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The experimental distributions of the transverse momenta of ™ mesons and strange particles
are analyzed on the basis of various theoretical models. According to the quasi-unidimen-
sional hydrodynamic theory, m mesons and strange particles should be emitted at the same
temperature kT =~ m.,rcz, whereas according to the field theory the radius of the region of
m-meson production should be approximately twice the size of the region of hyperon and

K-meson emission.

MANY recently published papers are devoted to
an interpretation of the distribution of the trans-
verse momenta of shower particles from the point
of view of various theoretical representations.[1‘3]
From an analysis of these papers it follows that
apparently the distribution of p; is not very sensi-
tive to the type of interaction responsible for mul-
tiple generation. Nonetheless, information on the
p| spectra can prove to be quite useful, for through
the use of certain theoretical concepts one can ob-
tain, with good accuracy, the values of certain phys-
ical parameters of interest to the theory under con-
sideration from the distribution of the transverse
momenta. We shall attempt to analyze the spectra
of the transverse momenta of pions and strange
particles from the point of view of two interaction
models, which in a certain sense are contrary.

1. Let us assume that the process of multiple
generation of particles is described by a quasi-
unidimensional variant[!] of the hydrodynamic
theory. In this case, owing to the absence of hy-
drodynamic liquid flow in the transverse direction,
the p, distribution will have the form
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where T is the dispersal temperature of the sys-
tem, m is the mass of the investigated particle,
Ki(x), Ky(x), and K3(x) are Bessel functions of
imaginary argument, and the + signs correspond
to Bose and Fermi particles.

Comparing the spectrum[i] at different values
of the dispersal temperature with the experimen-
tal distribution of p,| for pions [2,4,5] and for a
mixture of A, 9%, and =% particles Lel (Figs. 1a
and b) we readily see that the hydrodynamic the-
ory describes satisfactorily both spectra at a
temperature KT on the order of the pion rest
mass.
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FIG. 1. a — p, distribution of pions registered in penetrat-
ing cosmic-ray showers with the aid of magnetic cloud cham-
bers. [2*5] Curves 1 and 2 correspond to kT/mzc? = 1 and 1.5.
b — p, distribution of mixture of strange particles registered
in penetrating cosmic-ray showers with the aid of a magnetic
cloud chamber.[’] Curves 1, 2, and 3 correspond to kT/m,c?
=0.5, 1, and 1.5. N — number of particles included in the
histogram.
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FIG. 2. Curve 1 — dependence of <pi>’/2/mc on kT/mc.
Cutve 2 — dependence of <p3>% on kT/mzyc? for the mixture
of A°, 6°, and 3.* observed in.ls] The transverse momenta are
in units of 10°® ev/c.

We can determine the dispersal temperature
numerically by using the mean-square momenta
p) of pions and strange particles with the aid of
the curves shown in Fig. 2. Curve 1 corresponds
to the dependence of (p"i) 122 on KT for bosons of
arbitrary mass, since both variables are plotted
on this curve in mass units. At temperatures kT
several times smaller than the nucleon mass, the
curve can also be applied to baryons. Curve 2
represents the same dependence of (pﬁ_ )1/2 on kT
for the mixture of strange particles observed in
L6 (46% N0, 32% 6°, and 23% Z*). In Fig. 2 the
value of (p})'/? is in units of 10°® ev/c, and kT is
given in pion masses.

The mean-squared momentum p; corresponding
to the histogram 1a has a value

<Py = (3.86 jgg§> .10 ev/e,

Assuming that all the particles included in the
distribution are pions, we obtain from curve 1 of
Fig. 2 a critical temperature

kT = (0.96 7001 mac?.

An analogous estimate can be made also for the
dispersal temperature of strange particles, using
curve 2 of Fig. 2 and the experimental value of
(pzl )1/2 corresponding to the histogram 1b:

P = (6‘56 :2)‘3’;) 10¢ ev/c,

which leads to

BT = (1110 ) mec.
We see thus that the p, distribution gives a suffi-
ciently accurate value of the dispersal temperature
of pions and strange particles, provided that the
hydrodynamic theory fits the process of multiple
generation of particles at high energies.
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FIG. 3. a — p; distribution of pions. The curve corre-
sponds to an exponential distribution of source density with
<r*>%=0.8x10"* cm. b — p, distribution of a mixture of
strange particles. Curves 1 and 2 correspond to an exponen-
tial distribution of the source density with <r*>%2 = 0.8
x 107" cm and <r*>% = 0,4 x 107" cm respectively.

