
INIS-mf—11589

IA REQUIREMENT FOR AUSTRALIAN RESEARCH
ACCESS TO "BIG SCIENCE" FACILITIES

a Report by

The Australian National Committee
for Crystallography

Australian Academy of Science



AUSTRALIAN ACADEMY OF SCIENCE

A REQUIREMENT FOR AUSTRALIAN RESEARCH:

ACCESS TO "BIG SCIENCE" FACILITIES

A Report

by

The Australian National Committee for Crystallography

March, 1989



PREAMBLE

The Australian National Committee for Crystallography is one of the committees set up

by the Australian Academy of Science to advise the Academy in matters affecting the

development of their respective branches of physical science in Australia, and to serve

as links between Australian scientists and scientists overseas.

This Report examines a problem of increasing importance in relation to Australian

crystallography and research in related fields: the requirement for access to very large

and expensive research facilities which are unlikely to be available in Australia in the

foreseeable future. The issues raised in the Report are by no means limited to

crystallography. The Committee's recommendations are intended as a contribution to

the growth of a coherent policy applicable to similar problems in other branches of

physical science.

i n , V
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1. MEMBERSHIP OF THE COMMITTEE

The inquiry upon which this Report is based was conducted by:

Dr. Peter M. Colman
Chief Research Scientist, CSIRO Division of Biotechnology
President, Society of Crystallographers in Australia

Professor Hans C. Freeman, FAA (Chairman)
Professor of Inorganic Chemistry, University of Sydney
Chairman, Australian National Committee for Crystallography

Dr. Ian E. Grey
Senior Principal Research Scientist, CSIRO Division of Mineral Products

Dr. Edward N. Maslen
Director, Crystallography Centre, University of Western Australia
Member, Executive Committee, International Union of Crystallography

Professor John W. White
Professor of Physical and Theoretical Chemistry,

Australian National University
Director (1977-80), Institut Laue-Langevin, Grenoble

P.M. Colman, H.C. Freeman and I.E. Grey acted in their capacities as members of
the Australian National Committee for Crystallography. E.N. Maslen and J.W. White
were co-opted to the Committee for the purposes of the "Big Science" inquiry. Three
other members of the Committee were unable to participate for reasons of overseas
absence (S.R. Hall and T.J. Hicks) and illness (M.R. Taylor), respectively.



2. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

2.1 GENERAL

A. Two types of 'Big Science' research facility - synchrotron radiation sources and
intense neutron beams - are now recognised as essential resources for a wide
range of research activities in chemistry, physics and biology. The cost of such
facilities and the lack of a sufficiently large user base will probably preclude their
construction in Australia in the foreseeable future.

The national interest in (for example) the development of new materials, the
development of a biotechnology industry and the expansion of fundamental science
requires that Australian scientists have access to both types of facility overseas.

B. A significant number of Australian research programs already utilise major overseas
synchrotron and neutron beam facilities. These programs are funded by
competitive research and travel grants from Australian agencies, and by substantial
contributions from some of the overseas host institutions.

There is a need to expand programs of this kind through the normal research
funding process, augmented by flexible procedures which enable investigators with
approved programs to call on a pool of travel funds at relatively short notice.

C. There is a need to encourage increasing participation by Australian postgraduate
students in such research.

D. There is a strong case in principle for constructing one or more major instruments
designed by Australian scientists at overseas synchrotron and neutron beam
facilities. Proposals for the construction of specific instruments should be subject
to the normal Australian Research Council review process.

2.2 SYNCHROTRON RADIATION RESEARCH

E. There is a strong case for the purchase, on favourable terms, of a beam-line at
an overseas synchrotron radiation facility, and for establishing an Australian
'out-station' at this facility. A prerequisite for this is the creation by the
Australian Research Council of a mechanism appropriate to the conduct of
negotiations with the overseas facility, and for the development of guidelines for
access to that facility.

2.3 NEUTRON SCATTERING RESEARCH

F. There is a strong case, though it is less urgent than that mentioned in 2.2.E, for
substantial Australian involvement in an overseas neutron beam facility.
Negotiations to explore formal arrangements should be initiated. This need will
become acute if the Australian HIFAR reactor and its neutron scattering
instrumentation are not upgraded soon.

G. The Australian HIFAR reactor should be refurbished in its present shell, retaining
the present flux and power levels. As part of that refurbishment, the beam-tube
and guide-tube designs should be optimised for the instrumentation to be installed;
the data acquisition systems should be optimised to make efficient use of the
available neutrons; and provision should be made for a 'cold' source as soon as
possible.



[SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS]

H. The research instrumentation at HIFAR should be upgraded by installing new
equipment to replace obsolescent instruments. However, since there are areas
where the HIFAR medium flux reactor can no longer compete with high-flux
reactors overseas, resources should be directed only into areas where world-class
research can be performed with the flux available from HIFAR. Special
consideration should be given to including instrumentation which is sufficiently
specialised to attract the international neutron scattering community.



3. INTRODUCTION: THE EMERGING NEED

3.1 Crystallography: Purpose and Scope

Crystallographers determine the structure of materials at the atomic level: what types
of atom are present, how they are arranged and linked to one another, how far each
atom is from its neighbours, and how the properties of the material are related to the
arrangement of the component atoms. At this level of detail, each material has a
distinct structure. Modifications of the structure change the behaviour of the material,
regardless of whether the material is a mineral, a drug, a petrochemical, a metallic
alloy, an insecticide, a protein, or even a virus. To control or modify the properties
of a material we must thoroughly understand its structure.

The information which crystallography provides is at the basis of much of modern
chemistry, technology and biology.

3.2 Crystallography before "Big Science"

After the 1930's and before the mid-1950's, crystallographers used tools which - though
large and expensive in relation to some other ways of characterising new materials -
were within the range affordable by reasonably well supported laboratories.

Crystalline specimens were exposed to a fine beam of X-rays from an X-ray 'tube1.
The 'tube' was mounted on an X-ray generator (a large box containing a pumping
system to maintain the 'tube' under high vacuum, a high-voltage transformer and other
electrical components). A small device permitted the position and orientation of the
specimen to be adjusted precisely in the X-ray beam. The X-rays reflected by the
specimen were usually recorded on a photographic film in a flat or cylindrical cassette,
the assembled device being described as an X-ray 'camera'. The intensities of spots
created by the reflected X-rays on the film were measured visually by comparison with
a standard series of spots recorded on a film under carefully controlled conditions.
The measurements were tabulated manually. They were analysed by massive
calculations using mechanical calculators and specially designed trigonometrical tables.
Diagrams illustrating the arrangement of the atoms in a material were drawn by hand.

The structures of many metals, minerals, inorganic salts, metal complexes and organic
molecules were determined in this way. The complexity of the structures which could
be studied, the precision of the results, and the number of problems which an
investigator could study in a lifetime, were limited by the capabilities of the
instrumentation, by the state of the theory, and by the time and effort required for
each analysis.

3.3 CrystaUography Since the 1950's: The Advent of "Big Science"

Among many developments during the 1950's, three were highly significant in
stimulating an explosion of crystallographic research. Commercial production of sealed
X-ray tubes, which could be plugged into an X-ray generator without the need for a
high-vacuum pumping installation, simplified the experiments dramatically. Structural
problems of much greater complexity could be resolved when it was realised that
punched-card accounting machines with very limited memories (soon replaced by
computers with IK or even more words of memory) were eminently suitable for
repetitive tasks such as the summation of Fourier series. And a powerful new
technique, neutron diffraction, enabled crystallographers to study an even wider range of
the properties of solid materials.
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Neutron diffraction depends on the fact that a strong and well-defined stream of
neutrons can be obtained by making a tubular hole in the side of a nuclear reactor.
The stream of neutrons behaves like a beam of radiation and can be used to obtain
diffraction patterns. The principles of neutron diffraction are similar to those governing
the X-ray measurements for the study of crystal structures, but the properties of
neutron waves differ sufficiently from those of X-rays to provide much additional
information about the structures and properties of the materials examined [see 6.1].

The development of neutron diffraction in the 1950's involved one important operational
difference from the existing X-ray technology: the experiments had to be carried out at
a nuclear reactor. Crystallographers other than those who were on the staff of a
nuclear reactor facility had to visit the facility since the facility could not visit them.
Henceforth the exploitation of the full power of crystallographic techniques required
access to "Big Science" facilities.

Another leap forward in the methodology of research on the structures of materials
occurred more recently. Since the late 1970's, so-called synchrotron radiation sources
have provided X-ray beams of unprecedented (and still increasing) intensity. The
X-rays are produced when a stream of electrons from a high-energy accelerator is
forced to travel in a circular orbit. The devices that achieve this result are called
storage rings and generally have dimensions of the order of tens of metres. If a tube
is inserted in the outer wall of a storage ring, a beam of intense radiation is emitted.
Not only does the high intensity of the X-radiation permit the study of much smaller
specimens and reduce the time required for measurements, but a number of unique
properties enable entirely new types of experiment to be performed [see 5.1, 5.2, 5.5].

Synchrotron radiation sources are "Big Science" facilities in terms of size and cost.
Access to them is now essential for many types of research on the structures and
characterisation of materials.

3.4 Crystallography: Other Advances

There have been other important developments in the instrumental and computational
techniques used by crystallographers. For example, diffractometers (computer-controlled
instruments using electronic detectors instead of photographic films) have reduced the
labour required to record diffraction patterns for many applications. Crystallographers
now routinely perform calculations that were unthinkable in the 1960's because of the
vast computing power required. New types of computer graphics have made it possible
to examine the structures of materials at previously unimaginable levels of detail, and
to communicate results of previously prohibitive complexity to specialists in other
branches of science. Such advances are, however, not beyond the reach of most
Australian crystallographers. With the exception of calculations requiring the fastest
supercomputers, most calculations required for crystallographic research can be
performed with resources already available in Australia.

3.5 International Investment in "Big Science" Facilities

The scale of the international investment in synchrotron radiation sources and neutron
sources is illustrated by Table A ('Storage Ring Synchrotron Radiation Sources',
pp. 6-7) and Table B ('Medium and High Flux Neutron Sources', pp. 8-9). The
capital cost of either type of facility is typically of the order of hundreds of millions of
dollars, and an average annual budget is of the order of tens of millions of dollars.



