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THE study of the composition of the primary 
cosmic radiation in the energy region above 1014 

eV has previously been carried out either by anal
ysis of the structure of the cores of extensive air 
showers ( EAS) [!] or by comparison of the relative 
intensities of the electron and M -meson components 
of showers [ 2- 4]. 

In the present work we have analyzed the com
position of the primary radiation by study of the 
burst of Cerenkov radiation accompanying the 
passage of an extensive shower through the atmos
phere, and the total number of particles at the level 
of observation. We compute the fluctuations in the 
ratio of the intensity of the Cerenkov radiation 
burst ( Q) to the number of particles in the 
shower ( N). The results of calculations made 
with different assumptions about the primary 
composition are ·compared with the fluctuation in 
Q/N obtained from experiments[ 5,s] carried out 
in the Pamirs (elevation 3860 m above sea level). 

In the calculations the dependence of Q/N on 
the energy E~ of the primary nucleus of mass 
number A, which produced the shower, was as
sumed to be 

where 0! and {3 are the exponents in the relations: 
N ~ E~ and Q ~ E~. The experimental data of 
Chudakov et al. [ 5] on the Cerenkov radiation for 
showers with a number of particles N = 105 - 107 

at the elevation of the Pamirs yield a value 
{3 - Q! = 0.2 ± 0.05. 

Using the relation Q/N = f ( Er, A), we have 
computed the distributions of Q/N for two dif
ferent primary compositions, on the basis of the 
analogous distribution of showers formed by 

protons (see the figure). The latter distributions 
were obtained with the assumption that proton 
showers develop according to the scheme assumed 
by Nikol 'ski! and Pomanski1 [ 7]. 

In the calculations we took into account the fact 
that the difference in the development of showers 
produced by protons and by heavier particles 
causes the charge distribution of the primary 
particles to differ from the corresponding distri
bution of showers at the level of observation. We 
have introduced a correction coefficient 
K = AK-Y, where K and y are the respective 
exponents of the shower particle-number spec
trum and of the primary energy spectrum. In 
addition we took into account the increase in 
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Distribution of relative number of Cerenkov bursts in EAS 
at an elevation of 3860 m above sea level. The abscissa is 
the quantity (Qi/Ni)/(Q/N)- 1. Calculated distributions: 
dash-dot line - for the case when all showers are generated 
by protons, solid line - Assumption I, dotted line - Assump
tion II. Experimental data: (circles) 1955 experiments[•], 
(crosses) 1957 experiments[•]. 
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Composition of primary Corresponding distribution of EAS at 
radiation (in %) mountain altitude (in '7o) 

I Assumption I I Assumption II Assumption I 

I 
Assumption II 

p (A= 1) 27 8 
ct (A=4) 27 11 
M (A=14) 14 
H (A =31) 19 
VH (A= 51) 13 

counting efficiency for showers formed by 
primary protons, due to fluctuation in the shower 
development [8] . 

The first composition assumed (I) corresponded 
to the direct experimental data on the primary 
composition at the edge of the atmosphere in the 
energy interval 10 10 -10 12 evC8 •9]. In the second 
set of calculations (II) we assumed a primary 
composition enriched in heavy particles, corre
sponding to an increase in the exponent y of the 
integral energy spectrum by an amount D.y = 0.5 
in the energy interval 1011 -1015 eV. Here the 
energy interval of the change would be shifted 
towards the high energy region in proportion to 

21 
32 
28 

the charge of the primary particle. The composi
tion of the primary radiation and the corresponding 
relative number of EAS observed at mountain alti
tude for these two assumptions are listed in the 
table. 

The calculated distributions of the ratio of the 
intensity of Cerenkov bursts Q to the number of 
particles N in an EAS are shown in the figure, 
where it can be seen that the distributions depend 
appreciably on the primary composition. The same 
figure shows experimental data for showers with 
N ~ 106 at the elevation of the Pamirs 
( E 0 ~ 1015 eV), obtained by Chudakov and others 
in a series of experiments [ 5•6] in 1955 and 1957. 
Distributions are shown of the deviation of Qi/Ni 
for the showers recorded from the mean value 
Q/N at a definite distance from the axis. The 
agreement between experiment and the calculation 
based on the composition of the primary radiation 
at an energy of 1010 -1012 eV is evident at a 
glance. 

We must keep in mind that the fluctuations ob
served in the experiment include measurement 
errors characterized by an average deviation of 
0.25. If, after calculating the spread due to meas
urement errors, we evaluate the consistency of 
theoretical and experimental data by means of 
Pearson's x 2 distribution, then we obtain, for 
assumption I, p(x 2 ) = 0.12 for the 1955 measure-
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24 15 

I 

11 20 
12 27 

I 
7 25 

ments and p ( x 2 ) = 0.16 for the 1957 measure
ments. According to this criterion, the distribu
tion for assumption II, corresponding to a primary 
composition enriched in heavy nuclei, does not 
agree with experiment: p(x 2 ) s; 0.001 for the 
1955 measurements and p(x 2 ) = 0.025 for the 
1957 measurements. 

It must be noted, however, that the accuracy of 
the presently available experimental data and the 
scarcity of information on the elementary interac
tions of particles with energies of 1015 eV do not 
yet permit us to draw a final conclusion on the 
identity of the primary composition at high energy 
( ~ 1015 eV) with the composition at low energies 
( 1010 -1012 eV). 
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