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Abstract Hospital and comprised two MEL-75 travelling wave
linear accelerators providing 6MV photons and a
This paper provides a review of acceleratoilifies in ~ Siemens betatron which could provide electrons in the
Malaysia and their applications. Special attention is pai@nge 5- to 43 MeV. The first generation otelerators
to plasma research activities at the University of Malay#ytended for research purposes made their appearance in
in particular the generation of pulsed neutron and soft i#he early to late 1970’s; one of these, a machine of
ray beams, and to neutron physics capabilities within tH&erman origin, was capable of producing plasmas, while
country, including work made possible by a small angléhe other two machines were neutron generators, both of
neutron scattering facility. A short summary will also bérench origin. The acquisition of the three research
provided of national efforts in studying theoreticaimachines reflected an early interest of Malaysian
aspects of particles and heavy-ions. physicists in participating in detailed studies of atomic
and low energy nuclear physics.
Since the early 1980’s, growth in the acquisition of
1 INTRODUCTION linear accelerators for medical purposes has been
stimulated by the advent of compact machines of high
In Malaysia few acelerator faities have been used to reliability. Radiotherapy centres equipped with electron
support basic research. A z-pinch plasma focus devidmear accelerators are now well distributed amongst the
designed and constructed at the University of Malayarge population centres. Medical electron linacs now
(UM), has undergone extensive characterisation astend to be standing wave devices, driven by either
pulsed source of neutrons and soft x-rays. In addition, ®strons or magnetrons.
the University of Science of Malaysia (USM) in Penang a The 1980’s also saw growth in the radiation
conventional D-T fast neutron generator has been uspwbcessing industry, there being considerable demand for
for study of uniform moderation of fast neutronsthe sterilisation of medical and health products. Large-
Facilities for thermal neutron activation analysisactivity ®°°Co irradiators have been in operation for more
(TNAA), neutron radiography andmsll-angle neutron than a decade; of the three facilities that are now in
scattering $ANS) are aazilable at the Malaysian operation, two belong to private enterprise. In the early
Institute for Nuclear Technology and Research (MINT)1990’s national radiation processing capabilities were
using its 1MW TRIGA Mk Il swimming-pool reactor. A extended with the advent of a dedicated high-output
purpose built electron beam (EB) facility, also sited alectron irradiator, which was constructed at the
MINT, is finding applications in adding value to a rangeMalaysian Institute for Nuclear Technology and Research

of industrial and medical products. (MINT) with the aid of the Japanese International Co-
In terms of medical applications a relatively largeperative Agency (JICA).
number of electron linear accelerators have bedalied While the use of medical and industriatelerators is

in Malaysian radiotherapy institutions over the pash a period of growth there are no plans for construction
fifteen years. In particular, the University of Malaya hasf any large nationalcaelerator faitity. Machines such
acquired state-of-the art medical lineaccelerators. as the synchrotron has proven to be immensely useful in
These facilities are equipped with multileaf collimatorstimulating research in atomic physics, materials analysis
that allow use of shaped fields. Research into thend biomedical research. This is well recognised in
treatment of nasopharnygeal carcinoma (NPC), Malaysia and the most probable scenario is that
malignant disease particularly prevalent among peopl&talaysian scientists will begin to participate in

of Chinese decent, is at an early stage. international efforts at multinational research centres.
2 A CHRONOLOGICAL ACCOUNT OF 3 APPLICATIONS OF ACCELERATORS IN
ACCELERATOR DEVELOPMENT MALAYSIA

Accelerators first made their appearance ialdysia in Basic Research

1968. The first machines were installed in the newly

established Radiotherapy Institute of the Kuala Lumpur The University of Malaya was the first institution in
Malaysia to have what could be described as a high-



energy research facility, this being a z-pinch devicand survival rates of NPC in China has been provided by
devoted to research in plasma physics. A consideraltisvang [4]. Side effects can occur, including fibrosis of
amount of effort has been devoted to investigation ¢w muscles and loss of mastication ability. Shaped
pulsed neutron production using devices whosields, using multileaf collimators, and the ability to use
construction was stimulated by this early machine. Twmixed x- and electron fields offer some hope for
Malaysian universities (the University of Science ofmproved treatment regimes and this is an important area
Malaysia, USM, and the National University of Malaysiapf research that is now beginning.

UKM) possess neutron generators (constructed by Sames,

France). The operation of these devices depends on

ionisation of deuterium gas, and the subsequeRadiation Processing

electrostatic eceleation of deuterons through 100kV to

impinge on a tritium target. Neutrons of energy 14.MINT has developed a number of facilities for radiation
MeV are produced. A fast neutron flux of somé @@r processing; as an instance its large activify MCi)
4mtis possible. The production of quasi monoenergetf€Co irradiator is heavily utilised in support of radiation
neutrons in the energy range 8 - 12 MeV has beeterilisation of medical and health industry products
demonstrated using thin paraffin wax converters formddtended for domestic and export markets. In addition a
into a surface of revolution [1,2]. In real terms roon8.0MV EB facility has been constructed which can be
scattering and fast neutron flux limitations have nabperated at beam currents of from 1- to 30mA, stable to
allowed the USM neutron generator to become a practicaithin 2%. The scanning horn of the EB facility provides
source of 8 - 12 MeV neutrons. As such the study wasbeam of width 120-cm (with dose uniformity to within
viewed as an attempt to demonstrate use of neutrért6%) and materials can be irradiated on a conveyor belt
generators of higher flux capability in measuring crossiriven at speeds of from 1- to 20m mifThe EB facility
section of importance for nuclear fusion. Csikai [3] hakas been used to irradiate coatings of plywood, decorated
reviewed the method in his Handbook of Fast Neutrailes, glossy paper, printing ink, laminations etc., in
Generators Research using the neutron generator aiddition to its use for research concerning radiation
USM has declined in more recent years. effects in various media.

