Transition radiation of high energy particles on fiber-like targets
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Abstract

The problem of transition radiation under the impact of relativistic particles at small angle with a fiber-like target such as an
atomic string in a crystal or a nanotube is considered. The conditions under which the non-uniformity of the electron density
along the string does not matter are obtained. The formulae for the spectral-angular distribution of transition radiation under
both regular and random collisions of a particle with the set of fiber-like targets are obtained. The peculiarities of radiation on
an infinitely thin target and on a target with finite transverse dimensions are discussed. The study of the radiation process is
carried out in the framework of perturbation theory on the interaction of the particle with the target.

1. Introduction

Transition radiation arises when a charged parti-
cle crosses the boundary between two media with dif-
ferent dielectric properties (see [1-4] and references
therein). For relativistic particle this radiation is con-
centrated in the region of small angles along the direc-
tion of the particle motion. The process of radiation
develops in a large spatial region along the particle
velocity that is called the coherence length [2,5,6]. If
the particle in the limits of this region crosses some
other boundaries, the interference between the radi-
ation emitted at each boundary is substantial. It was
demonstrated in [7] that for long waves not only lon-
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gitudinal, but also transverse dimensions of the region
of radiation formation could have macroscopic sizes.
If the transverse size of the target satisfies the condi-
tion L] < yA, where A is the length of the radiated
wave and y is the particle’s Lorentz-factor, then the
transverse sizes of the target and its geometrical shape
have substantial influence on the transition radiation.

Of special interest is the case of transition radiation
on fiber-like targets when relativistic particles are
incident under small angle v with their axes. Attention
to some peculiarities of the radiation process in this
case, in the approximation where the electron density
in transverse plane can be expressed in delta-function
form, was paid in [8]. Particularly, it was demonstrated
that in this case the angular distribution of radiation is
symmetrical about the axis of the fiber.

In the present Letter the influence of transverse
dimensions of the fiber on the transition radiation is



investigated. We consider some simple distributions of
the electron density in transverse plane, corresponding
to the cases of atomic string in a crystal and of a long
nanotube. The conditions under which the transverse
distribution of the electron density of the fiber is
important for the transition radiation are discussed.
It is shown that account of transverse dimensions of
the target leads to asymmetry of radiation in high
frequency region.

2. Transition radiation on a dielectric fiber

Let us consider the radiation of relativistic electron
moving rectilinearly with the velocity ¥ through the
medium with non-uniform dielectric function &, (¥)
in the region of frequencies satisfying the condition
o > wp, wWhere wp = \/4mwe?n(F)/m is the plasma
frequency, m and e are the electron’s mass and its
charge, n(#) is the electron density in the target. It is
well known [1-4] that in this region of frequencies the
dielectric function is determined by relation
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To first order in yzwf, Jo? the spectral-angular
density of transition radiation can be written in the
form (see, for example, [7.8])
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where € is the polarization vector and
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Here & is the wave vector in the direction of radiation
k=), n(r) is the electron density in the target, and

«» 18 the Fourier component by time of the Coulomb
field of the incident electron:
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For some problems it could be convenient to use in
(2.3) the Fourier transforms of the clectron density
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and the Coulomb ficld. In this case we can write the

value (2.3) in the form [8]
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(We use the system of units in which the velocity of

light is taken equal to unity, ¢ = 1.) The spectral-

angular distribution of radiation summed over polar-

izations is equal to
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Consider transition radiation of a relativistic par-
ticle incident on a thin dielectric fiber at small angle
¥ < 1 with its axis. An atomic string in a crystal [6]
or a nanotube [9,10] can be treated as such fiber.
The coherence length of radiation for relativistic
electrons has the following form [6]:
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where 6 is the angle between the wave vector of the
radiated wave and the particle velocity. If the particle
interacts with large number of atomic electrons within

the coherence length one can use the electron density
distribution in the fiber averaged along its axis:

(2.6)
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n(p) = %/dz/n(?’), (2.8)

where L is the length of the fiber, the z’ axis is parallel
to the fiber axis, 5’ = (x’, y') are the coordinates in the
transverse plane.

If, in addition, the conditions
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where R is the transverse size of the fiber, are satisfied
then the target can be treated as an uniform infinitely
thin fiber. The electron density distribution in this case
can be written using delta-function

n(r') = ne8(xHs(y"),

where n, is the electron density per unit length of the
fiber.
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