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The nature and the momentum spectrum of nuclear-active cosmic-ray particles in the atmos-
phere were investigated at 3250 m above sea level using a magnetic mass spectrometer and a
five-layer proportional counter. In the momentum range 100—720 MeV/c, a ratio Np+/Np-

= 0.90 £ 0.15 has been obtained for the cosmic-ray nuclear-active particle flux. T mesons
comprise about 5% of all particles in the 1.8—22 BeV/c momentum range, and not more than
10% of the particles with momentum = 1.8 BeV/c.

IN experiments devoted to the study of the nature At mountain altitudes, the star-producing par-
and of the energy spectrum of particles produced ticles with low-energies are mainly nucleons. Low-
by cosmic rays, the nature and the energy of the energy m mesons produced in stars decay before
primary particles remains, strictly speaking, un- interacting, not far from the place of production.

known in the majority of cases. However, when In the high-energy range (~10 BeV), the mean
using cosmic-ray particles for a study of the in- free path of the m mesons before decay is of the
teractions at energies not accessible to accelera- order of the nuclear mean free path, and in the
tors, it is necessary to know the composition of production processes the contribution of m mesons
the primary-particle flux. to the secondary particle production should there-

FIG. 1. Diagram of the apparatus in two
perpendicular sections.
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Character of Passage of Nuclear-Active Particles with
Momentum 1.8—22 BeV/c through the Absorbers of the

Apparatus
Character of interaction of particles in the absorbers
Method of selection of nuclear-| Products [Products which Remaining
active particles and the 'series wth%ch did tfﬂYelt:l%‘; :fg’rs N N events of
f s ents not traverse |XIIL 8 + assage
of me asurem: tray XTI, ¢ r:Z 5, m22), stop " \star l:hrou ggh
Nstop star absorber
RSN
1. Interactions in the absorbers
of the apparatus: X
Series A 188 3 5% 1* | 193 4 | Cannot be dis-
Series B 13 2 15 0 28 2 tinguished
from |1 mesons
Total: 201 5 | 20 1 21 | 6
2. Production of particles above
the apparatus in nuclear 5
interactions. Measurements
under 25 cm Pb "r 5 1 1 2 6 3 20

*Anticoincidences (I +II + IIT + IV + V — XIII).

fore increase with increasing energy.

The purpose of the present experiment was to
determine the relative number of T mesons in the
flux of nuclear-active particles of cosmic radia-
tion in the energy range > 1.8 BeV/c.

1. INSTRUMENTATION

The experiment was carried out at 3250 m
above sea level (Mount Aragats, Armenia) using a
magnetic mass spectrometer.

A cross section of the instrument is shown in
Fig. 1. The apparatus consists of a mass spectro-
meter (magnetic field intensity 6850 Oe), a hodo-
scope placed above the spectrometer, 1 3 five-
layer thin-wall gas proportional counter,m and
five scintillation counters.'® The design enables
us to measure the momentum and the specific ioni-
zation for particles traversing the magnetic field,
and to determine the character of their passage
through lead and copper absorbers placed below
the spectrometer.

The root-mean-square errors of the momentum
measurement at 2 and 20 BeV/c amount to 10 and
80% respectively. The specific ionization was de-
termined for individual particles with an average
error of +14% using the gas counter, and +10%
using the five scintillation counters.

The amount of matter above the instruments
(roof of the building) amounted to not more than
5 g/cm?® of wood and 1 g/cm? of steel.

2. SEPARATION OF NUCLEAR-ACTIVE PARTI-
CLES OF THE AIR FLUX FROM ELECTRONS,
¢ MESONS, AND PARTICLES PRODUCED IN
THE APPARATUS
Exclusion of electrons. A lead plate 17 g/cm?®

thick was placed above the tray H; of the hodo-

scope (Fig. 1) to decrease the background of elec-
trons.

