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Abstract—Smith—Purcell radiation is usually detected at the motion of an electron above a grating of metal
strips. However, for high frequencies (exceeding the plasma frequency of the grating material) no substance
can be considered a conductor, but instead should be considered a dielectric with plasma-type permeability.
Therefore, new approaches are required to describe the Smith—Purcell radiation in the high frequency range.
In this article a previously developed variant of eikonal approximation is applied for description of the radia-
tion on a set of parallel semi-infinite plates. The derived equations describe the radiation generated both by
the particles passing across the plates (usually referred to as “transition radiation”) and by the particles trav-
eling above the grating formed by the edges of the plates (usually referred to as “diffraction radiation,” or, tak-
ing into account the periodicity of the grating, as the Smith—Purcell radiation).

INTRODUCTION

The Smith—Purcell effect consists of emission of
electromagnetic waves at the motion of an electron
above periodic grating [1]. In recent years there has
been increasing interest in this effect as a promising
method of generating radiation in the terahertz [2] to
soft X-ray [3] range, as well as a new method of moni-
toring a bunch [4]. The article [3] discusses the param-
eters of the electron bunch required for efficient gen-
eration of X-ray beams according to the Smith—Pur-
cell mechanism. The estimation of the radiation
intensity was aided by the concepts of the theory of
diffraction radiation on opaque screen [5]. However,
in the high frequency range (exceeding the plasma fre-
quency of the target material), no substance can be
considered as an ideally opaque conductor, but instead
should be considered as a dielectric with permeability

€,=1- 03?, / o’ Therefore, new approaches are
required to describe the Smith—Purcell radiation in
the high frequency range.

A straightforward method of eikonal approxima-
tion for description of transition radiation on targets of
complex configuration has been proposed elsewhere
[6,7]. In this article we apply this method for radiation
on a set of parallel semi-infinite plates. The derived
equations describe in a proper manner the radiation
appearing both upon the motion of a particle across
the plates (conventionally referred to as “transition
radiation”) and upon the motion of a particle in vac-
uum above the grating formed by the edges of the

plates (conventionally referred to as “diffraction radi-
ation,” or, taking into account the periodicity of the
spatial arrangement of the plates, as the Smith—Pur-
cell radiation). It will be shown that, in the discussed
frequency range, for sufficiently low values of impact
parameter (as in all articles devoted to the application
of the Smith—Purcell effect), the intensity of the
Smith—Purcell radiation is comparable in terms of
order of magnitude with the intensity of the transition
radiation. This confirms the possibility of applying the
Smith—Purcell effect in development of new sources
of radiation in the soft X-ray range. Here a system of
units is used in which the speed of light in a vacuum
isc=1.

EXPERIMENTAL

Let us consider a particle with charge ¢ moving at
constant velocity V in heterogeneous medium with

dielectric permeability g (r). It can be shown [6, 7]

that the spectral-angular density of the resulting radi-
ation will be described as follows:
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where o and Kk are the frequency and wave vector of the
radiated wave,

I= J.d3r exp(—ikr)(1 — e (r))E(r), 2









(where m is a positive integer number) or, for small
angles of radiation,

2
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Equation (11) is the well-known Smith—Purcell con-
dition [1].

Therefore, Egs. (7), (8a), and (10) describe the
Smith—Purcell radiation for a high frequency range:
® > w,. The exponent in Eq. (8a) describes the radi-
ation intensity as a function of the impact parameter.

The characteristic values of the latter when the radia-
tion is significant are in the following range:

(11b)
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Let us note that such an exponential coefficient is
included in the equations describing the Smith—Pur-
cell effect, irrespective of the considered frequency
range and method of calculations [11]: the results of
various models vary from each other only in the preex-
ponential factor.

It can be seen from Figure 2 that, in the range of
impact parameters satisfying Eq. (12), the intensity of
the Smith—Purcell radiation is comparable with the
intensity of the transition radiation. Thus, it is possible
to conclude that the Smith—Purcell effect can be
applied for generation of soft X-ray radiation.

CONCLUSIONS

On the basis of a simple variant of eikonal approxi-
mation in the theory of transition radiation, a unified
description of the Smith—Purcell radiation and transi-

tion radiation on a set of semi-infinite plates in the
range of high radiation frequencies is presented. It is
demonstrated that the intensity of the Smith—Purcell
radiation in the soft X-ray range is comparable with
the intensity of transition radiation. This feature can
be applied for development of new radiation sources.
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