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Energy Spectrum of 7 ~-iesons Produced by
Cosmic Rays in Photographic Emulsions

A. A. VARFOLOMEEV, R. I. GERASIMOVA,
E. A. ZAMcHALOVA, M. [. PODGORETSKII
AND M. N. SHCHERBAKOVA
Academy of Sciences, USSR
(Submitted to JETP editor March 28, 1956)

J. Exptl. Theoret. Phys. (U.S.S.R.) 30, 1164-1166
(June, 1956)

1 IN the research we investigated the energy spec-
®irum of 7 - mesons (with energies < 70 mev)
produced in the interaction of cosmic rays with
the nuclei of photographic emulsions. We made
use of two piles of emulsion layers of diameter 10
cm of emulsion type P, irradiated in the strato-
sphere (56 layers of 330 each and 60 layers of
450p). In the exposure the piles were assumed to
be vertical so that the mean direction of the primary
cosmic particles was directed into the plane of the
emulsion. The processing of the plates was car-
ried out according to the method described in Ref.
1. In the systematic examination of the plates
under a microscope, all the tracks of stopped 7 -
mesons were observed and then traced to the point
of meson creation or of its entry into the plate. In
the determination of the energy of the 7 - mesons
from their total range, use was made of the tables?
of the dependence of the range-energy for the emul-
sion IMford G-5, inasmuch as the stopping action of
the emulsion actually used differed insignificantly
from the Ilford emulsion.

2. In all, about 1000 tracks of stopped 7-mesons
were traced, of which 195 7t - and 328 7~ - mesons
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were formed in the emulsions. Their energy spec-
tra are shown in Figs. 1 and 2 (dashed line histo-
grams ). In view of the fact that the 7- mesons of
different energies formed in the emulsion have dif-
ferent probabilities of stopping in the plate, ap-
propriate geometrical corrections were introduced
to take account of the finite size of the emulsion
volume.

The correction coefficients were computed in the
following way. First, for each track of a 7-meson
which makes an angle 6 with respect to the vertical
the total interval A ¢ was determined of those
angles ¢( ¢ is the azimuth angle) for which the
track of a 7-meson with range R will end within
the emulsion chamber. The first correction coeffi-
cient K = 2w/ A ¢ determines the ratio of the
number of all 7-mesons which leave the given point
with angle 0 and with energy £ (R) to the number
of those of them which stop in the emulsion. Sec-
ond, that part of the layer AS on which the 7-
mesons created in the plate could be stopped if they
emerge from different parts of the chamber with
energy E at the given angle 6 and at different ¢. It
was determined (Fig. 3) as the area of the inter-
section of the circle Oy of diameter 10 cm with one
of the similar circles 02 or 03, whose centers, to-
gether with the center of O, form an isosceles tri-
angle with legs R and apex angle 20 (shaded part
of Fig. 3). The second correction coefficient K _
was computed as the ratio of the area of the entire
layer to the size of AS.

As aresult of the introduction of the correction
coefficients K = chKs for each case, we obtained

energy spectra for the 7~ - and 7" = mesons,
formed in the emulsion (which are shown in Figs.
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1 and 2, respectively by the solid line histograms).
It appears thatthe statistical sampling is too small
to make a definitive judgement on the spectra; how-
ever, it seems possible to us tg note a certain ob-
served difference in the spectra of 7~ - and 7 -
mesons.

First, the initial part of the 7 "-meson spectrumis dis-
placedto the left, relative t o the corresponding part
of the 7 "-meson spectrum, by ~ 10 mev. This shift
can be explained by the Coulomb interaction of 7-
mesons with the nuclei from*which they emerge, in
the case of the magnitude of the mean Coulomb bar-
rier of the the nuclei being of the order of several
mev.

Second, the spectrum of the # "-mesons, in con-
trast to that of the 7 '~ mesons, is evidently not
monotonic: in the region 10-30 mev a small maxi-
mum is observed. If this maximum actually exists,
then it is possible to explain it by the decay of A®-
particles, absorbed by the same nuclei in which

they are formed. The position of the maximum does
not contradict this hypothesis. Actually, for 7=

meson decay of a AO- particle connected with the
original nucleus, an energy

Q=237 mev — (Bpe —Bp) — (m,, — mp)—(Mg — M),

will be produced, where M. m_ and m  are the

masses (in mev) corresponding to the original

stable A°-nucleus, neutron and proton, M2 is the
total mass of all the products of the decay of the
A%-nucleus, other than the 7 - meson, BAO is the

