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where T0 is the initial energy of the J.L--meson and m is the mass of the electron. 
In the second case it is assumed that the following condition is satisfied:* 

( 2) 

where {30, {3, {3+ and {3 _ are correspondingly the velocities of the J.L-mesons and the pair particles with re
spect to the nucleus, tl± is the relative velocity of the particles of the pair. 

In this approximation the total cross section for the production of electron-positron pairs by j..l--mes
ons on nuclei is: 
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Here: j.L is the mass of the j..!-meson, 

_ rrZ (To-2m\-'/, 
'11- 137 2m J ' 

The function Ei(- 7J) is the exponential integral, the values of which are tabulated in Ref. 6. 
The second case corresponds to the Born approximation for the pair particles: 

2 7tZ I 137 < ~+• ~-· ~±; 2 7tZ I 137 > ~o• ~- ( 4) 

In this approximation the total effective cross section for pair production is 

= ..:::_ (.!____)' (_:_:_)2 .!!!._ ( T0 - 2m )s. {- rrZ (2 !L)'I•} 
cr 6 137 m T 0 2 m exp 137 T 0 • 

( 5) 

The formulas in ( 3) and ( 5) do not go over directly to Eq. (11) of Ref. 5 which pertains to a region of 
considerably higher energies. We may note, however, that the exponential factor in Eq. (11) of Ref. 5 
becomes approximately the same as the exponential factor in Eqs. (3) and (5) when To -2m. 
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*Here and in the following we will not specifically state the condition 

2n/137 ~ f3e-J.L 

[where f3e-j.L is the relative velocity of the scattered j..l-meson and electron (positron)] since it is easily 
satisfied, 
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IN an earlier note 1 we presented a short report concerning an investigation in an emulsion of the angle
energy characteristics of the rare case of a nuclear interaction between an a-particle with an energy of 
( 8~1> x 1013 ev and a nucleon. The observation conditions were such that it was also possible to develop 
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the electron-photon component in the emulsion over a region of two cascade lengths. 

TABLE I 

Space-Energy distribution 
of electron pairs. 

lfx<0.6·10-• 0.6·10-'<lfx < fi.IQ-• 

hv, llev > 500 170-500 >500 170-50019-70 

1.;;:;0.6 1 3 0 I 0 3 
0.6<1.;;:;1.1 2 3 0 0 1 
1.1<1.;:;;;1.6 1 1 0 0 0 
1.6<1.;;:;2.1 0 0 0 0 0 

TABLE II 

Space distribution 
of electrons. 

<0.2 8 
0.2 -0.4 15 
0.4 -0.6 11 
0.6 -1.25 29 
1.25-2.5 32 
2.5 -5 34 

II(&< ox I 
xHr') 

0.5 
1.0 
1.5 
2.0 

14 
43 
90 
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The results of the study of the 
soft component can be given in the 
form of a space-energy distribu
tion of the non-bremsstrahlung 
electron -positron pairs (Table I) 
and an electron space distribution 
(Table II and figure). In this anal
ysis the quantities which charac
terize the spatial distribution have 
been chosen as the distance t 
along the axis of the cascade (ex
pressed in cascade units) 
and the deflection angles of the 

pairs and the particles with respect to the same axis in space & or in projection on the plane of the emul
sion &x· The photon energies hv were determined from the opening angle of the components of the pair 
a in accordance with the formula given in Ref. 1 in which use was made of the relations between the en
ergy h v and the mean -square value of the angle a. 

The distribution of electrons along the axis of the cascade (Table II, right half) makes it possible, 
using the usual cascade curves, to verify the energy estimates given in Table I. 

As is apparent from the figure, the spatial distribution of particles of the soft component in the direc

-I 

0 

tion perpendicular to the axis of the shower at a depth t = 2, can be 
approximated by the power function f(r)"' r-Y where y = 1.62 ± 0.05, 
r = t& (solid line in the figure). 

An analysis of the data given in Tables I and II and in the figure 
leads to the following conclusions: ( 1) the total number of photons is 
approximately equal to the number of penetrating particles emitted 
within the forward cone (in the c.m. system) within the limits ofthe 
statistical errors; ( 2) the energy flux carried by the photons is ap
proximately 0.1 (with an error of approximately 0.05) of the energy 
of one nucleon of the primary particle; twice the mean energy carried 
by one photon is approximately equal to the mean energy of one pene
trating particle if it is assumed ( cf. Ref. 1) that the mean energy as
sociated with the transverse momentum component of the mesons is 

lg~ -J,O -2.0 Lgr 1.5 /).C; ( 3) the concentration of photons and associated energy flux 

Electron spatial distribution 
at a depth t = 2(r = t.&, r 0 is an 
arbitrary point). 

close to the axis of the shower is considerably higher than that which 
would be expected on the basis of the angular distribution measure
ments and the transverse momentum of the penetrating particles of 
the shower. 

It is extremely probable that the last feature of the soft component of the shower is related, at least 
to some degree, to fluctuations, in view of the fact that the major part of the energy flux is carried by 
a small number (1- 2) of 1r0-mesons. It is also possible that part of the effect is due to differences in 
the efficiency for pair detection at different distances from the axis of the shower and the "addition" of 
a small number of pairs of bremsstrahlung origin. 

There is still one other possible origin of this effect; this is the presence of an additio:cal proton 
source in the form of bremsstrahlung produced ( cf. for example, Ref. 2) as a consequence of the rapid 
deceleration of the quickly-moving electric charge of the primary particle. 

The authors are indebted to ProfessorS. N. Vernov and Professor N. A. Dobrotin for illuminating 
discussions of the results of this work and to technicians R. M. Gryzunov and M. I. Pachkov for assis
tance in processing the experimental data. 
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