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It is shown that hard photons can occur in a two-quantum Vavilov-Cerenkov effect. The emis-
sion of hard photons can be either spontaneous or induced, i.e. due to soft photons. The spec-
trum and the total intensity of the induced emission are determined.

THE emission of hard photons can not occur in a
one-quantum Vavilov-Cerenkov (V.-C.) effect.
However, from the law of conservation of energy
and momentum it is clear that a hard photon with
4-momentum (k, ik) and with index of refraction
equal to unity can be emitted in a two-quantum
V.-C. effect, accompanied by a soft photon (q, iw)
[lq]=wn(w)], with index of refraction n(w) > 1,
(we using a system of units in which i = ¢ =1),
provided that the radiating charged particle is
ultrarelativistic. In fact, with €; > m > w, and
at small ¢, the energy of the hard photon is given
by
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where €; and m are the initial energy and mass
of the particle, 4 and 6 are the angles of emis-
sion of the hard and soft photons relative to the
initial momentum of the particle, and y(w, 0)
=n(w)cos # — 1. From (1) it is clear that the
photons k are mainly hard when emitted inside
the narrow cone
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The maximum value k = kyy (w, ®) is attained
at 4 = 0:
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In the case of an electron, €, ~ 10!? to 10!'! ev
for soft optical photons and €; ~ 10" to 10 ev
for photons in the centimeter wavelength band
(with ® = 0). From (2) it is clear that when €,
R €, the maximum energy of the hard photons ap-
proaches €;. The radiation condition k > 0 is
satisfied when cos ® > 1/n(«) and the angle ®
is inside the Cerenkov cone.
Calculations have shown that spontaneous
emission of hard quanta in a two-quantum V.-C.
effect has low intensity and is heavily masked by

bremsstrahlung. We will not consider it here but
remark only that it apparently can be made ob-
servable by the use of coincidence techniques.

The intensity of hard V.-C. radiation can be
markedly enhanced by passing soft radiation of
sufficiently high energy density through the me-
dium, since the probability dwk,qo of induced two-
quantum emxssxon (which has been calculated by
Tsytovich (1] ) is proportional to the number N,

of soft photons per unit volume. We will consider
soft photons which are transverse, unpolarized,
and all having the same momentum gqg(qg, ®;). In
this case, according to (1), the angle of emission
of the hard photons is uniquely related to their
energy. For the spectrum of the energy lost by the
particle to Cerenkov emission of hard quanta we
obtain after some calculation:
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where
=137, no=n(wo), wo=gqo/no, Vo= (do/dq)e=c
&) = 89(000, 60), Qy =— 1/2 (i’Loz —_ 1)Yo—2 sin? 00.

In contrast to the bremsstrahlung spectrum,
the spectrum of (3) has a mainly triangular shape
with a maximum at the upper limit ky, = ky (wy,
®,). We present also the expression for the total
intensity of the induced losses to hard V.-C. radi-
ation for the case €; << €;:
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With wy=1lcem ™!, ® =0, n, = V;'= 10, N,
1020 ¢ ‘3, and €= 4X 101% eV we have €
=0.73 x 10" eV, ky = 2.2 x 10% eV and —de /dx
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= 3.3 eV/cm. This amounts to about 107! of the
bremsstrahlung losses in the soft part of the
spectrum below kpy (in light elements).
However, V.-C. radiation is due to long-range
interactions, in contrast to bremsstrahlung which
is associated with near collisions. This lets one
hope that the effect considered can be observed
experimentally by injecting the particles into the
medium through a tunnel with a diameter that is
small compared with the wavelength of the soft
photon (in which case there will be no brems-
strahlung, whereas the V.-C. radiation will be
only slightly altered). We note also that —de/dx
increases proportionally to Ng, wgy, and e%. With
wy from the optical spectrum and N, ~ 102° ¢cm™3

one can attain values comparable with bremsstrah-

lung losses (under the condition, which is difficult
to fulfill, that the medium must withstand a suffi-
ciently high density of optical radiation).

If the angle @, exceeds the limits of the Ceren-
kov cone, cos ®; < 1/n, then instead of induced
emission of hard quanta paired with soft quanta,
there will occur radiation of hard quanta produced
from soft quanta (which is effectively Compton
scattering from the electrons moving in the me-
dium). Formulae (3) and (4) retain the same form
also in the case of the absorption of transverse
quanta, but in formulae (1) and (2) it is necessary
to change w to —w, because n{-w)=n(w). The
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question of the radiation of hard quanta following
the absorption of soft longitudinal quanta has
been considered by Ryazanov (2] and by Gailitis
and Tsytovich (3], Radiation following absorption
can occur even with ny = 1. The case ny =1 has
been considered in a number of works [4:5), and
the results obtained there agree with ours.
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