TABLE A

Storage Ring Synchrotron Radiation Sources

(Adapted from a tabulation by H. Winick, Stanford Synchrotron
Radiation Laboratory, in Synchrotron Radiation News, 1988, 1, 30)

Locat ion

Brazil
Campinas

China
Beijing
Hefei

England
Daresbury

France
Orsay
Orsay
Orsay
Crenoble

Germany
Hamburg
West Ber1 in
We s t Berlin
Bonn

India
Indore

Italy
Frascat i
Tr i este

Japan
Tsukuba
Tsukuba
Tsukuba
Tokyo
Okazaki

Sweden
Lund

Taiwan
Hsi nchu

Ring (Laboratory)

LNLS

BEPC (IHEP)
HESYRL (USTC)

SRS

ACO (LURE)
OCI (LURE)
Super-ACO (LURE)
ESRF1

DORIS (DESY)
BESSY
COSY
ELSA

Bhaba At. Res. Centre

ADONE (LNF)
Sincrotrone Trieste

Photon Factory (KEK)
Accumulator (KEK)
TERAS (ETL)
SOR-Ring (ISSP)
UVSOR (IMS)

Max (LTH)

TSL (SRRC)

E (CeV)

1-3

2.2-2.8
0.8

2.0

0.54
1.8
0.8
6.0

3.7-5.2
0.8
0.56
2.5

0.45

1.5
1.5-2.0

2.5
6-8
0.66
0.4
0.6

0.56

1 .4

Notes

c,d

c,pd
c,d

o,d

o,d
o,d
o,d
c,d

o, pd
o,d
c,d
o,pd

c,d

o, pd
c,d

o,d
o ,pd
o,d
o,d
o,d

o,d

c.d



TABLE A (Continued)

Local?on

U.S.A.
Berkeley, CA
Gai thersburg,
Ithaca, NY
Stanford, CA
Stanford, CA
Stanford, CA
Stoughton, WI
Upton, NY
Upton, NY

U.S.S.R.
Karkhov
Moscow
Moscow
Novosibi rsk
Novosibi rsk

Ring (Laboratory)

ALS (LBL)
MD SURF (NBS)

CESR (CHESS)
SPEAR (SSRL)
PEP (SSRL)
SRL
Aladdin (SRC)
NLSI (BNL)
NLSII (BNL)

N-100 (KPI)
Siberia I (Kurchatov)
Siberia II (Kurchatov)
VEPP-2M (INP)
VEPP-3 (INP)

E (GeV)

1.5
0.284
5.5
3.0-4.0
4-16
1.0
0.8-1.0
0.75
2.5

0.10
0.45
2.5
0.67
2.0

Notes

c,d
o,d
o, pd
o, pd
o, pd
c,pd
o,d
o,d
o,d

o,d
o,d
c,d
o,pd
o,pd

Footnote
1 European Synchrotron Radiation Facility

Notes
o Operational
c Under construction
d Dedicated operation
pd Partly dedicated operation



TABLE B

Medium and High Flux Neutron Sources

Location Approx. Type/ Power Neutron spectrum Notes

date acronym (MW) Hot Thermal Cold

on line

Australia
Lucas H'ts

Aus t r i a
Sei bersdorf

1959 HIFAR

ASTRA

10

8

Belgium
Mol 1963 BR2

Canada
Chalk River 1957

China
Be iji ng

Denmark
Ristt

France
Grenoble
Paris
Grenoble

Germany
Julich
Be r 1 in

India
Trombay
Trombay

Indonesia
Jakarta

Italy
Cambridge

Japan
Tokai
Tsukuba

1958

1971
1980

1962
1988

1965
1984

1987

1987

1960
1980

NRU

HWRR

1960 DR-3

HFR2

ORPHEE
SILLOE

FRJ-2
BER-II

CIRUS
DRUVA

MPR-30

55

135

15

10

57
14
8

23
10

40
100

30

ISIS1(Share)

JRR-2 10
KENS'

y y

y y

y
y

y

y

y
y
y

y
y

y
y

y
j

y
y

y
j

J J

j y

y
y

o, c

o
o
o

o
o, c

o
o,c

o,c

o
o

Korea
Seoul 1988/9 TRICA-3 y y



TABLE B (Continued)

Locat i on Approx.

date

on 1ine

Type/

acronym

Power

(MW)

Neut

Hot

ron spectrum

Thermal Cold

Notes

Netherlands
Petten

Poland
Swierk

South Africa
Pretori a

Sweden
Studsvik

Switzerland
Wtirenl ingen

1961

1958
1974

1960

1958

HFR

EWA
MARIA

ORRK

R2

SAPHIR

45

10
30

20

50

10

United Kingdom
Harwell
Harwel1
Chi 1 ton

U.S.A.
Brookhaven
Mi ssouri
Oak Ridge
Washi ngt on
Argonne
Los Alamos
Oak Ridge

U.S.S.R.
Moscow
Dubna
Cat china

1959
1960
1985

1965
1966
1965
1967
1981
1985
1995

1965
1979
1990

DIDO
PLUTO
ISIS1

HFBR
MURR
HFIR
NBSR
IPNS-11

LANSCE1

ANS

RR-8
IBR-23

ILL TYPE

25
25

60
10
100

10

8
4

J

J
J
J
J

J
J

J
J
J

J
J
J

J
J
J
J

J
J
J

j

J

J

J
J
J
J

J
J

o
o

o
o
o

o
o
o
o, c
o ,c
o, c
d

o
o
c

Superscripts:

Notes:

1 Spallation source.
2 Institut Laue-Langevin (French-Anglo-German joint facility).
3 Pulsed reactor,
o Operational.
c Under construction or reconstruction with significant new funds,
d In design



[INTRODUCTION: THE EMERGING NEED]

3.6 Assessment of Australian Needs

Early in 1988 the Australian National Committee for Crystallography set out to assess
the needs of Australian crystallographers for access to synchrotron radiation sources and
neutron beam sources, as described in the present Report.

In relation to synchrotron radiation sources, the Committee considered only the question
of access to such facilities overseas.

In relation to neutron beam sources, the Committee's inquiries included not only the
question of access to powerful facilities overseas but also the special problems which
confront Australian crystallographers as a result of the obsolescence of the HIFAR
reactor at Lucas Heights, N.S.W.

10



4. PROCEDURES

4.1 Call for Submissions

In April, 1988 the Chairman of the Australian National Committee for Crystallography
issued a general call for submissions to an inquiry on Australian needs for "Big
Science" facilities:

"The Australian National Committee for Crystallography has set itself the task of
surveying the needs which Australian crystallographers have for access to very large
and expensive research facilites such as synchrotron radiation sources, high-flux
neutron beams, neutron spallation sources and high-voltage electron microscopes.
While the Committee will concentrate its inquiries on the needs of
crystallographers, the requirements of Australian scientists in related disciplines will
be taken into account wherever possible. The Committee's report will be
addressed to the Australian Academy of Science, and is also expected to be made
available to the major funding agencies.

Ths main questions to be addressed by the Committee will be:

(1) What are the technical advances in crystallography and related disciplines
which make access to 'Big Science' installations essential?

(2) What is the current level of participation by the Australian scientific
community in research at 'Big Science' installations: who are the current
users, what facilities are they using, what is the nature of the research, and
what is the cost?

(3) What are the foreseeable future needs of the Australian scientific
community for access to 'Big Science' installations: who are the potential
users, what types of facility will they require, what is the nature of their
proposed research, and what are the estimated costs?

(4) What methods of funding access to 'Big Science1 facilities are available
and used at present?

(5) What methods of funding access to 'Big Science' facilities are preferred
for the future?

It is hoped that all interested persons, as well as user-groups such as ANBUG and
ASBUG, will assist the Committee by supplying relevant information and by
making their views known."

In guidelines which were issued with the call for submissions, respondents were asked
for details of their actual use of "Big Science" facilities prior to 1987-8 and during
1987-8, as well as their expected needs for the use of such facilities in future years.
Information was requested concerning the number of staff and students involved in the
experiments, the arrangements for access to the research facilities, the approximate costs
of the experiments and including the investigators' travel and subsistence, and the
sources of funding.

11



[PROCEDURES]

4.2 Distribution of Call for Submissions

Copies of the Committee's call for submissions were sent to all members of the Society
for Crystallographers in Australia, and to the Professors of Chemistry and Professors of
Physics at the Australian universities. Notices summarising the call were published in
Chemistry in Australia, Australian Physicist and Search.

4.3 Summary of Responses

Written submissions, in most cases including responses to the Committee's survey, were
received from:

Australian Synchrotron Beam Users' Group (ASBUG)

Australian Neutron Beam Users' Group (ANBUG)

Dr. Z. Barnea, University of Melbourne

Dr. G.C. Cox, University of Sydney

Associate Professor D.C. Creagh, University College,
University of New South Wales

Dr. R.L. Davis, Australian Institute for Nuclear Science and Engineering

Dr. T.R. Finlayson, Monash University

Professor B.N. Figgis, University of Western Australia

Professor H.C. Freeman, University of Sydney

Dr. T.J. Hicks, Monash University

Dr. N.W. Isaacs, St. Vincent's Institute of Medical Research, Melbourne

Dr. C.H.L. Kennard, University of Queensland

Dr. E. Kisi, Australian Nuclear Science & Technology Organisation,
Lucas Heights

Dr. R.C.G. Leckie, La Trobe University

Associate Professor B. O'Connor, Curlin University of Technology

Professor T.M. Sabine, University of Technology, Sydney

Professor A.M. Sargeson, Australian National University

Professor J.W. White, Australian National University

Dr. T.R. Welberry, Australian National University

Dr. S.W. Wilkins, CSIRO Division of Materials Science and Technology

12



[PROCEDURES]

Three responses dealt with research requiring "Big Science" resources other than
synchrotron X-ray beams and high-flux neutron beams: High-voltage electron
microscopy (Dr. C.G. Cox), angle-resolved photo-electron spectroscopy of semi-
conductors using synchrotron ultraviolet radiation (Dr. R.C.G. Leckie), and pulse
radiolysis studies of chemical reactions using an electron accelerator (Prof.
A.M. Sargeson). In each case the Committee noted the importance of the research
with interest, but decided not to comment on it in detail.

4.4 Meetings of the Committee

The Committee met in Melbourne on 23-24 July 1988. The responses to the
Committee's survey, the various submissions from individuals as well as from the
Australian Neutron Beam Users' Group (ANBUG) and the Australian Synchrotron Beam
Users' Group (ASBUG), and a large quantity of technical material had been circulated.

On the first day of the meeting, the following persons addressed the Committee and
were interviewed:

Dr. Z. Barnea, University of Melbourne'1

Associate Professor D.C. Creagh, University College,
University of New South Wales*

Dr. T.R. Finlayson, Monash University7

Di. N.W. Isaacs, St. Vincent's Institute of Medical Research, Melbourne

Dr. R.C.G. Leckie, La Trobe University

Dr. S.W. Wilkins, CSIRO Division of Materials Science and Technology'

1 Australian Synchrotron Beam Users' Group

7 Australian Neutron Beam Users' Group

Between July 1988 and February 1989 the Committee's business was conducted by
correspondence and by telephone. The Committee met again at Lome near Melbourne
on 17 February 1989, when this Report was adopted.