A hodoscope surrounding the first three absor-
bers [11.5 g/cm? Cu + (16.65 + 16.8) g/cm? Pb,
i.e., 0.87 + 3.2 + 3.24 cascade units] was used as
a detector of the electrons that traversed the mag-
netic field. To exclude the electrons, all particles
which produced in these three absorbers showers
with particles that did not penetrate into the fol-
lowing copper absorber (44.2 g/cmz) were ex-
cluded from the analysis.

Exclusion of particles produced in the apparatus.
All particles produced by neutral radiation or in
stars in the hodoscope above the magnet were ex-
cluded.

Exclusion of p mesons. The problem of dis-
tinguishing between nuclear-active particles and
¢ mesons was studied by G. V. Khrimyan,m who
showed that events of stopping not due to ioniza-
tion, scattering at an angle greater than two-root-
mean-square multiple scattering angles, and
‘“large’’ stars (of the type n = 5, m = 2),* are

*Stars produced in the hodoscope sandwiched between
absorbers are characterized by the numbers m and n,
where m is the number of trays penetrated by not less
than two particles of the star, and n is the number of ob-
served secondary particles of the star.[]
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due exclusively to nuclear-active particles.

Other types of interactions of nuclear-active
particles cannot be distinguished from electron
cascades produced by u mesons. Nuclear-active
particles were separated from p mesons using
the method proposed in 4] (large-angle scattering
events were not taken into account because of
selection difficulties ).

8. = MESONS IN THE FLUX OF NUCLEAR-
ACTIVE PARTICLES AT 3250 m ABOVE SEA
LEVEL

According to experimental results, 5715 the
cross sections for the inelastic nuclear interac-
tions of 7+ mesons and nucleons with nuclei are
equal within the limits of statistical error (=15%),
and are independent of the particle momentum in
the range = 2 BeV/c.* The fraction of 7 mesons
in the flux of nuclear-active particles of cosmic
radiation can therefore be determined from the
number of positively and negatively charged par-
ticles that undergo inelastic nuclear interactions.
In the present experiment, we have used the re-
sults of two series of measurements: Series A
(coincidences of I +II +1III + IV + V — XIII), in
which the apparatus recorded mainly the particles
absorbed together with their secondary products
in the absorbers, and Series B (coincidences I
+ II +III + IV + V), in which the apparatus re-
corded all particles.

Detailed data on the character of the passage of
positive and negative ‘“primary’’ particles through

the absorbers in the two series of measurements
A and B are given in the table. The data show
that the ratio N*/N~, within the limits of the
statistical errors of the experiment, is identical
for primary particles producing large stars with
penetrating secondaries and for particles which
undergo other types of nuclear interactions. This
means that we can use the data of both series of
measurements to determine the relative number
of T mesons in the cosmic-ray flux in air.

The momentum spectra of positive and nega-
tive particles with momentum = 1.8 BeV/c ob-
served in Series A are shown in Fig. 2a. Analo-
gous spectra obtained from Series B are shown in
Fig. 2b. In addition to particles shown in Figs. 2a
and 2b, we observed five particles with momenta
> 22 BeV/c whose sign of charge could not be
determined.

*The investigations [59] refer to photographic emulsions,
and [10-25] to'C, Cu, and Pb, In [5-%1% 15], the cross sections
are given for the momentum range >20 BeV/c.
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FIG. 2. Momentum spectra of nuclear-active particles of
cosmic radiation at 3250 m altitude: a—spectrum of particles
observed in the series of measurements A, b — spectrum of
particles observed in the series of measurement B, Notation:
o —stopping, | —passing without interaction, x — production
of a weak star, xx — production of a large star (m 22, n 2 5),
1 — particles with momenta greater than 22 BeV/c, whose sign
of charge could not be determined.

According to the data of both series of measure-
ments, 232 particles were observed in the momen-
tum range > 1.8 BeV/c, of which 6 were negative,
221 positive, and 5 of unknown sign.

