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ASAR ACAS School for Accelerator Physic

2008 Ted Wilson, CERN/Oxford Uni, Melbourne.
2010 Ken Peach, CERN/Oxford Uni, Sydney.

2014 Phil Burrows, JAI/Oxfot¢hi, Melbourne.
2016 John Fox, SLAC/Stanfod, Melbourne.
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2012 Emmanuel Tsesmelis, CERN/Oxford Uni, Melbourne.
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ACASZ helping to build the future

Australian
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A November 2012 marks the
centenary of the founding of-X

ray crystallography by Lawrence
Bragg

A He and his father, William, were
recognised by the award of the
Nobel Prize for Physics in 1915

A Lawrence was born and
educated in Adelaide, Australia

A The BRAGG Symposium 6 Dec
2012, Adelaide

William Bragg Laurence Bragg
Elder Professor of Physics Born 31 March 1890,
at the University of Adelaide Adelaide, Australia
from 1886 to 1909 Educated at Adelaide University

201601-18 ASAP2016M.J.Boland 5
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Synchrotron: An Australian Invention?
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NEAOT Discovery of Synchrotron

The Synchrotron—A Proposed High
Energy Particle Accelerator

EpwiN M. McMILLAN
University of California, Berkeley, California
September, 5, 1945

NE of the most successful methods for accelerating

charged particles to very high energies involves the
repeated application of an oscillating electric field, as in
the cyclotron. If a very large number of individual accelera-
tions is required, there may be difficulty in keeping the
particles in step with the electric field. In the case of the
cyclotron this difficulty appears when the relativistic mass
change causes an appreciable variation in the angular
velocity of the particles.

The device proposed here makes use of a ‘““phase stabil-
ity’' possessed by certain orbits in a cyclotron. Consider,
for example, a particle whose energy is such that its angular
velocity is just right to match the frequency of the electric
field. This will be called the equilibrium energy. Suppose

McMillan, Phys Rev 68 p143 (1945)

201601-18

Concerning Some New Methods of Acceleration
of Relativistic Particles

V. VEKSLER
Lebedey Physical Institute of the Academy of Scéences, Moscow, U.S.S.R.
February 16, 1946

N two papers’? appearing in 1944 under the above title

the author of the present letter pointed out two new

principles of acceleration of relativistic particles which
generalize the resonance method.

New possibilities for the resonance acceleration of
particles in a constant magnetic field are described in the
first of these papers, and the possibility of resonance ac-
celeration in magnetic fields which increase with time is
also noted.

This latter case is specially examined in the second paper.
It is shown that phase stability automatically sets in if
the time variation of the field is suficiently small; relation
between the amplitude of the variable electric fields and
the rate of variation of the magnetic field is established.

It is also pointed out that the radiation losses in
such acceleration do not violate phasing mechanism,
Finally in a detailed paper® an accelerator of heavy par-
ticles based on a variation in frequency is analyzed.

Thus the foregoing papers cover completely the
contents of the note by McMillan? in which no reference is
made to my investigations.

Construction of a 30-Mev accelerator with varying
magnetic field is now nearing completion at the Physical
Institute of the Academy of Sciences, U.S.S.R.

1V, Veksler, Comptes Rendus (Doklady) Acad. Sci. U.S.S.R. 43, No.
8, 444 IX (1944) (communicated April 25, 1944).

2V. Veksler, Comptes Rendus (Doklady) Acad. Sci. U.S.S.R. 44, No.
9, 393 (1944) (communicated July 19, 1944),

3V, Veksler, J. Phys. (USS.R.) 9, No. 3, 153 (1945) (received

March 1, 1945).
4 E. McMillan, Phys. Rev, 68, 143 (1945).

Veksler, Phys Rev 69 p244 (1946)
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Australian Invention?
A Mark OliphanticA Y Sy (i SR

Marcus Laurence Elwin Oliphant (1901-2000)

Australian physicist
Inventor of the synchrotron
Pioneered centimeter radar and the atomic bomb

Mark Oliphant was an impres-
sive individual, tall, with thick
white hair. He spoke convincingly
and energetically and in later life
described himself as “a belligerent
pacifist.” Educated at Adelaide
University, he joined Ernest Ruth-
erford’s group at the Cavendish
Laboratory, Cambridge in 1927. He

£ and Rutherford were the first to
% identify tritium and helium-3 pro-
F ' duced by bombarding light nuclei
' _’i with protons and deuterons.

