Relativistic-Electron Scattering on an Atomic String of a Crystal
at Ultrasmall Angles of Particle Incidence on a String
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Abstract—The classical and quantum scattering of fast electrons on an atomic string of a crystal is considered
at angles of particle incidence on the string that are much smaller than the critical angle of axial channeling.
The investigation was performed within the simplest approximation of the continuous atomic-string potential
in the form of a cutoff Coulomb potential. For this case, the azimuthal scattering of particles at an angle exceed-
ing 180° in the plane orthogonal to the string axis is shown to be possible for all impact-parameter values. It is
demonstrated that, in particle scattering on a string, an effect can occur that is similar to the Ramsauer—
Townsend effect, which consists in a considerable reduction of the total cross section for slow-electron scatter-

ing on atoms.

1. INTRODUCTION

When a fast charged particle is incident on an
atomic string of a crystal at a small angle y with respect
to its axis, correlations between successive collisions of
the particle with string atoms are of importance.
Because of these correlations, the particle is scattered
predominantly at the azimuthal angle ¢ in the plane
orthogonal to the string axis [1]. At angles of particle
incidence that exceed the critical angle of axial chan-
neling, y,, typical values of the azimuthal scattering
angle are small. However, these typical values of the
azimuthal scattering angle increase with decreasing
angle y, achieving 180° at y ~ ... Of particular interest
is scattering of negatively charged particles on an
atomic string because, at all possible values of the angle
y, such particles can approach closely the string axis,
undergoing intense interactions with the string field.

In the present study, we analyze special features of
the scattering of a negatively charged particle on an
atomic string of a crystal at ultrasmall angles of particle
incidence on the string. The study is performed within
the simplest approximation relying on a continuous
potential of the atomic string in the form of a cutoff
Coulomb potential. It is shown that, in the region y <
y,, the character of particle scattering on a string
changes drastically with decreasing . In particular, it
turns out that, at some value of y =y, (Y, < ,), the
classical angle of particle scattering is f80° for all
impact-parameter values. This effect is similar to the
effect of giant glory in slow-electron scattering on an
atom [2]. For y <, the angle of particle scattering on
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the string is shown to exceed 180° for all impact-
parameter values resulting in scattering.

We have considered quantum aspects of particle
scattering on an atomic string. For y <y, the quantum-
scattering cross section can oscillate considerably
about the classical value over the entire range of azi-
muthal scattering angles. This effect is similar to the
generalized Ramsauer—Townsend effect for slow-elec-
tron scattering on atoms at a large angle [3, 4].

We also investigate the scattering cross section as a
function of the angle ¢. At small angles vy, the total
scattering cross section is shown to have a rather com-
plicated structure. In particular, this cross section
appears to have a deep minimum at a certain value of y.
This result is similar to the Ramsauer—Townsend effect,
which consists in a considerable reduction of the total
cross section for slow-electron scattering on an atom

(see [3]).

2. QUANTUM- AND CLASSICAL-SCATTERING
CROSS SECTIONS

The motion of a fast charged particle incident on an
atomic string of a crystal at a small angle y with respect
to its axis (z axis) is determined primarily by a contin-
uous string potential—that is, by the potential of string
atoms that is averaged along the z axis [5, 6]. The
z component of the momentum is conserved in this
field, so that the particles undergo scattering only at the
azimuthal angle ¢ in the (x, y) plane, which is orthogo-
nal to the string axis. As a result, we arrive at the two-
dimensional problem of particle scattering on a poten-

tial U(p) in the (x, y) plane, where p = N
This formulation of the problem is valid both for the

quantum and for the classical treatment of the process
of particle scattering on an atomic string. In classical
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