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INTRODUCTION

For the past decade the IAEA has provided support and equipment to the developing
countries for the purpose of improving their scientific and technical capabilities. In many
cases this program has clearly been successful. The installation, use and development
of new capabilities for small neutron generators is an example. This report and the
recommendations contained herein are intended to provide the IAEA with the guidance
for the continuation and enhancement of this program.

An obvious desired result is to maximize both the positive effect of the IAEA funding
and the benefit to the developing country.

The growth in new applications using nuclear physics equipment and techniques is
well documented. These have been reported to the IAEA in [1] and in conference
proceedings such as [2].

The interest in the use of low energy accelerators generally have been shifted from
nuclear structure studies to -the applications. These applications are in such diverse
fields as Biomedicine, Environment, Geological Sciences and problems of Industry.
Many of these applications may be directly relevant to problems and needs of
developing countries. To promote growth in basic science and education as well as
the utilization of the new applications will require new equipment. It is not within the
character of this committee to recommend specific equipment for specific applications
within a given country. However we will give the characteristics of low energy nuclear
accelerators pointing out for which application they might be useful. We will also give
their advantages and disadvantages.

CHARACTERISTICS OF LOW ENERGY ACCELERATORS

Radiofrecuency Quadrupols [RFQ] accelerators.

In a RFQ the acceleration and focusing is done with strong electrical radio frequency
fields. The RFQ can accelerate low energy high current beams and has replaced CW
injectors for p, d, and heavy ions at high energy ace labs in USA, Europe, Russia and
Japan.

RFQs can be designed for a wide range of specific applications typically resulting in
a pulsed beam of up to several MeV and up to tenths of mA.

The electrode profiling fixes the output energy per nucleon (velocity), the electrode
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voltage and radiofrequency power determines the heaviest ion (lowest charge to mass
ratio) which can be accelerated. There are designs also for variable energy.

The technology is new but mature and can be applied in labs which have some basic
experience in accelerator operation and related technologies in addition to some
access to rf-engineering.

The low peak voltages and an external ion source, the lack of insulating gas and
accelerator column the low X-ray levels are attractive features for applied research.

RFQs are well suited for applications as implanters, especially for high currents at MeV
energies, neutron generators eg. for nondestructive materials testing, for heavy ion
surface physics, Accelerator Mass Spectrometry [AMS] and PIXE.

RFQs are like Van de Graaff filling the gap between low energy (200-400 kV) CW
machines and small' cyclotrons and have advantages when higher currents are
needed and sources of multiple charged heavy ions are used.

RFQs are not multipurpose machines, however they can be converted to other
applications by changing the electrodes.

Van De Graaff (VDG) accelerators.

Van De Graaff accelerators are based on well known proven technology. Although
some new development in the field, like the introduction of the pelletron, improved its
performance the principle has not changed.

There are two types in existence: the single ended machine with inside ion source and
the Tandem version with double acceleration to and from a central terminal.

According to the ion source used in the system most ions in the periodic table can be
accelerated in single or higher charge state.

Single ended VDG generators can also be operated with negative (or both, negative
and positive) terminal voltage for electron and positive for ion operation. Machines can
also be fitted with RF choppers and bunchers extending in such a way their practical
applications.

Energy range: 1 -6 MeV for single charged particles or higher for multiple charged
ions (assuming 3 MV Tandem accelerator).

Types: Singled ended.
Tandem.

Both with traditional belt and pelletron.
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Advantages:

• Single to operate and easy energy variation.

• excellent stability, better than 1:104.

• energy stability and energy resolution.

• easy maintenance.

• Easy to bring under computer control for automated operation.

• Large variety of ions, including heavy ions, can be accelerated.

Note: Preference -should be given to the tandem type with outside ion source for
operational simplicity.

Disadvantage:

• Low beam current, may be 15 mmA or less.

Applications:

• Material science including metallurgy, semiconductor, insulator technology, med-
ical biological tests.

• Ion implantation, surface treatments.

• Archeology (C14) and Geology.

• Industrial X-ray testing.

9 Food and sterilization.

Cyclotrons

The cyclotron, having a relatively simple and compact structure for accelerating
particles by an RF field, is a reliable accelerator for a laboratory interested in researches
and applications based on nuclear techniques. Protons, deuteriums and heavy ions
could be accelerated. The energy range and the type of ions depend on the construc-
tion and the ion source. The intensity of the beam is high, up to 500 A for protons, but
the beam quality is not as good as that of DC accelerators. The energy spread and
the beam size is large.

There are dedicated cyclotrons, accelerating only protons, or protons and deuteriums
for fixed applications, e.g. for production of isotopes, for neutron therapy and for
activation analysis (luggage control with deuteriums of about 3 MeV).

The advantages of this type of cyclotron are as follows:

• easy to install in an existing building

• automated operation.
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• tow operational personnel requirements, low operational cost.

There are difficulties with changing the programme.

