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The absorption path for the nuclear-active component of cosmic rays with energies up to

2 X 10%? eV was measured in aluminum and lead. The results of the measurements were used
to determine the value of the exponent in the formula for the dependence of the nuclear inter-
action cross section on the atomic weight. The exponent is found to remain constant at 2/3 up

to 1012 eV,

THEORETICAL investigations[” predict changes
in the transparency of the nucleon at high energies.
This can lead to an energy dependence of the cross
section for inelastic interaction between nucleons
and nuclei.

Measurements with accelerators show that up to
30 BeV the cross section for inelastic interaction
of protons does not vary with energy, and according
to data obtained from cosmic rays the interaction
path in air depends on the energy and decreases by
30% as the energy increases from 10! to 10! eV[?],
Other cosmic-ray investigations show that the
inelastic-interaction path of nucleons with energy
1011—10'? eV coincides with the path at 10" eV.

The absorption path of nuclear active particles
is connected with the interaction path and also with
the inelasticity coefficient?! , and consequently
measurements of its value in different substances
and at different energies of interacting particles
give information on the dependence of the interac-
tion cross section on the energy and on the atomic
weight of the substance.

We constructed, at an altitude 2000 meters above
sea level (Nor-Amberd) an array (Fig. 1) containing
an ionization calorimeter, two spark chambers
(100 X 60 X 12 ¢m) placed over the calorimeter,
and a hodoscopic system of Geiger-Muller coun-
ters'4]. The ionization calorimeter makes it possi-
ble to establish the operating threshold of the re-
cording system and determine the energy spectrum
of the nuclear-active component. The spark cham-
bers together with the hodoscopic counters are
intended to determine the character of the shower
accompanying the high energy nuclear-active par-
ticle. The chambers are also intended for the study
of nuclear interactions in the matter between them,
but this study has so far been made difficult by the
shower accompaniment.

Rows I and II of the Geiger counters are connec-
ted for coincidence with the ionization calorimeter.
The event-registration system is triggered when a
charged particle (particles) passes through these
rows and produces in the calorimeter a local
shower with a particle number higher than the
threshold value.

The absorption path of the nuclear-active
cosmic-radiation component was determined from
the change in the number of operations of the ion-
ization calorimeter on which was placed lead
(178.0 g/cm? or aluminum (89.7 g/cm? alternately
(with a regular period of approximately two days),
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FIG. 1. Schematic diagram of the array in two projections:
USC and LSC — upper and lower spark chambers, I — VII and
0 — rows of Geiger-Muller counters, 1 — 9 — rows of ioniza-
tion chambers of the calorimeter, where the crosses denote
chambers connected for coincidence, P/R — spark-chamber
photorecorder.
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- Counting rate for different 2
Th;ledsh u  bsorbers Path L, g/cm
ti- «
c(lia;;.) N air l Nal l Npp Al ] Pb
1500 3.66+0.12 | 3.024+0,09 | 3.03+0.09 | 388+84 7804146 | 0.6640,14
3000 1.6940.07 | 1,40-+0.06 | 1.39+4-0.06 425+ 120 8114212 0.68+0.19
6000 0.67+0.02 | 0.56+0.03 | 0.55+0.02 | 4314128 798+208 | 0.70+0.19

thus eliminating errors connected with time-depen-
dent factors. In this case the absorption path is

L= Xpat/In(Nyip /Npat)» where Xy 5¢ is the thick-
ness of absorber above the array, Ny, ¢ is the
counting rate in the presence of the given absorber,
and Nyj, the counting rate in its absence.

The absorbers placed over the array had an area
112 x 82 cm and subtended completely the solid
angle defined by the counter rows I and II (occupy-
ing an area 100 X 55 cm each) and by the calorime-
ter with average area (of the ionization chambers
connected for coincidence) 140 X 100 cm. In spite
of this, the shower accompaniment could give rise
to cases when high-energy nuclear-active particles
passing through the absorber over the array were
registered. The contribution of the ‘‘imperfect”’
geometry was taken into account under the assump-
tion that the angular distribution of the emitted
particles is of the form R(6) = R(0) cos® 6%, with
account taken of the efficiency of oblique-particle
registration.

The measurement results obtained after 4900
hours of operation are listed in the table, where
thresholds of 1500, 3000, and 6000 particles corre-
spond to the energies 4 x 10!, 8 x 10!, and 1.6
x 10! eV, if we assume for the energy spectrum
of registered particles the formula N(E)dE
= cE3dE.

What is striking is the excessively large path
values listed in the table. They cannot be attributed
to measurement errors. A difficult-to-account-for
error source is the imperfect geometry of the ex-
periment, but an analysis has shown that their
maximum value is smaller by several times than
statistical errors listed in the tables, and these
cannot lead to the observed excessively high ab-
sorption path.

The electron-photon component cannot lead to an
increase in the absorption range and, to the con-
trary, is more likely to lead to a decrease. It must
be noted, however, that in order for a discernible
burst to be produced in the calorimeter, the elec-
tron-photon component must traverse not less than
25 t-units. As is well known, this much matter is
sufficient to absorb practically all the electron-
photon components. Consequently, its contribution
to the registered bursts is negligible and cannot
change the results.

The bursts produced by the high-energy muons
can increase the absorption path. At the present
time there are no reliable data on the fraction of
bursts due to muons at 2000 meter altitude. Assum-
ing that they amount to 10% of all the bursts regis-
tered by the installation'®!, we find that the resul-
tant overestimate of the absorption path is not more
than 10% and cannot influence noticeably the results.

A more probable cause of the increase in the
absorption path is the incidence of more than one
high-energy nuclear-active particle on the array
simultaneously. Assuming that their mean number
is n, we obtained the dependence of the absorption
range L = ¢(n). Figure 2 shows a plot of the ex-
perimentally obtained ratio Njj/N,j,, at a thres-
hold of 3,000 particles. Knowing the average num-
bers of particles simultaneously incident on the
array, we can determine with the aid of this plot
the true value of the absorption path of the nuclear-
active particles.

The obtained experimental values of the absorp-
tion path in lead and in aluminum were used to
determine the dependence of the cross section of
nuclear interaction on the atomic weight of the sub-
stance. The last column of the table shows the
values of the exponent of this dependence, the form
of which is

(1)

It was assumed here that the measured values of
the path differ by a constant factor from the inter-
action path given by formula L;,; = A/Nj =oxa
(Np is Avogadro’s number, oNA is the cross sec-
tion for the nucleon-nucleus interaction).

Ona = const-A4%,

L, g/cm®
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FIG. 2. Plot of absorption path L against the number of
particles n simultaneously incident on the array.
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The fact that this assumption is not very rigor-
ous cannot introduce a noticeable error in the value
of a, since the latter is determined by the ratio of
the path in lead to the path in aluminum. For the
same reason, the contribution of the muon bursts
and lack of allowance for the imperfect experimen-
tal geometry are not significant in the determination
of «, it is merely necessary that the lead and the
aluminum absorbers have equivalent thicknesses
and a similar geometrical arrangement. As al-
ready noted, this was effected, and the small differ-
ence was allowed for in the calculations.

Starting from the foregoing experimental data,
we can state that with increasing energy the expon-
ent in expression (1) does not increase noticeably,
and remains equal to 2/3 up to ~ 102 eV. It must
simultaneously be noted that for a final solution of
the problem of the dependence of the cross section
of the energy of the interacting particles, it is
necessary to determine, besides the absorption
path of the nuclear-active component at different
energies, also the average number of high-energy
nuclear-active particles incident simultaneously
on the array.
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