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The excitation of mechanical oscillations in solids by passage of rela-
tivistic charged particles has been the subject of a large number of experi-
mental [1 - 2] and theoretical studies [3 - 5]. It is indicated in these studies
that ultrasonic waves are produced in the target, but the mechanism of excita-
tion of the oscillations has not yet been fully studied [4, 51. It is shown in
[6] that the ratio of the energy lost by a fast particle and consumed in the
excitation of acoustic oscillations to the ionization loss 1s a very small quan-
tity
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where Ne 1s the average number of electrons per unit volume, a is fthe average

distance between atoms, and k = me2z'/3 (A = ¢ = 1) is the reciprocal screening
radius of the atomic potentlal. No account was taken in these investigations,
however, of the direct generatlion of a stress tensor by the electromagnetic
fleld of the passing particle.

We consider in this connection the excitation of mechanical vibrations in
a thin metallic target by passage of relativistic charged particles. We write
down the equation for the longitudinal oscillations in a thin plate [7]

1 9%y, 2(1 + o)
Ay, - 2 g5z = —g —Fle.t), (2)

where up is the radial displacement, s is the speed of sound, E is Young's

modulus, and o 1s the Poisson coefficient; F(p, t) is the force per unit volume
of the material. Thus, the main problem of the interactlion between charged
particles and elastic waves reduces to a determination of the explicit form of
the force F(p, t). The force with which the passing particle acts on the target
can be written as the devergence of the stress tensor or
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The stress tensor oy is determined by the electromagnetic field of the passing

particle k
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Substituting (4) in (3) and integrating over the closed surface passing through
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the front and rear planes of the target, we can find the force per unit surface
area of the target

1
Fip,t) = T;@E(En) -.%Ezn}df. (5)

The electric field of the particle on the front plane of the target is deter-
mined by the field in the vacuum, which i1s convenlently represented in the form
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whereas on the rear plane of the target the electric field of the particle coin-
cides with the field produced by the passing particle in the target material
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where e(w, ﬁ) is the dielectric constant of the target material. The target
thickness should exceed the length over which the field is altered, called the
formation zone in the theory of transition radiation [8]. The resultant force
due to the passing particle will be directed along the velocity, so that if we
take into account the direction of the outward normal for the differential of
the surface, we obtain an explicit expression for the force acting on the sur-
face element df

Fp, t).= -"v— (8)"! [ (7 - E2)df, (8)

Averaging (8) over the time, we can easily determine the average force with
which the particle acts on the target
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In expression (%) gor tge average force, the effegtive congribution is made by
- -1 = i
W pp v wp(l v%/c%) and dopp v wp/v, where wp MﬂNee /m. Integration of

(9) leads to the following expression for the average force per unit time
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Thus, the passing particle acts on a thin target with an average force propor-
tional to the energy of the incident particle. This 1is to be expected, for at
relativistic energies the field of the particle increases in proportion to

(E/m), but the duration of the action of the field is 1t ~ (m/E), 1.e., it de-
creases with energy. The force of the electromagnetic fileld is determined by
the Maxwellian stress tensor (4), which i1s proportional to the square of the

electric field intensity. For relativistic particles, averaging of the stress
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tensor over the time keeps the energy dependence linear in the expression for
the average force.

The use of expression (10) for the force in the equation of the elastic
oscillations of the target (2) makes it possible to determine the amplitude of
The acoustic oscillations generated by relativistic particles in a solid. Ac-
cording to (10), the amplitude of the acoustic oscillations lncreases linearly
with the energy of the incident particles. The total force due to passage of a
beam of charge particles in proporticnal to the number of particles in the pulse,
as 1ls observed in experiment [1 - 2]7.

The expression (10) obtained for the force exerted by the passing particle
on the target, at a fixed target thickness L, can exceed, with increasing energy,
the force due to the ionization loss [6]
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The linear energy dependence of the acoustic-oscillation amplitude makes it
possible to use the indlicated mechanism to register the energy of high-energy
particles.

The author is grateful to B.A. Dolgoshein, V.K. Emel'yanov, V.M, Rybin, and
M.I. Ryazanov for useful discussions and for an evaluation of the experimental
utilization of the discussed effect.
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In view of reported designs of installations with colliding beams of high-
energy leptons (up to 10% - 10°% GeV; see, e.g., [1, 2]1), possible physical ex-
periments with such accelerators have been under discussion recently (e.g.,

[31).

Great interest attaches here to the possibility of investigating weak in-
teractions by measuring the process
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