By 1937 he was a Professor at Birmingham and, charged with
overseeing Britain's coastal defenses, saw the clear need to use
a radar wavelength much shorter than the 170 cm then current.
His department set about developing a suitable power source
and before long John Randall and Harry Boot from his depart-
ment invented the magnetron. This was a device that made it
possible for aircraft to carry their own radar and upon which
the fate of the war hinged. He took this precious gift to the USA
in 1941 where there were the resources to develop and mass
produce it.

0§KS

A A S Australian Collaboration
[J .
for Accelerator Science

aey OKNR

Andrew Sessler and Edmund Wilsingines of DiscovegyA Century of Particle Acceleratp¥orld Scientific, Singapore (2007).

201601-18
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s O Honouring Oliphant

OLIPHANT AUDITORIUM

A pioneering accelerator
physicist, the inventor of the
synchrotron particle accelerator
and founding President of the
Australian Academy of Science
- the Australian Synchrotron
is very proud to name this

- auditorium in honour of
oy Sir Mark Oliphant AC, KBE, FRS.

OLIPHANT AUDITORIUM
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Asian Committee for Future Accelerators (ACFA) this week created a new IPAC Asia prize for PhD st
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©oF

Nuclear Instruments and Methods in Physics Research A 382 (1996) 20-31 W-
INSTRUMENTS

IN PHYSICS

RESEARCH
tion A

A history of accelerators in Australia

T.R. Ophel*

Department of Nuclear Physics, Research School of Physical Sciences and Engineering, Australian National University,
Canberra 0200, Australia

Abstract

Over a period of almost sixty years, a surprisingly diverse range of accelerator activity has occurred.

The earliest involved the electrostatic machines constructed at the University of Melbourne between 1938 and 1950. The
most ambitious project undertaken, a 10.6 GeV proton synchrotron at Canberra, was never completed.

These and other developments in laboratories through the country will be reviewed.

201601-18 ASAP2016M.J.Boland 11
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Cockcerofti-Walton accelerators.

A A S Australian Collaboration
[J .
for Accelerator Science

History of Accelerators in Australia

T.R. OphelA history of accelerators in Australiduclear Instruments and
Methods in Physics Research Sec&@82 2031 (1996)

Rated voltage Location Maker Period of use Comments
200kV University of University of 1938-51 d-d neutron generator
Melbourne Melbourne (Martin &
A) Hill)
kV University of University of 1946-51 d-d neutron generator.
Melbourne Melbourne (Darby & Higher current intensity
Swan) than original
1L.2MV ANU, Canberra Philips. Eindhoven 1951-67 Current of 1 mA protons
achieved. Sold to
University of NSW 1967,
0.6 MV ANU, Canberra Philips and ANU 1954-60 Destroyed by firc, July
(Inall) 1960.
Tandem accelerators
Nominal Location Maker Period of use Comments
rated
voltage
SMV ANU, Canberra HVEC model EN 1961-78 Highest voltage achieved 7 MV. Sold to DSIR, New
(Nuclear Physics) (ENJ) {Canberra) Zealand. Shipped from Canberra in 1981. Now
1985—present operating as AMS facility at Wellington, NZ.
{New Zealand)
14MV ANU, Canberra NEC Model 1974—present Has compressed geometry tube. Resistors have
(Nuclear Physics) 14UD replaced corona point voltage distribution system.
Now rated at 16 MV. A booster (ex-Oxford/
Daresbury ) is being added.
1 MV RMIT. Melbourne General Ionex 1981-present
tandetron
28MV CSIRO. North General Tonex 1983—present
Ryde 1andetron
1.7MV ANU, Canberra NEC 1990-present SNICS source. Beam intensities of several hundred
(Electronic microamps available.
Materials
Engineering)
T5MV ANSTO, Lucas HVEC Model FN 1964-89 Obtained from Rutgers University, New Jersey.
Heights (FN1) (Rutgers) Mainly used for AMS measurements.
1991 —present
(ANSTO)
Electron Accelerators®
Energy Laocation Maker Period of use Comments
2.8 MeV University of University of 1946-49 Betatron.
Melboune Melbourne
(Lasich)
18 MeV University of University of 194962 ‘The original betatron was upgraded to a
Melbourne Melbourne synchrotron. In two stages, the energy was
(Muirhead) increased to 14 MeV and then 18 MeV.
33 MeV ANU, Canberra Metropolitan- 1955-61 A gift of the UK Government. Given to the
{Nuclear Physics) Vickers University of Western Australia in 1962. It
(ex Harwell) operated there for a number of years.
30 MeV University of Siemens 1962-86

