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This letter reports data on the spectrum of particles of the primary cosmic rays and
on the ratio of the proton flux to the flux of nuclei with z>2 over the energy interval
1-100 TeV obtained from experiments carried out on the Kosmos-1543 and
Kosmos-1713 satellites.

One of the basic problems in cosmic-ray physics is that of experimentally deter-
mining the energy spectrum of the primary particles at high energies. At the moment,
the spectrum of primary cosmic rays with energies ES1 TeV has been studied by
various methods,'? while the energy range 1-1000 TeV has not been studied adequate-
ly by direct experimental methods. In this range, the only experiment in which the
spectrum of all the particles, in terms of the energy per particle; has been measured
directly was that carried out on the satellites of the Proton series.”*° On the Proton
satellites, the spectrum of all particles was measured through a measurement of the
global flux of primary cosmic rays, without charge separation, by a calorimetric appa-
ratus of relatively small thickness (between 1.7 and 3.1 times the proton interaction
range A).

In an effort to study the energy spectrum and charge composition of the primary
cosmic rays at energies of 1-100 TeV, experiments have been carried out with the
Sokol scientific package on the Kosmos-1543 and Kosmos-1713 satellites.”* The pack-
age consisted of two types of Cerenkov charge detectors, which separated the primary
particles into charge groups: protons, a particles, M, H, and VH. The energy was
measured by an ionization calorimeter with an absorber 5.54 thick. The apparatus and
the criteria for selecting particles by charge within the solid angle are described in
detail in Refs. 4-6.

Figure 1 shows differential energy spectra of all the particles detected in both
experiments. These spectra were generated by summing the intensities of the various
charge groups. For energies above 0.1 TeV, Fig. 1 also shows data on the spectrum of
all particles from some reviews, ' in differential form. In these results, the data on the
intensities of the various charge groups which have been studied separately in various
experiments by various methods have been summed. Also shown here are indirect data
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FIG. 1. Differential spectrum of all particles. @—Present study; + —Ref. 1; O—Ref. 2; A—smal} extensive
air showers?; (J—Moscow State University'?; B—Akeno'?; dashed line—Ref. 2.

from small extensive air showers which were found in Ref. 2 on the basis of a model
which retained scaling. The dashed line is an approximation of the differential spec-
trum of all particles found in this study. The y” criterion for the agreement of our
experimental data with this approximation is y* = 0.61 per degree of freedom.

Figure 2 shows an integral energy spectrum of all particles from the Sokol data.
Over the energy interval 2-70 TeV this spectrum can be described by a power function
with an argument 7 — 1 = 1.60 + 0.04; the intensity of the particles with energies
E225TeVis (3.26 +0.11) X 10 >m~-cr "'*s™'. Shown for comparison are experi-
mental data obtained from the Proton satellites, data from Refs. 7-10, and an approxi-
mation of this spectrum proposed in Ref. 10. The energy scales in these experiments
were reconciled on the basis of the geomagnetic effect at an energy of 12 GeV (Ref.

E.‘J 0.2)
T
/N =
J
k
IS
Y gt
3 | 1 ] ' '
a1 ! 10 100 1000 E, Tev

FIG. 2. Integral spectrum of all particles. ®@—Present study; -+ —Refs. 8 and 9; O—Ref. 7; A—Ref. 10.
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10). The error in the determination of the exponent for the energy spectrum,
Ay = 0.05, due to the error of the energy measurements, could cause an error ~25%
in the intensity of the particles at ~1 TeV. The methodological uncertainty in our
data also leads to an uncertainty ~20% in the intensity.

A distinctive feature of the approximation of the spectrum of all particles on the
basis of the data from the Proton satellites (Fig. 2) is a step in the spectrum at 1-10
TeV, which the authors inferred from the steep primary-proton spectrum found in the
measurements.'® Figure 3 shows differential and integral (in the energy) ratios of the
intensity of protons to the intensity of all nuclei with z>2 according to the data from
the Sokol instruments. It can be seen from this figure that over the energy range for
which there is a reliable statistical base, up to 20-30 TeV, the relative number of
protons in the primary cosmic rays remains ~40%. For the integral (again, in the
energy) ratio there is an accumulation effect, so the low values of the ratio are asso-
ciated with events with energies greater than ~ 100 TeV, where the statistical base is
still shaky. Tabulated data on the charge composition of the primary cosmic rays
found in the Sokol experiment were reported in Ref. 11.
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