, commercial and AINSE categories, a pattern not
dissimilar to the 1992/93 operating period.

(b) Maintenance
(A. Croal and W. Kyu)

During the year recurring pressure dependent leaks occurred in the ion source, which had to be changed on
five occasions. The cause was believed to be due to a change in the manufacturing formula of the Selley's PVA
glue used to form the glass to metal seal. A ew type of PVA glue is now being used with reasonable success.

A high voltage instability problem developed following repeated operation of the accelerator at the noted
maximum terminal voltage of 3 MV. This was traced to internal breakdown across 3 individual sections of the
64 section accelerator tube. The instability was removed by shorting out these tube sections. Vacuum ion
gauges on all beamlines have been replaced with modern equivalents which incorporate digital readout. The
original valve built analysing magnet pwer supply was found to be drifting on a number of occasions. This
was replaced by a new solid state power supply designed and built within the Accelerator Applications group.

3



Total Running Days = 201
Total Running Hours = 1534

Logged Use = 76 Hrs/Day
Unused 164 Days 44%)

Maintenance

171%

AINSE
28%

Research

27%

Commercial

28%

Figure 112 - 3 MV accelerator annual usage 1993/94

1.1.12 Element Proffies in Giant Clam Using Proton Milliprobe
(G. Bailey, D. Mylrea* and W. Kyu)
(* James Cook University)

A 500 gm diameter beam from the proton milliprobe was used in a preliminary investigation of the trace
element profile within the banding structure of a giant clam sample (Tridacna Squomosa) obtained from the
north Queensland coast. The size and element concentrations within the various bands are of interest, being
influenced by seasonal variations in the coastal rainfall.

An X-ray detector fitted with a pinhole filter was used to measure the element concentrations as the bam was
scanned across a thin section of the sample. Fig. 1 13 illustrates a typical X-ray spectrum recorded within one
of the bands. In addition to the epected high level of Ca, several heavier elements can also be seen in
measurable concentrations.

Analysis of the profile indicated that definite band patterns could be seen for a number of elements. Fig. 1 14
illustrates typical results for the elements Fe and K. Further experiments are proposed in late 1994 using a
smaller 55 gm diameter proton beam to give better special resolution.

1.1.13 Calibration Standards for Accelerator Based PIXE/PIGME Analysis
(G. Bailey and E.P. Johnson)

During 1993/94 a number of internationally recognised reference rock samples have been obtained to act as the
basis of standards for PIXE/PIGME analysis. The standards are in the form of finely graded powders which
have been well characterised for their elemental compositions.

The standards obtained and their source are as follows:

US Geological Survey Rock G2, AGV-1, STM-1, RGM-1,
Standards: SGR-1, QO-l, SCo -1, MAG-1,

SDC-I

IGEE Peoples Republic of China: GSR-1, GSR-3, GSR-5

South African Bureau of NIM-L
Standards:

Geostandards, France: GA, BR, Mica-Fe, Mica-Mg, BX-
N, GS-N, BE-N, MA-N, AC-E
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The standard powders are mixed with 20% by mass of spectroscopically pure graphite powder to render them
conductive, intimately mixed in a commercial shaker and finally pressed into small 10 mm diameter
aluminium capped discs for accelerator use.

A number of these pressed standards were intercompared during a lengthy set of runs involving PLXE/PIGUE
measurements on quartz samples from the University of Tasmania.

Fig. 115 illustrates the results of this intercomparison. Apart from some disagreement in the Ca value from
two standards and the F values, the results show agreement within the ± 10% error boundaries. Further and
more comprehensive tests of more standards are planned.
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Fig. 1.15 Intercomparison of PIXE/PIGME rock reference standards

1.1.14 PIGME Measurement of Fluorine in Thick Samples
(G. M. Bailey and E.P. Johnson)

Fluorine is measured routinely by determining the yield of 197 keV gamma rays or high energy gamma rays in
the summation region 50-7.2 MeV using the reactions 19F(pV7)19F and 19F(p.ocy)160 at a proton energy of
2.5 MeV.

The fluorine concentration in a thick smple is usually obtained by a direct comparison of the gamma ray yield
with the yield obtained from a thick standard, having a known fluorine content and similar composition and
applying a correction to allow for the change in the stopping power between the standard matrix and the
sample matrix. This correction can be approximated by evaluation of the ratio of the stopping power of the
sample and the standard at the incident proton energy.

In cases where greater accuracy is required or when the sample matrix is quite different from the standard, the
correction must be determined by ealuating the integral over the proton energy of the ratio of the reaction
cross section to the stopping power for both the sample and standard matrix. To enable such calculations to be
made, the yield of 197 keV gamma rays in the 50-7.2 MeV summation region are required as a function of
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proton energy. These measurements were made using a thin 55 �L&M2 CaF2 target over a proton energy
range from 26 MeV - 00 keV at 10 keV intervals. Below 800 keV, the contribution to the total gamma ray
yield can be ignored. The gamma rays were detected by a Ge(Li) detector fixed in position at an angle of 1351,
with respect to the incident protons. Fig. 1 16 and Fig. 1 17 illustrate the yield curves obtained for the 197
keV and 40 - 72 MeV summation region gamma rays.

With these yield curves it is now a relatively straightforward matter to evaluate accurate energy corrections for
any matrix composition and for incident proton energies 26 MeV or lower.
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1.2 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 three keys areas - the possible effects of these fine particles on human health, on
global warming and greenhouse modelling predictions. Work published by the US Environmental Protection
Agency and the Harvard School of Public Health has suggested that 50,000 to 60,000 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 fames are
killing 10,000 people a year in England and Wales. For the most part these studies concerned fine particles of
10 pm diameter or less (PM10) and their effects were more severe on the young, the aged and those groups
who were predisposed to lung and respiratory disorders. The major sources of such fine particles are
combustion processes such as occur in automobiles, fossil fuel burning and industrial processes.

Fine particles (PM2.5) in the atmosphere also absorb and reflect solar radiation, modify the temperature profile
through the atmosphere and change the droplet structure of clouds. The result of these effects is to cool the
atmosphere in contrast to the well known global warming or greenhouse effects. The single biggest source in
the northern hemisphere for this cooling effect is from fine particle sulphate ftom coal burning power stations,
with smaller contributions from soot and organic particles from burning forests and crop stubble and dust
storms from deserts. It is therefore considered important to study to what extent reductions in world-wide
sulphur emissions will limit aerosol cooling and so unleash the full consequences of greenhouse warming.

In January 1991, ANSTO in collaboration with the NSW Environment Protection Authority (EPA), Pacific
Power, the University of NSW and Macquarie University established a large area fine particle sampling
network covering more than 60,000 square kilometres of NSW. The network, known as ASP, was funded by
the Energy Research and Development Corporation (ERDC). Since July 1991, we have been monitoring fine
particles (PM2.5) at 24 sites covering the major urban and industrial areas of Wollongong, Sydney and
Newcastle and rural areas up to 200 km from the eastern coast of NSW. ERDC funding for these sites
terminated in December 1993.

To date there have been over ,000 filters collected from this network and each of these has been analysed
using the accelerator based ion beam analysis techniques developed at ANSTO. These techniques are fast, non
destructive and provide fine particle elemental composition for most elements from hydrogen to lead. The
complete analysis for all sites in the network for all elements will shortly be published in five volumes in a
report to ERDC. Figure 1. 18 shows a 3D plot of the areas of NSW covered by the ASP network in 1993 with
bars for the average annual fine particle mass for each site during 1993. Figs. 1 19 and 120 show similar plots
for the elements sulphur and lead, as measured by the IBA techniques, for the selected months of December
and July 1992. Sulphur was more uniformly distributed across the sampling area than lead. This is because it
was associated with coal combustion and industry, whereas lead came from motor vehicles which are more
highly concentrated in the inner city areas.

For 1993 the average fine particle composition was estimated to be; 27% organic matter, 25% ammonium
sulphate, 25% elemental carbon, 8% seaspray 7 soil and 1% lead, with nitrates, trace elements and water
making up the difference. Mayfield, Mascot, Pyrniont, Rozelle, Lidcombe, Warrawong and Cullen Bullen sites
had the highest fine particle mass readings, all with annual values greater than 10 llg/m3. The lowest annual
averages were at Mudgee and Crookwell with values less than 4 pg/mI During 1993, twelve of the 24 NSW
sites experienced at least one day with values above 40 gg/m3 while only six sites maintained levels below 25
pgtm3 for the whole year.

Most of the ASP network was operational during the large bushfires which ravaged major areas of NSW in
January 1994. The ASP network was therefore able to follow the dramatic increase in fine particles in the
atmosphere during this period. Fig. 121 is a plot of fine particle <2.5 pm diameter) mass during the month
of January. It shows the mass increasing ten fold at some sites during the first two weeks of January over
hundreds of square kilometres of the network.

During early 1994 two new air sampling units were developed to increase the range of particle sizes that can
be sampled. They are a PM10 unit and a PM2.5/PM10.
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The PM10 unit is based on a US developed inlet head which separates particles to PM10 standard. It uses the
same Teflon filters as in the standard PM2.5 unit and these are analysed in the standard way using IBA
techniques. The PM2.5/PMl0 unit is a Belgian development adapted by ASP to run in Australian conditions.
The unit has two channels that provide 2 operating days per week. The filters are different from the standard
ASP units but are analysed in the same way on the 3 MV Van de Graaff accelerator. The advantage of the
PM2.5/PMl0 is tha t it can simultaneously collect fine particles less than 25 Itin and coarser particles 25 - 0
ttm diameter.

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

Funding was obtained from the NSW Environmental Trust to establish a project to interpret the chemical
information obtained from the ASP network on fine aerosol composition in the Sydney region. The ASP
network established previously has much broader ramifications than just measuring particulates from power
stations. Elements such as silicon and aluminium, from airborne soils, sodium and chlorine from sea spray,
fine potassium from wood burning and bushfires, metals such as vanadium, chrome, copper, zinc, iron from
industry and lead and bromine from vehicles are clearly observable as separate sources of particulates in the
NSW air. This makes the data base very powerful for source reconciliation.

The main objectives of the study are; to create a meteorological database containing hourly wind speed and
direction values for each day of the wo-year study period (I January 1992 to 31 December 1993), for each of
the 24 monitoring sites in the Sydney region and to catalogue the chemical processes and airborne emissions
from sources around each site; to use the data to understand the chemical composition of fine aerosol particles;
to determine the relative importance of the difference particle sources, and to understand the manner in which
aerosol particles are transported around the Sydney region. This should take 12 months to complete and
should assist in source reconciliation, epidemiological studies, cloud nucleation and global climate research
and decision making processes in environmental management. It will also produce a better understanding of
the major (fine particle) aerosol sources and their transport over a larger area of NSW covering such critical
areas as Wollongong, Sydney and Newcastle.

1.2.2 Fine Particle Composition and Asthma Studies in Children
(D.D. Cohen, G. Bailey, D. Garton, E. Stelcer and P Lewis)
(* NETRU, Newcastle)

During the early part of 1993 a study into the possible health effects of fine particles on young children with
asthma, in the Newcastle region, was commenced. This study is being run in collaboration with the Newcastle
Environmental Toxicology Research Unit (NETRU) and is funded by the NETRU and Newcastle City Council.
Two ANSTO fine particle samplers (PM2.5) are being run at Wallsend and Mayfield every day and the filters
obtained analysed on the 3 MV Van de Graaff accelerator. Simultaneously, the NETRU is collecting lung
function records for several hundred asthmatic children in the same areas of Newcastle. These rsults will be
compared with total mass of fine particles as well as their composition, looking for possible correlations
between fine particle loading and composition and lung function of asthmatics.

1.2.3 Airborne Lead Uvels at Broken Hill
(D.D. Cohen, G. Bailey, D. Garton, E. Stelcer and J. O'Gorman)
(- NSW EPA)

In June 1994, an 18 month study of airborne lead in Broken Hill was completed and a final report given to the
funding body, the NSW EPA. The study involved sampling of fine particles at 3 sites surrounding the mining
city of Broken Hill in the far west of NSW. The city has significant lead contamination from many years of
mining and a major aim of this project was to establish how much of this lead was due to fine particulate
airborne lead blown up from the ore body which runs directly through the middle of the city.

Samples were collected on Teflon filters twice a week and analysed for up to 20 different elements using 4
simultaneous ion beam techniques, namely, PIXE, PIGME, PESA and RBS. These techniques produced
elemental concentrations for most airborne particulates from hydrogen to uranium, including lead, for
concentrations in the atmosphere as low as I ng/m3.

The average weight of fine particles on the filter for all sites was (3.5±0.8)Ag1m3 during 1993. This was about
half the New South Wales average for the other 25 ASP sites and comparable with most rural situations. The
average fine particle composition was approximately 27% ammonium sulphate, 24% organic matter, 10%
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airborne soil, 16% elemental carbon (soot), 8% salt with the difference 15% due to nitrates and water vapour
not measured by the system. Fine particulate lead averaged only (14±6) ng/m3 or 04% of the total mass,
which is nearly times lower than that for an average inner Sydney metropolitan site, where lead levels, from
cars were around 3 1% of the total fine mass.

There were some seasonal variations in the data with the winter months June, July being lower than summer

months for fine particle weight, soil, salt and iron. This was opposite to the trend of fine particles in the

Sydney region. This effect is probably due to local meteorological conditions.

The main conclusion was that, despite the large lead contamination throughout the Broken Hill area, very little

was of sufficiently small particle size <2.5 Jim) to remain airborne for extended periods of time or to be

inhaled deeply into the human lung system.

Further there were strong seasonal variations in the fine particle to coarse particle lead ratios which were not

present in the fine to coarse total mass ratios for data taken in 1993, see Fig. 122. Fine particle fractions of

lead were significantly higher in the winter months. This showed the inappropriateness of coarse particle

standards 50pm in diameter, TSP) for fine particle health related issues.

1.2.4 IAEA Interactions with ASP

(David D. Cohen)

In 1992 the International Atomic Energy Agency established a Co-ordinated Research Program (CRP on

Applied Research on Air Pollution using Nuclear -Related Analytical Techniques. The CRP will run for 

years and involves 18 different countries, Australia is represented by ANSTO. The expected benefits of this

CRP include the improved capability to make high quality measurements of air pollutants and their

composition, the study of pollution trends with time and research into pollutant source apportionment.

The first step in this international study was taken at a Meeting in Vienna, Austria in March 1993 when it was

agreed to set up and operate fine particle samplers in each of the participating countries. In June of 1993,

ANSTO established a Belgium designed stacked filter sampler in Sydney. The unit has now been sampling

less than 25 gm diameter (PM2.5) and 25-10 gm diameter particles every Sunday and Wednesday for the past

12 months. All the filters are analysed using the multi-elemental accelerator based ion beam analysis

techniques developed on the 3 MV Van de Graaff accelerator at ANSTO. The first CRP report to April 1993

has now been published and made available internationally through the IAEA in Vienna.

The next CRP meeting to discuss all the results obtained to date from each country is being organised for late

March 1995 at Lucas Heights.

1.2.5 Other International Collaborations with ASP

(David D. Cohen)

There are several international collaborations on fine particle aerosol research currently proceeding. Two of

these include:-

The University of California, Davis (UCD), USA: ANSTO is Australian representative for an 11 country

collaboration, run by UCD, studying fine particle concentrations and their compositions in populated cities

around the world. Data gathered by ASP in Sydney since 1992 is being compared with other major

international cities. Also, data gathered in areas representative of major continental regions around the world

is being collated so a global picture of fine particulates, especially fine sulphates, an be assembled for

inclusion in global climate modelling. It turns out that globally 90% of elemental composition of fine particle

data analysed to date have been analysed using accelerator based IBA techniques. Hence, the ASP data are

well placed for inclusion in these studies.

The National University of Singapore: A collaboration on the analysis of the elemental composition of

individual fine particles <2.5 gm diameter) has been established with the proton microprobe facility at the

National University of Singapore. Samples from Sydney have been sent to Singapore for analysis and we are

currently negotiatinghith the environmental rganisation there to place several ANSTO fine particle samplers

in Singapore.
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Fig. 122 - Fine to coarse article ratios for Broken Hill during 1993 as measured by the ASP
program for (a) fine lead and (b) total mass
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1.3 ION SOURCE DEVELOPMENT AND ION IMPLANTATION
(P.J. Evans[Ldr] and J.T. Noorman)

The Ion Implantation group conducts research and development on metal ion sources and their applications.
Expertise in the construction and operation of metal vapour vacuum arc (MEVVA) ion sources built-up over
the past five years has recently led to ANP being awarded a contract to manufacture similar equipment for
Dokuz Eylul University, Turkey. Design work for this equipment is finished and construction is underway
with completion targeted for September.

In addition, the group has continued its collaborative research on the use of metal ion implantation to improve
the performance of extrusion dies. One consequence of the investigation so far has been the identification of
surface properties and composition prior to implantation as an important factor in product quality. This result
was achieved through the use of accelerator-based analytical techniques such as Rutherford backscattering
(RBS), nuclear reaction analysis and heavy ion elastic recoil time-of-flight spectroscopy to characterise test
surfaces before and after treatment.

Effort has also been directed at upgrading existing metal ion implantation facilities with a view to improving
performance or increasing their flexibility. In the past year, work on the later aspect has predominated with
further progress on the assembly of a large implantation system incorporating an automated sample
manipulator, and the fabrication of two special-purpose target holders for the present chamber. These holders
permitted the control of target temperatures during implantation either at ambient conditions by means of
water cooling or at temperatures to 400'C with the electrically heated unit.

Applications oriented research on the effects of metal ion implantation has continued to be a major part of the
group's activities. During this review period, a number of applied projects were successftilly concluded and
several new investigations commenced. In addition, the group has maintained its involvement in a number of
productive collaborations with both national and international research organisations. In particular, we have
conducted further work on joint projects with Lawrence Berkeley Laboratory, USA (Dr 1. Brown) and
Gesellschaft fur Schwerionenforschung (GSI), Germany (Dr B. Wolf),and commenced a new collaboration
with Dr A. Oztarhan of Dokuz Eylul University on the effect of metal ion implantation on the corrosion
resistance of selected steels.

Finally, a study of the ion beam modification of insulators was commenced recently. In particular, the
implantation of ultrahigh molecular weight polyethylene with Ti has been investigated in work to date. RBS
analysis of iadiated surfaces confirmed that a significant retained dose of Ti was present following
implantation, in contrast to some other polymeric materials which undergo severe ion beam induced
degradation. However, the implanted layers also contained substantial amounts of oxygen suggesting the
possible formation of titanium oxides. Future work will focus on other implant ions and on the conditions
which lead to oxygen uptake in ion implanted polymers.

