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The wake field of an electron bunch moving parallel to the axis of a dielectric cylinder is being considered.
It is shown that for a relativistic bunch (g@1) the circular harmonic of order zero contributes a decelerating
force inversely proportional tog, whereas the circular harmonics of nonzero order contribute ag-independent
force. Moreover, the wake linked to the circular harmonic of order zero may grow in space in case the
dielectric cylinder consists of an active medium; however, this growth rate does not depend on the value ofg.
On the other hand, no growth is anticipated for the case of circular harmonics of nonzero order.
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I. INTRODUCTION

Acceleration of electrons by radiation at optical wave-
lengths is one of the most promising alternatives for future
electron acceleration. Generally speaking, optical schemes
may be divided into two main groups: in the case ofplasma-
basedschemes, a laser pulse is injected into a plasma where
it excites a space-charge wake that, in turn, may accelerate a
trailing bunch of electrons@1–4#. Another group corresponds
to variousinverse radiationprocesses such as inverse Cer-
enkov @5–7#, inverse free-electron laser~IFEL! @8,9#, and
inverse transition radiation@10,11#. In the case of an inverse
radiation process, the laser pulse is injected at identical con-
ditions as when the radiation is emitted by electrons propa-
gating within the structure. For example, in an IFEL, the
laser pulse exhibits a polarization and a wavelength such that
in the presence of the wiggler, the motion of the electron is
synchronous with the wave, the phase corresponding to an
accelerating force. In all these laser-driven systems, energy
stored in an active medium is transformed into radiation in-
side the laser cavity being further used for acceleration in
various structures.

It was suggested in Refs.@12,13# to directly use energy
stored in an active medium in order to accelerate electrons.
Specifically, it was demonstrated that a Cerenkov wake, gen-
erated by a small trigger bunch, may be amplified by the
medium. A second bunch trailing behind may be accelerated
by the amplified wake. The concept was demonstrated within
the framework of alinear theory when the charged-particle
moves in the active medium. A possible practical experiment
is to launch a bunch of electrons parallel to a dielectric cyl-
inder that may be active, e.g., a Nd:YAG rod, and examine
the acceleration of electrons by the amplified wake. Since the
transverse dimension of the bunch~100mm diameter! is sig-
nificantly smaller than that of the dielectric rod~6 mm!,
many nonsymmetric modes may be excited.

It is the purpose of this study to determine the radiation
characteristics generated by a relativistic bunch of electrons
moving parallel to a dielectric cylinder.

II. MODEL FORMULATION

Consider a cylinder of radiusR consisting of dielectric
material ~e!. The axis of a cylindrical coordinate system

(r ,f,z) coincides with that of the cylinder. Parallel to this
axis, at a radiusr 5h.R and at an anglef5f0 , a point
charge is moving at a velocityV—see Fig. 1. In its motion,
the point charge generates a current density
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whose time-Fourier transform reads
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In the absenceof the cylinder this current density excites a
primary ~superscript p! magnetic vector potential
Az

(p)(r ,f,z;v) which is a solution of the equation
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In the cylindrical coordinate system resorted to, this solution
reads
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FIG. 1. Basic setup of the system under consideration; a dielec-
tric cylinder ~e.g., Nd:YAG! of radiusR and a bunch of electrons
injected parallel to the axis at a radiusr 5h and an anglef5f0 .
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