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AT ENERGIES 10'°—10" eV ON BOARD THE SATELLITES
PROTON 1, 2, AND 3
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The values 02 and 0} were measured on the satellites Proton 1. 2, and 3 at proton

energies of 20 to 600 GeV. o increases by 20 + 59 in this energy range. o} was

measured by means of the difference method using polyethylene and graphite targets.
Errors of the o, values were 8 to 20%. An energy dependence of o3 similar to that
obtained for o, cannot be excluded in the same energy range.

The cross-sections of inelastic proton-proton and proton-carbon interactions
at energies of 10°—10'2 eV were measured on the satellites Proton 1, 2, and 3,
by means of the SEZ-14 installation [1] and the “leaving the beam” method. The
SEZ-14 installation consisted of two independent and identical apparatuses. The pro-
tons were selected by two proportional counters measuring the charge passing through
the graphite or polyethylene targets which were placed in and removed from the
apparatuses alternately. The interaction detector consisted of a scintillation counter
with a lead sheet 2.5 cm thick above it. It selected cases when a single relativistic
particle with unit charge passed through the counter. The proton energy was measured
with an ionization calorimeter. Thus, in this experiment, the cross-section was
measured for inelastic interactions in which at least one of the following processes
occurred in the target:

(i) at least two charged particles (n, = 2) with ranges R = 28 g/cm? of lead +
5 g/em? of plastic scintillator material were produced, and/or

(ii) at least one particle decaying, with a lifetime of >10-1° sec, into y-quanta
of a total energy of E, = 500 MeV was produced, and/or

(iii) a proton gave rise to a neutron via charge-exchange (n, = 0).

The experiment on Proton 3 differed from those carried out on Protons 1 and
2 inasmuch as both parts of the SEZ-14 apparatus were provided with direction
detectors (Cerenkov counters) which made it possible to select the particles entering
the apparatus from the side of the inlet window. Since the direction detector decreased
the geometry factor of the apparatus considerably, the measurements with this detec-
tor could serve for a check-up only. For this reason, the direction detector
of the second part of the SEZ-14 apparatus was connected to the detection system
in such a way that the measurements could be carried out both with or without
the direction detector.

Preliminary results of the measurements carried out on the satellites Proton
1 and 2 were published in [2—4]. Since that time the evaluation of all available
primary information except of the orientation of the satellites Proton 1, 2, and 3 has
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been completed and the equipment parameters, instrumental effects, and physical
processes affecting the measured values of the cross-sections have been accounted
for more accurately.

Table 1 lists the values of the average thicknesses of the targets calculated by
taking into account the complex configuration of the graphite target and the differ-
ences between the various targets of the instruments installed on different satellites.

Table 1
Polyethylene target Graphite
target

Satellite - - e
xP | xb Xy x£ Axe = x§ — xP

gem—® gem™* gem™* gem™* gem—?

Proton 1 36.1 | 309 5.2 33.8 2.9

Proton 2 35.8 | 30.7 5.1 331 ! 2.4

Proton 3 ‘ 36.7 31.5 5.2 344 2.9

x¢ and x? denote the mean carbon content of the graphite and polyethylene
targets, respectively. xJ; is the mean hydrogen content of the polyethylene target.

The values of a}'} measured at energies close to each other and obtained in
various measurements agree well with each other except for the data obtained on
the second half of the Proton 2 apparatus. In this measurement the values of ajj‘c are,
at all energies, some 109 less than those obtained in other measurements, though
the relative increase of the cross-section with energy remains the same. An analysis
of the operation of the instrument has shown that the counting rate of the scintillation
telescope consisting of the interaction detector and the lower scintillation counter
increased abruptly, probably because of an increase in the noise of one of the photo-
multipliers. This resulted in a decrease of the counting rate of the protons detected,
and the counting rate without a target was decreased more considerably than that
with a target. The data obtained in this series of measurements were excluded from
the analysis. For similar reasons a small amount of information obtained with the
first part of the instrument at the end of the flight of Proton 2 (beginning with the
720th revolution) was also excluded.