13



5. THE CASE FOR AUSTRALIAN PARTICIPATION
IN SYNCHROTRON RADIATION RESEARCH

5.1 Background: The Special Properties of Synchrotron Radiation

Synchrotron radiation sources emit beams of radiation with a number of distinctive
properties:

a. The beams are much more intense than those available from other radiation
sources.

b. Radiation is emitted over a broad range of wavelengths (in contrast with the single
wavelength emitted by a sealed X-ray tube).

c. The radiation is emitted in sharp pulses separated by relatively long intervals.

d. The radiation is highly plane polarised (the electromagnetic waves oscillate
mainly in one plane).

e. The beams have a very low divergence.

It should be noted that synchrotron radiation is emitted with high intensity over a
broad spectrum extending from the short wavelengths of X-rays to the much longer
wavelengths of the visible-ultraviolet region. In view of the Committee's special
interest in crystallography, the present Report is restricted almost entirely to applications
of synchrotron X-rays.

Some techniques using the special properties of synchrotron X-radiation are listed in
Table C (p. 15). In addition to their enormous impact on funJamenta) research in
chemistry, physics and biology, such techniques are contributing increasingly to the
solution of a wide range of problems in Materials Science and even in industrial
processing (production-line lithography of micro-electronic components).

As the following sections of this Report show, failure to provide adequately for
Australian participation in synchrotron radiation research may ultimately isolate
Australia not only from important advances in fundamental research but also from
some of the main-streams of contemporary technological research and development.

5.2 Synchrotron Radiation Research in Materials Science

Broadly interpreted, the term "Materials Science" includes the characterisation and
development of inorganic, organic, polymeric and other new materials for the electrical,
constructional and consumer industries, as well as the manipulation of materials derived
from living cells in order to produce new industrial processes and pharmacologically
active products.

All these aspects of Materials Science have a common requirement: to know how a
material works, i.e., to understand the mechanism of its behaviour at an atomic level
of detail. An understanding of mechanism ultimately depends on a knowledge of
structure, again at an atomic level of detail. On the basis of this knowledge products
can be tailored to specific applications. In nearly all cases, the required structural
information is obtained by diffraction methods.

14



TABLE C

Some Applications of Synchrotron X-Radiation

X-ray Diffraction Macromolecules:

Powders:
Low-angle XRD:

Topography:

Proteins, nucleic acids, viruses
Reactions in protein crystals
Inorganic, organic, mineral specimens
Phases in multi-component alloys
Dynamics of biological changes
Crystal defects, dislocations, cracks

X-ray Spectroscopy EXAFS1/XANES2: Amorphous materials: glasses
Semiconductors
Catalysts
Surfaces
Metalloproteins

Fluorescence: Trace element analysis

X-ray Lithography Replication of patterns with micron-
and sub-micron-sized features

X-ray Angiography Imaging of arteries by iodine
X-edge dichromography

X-ray Microscopy Scanning X-ray Microscopy
Contact X-ray Microscopy
Zone Plate X-ray Microscopy

1 Extended X-ray Absorption Fine Structure
2 X-ray Absorption Near Edge Spectroscopy

Crystallographers in the major centres of Materials Science research overseas now
routinely make diffraction measurements using the X-ray beams at synchrotron radiation
sources. The vary high intensity of synchrotron X-ray beams in comparison with the
X-ray beams available from even the most powerful conventional generators enables
data to be recorded from tinier specimens than ever before, and on the time-scale of
many chemical reactions. The ability to obtain X-ray diffraction data from tiny
crystals shows high promise in the investigation of chemical bonding in materials such
as the high-temperature superconductors, and may be crucial in further research on
tough ceramics such as PSZ and on mineral-like materials such as SYNROC [see 5.4,
below]. In addition, the possibility of tuning synchrotron X-radiation to any desired
wavelength has led to entirely new methods of structure analysis exploiting the
anomalous scattering effects near an elemental absorption edge.

15



[SYNCHROTRON RADIATION RESEARCH]

Complementing the essential role of synchrotron X-ray diffraction in the characterisation
of solid materials, X-ray absorption spectroscopy (XAS) has also become widely used in
Materials Science research in those countries which have access to synchrotron radiation.
Because XAS requires intense X-rays over a wide range of wavelengths, routine use of
the technique was impossible prior to the development of synchrotron radiation sources.

The X-ray absorption spectrum of a material is generally measured near the absorption
edge of one of the atomic species in the material. For this atomic species - and for
it alone - the XANES (X-ray absorption near-edge spectrum) and EXAFS (X-ray
absorption fine structure) provide precise information concerning its immediate chemical
environment. Thus it has become possible to probe the immediate surroundings of
specific types of atom in materials such as a glass or a catalyst or a metalloprotein.

Major contributions to the development of XAS as a technique were made by research
workers from American industrial research laboratories [including the Bell Telephone
Laboratories and the Exxon Research Laboratories]. In 5.3 we give examples of the
heavy investments in XAS and other types of synchrotron radiation research which
technology-based companies in the USA, Europe and Japan have made.

5.3 Industrial Research and Development at Overseas Synchrotron Radiation Sources

Industry makes considerable use of high-intensity X-radiation sources at "Big Science"
facilities overseas. In some instances, industry has contributed technically to the
development of the facilities. In other instances, companies have made major
investments by purchasing beam-lines and constructing instrumentation. The following
statistics are instructive:

In its Report for 1986, the Stanford Synchrotron Radiation Laboratory listed 79 user
organisations:

53 universities,
12 government laboratories, and
14 companies [Table D, p. 17].

The corresponding statistics for the National Synchrotron Radiation Light Source at the
Brookhaven National Laboratory are:

79 universities,
14 government laboratories,
22 foreign institutions, and
23 companies.

A specific illustration of industrial synchrotron radiation research in the USA is
provided by Exxon Research and Engineering. The company has its own beam-line at
the Brookhaven National Laboratory for EXAFS equipment to support catalyst research,
and maintains equipment at the Stanford Synchrotron Radiation Laboratory for EXAFS
measurements on metalloproteins as part of its biotechnology research program. Exxon
is only one of a number of American companies which maintain EXAFS rigs at the
Stanford Synchrotron Radiation Laboratory and on dedicated beam-lines at the
Brookhaven National Laboratory. The materials studied include catalysts, ceramics and
superconductors.
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TABLE D

Private Corporations
Using the Stanford Synchrotron Radiation Laboratory in 1986

AT & T Bell Laboratories
Boeing Company
Chevron Oil Field Research Company
Exxon Research and Engineering
IBM Research Laboratory
3M Central Research Laboratories
Macroatorn, Inc.
Palo Alto Veterans Hospital
Schlumberger Doll Research
Signetics Corporation
Smith Kline & French Laboratories
Stanford Research Institute International
UCSC/ICFS
Xerox Corporation

TABLE E

Industry-Owned Beam-lines
at K.E.K. - Photon Factory, Tsukuba, Japan in 1988

Company Experimental Stations

Fujitsu X-ray lithography
EXAFS
Characterration of crystals

Hitachi X-ray lithography
EXAFS
Soft X-ray spectroscopy
X-ray tomography

N. E. C. X-ray lithography
EXAFS / X-ray diffraction /
X-ray topography
Photochemical vapour deposition

N. T. T. X-ray lithography
Solid surface analysis
Photochemical reactions
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In the UK, the BP and 1CI companies use the SERC synchrotron radiation source at
Daresbury for catalyst and solid-state research. These companies have also contributed
financially to the cost of a neutron reflectometer at the Rutherford Laboratory's ISIS
neutron facility.

German companies have bought beam-lines at the BESSY synchrotron radiation source
in Berlin, partly for studies on the electronic structures of semiconductors and partly
for the production of microelectronic components by X-ray lithography.

Four Japanese companies (Fujitsu, Hitachi, NEC and NTT) own beam-lines at the
Photon Factory at Tsukuba, using them for X-ray lithography as well as a variety of
solid-state research programs [Table E, p. 17].

S.4 Potential Applications of Synchrotron Radiation in Industry-Related Research
in Australia

The Committee carefully considered the question whether there is sufficient interest in
Materials Science in Australia to generate a genuine need for access to advanced X-ray
and neutron sources. The following comments address the question so far as it
concerns synchrotron radiation sources. Australian requirements for access to high-flux
neutron sources are assessed in 6.5-6.10.

It is important to recall how successful Australia has been in Materials Science research
and development.

Example 1: Partially Stabilised Zirconia. Research on advanced materials in Australia
has already led to developments with high potential for industrial use. At the forefront
is PSZ (partially stabilised zirconia), a revolutionary ceramic with high resistance to
shock and abrasion. The basis for these properties is a controllable crystallographic
phase transformation that phase-toughens the material against mechanical change.

PSZ was created by scientists in the CSIRO Division of Materials Science and
Technology with specialised knowledge of crystallography and high-temperature phase
equilibria. The material is now being developed commercially by private industry in
close collaboration with CSIRO scientists. It is finding application in diverse settings
ranging from motor engine components and metal extrusion dies to artificial limbs.

Example 2: Radioactive Waste Disposal. Australia is also at the forefront of research
on the disposal of high level radioactive wastes in the form of a crystalline assembly
(SYNROC) that locks up the radioactive products as a stable aggregate. The research
has reached the pilot-plant stage. The original material was developed by scientists at
the Australian National University with a specialised knowledge of crystallography, phase
relations and microstructure. A wide range of diffraction methods was required to
probe the complex, fine-grained mixture.

Other Examples: Catalysts, Supermagnets, Superconductors. Other areas of Materials
Science where Australian research is internationally recognised include (i) the design of
new zeolite catalysts having a high degree of specificity in the industrial processes which
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they accelerate, (ii) the production of a new class of rare-earth/iron/boron super-
magnets, and (tit) the characterisation of yttrium/barium/copper/oxide superconductors
and related systems.

These examples demonstrate that Australia is capable of producing first-class Materials
Science research. The question for the future is whether we can maintain our
prominence in this field without access to synchrotron X-ray techniques. There are
strong indications from experience overseas (see 5.3) that there are important areas of
Materials Science research where the use of synchrotron radiation sources is becoming
routine and mandatory.

The Committee had little difficulty in identifying potential future applications of intense
X-ray sources to Australian industrial research and development:

VLSI Circuits. New developments in computing, based on CSIRO research on VLSI
circuits, are already being applied commercially. Future work in this area will
undoubtedly require advanced X-ray lithography using synchrotron X-ray beams. In
this technique, the high degree of parallelism of synchrotron X-rays enables sub-micron
structures to be replicated more accurately than by any other known technique.

