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1 Introduction

In the standard theory of Vavilov- Cerenkov radiation created by I.E.
Tamm and I.M. Frank [1], a relativistic particle moving with a veloc-
ity (5 through a medium with a coefficient refraction n > 1, radiates
photons in the direction 9 (cos 6=-^). If the velocity of this particle is
equal to /3 = -, this radiation disappears. However, it is obvious, due
to common reasons, that at the velocity of the particle which is equal
to the velocity of the light in the medium /?=^, the radiation (caused
by polarization of the medium) should exist [2]. This radiation must
be strictly in the direction 0=0, i.e., in the direction of the velocity
vector of the particle. And, probably, when the velocity of the particle
is less than that of the light in this medium, this radiation is expected
to disappear.

This work deals with the formal physical description of passing of
the relativistic particle through the medium. Besides, to expand the
Tamm- Cerenkov theory, it is necessary to include the radiation of the
relativistic particle at its velocity equal (or near) to the light velocity
in the medium (/? ~ £). The refraction coefficient of the medium is
supposed to be a complex value.

2 Field around the charged particle in the medium

The field of the charged relativistic particle is given by the Lienard-
Wiechert potential [3]. If we fasten the center of the counting system
to the charged particle in a certain direction, then the physical picture
of the processes becomes more clear. For example, the field of this
particle is not central symmetric and the characteristics of the field of
the particle in the transverse direction change by the factor 7 = r—f

If we consider the field of this particle over the distance RQ, it is clear
that when the velocity of this ralativistic particle is /3, the field around
this particle acquires an ellipsoid form (or the form of a thin disk) with

= ^ in the transverse direction.



It is interesting to know the form of the relativistic particle field
in the medium when its velocity ft is bigger than the velocity of the
light in the medium (n > 1). The velocity of the light in the medium
is c = £ , therefore the field around the particle will spread out in this
medium with the velocity c (which is less than c) and the field will
remain behind this relativistic particle. The triangle of the velocities
of this particle in the medium has the following form:

v = c

e' =.c-
n

ff

vn

So, we can see that the field around the relativistic particle (v > c)
has the form of a thin surface film of a rotation cone with the slope
angle 9' to the direction of the moving particle, and 6' is determined
by the value sin#' = 4j-. Then, the larger the refraction coefficient n



is, the smaller the scope angle of the surface of the rotation cone is
obtained (see work [4]).

When the charged particle is moving through the medium, this
medium is polarized. The direction of polarization must be transverse
to the surface of the rotation cone. If the velocity of the charged par-
ticle is higher (or equal) than the light velocity in the medium, then
this medium remains polarized after passing of this charged particle
through it. This polarization will be taken off by radiation of photons
in the direction of this polarization.

3 Vavilov-Cerenkov radiation of a relativistic par-
ticle in a medium ( expansion of the Theory)

The classic theory of Vavilov -Cerenkov radiation was created by I.E.
Tamm and I.M. Frank [1]. The equation for the charged particle mov-
ing through the medium in the direction z (in the cylindrical coordi-
nates /?, 0, z) has the form:

wp

where

u/2
c2 — (32n2 — 1) (h~>)

(n is a real value). Equation (1) out of the region p — 0 has the
following form:

dp'1 p dp
The solution of equation (3) has the form:



(4)

if s is an imaginary value, then s —> is and

F = ClHil)(-i8P) + c2H$\-isp). (5)

In case when the particle velocity is small, i.e. i3n < 1, s in (5) is
a real value, then the physical solution of (5) has the form:

(6)

and asymptotic expression of F when sp ^$> 1 is

From this equation we can see that in this case the radiation does
not take place.

If the velocity of the charged particle in the medium is fin > 1,
then for the diveregence wave we have

F = -iH$]{sp), (7)

where s = Q
The asymptotic expression of F in (7) has the following form:

F =
2 Z 7T

exp (iu(t ) - isp + f-), (8)7TSp V 4

u;>0,

or



TTSp
(9)

where u = r.
n

The full energy of the Vavilov- Cerenkov radiation in the medium is

dW e2 / J „ 1 x

— --/o^l-—). (10)

So, this radiation exists only if (32n2 > 1. When /32n2 = 1, this
radiation disappears.

