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D.6.4.2.1. INTRODUCTION

The accelerators needed for ADS, especially for the systems producing energy and burning waste,
have to satisfy some minimum technological requirements. This is not a principal problem as for reaching
the necessary level of beam energy. High energy accelerators are quite common in the field of
fundamental particle physics. The accelerator needed for power production, at an energy of 800 MeV, is
in the mid-range of energies for such devices, much higher than those used for cancer therapies in hospitals
(tens of MeV) but much lower than those used for fundamental physics research at the biggest world
centers (thousands of MeV and beyond). This energy is sufficiently high that a single proton colliding with
several nuclei as it moves through the heavy metal target releases about 20 to 30 neutrons which are then
multiplied in number in the surrounding blanket as reported by the scientists of LANL, USA [1].

There are two types of accelerators that could drive the system at approximately 1 GeV and average
currents in the range of 10 to 100 raA. The first option is to use a linear accelerator that would be an
advanced, high intensity version of, e.g. the Los Alamos Meson Physics Facility (LAMPF) 800 MeV
accelerator. The second is to use a circular accelerator, e.g. the 500 MeV ring cyclotron operating at the
Paul Scherer Institute in Switzerland or a series of others of that or similar type. Both of the options can
achieve energy required without difficulty but both require technology development to achieve the
necessary beam intensities. The cyclotron machines, in particular, are limited to currents of 10 to 15 mA
due to the difficulty in adequately confining the beam.

Linear accelerators are foreseen to be able to deliver perhaps 100 to 300 mA of beam current. They
already produce such current in pulsed mode but the technology will have to be extended to provide the
near-continuous operation which would be needed for the highest currents. Although the beam physics for
a continuous operation is a modest extrapolation of that for pulsed operation, significant engineering
development is still needed. A system delivering 15 mA of protons and 800 MeV (12.5 MW of beam
power) can drive a blanket assembly to produce 200 MW of electrical power and so a circular accelerator
is an attractive option at this power level.

To achieve the usual level of approximately 1,000 MWe it possible to apply the LAMPF-like linear
accelerator with much higher current capability, which would allow a single accelerator to drive either a
large transmutor or a small cluster of separate blanket assemblies with a total system power of 1.200 MWe.
In either case only about 15% of the electrical power would be used to drive the accelerator. However, the
exclusive use of only one accelerator unit would represent a weak point of such a systems operational
reliability. On the other hand, the employment of more than one accelerator of such a class would be an
extremely costly approach.

An attractive approach to the achievement of the accelerator parameters needed to employ circular
machines that beside others have an advantage of being more compact systems, has recently been proposed
by Czech scientists [2]. A brief description of their idea is introduced in the following paragraph.
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D.6.4.2.2. JOINING MANY BEAMS INTO ONE WITH INTEGRATED INTENSITY [2]

The proposal is based upon an octupole magnet. A
transversal cross-section of such an octupole magnet is
schematically outlined in Figure 1.

This octupol magnet has two focusing planes (0 =0 and
0=it/2) and two defocusing planes (0 = TC/4 and 0=3 TT/4).

Taking the octupol magnet symmetry into account and
maintaining the terms up to the fifth order in the expansion
we may obtain the magnetic field components from the
general expressions for the magnetic field expansion:
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FIG. 1. Cross section of an octupole magnet
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with Bo the field on the pole, a the aperture radius of the octupole magnet, f(z) the function describing the
field distribution along the z axis; the prime denotes a derivative with respect to the z variable.

The joining of two beams into one beam is
schematically outlined in Figure 2.

Let us note that this scheme can be applied to
both twins of the focusing and defocusing planes
of the octupole magnet as mentioned above, so
that totally 4 individual beams being generated
by 4 individual accelerators can be joined to one
beam with an integrated intensity through the
following process:

The charged particle beams (B) enter an
octupole focusing magnet (OF) which deflects
them towards the longitudinal axis z. Behind this
octupole focusing magnet, the beams transit
through solenoids (S). These solenoids focus the
beams in a transverse direction. There is an FIG' Z Funnel°fbeams

octupol a defocusing magnet (OD) behind the
solenoids. It deflects the beams towards the longitudinal axis z. The proximity to the longitudinal axis
can be expressed either by the transverse coordinate of the central trajectory of the beam or by the angle
between the central trajectory and the longitudinal axis. If these two values are in the range of the
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emittances of the entering beams, then the joining is complete.

The general trajectory equations of a particle with charge e and momentum p in the magnetic field
of the octupole magnet take the following form:
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where B =pc/e is the magnetic rigidity. By approximating the field distribution in the octupole magnet
along the axis by a rectangular model (f(z)=l within the octupole magnet and f(z)=O outside the octupole
magnet) and by confining to the third order terms only, the trajectory equation in an octupole magnet takes
the following simple form:
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which can easily be applied for checking of the sufficient proximity of the central trajectory to the
longitudinal axis as mentioned above. By varying Bo and a the prescribed precision can be easily reached.

D.6.4.2.3. CONCLUSION

The issue of the achievement of the accelerator parameters needed for energy producing and waste
transmuting ADS plays an important role in the strategy of a convenient technology choice and an overall
optimization of the system. Therefore, the problem was briefly discussed and the current status of
accelerator technology available or that expected in the near future has been outlined. There exists a series
of specific approaches to the achievement of the accelerated charged particle beam intensity. However,
one which was proposed recently [2] seems to be very efficient and in spite of the fact that it is still
currently being analyzed and developed to a practical application in ADS technology it has been introduced
here. It is likely, that such an approach would allow employment, in ADS of broadly applied circular
accelerators, with a lower level of beam intensity, in a similar manner and with comparable efficiency to
the high beam current producing LINACs. Moreover, the principal features of the complex employment
of several units which can adjust their output parameters in a certain interval will very likely allow to leave
at least one unit to be left out of operation for repair or exchange while the whole ADS remain in full
power operation.
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