The demand for microelectronic components produced by X-ray lithography is
potentially huge. On a 5- to 10-year time-scale, compact synchrotron radiation
sources for X-ray lithography are expected to be on the market. Whether Australia
will have experts capable of assessing and using these sources when they become
available will depend on the extent of our involvement in synchrotron X-ray technology
in the meantime.

Mineral processing. There are potential applications of synchrotron radiation to
research on mineral processing wherever there are problems requiring X-ray diffraction
from very small specimens, or amenable to study by X-ray absorption spectroscopy.
For example, the development of new processing technologies for separating minerals
from complex fine-grained ore deposits is likely to require the characterisation of
sub-micron phase mixtures. Many advances in processes such as the separation of
minerals by flotation, production of base metals, beneficiation of mineral sands, and
production of gold by the carbon-in-pulp process are likely to require detailed studies
of surface structures and of the interactions between mineral surfaces, surfactants and
collectors.

Opto-electronics. Potentially profitable applications exist in opto-electronics (the
transmission of information by light instead of electronic signals). Small sample
techniques are particularly valuable for characterising materials in the form of thin
filaments and thin films. The first category includes types of polymer often required in
opto-electronics, and the second includes epitaxially grown semi-conductors. The CSIRO
Division of Materials Science and Telecom are collaborating on the characterisation of
MOCVD-grown epilayers for opto-electronic device applications. Synchrotron X-ray
diffraction provides the best means of characterising the microstructures of many such
materials, while synchrotron X-ray topography is a powerful probe of the perfection of
substrate and process crystals.
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Instrumental Design. A number of Australian laboratories have already made significant
contributions to the design of instrumentation which finds application in synchrotron
radiation research. Examples are a synchrotron X-ray powder diffractometer (University
of Technology, Sydney), a condensing Bragg optics monochromator (patent pending,
CSIRO Division of Materials Science), and an electron energy analyser (patented,
La Trobe University). Instrumental design is an area where there is obviously room
for further Australian research initiatives.

Need for Awareness and Skilled Personnel in Australian Industry. The responses to the
Committee's inquiry produced no indication by Australian industry, or by Australian
scientists in industry, that they are missing anything by not seeking access to
synchrotron radiation sources.

The problem of alerting Australian industry to the potential uses of synchrotron
radiation sources is one to which investigators with relevant experience should give
urgent attention. In anticipation of future requirements there is a need to increase the
number of scientists and engineers with hands-on experience in synchrotron radiation
techniques. One way to achieve this is to encourage increased participation of
postgraduate students in synchrotron radiation research [see 5.8, below, and
Recommendation 2.1.C].

5.5 Synchrotron Radiation Research in Relation to Biotechnology

An essential element in the emerging biotechnology industries is our knowledge of the
3-dimensional structures of biological macromolecules. The information base has been
generated almost entirely from single-crystal X-ray diffraction studies. There has been
a rapid increase in the use of synchrotron radiation facilities for those studies over the
past decade.

Advantages of High Intensity Synchrotron X-Ray Beams. Structural studies of biological
macromolecules by X-ray diffraction require the investigator to prepare the biological
material in the form of single crystals. The information obtained depends largely on
the size of the crystal specimens, as well as their sensitivity to radiation damage. In
those (frequent) cases where the crystals are very small, the intense X-ray beams
available at synchrotron radiation sources are essential if sufficient diffraction data are
to be recorded: without access to synchrotron radiation, the diffraction signals are too
weak to be measured and the investigation cannot proceed.

Even in experiments where X-rays from an ordinary sealed-tube or rotating-anode
X-ray generator appear to be adequate, dramatically improved results are obtained when
the measurements are made with synchrotron X-radiation. The improvement is due to
a better signal/noise ratio (resulting from the higher monochromaticity and lower
divergence of the X-ray beam), and to an increase in the rate at which data are
recorded relative to the rate at which the crystal specimens deteriorate. In many cases
the improvement in data quality constitutes the crucial difference between interpretable
and uninterpretable data sets. The high intensity, high monochromaticity and low
divergence of synchrotron X-ray beams thus allow the determination of structures that
formerly were not amenable to X-ray diffraction techniques.
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Multiple Wavelength Diffraction Measurements. The production of intense X-rays over
a wide range of wavelengths is another feature of synchrotron radiation sources with
special applications in macromolecular structure analysis. A double-crystal
monochromator enables any X-ray wavelength in the broad spectrum of intense
radiation emitted by the source to be selected. New methods of data interpretation
based on measurements of diffraction data at different wavelengths are being applied
successfully to structures that were previously intractible.

High Speed Diffraction Measurements with •White* X-Rays. A further development in
biological studies which follows entirely from the characteristics of synchrotron radiation
sources is the use of 'white' X-radiation for very rapid recording of diffraction data.
By abandoning the classical approach of making diffraction measurements at a single
wavelength or sequentially at a small number of wavelengths, it becomes feasible to
record a diffraction pattern from a crystal of a large protein within some hundredths of
a second. [To record the equivalent pattern using monochromatic X-rays from a
synchrotron radiation source requires several hours, and using monochromatic X-rays
from a laboratory X-ray generator requires days or weeks.] Future developments of
this technique should permit stages in biological processes such as enzyme function to
be visualised at the atomic level.

Applications to Biotechnology. In addition to their fundamental importance in
understanding the molecules involved in biological processes, such studies are essential to
the developing biotechnology industries. Genetic engineering enables us to modify the
molecules found in Nature and even to make entirely new ones. Examples include the
production of enzymes with novel chemical activity and/or increased stability, of new
Pharmaceuticals for the control of microbial infections or other disorders, and of new
selective herbicides. This type of bio-molecular manipulation demands a detailed
knowledge of the three-dimensional structure of the molecules which are to be modified
or mimicked. X-ray diffraction studies play a central role in this endeavour.

The potential of protein crystallography to contribute to problems of commercial interest
is shown by the activities of biotechnology companies in the USA and Europe. Most
of the companies have a fully equipped X-ray diffraction laboratory and employ a team
of protein crystallographers. Some have consultative arrangements with university
protein crystallography laboratories. In any studies on which commercial development
depends, speed of data collection is important. Access to synchrotron radiation sources
is recognised as an essential prerequisite for research in this area.

5.6 Australian Use of Synchrotron Radiation for Research on Biological Macromolecules

There are three laboratories for protein crystallography in Australia. The experience of
the three laboratories in using synchrotron radiation sources exceeds that of any other
group of users who responded to the Committee's inquiries.

The CSIRO Division of Protein Chemistry laboratory is studying influenza virus proteins
including their structures, their patterns of variation in different strains of virus, and
their interaction with molecules of the immune system. The laboratory has recorded
data at DESY (Hamburg) and SSRL (Stanford), in each case utilising especially the
high-flux features of the beam.
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The University of Sydney protein structure laboratory in that university's Department of
Inorganic Chemistry is studying metal-containing bio-molecules, particularly in relation
to biological electron-transport, enzyme action and photosynthesis. The laboratory has
recorded X-ray diffraction data on proteins in the plastocyanin family at DESY
(Hamburg), LURE (Orsay) and SSRL (Stanford). It participated in the development of
the multiple wavelength method for the determination of protein crystal structures from
X-ray diffraction data; and has used the complementary technique of XAS/EXAFS
(X-ray absorption spectroscopy and X-ray absorption fine structure) to probe the details
of metal-protein interaction.

The St. Vincent's Institute of Medical Research laboratory is studying blood factors
important in clotting and wound repair. By using the high-flux feature of the
Daresbury synchrotron (UK), the laboratory has recently been able to record data which
are demonstrably of higher quality than could be obtained with any instrumentation in
Australia. The measurements may open the way to the description of a hitherto
intractible protein structure with important medical implications.

5.7 Australian Needs for Synchrotron Radiation Research on Biological Macromolecules

If trends in countries with more advanced biotechnology industries are any indication,
future commercial opportunities of Australian biotechnology companies will rely
increasingly on Australian macromolecular crystallographers, even if their work is
initially directed at fundamental problems. One Australian company is already
supporting research on new anti-viral compounds based on the CSIRO protein
crystallography studies mentioned above.

The specific requirements of macromolecular crystallographers for synchrotron X-ray
sources are technically somewhat different from those of crystallographers and
spectroscopists working on Materials Science problems. The type of instrumentation
needed for macromolecular structure research differs from experiment to experiment.
Specialised facilities catering for different requirements exist at synchrotron radiation
sources in the USA, UK, Germany, France and Japan.* In most cases access to the
facilities is available to Australian investigators through formal application followed by
peer-group review, provided that the investigators have adequate funding to cover the
costs of their travel, subsistence and local scientific supplies.

As already stated in 5.5, the use of synchrotron radiation for data collection is no
longer a luxury but is a well established routine for leading macromolecular structure
laboratories in Europe and the USA. The success of many projects rests on one or
more of the unique properties of synchrotron radiation. The pace of new developments

* U.S.A.: Photographic methods, two-dimensional detector for multiple wavelength
measurements (SSRL, Stanford Synchrotron Radiation Laboratory); photographic methods
(CHESS, Cornell High Energy Synchrotron Source). U.K. Photographic methods using
monochromatic or white radiation, two-dimensional detector for single wavelength
measurements (SERC Daresbury Laboratory). Germany: Photographic methods and
two-dimensional detector for single wavelength measurements; low-temperature
measurements (DESY, Hamburg). France: Photographic methods and two-dimensional
detector for single wavelength measurements (LURE, Orsay). Japan: Photographic
methods using imaging plates (Photon Factory, Tsukuba).
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(such as the use of polychromatic radiation for ultra-rapid data collection) suggests
increasing dependence on synchrotron facilities in the future. Without access to such
facilities, Australian scientists will be 'locked out' of state-of-the-art research on
many problems.

5.8 Future Funding of Australian Access to Synchrotron Radiation Sources Overseas

Assessment of Future Needs. Responses to the Committee's survey identified 16
Australian investigators with 'hands on' experience at overseas synchrotron radiation
sources (12 'senior' investigators who might be listed as a Principal Investigator on a
research grant proposal, and 4 other post-doctoral scientists). The investigators are
attached to 11 research groups in university and CSIRO laboratories. Among the
11 research groups, 8 work in the chemistry/physics/materials area and 3 in t , e
macromolecular structure/biotechnology area.

All except 2 of the 16 investigators mentioned above have a continuing need for access
to overseas synchrotron radiation facilities in 1989 and future years. The 2 exceptions
are scientists with international reputations who have left Australia and taken up
professorial positions overseas. (The reasons in both cases included dissatisfaction with
Australian research funding policies).

The nucleus around which Australia's future synchrotron radiation research effort may
grow thus consists of about 14 investigators plus their present research associates and
students. If the evidence of the present Report is accepted, there is an urgent need to
increase this number. Ways in which this may be achieved are explored on the
following pages.

