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5.10 Country Report: Thailand 2)

Development of Electron Beam Facilities for Research and
Applications in Thailand

Thiraphat VILAITHONG
Fast Neutron Research Facility, Chiang Mai University

1. Introduction

Linear accelerators (linac) were introduced into the Kingdom of Thailand almost
twenty years ago. They were installed at major hospitals around the country for radiotherapy.
At present there are 20 medical electron finacs in Thailand (Table 1).

Table I Medical electron linacs in Thailand
Trade Name Max Energy (MeV) Quantity

PHILIPS 20 2
15 2
6 1

SIEMENS 2 1
18 1
14 2
6 5

VARIAN 22 1
20 3
18 1
1 6 1

Three of the new linacs are recently installed at Chiang Mai University Hospital. The
first industrial electron accelerator was commissioned in 1997 for sterilization of medical
products such as doctor gown, pampas etc. for export. It has accelerating voltage in the range
between 1.8 to 24 MeV and power of 10 kW. The second electron accelerator was
introduced in the year 2000 for gemstone enhancement. This one is a 15 MeV � 8. kW
electron linac.

Since 2000 a program to generate electron beams for research and industrial
application has been realized at Chiang Mai University. Both high 10-30 MeV) and low
(300 keV) energy electron accelerating systems are being explored. Here we describe the
present development status and near future applications.

2. Suriya a national facility for fenito science and technology

Presently, a facility, SURIYA, is being installed at the Fast Neutron Research Facility
(FNRF) of the Chiang Mai University to produce ferntosecond electron pulses. A similar
facility, SNSHINE, has been operating at Stanford University (USA). Since this facility had
to be decommissioned in 2002 much of its equipment has been transferred to the FNRF at
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Chiang Mai University. The fenitosecond electron pulse facility consists mainly of a
specialized electron source, called electron microwave gun or short rf-gun and a special
magnet to compress the electron pulse from the rf-gun by a factor of about I 00 to obtain I 0
fs electron pulses or shorter. The facility requires two microwave power sources which have
been obtained from two hospitals in Bangkok and Chiang Mai. Furthermore, as part of a
Royal Golden Jubilee PhD program, a new improved version of an electron rf-gun has been
designed and constructed in Thailand. The specialized magnet, called alpha-magnet has been
built at Chiang Mai University as part of a masters thesis. Other magnets used for electron
beam focusing, called quadrupoles, have been constructed at the FNRF as part of another
masters program.

The facility at the FNRF is designed to reach even shorter electron bunches than the
SUNSHINE facility at Stanford. This is mainly due to the new electron rf-gun design, which
is expected to produce 50 fsnns electron bunches compared to Stanford's 120 fsrms pulses.
Commissioning of the SURIYA facility is expected to occur during the year 2003 (Fig. 1-2).

Production of such short ferntosecond electron pulses provides many opportunities for
research tools which are not available elsewhere. The study of extremely fast processes like
chemical reactions occurring at sub picosecond timescales open up new and exciting ways to
study the dynamics of materials in physics, chemistry and biology. A few possible
applications which can be pursued at SURIYA are:

• Generation of low energy electron pulses for direct application
• Production of coherent, high intensity far infrared radiation
• Generation of ferntosecond x-ray pulses

2.1 Generation of low energy electron pulses for direct application

Fenitosecond electron pulses at low energies of a few MeV have been used by the
recent Nobel Prize Winner A. Zeweil to study the dynamics of chemical transitions. At the
SURIYA facility such fenitosecond electron pulses can be produced at much higher intensity.
It will be possible not only to reproduce such experiments, but also to expand on its
capabilities.

2.2 Production of coherent, high intensity far infrared radiation

When electrons pass though the surface of a metallic foil transition radiation is
emitted. At wavelength equal and longer than the electron pulse length this radiation is
coherent and scales like the square of the number of electrons. At SURIYA coherent
transition radiation is expected within a wavenumber range from cm-' to 200 cm-'. The
intensity is greater by four to eight orders of magnitude compared to conventional black body
sources and by two to three orders of magnitude greater than even synchrotron light sources
(Fig.3). This high intensity allows the probing of chemical and biological samples in dilute
watery solutions which is not possible otherwise. The effectiveness of this radiation together
with Dispersive Fourier Transform Spectroscopy to study, for example, Hydrogen-Bond-
Stretching-Modes in DNA has been demonstrated just recently in the last experiment
performed at the SUNSHINE facility. For the first time DNA molecules could be studied in
dilute solutions rather than in crystalline or dried form. The success of this experiment
stimulated the desire to continue research along this line. A variety of follow-up experiments
are desirable to shed more light on the understanding of DNA and to elucidate what role the
low-frequency vibrations play in biological functions. Such vibrations are biologically
important since they involve motions of large groups of atoms relative to each other. These
motions can be important for conformational transitions associated with biological functions,
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such as the local "melting" (i.e. the separation of the two strands of DNA) of the DNA double
helix during transcription and the transport of molecules and ions through the cellular
membrane by membrane transport proteins. In the near terin the SURIYA facility is the only
radiation source intense enough to study such dynamics.