1.3.1 Corrosion Studies of Ion Implanted Type 2011 Aluminium Alloy
(P.J. Evans, J.-W. Chu*, E.P. Johnson and D.K. Sood')
(* AINSE Post-doctoral Fellow; Royal Melbourne Institute of Technology)

A detailed study of the effect of metal ion implantation on the surface composition and structure of this alloy at
500T was recently completed. The re-distribution of both implanted ions and alloying elements was
monitored by Rutherford backscattering (RBS), scanning electron microscopy and energy dispersive X-ray
analysis. This combination of characterisation methods enabled the changes to surface compositions produced
by the different conditions to be deduced. The RBS spectrum of a Ti implanted specimen, vacuum annealed at
500'C for hour, is shown in Fig. 123 together with a simulated spectrum based on the layer stricture given
in Table 1. 1.

The corrosion testing of type 2011 alloy in saline solution has also been investigated. Potentiometric testing of
specimens implanted with titanium, chromium or aluminium ions found that only the first of these produced a
significant improvement in the corrosion resistance of this alloy. To investigate this improvement further, the
effect of implanted Ti distribution on corrosion was examined by varying the average ion energy. The current-
voltage curves for 2011 alloy implanted with Ti at average ion energies of 20 And 50 keV are shown in Fig.
1.24. The voltages at which these curves exhibit a rapid increase in current suggests that the corrosion
resistance was enhanced by higher concentrations of Ti at the metal-solution interface.
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Table 1. - Layer Structure for Ti mplanted (1.OX1017 CM-2) and Vacuum
Annealed 2011 Al Alloy

Layer NO. Thickness A Al at% Ti at% Cu at% PbfBi at% 0 t%
I 100 87 1 2 10
2 400 74 13 1 2.2 10
3 200 75 13 1 1 10
4 300 81 13 6 0.02
5 300 89 5 6 0.02
6 500 92 1.5 6 0.02
7 900 94 5.5 0.02
8 2000 98 2 0.02

substrate 98 2.5 0.02

Energy (MeV)

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
35 1 1 1 1 1 1 1

x After one hour vacuum annealing
30 Simulation

-0 25

20
W

1 5
E
0

z 1 0

5
0 A

0

100 200 300 400
Channel

Fig. 123 - Experimental and simulated RBS spectra for vacuum annealed, Ti implanted
Al 2011 secimen

1.3.2 Wear Properties of Metal Ion Implanted AISI 4140 Steel
(P. Evans, J. Noorman and F. Paoloni)
(* Dept of Electrical and Computer Engineering, University of Wollongong)

This study has focussed on changes in surface hardness of both standard and carburised AISI 4140 alloy steel
induced by metal ion implantation. Implant ions investigated to date are Ti, W and. for the uncarburised alloy,
a combination of W and C. Pin-on-disc wear tests were used to monitor variations in surface hardness.
Typical results obtained,"ith the above ions are summarised in Table 12.

Table 12 - Wear Results for Implanted AISI 4140 Steel

Substrate Implant Dose Load Velocity Total Improvement
Ion(s) (ions cm Turns Factor

AISI 4140 W+C 3.1 x 116a 1 0.2 5000 5.1
AISI 4140 Ti 4.7 x 116 2 0.02 1000 5.2
Carburized
AISI 4140 W 3.3 x 1016 2 0.02 1000 2.2

a Measured W dose
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Fig. 124 - Current-voltage curves for as-received 2011 Al alloy and following implantations with

Ti at aerage ion energies of 20 and 50 kV

1.3.3 Diamond Thin Film Deposition on Metal Ion mplanted Surfaces

(P. Evans, A. Hoffman'. 1. Brown' and M.C. Salvadoril)

(* Technion, Israel; Lawrence Berkeley Laboratory; University of Sao Paulo, Brazil)

Following earlier success in the deposition of diamond films on Ti implanted glassy carbon, the effect of

implant ion type of film growth has been investigated by examining deposition on tungsten implanted glassy

carbon. Good quality diamond filinswere also observed for the tungsten modified material though the growth

rate appeared to be lower and film coverage was less uniform. In a more recent development, the growth of

diamond films on Ti implanted graphite has been investigated. While only preliminary results have been

obtained to date, these indicate that films deposited on these substrates differ from those grown on the

implanted glassy carbon, exhibiting less well-defined crystallinity and more variability in film structure.

1.3.4 Ti Implantation of Austenitic Stainless Steel

(P. Evans, J. Hyvarinen- and M. Samandi*)

(- Dept of Materials Engineering, University of Wollongong)

The wear properties of AISI 316 austenitic stainless steel implanted with titanium were investigated for doses

in the range 23 - 54 x 1016 ions cm-2 and at two average ion energies 60 and 90 keV). Both pin-on-disc and

microhardness measurements ere performed on the modified surfaces. Generally, higher implant dose and

higher ion energy produced the largest increase in surface hardness. This effect is vident in Fig. 125 where

the cross-sectional areas of wear tracks resulting from 1000 turns under a load of ION are plotted for different

implant conditions.
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2. ACCELERATOR MASS SPECTROMETRY
(C. Tuniz [Leader], D. Fink, M.A.C. Hotchkis, G.E Jacobsen, E.M. Lawson, A.M. Smith, Quan Hua,
P. Drewer and P. Lee)

The Accelerator Mass Spectrometry (AMS) group has established a centre for the high precision and high
throughput analysis of 14C and other long lived radioisotopes. The main facilities of this centre are the
ANTARES AMS spectrometer and the chemistry laboratories for sample processing. A national research
program on Quaternary and Global Change science has been funded by the Australian Research Council, the
Australian Institute of Nuclear Science and Engineering and the National Greenhouse Advisory Committee.
Projects based on the AMS detection of long-lived isotopes for nuclear safeguards are being developed in
collaboration with the International Atomic Energy Agency and the Australian Safeguards Office.

2.1 STATUS OF THE ANTARES AMS FACILITY

2.1.1 The AMS Spectrometer
The ANTARES AMS spectrometer (Fig. 2 1) is currently used for analysis of 14C, 26AI, 36CI and "9I. A 59-

sample ion source allows AMS analysis with high throughput and reliability. A beamline at 3511 on the

switching magnet, equipped with a velocity filter and a split-anode ionisation chamber, is dedicated to high

precision 14C measurements. Figure 22 shows a typical 14C identification spectrum. A second beamline at

551 is used for the detection of 36CI, 129I and other long-lived radioisotopes. On this beamline, high mass and

energy selectivity is achieved through the use of a 22' electrostatic analyser, a time-of-flight telescope and a

Bragg chamber, equipment built by the National Institute of Nuclear Physics, Italy.

AMS measurements can be performed in two different measurement modes. In the "slow cycling" mode, the

injection magnet field is changed to sequentially inject the masses of interest, while the terminal voltage is

kept constant. Effectively, this means there are to cycles consisting of 10-50 seconds injecting the stable

isotope and 100-500 seconds injecting the radioisotope. Between each cycle, there is a 100 second wait period

for the magnetic field to settle. The cycling procedure and the injection magnetic field are under computer

control. The stable isotope current is measured in an off-axis Faraday cup on the analysing magnet or in the

on-axis cup. In the latter case, the analysing magnet field must also be cycled.

In the "fast cycling" mode, measurement of isotopic ratios is performed by rapidly switching between the

injection of stable isotopes and the radioisotope of interest by modulating the beam energy. In the case of

carbon, the injection magnet is held at the mass 14 value; mass 13 is injected by applying an appropriate

positive voltage (typically 5.8 kV) to the injection magnet chamber from a custom-built - HV supply, under

control of the isotope sequencer.

The sequencer also supplies a series of inhibit signals to allow synchronization of Faraday cup current

integration for 12,13C4+ and 14C event data recording in the ionisation chamber during their respective

measurement cycles. Measurement cycles can range from a few microseconds to 100s of milliseconds

depending on the radioisotope rate from the sample. During radiocarbon measurements, a typical cycle is 

Ms 13C and 90 ns 14C. Table 21 surninarises the experimental parameters for 14C analysis at ANTARES.

Table 21 - Experimental Parameters for 14C Analysis at ANTARES

Terminal voltage 5.200 MV

Charge state 4+

12C current 20-60 �tA

14C rate 100-300 cps (ANU Sucrose)

Precision (la) 1%

Processed commercial graphite 4xl0-11

IAEA marble 1XIO-15

Unprocessed commercial graphite 0.5-IxIO-15
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(a) The Multiple Sample Ion Source
ANSTO received shipment of the computer-controlled model 846B high-intensity, multi-sample ion source
from High Voltage Engineering Europa [HVEE] in July 1992. The basic ion source was then mounted on an
ANSTO designed injection platform equipped with a turbomolecular vacuum pumping system, a freon
cooling system, ion beam optical elements and power supplies and telemetry required to produce ion beams of
up to 100 keV energy. Considerable effort was devoted during 1994 to overcoming serious shortcomings in
HVEE design and engineering. Much of this work was aimed at improving the reliability of the sample
changing mechanism which failed catastrophically on three occasions, due to backlash and indexing errors in
the carousel motion and to non-reproducible 'home' positions for the XY stage which moves the cathode
under the caesium beam. A positive consequence of this was the development of in-house expertise for the
manufacture of the cathode gripping fingers and the repair of the cathode insertion arm mechanism.

During this off-line testing period it was realised that HVEE neglected to provide any means of suppressing
electrons, and that these electrons were being accelerated along with the negative ion beam, confusing the
object beam profiles and generating considerable X-rays. Poor vacuum along the test line was also found to
introduce considerable charge exchange and loss of beam. These facts in combination with inadequate beam
diagnostics slowed development of the injection module, as did problems with HVEE supplied software.

Additional work accomplished during this period included the identification and removal of high voltage
breakdown paths, permitting a maximum target voltage of 100 kV above ground. Cooling fans were added for
forced air-cooling of the source electronics. Earthing braids allowed for better spark immunity of the source
electronics and ground based PC. Telemetry has been added for remote Einzel, extraction and pre-
acceleration power supply operation. A new turbornolecular pump controller TCP121 was installed after
problems with the original unit and failure of the turbomolecular pump bearings were replaced on two
occasions. The ion source vacuum system controller was installed and tested. Considerable time and effort
was devoted to aligning various ion source components and in the design of alignment jigs. We replaced the
new Hansom isolation transformer with the refurbished Extrion unit after an unsuccessful repair attempt by the
manufacturer. Caesium reservoir and delivery tube temperature controller oscillations were fixed and the
chopper plate insulators ere replaced with Macor. Modifications ere also made to prevent the Cajon
bellows fouling the XY stage motion. To new carousels were made in the ANSTO workshop.

In conclusion, a number of unexpected technical failures coupled with the necessity for design modifications
have considerably delayed installation of the new ion source. The 846B finally passed our acceptance test in
late July 1994 and relocation of the source onto the injection beam-line commenced in early August 1994. The
acceptance test involved two days of continuous operation, changing randomly between 12 graphite targets
spaced around the carousel. No problems with sample changing or performance were encountered and typical
source outputs from commercial spectroscopic grade graphite powder were 100 4A, with some 70 �tA analysed
as 17C-. On returning to a given cathode, the same source output was obtained within a few minutes. Beam
profiles in the object plane of 4 to mm FWHM were obtained and were on the optical axis within mm.

(b) The Isotope Cycling System
ANSTO received shipment from VAST Technology [Adelaide] in April 1993 of the specialised power supply
used for modulating the beam energy around the injection magnet. This power supply can best be described as
a high voltage operational amplifier, with an output siving of -5 to 15 kV and a response time of 300 ps to
arrive within 0. 1% of the target voltage.

The isotope cycling system was completed in September 1993 with reference voltages selected by a
multiplexer from pre-set 12-bit digital-to-analog converters under instruction of the sequencer, located in the
accelerator control room. The sequencer, multiplexer and fast high voltage power supplies for the electrostatic
beam chopper system were all made by the Nucleonics Group in ANP. Software 'scanning' routines have been
developed to permit selection of the isotope cycling parameters.

The high voltage equipment was returned to VAST Technology tree times for repair and optimisation.
Failures occurred as a consequence of sparking across beam line insulators, and remedial work has been
completed to minimise the occurrence and the effect of such sparks. Additional work on the power supply has
resulted in improved response times.
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In April 1994 representatives from VAST Technology participated in a successful test at ANSTO of the
reworked VAST equipment, and a number of observations were made which will lead to future improvements.

Since then, isotope cycling has been in continuous operation for all our radiocarbon measurements and the
VAST HV power supply has operated flawlessly. Once the required isotope cycle is loaded into the sequencer
RAM, measurements proceed with mass 14 injected at zero bounce voltage and mass 13 injected during the
high voltage portion of the cycle. The isotope cycling system can readily cope with the usual fluctuations and
gradual increases seen in ion source output. In practice, measurements of isotopic ratios to a precision of 0. -
1.0% can commence immediately after changing a sample in the single sample ion source. Typically, a
cycling frequency of 10 Hz with a 90 to 95% duty cycle has been used; cycling at 20 Hz has been trialled with
no apparent effect on precision.

The sequencer also controls an electrostatic beam chopper, used to accurately attenuate intense stable isotope
beams and was used successfully during 36CI measurements earlier this year. The 846B ion source injection
platform incorporates deflection plates prior to the preacceleration tube, with an improvement in chopping
performance. The low-energy system will be completed later this year with the installation of an enlarged
injector image chamber housing three off-axis Faraday cups. The beam buncher electrodes at the accelerator
entrance, have been removed to maximise the acceptance and accelerator transmission.

2.1.2 Target Preparation
(with M. Barbetti*, J. Head' and A. Ewart4)
(* Sydney University, Australian National University, University of Queensland)

Target preparation encompasses a variety of activities ranging from the curation of incoming samples to the
numerous steps involved in the purification and processing of dissimilar samples. In the last 12 months, we
received over 800 samples for 14C analysis and a total of about 150 samples for the analysis of other isotopes,
i.e. 26AI, 1Be' 36CI and 129I To laboratories have been commissioned for the processing and preparation of
the AMS targets. The first laboratory has been set up to cater for the chemical and physical pretreatment of
both organic and inorganic samples. Treatments include cleaning by sonification, sorting, grinding, and
sieving, and chemical treatments such as the standard AAA treatment, acid digestion, solvent extraction and
chromatography. In addition, to oxidation lines and a graphitisation line have also been set up in this
laboratory and a line for C02 extraction from acidified water by purging with helium is being developed.

The second laboratory is a clean room and is dedicated to the final stages of 14C sample processing and to the
processing of targets for the other isotopes. This room is maintained under a positive pressure and is designed
to prevent contamination from reactor produced isotopes. In the case of 14C, the procedures of oxidation,
hydrolysis and graphitisation are performed. Equipment is being upgraded to allow the processing of large
numbers of samples when completed. A new hydrolysis line has recently been installed which will allow
processing of five samples at a time. A revised method for the oxidation of samples is currently being
developed which will enable the oxidation of five samples per day. A new graphitisation line has recently
been installed which will allow eight samples to be graphitized per day. Oxidation is achieved by heating the
sample to 900'C, in the presence of CuO and the gas is purified by passing over Ag and Cu wire at 600'C.
Graphitisation is carried out by reducing CO,2 with an iron catalyst (600'C) in the presence of zinc (4000C)
and a small amount of hydrogen.

A variety of samples, including bones and sediments are being pretreated, combusted and graphitised at the
Quaternary Research Centre at the ANU; wood samples are pretreated and combusted at the NWG Macintosh
Centre for Quaternary Dating at the University of Sydney.

Preparation of targets for 26AI, 1OBe, and 36CI analysis have also been carried out. This work has involved
such procedures as extracting aluminium from rat brains and its by precipitation as the 8-hydroxyquinoline
complex and conversion to A1203 by ashing; extraction of chloride from waters by precipitation as AgC1 and
purification of the AgCl; and extraction of beryllium from beryl mineral by digestion of the mineral using
carbonate ftision, precipitation of Be(OH)2 and ashing to BeO. The capabilities of this laboratory are soon to
be expanded to include preparation of targets for 1291 analysis from a variety of samples.

In cooperation with the Environmental Science program at ANSTO we have developed methods to extract
1OBe from quartz. Beryllium-10 processing laboratories have been also developed at the Department of Earth
Sciences, University of Queensland, for a collaborative project on the geochemical evolution of the Lau Basin
and Tofua volcanic arc.
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2.1.3 The AMS Database
(with Peter Brown, ANSTO Computing)

A database has been developed in collaboration with the ANSTO Computing Centre to track the incon-Ang
samples through the various procedures of submission, pretreatment, oxidation, graphitisation, target loading
and AMS analysis, so that at any given time the status of the sample can be ascertained.

The radiocarbon database is well advanced. Since the last ANP Progress Report we have refined the structure
of the database and have identified our requirements for data enquiries and for hard copy output more closely.
Forty-eight 'Software Problem Report' forms have been submitted to ANSTO Computing for attention; these
deal mostly with quite trivial matters and once completed the database should be almost ready to go 'into
production', i.e. it will be mounted on one of the site computers, probably Nucleus. Appropriate keyboard
maps are being created which will permit use of the database from the DECstations in the Tandem accelerator
area, from PCs connected to the ethernet (using WNQWVTNET) or by serial lines to the CS200 boxes (using
Kermit). Once "in production" ANSTO Computing will turn their attention to the generation of hard copy
reports on various local printers in buildings 16, 22 and 53.

2.2. SUMMARY OF AMS THE EXPERIMENTS

2.2.1 Carbon-14
(a) Precision in 14C Measurements
Our analysis procedure during 1993/94, for both fast and slow cycling, has been to arrange that every third or
fourth measurement is on a standard, usually ANU sucrose. Unknowns are then normalised using the
weighted mean or average derived from the two associated bracketing standards. The resultant precision
associated with such a determination of the fraction modern of an unknown is then typically 1% for modem
and near-modem samples. Figure 23 shows the results for a sequence of measurements comprising the
determination on the Oxalic I standard. Each data point represents a 10- 1 5 second interval - 125 cycles) and
71 ratios were generated. The mean value is 1120 x 10-15, with a standard error of 0.20% and a total Poisson
error of 024%. Hence, in the short term, i.e. during the 15 minutes or so required to make a single
determination of the 4C/13C ratio, the stability and precision are dominated solely by counting statistics. To
emphasise this point, Fig. 24 shows a histogram of the standard error normalised to the associated Poisson
error for a total of 68 14C/13C determinations such as described above and shown in Fig. 23. The histogram
population refers only to the ANU sucrose and Oxalic I standards made over the last 3 months of operation,
with each data point having a total Poisson eror within 025 to 075%. All except two standard measurements
and those recorded during start-up and scanning have been taken. The mean value for the ratio of external
error to internal eror is only slightly larger than unity indicating that our precision is dominated by counting
statistics.