Need for Increased Postgraduate Student Participation. Respondents to the Committee's
inquiry were almost unanimous in giving high priority to an increase in the number of
Australian postgraduate students who participate in research at synchrotron radiation
sources. The number who have done so in the past is small. Responses from 4
laboratories listed a total of 5 students.

The lack of Australian postgraduate student participation in synchrotron radiation
research is in marked contrast with the situation overseas. The 7956 Activity Report
of the Stanford Synchrotron Radiation Laboratory (SSRL) listed projects involving 438
experimenters and over 100 Ph.D. students. The Cornell High Energy Synchrotron
Source (CHESS) reported the participation of 153 Ph.D. students in the 132 active
research programs on its 6 beam-lines in 1987.

One reason for the limited involvement of Australian postgraduate students is the
absence of any earmarked funds which can be used to support students' overseas travel
and subsistence costs without prejudicing - or appearing to prejudice - a senior
investigator's other requests to a granting agency. The provision of such funds would
make it easier for investigators with approved projects to provide experience in
synchrotron radiation techniques for selected postgraduate students.

It is not merely desirable but urgent that the number of participating postgraduate
students be increased. The benefits of postgraduate research at "Big Science" facilities
as part of a student's scientific training are discussed later (6.11). From a national
view-point it is essential to anticipate the probable future requirements for scientists and
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engineers with hands-on experience in synchrotron radiation techniques (5.4). It is
also essential to ensure that the next generation of Australian investigators become
aware of the special advantages and requirements of research at "Big Science"
facilities, and that they are not isolated from an international scientific and industrial
research community which increasingly takes access to "Big Science" facilities for
granted.

Present Australian Funding Policies. At present, Australian investigators obtain access
to overseas synchrotron radiation sources by submitting applications on much the same
basis as investigators from the host country. Success in obtaining an allocation of
beam-time reflects the scientific merit of a proposal. The costs to Australia are
limited to those of travel, subsistence and experimental materials.

Sources of funds to cover these costs are the investigator's institution, external grant
agencies, and government agencies administering international scientific exchange
agreements. Where the research is a collaborative program, the host institution may
contribute to the local costs.

Future Funding Requirements: 1. Travel. The use of an overseas "Big Science"
facility by an Australian investigator depends in the first instance on the submission of
a research proposal of outstanding scientific merit to the host facility and to an
Australian granting agency. However, even for an approved project the number of
Australian participants is limited by the funds available to cover the costs of travel and
subsistence.

The responses to the Committee's survey show clearly that, with few exceptions,
Australian synchrotron research projects have hitherto relied heavily on the active
participaiion of collaborators and other personnel at the host facility. Only in a
minority of cases have the available funds sufficed to permit the investigator's
Australian research collaborators and students to travel overseas and to gain hands-on
synchrotron research experience.

It follows that one way to increase the number of Australian research workers with
experience in synchrotron radiation techniques is to provide earmarked funds which
enable investigators with approved projects to encourage the participation of their
Australian research associates and students instead of relying on the participation of
personnel at the host facility.

A workable formula to permit travel costs to be estimated is

Cost = $[N(A + 2BX)],

where N = number of persons in team,
$.4 = return air-fare per person,
$B = local costs per person per day,

X = no. of days of approved beam-time.

To be effective, a team should comprise N = 3-5 persons; a visit should
generally be budgeted to be twice as long as the allocated beam-time X to allow
for on-site data-processing and unexpected contingencies; and the values of A
and B depend on the destination and will have to be adjusted from time to time.
For example, if N = 3, A = 3,000, B = 100 and X = 7, then Cost - $13,200.
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Apart from the question of a higher level of travel funding, there is need for greater
flexibility to deal with the special problems which confront all investigators who gain
access to synchrotron radiation sources. The scheduling of beam-time can seldom be
predicted with certainty. It is common for allocations of beam- and instrument-time
to become available (or to be changed or cancelled) at short notice. When an
opportunity arises it is highly advantageous if an investigator can respond to it quickly.
The need to involve other staff or students from the investigator's laboratory may also
require a quick decision in the light of the experiment for which resources have
become available.

These problems are exacerbated in the case of macromolecular crystallographers since
the crystal specimens which they create often have a limited lifetime. This is
recognised by some of the major synchrotron radiation facilities, where instrumentation
for macromolecular data collection on a dedicated beam-line is accessible at short
notice.

The difficulties described above can be overcome by creating a reserve of travel funds
on which investigators with approved projects can call at short notice. The Committee
recommends that procedures which maxe this possible be implemented [see
Recommendation 2.1.B], and that increased participation in approved projects by
postgraduate students and other Australian research workers be encouraged by providing
travel funds earmarked for this purpose [see Recommendation 2.1.C].

A special problem appears to exist in the case of investigators whose research is
normally supported by the National Health and Mecical Research Council. According
to information given to the Committee, one investigator was advised by NH&MRC that
requests for funds to support experiments at a synchrotron radiation source would not
be considered. In view of the important role of synchrotron radiation techniques in a
wide range of biophysical studies, the NH&MRC policy (if correctly interpreted by the
investigator involved) is in urgent need of modification.

Future Funding Requirements: 2. Beam-Time. So far as the Committee is aware,
prior to 1989 no Australian investigator has been charged for synchrotron beam-time.
This situation may change.

Information received by individual investigators and reported to the Committee suggests
that the SERC synchrotron radiation facility at Daresbury, U.K., and the Max Planck
Gesellschaft storage ring BESSY in Berlin, F.R.G., intend to introduce charges for
beam-time in the near future.

It may therefore become necessary for granting agencies to consider requests for the
purchase of beam-time for projects which depend on access to particular synchrotron
radiation facilities.

Future Funding Requirements: 3. Construction of a Major Instrument. A third way
to increase Australian access to synchrotron radiation facilities may be to design and
construct a major instrument for installation at a nominated storage ring. The
attractions of this scenario include the possibility of trading access to the Australian
instrument for access by other Australian investigators to "ther instruments at the host
facility, and the experience gained by Australian investigators and technicians in
designing and installing specialised research equipment.
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While the Committee supports this option in principle, it was not convinced that
construction of instruments per se is an activity justifying the cost of sending Australian
investigators to facilities overseas. The case for constructing an instrument should
ultimately rest on the existence of a large user base with proposals for experiments of
high quality. The Committee therefore recommends that proposals for the construction
of major instruments at "Big Science" facilities be assessed by the Australian Research
Council or other appropriate agencies according to the normal criteria for the funding
of large instruments [Recommendation 2.1.D\.

Future Funding Requirements: 4. Purchase of a Beam-line. A third way to
stimulate increased Australian involvement in synchrotron radiation research is to
purchase, on favourable terms, a beam-line at one of the overseas synchrotron radiation
sources.

The capital cost of purchasing and equipping a beam-line is estimated to be of the
order of AS1-2M, with annual costs of the order of AS0.2M:

A$

Capital costs:
Beam-line 0.6-1.5M
One major instrument 0.3M

0.9-1.8M

Running costs:
6 Visits x 5 persons x 14 days 153,000
Salary, resident scientist 40,000
Travel, allowances, resident scientist 27,000

Estimated annual cost 220,000

The benefits that may flow from such a purchase include the ability to allocate a fixed
share of a sophisticated resource to approved Australian research projects, the right to
obtain access to instrumentation on other beam-lines, and the experience gained by
Australian investigators and technicians in designing and installing specialised research
equipment.

The Committee finds that there is a strong case for implementing this option [see
Recommendation 2.2.E].

Purchase of a Beam-line: A Specific Proposal. In a submission from the Australian
Synchrotron Beam Users' Group (ASBUG), the Committee was informed that a
proposal for the purchase of a synchrotron beam-line had been received from the
Photon Factory, Tsukuba, Japan. The proposal resulted from informal negotiations by
a group of Australian investigators over a period of three years. At a cost of ca.
S0.6M, plus the salary and expenses of a resident research scientist, Australia could
expect to obtain access to a wide range of research instruments for an agree, number
of shifts/weeks per year for an agreed period such as 5 years. The facilities installed
on the Photon Factory beam-lines are listed in Table F (p. 28).
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The Committee supports this proposal in principle but recommends that the possibility
of purchasing, on favourable terms, a beam-line at a different synchrotron radiation
facility should also be considered. According to the ASBUG submission, a decision on
the Photon Factory proposal may be required in the financial year 1988/9: in the
absence of a positive Australian decision, all beam-lines at the Photon Factory are
likely to be allocated to other users by mid-1989. It may therefore be prudent to
investigate other options; and it may become necessary to do so if a decision on the
Photon Factory proposal cannot be reached in time, or if the decision is negative for
any reason.

Purchase of a Beam-Line: Procedures. While considering how the purchase of an
Australian beam-line at an overseas synchrotron radiation facility might be implemented,
the Committee discussed the need to develop a formal mechanism for the conduct of
negotiations with the host facility.

The Committee did not accept a proposal that, if Australia purchased a beam-line at
the Photon Factory, the details of future Australian access to that facility should be
arranged in the traditional Japanese way (i.e., by friendly negotiations from time to
time) instead of being agreed at the outset and recorded in writing. Informal
procedures in keeping with local customs are of course appropriate when Australian
scientists use the facilities of an overseas laboratory as collaborators or guests.

In the significantly different situation where an Australian agency makes a substantial
investment in an overseas facility, it seems essential that there be a formal agreement
defining the relationship between, and the obligations of, the two organisations.

The first step would be the creation by an agency such as the Australian Research
Council of a mechanism for the conduct of negotiations with the overseas facility, and
for the development of guidelines for access to that facility. Matters which require
definition include the extent of Australian access to the host facility, a protocol for
selecting suitable Australian projects, and a mechanism for scheduling those Australian
projects. Subsequent steps to be taken by the Australian sponsoring agency are
suggested in 8.2.e.

Future Funding Requirements: S. Purchase of Access to a Synchrotron Radiation
Source on an Annual Basis. A logical alternative to the purchase of a beam-line
would be the puchase of a proportion of the total resource at a synchrotron radiation
facility on an annual basis. Australian investigators would then have access to a range
of beam-lines and instrumentation under agreed conditions. Procedures similar to those
for the purchase of a beam-line would be appropriate, as suggested in 8.2.d.

