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indices in two 17ik coincide; such 7l;k anticommute. As 
will be shown in the following, however, this situation 
cannot be ignored, since terms containing combinations 
of identical operators drop out on integration. 

**** An equation of the form (21) was discussed in 
the literature2 by analogy with the corresponding 
formula for a Bose field. In the present case, on account 
of the anticommutation of the spinors, such an analogy 
is not valid. 
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THE experimentally sucessful 1 •2 attempt to 
record the tracks of ionizing particles in super

heated liquid do not exhaust all possibilities of 
using the bubbles formed along the track to de-
tect the tracks in the liquid. For example, it is 
possible to record the tracks of ionizing particles 
by using a supersaturated solution of gas in the 
liquid: the instantaneous supersaturation produced 
by the rapid decrease in gas pressure over the 
surface of the liquid makes the liquid with the gas 
dissolved in it internally unstable with respect to 
the formation of centers for the new phase, namely 
gas bubbles. The passage of the ionizing particle, 
causing accumulation of ion centers along the track, 
local heating of the liquid and break-up of the mole
cules will contribu"te to the formation of center 
volumes inside the liquid and convert them into 
gas bubbles, which produce the track image (a 
leading role in the initial stage of formation of the 
volume is played apparently by the initiating 
repulsion eruption) of closely located molecular 
complexes of equal charge, gathered by the ions 
produced by the ionizing particles. The dead time 
of the work and the diffusion inertia of the growth 
of the bubble in the "gas" bubble chamber, assoc
iated with the local "impoverishment" of the solu
tion can apparently be reduced considerably by 

selecting the proper operating conditions and 
using mixture components having a higher mutual 
solubility (physical or chemical solution of gas in 
liquid). 

The thermodynamic working conditions of the 
"gas" bubble chamber are more suitable than the 
thermodynamic working conditions of the "vapor" 
bubble chamber: "gas" operating conditions do 
not require that the liquid be heated to increase its 
vapor pressure, and the use of these conditions will 
apparently be advantageous for liquid with low 
surface tension at those temperatures for which 
the saturated-vapor pressure of the liquid is in
sufficient to break away center volumes. 

The temperature diffusivity of the "gas" work
ing conditions for the bubble chamber and the pos
sibility of independently varying the components 
of the working mixture, apparently facilitate the 
transition to large effective working volumes and to 
the optimum working mixture. 

If the idea of "gas" bubble chamber can be put 
into practice, it will contribute to the creation of a 
universal, stable and simple instrument for 
recording the elementary act of interaction of 
highly-penetrating radiation with matter. 

* Author's own summary of a report prepared in 1953 
at the Institute for Physical Chemistry of the Academy 
of Sciences, USSH. 
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} IT is reported 1 that when photographic emul-
• sions were exposed to slow negative 77- mesons, 

18 77- p. meson decays were observed among 40,000 
meson track endings. Convincing arguments are 
cited to show that it is a question of 77-meson 
decays and not some concomitant background event. 

The observed events1 are characterized by the 
presence of an appreciable energy distribution 
spread of p. mesons from 77p.- decays (BE P"' 0.5 Mev), 
which indicates the motion of 77 mesons at the 
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instant of their rrp. decays. The kinetic energy of 
the TT mesons was estimated to be several tens of 
Kevl. Because of the extremely small stopping 

time of such TT mesons, the author 1 concludes that 
the observed rrp.- decay events did not take place 
"in flight", but after formation of me sonic atoms. 
If this conclusion is correct, then some very in
teresting deductions follow from it, to which we 
wish to draw attention in this note. 

2. The energy distribution of p. mesons, produced 
during the rr- meson decays which become part of 
the mesonic atoms, can be calculated with suffi
cient accuracy by the method analogous to that 
used by Podgoretskii and Rosental 2 . This distri
bution for the K- shells of light nuclei which are a 
part of the emulsion (C,N,O) agrees within the 
limits of statistical error with the experimental 
results. One cannot exclude also the decay of the 
TT meson while it is on the L and M shells of these 
nuclei. However, while it is on these shells, the 
TT meson must make a transition to the K- shell. 
The duration of the transition to the K shell does 
not exceed"" 10-13 sec even for the N- shell of 
C,N,O. The probability of the rr- p. decay during 
this time is only 5 x 10-6. If one assumes that the 
decay of TT mesons takes place in the mesonic 
atoms of the heavy emulsion components '(Ag, Br), 
then the observed energy distribution of p. 
mesons corresponds to p. meson decays on shells 
with a principal quantum number n = 10-15. 
Simple calculations show that in this case also the 
duration of transitions to the K shells does not 