Figure 25 demonstrates the long-term reproducibility during our measurements using fast cycling and the
single-sample 860 source. Seven measurements of the Oxalic I standard are shown here taken over a 9 hour
period during which there was no accelerator retuning whatsoever. The standard and Poisson errors
associated with each of these measurements are about 02 - 04%. The standard deviation of the complete
distribution shown is 262%, largely dependent on the Poisson statistics associated with an individual point
(2000 counts, 2.241/6 error). The vertical lines represent periods during which measurements were made of
unknowns. These periods were usually between 30 minutes to one hour. The good stability of our system
allowed us to make measurements on eight consecutive, 12,500 year old, tree rings with precisions of about
0.5%. The 14C/12C ratios associated with these measurements ranged from 220 - 240 x 10-15 with standard
and Poisson errors of 0.4 - 07%.

Stability over longer periods (i.e. days) is compromised by foil deterioration, imprecise resetting of the source
extract and pre-acceleration voltages during cathode changes, slow drift in the terminal voltage and sputter
cratering of the cathode. The new 60-sample ion source, the gas stripper and terminal voltage stabilisation
with the split Faraday cup will be the key elements to extend sub-I% reproducibility to longer measurement
times.
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(b) Background in 14C Measurements
Procedures for background correction require determination of the fraction modern of blanks of known
processed mass. A fixed amount of modern contamination is assumed and when accurately applied, the
correction requires the mass of blank and sample to be the same. However, once a process line is
characterised, it is possible to determine the fraction modern associated with a blank of any desired mass. A
series of blanks of small mass ranging from 65 �Lg to 3 mg was processed and measured resulting in consistent
contamination level, independent of blank mass. Our complete process seems to be responsible for the
addition of between and 10 gg of modern carbon contamination, of which graphitisation is responsible for
about 2 gg. A smaller volume combustion chamber as well as low mass sample graphitisation lines are being
constructed which will improve this figure further.

Since becoming operational in 1993, the AMS facility has been used to analyse about 500 samples from a
variety of collaborative projects.

(c) Single Tree Ring Analyses
(with M. Barbetti, Sydney University)

Ancient conifer logs are exposed in the bed and banks of the Stanley River in western Tasmania. Many of
them have been sampled for dendrochronology and 14C studies. In addition, several major excavations have
been carried out in floodplain sediments up to a hundred metres: distant from the present river channel.
Sections have been collected from over 350 well-preserved subfossil logs. They range in age from >39 ka to
the present, with good coverage for the periods 9 ka to 35 ka and from 25 ka to the present. Two species are
represented in the collection; Huon pine (Lagarostrobos franklinfl) and celery-top pine (hyllocladus
aspleniifolius), with the former more abundant. Carbon-14 measurements have previously been made on
consecutive 10-ring samples from several logs, using classical liquid scintillation methods. A collaborative
project has been established to measure the 14C concentrations of eighty consecutive, single-ring samples from
a celery-top pine log, catalogue SRT-157 dting from ca. 12,700 14C years BP. These data will provide a
short but precise annual record of atmospheric 14C variations when plotted against ring numbers. The rings
were separated by careful shaving, then milled and pretreated to isolate alpha-cellulose before combustion to
C02 and graphitisation. Carbon-14 results from individual tree rings are shown in Table 22. The average
radiocarbon age of the values is 12,725 BP, consistent with the age 12,645 54 yr BP measured on the
corresponding decadal sample with the Quantulus counter at the NWG Macintosh Centre.

Table 22 - AMS Radiocarbon Dates from Annual Tree-rings of the Stanley
River Celery-top Pine Log, SRT-157

Tree-ring number Age (yr BP) CT

110 12,560 60
III 12,630 50
112 12,750 50
113 12,910 50
114 12,640 60
116 12,790 60
117 12,750 70
118 12,750 50

(d) Dating of Ancient Teeth
(with Rainer Grun, John Head and M. Abeyratne, Australian National University)

A series of tooth enamel samples separated from very old fossil animal teeth (previously dated using the ESR
dating technique) were examined by selective heating at 600'C, 750'C and 9500C. C02 generated from
decomposition of the samples at the respective temperatures was collected for 13C determination and 14C
dating. Results indicate that the organic component has exchanged with younger organic materials, and quite
large amounts of carbonate have replaced phosphate in the hydroxyapatite of the enamel. Continuous
carbonate exchange is also postulated. No concrete conclusions can be reached at this stage, but the results
were unexpected and further work is needed to adequately explain observations and measurements.
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(e) The Venafro Chessmen
(with F. Terrasi, University of Naples, Italy)

The Venafro chessmen, discovered in 1932 in Venafro a small town of Roman origin in Southern Italy, are
considered one of the most interesting archaeological finds of this century concerning chess. In the last 60
years, archaeologists formulated a variety of hypotheses to explain bow it was possible that chess pieces of
Arabic shape had ended up in a tomb of the Roman age. Some scholars claimed that the Venafro chessmen
were indeed of Roman origin. To contribute to the solution of this puzzle, we decided to date the animal bones
from which these artefacts were made. Measurements carried out at the ANTARES AMS Centre and at the
AMS facility of Naples resulted in 87.1 ± 09 and 88. ± .8 % modern carbon, respectively. The average of
the two results give an age of 885 AD - 1017 AD (la), compatible with the hypothesis that this game was
introduced to Central Italy during the Saracen invasions of the 10th century AD.

(f) Groundwater Studies
(with Gian Maria Zuppi', Jean-Luc Michelot% Elisa Sacchi', Corinne Legalle La Salle% J. Andrews#)
('University of Paris-Sud, France; University of Turin, Italy; University of Reading, UK)

Carbon-14 is being analysed in water samples to study ground water systems in Africa and in Europe.
Carbon-14 was analysed in samples from a small aquifer, characterised by recent water. Carbon-14 contents
of dissolved organic carbon (humic and fulvic acids) are compared to those.of totally dissolved inorganic
carbon. We also analysed samples from thermal aters in Pyrenees, to estimate the transit times of these
water and dissolved inorganic carbon samples from Northern Cameroon ground waters.

(g) Heavy Radioactivity
(with Roberto Bonetti* and Elisa Sacchi')
(* University of Milan and INFN; University of Turin)

A very exciting discovery in recent years in nuclear physics was the so-called etic radioactivity: the
spontaneous emission of heavy ions such as 14C 2Ne and 24Ne from nuclei in the trans-lead region. This
decay mode has been experimentally investigated by groups at xford, Berkeley, Dubna, Orsay and Milan,
mostly with nuclear track detector techniques. In collaboration with the Universities of Milan and Turin,
we have started an experiment to measure 14C abundances in uranium and thoriurn ores by AMS. Carbon-14
clusters are emitted by 22IRa and 224Ra present in the natural decay series of 235U and 232Th respectively.
The corresponding theoretical branching ratios relative to alpha decay are 1-9.2 and 110.3 respectively. It
can be estimated that 14C will build up to an equilibrium concentration of 14 x 105 atoms per gram uranium
and X 104 atoms per gram of thorium in natural minerals. A few tens of grams of uranium or thorium will
be sufficient for AMS analysis. A similar measurement has been performed already at the AMS facility,
University of Arizona. Results were not conclusive due to the competing production of 14C from the I IB(ot
'p)14C reaction. For the present experiment, about 15 mineral samples from Australia and Europe have been
collected. The first phase of the experiment involved te development of the technique to extract the C02
fraction of interest by successive heating to 1500'C.

Uranium samples coming from European and Australian ores are being analysed to study the spontaneous
emission of 14C in the trans-lead region. Members from the university of Milan and Turin visited ANSTO
during the feasibility study. One of them will visit again ANSTO in September 1994 to complete the
experiment on about 15 uranium samples.

(h) Dating Ancient Human Bones
(with L. Capasso* and J. Head)
(* Ministry for Cultural Heritage and Environment, Italy; I Australian National University)

A number of human bones have been submitted for 14C analysis, including bones from a medieval
necropolis a seed from an Egyptian mummy and human vertebrae from a roman necropolis.

2.2.2 Alurninium-26
AMS measurements of 26AI/27AI ratio are carried out using the slow cycling mode with 27AI current
measurements of 50 secs and 26AI measurements of 100 sec. Aluminium-26 is analysed with a sensitivity of 
x 10-15 and a precision of 2 %. Overall particle tansmission for 27AI71 at 56 MV is 10-17% and the counting
rate from a standard with 26AI/27A = 10-11 is 1-5 counts pr second. 27AI- currents from 100 to 500 nA are
typically obtained from A1203 targets. During 1993 e measured a total of about 30 unknown samples, 0
standards and blanks.
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2.2.3 Accumulation in the Brain of Aluminium Ingested via Drinking Water
(with J. Walton* and D. Wilcox')
(* Australian Institute of Biomedical Research Ltd; Sydney Water Board)

In biomedicine, AMS provides a method to learn about the biological and metabolic role of toxic elements by
tracing doses of long-lived radioisotopes in the body. Despite its low absorption and efficient removal from
the body, aluminium is now considered to be a toxic element, whose accumulation has been identified as the
cause of diseased states in chronic renal failure patients. Although still a highly controversial issue, Al has
also been implicated in the aetiology of Alzheimer's disease.

Without an appropriate radioisotope and being a monoisotopic element, conventional studies of aluminium
metabolism have been restricted to large dose quantities of pble Al and as such do not reflect normal
physiology. Detection via AMS of the long-lived radioisotope Al administered at ultra-trace levels and thus
with negligible radiation damage has provided a new avenue to understand the role alurninium plays in
biological systems.

A number of AMS groups have appreciated the potential of using 26AI (and also 14C and 41Ca) as biomedical
tracers. Initial experiments commenced with intraperitoneal injections of low 26 Al doses. Partition of Al
amongst various body tissues and organs (liver, kidney, brain, bone, etc.), its biological half-life in the blood
and the kidney removal rate of Al were measured. A later study involved the oral ingestion of 26AI by a
human volunteer and gastrointestinal absorption was artificially enhanced by the use of sodium citrate.
Aluminium exchange and partition between various body pools have been investigated and semi-quantified.
Overall knowledge of aluminium metabolism and toxicity have increased many-fold.

Alum (aluminium sulphate) is widely used in water treatment plants to clarify water. Aluminium residuals in
treated water contain a higher proportion of soluble to insoluble forms than in pre-treated water. It is the
soluble form of aluminium which is most bioavailable, i.e. capable of being absorbed into the bloodstream
where it can be taken up by the brain, bone. and other tissues. Numerous -reports have appeared in the
scientific literature describing the adverse health effects of aluminium, including neurotoxicity, since the
1970s. In order for ingested aluminium to accumulate in the brain to concentrations that may produce
neurotoxic effects it must, first, be absorbed from the gastrointestinal tract into the bloodstream. Second,
blood-borne aluminium has to cross the blood-brain barrier which normally functions to protect the brain by
excluding toxic substances.

Results of our first measurements dealt with young rats and aluminium absorption through the gut to the liver
and brain were reported in ANSTO/ANP - PR93. We found that the Al partition ratio for liver/brain is a
factor of 7, and that the gastrointestinal absorption fctor of aluminium in hydroxide form across the gut to the
blood stream was 1-3) x 10-3.

Humans over 70 years of age have more 27AI in their brain than those under 70 years. It has not been clear
whether this age difference in brain aluminium levels occurs relatively late in life due, for example, to age-
related deterioration of the blood-brain barrier or to a more gradual accumulation over the life span. In our
second experiment we tested both old and young animals to clarify this issue and to learn whether there might
be a different uptake response, old age being the only well-established risk factor for Alzherimer's disease.

Two groups of young 6 months) and old 26.5 months) male Wistar rts were used from the Ageing Rat
Colony of the Australian Institute for Biomedical Research (AIBR). The rats were gavaged with 4 mls of
purified drinking water containing 70 Bq (0 I �Lg) doses of 26AI. The water also contained 1.0 gg 27AI to
minimise 26AI loss in the syringe and gavage needle. One young rat and one old rat served as controls,
receiving the same drink as the experinientals but without the 26AI.

Two weeks after they were dosed, the rats were anaesthetised. The whole brains were dissected out and the
brainstems removed. The brains less the brainsterns were weighed, frozen and taken to ANSTO for the
extraction of alurninium conversion to A1203, and for 26AI measurements using the ANTARES Tandem
accelerator mass spectrometer.

To assess accelerator performance, stability and background, we used commercial unprocessed A1203 as a
blank and a standard with 26AI/27A = 17 10-11. Three to eight 26AI measurements were made on aliquots
prepared from each coded brain to establish the mean 26AL127AI ratio. (See results ANSTO/ANP - P93).
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The results are presented in Table 2. Column 4 represents the fractioft��ok aluminium absorbed (or retained)
in brain tissue per dose ingested into the gut per unit mass of brain.

Table 23 - 26AI Uptake into Rat Brain from Drinking Water

26AI/271 X 1-14 Wet Wt g) 26AI/dose/gram Wet
and Standard Error Brain Mass (x 10-9)

Controls
Young 21 7 2.022 n/a
Old 17 8 1.741 n/a

"Non-Responders"
Young 41 6 1.659 5
Old 20 ± 4 1.697 3

"Moderate Responders"
Young 218 ± 16 1.811 25

332 ± 24 1.996 17
Old 148 ± 19 1.792 17

209 ± 19 1.798 12

"High Responders"
Young 3450 ± 76 1.965 180
Old 5220 ±208 1.772 300

The amounts of 26AI taken up by the brains of the experimental rats fell into three distinct classes. The three
groups were separated from each other by approximately one order of magnitude difference. Six of the eight
brains from the dosed rats 3 young and 3 od) had 26AI levels that were significantly higher than background
as determined by the control samples. To of the brains - one young and one old - showed no detectable
difference from the controls. These two rats were designated "non-responders". Half of the rats had a
moderate alurninium uptake into the brain with 26AI/27AI ratios in an intermediate range, an order of
magnitude higher than the controls. These were the "moderate responders". The remaining two rats had a
high alurninium uptake into the brain and these were designated "high responders".

Our data indicate that the primary age effect is due to the prolonged time of alurninium ingestion rather than
to a dramatic late-life increase in aluminium uptake into the hrain.

To confirm whether the high responders are pront in late life to ftirther increase in alurninium uptake, it would
be desirable to repeat the experiment with more rats of even greater age than those used in the present
experiment, say 34-36 months old.

The elevated level of uptake in the class of high responders over the moderate responders is notable. If
confirmable for humans, it provides a mchanism (e.g. a genetic predisposition) whereby a significant
proportion of the population could tke in higher alurninium levels than others and attain chronic neurotoxic
concentrations in the brain at a rlatively earlier age.

2.2.4 Chlorine-36
Recently we have gained valuable experience in both the preparation of 36CI samples on-site at Lucas Heights
Research Laboratories and their measurement at ANTARES. Chlorine-36 AMS measurements have been
carried out at 68 NW using the 7 charge state with a slow cycling mode of operation. Transmission for the
7+ ion beam to the detector cup is typically 13 - 17%. The low-energy electrostatic chopper was used to
attenuate the injected 37CI beam by - 100 and repeat measurement of the 35CI71/37Cl7+ ratio at the image cup
of the analyser magnet indicated no correction for transmission fractionation. Effective injected 37CI- beams
were of the order of 0.5 - I A.
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Both the 14C line (ExB, ionisation dtector) and the 55' line (ESA Bagg detector) have been employed in
36CI measurements at 68 MV. The ESA readily removed all taces of the 37CI background which plagued our
measurements using the ExB. Total energy rsolution for both dtectors were quite good WEM of 1.5% and
1.7%, respectively). Comparison of the measured peak-to-peak separation (normalised to mean FWW for
the 36S-36CI pair from each detector to calculations showed both acceptable and rather similar prformances.
The ESA has been voltage tested to 50 kV allowing a maximum terminal voltage of 9 W.

In our first measurements, samples both prepared on-site in our nw clean rooms and in Italy at the
Department of Earth Sciences, University of Turin resulted in comparable 36CI/Cl blank levels at - 30 x 10-15
(± 15%). However, as both samples had been loaded into cathodes on site w suspected that reactor-based
36CI had entered the system. To test for ion source memory and cross-talk an 'empty' AgBr cathode was also
measured at the same time and gave a 36CI integral 510 times lower than that recorded for the above Weeks
Island halite blanks. Rates of 36S wre 50-200 Hz and well below levels which would lead to large scale
n-dsidentification in spectra analysis and hence 36S tails are largely ruled out as the cause for the unacceptable
blank lvels. In a second series of experiments we made 36CI measurements on the ESA beamline which
provided total discrimination and rejection of 37C171 vents that were problematic in spectra anlaysis of data
taken previously using the ExB line 14C line). In addition, blank samples were prepared both overseas and at
ANSTO but were loaded off-site in central Sydney. We achieved a reduced blank value of 15 x IO-'-' ± 20%)
on this occasion. Although we see an improvement, we feel that the overall result of our initial tests add to
the burden of proof of on-site 36CI contamination that prevents, at present, reaching acceptable blanks of 2 x
10-15. Strict protocols for preparation and loading of samples for 36CI measurements have been discussed and
formulated in light of these results and additional tests are planned. Figures 26 and 27 show sets of 2-D
spectra obtained using the Bragg detector for our 36CI standard and a commercial AgCI blank.

2.2.5 Chlorine-36 in Groundwaters near Uranium Mines
(with E. Sacchi and G.M. Zuppi, University of Torino, Italy)

These samples relate to an extensive research program to investigate the geochemical and hydrological
environment of the Peny uranium ore deposit in central France. Samples measured to date (Table 24)
originate from depths of 400 m and have been taken from specific locations with respect to the water table and
from regions with measured or known saturation indices for calcite. Moreover, we have also completed the
measurement of 14C content of the same samples and we are at present in the process of analysing the three
sets of data. Our preliminary results show a strong correlation between the calcite saturation index and 36CI
content. Uranium and thorium assays are in progress in order to aid in the decoupling of the in-situ signal
from the meteoric.

Table 24 - 36CI Results

Sample 36CI/Cl 10-15 Tot. Err.