There are variable energy cyclotrons with the possibility of changing the type of the
ion and the final energy in a range specified. They could be used in a wide scale of
applications in nuclear and atomic physics, materials sciences, nuclear medicine,
accelerator physics, nuclear engineering, etc. The preferable energy range for protons
are in the range of 5 - 20 MeV or 5 - 35 MeV. To install a variable energy accelerator,
a special laboratory building is required, and for the operation a skilled staff and
technical background is a necessity.

To implement any cyclotron project in a developing country the following aspects must
be considered:

• chose only commercial available machines.

• the electric power supply in the host institute must be stable and
reliable (min. 10 %).

• cooling water must be available.

• air condition in the working areas is necessary.

Low voltage D.C. accelerators

Small neutron generators using a few hundred KeV energy accelerators have been
installed as basic equipment in nuclear oriented laboratories of many developing
countries. Such a device is inexpensive, easy to install and operate; in addition to
nuclear physicists, a number of groups of scientists are using small neutron generators
as a tool for basic and applied research, service and education. These small machines
are used also as charged particle accelerators. A "Manual for Troubleshooting and
Improvement of Neutron Generators" prepared under IAEA's contract contains a
number of proposals to improve the existing machines and to extend their possible
applications, e.g., nanosecond and microsecond pulsed beams, Associated Particle
Method [АРМ] for electronic collimation and yield monitoring, magnetic and electro-
static analyzers, heavy ion sources, PIXE unit, wobbling target, etc.

The major fields of applications are:

• Activation and prompt radiation analysis.

• Irradiations effects in solids and biological samples.

• PIXE elemental analysis.

• Ion implantation.

• Dosimetry and radiotherapy.
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• Determinations of differential and integral neutron data.

• Neutron gas physics and reactor physics.

• Low energy charged particle and neutron reactions related to nuclear fusion.

For details see [1].

MICROTRONS

The Microtrons are low energy cycling accelerators. These machines are used only to
accelerate electron beam to energies in the range of 2 to 3 MeV. The microtron can
be used as a pulsed high energy electron and as a breustramhlung gamma source.

The microtrons are compact machines, requiring small operating area, inexpensive to
build and operate. Another advantage of the microtrons is the simplicity of the design
particularly the wave guide system, the resonator, and the magnetron.

They are easy to run and operate.

The energy dispersion of the electrons can be achieved for e.g. ± 20 KeV at 10 MeV.
The microtron machines are powerful electron accelerators and a 50 fiA average
electron current can be achieved.

Main utilization of the microtrons:

• Applied Physics: Activation Analysis; particularly for bulk samples.

• Material irradiation (ceramics.semiconductors).

• Irradiation of seeds, food, biological samples.

• Industrial gamma-radiography.

• Radioisotopes production.

• Education.

• Basic research: Photo-fission, photo induced reactions, excitation of short-living
isomers.

The main advantages of the microtron are:

1.- The direction of the electron beams without analyzing magnet depends upon the
energy of the electrons.

2.- The intensity of the electron beam decreases when the intensity of the magnetic
field changes trying to extract electrons with small steps in energy.



Final Report Debrecen Meeting

CONCLUSIONS

This committee concludes that all above mentioned accelerators could be widely
useful depending on the application, local needs and conditions.

This committee strongly endorses continued and enhanced support of the developing
countries in the scientific and technological areas. We propose the following guidelines
to be used in providing this support:

• The Agency should provide further support for extension of existing facilities and
the use of new types of low energy accelerators under the condition that those
laboratories have clearly demonstrated progress and competence in past pro-"
jects undertaken.

• The Agency should continue with the policy of peer review of proposals and the
progress of ongoing projects.

• The Agency should continue providing training and fellowships to technical,
engineering and scientific staff in the use of low energy accelerators; and
ecouraging collaboration between partner institutions.

• There should be clear evidence of the country's support for the project through
provision of suitable facilities (buildings and utilities) and infrastructure.

• The Agency should make every effort to ensure adequate funding and realistic
financial long-term support.

More specifically we recommend to the Agency the following:

• The committee strongly recognizes the need to broaden the capabilities and
applications of low energy accelerators in developing countries. We therefore
recommend that, depending on the application envisaged by a given country,
serious consideration be given to providing new accelerator facilities. For medi-
cal applications a cyclotron might be the clear choice. For broad based materials
applications a Van be Graaff would be an excellent option. The final choice will
depend on the specific proposal submitted.

• Encourage the publication of a monography on Van De Graaff and Tandem
technology.

Considering the number of Neutron Generators supplied by the Agency and the
present status of their utilization, the committee considers It beneficial to implement
the following actions:

• The upgrading of existing NG facilities meeting the guidelines listed above; for
instance, providing beam pulsing systems, improve vacuum equipment, en-
hanced beam line facilities, etc.

• Organize operation training courses to be followed by periodic user's group
meetings.

• Establish a pool for critical components and a list of suppliers.
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In order to fulfill the above mentioned recommendations about NGs this committee
strongly recommends the initiation of an interregional TC project.
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