binding energy of the Ao—particle inthe A’nucleus,
and B is the binding energy of the neu-
tron in the corresponding stable nucleus.
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As the distribution of primary stars according to the
number of “‘black’” or ‘‘gray’’ rays (the average
number of “‘black’” and “‘gray’’ rays is equal to 10)
shows, the 7—mesons are formed principally on the
heavy nuclei of the photographic emulsion--Ag and
Br. In such nuclei, the A% particle can appear to
be at an energy level that is much lower than the
lowest bound neutron, since its levels are all free.
As a consequence, the quantity (B, o= Bn) is

greater than zero, the latter leading to a reduction
of (). Moreover, the 77~ meson, in leaving the
nucleus, will be retarded by the Coulomb field and
lose several million electron volts. All thiscould
lead to a shift of the maximum in the interval from
30 to 10 mev. The size of the maximum does not
contradict (with accuracy of one order) data on the
quantity of excited fragments which decay with the
emission of 77— pesons.

In conclusion the authors express their thanks to
V. V. Alpers and I. I. Gurevich for the help in the
research and for criticism of the results, and also

to A. A. Barkhudarov, L. V. Kruglov, L. A. Karpov,
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V. M. Kutukov, A. P. Mishakov, A. S. Romantsev,
A. 1. Ryzhov, L. V. Surkov and S. A. Chuev for

taking part in measurements on the microscope.

1V, V. Alpers and A. A. Varfolomeev, PTE, 1, 1956.
2 Fay, Gottstein and Hain, Nuovo Cimento 2, Suppl. 2,
234 (1954).

Translated by R. T. Beyer
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Disintegration of Beryllium and Carbon
Nuclei as a Result of 77 ~Meson Capture
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T O obtain information on the disintegration of
light nuclei in stopping #~ — mesons, an inves-
tigation was carried out on o -stars in beryllium and
carbon. Powdered beryllium and carbon ( crystal
size 5~10 p ) were introduced into the emulsion to
the amount 4y gm per cm.® The method developed
for introducing the powders guaranteed a uniform
distribution of the crystals over the emulsion layer.
A plate of total thickness 2— 2.5 mm was prepared
from emulsion layers of diameter 42 mm,

The powder of the material under investigation
was contained in only 3 —4 layers out of 10. The
plates were exposed to a beam of slow # —mesons
in the synchrocyclotron of the Institute for Nu-
clear Problems of the Academy of Sciences, USSR.
The method of processing the layersl differed

little from the procedures used previously for the
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processing of emulsions in layers.? (The work
was completed in 1953.%3 ) A layer with beryllium
was fixed at low temperature 8~ 5° ) to pre-
serve the blackening.

Each fixed case which resembled the nuclear
absorption of a pion in the crystal was subjected
to processing under a microscope. After all the
necessary measurements had been completed, the
tracks were again subjected to examination. For
improvement of the visibility of the layer, the
emulsion below the crystal wasremoved with chamois
and wetted in a solution of methyl alcohol in ethyl.

We succeeded in reducing the layer to several
microns thickness. The emulsion was soaked

in water at the place under investigation and was
examined (in swollen condition ) under the micro-
scope. Only by means of such careful testing
could it be reliably established whether the pion
was absorbed in the crystal.

As a result of the investigation of 4 em® of the
emulsion, 7 cases of pion absorption in carbon
and 12 in beryllium were observed. In the analy-
sis of the tracks, we used a method of counting the
grains on some plates and the § -electrons on the
others as functions of the remaining range of
the particles. Singly-charged particles ﬁiffered
from doubly-charged ones in the remaining range
by more than 50-100 . Information on the parti-
cles which arise in the nuclear disintegrations of
carbon and beryllium are shown in Tables 1 and
2, respectively. The symbols H,p,d, T, «
and f denote, respectively, singly-charged parti-
cles, protons, deuterons, tritons, doubly-charged
particles and particles with short tracks, which
could not be identified.

The average number of prongs in the stars in
beryllium amounted to 1.15 10.23. In nearly
one fourth the cases (28 +12 % ), the absorp-
tion of the pion did not lead to the release of
charged particles. In each disintegration of a Be

TABLE 1

Energy of particles
in mev (range in §1)

Tomber 2| Nature of
the star particles
0 —

1 P
1 f

9

2 p, o
2 o,

3 P, 1 f
4 H H.f. f

14
(46)
10,10
12, (14)
19, (70), (12)
5.5. 4.7, (24), (37)




