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Abstract

The reports presents the results from studies, performed
at the SRC “Accelerator”, on development of units for the
X-band klystron with an output power 1+2 MW and & a
voltage 50+100 kV. A magnetron gun with a cold
secondary-emission metalic cathode is supposed to be
used as an electron source.

INTRODUCTION

Credtion of small-scale resonance linear electron
accelerators is very important for solving a number of
applied problems - interoscopy (custom control),
medicine (radiation therapy), technological treatment of
food products etc. In this connection, the development of
linear electron accelerators with an X-band operating
frequency is a high-priority task. A main problem for
carrying out the works in this direction is a choice of a
powerful microwave source that would be capable to
provide a compactness of an accelerator. The most
acceptable  microwave source for the small-size
accelerator is an amplifier klystron with an output power
1+2 MW, a voltage up to 50 kV and an operating
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large diameter is used, one can apply the structure based
on annular (coaxial) resonators as a resonance system.
Just thistype of aresonance system was chosen for the X-
band low-voltage klystron that is under development at
the NSC KIPT. Development of the klystron includes two
stages. development of an electron source and
development of a resonance system.

A main problem of the resonance system devel opment
is a posshility of a “parasitic’ relation between the
coaxial resonators due to the TEM wave excitation.
However, by a special sdection of the external and
interna radii of resonators it is possible to provide the
TEM mode suppression in the structure. Our preliminary
calculations and experimentd studies have showed that
the connection/junction between resonators separated by
the drift region can be made rather small in the system
without beam. At the same time, the estimations showed
that to increase the efficiency of the bunched beam
interaction with the resonance structure, the latter should
include the sections comprising several connected
resonators excited at the temode of oscillations. The
layout of the bunching resonance system of the klystron
under development is presented in fig.1.

Figure 1: The layout of the bunching resonance system

frequency of 11.4 GHz (fourth harmonics of the SLAC
klystron frequency of the S-band). Considering that the
typical value of the klystron efficiency lies within 30 +50
%, the pulse power of the electron beam should be 3 - 4
MW, i.e. at avoltage of 50 kV the beam current should be
60 + 80 A. The use of such a beam with a high perveance
is connected with a particle bunching deterioration caused
by the decrease of the wavelength of plasma oscillations
in the beam with particle density increasing. One of the
methods applied to decrease the beam density and to
decrease the spatial charge force influence on the klystron
bunch is the use of a hollow beam having a large
diameter. Asis shown in [1] when a hollow beam with a
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As a source of the annular beam in this klystron, a
secondary-emission magnetron gun with a cold metallic
cathode will be used [2]. One of its advantages is a
potentially long-term lifetime and a high beam density.
The magnetron gun was investigated at the experimental
installation with an 8-channd sectionalized Faraday cup
and a computer information measuring system. It allows
measuring the voltage amplitudes, beam current, as well
as investigating the azimuthally charge distribution in
each sdlected timeinterval during the current pulse.
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EXPERIMENTAL RESULTSAND
DISCUSSION

The performed investigations showed that the beam
generation is stable during 32 pulses measured by the help
of an information measuring system. For example, for one
of operating modes at a cathode voltage of 26 kV, a beam
current of 52 A and a magnetic field 2500 G, the current
instability of each of Faraday cup’s sections at a cathode
voltage instability of 1.8% was not higher than 4.5%. In
another case at a cathode voltage of 27 kV, a beam
current of 49A and a magnetic fidd of 2300 G the
instability of each of beams getting the Faraday cup’s
sections at a cathode voltage ingability of 1.7% was
1.8+2.9 %. The investigation demonstrated that such a
beam shapes a tubular beam with an external beam
diameter of 43 mm, internal diameter of 41 mm. The
duration of the beam current pulse was ~5 ps, the
repetition rate was 15 Hz, the pulse power of a beam was
~ 1.5 MW with the microperveance ~10.

Figure 2: The layout of the experimental ingtallation

The measurement of the beam density distribution on
the azimuth showed that this uniformity has a significant
non-uniformity. Fig.3 presents the distribution of the
beam charge from each of eight Faraday cup’'s sectors
(channds 4 and 10 are not connected to the system).
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Figure3

From thefigureit is seen that the charge distribution on
the azimuth is non-uniform and the non-uniformity
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amounts 400 %. The non-uniformity of the azimuthal
distribution within (200 — 400)% was observed for
different parameters of the high-voltage supply of the gun
and for different values of the magnetic field. Moreover,
it has been established that there exists also a significant
asymmetry in the spatial particle distribution, i.e. the
annular beam as a whole displaces relatively to the gun
axis. In some cases this displacement on the collector was
8 mm. As is shown, the azimutha distribution of the
beam density and its position at the collector plane are
depending on the magnetic field direction. Changing the
magnetic field direction leads to the beam displacing in
the opposite direction that isillustrated in figures 4 and 5
respectively.

Figure5

The detailed investigation of the magnetic field
topology showed that the magnetron source axis a the
experimental installation was deviated from the solenoid
axis (the deviation from the axis in the collector point was
~5 mm, in the cathode connection point was ~2 mm, the
tilt was ~ 1°). Probably, this circumstance can be a cause
of the asymmetry in the azimuthal particle densty
distribution and beam displacement. This may be
explained by misalignment of magnetic and geometrical
axises of the system or by development of diocotron
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