ES-1,844 1095 18
ES-1,71 1-CH723 635 16
ES-PI051-1 415 12
ES-8002 275 18
ES-1,501-CI-5N 200 14
ES-1,71 I-CH763/5 ISO 13
ES-L700-CH6148 130 6.5
ES-L700-CH718 55 1 1

Absolute ratio obtained by correcting via background subtraction and normalisation to the standard.
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2.2.6 Iodine-129
Preliminary 129I measurements have also been made on the ESA line at 64 MV. TWO 1291/127I standards at 
x 10-9 and x 10-10 were measured together with 2 commercial AgI blanks. Although our time-of-flight
(TOF) system is not installed, we estimate a x 112 background level for these AgI blanks. With the
standard sample and using only the total energy signal of the Bragg detector, we were able to distinguish
between mass 127 and 129 when the ESA was scanned across the different masses. For the case of the AgI
blank we registered a 40-fold increase in 1271 count rate when the ESA was tuned for mass 127. Further tests
will continue in the near future after the installation of the TOF detector. The time-of-flight telescope with
microchannel plates built by the University of Trieste is being tested off-line.

2.3 RESEARCH PROGRAM

2.3.1 Quaternary Science
Through the applications of AMS in Quaternary science it is possible to obtain new insights into the
mechanisms and dynamics of the land-based systems within which humans live. Environmental scientists are
particularly interested in studying anthropogenic and paleoclimate influences. AMS applications provide the
key to studying hitherto unmeasurable rtes of change and better assessing environmental impact and planning
more effective rernediation strategies. Investigations of paramount importance to Australian agriculture,
related to problems such as soil erosion, groundwater management and salinisation, are based on the analysis
of long-lived natural radioisotopes such as 1Be, 6AI and 6C1. Some of the effects induced on the ecological
equilibrium by industrialisation, vehicular traff ic and energy production can be understood by analysing
radiocarbon in atmospheric particulates and gases.

The national research program on Quaternary science, funded by ARC and AINSE, involves collaboration
with 23 Australian universities and AMS analysis of nearly 1000 samples from 80 projects covering a wide
range of disciplines: archaeology, geomorphology, hydrology, palynology, paleoclimatology and global
environmental change (Fig. 28). The diversity of these projects is illustrated with some selected examples:
high resolution study of past atmospheric 14C variations from analysis of annual tree rings of Tasmanian Huon
pine (University of Sydney and CSIRO Division of Atmospheric Research), dating of human-mcgafauna
associations and environmental change in Australia University of New South Wales), dating of pre-historic
aboriginal rock pictures and burial sites (University of New England), 14C and U analysis in corals to calibrate
the 14C timescale up to 40,000 yr before present (Australian National University), dating stick nest rat
middens from inland Australia (University of New South Wales), late quaternary environment change and
human settlement in NE Thailand (Monash University) and the Pleistocene-Holocene transition on the
Southern Tablelands of NSW (Australian National University), the use of AMS 36CI and 129I for dating of
mineralisation in the secondary zone of the Broken hill Ore Body (University of Melbourne), glacial history of
the northern Charles Mountains (Antarctica) region using in-situ produced Be and 26AI to model rock
surface exposure history (University of New England), long-term storage of components in the sub-arc mantle,
implications for the chemical evolution of the erth (University of Melbourne). A large fraction of the total
AMS bearntime at ANTARES during 1994-1995 will be devoted to 14C analysis in samples from these
projects.

2.3.2 Global Climate Change
The Australian National Greenhouse Advisory Committee has funded two projects based on the AMS
detection of 14C 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.

(a) Age-Spread of Air in Ice Cores
(with Roger Francey*, John Head', Vin Morgan4 Vladimir Levchenko**)
(* CSIRO, Atmospheric Division; ANU; Antarctic CRC Centre; " National Greenhouse Advisory
Committee)

The aim of this project is (a) to test models. for predicting the 14C age-spread in an annual layer of ice and (b)
to detect natural 14C variations related to climate forcing and other natural causes in the km, high-resolution
ice core from Law Dome (Antarctica), extending back to 40,000 years before present. The age spread is
evaluated by measuring in the Law Dome ice core the rapid increase in atmospheric 14C due to nuclear
weapons testing in the late 1950's and early 1960's. These ice cores are characterised by an unparalleled time
resolution and are the best source of ancient air to constrain projections of future levels of greenhouse gases.
The main effort at the moment is the improvement in techniques for radiocarbon preparation and analysis of
10-50 �Lg samples.
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The aim of this project is to determine the contribution of the Southern Ocean towards the ventilation of the
world oceans, and to quantify its performance as a sink for anthropogenically produced greenhouse gases. It is
still unclear hat accuracy global ocean models have in representing features of the Southern Ocean
circulation. Transient tracers (such as 14C) can be used to test these models. Collection of tracer data is being
undertaken through the World Ocean Circulation Eperiment WOCE). Our program will provide data in the
Australian region and in particular parts of the Southern Ocean. A large fraction of the samples have been
already collected and inter-laboratory calibration with the Woods Hole Oceanographic centre (USA) are
planned to check the accuracy of AMS analysis.

2.3.3 Nuclear Safeguards
(with IAEA)

Work for the analysis of 1291 in sfeguards onitoring is being developed. ANSTO has allocated funding to
extend this activity to include the AMS aalysis of uranium and plutonium. To this aim, a third all-
electrostatic beamline, equipped with a high resolution electrostatic analyser and a time-of-flight detector, is
being designed for the O' port of the analysing agnet.

2.4 INTERNATIONAL LINKAGES AND COLLABORATION

important international linkages based on the use of the AMS Facility have been established. Countries from
the Pacific Basin have shown interest in using the ANSTO dating system for oceanographic studies related to
global change (World Ocean Circulation Experiment). Agreements have bn established with Italian
institutions for radiocarbon dating in archaeology. The University of Paris in France and the University of
Turin in Italy requested our collaboration in groundwater studies. Several 14C and 36CI samples have ben
analysed for these institutions. An international collaborative project ith Italian and French institutions on
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environmental applications of longlived radioisotopes has been fun&d by the International Science and
Technology Committee (ISTAQ. Arrangements have been made with the International Atomic Energy
Agency to use the ANTARES AMS facility for environmental monitoring in support of international nuclear
safeguards and test ban agreements.

2.5 THE 6TH INTERNATIONAL CONFERENCE ON AMS (AMS-6)

The AMS group played a key role in the rganisation of the 6th International Conference on Accelerator Mass
spectrometry held in Australia and attended by more than 140 AMS scientists from several countries.
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3. NEUTRON SCATTERING

3.1 NEUTRON SCATTERING
(C.J. Howard [Mgr], M.M. Elcombe, R.L. Davis, S.J. Kennedy, S.L. Town [until 26/11/93], B.A.
Hunter [from 2/94], 1. Hirka, D.N. Argyriou * [until 45/94], D. Howell+, C. Larnan, M. Perry and
C.J. Evans#)
(* GIRD Grant Fellow; +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,
U.K.) for certain applications which cannot be undertaken at the HIFAR reactor.

There were a number of staff changes during the year: Dr Sue Town left to take up a position within the
Nuclear Technology program, and the vacancy was filled by Dr Brett Hunter; Mr Dimitri Argyriou, who
worked with us for three years with support from the Industry Research Development Board, completed his
work and a Ph.D., and moved to a job at the Argonne National Laboratory. The Neutron Scattering group,
including those working on the AUSANS project, comprises 6 research scientists (I on term appointment), 2
professional officers (I on term appointment), and 4 technical grades.

The effective application of neutron scattering techniques requires an appropriate range of instrumentation.
The current instrumentation includes two neutron single crystal (2TANA and 2TANB) and to neutron
powder HRPD and RPD) diffractorneters a triple axis spectrometer (TAS) a neutron polarisation analysis
instrument (Longpol), an experimental white beam facility X166), and the Australian Small Angle Neutron
Scattering instrument (AUSANS) under construction and now nearing completion. Research scientists have
been assigned "instrument responsible" duties for the different neutron scattering instruments. The utilisation
of the different instruments for the period July 1993-June 1994 is indicated in Fig. 31. There has been a
considerable emphasis on the upgrading and further development of instrumentation as detailed in Sections
3. 1 I and 32 below.

A strong 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 is
stronger than ever, there being 40 AINSE proposals for the use of neutron beam fcilities approved for
calendar year 1994. The university interaction has been recognised by the Australian Research Council
(ARC), which awarded a $275K infrastructure grant toward the further development of the instrumentation in
the calendar year 1994. The improvements being made with the help of this grant should make the neutron
scattering facilities even more attractive to university scientists in the ftiture. 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.

3.1.1 Development of Instrumentation
(R.L. Davis, I. Hirka, D. Howell, S.J. Kennedy, 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 Diffractoineter (2TANA). A major upgrading of this diffractometer is now being
undertaken. The initial stages of the development will see the installation of first class mechanics and
software - the later stages will see improvement of the shielding and the neutron beam. First, the ageing
diffractometer is to be replaced in its entirety by a 'state-of-the-art' four circle diffractorneter manufactured
by Huber. The Huber diffractorneter has been delivered and tested in the laboratory, and is performing
well. This diffractorneter features a large Eulerian cradle designed to acccommodate a cryorefrigerator (on
order) or furnace, so it will become possible to make measurements over a range of temperatures. The
cryorefrigerator will be capable of cooling crystals to temperatures below 10 K. Initially, the new
diffractometer will carry the single 3 detector from the old 2TANA, and a suitable detector mount to
carry the old detector has been designed and is in manufacture. Eventually, the single detector will be
replaced by a small position sensitive 'area' detector, which is being developed in collaboration with the
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European Molecular Biology Laboratory and the Institut Laue Langevin (Dr Garry McIntyre) in Grenoble,
France. New Windows-bascd software for automatic control and data acquisition is in the final stages of
development - this will provide a flexible interface between the user and the instrument and, in
combination with the superior engineering of the new diffractometer, will improve the speed of data
collection. The new diffractometer, using the old neutron detector but under the control of the new
Windows-based soffivare, will be installed in te second half of 1994.

NELYIRON SCATTERNG - Utilisation of Instruments

July 1993-June 1994
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Fig 31 Utilisation of the different instruments

• Medium Resolution Powder Diffractometer (MRPD). This instrument, designed to give good resolution
neutron diffraction patterns more rapidly than the high resolution powder diffractorneter (HRPD), and
which recorded its first diffraction patterns in October 1992, is being developed progressively towards its
design performance. The year under review saw improvements in the focussing monochromator
arrangement, and an increase in the number of installed detectors from eight to fifteen. Completed
diffraction patterns are being recorded in around three hours, and sufficient information for kinetic studies
may be obtained in times as short as five minutes. The instrument is to be further upgraded, with funds
from the ARC grant, to carry a complement of twenty-four detectors. This will make the instrument even
more competitive for studies of phase transitions and kinetics. The design is well advanced, and the
additional detectors will be installed in the second half of 1994.

• Other Developinent. Development of polarising supcrmirrors has continued in collaboration with
Monash University, and the Hahn-Meitner Institute, Berlin. Preliminary tests on a new solid-state,
thermal neutron detector have given encouraging results. The 1750'C neutron diffraction furnace is now
in operation, and the new 4 K cryorefrigerator, purchased with funds from the 1992 ARC infrastructure
grant, was also successfully commissioned.

3.1.2 Analysis of X-ray and Neutron Diffraction Data
(D.N. Argyriou, C.J. Howard, IE. Grey% T.M. Sabine', M. Sakata and M. Takata4)
(* CSIRO Mineral Products; 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 for the analysis for diffraction data.
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For the analysis of powder diffraction data, the use of the Rietveld method is routine. The Rietveld method,
when applied to the analysis of diffraction patterns from multiphase mixtures, represents a powerful method
for quantitative phase analysis (QPA). The Lucas Heights group ere among the pioneers of Rietveld method
QPA, and the method plays a central role in current programs such as that on zirconia ceramics (Section
3.1.5). The method has very recently been applied to the test analysis of a 50:50 by mass mixture of haematite
(Fe2O3) and corundum (AI203)- Such mixtures have, for reasons which are not et Nvell understood,
obstinately resisted analysis by X-ray diffraction techniques. The neutron diffraction pattern, and the fit, are
shown in Figure 32. The pattern includes peaks which are purely magnetic in origin, stemming from
antiferromagnetic ordering of the iron atoms in the haematite. The composition, estimated from the Rietveld
scale factors, was 49.3% by weight of haematite, in very good agreement with the composition as eighed.
The use of the Rietveld method in simultaneous fitting of X-ray and neutron diffraction patterns from ilmenite
type structures in an attempt to resolve certain ixed occupancy problems has been pursued, but the results to
date are not entirely convincing. Further work on tis problem is planned.
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Fig. 32 - Plot obtained after Rietveld fitting of a pattern (recorded at 0.15nm) from a haematite/
corundum mixture. The pot hows the obsessed (crosses) and calculated (continuous line) intensities,
and the difference between observed and calculated on the same scale. The markers show the epected
positions of nuclear.peaks from the bacmatite top row) and corundum (middle row) and of magnetic
peaks from aernatite (bottom row). Peaks of purely magnetic origin are apparent.

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 (see Progress Report ANSTO/ANP -
PR93, Section 31.2) and there is a need to gather further experience. The analysis of the neutron diffraction
data to give the nuclear density in TiO2 (anatase) has been successfully completed. Dr Masaki Takata visited
our laboratory to record powder diffraction data from YBa2CU307 superconductor, the perovskite SM03, and
CeO2 which adopts the fluorite structure) ith a view to precise NEM determination of the nuclear
distributions in these materials. This work forms part of ANSTO/Nagoya collaborative research which began
in July 1990 and is continuing.
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Much of the work on this topic is intended to connect with the implementation of arrangements for Australian
work at m or 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 Rutiles and Pyrochlores
(M.M. Elcombe, C.J. Evans*, C.J. Howard, Ismunandar' and B.J. Kennedy')
(* ANSTO Vacation Student; Department of Chemistry, University of Sydney)

Systematic studies of compounds with the rutile structure (see Progress Report, ANSTO/ANP - PR93, Section
3.1.5) are continuing. The structures of the majority of the metal dioxides which adopt the utile structure
have already been redetermined in this program. The diffraction pattern from GeO2 showed anisotropic
broadening, attributed to small crystallite size, and attempts to model this broadening are continuing. A
sample Of CrO2 (not yet measured in this program) has been obtained. The structure of MnF2 a fluoride with
the utile structure, has also been studied. The emphasis in the study of simple rutiles has been on collating the
results, and understanding such structural features as the distortions of the oxygen octahedra, and the
anisotropic thermal vibrations. Simple electrostatic energy calculations have been carried out in order to
distinguish between features which can b explained on a simple ionic model from those which require a more
detailed consideration of the bonding. The manuscript reviewing these results is nearing completion. The
structures Of M002 and W02, which are distorted rutiles, have also been redetermined.

The systematic study of structures of the pyrochlore type, including both stoichiometric and oxygen-deficient
pyrochlores also continued. 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
stoichiornetry and ordering of the oxygen atoms. Neutron powder diffraction studies of the simple
stoichiometric pyrochlores M2Sn2O7 (M=Y, La, Pr, Y) have been completed, two of these in the period under
review. A sample of BiCaRU207 was also found to have the simple pyrochlore structure. As to the oxygen
deficient pyrochlores, both PbBiRU206.5 and PbYRU206.5 showed oygen vacancy ordering; in the former the
Pb and Bi were arranged at random on the M' site, whereas in the latter the Pb and Y were ordered so that the
symmetry was reduced. The neutron powder pattern from Pb2(Ti1.5W0.5)06.5 has been recorded, and analysis
of the data has commenced.

3.1.4 Crystal Structure of Zr2NiD4
(M.M.Elcombe, C.J.Howard, SJ.Carnpbell)
(* Department of Physics, Australian Defence Forces Academy)

Zr2Ni can incorporate substantial amounts of deuterium. It has a tetragonal structure and initially there are
swTcient interstitial holes in the lattice to accommodate the deuterium up to Zr2NiD3 without loss of
symmetry. Published X-ray work on the whole rnge of D-levels (up to Zr2NiD5) show that there are
monoclinic distortions around the D4 compound with further changes close to the D5 compound.

Samples with nominal compositions of Zr2NiD3, Zr2NiD4 and Zr2NiD5 were prepared about years ago and
neutron powder data were collected on the HRPD. The pattern from Zr2NiD3 was very poor and unsuitable for
analysis. Early attempts to determine the unit cell from the patterns of Zr2NiD4 and Zr2NiD5 were
unsuccessful. X-ray data using Co radiation were collected (in 1993) so that the unit cell for the metal atoms
alone could be studied. For both materials the metal atoms are distorted from the etragonal structure.

The Zr2NiD4 X-ray pattern has been indexed using a monoclinic cell with a P-angle of 91 deg, and the same
cell volume as the parent tetragonal structure. The maximum symmetry possible was retained from the parent
structure, the cell was transferred to the neutron data and intensities suitable for direct methods were extracted
from the powder data. The program Shelxs gave all the metal positions and about 6 possibilities for the
deuterium positions. Refinement using the Rietveld method proceeded smoothly, with only 3 unique
deuterium positions in the final structure.

3.1.5 Zirconia Ceramics
(D.N. Argyriou, C.J. Howard, R.H.J. Hannink*, S. Lathabai*, M.V. Swain', Y.W. Ma? and M.
Stuart")
(* CSfRO, Materials Science Technology; CSIRO, Applied Physics; Department of Mechanical
Engineering, University of Sydney; " ICI Advanced Ceramics)
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The work on zirconia engineering ceramics, supported by GIRD Grant No. 15042, entitled the "Development
of Zirconia Ceramics for Mechanical Reliability", was brought to a conclusion in 1993. The project involved
fabrication, characterisation, and mechanical property evaluation of certain magnesia-partially stabilised (g-
PSZ) ceramics. ANSTO's role in the project was to provide quantitative phase analysis of a variety of zirconia,
toughened ceramics under study, using neutron powder diffraction. Six more samples were analysed in the
concluding stages of this work, and the final report has been completed and lodged.

The June 1993 at-temperature study of sub-eutectoid ageing of Mg-PSZ was described in a previous report (see
Progress Report, ANSTO/ANP - PR93, Section 31.6). That was a neutron diffraction study of the processes
occurring in Mg-PSZ at 1 1001C, completed on the high intensity time-of-flight powder diffractometer Polaris
at the ISIS neutron source, Rutherford Appleton Laboratory, U.K. The results were published in the ournal of
the American Ceramic Society. The results attracted considerable interest from the partners in the GIRD
consortium. The work has attracted a wider interest; the results have been highlighted in the Annual Report of
the Rutherford Appleton Laboratory, as well as ISIS 1994 (the Annual Report of the ISIS neutron source), and
they are featured in an review article on the Rietveld method in Materials Forum, December 1994.