2. In the Heisenberg theory,l’] however, (pj )/
determines the transverse dimension of the region
where particles are generated, in accordance with
the uncertainty principle

PP >

The values which we have used for the mean
squares of the pion and strange-particle momenta
lead to a certain structural representation of the
region in which the radius of the volume from
which pions are emitted is

1y >0.52-10 cm,
and the radius for strange particles is

r’>">0.30.101 cm.

Neglecting the interaction of the emitted par-
ticles (which makes the following analysis essen-
tially contradict the hydrodynamic analysis), we
can relate not only (pﬁ_ )1/ 2 but the entire distribu-
tion of the transverse momenta with the structural
generation region* by assuming a) that there exists
a certain coordinate system in which the momen-
tum particle spectrum |@(p)|? is independent of
the angle of emission and b) that the connection
between the momentum spectrum in this coordi-
nate system and the probability density |p (r) |2
of observing a particle at a distance r from the
center of the region is given by the Fourier inte-
gral

9 (p) =\ p () e~ordr. 3)

%A similar attempt is cited by Nagai and Ito. (]
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By specifying the form of the function |p (r)|?
and integrating the resultant function ¢(p) with
respect to the longitudinal momentum p; we can
obtain the distribution over p; and compare it
with the experimental histogram. It turns out that
for many functions by suitable choice of the param-
eters (in particular, <rzl>1/z) we can reconcile the
resultant p, spectra with those experimentally ob-
served. Agreeing best with the distribution of the
transverse pion momenta is a probability density
that decreases exponentially with the distance

[p(r) 12 = exp [— (12/<r?))"r]

with a parameter

4)

r?y'* =0.8-10 cm.

It is interesting to note that the function (4) with
the same value of (r? )1/2 describes best of all the
electromagnetic structure of protons investigated
by scattering electrons with energies up to 550
Mev.[%]

If it is assumed that the function |p(r)|? has
the same form for strange particles, the corre-
sponding mean-squared radius has approximately
half the value, about 0.4 x 10”13 cm.

The foregoing is illustrated in Figs. 3a and b,
on which the p,| distribution corresponding to an
exponential density is compared with the histogram
of the transverse momenta of pions and strange
particles.

3. The foregoing analysis of the p, distribu-
tions leads to the following conclusions:

a) No preference can be given to any of the
multiple-generation theories on the basis of the
distribution of the transverse momenta of pions
and strange particles.

b) From the point of view of the quasi-unidimen-
sional hydrodynamic constant, the p, spectra of
pions and strange particles show that the system
breaks up at a temperature kT ~ mgc?.

c) If the field-theoretical description of the
process of multiple generation is correct, it must
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be assumed that the region for the emission of
strange particles has approximately half the radius
as that for the generation of pions.

d) Finally, if it is assumed that the amplitudes
of the momentum spectrum of the generated par-
ticles and of the spatial distribution of the source
can be related by a Fourier integral, then the p|
spectrum of the pions is in best agreement with
an exponential distribution of the source density,
with (r?)12=0.8 x 1071 cm.
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sion of the results.

1G. A. Milekhin and I. L. Rozental’, JETP 33,
197 (1957), Soviet Phys. JETP 6, 154 (1958).

21. F. Hansen and W. B. Fretter, Phys. Rev.
118, 812 (1960). v

$E. G. Boos and Zh. S. Takibaev, JETP 38,
1276 (1960), Soviet Phys. JETP 11, 920 (1960).

4 Birger, Grigorov, Guseva, Zhdanov, Slavatin-
skii, and Stashkov, JETP 31, 971 (1956), Soviet
Phys. JETP 4, 872 (1957).

5 Awunor-Renner, Blaskovith, French, Chesquiere,
Minvielle-Devaux, Neale, Pelletier, Rivet, Sahiar,
and Skillicon, Nuovo cimento 17, 134 (1960).

§E. L. Andronikashvili and N. N. Roinishvili,
JETP 39, 265 (1960), Soviet Phys. JETP 12, 190
(1961).

TW. Heisenberg, Z. Physik 133, 65 (1952);
Kosmische Strahlung, Berlin-Heidelberg-Gottingen,
(1953).

8H. Nagai and D. Ito, Prog. Theoret. Phys. 23,
966 (1960).

9R. Hofstadter, Revs. Modern Phys. 28, 214
(1956).

Translated by J. G. Adashko
159