When - analyzing the latitude dependence of the detected proton intensity,
spurious coincidences between the scintillation telescope detecting protons with
energies of several GeV and the ionization burst detector were found at high lati-
tudes, whereas the contribution of spurious coincidences remained small in equa-
torial regions. Since the number of spurious coincidences could not be determined
with sufficient accuracy, data obtained in equatorial regions only were taken into
consideration when determining cross-sections. The mean value of the a},‘; values
obtained in various phases of the measurement and weighted with the reciprocal
values of their respective root mean square errors was calculated. The values obtained
were corrected for the absorption of protons in the duralumin frame of the graphite
target as well as for the production of d-electrons. The value of the first correction
tends to bé smaller at high energies, if oiy;= 400 mb remains constant with increas-
ing energy, whereas the value of the second correction changes from —29% to —49

Akadémiai Kiadé - Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1970ICRC....3..211A

FT970ICRC. C .32 T2

AKIMOV et al.: INELASTIC CROSS SECTIONS 213

with increasing energy. The values corrected for the effects mentioned above are
shown in Fig. 1 for four series of measurements together with the results of measure-
ments of o) carried out with the second half of the Proton 3 apparatus having the

in

direction detector joined to it. To reduce the errors of the o,; values at 150 GeV,
results of measurements with the polyethylene target were also taken into considera-
tion. The value of ag; was assumed to be 30 mb in this case. It has been shown that
no spurious coincidences affected the measurements with the direction detector.
Thus, to calculate oi,‘}, it was possible to use all the data obtained during the measure-
ments. During the detection with the direction detector the protons did not pass
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Fig. 1. The weighted mean value of ¢ according to measurements carried out on satellites
Proton 1, 2, and 3. 1 — without direction detector, 2 — with direction detector

through the massive elements of the target frames while the direction detector was
in operation. Thus, no correction for absorption in the target frames was necessary.
Correction was made only for the production of J-electrons.

It can be seen in Fig. 1 that the results of measurements with the direction
detector agree well with the results obtained without this detector. It can also be seen
in Fig. 1 that the measured value of a},“c increases by 20 + 59 in the energy range
under consideration.

To determine o™

i, the mean value of the ratios of the counting rates obtained

I . .
with graphite and polyethylene targets, <I—C> , was calculated for adjoining periods

. CH3 .
of measurement. The values of o}, were then found on the basis of the following

expression:
n i
in _ 1(2,1112, + _O-é Axc

P XP N, A X5’

(2
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where X%, the amount of hydrogen traversed by the particles in the polyethylene
target, and Ax,, the excess of carbon in the graphite target compared with the poly-
ethylene target, should be expressed in units of gcm~2. N, is the Avogadro number,
and A is the atomic weight of carbon. The value of aj,‘i. was taken from the experi-
ment.

The values of o5 were determined on the basis of data obtained in the equa-
torial region, so as to avoid corrections for spurious coincidences. Neither was it
necessary to correct the data for the absorption in the target frames, since the frames
of the carbon and polyethylene targets were identical. Only the correction for the
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Fig. 2. The weighted mean value of ¢ according to measurements carried out on satellites
Proton 1, 2, and 3. 1 — without direction detector, 2 — with direction detector

production of d-electrons was carried out. The weighted mean values of o}, as
obtained during the four series of measurements are shown in Fig. 2, where the
value of ¢ measured by means of the second half of the Proton 3 apparatus with
the direction detector is also shown. The latter value agrees well with those measured

without a direction detector.
%

The authors are indebted to A. S. Zhdanov, N. M. Gordeeva, E. V. Troitskaya, L. P.
Maslova, and M. 1. Ivanova for their help in evaluating the experimental data.

References

1. N. L. Gricorov, G. P. KAKHIDZE, V. E. NESTEROV, 1. D. RAPOPORT, I. A. SAVENKO, A. V.
SMmirNov, A. F. Titenkov, P. P. SHisHkov, Kosmicheskie Issledovanija, 5, 383, 1967.

2. N. L. GriGorov, V. E. NesTErROV, I. D. RAPOPORT, 1. A. SAVENKO, G. A. SKURIDIN, Kos-
micheskie Issledovanija, 5, 420, 1967.

3. R. N. BasiLova, N. L. GriGorov, V. E. NEsTEROV, I. D. RAPOPORT, 1. A. SAVENKO, G. A.
SKURIDIN, Izv. Akad. Nauk SSSR, Ser. Fiz., 31, 1450, 1967.

4. N. L. GriGorov, V. E. NESTEROV, I. D. RAPOPORT, I. A. SAVENKO, G. A. SKURIDIN, Proc. 10th
Int. Conf. on Cosmic Rays, Calgary, Part A, 512, 1967.

Akadémiai Kiadé - Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1970ICRC....3..211A

