Experiments on automodulation of an intense
electron beam
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Abstract

Automodulation of an intense relativistic electron beam (IREB) passing through
a series of passive coaxial cavities has been studied experimentally to obtain trains
of subnanosecond electron bunches.Trains of subnanosecond electron bunches is an
interesting subject of study for, for example, application to high-power, short pulse
millimeter-wave generation called superfadiance [1]. Automodulation was studied
by M. Friedman, et al. [2]. They reported mainly 1 GHz automodulation using a
series of four cavities. We report the single cavity experiment in detail. And a new
approach to automodulation using decreasing length cavities for an IREB with slow
rise time is proposéd. A single cavity whose length was variable was utilized to
observe how the relation between the rise time of the beam current and the cavity
length affected the modulation level. The longer cavity resulted in the higher current
modulation. The increases of electron energy for each cavity were compared to the
gap voltage. The induced gap voltage was calculated by transmission line theory.
The experimental and calculated results show good agreements. The gap voltage
increases as the cavity length increased and saturates with a cavity length, as the
round trip time for electromagnetic wave in the cavity is the same the rise time of the
beam current. However, for high-frequency modulation, the round trip time of the
cavity must be short. And the rise time of the beam current is difficult to decrease.
In this case, a series of cavities with the same length was employed in ref. [2].
However, when the rise time of the beam current was much longer than the round
trip time of the cavity, four-cavities with the same length could not increase the level
of current modulation in our experiments. Here, we propose a series of decreasing
lengths cavities to increase the level of modulation. The first cavity should be set to




the length appropriate to the rise time of the beam current to obtain high induced gap
voltage. Length of following cavity was decreased to the length corresponded to the
requested frequency. By using decreasing leﬁgth cdvities, level of current modula-
tion with the requested frequency was increased.
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