This strategy is not at present supported by any of the Committee's respondents with
interests in synchrotron radiation research, but is the preferred option of a group of
investigators with interests in high-flux neutron beam research (6.12).
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TABLE F

Instrumentation Installed on Synchrotron Radiation Beam-lines
at the Photon Factory, Tsukuba, Japan (July 1988)

1. Soft X-ray Microscope; Fresnel zone plate

2. High Resolution Powder Diffractometer; single counter; variable temperature
facilities

3. High Resolution 6-Circle Diffractometer; low temperature (4K) capability

4. 4-Circle Diffractometer for protein crystallography; wiggler beam-line;
conventional detector; imaging plate option

5. Weissenberg Camera; multi-slit system

6. High Precision X-ray Optics station; wiggler beam-line

7. High Precision X-ray Optics station for triple-crystal topography

8. High Speed Topography station; high temperature and magnetic field
capabilities

9. High Pressure Powder Diffraction station for energy-dispersive and
angle-dispersive diffraction; solid-state detector

10. Multi-anvil Single Crystal High Pressure (5GPa) station

11. Surface Diffraction station; ultra-high vacuum environment

12. Anomalous Dispersion station; single crystal diffractometer

13. Small Angle Scattering stations (two)

14. 4-Circle Diffractometer for mineralogy

15. EXAFS stations (three); two stations for conventional EXAFS measurements;
one station with multi-detector system for SEX^FS

16. Helium Cryostat for milli-Kelvin diffraction measurements

17. X-Ray Lithography stations (several beam-lines)

18. Ultra-Violet stations (ten beam-lines)

19. Additional instrumentation at 6 GeV ring: angiography station; 20-30 kV
Compton scattering station; high pressure X-ray diffraction cell
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6. THE CASE FOR AUSTRALIAN RESEARCH
AT HIGH-FLUX NEUTRON SOURCES

6.1 Background: Neutron Scattering

The unique potential of thermal neutron scattering as a probe for investigating
condensed matter is related to the following properties:

a. Neutrons are neutral particles and can penetrate deeply into matter.

b. Neutrons are scattered by the atomic nucleus. Hence the coherent scattering
cross-section of an atom is independent of the scattering angle but dependent on
the isotope.

c. The wavelength of a thermal neutron is comparable to interatomic spacings in
condensed matter. This leads to pronounced interference in the scattered
radiation, enabling the atomic arrangement to be determined.

d. The change in energy by interaction with thermal excitations in solids is
comparable with the incident neutron energy. Measurement of these changes
constitutes the principal method of studying collective atomic motions in the
specimen.

e. Neutrons have a magnetic moment, which gives them a unique value in probing
the magnetic structure and magnetic dynamics of atomic and molecular systems.

f. Neutrons generally cause less radiation damage to specimens than do X-rays or
electrons.

6.2 The Beginnings of Neutron Scattering Research

Neutron scattering began its development as an experimental technique in the 1950's
when neutron fluxes greater than 10 1 2 n cm"2 s~1 became available. A theoretical
basis for the experiments had been securely established by previous analysis. Strong
research groups were established in Europe and the U.S.A., notably at Harwell (U.K.),
the Argonne National Laboratory (U.S.A.) and the Oak Ridge National Laboratory
(U.S.A.). The work of these groups soon opened up new areas of physics. Additional
neutron scattering research groups were formed when other countries, including
Australia, installed reactors for materials testing.

From the beginning, the usefulness of neutron scattering in materials testing and in
research was closely linked to the available neutron flux (i.e., the intensity of the
neutron beam). With each increase, more intricate aspects of the structure and
dynamics of matter have been revealed. For example, the first report of phonon
dispersion curve measurements on large single crystals of a metal caused great
excitement. The high fluxes from the present generation of neutron sources make it
possible to probe the properties of the wide range of materials which are intrinsically
disordered, an example being the glassy state in metais, semiconductors, insulators and
polymers. The relationship between structure and dynamics in fluids - one of the most
challenging problems in condensed matter science - has become amenable to study.
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6.3 The Oeveiopment of High Flux Neutron Sources

Realisation of the scientific value of neutron scattering methods in the late 1960's led
to the construction of a new generation of very bright (high flux) neutron sources
dedicated to neutron scattering. A High Flux Beam reactor commenced operation at
the Brookhaven National Laboratory (U.S.A.) in 1966. The Anglo-French-German
High Flux beam reactor at the Institut Laue-Langevin in Grenoble (France) began to
serve the growing neutron scattering community in 1974. The flux of these two
sources is about ten times that of the Australian reactor HIFAR. Demands for
experimental time on instruments installed at Brookhaven and at Grenoble rapidly
exceeded the supply, and stringent selection of the best experiments has been
implemented - with preference to experiments originating from the member countries.

By the 1980's, several factors led to the development of a new type of neutron facility
- the 'spallation1 source. Concern for the environment raised difficulties in building
new reactors; reactor fluxes are limited by heat dissipation and many workers felt that
the efficient limits had been reached in the Institut Laue-Langevin and Oak Ridge
reactor designs; and at about that time the requirements of high-energy physicists for
proton accelerators in the 0.5-1 MeV range tapered off. With some additional
expenditure the proton accelerators vacated by the high-energy physicists could be fitted
with spallation targets and moderator assemblies, producing bursts of thermal and
epithermal neutrons of very high brightness.

The Argonne Intense Pulsed Neutron Source (IPNS) became operational in 1981. Other
intense pulsed neutron sources are now in operation in the U.S.A. at the Los Alamos
National Laboratory (LANSCE), and in the U.K. at the Rutherford Laboratory (ISIS).
The latter is currently the brightest spallation neutron source available. The neutron
flux at Argonne has recently been doubled at a cost of ca. US$1 M.

6.4 The Future of Medium Flux Neutron Sources

In the light of the development of high flux neutron sources, it is logical to ask
whether there is a future for medium flux reactors such as the Australian reactor
HIFAR. The future of medium flux reactors was examined by a Specialist Commission
of the International Atomic Energy Commission (Vienna) in 1979. (The chairman of
that Commission was Professor J.W. White, a member of the present Committee.)

The Commission drew attention to enhancements of research capability which could be
achieved at medium flux reactors by installing cold and other specialised neutron
sources, and by optimising ancillary instrumentation and computing facilities. The
Commission predicted that, given such enhancements, medium flux reactors would
continue to be useful for first-rate neutron scattering research on a restricted range
of important topics including diffraction from small unit cells, small-angle scattering,
diffuse scattering, and neutron reflectometry.
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6.5 Neutron Scattering in Materials Science

The unique properties of the neutron (6.1) make it a powerful tool for studying
polymers, colloids and aggregates, glasses, magnetic structures, alloys and phase
separation as well as many aspects of biological materials. An example of the
extensive application of neutron methods to Materials Science in the U.S.A. and Europe
is provided by the Argonne National Laboratory (U.S.A.).

At Argonne National Laboratory, neutron scattering research is carried out within the
Materials Science and Technology Division, a materials research organisation of unusual
size and scope with a budget of USS28M in 1984. The Division's neutron scattering
group became the world leader in tha determination of the structures of the new high
critical temperature superconductors as soon as the discovery of these materials was
announced. Ready access to intense neutron beams has been an essential factor in
enabling the group to maintain its lead. The group is also engaged in collaborative
projects dealing with catalysis, fast ionic conductors, molten salt chemistry, amorphous
systems, glasses, crystallography, and magnetic materials. Direct industrial involvement
includes research on new catalysts by the petroleum and petrochemicals industry (Exxon,
Sohio and Amoco), and research on surface magnetism (I.B.M.).

Table G (p. 32) summarises recent applications of neutron methods in Materials
Science. In 6.6 a number of examples are given in more detail.

6.6 Small-angle Neutron Scattering in Polymer, Colloid and Catalyst Science

According to the rules of diffraction, radiation deflected (scattered) by a specimen
through small angles provides information about structural features with large spacings.
Small-angle scattering experiments may be performed with neutrons (SANS) or X-rays
(SAXS). SANS offers several technical advantages:

a. Neutrons readily penetrate quite thick [1-5 mm] solid and liquid samples. This
allows bulk, rather than ihin slice, properties to be observed. Even engineering
specimens such as turbine blades may be examined.

b. The accessibility of long wavelength [5A-12A] neutrons permits experiments beyond
the Bragg cut-off for crystalline materials. Multiple Bragg scattering effects which
have limited SAXS for forty years are avoided.

c. The long wavelengths allow small scattering vectors Q [Q - (4xsinfl)/X] to be
reached. For example, instrumentation at the Institute Laue-Langevin in Grenoble
permits the observation of precipitation phenomena for particles in the size range
10-lO.OOOA.

d. The contrast variation achieved by substituting deuterium for hydrogen is of
exceptional importance. Chemically different parts of a structure can be revealed
by optimising the contrast. For example, it is possible to differentiate between the
nucleic acid and protein components of a virus. The technique is useful for
experiments on both solutions and single crystals.
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Examples of Neutron Methods in Materials Science
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Smut I Angle Solut tons Mlcel le st rmt, urc Phase *:eparat i on
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effects studies

Virus structures
Rfbosome struct's
Contrast effects
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Critical Thin film Langmulr-
Reflect ion structure Blodgett film':

Photo-resist
preparat ion
& po1yme r
diffusion

Model membranes
Bound enzymes

Povder
Diffract Ion

Fundamentals of Structures Structures of Hydrogen
glassy state High Tc super- fine powders storage

conductors compounds
Mineral assays

MagnetIc
Diffract Ion

Magnetic colloids Spin glasses
Liquid crystals

Magnetic
structures

Polarisation
Analysis

High Tc dirfuse
scattering

Single Crystal
Diffract ion

Strain mapping OrganometalIIc
e . g . . velds structures

Low rtsolutIon
virus structures

Protein water
localIsatIon

Inelastic Polymer
Scattering diffusion

Micelle dynamics
Mlcelle diffusion

Dynamics of phase
separat ion

Mechanism of
high Tc
super-
conductors

Diffusion of
reactants

Diffusion of
stored fuels

Transport processes
In meabranes

Dynamics of macro-
molecules

Radiography Routine testing
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Example 1: Phase Separation in Polymer Blends. Phase separation in polymer blends
is an important research area, not only because of its fundamental interest but also
because methods of determining the compatibility between commercially available
polymers are essential if the polymer industry is to produce polymer alloys with new
properties. It is essential to determine the dependence of phase separation on polymer
type, polymer molecular weight, polymer crystallinity, heat-treatment, mechanical stress,
etc. This can be done by deuterating one of the polymer components and studying how
the small-angle scattering pattern changes as a function of time.

Polymer compatibility is also important because of pressures from environmetalists for
polymer waste recovery. The possibility of re-cycling polymeric materials exists,
provided that stable alloys of different polymers can be formed. The necessary
conditions can be explored by small-angle neutron scattering using the isotopic contrast
methods mentioned in 6.6.d.

Example 2: Inter-diffusion of Polymer Films. The inter-diffusion of thin polymer
films is used to create photo-resist patterns for semiconductor circuit fabrication by
photo-lithography. The process of inter-diffusion may be followed by critical external
reflection of slow neutrons when one of the polymers has been deuterated. The
polymer substrate film is spin-coated on a silicon flat, and then coated with the second
polymer. 'Stoving' for a few minutes causes inter-diffusion of low molecular weight
polystyrene into high molecular weight material to a depth of about 200A. This
important process has great commercial interest for it may involve a unique 'reptation'
diffusion phenomenon whereby one species of polymer chain 'worms' its way into
another material.