Further at-temperature studies of ageing in Mg-PSZ were undertaken in June 1994. In the 1993 study, the
changes occurring during heat treatment of Mg-PSZ at 1 1001C were recorded successfully but, due to an
interruption in the operation of the ISIS neutron source, the changes occurring during cooling were missed. A
repeat study was made of the I 001C heat treatment, but this time the changes during cooling were recorded
successfully. Substantial transformation of tetragonal zirconia to monoclinic and orthorhombic zirconia was
observed between 3001C and room temperature. In a second experiment, a similar study was made of Mg-PSZ
during heating at 12401C, where different processes are occurring.

Figure 33 shows how the phase composition depends on ageing time at 12401C. It is evident that at this
temperature the sample segregates into a mixture of MgO 3.4 wt%) and tetragonal zirconia, in accord with the
accepted phase diagram. The process is relatively sow, the time constant being about 45 hours.

3.1.6 Ordering of Deuterium at Low Temperatures in Palladium-Deuteride
(E. Wu*, S. J. Kennedy, E. H. Kisi', E. M. Gray* and B. J. KennedyO)
(* Physics Department, Griffith University; Materials Engineering Department, University of
Newcastle; Department of Inorganic Chemistry, Sydney University)

Neutron powder diffraction studies on PdDO.65 using the 4RPD demonstrate that the 50 K anomaly is due to
an order-disorder transition of deuterium within octahedral interstitial sites. The slow transition to the ordered
phase involves diffusion of deuterium between neighbouring octahedral sites. The evolution of the deuterium
ordering over several days is shown in Fig. 34. The process is signalled by the appearance and growth of the
small peaks with non-integer indices.

The ordered crystal structure is cubic, and is accurately described in space group Pm3n by doubling the cell
constant relative to the disordered structure (space group Fni3m). This structure is included in Fig. 35. The
palladium atoms are represented by the larger shaded circles and deuterium atoms are represented by the
smaller circles. The migration proceeds principally from the deuterium sitesrepresented by open circles to
those represented by closed circles.
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Measurements of the ordering in PdDO.77 produce a different superlattice structure to that seen in PdDO.65-

This result is in agreement with earlier neutron diffraction studies, on single crystals of a similar composition,
by researchers at Argonne National Laboratories. The results of the measurements on PdDO.77 using MRPD

are shown in Fig. 36, which shows the evolution of the deuterium ordering over several days. Here again the

process is signalled by the appearance and growth of the small peaks with non-integer indices, although the

peak indices are different.

The ordered crystal structure is now tetragonal, and is accurately described in space group 14/m. This structure

is included in Fig. 37. The unit cell is actually smaller than the cell shown in the figure, which has been

produced in a form which is directly comparable to Fig.3.5. As in Fig.3.5, the palladium atoms are

represented by the larger shaded circles and deuterium atoms are represented by the smaller circles. The

deuterium migration proceeds from the sites represented by open circles to those represented by dark shaded

circles

:Anglican;;

Fig. 35 - The unit cell of the ordered structure of PdD in sace group Pm3n. The cubic cell has sides of

length a = 8.036(1)A at 54YL All D-sites are equivalent in the disordered structure

(Fm3m) and the cell constant reduces to 2 a

3.1.7 Neutron Depolarisation Studies in Bi2Sr2CaCu2o8+,, Superconductors

(P.A. Miles% S.J. Kennedy, K.N.R. Taylor+ and G.D. Gu)

(* Physics Department, University of New South Wales; University of Tasmania)

This project utilises the capabilities of the Longpol neutron spectrometer to determine by polarisation analysis

the spin state of the neutron beam before and after interaction with the specimen. In these experiments the

spectrometer is operated with time resolution in the range 25 milliseconds to 104 seconds, to probe the decay

of trapped magnetic flux in the superconducting specimen. In our recent experiments we have studied the time

dependence of the polarisation state of a neutron beam transmitted through single crystal Bi2Sr2CaCU208,x

M=91K), after removal of an applied mgnetic field. We have used two dimensional polarisation analysis to

separate the ordered and disordered components of the pinned flux. Using a magnetising field of l4OmT along

the c-axis, we observe a critical temperature at T-32K, above which the vortex structure appears to melt.
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The principal features of the decay curves above and below the critical temperature are illustrated by Fig. 38
(T=28K) and Fig. 39 (T=35K). The figures show the relaxation of the trapped flux, expressed in terms of the
reduced neutron beam polarisation (P'/P.). The upper curves (labelled Pz) correspond to experiments in which
the magnetizing field was applied perpendicular to the incident beam polarisation direction. In this instance
the principal response to the perturbation is Larmor precession about the axis of the trapped flux. The result is
a sinusoidal variation, which is extended in time below the critical temperature (T=28K) and which collapses
rapidly above the critical temperature (T=35K). The lower curves (labelled Px) in Figs. 38 and 39 correspond
to experiments in which the magnetizing field was applied parallel to the incident beam polarisation direction.
Here we expect to see the effects of disorder in the trapped flux. Although the results are explained by a simple
orientational disorder at longer times, the dip to negative values in the short time region is still unexplained
and is the subject of ongoing experiments.

By comparing these results with the predictions of our flux model, we are able to determine the flux pinning
energy of the system. The model predictions are represented by the solid lines in Figs. 38 and 39. The results
of this analysis are summarised in Fig. 310, which shows the variation of flux pinning energy with
temperature. The transition temperature indicates that the flux lattice is melting at this point. This correlates
well with observations of the irreversibility temperature using other experimental techniques.
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3.2 AUSANS FACILITY
(R. Knott, P. Baxter, A. Vial, C. Laman, M. Dowson, 1. Hirka, R. Phillips, M. Elcombe, A. Godwin
and D. Rice)

The effort directed to the commissioning of this instrument continues. Progress inside the Reactor
Containment Building (RCB) includes the assessment, installation and testing of the multilayers which serve
to monochromate the neutron beam, followed by a careful characterisation of the monochromatic neutron
beam. In the building external to the RCI3 (Building 73), work continues on instrument hardware and
software, with the completion of and commissioning of the two-dimensional position sensitive detector being a
major undertaking.

3.2.1 Installation and Testing of the Monochromating Multilayers
(M. Elcombe, 1. Hirka)

(a) Initial Assessment of Multilayers
Twelve 400min long Ni/Ti multilayers ere manufactured at Brookhaven by Dr.Robert Knott in 1991. At that
time, since the Brookhaven reactor was shut down, no characterisation with neutron beams was carried out.
Before they could be used in AUSANS it was necessary to measure the d-spacing of each one. The d-spacings
were determined using the Triple Axis Spectrometer (TAS) - the only instrument with a large enough sample
space to accommodate such long samples. The beam width was reduced to approx. min to allow for accurate
angle measurement at small angles (between 07 and 13 deg.). The TAS measurements led to the
identification of 2 sets of 4 multilayers each, with d-spacings of 78.3 and 108.6A and a close pair with d-
spacing of 47 and 50A.

(b) Multilayer Control System
The driving system for the multilayers ws extensively tested using, as a temporary measure, a PC inside the
RCB. By this means control algorithms were tested, while the driving constants of the multilayer system were
determined by accurate measurement. The important parameters are -

i) the angular positions of the zero and limit sitches of the multilayers
ii) the angular constants when the multilayers are parallel to the neutron beam
iii) the horizontal offset between the centres of the two multilayers
iv) the actual (as opposed to nominal) numbers of motor pulses required for angular and linear movement.

Finally, the multilayers were mounted into the driving assembly and the neutron beam taken out.

3.2.2 Neutron Beam Characterisation
(M. Elcombe)

The measurements reported below were made in the Out-Of-Pile Collimator (OOPQ Tank at normal
atmospheric pressure. The neutron beam has been affected by air scattering which has been calculated to cause
losses of about 50%.

(a) Initial Beam Measurement
A single uranium fission detector with predetermined efficiency was set up to check for the presence of a
neutron beam at the entry to the OOPC Tank. The multilayers were positioned to give 4A wavelength. A step
scan of the first multilayer gave a well defined peak close to the predicted value. The peak intensities at a
range of wavelengths were measured and used to estimate the neutron fluxes. Significant intensity out to A
was obtained. A cm thick beryllium polycrystal was used to measure the beryllium ratio of the beam, as a
method of determining the wavelength. At 4A the neutron beam at entry to the OOPC was approx. 2.4xlO 4
n/sec, with a beryllium ratio at about 05.

(b) Photographic Assessment
The absolute position and direction of the neutron beam were determined using photographs. This turned out
to be a difficult procedure as the beam profile was not symmetric. (A similar asymmetric profile of the neutron
beam, on the multilayer instrument at Brookhaven, had been noted by Prof. Benno Schoenborn. He suspected
a misaligned inpile collimator). It required several series of photographs, taken as irises were positioned
across the beam, at specific positions along the beam. The neutron beam axis was confirmed to be co-linear
with the OOPC axis.
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(c) Neutron Beam Profile
A skew intensity profile had not been predicted in the original beam calculations from the multilayers. A close
scrutiny of the multilayer tank and its contents showed that other scattering beam paths were possible. These
were added to the ray-tracing program and their magnitude calculated. The only significant scattering point
was the front end (only 6mm wide) of the first multilayer, and this would give rise to additional intensity on
one side of the beam. The multilayers were accessed and neutron absorbing material oroflex) was glued to
both ends of both multilayers. This reduced but did not remove the skew intensity profile of the beam.

The initial Be ratio measurements as a function of wavelength did not show a sharp cut-off as expected but a
smooth variation over a wide wavelength band. In the original flux profile calculations it had been assumed
that the source intensity was constant over the small wavelength range selected by the multilayers. Beyond A
the flux variation with wavelength is quite marked. The flux profiles were therefore recalculated, assuming a
Maxwellian distribution for the neutron source flux. This skewed the intensity profile of the beam as observed
in the photographs.

As noted earlier the current measurements were made in air, giving significant scattering losses. These losses
are wavelength dependent, being larger for longer wavelengths. This effect enhances the skewness of the
beam, and has also been included in the profile calculation

The relative intensity of the beam across its width was measured using the fission detector set up with a mm
vertical slit in front of it, and mounted on a horizontal slide at the exit of the OOPC. This can be compared
with the calculation, as the efficiency of the detector as a function of wavelength is known. The measurements
at A are shown in Fig. 3 1 (a). The profile agrees very well with the calculations.

The skewness of the beam intensity is a direct result of the source flux intensity variation with wavelength and
the imiltilayer method of selecting a monochromatic beam.
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(d) Wavelength Calibration
The calculations of the beam profile also predict that the mean wavelength will vary across the beam. It is
therefore possible to determine the wavelength by measuring the variation of the Be ratio across the beam.
These measurements have been done for several wavelengths around the 3.96A cut-off. The results for 4A are
shown in Fig. 31 I(b); excellent agreement between the observed and calculated Be ratios has been obtained.

Because the wavelength varies across the beam, the wavelength spread at the sample will depend on the
sample size and the collimation angle accepted by the sample. Measurements made on the total beam in the
OOPC wl not be typical of the final experimental situation.

(e) Absolute Flux Measurement
The ultimate way of determining neutron flux is to iadiate small gold foils in the neutron beam for a known
length of time and then measure the induced activity of the foils. This has been done at approx 35 46 (each
requiring overnight irradiation) and 5.9A (requiring iadiation for the weekend). The absolute fluxes
obtained are given below assuming the nominal wavelengths. The uncertainty is 10% because of the low
induced activity of the foils.

Gold Foil Flux Results 2

Wavelength Flux /cm Is
3.5A 4.49xI0 4
4.6A 1. l6x104
5.9A 0.43xlO 4

It is estimated that the neutron flux at the sample when the beam line is evacuated will be approximately equal
to the fluxes in air at the end of the OOPC as measured above.

3.2.3 Instrument Hardware within B73
(R. Knott, P. Baxter, A. Vial and M. Dowson)

All instrument components within Building 73 have been installed and optically aligned with the collimator
front-end located in the UFAR Reactor Containment Building. It is expected that the peak of the neutron flux
will be located along this axis. The instrument components are bolted to the floor so that the installation of the
system could proceed. Aspects of the control system have been manually tested and flnal installation and
testing is in progress. The main vessel (total weight 4 tonnes) has been moved on the airpad system. The
motor drive has not been connected because of difficulties with the inflation rate of the airpads. These
difficulties 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. The system maintains all instniment components at the working pressure, and computer
interfaced modules report the status.

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 option has
been designed and is in the final stages of manufacture. An automatic sample changer has also been designed
and is in manufacture. It will take up to ten sample cells and be capable of temperature control between 'C
and 500C.

3.2.4 Detector Development
(R.B. Knott, P. Baxter, C. Larnan, P. Geltenbort% G. Sn-dth' I Hirka G Watt and J.W. Boldeman)
(* Institute Laue-Langevin; Brookhaven National Laboratory)

The detector vessel has been assembled with the Model #1 front window module. Because of a design fault,
the present configuration is limited to a maximum differential pressure of 1.5 atmospheres. The testing of the
detector design can proceed with the present configuration. Only a small quantity of 311e in the initial gas fill
is sufficient to test the detector. Initial tests on this system indicated a well resolved energy spectrum on the
anode. The gas gain was not sufficient to provide clear signals on the readout electrodes. There is an
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instability in the detector performance due to an unknown cause. An extensive series of measurements were
taken and the results discussed with collaborators at Brookhaven National Laboratory. Causes for the
instability may not be known until a visual inspection of the grid system is undertaken during the replacement
of the front window assembly.

Because of a design fault, Model 2 front window module required remachining in order to meet the design
specifications. The inner membrane window has been electron beam welded and the assembly has passed the
final acceptance tests. The replacement is being scheduled for late 1994.

As identified in preliminary investigations modifications to the grid winding machine were required to achieve
the wire tension uniformity. These modifications were completed and a set of grids were wound and installed
on the grid support plate. The absolute tension in the wires is accurately calibrated by the motor current in the
tensioning mechanism. The values of wire tension are within the specified 1%. Due to a design fault, the
absolute value of the tension could not be achieved. The grid support plate deflected under the load of the
wires. Modification of the mounting system was essential to permit 50% of the design value.

The electronic readout system is in the final stages of manufacture. The preamplifier/discriminator module for
each readout wire has two stages of preamplification, followed by threshold discrimination. The readout
preamplifiers have met the design criteria for signal gain and stability with respect to feedback-induced
oscillation. The 16 channel board is in manufacture.

In the event address creation electronics, hit-wire information is latched on receipt of a valid trigger and then
sequentially scanned. The trigger pulse is generated from a signal on the anode grid. The centroid and width
of each cluster of hit-wires is encoded in dedicated hardware 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 further trials and full integration of all modules is almost
complete. Test pulses have been injected into the preamplifier inputs and then latched in the hardware.

Active collaboration on dtector development continues with Institute Laue Langevin, Brookhaven National
Laboratory, Missouri University Research Reactor, TRIUMF and the University of Delft.

3.2.5 Instrument Software
(R.B. Knott, D. Carroll% D. Schneider', R. Ghosh4 and S. Hansen")
(* Computer Centre, ANSTO; Brookhaven National Laboratory; Institute Laue Langevin; ** RISO)

The software package for the facility may be divided into two mjor components: detector event encoding
package and the data analysis package.

The detector event decoding package is under development. This package is required to control the flo of
information between the detector event encoding hardware and the data acquisition computer. The software is
written in a high level language to tke advantage of future developments in computer software and hardware.
A graphical user interface is being developed to enable the user to view and control data acquisition on-line.

The software package developed at the Institut Laue Langevin for SANS data analysis is being used as the core
for the system. This core is being complemented by extensive software from Brookhaven National Laboratory,
as well as key subroutines from RISO. The ILL package is presently being ported to the Utrix environment
and will be installed as soon as available.

3.3 INTERNATIONAL COLLABORATIONS
Strong international links in the scientific field have been maintained. Dr Masaki Takata from Nagoya
University visited for one month and recorded accurate high resolution powder data from several materials
with a view to applying maximum entropry methods to extract precise information on the nuclear density
distributions.

Several experiments were conducted overseas using the ISIS spallation neutron source at the Rutherford
Appleton Laboratory. These visits were funded by the DIST Access to Major Research Facilities Program.
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A substantial contribution was made to the IAEA sponsored RCA Workshop on the Utifisation of Research
Reactors held at Lucas Heights 26 April - 13 May 1994. Neutron Scattering was the major topic of the
workshop involving 10 of the 23 lectures and 2 practical sessions.
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4. RADIATION TECHNOLOGY AND STANDARDS

4.1 RADIATION TECHNOLOGY
(P. Moore [Mgr] (retired), K. Hammerton, W. Garrett, M. Saunders, G. Gant, C. Banos, A. Gillen
(transferred to Health & Safety) and J. Smithson (retired).

4.1.1 Radiation Processing and Dosimetry
(W. Garrett, K. Hammerton, M. Saunders, G. Gant and C Banos)

(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 during annual audits by the TGA.

During this year, Radiation Technology has met the criteria required by TGA and maintained its quality
system by undertaking four internal quality audits, regular management review of quality system elements,
revision of 12 existing and preparation of new procedures, specifications, instructions and' forms,
modification of existing GATRI processing software and redesign of status labels.

(b) Radiation Sterilization Service
Radiation Technology provided a radiation sterilisation service for hospitals, industry and government bodies.

Support was also provided to ANSTO's Biomedicine Health, Environmental Science and Physics Programs
as well as Australian Radioisotopes and the CSIRO.

(c) Sterilisation of Bone and Tissue Grafts
RTP's involvement with bone and tissue banking included the irradiation under dry ice of 32 packs of femoral
and tibial bone as well as dozens of patella tendons for Sutherland, St George and Concord Hospitals.

(d) Support of Industrial Product Qualification Studies
Validation of the compatibility of product and packaging to irradiation and the selection of the appropriate
dose required to sterilise the material is a requirement of te Guidelines for Industrial Radiation Sterilization
of both the Australian and International Organization for Standardization.

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

This service was provided to biotechnology based companies involved in human and animal health care as well
as companies in the pharmaceuticals, xplosives and medical devices industries.

(e) Support of University Research
Support for research at Sydney University, UNSW, University of Wstern Sydney, Latrobe and Newcastle
Universities and ANU was given through the provision of a wide range of doses under a variety of irradiation
conditions to departments such as crop science, immunology, microbiology, biomedical engineering,
chemistry, veterinary pathology and materials science.

University research was further supported through AINSE, with University of Qld, Griffith University, James
Cook University, Sydney University and University of Western Australia using this service. Doses ranging
from to 6500 kGy with temperature conditions ranging from -I 96'C to 140'C were made available.