As we have already stressed above, it is difficult to understand why
the cases /32n2 > 1 and /32n2 = 1 are broken. In the latter case the
particle moves through the medium with the light velocity and the
medium is polarized and therefore radiation in the forward direction
(cos# = 1 ) should take place. This result is a consequence of the
supposition that n is a real value in equation (1). In the real case, in
general, n is a complex value and

(11)

If 62 = 0, then

€ = ei = n2. (12)

So, in the common case, the expession for s in (1) gets the following
form:

/ |2 , ,2

S2 = -5-((^2€i - 1) + t/32€2) == -=-(a + ib)y (13)

where a = (32e\ — 1,6 = /32€2-
Then in equations (4) or (5) the term (sp) must be a complex value.



From (13) we obtain

- (* ' + td), (14)
v

where s' —

The full energy of the Vavilov- Cerenkov radiation is

dW e2 r 1

where
1 ei

(15)

***** .X t,t_- . — ,-J 4}

n>2 e\ + ze2 ef -f 62

In case Py/eJ = 1 (i.e. a = 0) we obtain

(16)

So, we see that if ft ~ ^, the Vavilov- Cerenkov radiation is denned
by expression (16) and differs from zero (in this equation the absorption
part is not taken into account). The probability of this radiation is
proportional to e\. The direction of this radiation is 0 — 0.

We should stress that, except the absorption coefficient , the imag-
inary part of Im rr2 = 62 also includes the term responsible for the
energy losses at (3 > ^, i.e., losses at the light barrier.

4 Conclusion

In the Vavilov-Cerenkov theory the radiation goes in the direction 0
(cos 6 = 4^) and the full energy of radiation per one length is given by
equation (10). According to equation (10), at the point 0 — 0 (6 = £)



the energy radiation is zero. However, it is obvious that the radiation
at this point cannot be equal to zero (i.e. at the particle velocity equal
to the light velocity in the medium).There is a strict indication of the
existence of this radiation [2].

We have taken into account the fact.that in any real medium the
refraction coefficient is a complex value e = ei 4- *62* and in this case
we have obtained that in the extended Vavilov- Cerenkov theory the
charged particle also radiates photons when j3 = ^ in the forward
direction 0 — 0. The probability of this radiation is proportional to e\.

We would like to emphasize one possibility to solve the problem
which appears in the Electrodynamics of the medium— the problem
of infinity of the values at the point [3 = £. For example, the energy of
the relativistic particle in the medium (n)

has singularity at (3 — K
It is possible to avoid the singularity: if we take a real medium with
6 = 61 + i€2 and

E= m

then ReE = E' has the following form:

mf
E' =

where



at /32€i = 1

E1 = -

Now E' has no singularity.

An analogous example exists in the Particle Physics where the cross
section of the particle production does not have infinity at the point of
resonance, for the particle has a width of decay T (m — m-2 + /T) (see
the Breit- Wigner equation for the cross section).

The author expresses profound gratitude to Prof. A.A. Tyapkin for
attracting his interest to the problem of Vavilov-Cerenkov radiation at
the velocity (3 = ^ and discussions.
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Бештоев Х.М. Е2-97-31
Излучение Вавилова-Черепкова в среде
с ненулевым коэффициентом поглощения

Обсуждается распределение поля вокруг заряженной частицы в среде.
Показывается, что излучение Вавилова-Черепкова существует и в случае, когда
скорость частицы равна скорости света в среде. Предлагается простой способ
для избежания еишулярностей в электродинамике сплошной среды.

Работа выполнена в Лаборатории сверхвысоких энергий ОИЯИ.

Сообщение Объединенного института ялерных исследований Дубна. 1997

Beshtoev Kh.M. Е2-97-31
The Vavilov-Cerenkov Radiation in a Medium
with a Nonzero Absorption Coefficient

Distribution of the field around a charged relativistic particle in a medium is
discussed. It is shown that the Vavilov-Cerenkov radiation exists in the case when
the velocity of the charged particle is equal to the velocity of light in the medium.
A simple approach is proposed to avoid singularity in the medium Electrodynamics.

The investigation has been performed at the Laboratory of Particle Physics,
JINR.
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