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It is shown that a bunch of electrons which move in an active medium can be accelerated. The acceleration
is proportional to the population inversion and the number of electrons in the bunch. As reference we compare
the acceleration force with the deceleration experienced by the same bunch as it traverses a dielectric and
metallic medium.@S1063-651X~96!08005-1#

PACS number~s!: 41.60.Bq, 41.75.2i, 52.75.Di

I. INTRODUCTION

When an electron moves along a vacuum channel in a
dielectric material it may cause radiation to be emitted pro-
vided that its velocity is greater than the phase velocity of an
electromagnetic plane wave in the medium. This is the so-
called Čerenkov radiation. What a remote observer measures
as electromagnetic energy comes at the expense of the par-
ticle’s kinetic energy or, in other words, the particle is decel-
erated. For a better understanding of the deceleration force,
one has to examine the field distribution in the vicinity of the
particle. Ignoring for a moment the presence of the dielectric,
a point charge generates in its rest frame of reference an
electrostatic field which transforms in the laboratory frame
into an infinite spectrum of evanescent waves. As these
waves hit the discontinuity between the vacuum channel and
the dielectric, a so-called secondary field is generated. This is
the reaction of the medium to the presence of the charged
particle. It is the action of this secondary field which decel-
erates the electron. In this study it will be shown that if,
instead of a passive dielectric medium, an active medium is
used, the action of this secondary field may cause the particle
to accelerate. Thus energy stored in the medium can be trans-
ferred to the moving electron.

An additional way to examine the proposed acceleration
scheme is to consider the microscopic processes. In particu-
lar, let us consider an ensemble of atoms of which each one
is modeled by a two-level system. The number of atoms in
which the electron is in the upper level is larger than the
number of these in the lower level, i.e., the population is
inverted. As indicated above, attached to a moving charge
there is a broadband spectrum of evanescent waves, includ-
ing the resonance frequency corresponding to the two-level
system. These waves can be conceived as a spectrum of vir-
tual photons continuously emitted and absorbed by the elec-
tron. When a virtual photon corresponding to the resonance
frequency impinges upon an excited atom, its effect is iden-
tical to that of a regular photon: it stimulates the atom and
two identical ~phase correlated! photons are emitted. One
photon is identical with the initial and the second is a real
photon. Since the two are phase correlated, the real photon
can be absorbed by the moving electron, causing the latter’s
acceleration. The inverse process is also possible: if the vir-
tual photon encounters an atom in the ground state and ex-
cites it, then the moving electron loses energy, i.e., it is being
slowed down. We may expect net acceleration only if the

number of atoms in the excited state is larger than these in
the lower state, i.e., the population is inverted@1#. From the
description above, the acceleration force is a result of stimu-
lated radiation, therefore we call this scheme PASER, which
stands for particle acceleration by stimulated emission of ra-
diation.

Many of the advanced acceleration concepts have lasers
as their central component. The main schemes follow.~i!
Beat-wave accelerator~BWA! in which two slightly different
laser beams illuminate a plasma whose frequency equals the
difference of the two laser frequencies. The injected particles
are accelerated by the resonant space charge wave which
develops in the system@2#. ~ii ! Wake-field acceleration
~WFA!, suggested by Sprangleet al. @3#, is based on a large
wake field left after a very intense but short laser impulse
which propagates in plasma.~iii ! Inverse Čerenkov@4# relies
on the Čerenkov effect to accelerate particles. These are in-
jected in a slow-wave environment~gas! and illuminated at
the Čerenkov angle by an adequate laser beam. A concept
which is similar, but is based on a fast-wave interaction, is
the~iv! inverse free electron laser~IFEL! @5#. In all the above
schemes the radiation is generated in the laser cavity, it is
guided by optics to the interaction region, and then it is uti-
lized to accelerate the electrons in one way or another. In
fact, in the last two cases we also use the inverse of a radia-
tion process. The question which we asked originally was
whether one can directly use the ‘‘inverse laser’’ process for
particle acceleration. According to the detailed calculation
presented here, the answer to this question is affirmative.

In the past, there were two schemes in which an active
medium was suggested in order to support the acceleration
process@6,7#. In both cases the active medium facilitates the
generation of solitons, extending the interaction region in
this manner. To illustrate the role of the active medium let us
consider the wake-field acceleration scheme. It has been
shown that high gradients may develop in the plasma; how-
ever, the interaction with electrons alters the propagation
characteristics of the medium and the overlap of the elec-
trons with the laser beam is limited. Fisher and Tajima@7#
have shown that an active medium can be used in order to
preserve the radiation pulse shape, energy, and velocity. The
scheme relies partially on the self-induced transparency
theory which was first developed by McCall and Hahn@8# in
1969. Fisher and Tajima envision their system to use the
outer shell electrons to form the plasma and the inner shell
electron resonant transition as the constituent of the active
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