(f) Dosimetry Supply and Calibration Srvice
Chemical dosimeters manufactured by RTP were sold to commercial irradiator operators and companies
involved in the manufacture of medical supplies, Pharmaceuticals and sterile disposables. Dosimeters
produced elsewhere were calibrated by RTP in a facility with a dose rate traceable to the Australian Standard
for Absorbed Dose. An on-site calibration service was also made available to the operator of a Caesium-137
gamma irradiator.
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(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.
In 1993 the project sterilised 25,000,000 pupae over 14 weeks. The SIT program will be expanded over the
next two years and the project has been consulted on the feasibility of iradiating 20 million pupae per week.

(h) Other Services
In addition to the above, Radiation Technology provided general irradiation services such as colouration of
glass and antique glassware.

4.1.2 International and National Interaction
(a) International Atomic Energy Agency(UEA)
(i) Regional Co-operative Agreement RCA) Project Radiation Sterilization of Tissue GraJs
Expert technical training and advice was provided for a two week workshop. The RCA Regional Workshop
on Total Quality Systems for Tissue Banking of Radiation Sterilized Surgical Grafts was held in Jakarta from
2-13 August, 1993.

(U) National Seminar on Radiation Sterilization ofHealth Care Products, Vietnam
Expert technical support was provided for two National Seminars held in Hanoi and Ho Chi Minh City,
Vietnam June 1994, to promote the technology to industry, academia and government bodies.

(b) Support to National Institutions
(i) Therapeutic GoodsAdininistration(TGA)
Review and comment on each of the five drafts prepared by the TGA on Australian Guidelines for Industrial
Radiation Sterilisation was made by Radiation Technology. The final document was issued in May 1994.

(H) StandardsAustralia
Review of several working documents and draft international standards prepared by several working groups of
the International Organisation for Standardization (ISO) Technical Committee 198 - Sterilization of Health
Care Products was completed and comments forwarded to Standards Australia for inclusion in Australia's
contribution.

(Iii) Workshop on Quality Assurance for Industrial Radiation Sterilization
A grant to stage such a forum had been obtained during 1992. The curriculum was designed in conjunction
with the TGA and Steritech Pty Ltd. At the end of June 1993 the following tasks had been completed 
teaching material researched and selected, reference information assembled, course notes/visual
aids/demonstrations prepared, venues selected and promotional material designed and printed and distributed.
The workshops were scheduled for Sydney during July 1994 and Melbourne during August 1994.

(11y) Support of QualityAssurance Sstems of OtherANSTO Program Areas
Radiation Technology provided support to both Australian Radioisotopes (ARI) in the implementation of Total
Quality Management and assisted Manager, Quality Assurance, ANSTO during quality system audits of both
ARI and the National Medical Cyclotron.

4.1.3 Food Irradiation
The project is the major centre in Australia for research and development,'expertise and advice on food
irradiation issues. The gamma iadiation facilities operated at ANSTO are suitable for feasibility studies on
the efficacy of the food irradiation process. Project staff collaborate at the national and international levels on
work in this field.

At present, the moratorium on food irradiation in Australia has been extended until the National Food
Authority (NFA) prepares a standard for irradiated foods. Staff have prepared submissions to the NA on this
subject and respond to the many issues raised by Government and the food industry. The NA is now seeking
further submissions on its discussion paper and the report by the World Health Organisation on the 'Safety and
Nutritional Adequacy of Irradiated Foods' that was commissioned and funded by the Australian Government.

In 1993 the final. research co-ordination meeting of the IAEA/FAO/LJNDP Regional Project on Food
Irradiation, Phase III (RPFI Phase III) was held in Korea. Work undertaken for the research agreement
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'Establishment of Standard Operating Procedures for Research and Commercial Gamma Irradiation Plants,
Dose Mapping and Detection Methods for Iadiated Foodstuffs' was presented at the meeting. Prior to the
meeting, a staff member participated in an expert evaluation mission to Bangladesh, China, Indonesia,
Thailand and Vietnam to assess the achievements made under RPFI Pase III and submitted a report to the
sponsoring organisations.

A UNDP/IAEA/FA0 Workshop on Harmonization of Regulations to Facilitate Trade in Irradiation Foods was
held at ANSTO from 619 December 1993. Senior food control officials from nine countries in the Asian
region participated in the Workshop which was conducted by project staff. A 'Model Regulation on Irradiated
Food for Asia and the Pacific' was drafted which could facilitate trade in irradiated food within as well as to
and from the region.

The main research and development work undertaken by the project has been the establishment of detection
methods for irradiated foods. The impetus for this work was the lack of suitable detection methods which was
one of the principal reasons for the moratorium on food irradiation in Australia. Two methods have been
established for the detection of all irradiated spices: the direct epifluorescent filter technique/ aerobic plate
count (DEFT/APC method and thermo-luminescence (TL) analysis. The methods have been validated for
more than 100 samples of 31 different spices. The TL method is being used for identifying irradiated seafood,
fruits and vegetables. The project had a research agreement with the FAO/IAEA Co-ordinated Research
Program on Analytical Detection Methods for Irradiation Treatment of Foods ADMIT). Project staff
presented their work at the final Research Co-ordination Meeting of ADMIT in Belfast, UK, June 1994 As
part of this work the project participated in three international collaborative trials on the detection of irradiated
spices, shrimp and potatoes. Some 52 samples submitted to the laboratory for analysis were correctly
identified.

4.1.4 1.3 MeV Van de Graaff Electron Beam Accelerator (Building 45) and Cobalt-60 Irradiators
(Hut 11)

Over the last 12 months, this facility has proven to be 100% reliable. Electron Gun Filament stability has been
excellent with the machine giving steady DC beam of approximately 30�tA at an energy of approximately 13
MeV. In pulse mode, the pulse width is approximately 3�tsec with a maximum beam current of 14 rnA at an
energy of approximately 13 MeV. Maximum reliable repetition rate is 50 Hz.

A stepper motor driven retractable Faraday cup has been installed in te end of the beam line for beam current
measurement and to act as an electron beam shutter. The method of detection of transients produced during
and after pulsed irradiation is by way of UV-VIS Absorption Spectroscopy. Kinetics of species production,
interaction and decay are made possible through a Gage Oscilloscope high speed (10OMhz) data acquisition
module interfaced to a 486 computer. 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 still to be done. Stage 2
of the software dvelopment will focus on the control of the monochrornator stepper motor, flush pump and
electron and UV shutters and accelerator trigger. This work hopefully will be initiated and completed in the
first six months of 1995.

The major use for this machine is pulse radiolysis for 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 metal/organic, organic, inorganic and biological chemistry.

The cobalt-60 gamma, irradiators in Hut I I adjacent to Building 45 continue to be used by University personnel
for radiation initiated polyinerisation of monomers. Rates of polymerisation are followed by a dilatometer and
optics interfaced to PCs. The current dose rates of the LHS and RHS are now extremely low and are 0415 and
0.014 kGys/hr respectively (as of October 27, 1994).

There have been major university research groups utilising the EB facilities over the last year and three
research groups utilising the Hut II Cobalt-60 irradiators. All of these users are funded by AINSE research
grants.

Research topics for the accelerator have included:
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(a) the electron induced defects in Gallium Arsenide semiconductors,
(b) redox reactions and biological studies on metal ion cage complexes,
(c) reaction kinetics of carbonate/iodide radical ions in aqueous solution,
(d) pulse radiolysis studies of Chromium (IV) intermediates and intramolecular electron transfer,
(e) pulse radiolysis of radiornodifying drugs,
(f) defects in irradiated solid oxides,
(g) radiation grafting reactions involving additives and radiation cross-linking of acrylate elastomers,
(h) mechanistic studies of radioprotection by bibenzimidazoles,
(i) radiolysis of copper protein compounds.

Topics studied using the Hut I I Cobalt-60 irradiators included:

(a) preparation of polymaleic acids of different molecular weights,
(b) polymerisation of self assembling systems by gamma rays,
(c emulsion polymerisations of rubbery and water soluble polymers.

Both the accelerator and the cobalt-60 facilities have been utilised by some 15 postgraduate students and
research personnel.

The 93-94 year saw the successful submission of Mr Gavin Ganes Masters Qualifying Research thesis on "A
ESR Study of the Polymerisation of Acrylates" at The University of Sydney. His work was supervised by W.
Garrett and will continue on "Acrylate Containing Copolymers - Mechanisms of Poly-merisation and
Degradation" under W. Garretes supervision towards a Masters Degree. This work is relevant in the
application of Electron Beam to Curing of polymer films on substrates including metals. A vacuum pumping
system suitable for this work is being contructed in Building 45.

4.2 RADIATION STANDARDS
(H. van der Gaast and S.M. Buckman)

The Radiation Standards project, acting as 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 (unit: gay). 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 Quality Control Support
The group has continued to work in close collaboration with the Quality Control section at ARI. The on-going
program for the calibration of their ionisation hambers ig proceeding well with legal traceability now
established for6 Ga, 201 T1, 99RITC, 32 P, 131 I, 51 Cr, 99 Mo and9Y.

In Dcember 1993, the National Standards Commission, in consultation with the Radiation Standards Project,
appointed ARI as a verifying authority. This appointment has authorised ARI to issue legal standards of

67 20 99n 13
selected nuclides ( Ga, TI, 'Tc and 'I). The project has assisted ARI with upgrading their
measurement capability to a level of accuracy commensurate with their appointment as a verifying authority.

The Vinten ionisation chamber at ARI has now been established as the ARI working standard for activity.
Software developed for the computer-controlled operation of this instrument has been installed and is now in
routine use. This software is used in making routine activity measurements as well as for the issuing of
standards, linearity measurements and the logging of stability data.

The biennial National Hospital Dose Calibrator Survey was conducted in January of this year. This survey is
organised by the Technical Standards sub-committee of the Australian and New Zealand Society of Nuclear
Medicine (ANZSNM), in conjunction with ARI and the Radiation Standards Project. On this occasion there
were 35 nuclear medicine departments and nuclear imaging practices involved with a total of 117 standard
solutions being issued. This year standardised solutions of 6 Ga and 201 TI were issued for the first time in
addition to the 59mTc and 131, sources issued in previous surveys. Each solution was issued with a calibration
certificate stating an activity which was legally traceable to the National standard of measurement.
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4.2.2 Difficulty with 201 T1 Measurement Corrected
201

When ARI commenced supply of TI which had been produced by the National Medical Cyclotron in
Sydney, a number of complaints were received from customers concerning the quantity of activity which was
being supplied.

The group was called on to investigate this problem and showed that radionuclidic impurities of 200 TI and
202 TI were adversely affecting the activity measurements being made at ARL 'It was shown that even when
impurity levels are well below the accepted limits (B.P. 1988, adendurn 1989, p1204) they can still seriously
affect the measured activity.

In order to coffect for the effect of these impurities, ion-chamber calibration factors for 200 TI and 202 TI were
determined using two independent methods. The first method was based on statistical modelling techniques
whilst the second was based on the known response curve of the ionisation chamber. The calibration factors
determined by each of these methods agreed to within the measurement uncertainties.

By incorporating these calibration factors into the measurement systems of both the production and quality
control sections at ARI, the problem with the measurement of '201 TI has now been eliminated.

4.2.3 Dose Calibrator Standardisation Service
A primary standardisation of cyclotron-produced 18 F has been completed using 47EP-y coincidence counting. A

novel efficiency-extrapolation technique was developed for the standardisation of this short-lived miclide. This

standardisation has been incorporated into the dose calibrator standardisation. service.

The dose calibrators at Ansto's Biomedicine and Health program and the National Medical Cyclotron were

calibrated for a range of radionuclides in the geometries which they normally used. Activity measurements of

123 1 made using nuclear medicine dose-calibrators ere shown to be strongly geometry dependent. To adjust

for the specific geometry being used, a 33% change in their 123 1 calibration factor was necessary.

As detailed in the previous progress report, support for this service has been disappointing due to an absence of

legal enforcement in this area and a general reluctance on the part of -nuclear medicine departments and

nuclear imaging practices to maintain proper quality control procedures for dose calibrators.

4.2.4 Collaboration with JAERI

Mr Stephen Buckman was invited to Japan for six weeks to assist the Radionuclide Metrology Division at the

Japanese Atomic Energy Research Institute (JAERT) with the computerisation of their 47co-y coincidence

counting system. The coincidence-counting data-collection and analysis system (CC-DCAS) developed at

Ansto was installed and a primary standardisation of 60 Co performed. The result of this standardisation was in

excellent agreement with the activity of a standard solution supplied by Amersham International (i.e. within

0.03 %).

4.2.5 International Corngldsons
Standard solutions of 67 Ga,0 TI, 99111-rc?'mo, "'I, "Cr and 137CS were sent to the Bureau International des

Poids et Mesures (BIPM) in Paris for international comparison. The results of this intercomparison showed

excellent agreement and have confirmed the accuracy of the Australian standard (Fig. 4 1).

Four 192 Ir wires, of the type supplied by ARI for use in brachytherapy, were sent to JAERI for intercomparison.

At JAERI, the activity of the wires was determined both by ionisation chamber measurement and absolute

measurement by micro-calorimetry. The activities as measured by JAERI and Ansto ere in good agreement.

4.2.6 The Statistical Effect of Deadtime

It is well known that the number of radioactive disintegrations which occur during a fixed time interval is

given by the Poisson distribution. However, when the radioactive disintegrations are counting using any real

detector system, the distribution of the observed counts will be measurably distorted due to the deadtime of the

detector system (Fig. 42).

This deadtime-distortion as investigated to determine its effect on the statistical analysis of coincidence

counting data. Probability distributions for various set deadtimes were measured experimentally by storing

large numbers of observations from a 7r proportional counter. The experimentally determined distributions

showed excellent agreement with those predicted theoretically.
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The results of this work have confirmed the validity of the experimental model which was developed by the
group for the statistical analysis of coincidence counting data.

4.2.7 Support Services
The project has continued to provide activity measurement and source preparation services to customers both
within and external to Ansto. Support to other projects on site has included activity measurements of gold foils
for neutron flux measurements, standardisation of sources for Biomedicine and Health and preparation of
241 Am sources as fudicial markers for the National Beamline facility in Tsukuba, Japan. External work has
included the supply standardised solutions to Australian Radiation Laboratory and the calibration of a gamma
spectrometry system at New South Wales University.

4.2.8 Absorbed Dose and Exposure Standards
Further progress on the absorbed dose and exposure standards has een temporarily suspended since the
retirement of the former leader of the project, Mr Stuart Sherlock. The group is awaiting final decision on
the future of these standards.
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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. HEP is characterised by strong international
collaboration as very large costs are involved to build and nin the accelerators and detectors that are used.
Particle physicists from ANSTO and the Universities of Melbourne and Sydney have formed the Australian
HEP Consortium to participate in HEP research at the European Particle Physics Laboratories (CERN) near
Geneva. We are involved in two experiments at CERN, namely NOMAD and ATLAS. Grants totalling
$610,000 have been obtained for this program in 1994 from ANSTO, the Department of Industry Science and
Technology, and the Australian Research Council.

The NOMAD project aims to discover if elementary particles called neutrinos have mass. The Australian team
designed, assembled, and tested the veto component of the NOMAD detector in 1993. The veto minimises the
collection of data associated with non-interesting detector signals caused by charged particles which
accompany the neutrino beam. Australia has helped to run the experiment since startup in April 1994 We
will continue to monitor the veto performance, and contribute to the running of the experiment and to the data
collection and analysis in 1994-96. The NOMAD Collaboration consists of 20 international groups.

The ATLAS experiment involves the design, assembly and operation of a very large detector to be used with
the Large Hadron Collider at CERN. The experiment should be operational by 2002. The collaboration
consists of about 140 institutes. 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. ANSTO is a
member of the CERN RD8 Collaboration on GaAs.

5.1.1 The NOMAD Eperiment
(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% B. Yabsley')
(* University of Melbourne; University of Sydney)

Australian hardware responsibility within the NOMAD experiment consists of a veto system of 53 scintillators
with two-ended photomultiplier readout, forming a 5m x 5m array at the upstream end of the NOMAD
detector. The veto forms a part of the trigger system of the experiment. When placed in anti-coincidence with
trigger planes down stream of the target, it prevents triggering of the NOMAD data acquisition by neutrino-
beam related charged particles entering from upstream. In coincidence with the trigger planes, it permits
triggering on inter-neutrino-spill beam muons for calibration purposes.

Following design in Australia, the veto was constructed and installed in the experiment at CERN by Australian
scientists in the period June to October 1993. It as tested during a neutrino test-beam run in November 1993,
and shown to operate successfully. Efficiency for charged particle rejection has been measured to be typically
in the range 97% to 98%, leading to a quite acceptable trigger rate in the NOMAD detector as a whole.

Since commencement of the first experimental run of the NOMAD experiment in April 1994, the performance
of the veto system has been monitored by Australian team members based at CERN, and necessary ongoing
maintenance carried out. Refinements to the monitoring software continues, and as a result of performance
studies, adjustments hve been made to further improve eficiency and decrease detector dead-time.

In addition, development of a "slow control" system for interfacing veto controls and alarms to the rest of the
experiment, is currently being undertaken.

Participation in the first experimental run of te NOMAD experiment from April to October 1994 has meant
the continuing presence of Australian personnel at CERN during this period. Responsibilities include:
performance of allocated shifts on the experiment, which apart from short shutdown periods runs continuously
during this time maintenance of the veto system; and participation in analysis of the experimental data.
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5.1.2 NOMAD Software Development
(K.E. Varvell)

Development of offline software for both simulation of the NOMAD detector and preliminary analysis of
experimental data forms an ongoing activity. Purchase of a Dec-ALPHA workstation sited within the Falkiner
Department at the University of Sydney, linked to a similar workstations at CERN, has substantially facilitated
this effort.

One specific project which is under way is the development of a package for reconstruction of hits in the veto
counters, and the linking of these hits to extrapolated particle tracks from other parts of the NOMAD detector.
One immediate consequence of this work will be an accurate alignment of the veto counters using beam muon
data taken in the experiment.

Contributions have been and are being made to neutrino beam studies which attempt to model the flux of
neutrinos passing through the detector, to development of simulation codes using the CERN software packages
LEPTO and GEANT, and to the first stages of algorithms which will be used for physics analysis of the
experimental data from the experiment.

5.1.3 Production of Liquid-Phase-Epitaxy GaAs
(D. Alexiev, K.S.A. Butcher* and Li Mo')
(* Macquarie University)

GaAs LPE growth work continues with efforts concentrating on control of the substrate/epitaxy interface, and
generally improving epitaxy crystallinity. Apart from the epitaxies grown on semiconducting GaAs
substrates, a number of epitaxies have been grown on semi-insulating GaAs substrates to facilitate overseas
and local collaborations.

