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ENERGY SPECTRI AND COSIC RAY CQMPOSTIION IN WHE REGION OF ENERGIES
HIGHER THAN I TRV INVESTIGATED ONBOARD 'HE “COSUOS-IS43" AND "COSQuOS-
-I71I3" SALELLTIES

IP.Ivanenko, I.D.Repoport, V., Ya.Shes-toperov, Yu.V.Basina, P,V ,vakulov,
Yu.Ya.Vasiliev, RJu.Golinskaya, ywP .®xrdeev, L.B.Grigorieva,A.E Kaza-
kova, V.DXozlov, IP Xumpen, L,.GJMischenko, V M Nikanorov, L.P Papina,
V.V . Platonov, G.A.Samsonov, L.G.Swlensky, V.A.Dbinyalov, G.E Jambov-
tsev, Yu.V.Irigubov, I Fateeva, AN.Fedorov, L.,A.Hein, L.0.Chilova,

V.. Ya.Shiryaseva, B.M.,Yakovlev, I.V.Yashin

Institute of Nuclear Physics, Moscow State University,
lio scow I19899, USSR

The results of measurements of the energy spectrum of protons, He
nuclei and nuclei of the Ii, H and VH grouwps in the energy region 2.701
-I &V are presented. ‘he spectrum power indices and the charge com-
position are mot a strong energy functlon significant for statistics,

lMeasurements onboard the satellites were made with the "Hkol" appa~
ratus (Vermov et al I985, Grigorov et al I988) comprilsing Cerenkov cha-
rge detectors (DZ) and ionization calorimeter (IC) with thickness of
~ 5,5 nuclear path for protons, allowed to reconstruct the detected par-
ticle tracks with an accuracy of I cm at a DZ level, Events were selec-
ted w ithin the apparatus w orking aperture with account for this wmcer-
tainty (Ivanenko et al T986). 'he effect of backscattered secondaries
from IC proved to be inessential to separate protons from He nuclei
(their "overlap" did rnot exceed several percent) and for charge resolu-
tion of muclel with 2> 6, which represented~Q0.4 of charge unit for the
M group and~I for the VH one, A systematic error in a particle energy
determination is valued at~(I2-I0)%, the mean value of energy release
detected in IC being ~(0.74-0.80)E, (for the first and second experi-
ment, respectively) (Ivanen-ko et %1 1989). The threshold condition re-
cording analysis has shown that the requirement for the energy release
in IC to be above the threshold value of I.2 TeV and mot less than 22G/
in each of m a1y its rows, does mot lead to the discrimination of both
protons and He nuclei in the energy region of E22 .Y TeV for m=5 (the
second experiment) and in the range of E»4 TeV for m=(/-8) (the first

experiment; 27% of the second experiment time) provided that particles
with the first interaction in the upper three IC rows (in the first ex-
periment with that in the upper two rows) are selected. The threshold
conditions do mot lead to the discrimination of nuclei with Z>6, begin-
ning from the energy E = 2 TeV._The particle detection efficiency within
the. Working aperture (2 20 cn?ster) for the selection moted was 0.36-
-0.59 in the case of protons; 0.55-0.77 for the He nuclei and~I for the
nuclel w ith 2>6 for the first and second experiments, respectively.
The total effective time of the two experiments is 59 hrs, the first
experiment comtribution being~ 4%,

The differential and integral spectra of protons obtained with data
of the two experiments are shown in Figs.I and 2 where they are compared
with the results of other authors. The spectrum fits well the previous
measurements in the region E<I TeV (Ryan et al 14972, Grigorov et al
1970) agrees with the results of (Burmett et al I983) and at E>ID leV
it contradicts the data of (Varkovitskaya et al. I988). Our data do not
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conflrm spectrum steepening from E~I-2 TeV reported in (Grigorov et al
I970).

')l'he spectrun of He nuclei (see Flg.3) fits well the results of
(Burnett et al I987). The intensity differs from the extrapolation of
data obtalned earlier up to~I TevV (Ryan et al 1972, Grigorov et al
I9/0). The ratio of proton to nucleus fluxes is I.1+-9.2 by our present
data, 2,3 0.2 by data of (Ryan et al 1972), and 1.820.3 by data of
(Grigorov et al TY7/T).

Fig.4 shows the differential spectra for the M, H and VH nucleus
groups compared with data of (Juliusson IY74, Sinon et al I980).

The spectrum of all particles (see Fig.5) obtained by sumning data for
individual components extrapolates well the results of direct measure-
ments at E£XI Tev (Ryan et al 1972, Simon et al I980, linsley 1983)
to EAS results. The obtained intensity values moticeably exceed the
data of (Grigorov et al I970) in the region E2I0 TeV. Approximation
of the spectra by the power law yields the following integral indices
¥ for various components: in the energy region E> 2.5 TeV ¥ o I.67-

10.10; Yo = LITR0.I0; Y, 0 = L.55%0.07; ) 99 = 1.63%0.05; in
the energy region ED IO TeV Kp = 2.0T%0.3Y, XHe = I,43%0.26, Xza &
=L4gt0.T7, Y 37 = 1.56%0.I3.

The intensity of all-particles flux with energy E2 2.5 TeV is

(3.26%0.1I7) 'IO'Qm'Qster'Is_I obtained in our experiment.

Data on the relative charge composition of particles are listed in
Table I for two energy regions.

Table T
The "Sokol" experiment Review (linsley 1983)
(in percent) (in percent)

ety range, > 2.5 > 10 >1 > 10
D 3983 3657 43 38

He 28 &2 256 19 19

M I3tI (TR I3.9 3

H I0-I oty I15.1 I6

VH IOt Iot3 9.6 o

The joint analysis of readings of two charge detectors (I®-I and
I2-2) usually used to attain better charge resolution (Juliusson I974,
Simon et al 1980, Grigorov T989) allowed both to separate nuclei in
the range 6<£2 £Th more correctly than in (Grigorov I98Y) and to obtain
guantitative data on the relative composition for each chemical element
in this region. These data are listed in Table 2 where they are compa~
red with the results of (Shapiro & Silb-erberg I975) for E> 4 GeVmuc-
leon (recalculated to emergy per particle under assumption of ¥ =I.6).
Fig.6 presents the ratio of the differemntial and integral proton spec-
trum to that of muclel with 2> 2. It can be seen that in the region to
~ & TeV where sufficient statistics is avallable, the charge composi-
tion is close to the "ormal®one with the proton fraction about 40/%.
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At high energles the proton fraction decreases that is due to both
some deficlency of protons and abundance of nuclei. lowever to make de-
finite conclusions in this region, the statlstical material avallable
is insufficlent.

Table 2
Nuclel C 0 Ne ez Si
The "Hkol-2" experiment 7751 100 46-8 39ty 38
(in percent)
Shapiro M. and Sllberberg R.
1975 6353 100 23%3 3683 34ts

(in percent)
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