Thus, in the 1.8—22 BeV/c energy range, which
contains 95—98% of the particles with momenta
= 1.8 BeV/c, the number of negative particles
amounts to ~ 3%.

We investigated the ratio Ny+/Nz- in the mo-
mentum range up to 720 MeV/c, where particles
can be identified by momentum and ionization.[16:17
Using the apparatus described (Fig. 1), we obtained
Nyr+/Np- =17/15. According to the data of an
earlier experiment ‘‘without generators,’’ C1e]
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N1r+/N7r' = 47/56.* Thus, for air N1|'+/N7r' =0.90
+ 0.15.

If the ratio Ng+/Ngp- does not differ greatly in
the momentum range > 1.8 BeV/c from that ob-
served in the energy range up to 720 MeV/c, then
it follows from the data given in Figs. 2a and 2b
that T mesons amount to (6 + 2)% of all nuclear-
active particles in the momentum range 1.8—22
BeV/ec.

If we assume that all five particles of unknown
sign are also m mesons, then, in the momentum
range >1.8 BeV/c, the maximum number of =
mesons amounts to not more than 10% of the flux
of cosmic-ray nuclear-active particles at 3250 m
altitude.

There are no direct experimental data in the
literature on the fraction of T mesons among the
nuclear-active particles in the atmosphere. All
we have is the spectrum of the 7 mesons, calcu-
lated from experimental spectra of the u mesons
assuming that all the p mesons are the decay
products of T mesons produced in air,mj in addi-
tion to the data on the ratio (Nj, — N, )/WpaNy
in the cosmic-ray flux.H1U (Ny is the number of
¢ mesons, Njp is the number of particles interact-
ing in the absorbers of the apparatus, and Wy, the
probability of interaction of nuclear-active parti-
cles.t)

In order to compare our data with the results
of 10 and [m, it is necessary to determine the
total number of nuclear-active particles which
traversed our setup. The spectrum in Fig. 2 and
the table give the number Ngtop of particles which
stopped, and the number Ngtsr producing stars in
absorbers. The remaining particles, which tra-
versed the absorbers without interaction or which
produced small stars on passing through them,
were excluded by the anticoincidence system
( —XIII) and by the selection criteria of nuclear-
active particles.

In order to determine the detection efficiency
W of the nuclear-active particles, we have studied
the passage through the apparatus absorbers of
nuclear-active particles with momentum = 1.8
BeV/c produced by neutrons or originating in
large stars (n =5, m = 2) in the series of meas-
urements under 25 cm Pb.!J These data are also
given in the table. According to the data of Series
B, also obtained under 25 cm Pb, we have W

*These data are published here for the first time.

tThe selection criteria of the Nj, events, used in [“],
do not exclude the background 6N, of p mesons producing
electron showers (see [‘? , i.e., in [11] , in fact, Nj, = Nj,
+ 8N, and therefore, Nin # Nn=» but Nf, — Ni;, = Nf, -Ng,
since 8N}, = 8N, .
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= 0.31 + 0.09. In Series B, the number of u mesons
with momenta = 1.8 BeV/c was equal to 1088.
Hence, we obtain Np/Nj = (4.6 + 2.3) x 107

(Njia — Npa)/WNy= (8 + 3) X 1072 The values ob-
tained agree within the limits of the experimental
errors with the calculations of [18); Ng/Ny = 3.5

x 1072 (in the range 2—4 BeV/c), and with the

data of 10 (N}, - N7, )/WnaNy = (6.1 +0.6) x 107%,

The flux of charged nuclear-active particles in
cosmic rays in the atmosphere consists of protons,
7 mesons, deuterons,[!7 and possibly K mesons.*
The present data refer to the relative number of
m mesons. The relative number of K mesons,
protons, and deuterons in the momentum range
= 2 BeV/c cannot be determined by measuring
the ionization and momentum or by the method
used in the present experiment. This problem re-
quires other experimental methods and lies outside
the scope of the present article.
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