5.1.4 Detector Development Based on Liquid-Phase-Epitaxy GaAs
(D. Alexiev and K.S.A. Butcher)
(* Macquarie University)

Collaboration with TFN University Pisa has begun for the purpose of measuring the cross-talk between
Schottky barrier devices on LPE GaAs. There is also collaboration between a number of Australian and
overseas groups in an attempt to develop GaAs CCD's for application as X-ray detectors in the field of X-ray
Astronomy. This work is expected to have application to particle detectors if successful. LPE GaAs grown on
semi-insulating substrates is being used for this project. The design of ask sets is well underway, and
experimental results are expected early in 1995. LPE material has been spplied to INFN Lecci for the
possible construction of an LPE based pixel device for particle detection.

5.1.5 Direct RD8 Collaboration
(D. Alexiev)

LPE GaAs material has been supplied to the RD8 Collaboration for fabrication of a strip detector. The
fabrication process is first being perfected for commercial GaAs, and it will then be applied to the LPE
material.

Research on the hydrogenation of semi-insulating GaAs supplied by colleagues at Glasgow University has
recently been completed, with ambiguous results. Some work aimed at the determination of surface impurities
of semi-insulating GaAs has been carried out, but more measurements are needed for a definitive result.

5.1.6 GaAs PIN Device Development
(D. Alexiev and K.S.A. Butcher)
(* Macquarie University)

A collaboration with the Forschungszentrum Julich Institut ftir Schiicht and Iontechnik in Germany for the
production of GaAs PIN devices, utilising a combination of LPE and MBE techniques, has begun with some
LPE material being supplied to the German institute. The production of a good quality device could enhance
the marketability of high purity LPE material, thereby making the production of bulk quantities more
attractive.
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5.1.7 Radiation Dosimeter Development
(D. Alexiev, K. S.A. Butcher% G. Kaplan', M. Rheinhard' and A. Rozenfeld')
(* Macquarie University; University of Wollongong)

Work has commenced on the production of semiconductor radiation dosimeters for harsh radiation
environments, such as those encountered at the high energy collidors at CERN. Possible medical applications
may result from the technology.

5.1.8 Surface Passivation of GaAs Using Atomic Hydrogen
(S.T. Lai', B.D. NenerD. Alexiev and K. S.A. Butcher)
(* Macquarie University; I University of Western Australia)

Optical DLTCS has been employed to characterise Schottky devices fabricated from LEC. SI GaAs which has
been exposed to a low-pressure microwave 242 Ghz) hydrogen plasma. A range of substrate temperatures
and exposure times to the plasma were tested. Increases in device conductance spectra amplitudes were
observed after 60 min of plasma treatment at 100T, 300'C and 400T. In devices exposed to hydrogen
plasma at 200T, the conductance spectra first increased and then decreased in magnitude with time, such
that after a 60 min treatment the spectra were identical to that of the control device, which was also the case
after 120 min. The change in device conductance under the above conditions suggests that: (i) there is an
optimal plasma condition for the passivation of defects by atomic H with the formation of neutral defect-H
(DH) complexes; (ii) 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
ODLTCS spectra after 200'C treatment with molecular H for 60 min confirms the role of passivation by the
atomic H.

5.1.9 Neutron Damage Studies of LPE GaAs and High Purity Silicon
(K.S.A. Butcher% D. Alexiev and J.W. Boldeman)
(* Macquarie University)

Neutron irradiation studies of Si and LPE GaAs Schottky barrier radiation detectors were carried out using 1 I
MeV neutrons. Neutron damage to the detectors, up to a fluence of 7 x 1013 neutrons.cm-2 was characterised
using DLTS, ODLTCS, cuffent-voltage measurements, capacitance-voltage measurements, and by
measurement of the 241Arn 59.4 keV line. The Si detectors could no longer resolve the 59.4 keV line after I x
1013 neutrons.CM-2, whereas the GaAs detectors could still do so after the maximum fluence. Similarly, the C-
V characteristic for the GaAs adhered to normal Schottky barrier depiction theory up to the maximum fluence.

5.1.10 Effects of Neutron and Electron Irradiation on the EL2 Defect

(S.T. Lai% B.D. Nener', D. Alexiev, L. Faraone% T.C. Ku* and N. Dytlewski)

(* The University of Western Australia)

The DLTS technique has been used to study the EL2 defect in n-type GaAs subjected to 25 MeV fast neutrons

at room temperature. After the irradiation, the EL3 defect usually detected between 180 to 210 K disappeared,

and the EL2 defect measured between 280 K and 320 K was found to remain single exponential despite the

creation of the broad U-band measured between 100 K to 270 K. From this and earlier work, involving one

MEV electron irradiation, it is apparent that there is a difference in the EL2 defect after neutron and electron

irradiation. Therefore, EL2 is likely to be a complex defect which can lead to different defect levels depending

on the irradiation used.

5.1.11 Studies of Radiation Damage in GaAs Caused by Thermal Neutrons

(D. Alexiev and K.S.A. Butcher)

(* Macquarie University)

A set of experiments involving neutron transmutation doping (NTD) of GaAs is being planned following

approaches from the Centre National de la Recherche Scientifique, Laboratoire de Physique et Applications des

Semiconducteurs who wish to perform ESR measurements on material treated by the ANSTO LPE GaAs

group. The aim of the experiments will be to determine the effectiveness of annealing methods used at

ANSTO for the removal of lattice damage caused during the NTD of GaAs using thermal neutrons. This

experiment may assist in understanding the nature of the EL2 defect level which is associated with a specific

ESR signature.

5.1.12 Thermal Annealing of GaAs

(M. Williams and I.J. Donnelly)

A series of annealing experiments were performed with Horizontal Bridgernan GaAs, to investigate whether

the number of traps in the material could be reduced. The samples were sealed in a quartz ampoule, along
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with a large piece of GaAs above them in order to try and reduce the As loss observed in initial eperiments.
The ampoule vas then placed in the hottest part of a furnace and the samples annealed for I hour at a
temperature of 1 100 C, after which they were immediately quenched in liquid nitrogen. Due to experimental
difficulties, principally associated ith surface degradation, only 2 samples ere suitable for analysis. Dep
level transient spectroscopy (DLTS) as used to characterise tese, both before and after annealing. The 3
traps present bfore annealing, believed to be the electron traps EL2, EL3 and EL6, were either absent (EL3
and 6 or reduced in concentration L2). The samples showed a dramatic increase in leakage current
Following the treatment, even after lapping and etching, indicating that significant surface damage remained.
Alpha-particle spectroscopy and fast current pulse measurements on detectors made from the annealed material
showed that the material as unsuitable for detector fabrication.

5.1.13 Experimental Studies on Charge Transport in GaAs
(M. Williams)

The response to ionising particles of SI GaAs from a number of different suppliers is being investigated using
the transient current technique (TCT). The shape and amplitude of te current pulses, along with charge
collection efficiency, spectroscopy and other characterisation methods will provide information about the
electric field distribution across the detector, and insight into the charge collection processes. Figure 5.1
shows plots of the current pulse vs time due to 5.5 MeV alpha particles incident on a 600 micron thick semi-
insulating GaAs Schottky diode with applied reverse biases of 200 V and 400 V.

Transient current pulses for a GaAs Detector
SI, undoped, 600/Lm thick
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5.1.14 Theoretical Studies on Charge Transport in GAs
(I.J. Donnelly)

The structure of the electric field distribution in semi-insulating GaAs is a major topic of interest to the RD9
Collaboration as it determines, in part, the charge transport and charge collection efficiency of detectors made
from this material. The current pulse vs time for alpha particles on a model detector has been calculated for a
set of possible electric field shapes. Effects of particle trapping and circuit risetime have been included. Due
to the saturation of the drift velocity in GaAs at high field, it was found that the dependence of the pulse shape
on the E field was not as marked as might have been expected. These results are only preliminary, and a more
complete calculation, with self-consistent modelling of the E field, is in progress.

5.1.15 Radiation Detector Support
(A. Williams)

A diagnostic and repair service for radiation detectors used at ANSTO has continued to be maintained. One
Ge(Li) and three Ge detectors have been repaired. Advice on semiconductor detectors has been given to
several on-site users.

Tests have commenced to characterise the amount of atomic hydrogen arriving at the heated sample stage in
the microwave plasma system, and to optimise it. Early measurements, based -on hydrogen diffusion into Si,
indicate that only small fluxes of atomic hydrogen are reaching the sample stage.

Technical support, including assistance with some diagnostics development and design of gas cylinder
installations, has been provided.

5.1.16 Overseas Visits
Dr K. Varvell has spent the periods July, October-November, and March-April at CERN helping design,
install and test the NOMAD veto, develop on- and off-line software, run the experiment, and represent
ANSTO at NOMAD and ATLAS meetings. (Funded by DIST).

Dr I Donnelly visited CERN for 3 weeks in September at the time of the test beam run on NOMAD, and for
ATLAS week meetings. (Funded by ARC).

In March, Dr D. Alexiev attended the GaAs Workshop and RD8 Meeting held in Freiburg, and visited
collaborating laboratories. (Funded by DIST).

5.2 THE AUSTRALIAN NATIONAL BEAMLINE FACILITY
(R.F. Garrett [Ldr], D. Cookson and G. Foran)

5.2.1 Introduction
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 beamline 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 fnded by a consortium comprising the
ARC, DIST, ANSTO, CSIRO, ANU and ADFA. Time on the beamline is available to all Australian scientists
via a proposal system, and funding towards the travel and living costs associated with running an experiment
at the bearnline 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 X-ray source
for the main Australian user community, i.e. crystallographers who use various X-ray diffraction techniques to
investigate the structure of materials. Accordingly, a multi-purpose beamline has been designed and
constructed to accommodate as large a number of this community as possible. All beamline components have
been fabricated in Australia, using locally sourced components where available. The main experimental
instrument is a large multi-configuration diffractorneter constructed by the CSIRO-DMST. The design is
optimised for powder diffraction and protein crystallography, with additional capabilities including triple xis
diffraction, solid surface reflectornetry and single crystal diffraction. A small angle scattering mode is also
planned. Other techniques, principally Extended X-ray Absorption Fine Structure (EXAFS), white beam
techniques (Laue diffraction, topography) and microbeam techniques, are accommodated on a secondary
experimental station.
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5.2.2 Characteristics of the Australian National Beamline Facility
The beamline construction and installation has proceeded in phases: firstly the white beaniline was installed,
followed by the first monochromator, the diffractometer, and finally a focusing monochrornator. This has
allowed each component to be separately commissioned at the Photon Factory.
Two monochromators will be available at the beamline. The first (in use since Veb. 1993) is a rlatively simple
channel-cut two-crystal monochromator which offers exceptional stability and ease of use. The second is a
more ambitious design which features a fixed exit beam and sagittal focusing. The fixed position exit a is
an advantage for many eperiments, while the increased intensity expected from the focusing optics is essential
for diffraction from small crystals, in particular protein crystals.

The primary ANBF experimental instrument is a multi-configuration diffractometer. Dubbed "Big Diff" it
was designed and constructed by the CSIRO Division of Materials Science and Technology under contract
from the ANBF, and in collaboration with the ANBF scientific staff. What has emerged from this
collaboration is a uniquely versatile instrument which combines a large Weissenberg 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 Xray beam (Weissenberg geometry) or held
stationary during an exposure (Debye-Scherrer geometry). The entire diffractometer is enclosed in a vacuum
chamber: operation in vacuum eliminates background from air scatter, which is an essential feature if Imaging
Plates are to be used. The diffractometer can be configured for:

• High resolution powder diffraction including a time resolved capability - Debye-Scherrer camera.
• Protein crystallography - Weissenberg camera.
• Single crystal x-ray diffraction in two and three axis mode.
• Small Angle Scattering.

Other applications, including white beam experiments, reflectometry, EXAFS, fluorescence micro-probe,
micro-tomography, and x-ray topography, are accommodated at a secondary station, with the beam passing
through the main instrument.

5.2.3 Progress in 1993-1994
(a) X-ray Absorption Spectroscopy EXAFS and NANES
X-ray absorption spectroscopy provides unique structural and chemical information from materials without
requiring long range order in the sample. The structure in the absorption close to the edge (XANES) is a very
sensitive probe of the chemical environment of the absorbing atom, while the structure further ftom the edge
(EXAFS) can be Fourier analysed to yield nearest and next nearest neighbour bond lengths and co-ordination
numbers. Because long range order is not necessary (i.e. the material under investigation need not be
crystallised), absorption spectroscopy is widely used in the study of talysts, ceramics, metallo-proteins and
molecules in solution.

The ANBF is very suited to EXAFS measurements. The energy range of the beaniline is 48 to just over 20
keV, so the K edges of elements from titanium to molybdenum and the L edges of all elements above tellurium
are accessible. In addition the current monochromator, chosen for its mechanical simplicity, is the ideal
monochromator for absorption spectroscopy because of the simple (one motor) wavelength drive and its
resulting high mechanical and thermal stability. Furthermore the instrumentation for EXAFS and XANES,
experiments is relatively simple and easy to set up. For these reasons, EXAFS/XANES was the first technique
to be fully commissioned at the ANBF, and it has been the most popular technique to date.

Due to the interest shown in the technique, and in response to feedback from the user community, the
EXAFS/XANES facilities at the ANBF have been steadily upgraded. A fully functional transmission EXAFS
facility was in place by mid 1993. Recently the capabilities have been considerably expanded with the
installation of a fluorescence detector, allowing absorption data to be acquired from elements with much lower
concentration in the sample than is possible in the transmission mode. At the same time the monochromator
was upgraded as described in the next section.

(b) Diffractometer Installation and Commissioning
The major milestone achieved by the ANBF project in 1993-94 was the completion and installation of the
primary beamline instrument, the multi-configuration diffractometer. It was assembled at the beamline by an
installation team from the CSIRO-DMST and the ANBF staff, and was in place when the Photon Factory
commenced its late 1993 operations cycle in October. The alignment of the diffractometer to the ANBF Xray
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beam was undertaken by the ANBF staff and Dr S. Wilkins of the CSIRO, and was followed by preliminary
tests of its various modes of operation. A series of commissioning experiments were performed in the balance
of 1993, during which extensive experience was gained by the ANBF staff in the operation of the
diffractometer, and procedures were developed for quickly aligning new samples, for aligning the
diffractometer when the Xray energy is changed, and for the efficient loading and scanning of Imaging Plates.

In November the protein camera configuration of the diffractometer was tested by the ANBF staff with the
assistance of protein crystallographers from the University of Sydney and the CSIRO Division of Bioniolecular
Engineering. Although the Xray flux from te current (Phase 1) monocbromator is insufficient for practical
protein crystallography, diffraction data was collected from a protein crystal to allow the data analysis
packages to be modified to accept the ANBF data format, and to gain experience in operating the
diffractorneter in protein mode.

The final diffractorneter components were delivered to the beanifine in February 1994. These were precision
rotation stages (constructed by CSIRO-DMST) which are used for secondary monochromators and analyser
crystals inside the diffractometer. Using these stages, the three axis mode of the diffractometer was
commissioned in February, and used for reflectometry and strain measurement experiments in February and
March 1994. The ability to operate the diffractometer in vacuum makes the ANBF particularly suitable for
these measurements.

Powder diffraction experiments were resumed in late March when a team from ANSTO and Sydney University
measured standard and new samples using Imaging Plates with the diffractometer evacuated. Their analysis of
rutile data (rutile is a standard sample whose structure is very well known) was presented at the April Powder
Diffraction workshop sponsored by the ANBF. They showed that using Imaging Plates the ANBF can measure
powder diffraction patterns with resolution equalling all but the best synchrotron powder beanifines in the
world, but the data is obtained 100 times faster. For example the ANBF equals the resolution of the Daresbury
(UK) high resolution powder diffractometer and is within 50% of the best bearrifine currently operating (at
Brookhaven National Laboratory). However 160' of data can be acquired at the ANBF in under 10 minutes,
compared with scans exceeding 10 hours at the other bearrilines. This high speed will be utilised in a time
resolved mode of the diffractometer which will be commissioned later in 1994.

(c) Phase I Monochromator Upgrade
Mainly in response to the needs of the EXAFS community, the ANBF nionochrornator was upgraded in May
1994 with the replacement of the silicon (I I 1) channel cut crystal. The new crystal incorporates a "detunable"
second crystal: the second crystal can be rotated a small amount relative to the first (a few seconds of arc) with
the result that the harmonic contamination of the beam is almost eliminated. Silicon (III) monochrornator
crystals produce a third harmonic (with 3 times the energy) as well as the desired fundamental wavelength.
This harmonic contamination is present at energies below 10 keV 1.2 A) and can be a major problem in the
analysis of EXAFS data, as well as a complication for diffraction techniques. By detuning the newly installed
crystal such that the intensity of the fundamental beam is reduced by 50%, the harmonic intensity i educed by
a factor of 500.

5.2.4 On-Going Construction and New Initiatives
(a) Phase Monochromator
The second phase monochromator is under construction at the Physics Department, ADFA. This
nionochromator incorporates two desirable features: the first crystal is mounted on an X-Y table to keep the
height of the exit Xray beam constant with changes in the energy; and the second crystal can be bent sagittally
to provide horizontal focusing of the Xray beam on the sample. The preliminary tests of the protein camera
mode of the diffractometer with the unfocused X-ray beam from the Phase I monochromator confirmed
expectations that the intensity increase expected from focusing the beam are essential for protein diffraction
experiments. The Phase II monochromator is expected to be completed in time to be installed at the bearriline
before the Autumn operations cycle which commences in October 1994.

(b) New EXAFS Detection System
With the success of the ANBF as an EXAFS facility, the majority of the Australian EXAFS community has
submitted an ARC proposal to procure a multi-element solid state fluorescence detector for the beamline. The
energy dispersive capability of this detector (high purity Germanium) is used on specialised EXAFS
bearrilines at other facilities to extend the power of this technique to very dilute systems, e.g. metallo-proteins.
The addition of such a detector would move the ANBF to the very front rank of EXAFS bearnlines.
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(c) Increased Involvement at the Photon Factory
An increased involvement at the Photon Factory would be very a cost-effective way to augment Australia's
synchrotron radiation resources, in that it would build on the support infrastructure already in place at the
KEK. An opportunity exists for Australia to "purchase" a percentage of the time on beamline 14A at a very
favourable cost by helping to upgrade the out-moded beamline control and data acquisition system. The source
for beamline 14 is a vertical super-conducting wiggler, which would add considerably to the Australia!s
synchrotron radiation capabilities: the vertical polarisation is suited to very fast diffractometer operations
(already used by several Australian groups); and the high magnetic field extends the useful photon flux to
much higher energies than are available at the ANBF. Australian acquisition of a part of beamline 14A is also
the subject of an ARC grant (spokesperson Dr V. Maslen, U. WA).