exceed "" 10- 13sec. It is necessary to conclude 
that the observed 1 TT- p. decay of negative TT mesons 
took place in the K- shell of the light me sonic 
atom of (C,N ,0) nuclei, which is clear from the· 
known energy distribution of p.- mesons on the 
K- shell of mesonic atoms with light nuclei. 

3. Such a conclusion strongly contradicts modern 
conceptions about the properties of TT mesons. 
Since about one half of the TT mesons which stop in 
the emulsion are captured by the coulomb field of 
light nuclei, then it follows from reference 1 that 
the probability of a TT meson decay is "" 10-3 • 

Beginning with the generally accepted value of the 
TT meson lifetime ( "" 10-s sec ), we get a value of 
.,. "" 10-11 sec for the lifetime in relation to the 
nuclear capture of a TT meson from the K shell of 
light nuclei. Meanwhile, theoretical estimates of 
.,., even for hydrogen and deuterium, give "-' 10- 15 

- 10- 16 sec (see, for example, reference ~ whereas 

for C,N,O one can expect a decrease in .,. by 
several orders of magnitude4 ,5 . 

Thus, the problem of verifying and refining the 
observations 1 becomes interesting in order to 

ascertain whether or not the above mentioned 
contradiction might not be explained by incorrect 
experimental data. 

Note added in proof: Investigations appeared very 
recently6 which reveal the shift of TT meson K- levels 
in light mesonic atoms, indicating an effective 
repulsion of TT mesons by nuclei. The connection 
between these facts and the results in reference 1 are 
not exduded. 

1 W. Fry and R. George, Phys. Rev. 93, 1427 (1954) 
2 M. I. Podgoretskii and I. L. Rosental', J. Ex per. 

Theoret. Phys. USSR 27, 129 (1954) 
3 R. F. Marshak, Revs. Mod. Phys. 23, 137 (1951) 
4 K. Aidzu, Y. Fujimoto, H. Fukuda, S. Hayakawa, K. 

Takayanagi, G. Takeda, Y. Yamaguchi, Progr. Theor. 
Phys. 5, 931 (1950) 

5 J. Wheeler, Revs. Mod. Phys. 21, 133 (1949) 
6 

M. Stearns, et al, Phys. Rev. 96, 804 (1954); 97, 
240 (1955) 

Translated by H. Kruglak 
108 

Measurement of the Absorption Coefficient 
of High Energy Nuclear Interacting 

Particles 

K. P. RYZHKOVA AND L.l. SARYCHEVA 

P. N. Lebedev Institute of Physics, 
Academy of Sciences, USSR 

(Submitted to JETP editor February 5, 1955) 
J. Exper. Theoret. Phys. USSR 28, 618-619 (May, 1955) 

A T the present time the problem of the collision 
mechanism of high energy nuclear interacting 

particles is of considerable interest. The data on 
the elementary act of high energy particle inter
actions can be obtained by investigating the 
dependence of the absorption coefficient of such 
particles on their energy 1• The pertinent measure
ments were made by us during fall of 1952 at two 
elevations: 3860 m (Pamir) and at sea le:vel 
(Moscow) with ide·ntical hodoscopic setups. 

In order to obtain a sufficient amount of statistical 
data for the registration of high energy nuclear 
interacting particles a detector of large area was 
used. Its cross section is shown in the Figure. A 
layer of lead 3 x 2.5 m2 in area and 8 em thick, 
supported on flooring covered with iron (total thick
ness"- 7 gm/cm 2 ), was placed over a rectangular 
pit with a 2.5 x 2 m2 bottom area and 2.5 m deep. 
Under this lead layer and at 30 em from its lower 
surface another 2 em lead layer was placed. These 
lead filters absorbed the electron-photon component 
of cosmic radiation incident on the apparatus from 


