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Investigations of nuclear-active particles at mountain altitudes [1 - 3], using appara-
tus described in [1, 2], having been going on for a number of years.

1. The setup, which consists of an ionization calorimeter, a cloud chamber, and hodo=-
scopic counters, makes it possible to measure the energy (E ) of the nuclear-active particles
interacting in a graphite filter, the energy (b ) transferred in this interaction to the
electron-photon component, the multiplicity of the secondary (n ) and of the newly created
(n ) particles and their emission angles (G ), end also the presence of charge in the gener-
ated particle. From these primary characterlstics, nev parameters of the interaction were
calculated, namely the Lorentz factor (Y ) of the C-system under the assumption that the
nuclear-active particle collides with a target having a nucleon mass (y /§57§5b); the
Lorentz factor (y ) of the symmetrical system [4] (log Yg = = <log tan ei>), the average en-
ergy of the secondary charged particles <g> = Ewi/nc, (where E , =0.35 cosec 8, (Gev) is
the energy transferred to the secondary particles), the target mass m, =nm <yc/ys>2, and the

y t P
2)1/2 characterizing the angular distribution of the secondary parti-

variance o = (<xi - <X>>
cles in coordinates X = log tan ei'

2. Altogether 60 interactions between nuclear active particles having an average en-
ergy of approximately 200 GeV and graphite were recorded. In k1 cases, it was possible to
determine whether the particle causing the shower was charged.,

A different method wes used to separate the pions from among the charged primary parti-

cles, It was proposed that at mountain altitudes, where measurements were carried out, the

Average shower characteristics

Shower
t f
gii;2§y0 number ne o ve/ve m}) <e>/E,
Neutral 12 11,6 +] 0,40+ 117 4| ~m, 0.03 +
2.1 10,02 | 10,20 +0,005
Corresponding 12 12,01} 0,42+ 118 ¢| ~m, 0,04 +
charged 1,9 |40,02 +0,22 +0,007
Pion inter- 17 72+ 028+ 3,05+ 1452 | 0,074
actions +1,4 110,04 | 0,50 455 evl 0,01
a0
Incl. asymmetr. 1122 | 45| 027+ 4,00: 90: | 0.10%
forward +0,5 |[+0,05 |10.41 [:20MeV| +0,01

1)

In the calculation of my we introduced a correction that
takes into account the spectrum of produced pions.

2)‘I‘he low values of ne and my for the interaction with for-
ward asymmetry bay be due to the small admixture (about 3
cases) of diffraction generation processes.
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Fig. 1. Angular distribution of the shower particles in coordinates X = log v, tanéy:
a) for 17 "pion" interaction, the shaded is distribution is for 11 showers having an asymmet-
rical angular distribution in the C system(yg/y, > 2); b) for 24 "nucleon" interactions. The
double hatiching on both diagrams denotes the "conserved" primary particles emitted at an
angle 6; < 0.5°,

Fig. 2. Distribution of secondary particles by multiplicity: a) for 17 "pion inter-
actions, the shaded distribution is for 11 asymmetrical showers; b) for 24 "nucleon" inter-
actions, the shaded distribution is for 12 showers due to charged primary particles.

Fig. 3. Distribution with respect to the parameter log Ys/Yc‘ a) for pion interactions,
b) for "nucleon interactions.

number of protons equals the number of neutrons, and also that the protons and neutrons in-
teract in the same manner with the graphite nuclei. Showers due to charged primary particles
and having similar characteristics were chosen for 12 events produced by neutral particles.
Following such a subtraction operation, it can be assumed that in 80 = 90% of the cases, the
remaining showers due to charged particles are produced by pions.

3. The table lists the meain characteristics of 41 interactions, which are combined into
groups in accordance with the proposed nature of the primary particle.

The last line gives data for 11 showers (out of 17 pion interactions) having a strongly
asymmetrical angular distribution relative to the forward direction (ys/yc > 2).

Figure 1 shows the angular distribution, with scale X = log Yo tanei, for nucleon in-
teractions (Fig, 1b) and for pion interactions (Fig. la). The double hatching shows the
"conserved" primary particles emitted at angles 8, 2 0.5°. The single hatching in Fig, la
shows the particles produced in 11 pion-interaction showers having sharply asymmetrical angular
distributions,

For the same groups, Fig. 2 (a and b) shows the distribution with respect to the multi-
plicity N, and Fig. 3 shows the distribution with respect to the parameter log Ys/yc. The
average value of this parameter determines the mass of ‘the targe m, = m.p <Yc/ys>2.

It can be concluded from the presented data that the pion interactions differ in charac-
ter from the showers produced by the nucleons.

Lk, The most characteristic feature of pion interactions is the occurrence of an appre-

ciable number of showers that are asymmetrical forward in the C-system, and become symmetrical
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in the system with the target mass nm o= (1ast line in the table). In nucleon interactions,
such showers occur in exceptional cases.

The observation of ssymmetrical showers due to pions makes it possible to tie together
a number of other features noted by us earlier [5, 6] in pion interactions.,

If the nucleon-nucleon and pion-nucleon interactions are the same in the symmetrical
system, then the average particle energies in the L system will obviously differ by the

factor Ys/yc:

<¢'>"/<¢>P = <y’ /‘yc >~3.0/1‘2 - 2-5 ’

where <e> and <s>p are the average energies of the pions in the L-system in the pion and
nucleon interactions, respectively.

It follows therefore that the average multiplicity of the secondary particles in pion
interaction should be smaller than in nucleon interactions. If we assume that the same frac-

tion of energy is transferred to the common system, <k> = <k; = <k§, then

<n>" <k>" <e>

= ~(2,5)°1
<n>P <¢>”<h>P

(see the table and the multiplicity distribution in Fig., 2).

It is interesting to note that an investigation [7] reported in this issue and per=-
formed with the Serpukhov accelerator at 50 GeV energy confirms the existence of showers due
to pions, with properties described in the present article, is confirmed (the presence of a

large percentage of showers that are asymmetrically forward and have a low multiplicity).
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