Example 3: Nucleation and Growth of Catalyst Particles. Small-angle neutron
scattering shows great promise as a means of studying the nucleation and growth of
particles during the production of zeolite catalysts such as ZSM-5 (used to convert
natural gas to automotive fuel). The catalyst materials are prepared by hydrothermal
synthesis. Measurements of the rates of nucleation and early growth of the particles
are essential for the design of new catalysts, but most types of measurement on the
zeolites are affected by the co-precipitation of other minerals (e.g., analcime) or
amorphous silica. In neutron scattering experiments, adjustment of the D2O/H2O ratio
in the solvent can be used to make the neutron scattering power of the solvent just
equal to that of the interfering species. The neutron scattering signal of the interfering
species is contrasted out, and the rate of zeolite formation is cleanly indicated.

6.7 Small-angle Neutron Scattering in the Study of Biological Materials

Contrast variation for low resolution structure analyses of biological colloids and crystals
has already revealed the relative positions of the enzyme subunits in the 30S ribosome
particles, the packing of DNA and histones in the core particles of chromosomes, the
packing of RNA and protein components in plant and animal viruses, as well as aspects
of organisation in photosynthetic membranes. In each case, the chemically distinct
components such as DNA, RNA and protein have closely similar X-ray scattering
powers at low resolution so that the locations of these components in the particles
cannot easily be found by X-ray scattering measurements. Low resolution neutron
scattering measurements with deuterium/hydrogen contrast variation provide a powerful
way of differentiating the various components. The technique is potentially a
'bootstrap' for subsequent X-ray structure determinations at higher resolution.
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6.8 Neutron Scattering in the Study of Magnetic Materials

For the study of the structures and dynamics of magnetic materials, neutron scattering
is the method of choice. The power of the technique has been shown extensively,
most recently in studies of thin magnetic films and the mechanism of high critical
temperature superconductivity. The magnetic signatures from these materials are of
both fundamental and practical importance.

6.9 Neutron Inelastic Scattering

Thermal neutrons have energies of only a few millielectron volts (whereas X-rays have
energies of the order of 10,000 electron volts). The energies of the neutrons are
distributed over a wide and continuous range, and energy transfers are easily measured.
These properties enable neutrons to be used uniquely for 'inelastic scattering'
measurements which explore both magnetic and vibrational excitations in solids. The
measurements for magnetic systems (magnons) and for lattice vibrations (phonons)
provide the most sensitive tests of theoretical models for these systems, and thus
contribute fundamental information which is essential for our understanding of the solid
state.

Most recently the method of incoherent inelastic neutron scattering has been extended
to have energy resolutions between one meV (0.001 electron volt) and one neV
(0.000000001 electron volt). This development has opened up the study of tunnelling
phenomena in solids and the dynamics of macromolecules.

Inelastic scattering signals are weak (the 'scattering cross-sections' are about 1/1000 of
those for diffraction). This type of research requires access to the highest intensity
neutron sources for extended periods.

6.10 Neutron Scattering Research in Australia

The H1FAR reactor at Lucas Heights commenced operation at 10 MW in March 1960.
Neutron scattering research began immediately, resulting in two publications in Nature
in 1961.

Subsequent Australian neutron scattering research has covered a wide spectrum from
studies of fundamental importance to studies motivated by specific objectives in
Materials Science. Australia has achieved an international reputation for excellence in
this field.

Structures of Materials. Initially much of the research focussed on reactor materials.
Work now regarded as a classic was done on beryllium oxide, then under consideration
as a moderator for reactors. A careful examination of the structure and thermal
parameters revealed that beryllium oxide was entirely unsuited for the intended purpose!
Other notable studies led to a deeper understanding of the crystal structures of uranium
halides, of new phases in alkaline earth hydroxides, and of a wide range of biologically
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important molecules. The unique power of neutrons to detect hydrogen atoms in the
presence of much larger atoms was an important factor in the latter studies. Research
combining neutron and X-ray diffraction methods on a class of inorganic compounds
known as Tutton's salts established methodology now widely used for the accurate
determination of electron densities in solids.

More recent applications of neutron scattering at HIFAR have included determinations
of the crystal structures and morphologies of lead salts in batteries, the structure of
hollandite as a component of SYNROC, and the distribution of the polypeptide
antibiotic gramicidin in model membranes. Quantitative phase analysis, based on the
method of Rietveld (an expatriate Australian) for the analysis of high-resolution powder
diffraction patterns, has been developed and extensively applied.

Magnetic Materials. Research utilising the special interactions between neutron beams
and magnetic materials is another important specialisation at HIFAR. The early
experiments, including measurements of magnetic structure in the antiferromagnetic
metals of the first transition series, still continue to stimulate theoretical studies. Since
the early 1970's, LONGPOL (a long wavelength po/arisation instrument) has been
constructed and progressively improved. An early achievement was direct confirmation
that the materials known as "spin glasses" have a "magnetically glassy" nature. Parallel
experiments elsewhere were unsuccesful. LONGPOL is one of the very few instruments
which can provide information on the distribution of magnetism in the materials used in
permanent magnets. It has produced data for an extensive range of permanent magnet
materials including the new rare-earth based series.

Lattice Vibrations. A third branch of neutron scattering research at HIFAR - and the
most difficult to describe succinctly in non-specialist jargon - is the analysis of lattice
vibrations. A study of calcium and strontium fluorides was notable for the meticulous
determination of phonon frequencies, the modelling of the vibrations, and the
methodology for obtaining phonon eigenvectors. Similar excitations have been studied
in antiferromagnets, even at temperatures above their critical temperatures. The first
observations of the neutron Kikuchi effect were recorded at HIFAR; the experiments
were difficult and produced results of great theoretical importance.

6.11 Participation of Postgraduate Students in Neutron Scattering Research at HIFAR

The research groups using neutron beams at HIFAR have included chemists,
metallurgists, geologists, biologists and physicists from the former AAEC, ANSTO,
CSIRO and the universities.

Australian universities were involved in neutron scattering research at HIFAR from the
beginning. The mechanism for this involvement was (and remains) the Australian
Institute of Nuclear Science and Engineering (AINSE). The following statistics, gleaned
from a report compiled by ANBUG in 1981, demonstrate the intensity and success of
the academic research effort at HIFAR.
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In the period 1961-1983, the results of research at HIFAR were incorporated in

89 Ph.D. theses,
9 M.Sc. theses,

and 8 B.Sc. Honours theses

from Australian universities. A perusal of the list of 1961-1981 Ph.D. graduates
reveals that in 1989 they include at least 9 Readers/Associate Professors and 4 Senior
Lecturers at Australian universities, 2 senior officers of the Australian Department of
Industry Technology and Commerce, 4 scientists on the staff of ANSTO or CSIRO, 3
scientists in senior positions at major overseas research facilities, and 2 Professors at
overseas universities.

The Australian experience at HIFAR illustrates the value of postgraduate research at a
"Big Science" facility. The benefits extend far beyond the training which a student
receives in specialised experimental techniques. The knowledge that the resources used
for the research are complex and expensive, the awareness that the student's research
is only one of many experiments in progress simultaneously, the discipline imposed by
the scheduling of instrument time and by safety precautions, and the opportunities for
interaction with other research workers at the facility, all contribute to a unique
educational experience.

The need to involve Australian postgraduate students in "Big Science" research -
especially at advanced facilities overseas - was consistently given high priority in the
written and oral submissions received by the Committee.

6.12 Future Funding for Australian Access to Neutron Sources Overseas

Need for Access to High-Flux Neutron Sources. A large and growing range of
experiments (6.5-6.9) require more intense neutron beams, more sophisticated support
services, and a larger support staff than are likely to be available at the HIFAR
reactor at Lucas Heights. It follows that Australian investigators will increasingly
need access to high-flux and pulsed neutron sources overseas if the momentum of
Australian neutron scattering research is not to be lost.

Assessment of Future Needs. Responses to the Committee's survey identified 21
Australian investigators with 'hands on* experience at overseas high-flux neutron sources
(16 'senior' investigators who might be listed as a Principal Investigator on a research
grant proposal, and 5 other post-doctoral investigators). The investigators belong to 15
laboratories in universities, CSIRO and ANSTO. In 12 cases the senior investigator
indicated a continuing need for access to high-flux neutron sources in 1989 and future
years.

Need for Increased Postgraduate Student Participation. As in the case of synchrotron
radiation research, the number of Australian postgraduate students who have participated
in high-flux neutron beam research overseas appears to be small. Responses (possibly
incomplete) from 3 laboratories listed only 4 students. The Committee's comments on
the need for increased postgraduate student participation in synchrotron radiation
research (5.8) apply with equal force to high-flux neutron beam research.
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Present Australian Funding Policies. The situation is identical with that described with
respect to synchrotron radiation research (5.8).

Future Funding Requirements: 1. Travel. The requirements and justification for
more liberal and flexible arrangements for travel and subsistence are closely similar to
those stated with respect to synchrotron radiation research (5.8). In particular, several
respondents to the Committee's survey who are involved in neutron scattering research
made strong pleas for greater flexibility in travel funding, along the same lines as
respondents involved in synchrotron radiation research.

The Committee makes the same recommendation for the funding of travel to high-flux
neutron sources as for travel to synchrotron radiation sources [Recommendation 2.1.B\.

Future Funding Requirements: 2. Beam-Time. Since the allocation of resources at
"Big Science" facilities is inevitably made on a highly competitive basis, the success of
Australian investigators in gaining access to overseas high-flux neutron sources attests
the merit of their research proposals.

On the other hand, the Committee was advised that competition for access to the
major overseas high-flux neutron facilities is becoming more severe, that at some
facilities there is an increasing pressure and movement (or even a strict policy) to
prefer projects originating in the host country, and that at least the UK facilities are
likely to impose charges for beam-time in the foreseeable future.

Some countries without a high-flux neutron source are dealing with these problems by
purchasing a share in an existing facility. The Committee was informed that, in order
to secure access to state-of-the-art neutron scattering facilities for their
crystallographers and materials scientists, the Spanish and Swiss governments have each
purchased a 5% share of beam-time and instrument-time at the Institut Laue-Langevin
(l.L.L.) at Grenoble, at a cost believed to be about AS2.5M p.a.