Radiotherapy Physics 4 THE PLASMA FOCUS AS A PULSED SOURCE

OF NEUTRONS AND SOFT X-RAYS
As mentioned earlier, electron therapy first became
available in 1968, with the installation at Kuala LumpuiThe plasma focus (PF) device, developed independently
Hospital of two 6MV MEL-75 linacs and a Siemensby Filippov et al [5] and Mather [6], has stimulated a
betatron, the latter providing electrons in the enerdggrge amount of research at the University of Malaya.
range 5 to 43 MeV. Since 1985 some 16 or more mediddlany PF devices of the type first constructed by Mather
electron accelerators have beentailed in Malaysian have been built and studied, with voltages ranging from
hospitals. The highest photon energy currently availabl® to 200kV, energies from 1kJ to 1MJ and maximum
is 15MV; most of the other units in the country provideanode currents from 100kA to 3MA. The mechanisms for
photons in the energy range 6 - 10 MV, it being ththe various processes occurring in the plasma focus are
general experience that patients seen in Malaysia do mather complex and much attention has been devoted to
require more penetrating beams. A door incorporatingtudying these processes.
polyethylene has been installed at the end of the maze of In recent years there has been considerable interest in
the 15MV facility, in order to take account of possibledeveloping the PF as a compact pulsed source of soft x-
photonuclear production by photons in excess of 10MVays for various applications including soft x-ray
Neutron production on the treatment side of the door héithography and soft x-ray microscopy. Interest has also
been verified by measurements carried out by membershafen shown in developing the PF as a source of pulsed
the MINT Secondary Standards Dosimetry Laboratonyeutrons for detection of explosives.

(SSDL); use was made of a BEetector. In terms of In the Plasma Research Laboratory, Physics
electrons, present accelerator iliies in the country Department of the University of Malaya (UM), work is
provide energies in the range 5 to 21 MeV. being carried out with a 3kJ, 15kV PF. This Plasma

A significant incidence of nasopharyngeal carcinomBocus Fusion (PFF) device (desagion UNU/ICTP
(NPC) is apparent amongst Malaysians (in particula?FF), powered by a single |30 capacitor, was designed
amongst the ethnic Chinese and Malays, although lesszgtd developed at the laboratory as part of a training
in the latter). Radical radiotherapy can be an effectiysrogramme on plasma and laser technology, sponsored
mode of treatment (it being possible to produce cure rateg the United Nations University [7]. Particular interest
of the order of 60%). A review of incidence, treatmenthas been shown in the plasma focus (PF) device and its



ability to produce rather high fluxes of fast neutrons anithis group has investigated details of the flavour
soft x-rays [7-11]. The UM effort has lead to a network ofhanging self-energy [16], the gluon-penguin [17], the
such devices, in China, Egypt, India, Indonesia, Italphoton-penguin [18], and the Z-penguin [19]. The group
Nigeria, Pakistan, Sierra Leone, Singapore and Thailahés also looked at the direct CP violation effect arising
[8]. Some of the research that has been carried out at frmm the nonzero absorptive contribution of the various
University of Malaya, includes half-life measurementpenguin vertices [20-22]. Some work has also been
[9], ion-beam and neutron production [10] and soft x-ragarried out to investigate the absorptive contributions of
production [11,12]. the box diagrams. Recent interest is directed to the
investigation of the doubly emitted penguin vertex. Some
initial results have been obtained for double-gluon vertex
5 THE MINT TRIGA RESEARCH REACTOR and gluon-photon vertex.
Since the mid-1970's theoretical work on heavy ion
In Malaysia only one research reactor has beatattering has also been carried out at the University of
constructed. No power reactors have been constructedMialaya. A small group headed by K.S. Low has carried
the country. The 1MW TRIGA (Training d3earch out investigations of various mechanisms for heavy ion
Isotope-production built by GAMkK 1l swimming pool induced nuclear reactions, using both quantum
research facility is sited at MINT, some 20km south afechanical and semi-classical approaches [23-25].
Kuala Lumpur. This steady-state system, commissioned
in July 1982, is now a centre for TNAA, neutron
radiography and the SANS. Interest in SANS stems from 7 CONCLUSION
the ability of neutrons to interact with nuclei, useful
differential information being obtained for instance orContinuing interest is being shown in Malaysia in
isotopes of the same atom. Commissioning of the SANSdertaking experimental studies of plasmas, neutron
instrument was completed towards the end of 1994. Tlabsorption and scattering. In addition, growing interest is
system, described in detail by Sufi et al [13], comprises afso being seen in the use of electron linear accelerators
a neutron source, a monochromator system, sampte improving radical radiotherapy and in the favourable
facility and a detector and data acquisition systenmodification of a range of industrially important
Sensing is provided by a position sensititde detector materials. Theoretical studies have focused on particle
(PSD) of active area 59¢m manufactured at Ris physics, with efforts being made in investigation of CP
Denmark. Sufi et al [13] have reported first results foviolation and flavour-changing neutral transitions.
H,O, SiG particles and various forms of glass. These tebormalisms for heavy ion induced nuclear reactions have
results have assisted in characterisation of systemso been developed. For the future, it is hoped that
performance, resolutions of between 5 and 80nm hawmecelerator-dated research in Malaysia can be
been obtained. Use of th@ANS fadlity for study of stimulated by an increasing level of international
alloys, ceramics and polymers are indicated, while thmllaboration.
relatively low source flux points to limited capability for
weak scatterers such as dilute solutions of biological
macromolecules. REFERENCES
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