2.3 Generation of fenitosecond x-ray pulses

Ferntosecond x-ray pulses are of great importance for chemistry and biology because
atomic reactions occur at timescales of less than a picosecond. Ferntosecond x-ray pulses are
required to probe the dynamic of chemical and biological processes. Several methods are
aval'lable to convert ferntosecond electron pulses into equivalent x-ray pulses:

Head-on collision of ferntosecond electron pulses with photons of a laser beam can be
used to produce hard x-rays by the Compton effect. For example, 20 MeV electrons colliding
with photons of a Nd-Yag laser can produce quasimonochromatic x-rays with a photon
energy of about keV.

Another method is by the interaction of electron pulses with dense materials. For
example, an electron passing through a crystal produces hard x-ray radiation by the Smith-
Purcell process. The duration of such x-ray pulses is the same as that of the feintosecond
electron pulses. Other processes, like channeling radiation, crystal undulators or resonant
transition radiation are possible candidates as well. Presently, experiments to establish a
femtosecond x-ray source through the Smith-Purcell process is being pursued at the FNRF.
Other processes are very promising as well and will provide several demanding Masters and
PhD projects.

Femtosecond x-ray pulses are, for example, of interest for pump-probe measurements
of chemical and biological systems. The dynamics of such molecules after excitation by a
pump laser pulse, for example, can be probed by ferntosecond x-ray probing. Similarly, the
dynamics of chemical processes can be probed on a erntosecond time scale.
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Fig. I Schematic diagram of the SURIYA fernto second relativistic electron beam facility
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Fig.2 The SURIYA fenito second relativistic electron beam facility

1xiol,

lx 1 ol6 =10 PM

O

1xiol,

4 1AMlxlo synchrotron
13 radiation1XIO

1X10 12

Ix loll black-body

1xiol, radiation

1XIO,

1xio,

0 100 200 300 400 500 600

wavenumber, cm-1

Fig.3 Electromagnetic spectra from various sources
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3 A prototype industrial electron linac

A second electron accelerator is being installed at FNRF. It is a 15 years old electron
linac that was donated by Chiang Mal University Hospital. Originally, it was driven by a
klystron to produce 20 MeV electron beam. Fig.4 shows the system installed at the basement
of FNRF. The klystron and modulator will be removed shortly to drive a 30 MeV linac
described in section 2 Since this linac will be used as a prototype for a trial experiment in
food irradiation, it is decided to operate the linac at 10 MeV beam energy. A magnetron
driven system is being explored to generate a 10 MeV I kW electron beam. Fig.5
illustrates a conceptual design of a prototype electron linac. It funding is approved the new
machine will be commissioned by the end of 2004. It is expected that several industries will
be able to make a test production. These include food, gemstone, rubber wood furniture,
electric wire and cable, and heat shrinkable materials.

Fig.4 A 20 MeV electron linac installed at the bestment of FNRF
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Fig.5 Schematic of a prototype 10 MeV electron linac for research and industry

4. A prototype low energy electron beam source

A conceptual design of a high intensity electron beam source has been completed
based on the following technical specifications.

Electron energy 50 to 300 keV
Maximum e- beam current 5,000 A
Pulse width 20 nsec
Repetition rate Hz

Possible applications of such an e-bearn source are as follows;
- high voltage spark investigation in gases, liquids, solid materials
- surface modification, initiation of chemical reactions in gases and vapors
- gas-discharge formation
- bacteria sterilization, water purification
- gemstone identification
- atmospheric discharge
- etc.

The electrical diagram for the model of a high current pulsed electron beam source
used for this project is shown in Fig.6. The circuit of the generator contains sixteen stages,
consisting of low-inductance ceramic capacitors type of DHS 43, each with a total
capacitance of C = 7800 pF. With the help of resistance R and the spark shorting switches D
and P, these sections are connected according to the well-known Marx scheme and are
charged up to the Vo = to 30 kV. The generator is triggered by applying an ignition pulsed
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voltage Vig < I kV on the first discharge gap Po. The low-capacitance capacitors Co type
DHS 24 (Co = 340 pF ), connected with the first three sections through low-impedance
resistors r, serve to "illuminate" the discharge gaps D and ensure stable triggering of
generator in the wide range of Vo.

The simplified mechanical assembly drawing of our model of E-bearn source is
shown in Fig.7. The sealed cylindrical metal chamber is divided in two independently sealed
section; the inner section filled with nitrogen to pressure of up to 6 atm, and an external
section filled with nitrogen to a pressure of 10 atm. The inner section contains all capacitors
and resistors and is connected to the cathode of the vacuum diode by current-carrying busses
and special insulator with distributed metal rings. The external section serves as high voltage
insulator. The cathode-anode space can be varied. The anode is made form titanium foil with
a thickness 12-25 y m. The vacuum in diode is maintained by rotary pumping system only.

The optimum mode operation for the source for different magnitudes of Vo can be
achieved by adjusting the pressure inside the inner section and the cathode-anode distance.
The lifetime of anode de Vends on the electron beam current and other factors and can be
extend up to more than 1 0 shot.

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

..... ......

P R

Fig.6 Electrical diagram of the high intensity pulsed electron beam source.
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Fig.7 A schematic diagram of the low energy pulsed E-beam source.

5. Summary

At Chiang Mai University, three electron linacs have been installed in the University
Hospital for medical use. A fernto second relativistic electron beam facility is expected to be
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commissed at the end of 2003 A prototype 10 MeV electron linac is being installed for
application in electron beam processing. A conceptual design of apulsed 300 keV electron
beam source has been completed and construction will begin in October 2003. Very soon the
establishment of electron beam facilities for research and application in Thailand will be
realized
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