Melbourne

* Excluding hospital radiation weatment facilities.

201601-18

Single-ended Van de Graaffs

1MV University of University of 1948-60 Air-insulated. Construction started
Melbourne Melbournz (Martin, April 1946.
Hirst and Dunbar)
08MV University of University of 1952-73 Air-insulated. Designated the
Melbourne Melbourne (?) Statitron.
1.3MV AAEC, Lucas Heights HVEC Burlington, 1962—-present Installation 1961/2. DC electron
MA beams of ~35 pA or 3 ps pulsed.
2MV ANU, Canberra HVEC Model AK 1962—present Original helium injector, Now used
(Nuclear Physics) for RBS by Department of Electronic
Materials Engineering.
3IMV AAEC, Lucas Heights HVEC Model KN 1964-present Installation 1962-4.
1MV ANU, Canberra HVEC Model IN 1967-73 Used as helium injector. Superseded
(Nuclear Physics) by lithex source. Sold to Queensland
Institute of Technology 1973.
2MV Western Australia HVEC 1971 —present Now at University of NSW. Acquired
Institute of by Chemical Physics, CSIRO in 1986
Technology but remained in storage.
0.4 MV ANU, Canberra HVEC Model 197 1-present The so-called teaching laboratory
(Department of LC400 Used for undergraduate training.
Physics, Faculties)
S5MV University of NEC Madison, WI 1975-present Used to develop state of the art micro-
Melbourne Model 5U probe beams.
Cyclotrons
Energy Location Maker Period of use Comments
10.6 GeV ANU, Canberra ANU (Oliphant, - Not completed 1950-60. The homopolar generator
(Protons) (Particle Physics) Blamey, Hibbard that was to power the air-cored magnet was used for
& Smith) plasma research
7.7MeV ANU, Canberra ANU (Smith & 1957-58 30 in. magnet originally used for proto-type homopolar
(Protons) (Particle Physics) Morton) generator. Built as injector for proton synchrotron.
(Used for p, )
12 MeV University of University of 1959-74 A pioneering variable energy cyclotron.
(Protons) Melbourne Melbourne (Caro
& Rouse)
26 MeV ANU, Canberra The Cyclotron 1972-79 Used as injector for EN tandem to provide 26-38
(Protons) (Nuclcar Physics) Corporation MeV protons or 14—26 MeV deuterons. Sold to
Berkeley, CA Nihon Mediphysics, Japan. Shipped May 1980.
10 MeV Austin Hospital, Ton Beam Corp 1992—-present Used for radio-isotope production.
(Protons) Melbourne Cyclone 1075 ("'c,"'N, "0 and "F)
30 MeV Royal Prince Alfred 1991 -present Used for radio-isotope production.
(Protons) Hospital, Sydney

ASAP2016M.J.Boland
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Australian Population ~22M People

Numbers and types of accelerators in Australia

1synchrotron

2 electrostatic
>10 million Volts

7 electrostatic
<10 million Volts

17 cyclotrons

182 linacs

201601-18 ASAP2016M.J.Boland 13
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A Report published by
the Australian
Academy of Science

A Led by the User
community

A Will be used in a call
for future
Infrastructure
requests
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Australian Synchrotron \OF

Australian Accelerator Science:
Past, Present and Future

Associate Professor Mark Boland
Australian Synchrotron
The University of Melbourne
Fulbright Visiting Scholar, Stanford University

, Australlan Synchrotron
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The Synchrotron Light Source World Map
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Turning bright ideas into brilliant outcomes
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