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IN a previous paper (1] the author evinced the
presence of a moving excess negative charge in
electron-photon showers and its associated co-
herent radio emission. In the present article
some calculations are made concerning this co-
herent radio-emission, from which follow several
new possibilities for registering showers by their
flashes of radiation. It is shown in particular that
at small Cerenkov angles (for example as for
showers in air) the conditions for coherence are
fulfilled even for wavelengths much smaller than
the dimensions of the particle cluster in the
shower. The role played by the shower core in
bringing energy to the working layer during regi-
stration of the radio emission in dense media is
also noted.

We consider the coherence conditions for radi-

ation from excess charge in a shower in a medium.

This charge,
Q =~ e(N.— Np) = 0.1eN,

at maximum shower development is distributed
proportionally to the density of particles in the
shower (The shower particle cluster, after
traveling a distance L in the medium, has a
longitudinal dimension z much smaller than the
transverse dimension p; indeed

p= Lbs; z~ LAv,/c ~ L(1 — cos 8;) =~ LB:2/2,

i.e.,, z/p % 8g << 1). Therefore the cluster may
be taken as very thin and we consider only the
radial distribution of charge density o (p). The
interference factor &, obtained by integrating the
retardation over the cross sectional area of the
cluster, is (c’ is the light velocity in the medium )

® = Lo, d = o o) i

It is easily seen that
o
pn = psinBcos (g —P), ?l—n\ e g =T, (x),
o
therefore

—nS ( ,psmﬁ a(p)p dp.
Q5

It is already evident from this that for
(w/c’)peff sin 6 < 1 the charge distribution radi-
ates like a point charge, i.e., the radiation is pro-
portional to the square of the charge. Since
Cerenkov radiation power increases with increas-
ing frequency, the maximum frequency of coherent
radiation, given by wmax = ¢’/peffsin 9, i.e.,
Xfin ® Peffsin 6, is of most interest. For the
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Cerenkov angle (denoted by 6;) we have

sin 6, = v1 —1/n2B2. In the atmosphere, for exam-
ple, sin 6, ~vh? —1 = 3 x 1072, For a maximal
cluster radius peff ~ 30 m in an air shower we
obtain Amin ~ 6 m which is most effectively de-
tected in the meter wavelength range. The radi-
ated power is

LQ? Le?
72 P2 g sin om0 ~ 1027 Nesin? 0o (Aw)?,
1c? c?

if the time over which the signal is detected is
determined by the bandwidth r ~ 1/Aw. For a
radiation formation path in the atmosphere of

L ~1km, Aw/w ~ 1072 and for N R 10! parti-
cles at the shower maximum (the energy of the
primary particles being €, 2 1018 eV), the pulse
power will be I 2 10"*W, which is quite sufficient
for detection. If a radio-emission pulse, arriving
at the earth from a height of h ~ 10 km, has a
radius R of several hundred meters

(ABp &~ %'/ Lsin By =~ 6y = 3-1072; R ~ h6y = 3-10° m),

then the signal field intensity E ~ R™!vVI/c
~ 10%uV/m, which is many times greater than the
amplitude of noise interference, Epgige ® 30 uV/m.
The detector antenna need not be directed up-
wards. Detection of radio emission scattered from
the earth’s surface or reflected obliquely from the
beam is also possible, which simplifies remote
collection of signals from a large area. Reception
of scattered radiation permits the indirect regis-
tration of even very small pulses of radio-emis-
sion (small Cerenkov angles, small elevation at
maximal development of very powerful showers).
We note that the frequency dependence of the
interference factor can be worked out in greater
detail using the actual form of the particle density
distribution in the shower. The empirical formula
oN ~ (A/p )e'p/a is frequently cited. It corre-
sponds to the density of excess charge
o~ (Q/2map )e—p/a and the interference factor

o142 sme\zrb.
L c /

In this case the decrease in the interference fac-
tor is less marked and is even overcompensated
by the increase in signal intensity with frequency,
i.e., it is possible to go to shorter wavelengths.
For more pronounced localization, as in the case
of a Gaussian distribution for example,

o(p) =~ (Q/na?) exp {—(p/a)?},
the interference factor
@ = exp {— (aw sin 6,/ 2¢")?}

depends very strongly on frequency; decreasing
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the frequency of the detector leads to a sharp de-
crease in the received power.

When the coherence condition is satisfied the
intensity ratio for coherent and incoherent {21
radio emission in one and the same frequency
range is Icoh/Ilincoh & 10"2N > 107 for a shower
particle density N > 10%. This means that the
coherent radiation is preferred for registration
of very rare showers of very high energy parti-
cles. The efficiency is also increased by the
strong quadratic dependence of the signal intensity
on the number of particles in the shower, i.e., on
the energy of the primary particles.

In some cases there is interest in the registra-
tion of showers in dense media. The air shower
core may play an essential role in the generation
of radio emission in dense media, guaranteeing
the transfer of energy concentration to the working
layer in which a radio-emission producing shower
is generated. Possible working layers are: for
internal radio detection—substances which absorb
or scatter radio waves weakly (an ice layer,
permafrost, very dry rock, etc.); for external de-
tection—substances securing the transfer of radi-
ation to the outside by means of scattering in the
medium (in this case, in view of the small radio-
emission path in the medium, even media having
poor dielectric properties can be used). It is in-
teresting to note that with increasing primary
particle energy, the point of maximum develop-
ment of the shower approaches the earth’s sur-
face which also directs attention to the registra-
tion of showers in dense media. Some problems
concerning the registration of particles with very
high penetrating power by the radio-emission of
the showers they produce in dense underground
layers and on the moon are considered in(1],

In conclusion I thank Prof. E. L. Feinberg and
G. T. Zatsepin for valuable advice and discussions
of the results.
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