5.3 TRANS VENOUS CORONARY ANGIOGRAPHY AT THE NATIONAL SYNCHROTRON
LIGHT SOURCE (NSLS) AT BROOKHAVEN NATIONAL LABORATORY

ANP personnel (R. Garrett) continued an involvement in the NSLS coronary angiography project in 1993-94.
The 1993-94 year saw a pause in the imaging of patients, as a large injection of capital funding has allowed the
replacement of nearly the entire beamline. Many components dated back to the original facility at the Stanford
Synchrotron Radiation Laboratory, so their replacement is expected to significantly increase the capability and
ease of use of the beamline. Among the major components being completely replaced are the monochromator,
the safety system, and the patient chair. The beamline is expected to be ready for instrumentation tests by
September 1994, and patient imaging should resume in late 1994.
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6. MOATA OPERATIONS
(T. Wall [Mgr], H. Linklater and S. Grow)

6.1 MOATA UTILISATION

63 startups were made in the period of which 34 were for AINSE and BNCT support, 16 for n-ray of turbine
blade castings, 1 1 for uranium assay and 2 for test and maintenance.

6.2 MAINTENANCE

6.2.1 Safety Rods
The safety rod refurbishment was brought forward following indications of deteriorating (lengthening) rod
drop times. The interval between safety rod refurbishment is determined by the level of irradiation received by
the rod bearings. This level had increased considerably in the two years 1992 and 1993 during operation for n-
ray project.

6.2.2 Coolant Circuits
The heat exchanger was removed and the secondary tubes cleaned by off-site contractor. The primary tubes
were cleaned on-site and pressure tested. The primary coolant was drained and an inspection made of the
check valve and strainer. Both were free of debris or contamination. The dump tank internal state was
inspected and found to be corrosion free. The deioniser circuit resin and filter were replaced.

The fuel in the Moata core was removed and an inspection of the core area carried out with the aid of a remote
camera and video monitor. The aluminium structural items of the coolant circuit were declared free of
corrosion by Advanced Materials inspectors.

6.2.3 Shield and Fuel Storage
The Moata inside shield was inspected and found to be in good structural condition. Some paint flaking was
apparent but was not considered a safety hazard. The fuel storage pits were inspected, plugs cleaned and top
surface painted.

6.2.4 Nucleonics
Breakdown maintenance to the wide-range channel I was necessary following the failure of slow period
amplifier. The electronics of this channel is 20 yrs old and is showing signs of physical deterioration.
Increasing maintenance effort to all Moata's nucleonics channels will be required to keep the reactor in an 'on
demand' status.

6.3 MAINTENANCE DOCUMENTATION

Documents covering the maintenance outlined above were prepared as required by the Moata QA system.

6.4 REVENUE

Revenue from n-ray, uranium analysis and BNCT totalled 32,509 for the period. The main source of revenue
was terminated in November 1993 when Turbine Components Australia (T.C.A.), ANSTO's customer for the
supply of neutron radiographs, informed ANSTO that Rolls Royce had approved an aternative procedure for
the inspection of turbine blade castings which eliminated the need for an n-ray test.

6.5 IAEA/ANSTO COOPERATION

The Moata Operations Group organised a two week Workshop on Research Reactor Utilisation as part of the
IAEA's Regional Co-operative Agreement. Twelve participants from ten countries in the region attended the
Workshop which was held at Lucas Heights. A substantial number of the 23 lectures and eight practical
classes were presented by ANP Program Area staff.
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7. TANDEM ACCELERATOR OPERATIONS
(J. Fallon [Ldr], S. Jane, R. Sanders (retired), D. Rice, K. Thorpe, J. Crawford and B. Standaloft)
(with contributions from P. Lee, P. Drewer, A. Croal, K. Butterfield and D. Garton)

7.1 ACCELERATOR MAINTENANCE

7.1.1 Pressure Dpendent Leak
There was an observed rise in the base pressure in the accelerating tubes when the 6 gas pressure in the tank
was increased to 480 kPa. The leak into the tubes was traced to deformation in the exit flange of the stripper
box which presumably occurred during the welding process. This deformation Was accounted for by increasing
the crush on the 0-ring.

7.1.2 Terminal Voltage Stability
The old style yellow stick column resistors continued to cause voltage instabilities and several were replaced.
Terminal voltage has been limited to less than 6 MV due to the poor state of these resistors. Co-axially
shielded Welwyn resistors are soon to replace the yellow sticks.

7.1.3 SF6 Gas Handling System
Further work has been carried out on the gas plant and the tandem pressure vessel to reduce the gas loss. The
tandem tank doors have been modified by removing the hinged arrangement and replacing it with bolt on
doors, sealed by an 0-ring. The copper heat exchanger feed throughs have been sealed off where they
penetratethetandemtankthusdisablingtheheatexchangerbutsealingoffanyleakpathtothegas. Therehas
not been any loss of 6 from the tank since these modifications were made sveral months ago.

7.2 DEVELOPMENTS

7.2.1 HVEE Model 846 Ion Source
Development work has continued on this ion source prior to installation. A description of this work is
described in Chapter 2 1. 1.

7.2.2 Electrical Installation
The electrical installation work has mainly focussed on the impending movement of the two ion sources and
the associated beamlines. Upgrading of older power supplies has continued with the most significant being the
purchase of a new supply for the analyser magnet. Danfysik current sensors wfll replace all the reference
shunts in the other supplies. They hve much improved stability on the older style shunts.

7.2.3 Column Resistors
All the components for the co-axially shielded, Welwyn column resistors have now been manufactured and
assembly is presently in hand. The first resistors will be installed during the latter part of 1994.
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DATA ACQUISITION
(P. Ellis [Ldr], B. Whittaker and M. Scott)

8.1 BACKGROUND

The general aim of this project area is to automate operation of experiments in the areas of data collection,
analysis and control and specialises in the use of various on-line computers either stand alone or networked to
achieve this goal. The project scope covers control, data acquisition and storage, data analysis and display, and
networking.

This project group is nearly totally involved supporting the development of the Australian National Tandem
for Applied Research (ANTARES). ANTARES has a number of points which have to be monitored,
displayed and controlled in order to operate the facility. Point values have to be relayed from two online
control computers which are situated at the low energy and high energy ends of the Van der Graaff pressure
vessel t the operator control workstation as well as interchanging selected points and values with the data
acquisition workstation to enable synchronisation of the control and data collection processes.

Computer control of the ANTARES facility (June 1993) alowed the operation of the basic operational
components of the accelerator. The three main magnets, several in-line faraday cups used for data collection,
and various vacuum ion gauges and trips are all operated and or monitored by the two control computers.
Researchers had text displays to remotely set the above components and to monitor the status of the more
critical factors such as terminal voltage and magnet field intensities. The data acquisition workstation made
extensive use of graphics for spectrum display whereas the control workstation had a restricted set of displayed
points mainly for test purposes.

8.2 GOALS

The long term aim for ANTARES is to attain fully remote operation of the fcility using graphical controls so
that a visiting scientist can run and oversee his experiment with a minimum of supervision and instruction. It
is envisaged that all controls will be gaphical and will mimic the actual components of the accelerator so that
identification of component parts will be simplified. A similar approach will be adopted for data acquisition
with an integrated control - data acquisition mechanism which aows 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 CONTROL

Modifications have been made to several operating programs to change their operation for different
applications as algorithms for AMS and IBA are sometimes very different as tey require different set up and
scanning procedures. At July 94, these differences in operation have been coded separately but one of next
year's aims will be to integrate the operations and control them by flags set during data acquisition, scanning,
etc.

More components can now be monitored and controlled. The priority assigned is driven mainly by
experimental requirements. The high priority components were the terminal voltage stabiliser and
measurement of various slit and cup currents at critical points. The terminal voltage stabiliser has been
interfaced to the high energy control computer and algorithms have been developed to vary the voltage and
hence the particle energy from the control workstation display screens. Terminal voltage control has been
integrated into the data acquisition to enable scanning over a range of energies. The operational algorithms
have been modified to control the requested terminal voltage from cup and slit currents to ensure that the beam
remains at a constant energy and is independent of degrading foils, etc. The actual implementation has been
delayed because measurement of slit and cup currents are in transition from analog meters to charge pumps.

A more complex Graphical User Interface which will replace/augment the text controls and the preliminary
simple control screens is nearly complete. GUI programs have been rewritten from scratch so that points are
referenced from the overall matrix of points held in the controlling computer and the code now allows multi-
dimensional access to various points instead of generating separate code for each point. The GUI also includes
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multiple windows to allow more precise display of particular components. This has required fixes to the
Graphical Modelling System that generates the overall system mainly when using multi-dimensional arrays
and multiple windows. The GMS fixes have been accommodated in the latest release but multiple windows
operation allocates workstation memory continuously without releasing it which eventually causes the entire
system to crash. Extensive work has been carried out to ininimise the effect on the GUI which is progressing
satisfactorily using limited window sapping but at June 1994 we have not received the required fixes to the
workstation operating system. When the fix or new release becomes available, everything will need to be
rechecked to assure correct operation. Other components will gradually be phased into computer operation
when the machine is not being used to run experiments.

The long term aim is that all possible control elements and points can be called up and operated/monitored
from the main control GUI using mouse and keyboard to browse selected mimic screens. This operation will
be enhanced by the use of multiple windows so that tasks can be popped up in an attention window which
when satisfied, will be deleted.

8.4 DATA ACQUISITION

The data acquisition code is being constantly modified to provide enhancements and to correct limitations in
the existing code. The code has been extensively rewritten to provide extra facilities for presentation especially
when using multi-dimensional spectra. The increased use of colour as a third dimension has been used to
make the built up spectrum more realistic. These modifications were specifically done for ion beam recoil
work to show enhanced separation of elements but have since been extended for more general use.

Integration of control parameters into the dta acquisition code has improved overall performance by enabling
noise averaging and minimisation of machine drifts as well as optimising operating values by scanning over a
range of values. The data acquisition programs for AMS have been extended to allow slow cycling which
consists of setting the accelerator for a particular isotope, waiting a suitable settling period and then starting
data acquisition for a set time, changing the accelerator settings for a different isotope, settling, acquiring,
changing to the original isotope, etc. This allows machine drifts to be averaged over several periods which
allows a more precise comparison between isotopes as many drifts have been minimised. Results from these
runs have shown that a much greater integration between the control and data acquisition tasks will be
necessary in forthcoming years. Data acquisition programs that scan through a range of energy values have
also been developed. These allow a series of data acquisitions over an extended range of particle energies, the
results being used to show up a desired event or anomally orjust an optimum operating point. These programs
were developed for IBA to search for elusive nuclear states but can be applied to most scanned operations.

One long term goal is to change operation of the collection and display program codes to produce a faster,
more flexible data acquisition system which 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 larger data
streams for on-line, off-line and storage when more specific events are included in the future.

8.5 ANALYSIS

The analysis section of the on-line data acquisition program has been upgraded to generate more complex
spectra and results while the experiment is running. This has enabled much better control of the experiment
during the acquisition phase without degrading the response times.

The most extensive data analysis program used by the researchers is PAW which is a program supplied and
maintained by CERN. This program enables extra dimensions during analysis'but requires a different format
for data. A data translation program has been written to transform our data to the format required by PAW.

8.6 NETWORKING

Most computers in the area have been connected to thin ethernet which is compatible with the main site
backbone. These computers can be connected to the various workstations and other site facilities as text
terminals, X-terminals (graphics), and file transfer stations. The site connection causes increased traffic and
increased error rates which have required the implementation of separate networks for control and data
acquisition as the glitches from site were causing lost transmissions which resulted in computer lockups. The
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site has been effectively isolated by bridges to reduce traffic and by using two workstations as gateways to
reduce transmissions to only those that are necessary.

The data areas for AMS and EBA are of the order of 100 megabyte which is just enough to handle current on-
line work with no prospect of reviewing large runs of archived data. The data should be analysed, transferred
to the off-line analysis computer from where it can be refined if necessary but then should be backed up and
deleted from both the acquisition and off-line analysis machines. A step by step backup procedure has been
developed to simplify backup of data from the oine machine to magnetic tape and now each group is
responsible for it's own data on it's own tapes. As a further safeguard for the more critical workstations, the
automatic backup procedure offered as a service by the computing centre has been used and data is backed up
transparently on a weekly basis by the computing centre now that the appropriate procedures and programs are
in place.

A transparent procedure to reliably transfer data from the acquisition machine to the off-line machine without
operator intervention when data partitions are becoming full is being investigated but as yet has not been
implemented. This will require the addition of a large disk drive to the off-line machine so that several months
of data can be stored and reviewed at leisure.
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9. NUCLEONIC INSTRUMENTATION
( G. Watt [Ldr], D. Ius and M. Hurry)

9.1 ANTARES TANDEM ACCELERATOR

The group was again involved during the year to further refine aspects of the fast cycling control hardware on
ANTARES. This work involved liaison with the supplier of the high voltage isotope bouncing amplifier in
order to improve the immunity of the unit to high voltage discharges, and to improve the transient performance
of the unit to more closely meet the originally specified requirements.

These objectives were successfully achieved.

A prototype 4-channel logarithmic slit current amplifier was also supplied during this period. A number of
these units will be supplied when evaluation trials of the prototype are completed.

A design for a simple robust low input current-frequency converter for fibre-optic telemetry of vacuum
pressures in the foil stripper assembly has been completed. Prototype construction and evaluation is due to
start shortly.

9.2 MEWA ION IMPLANTER

The electronic systems of the NIEVVA continue to operate with minimal reliability problems.

An ANSTO quotation for the construction and supply of a set of electronics for a NEVVA Ion Implanter for a
university faculty in Izmir, Turkey, as been accepted. This has entailed the group in a major detail design
exercise in order to manufacture all units to Best Practice quality standards. The group, in conjunction with
the Ion Implantation Group, is presently working on the manufacture of this system and substantial progress
has been made.

The detail design was a protracted exercise, but it had the benefit of fully documenting and properly
engineering all of the NIEVVA electronic systems, which will greatly expedite the tendering and manufacture
of any future orders.

In the process of the redesign, a useful dc-coupled fibre optic telemetry system with good linearity was
developed, along with high-accuracy tools for it's characterisation.

A significantly improved high-rate multi-kV trigger circuit has also been devised and is undergoing
development.
A high-voltage switch array based upon stacked modules incorporating high-voltage MOSFETs has also been
successfully tested. Further work is under way to improve the cost-effectiveness of this system by increasing
the working voltage per module to 5kV. Also the means of distributing dc operating power to each module has
been redesigned to greatly increase the number of allowable stacked modules from just at present. This
system has potential use in any applications that require fast switching of high voltage.

9.3 OTHER NUCLEAR PHYSICS SUPPORT

A number of projects were completed for the High Energy Physics, Radiation Standards and Cyclotron Groups.

9.4 OTHER ANSTO SUPPORT

Over the course of the year, support was provided to the Occupational Health Safety Program in their
involvement with the monitoring of U.S. Navy Nuclear Powered Warships during visits to Australia. This has
involved maintaining monitoring equipment, providing advice on possible radiation monitoring options, and
involvement in briefings with U.S. experts on new developments in military RADIAC instruments.
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9.5 NON-ANSTO SUPPORT

The group, as a consultant to the CSIRO Division of Mineral Process Engineering, investigated, designed
and oversaw the prototyping of variable parameter filter units to frequency-domain correct the response of 4-
port directional pressure transducers as used for mm-distance scale characterisation of turbulent air flow.
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10. TECHNICAL PHYSICS
(G. Carter [Ldr], A. Godwin, R. Phillips and K. Butterfield)

An electronic and instrumentation support service has been provided for the benefit of all site residents. This
service encompasses the fields of repair, modification, calibration, installation and setting up of electronic
instruments and systems. As a consequence of the range of scientific and engineering disciplines on site a
wide spectrum of instruments has been encountered. A selection of activities is highlighted in the following
paragraphs.

10.1 1.3 MeV ELECTRON ACCELERATOR

Maintenance activities have resulted in improved reliability of this facility, both in D.C. and pulse modes. The
replacement electron source has been operated in a bench test rig. Results so far indicate that modification of
the filament structure may be required, Further investigation into beam characteristics is required before
installation in the accelerator can be considered.

10.2 TANDEM ACCELERATOR

Assistance has been provided to this facility, mainly in the areas of high voltage and magnet power supplies.

10.3 NATIONAL MEDICAL CYCLOTRON

Problems associated with the beam room gamma radiation monitors have been addressed. A number of
failures of these systems occurred as a result of neutron damage to amplifier integrated circuits in the detector
heads located in the beam room. Relocation of the heads within the beam room did not produce a satisfactory
solution. Separation of the G-M tube from the head amplifier and relocation of the latter within the vault
appears to have solved the problem.

10.4 SITE EMERGENCY PUBLIC ADDRESS SYSTEM

Historically, the electronics and control aspects of this system, were designed and installed by the Technical
Physics predecessors and have been maintained by them since. The system was designed to allow the
installation of a second operating station if needed. A second operating station has now been installed by
Engineering Program, using relevant aspects of the original design. Assistance was provided to integrate this
second operating station into the system.

10.5 INTERNATIONAL ACTIVITIES

A lecture "Support Services for Nuclear Instrumentation" as presented as part of the IAEA sponsored
"Regional Workshop on Research Reactor Utilisation" conducted at the Woods Centre, LHRL, in April-May
1994.
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Taejon, Korea, 20-24 Sptember.
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Sydney, Australia, 617 December.
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M.A.C. Hotchkis, D. Fink, G.E. Jacobsen, E.M. Lawson, A.M. Smith, C. Tuniz, E. Sacchi* and G.M. Zuppi*
(1994), 'Measurements at the ANTARES AMS Centre: Hydrological Applications', 5th Australian
Conference on Isotopes in the Environment, Brisbane, QLD 68 April. (* University of Turin).
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Analytical Association Workshop "Characterising Materials by Rietveld XRD Analysis - Strengths and
Limitation", Fremantle, WA, 26 November.
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Technology, Sydney, NSW, July.
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P.S. Weiser*, S. Prawer% Rafael R. Manory', A. Hoffirian4, P. Evans and P.J.K. Patterson' 1993) -'Chemical
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'Progress and Highlights from the October 1992 Swedish-Australian Recoil Spectrometry Campaign at
ANTARES', 8th Australian Conference on Nuclear Techniques of Analysis, AINSE, Lucas Heights, NSW,
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