Purchase of Beam-Time: A Specific Proposal. Accordi- g to a submission from the
Australian Neutron Beam Users' Group (ANBUG), a financial contribution representing
an agreed percentage of the l.L.L. budget would entitle Australia to an agreed
allocation of neutron beam-time, a number of staff positions, a commensurate
representation on the Institut's scientific council, representation on a number of
specialist committees, and the right to submit research proposals under the same
conditions as other contributors to I.L.L. It was noted that formal negotiations between
Australia and i.L.L. could be conducted directly or via the British partner in I.L.L.
(the U.K. Science and Engineering Research Council). If the latter course were
followed, then the possibility of a 'package deal' including some Australian access to
the SERC's neutron spallation source ISIS at the Rutherford Laboratory could be
explored.

The Committee accepted the view put to it that Australian neutron scattering research
will become increasingly difficult without regular and official access to high flux
beam facilities such as those at the Institut Laue-Langevin, and recommends that
exploratory negotiations be initiated [Recommendation 2.3.F].
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7. FUTURE OF NEUTRON SCATTERING RESEARCH AT 'HIFAR'

7.1 Need to Upgrade HIFAR

The HIFAR reactor at Lucas Heights is Australia's closest approximation to a "Big
Science" facility for research on the chemistry and physics of materials. According to
a submission made to the Committee by ANBUG, the reactor and its neutron scattering
instrumentation are now in urgent need of up-grading if contemporary neutron research
requirements and safety standards are to be satisfied.

Although Australia must be ranked with Japan as the leaders of neutron beam research
in the Asian region, extensive reactor construction to equal or better our capability is
already in progress in India (100MW), Korea (30MW) and Indonesia (30MW). The
construction of a new neutron source in Australia could be justified only if that source
were to act as an international research facility. This option is not at present
contemplated and is not considered further in the present Report.

A more realistic approach is to continue using HIFAR for such neutron scattering
experiments of high quality as can still be performed there, and - as already discussed
in Section 6.11 - to secure increased Australian access to facilities overseas for those
experiments for which HIFAR is inadequate or unsuitable.

The HIFAR reactor was commissioned in 1960. Since then the source of the neutrons
has not been upgraded. At comparable DIDO-type reactors overseas, 'cold' and 'hot*
sources have been installed to increase the intensities of long and short wavelength
neutrons, respectively. Similar improvements to HIFAR were first proposed in 1975.

Detailed recommendations for the upgrading of HIFAR in its present shell were made
by ANBUG to ASTEC in 1981. They in luded optimising the beam-tube and
guide-tube designs for the instrumentation to be installed; optimising the data
acquisition systems to make efficient use of the available neutrons; and making
provision for a 'cold' source. These recommendations are still largely valid and, if
activated, will increase the effectiveness of the reactor for industrial and academic
problems sufficiently to ensure that HIFAR remains a valuable research resource for the
next 10 to 20 years.

The cost of upgrading HIFAR, including the refurbishing of ancillary facilities (7.3), was
estimated at $10M in 1981. Some of the recommended improvements are incorporated
in the ANSTO Corporate Plan for 1988-1992 at an estimated cost of $2.5M.

7.2 Future Use of HIFAR

The future use of HIFAR will admittedly be limited to experiments which can be
performed with relatively weak neutron fluxes. However, a wide range of important
experiments fall into this category. The Committee endorses a recommendation by
ANBUG that such experiments should be performed at HIFAR whenever possible, so
long as they continue to be of first-class quality by world standards.
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Some examples which satisfy these guidelines are:

(i) Scattering experiments involving high cross-section processes, e.g.,
- small angle scattering
- powder diffraction
- critical external reflection of neutrons
- neutron optics

(ii) Areas where Australian research groups can be identified among
the world leaders, e.g.,
- magnetism
- powder diffraction
- colloid, polymer and surface science
- inelastic scattering

These examples are cited without prejudice to a detailed equipment profile which is
understood to be in preparation by ANBUG.

7.3 Need to Replace or Refurbish Obsolescent Equipment at HIFAR

In addition to the need for upgrading the HIFAR reactor itself, there is a need for an
injection of funds for replacing and refurbishing obsolescent neutron scattering
equipment in the HIFAR laboratories. Further, if the instrumentation can be developed
to include items which are sufficiently specialised to attract the international neutron
scattering community, then this may facilitate Australian access to neutron sources
overseas. On the other hand, it would be inconsistent with the preceding guidelines to
replace or refurbish equipment in areas where HIFAR is no longer capable of
supporting state-of-the-art experiments.

7.4 Summary

Bearing in mind the strong record of Australian investigators in neutron scattering
research and the potential contributions of neutron scattering research to the
fundamental and applied aspects of Materials Science, the Committee recommends -

(i) that the HIFAR reactor be refurbished in its present shell as recommended by
ANBUG in 1981, retaining the present flux and power levels [Recommendation 2.3.G];

(ii) that the research instrumentation in the HIFAR laboratories be upgraded by
installing new equipment to replace obsolescent instruments, but that the necessary
investment be directed exclusively into areas where HIFAR can stil! support
state-of-the-art research; and

(iii) that in the upgrading of the neutron scattering instrumentation at HIFAR special
consideration be given to including items which are sufficiently specialised to attract the
international neutron scattering community [Recommendation 2.3.H].
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8. THE FUNDING OF AUSTRALIAN USE OF "BIG SCIENCE"

FACILITIES OVERSEAS: ARGUMENTS AND OPTIONS

The following sections are summaries of some general arguments and options for future
action considered by the Committee.

8.1 Summary of Key Arguments Presented to the Committee

The Case for Funding relies on the potential usefulness of synchrotron radiation sources
and high-fux neutron sources for fundamental research and for research and
development in Materials Science. The intensity and quality of the radiation permit
experiments which are otherwise impossible or prohibitively difficult. An increasing
propor jn of the world's research on new materials will be conducted at such facilities
in the future.

The cost of constructing intense X-ray and neutron sources in Australia is prohibitively
high under present conditions. New designs for less costly facilities may emerge
eventually, but for the time being Australian investigators have to use existing facilities
overseas or none at all. The potential benefits are large, and the penalties for not
taking advantage of these benefits are severe.

The Case against Funding relies on the argument that greater benefits are achieved •
the available funds are devoted to research which can be done in Australia. The need
to carry out experiments overseas increases the cost of research by some factor (say,
three). In rough and admittedly simplicistic terms, the output of n Australian scientists
working at high-technology facilities in Europe, Japan or North America must be
compared with that of 3n scientists working on less powerful facilities in Australia.
Empirical evidence suggests that research output in a given field increases linearly with
the number of research workers. Accordingly, under normal circumstances the local
arrangement is more productive, especially since the number of scientists who can be
sent to overseas facilities annually is small.

The Committee did not find the argument against funding to be compelling. The
comparison between the two sets of benefits ignores the fact that essential experiments
which could be performed by Australian scientists at X-ray and neutron sources
overseas could not be performed at all in Australia.

The Committee did, however, find that support for Australian research at facilities
overseas should be limited to research which cannot be conducted on those available in
Australia, and to experiments of high quality as assessed by peer-group review.
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8.2 Options for Access to Advanced Synchrotron Radiation and Neutron Sources

The Committee considered the consequences of various strategies which Australian
funding agencies might adopt in response to the need for Australian access to "Big
Science" facilities overseas:

a. Do Nothing

Mechanism:

Benefits:

Consequences:

Australian investigators continue to rely on peer-group review of
formal applications to obtain access to "Big Science" facilities,
and on Australian agencies to provide funds for travel and
experimental expenses but not for beam-time.
Most Australian investigators continue to depend on collaborators
at host facility for research assistance.

Australian projects benefit from peer-group review at host
facilities.
Australian research is facilitated by collaborators familiar with
host facilities.
Australian funds are conserved.

Increasing difficulties are experienced by new investigators in
getting access to facilities as the facilities become saturated or
over-utilised by their local scientific communities.
Opportunities for international contacts and for exchanges of
information are lost.
Australian progress in major areas of research is restricted.
Australian graduates are not trained in important techniques.
Australian graduates, aware that they cannot enter new and
important areas of science, go elsewhere.

b. Raise level and improve flexibility of travel funding

Mechanism:

Benefits:

Funding agencies create a reserve of travel funds on which
grantees under present research grant schemes can call at
relatively short notice.
Grantees are encouraged to apply for travel funds enabling other
members of their research groups to accompany them.
Investigators continue to obtain access to "Big Science" facilities
by formal application and peer-group review.

in "Big Science"

Investigators with approved projects are enabled to respond
efficiently to scheduling opportunities.
Number of Australian personnel trained
techniques is increased.
Dependence of Australian investigators on assistance of personnel
at overseas host facilities is reduced.
Investigators with approved projects are free to negotiate with
whichever "Big Science" facility is most appropriate for their
research.
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c. Enourage increased participation by graduate students

Mechanism; Ear-marked funds are allocated for overseas travel and
subsistence, to be used by investigators with approved projects to
encourage participation of postgraduate students.

Benefits: Students are exposed to specialised techniques not available in
Australia
Students gain experience in working under special conditions of
"Big Science" facilities
Number of Australian personnel trained in "Big Science"
techniques and procedures is increased
Students make contacts in international scientific community

d. Purchase access to a synchrotron radiation source or high-flux neutron beam
source on an annual basis

Mechanism: Funds are allocated in principle.
Research proposals involving access to the facility are invited and
assessed.
Access to facility required for successful proposals is estimated.
Group to conduct negotiations with host facility is set up.
Financial aspects, extent of Australian access to host facility,
mechanism for allocating resources to approved projects, are
negotiated.
Formal agreement with host facility is concluded.
Funds are committed.

Benefits: Problems of possible preference for local investigators are
avoided.
Dependence of Australian projects on participation and assistance
of collaborators at host facility is reduced.

e. Purchase a beam-line at a synchrotron radiation source or high flux neutron
source

Mechanism: Similar to mechanism for purchase of beam-time (d, above)

Benefits: Access to beam-line by Australian investigators is guaranteed.
Dependence of Australian projects on participation and assistance
of collaborators at host facility is reduced.
Access to Australian beam-line can be traded for access to other
beam-lines at the host facility.
Program is likely to produce close working relationship with staff
of host facility.

Risk: May lock Australian investigators into using a particular facility.
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f. Design and construct major instrument(s) for installation at overseas synchrotron
radiation and/or neutron beam facilities

Mechanism: Proposals are assessed according to normal criteria for funding of
major instruments.
Funds for a successful proposal are allocated in principle.
Other proposals involving access to the facility where the major
instrument will be located are invited.
Group to conduct negotiations with host facility is set up.
Financial aspects, extent of Australian access to host facility,
mechanism for allocating resources to approved projects, are
negotiated.
Formal agreement with host facility is concluded.
Funds a:e committed.

Benefits: Access to host facility by a group of investigators is guaranteed.
Access to Australian instrument can be traded for access to
other instruments at the host facility.
Program is likely to produce close working relationship with staff
of host facility.

43


