SOVIET PHYSICS JETP

VOLUME 18,

NUMBER 1 JANUARY, 1964

RADIATION EMITTED BY FAST PARTICLES IN A NONSTATIONARY INHOMOGENEOUS

MEDIUM

. BARSUKOV and B. M. BOLOTOVSKII

P. N. Lebedev Physics Institute, Academy of Sciences, U.S.S.R.

Submitted to JETP editor February 2, 1963

J. Exptl. Theoret. Phys. (U.S.S.R.) 45, 303-304 (August, 1963)

The spectrum and intensity of radiation emitted by fast charged particles in a periodically non-
stationary and inhomogeneous medium are considered.

THE study of charged particles in stationary in-
homogeneous media has been the subject of many
papers (1-3] For the understanding of the radiation
processes in such media it is important that in the
course of the radiation the stationary-inhomoge-
neous medium can acquire the recoil momentum
and thus the law of momentum conservation changes
during radiation, but not the law of energy conser-
vation. Therefore in the case of radiation in a
periodically inhomogeneous stationary medium the
conservation laws lead to the relationl?’

(1)

where n is an integer, €, and u, the average val-
ues of the dielectric constant and the magnetic per-
meability, k, the ‘‘reciprocal lattice vector’’ char-
acterizing the inhomogeneity (k, = 27/l, where 1
is the period of the spatial inhomogeneity), 6 the
angle between the velocity of the particle and the
radiation wave vector, and v the particle velocity.
In the present paper we consider the singulari-
ties of the radiation of a charged particle in a non-
stationary medium. Interest in radiation of such
media has arisen recently in connection with their
use for frequency multiplication“j, for parametric
amplification[5], etc. This interest is also due to
the fact that a strong electromagnetic wave passing
through a medium alters the properties of the me-
dium, and therefore the medium becomes periodi-
cally unstable and at the same time inhomogeneous.
Let us see what results can be reached by an
account of the periodic nonstationarity of the me-
dium. Let the medium be periodic in space with a
period 1 and in time with a period T. This means
that during the radiation process the medium can
acquire a momentum equal to an integral multiple
of the quantity

o = 1 (kev)/(1 — vc™ V gquocosh),

hk0=h2—l”_-l'_ (2

and an energy equal to an integral multiple of the
quantity

heo = k2T, )

and with the same multiplicity as for hk,. When
the particle radiates a quantum hw the laws of
energy and momentum conservation are written in
the form

AE = E;, — E; = ho + nho,,

ho §,—— k (4)
Ap=p,—p:= Tm Vsollo " + nhk,.
Multiplying the second equation by the velocity of
the particle v and using the relation vAp = AE,
we obtain

o = 1 (kev — @o)/(1 — ve™ V egpy cos 6) (5)

This relation gives the radiation spectrum of a fast
particle in a periodically inhomogeneous and peri-
odically nonstationary medium. ¢; and u, must be
defined in this case as the mean values of these
quantities in space and in time.

If the medium is spatially inhomogeneous but
periodically nonstationary, then we must put k;
= 0 in (5). In this case it becomes possible, as
indicated in [73, for the presence of the medium to
influence the energy conservation law but not the
momentum conservation law. The physical mean-
ing lies in the fact that in this case the medium is
homogeneous in space but is nonstationary in time.

We note that in the derivation of (5) we have ne-
glected the influence of the inhomogeneity and the
nonstationarity of the medium on the properties of
the emitted quantum. If the properties of the me-
dium are specified by a dielectric constant in the
form

£ (0) = &0 (0) + &1 (@) cos (kot — o), p =1, |&]<|e0],(6)

then (5) can be regarded as valid if the following
inequality is satisfied

211



212

|£20/2V &g (kye cos 6 — @y Veg) | << 1. (7

It is easy to write an analogous inequality for a
magnetically inhomogeneous medium.

Let us proceed to calculate the radiation inten-
sity. We confine ourselves here to the case when
the dielectric constant of the medium is given by
(6) and the particle moves in the direction of the
vector k.. The radiation intensity of a fast parti-
cle in such a medium can be calculated in the geo-
metrical-optics approximation ( by the WKB
method). The calculation yields for the decelera-
ting force averaged over the period T = 27/wy:

dw — _ §*sign(v—u)
dax 2

> | [1— 5220 (8) 0do,(8)
n=—co G,

where w > 0,

Q==rylv—ul, u=ayk,

A = 6,0/2koc V gq | cOS 8 — wo/cky V &y |, (9)

and the integration extends over that region of the
frequencies 2, where condition (5) is satisfied.
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In particular, when n= 0 and v ¢, > 1, Eq. (8)
gives the energy lost by the charge to Cerenkov
radiation, accurate to terms of order A,
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