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values CY. and R have to be determined from ex
periment. Substituting the function a l into Eq. (3) 
we obtain: 

(5) 

The values of CY. and R corresponding to the ex
perimental results 1\e within the following limits: 
from R = 0.86 x 10- 3 em and CY.= 0.74 toR= 0.74 

X w- 13 and CY.= 0.99. The values, corresponding 
to the mean values of a and a are R = 0 8 

s c' · 
X l o- 13 and CY. = 0.85. Furthermore, substituting the 

function al into Eq. (4), we can calculate the func
tion f( 1~ ) : 

00 

If(&) I = 71. ~ rxl0 (l&) e_T,.,PJR' ldl 

0 

(6) 

The angular distribution da/dw is determined by 
the function If((}) 12 . The angular distribution 
calculated according to the formula (6) using the 
values 71: = 2.7 X w- 14 em, R = 0.8 X w- 13 em and 

CY. = 0.9, which correspond to a = 28 mbn and a c s 
= 81 mbn, is given in Fig. l. The experimental 
data fit satisfactorily the theoretical curve. 

The value Z l = l - I f3zl 2 , the physical meaning 
of which is the ' sticking probability " of particle, 
is of interest: 

(7) 

where p = 1t l. We shall note that for p = 0 the 
value of Z is close to unity for a wide interval of 

values of d. Thus, even for CY. = 0. 73 Z p=O = 0.93. 

The mean square value of the impact parameter 
[averaged over the function (7)] is: 

p =(p2)'/2 =,/1-rx/8R (8) 
cp Jl 1 - rxj4 • 

The values p, satisfying the experimental data are 
contained in the interval ( 0.8- 0.9) X 10- 13 em. 
We shall note that, contrary to what is maintained 
in Ref. 3, the fact that the nucleon cannot be re
garded as a black body does not imply that the 
statistical theory of multiple production is not 

applicable. 
The function (7) gives the probability of in

elastic scattering taking place for the impact para

meter p. The inelastic scattering can be treated on 
the basis of the statistical theory, too 8 • It is of 
interest to perform a similar analysis for nucleon
nucleon collisions. 
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B ESIDES the normal decay scheme of the A 0 -

particle 

(l) 

the following decay scheme is pos~ible: 

(2) 

It is known from .the experimental data that the 
spin of the 77-- meson is zero and therefore the 

spin of the A 0 - particle must be half-integral. In 
the present work the influence of the spin of A 0-

particle upon the shape of the y- quanta spectrum 
is investigated. 
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SPIN OF A 0 EQUAL TO Yt 

We shall use the notation of Ref. l and a system of 
units in which h == c == l. The density of the inter
action energy is given by the following expres
sion: 

(3) 

. ( O'fl" • o'fl) A V -ze cp-·-cp- + 
ox~ ax~ ~ , 

where tf; and cp are the wave functions of the pro
ton and gf the meson, respectively, A is the 

electromagnetic potential, V is the interaction 
energy of A 0 , p and the 17-- meson, of the follow

ing form: 

V=gN(tJipYs'.JiA,)cp (P-coupling) (4,P) 

f - o'fl · (4 A) 
V= M+A N('.JipY5Y11 '.JiA•) ox" (A-couplmg) • 

M, A and m are the masses of the proton, A 0 -particle 
and the meson. (4, P) and ( 4, A ) represent the 
JEeudoscalar P-coupling and the pseudovector 
A-coupling. The normalization of the constant of 
(4,A) is chosen so that (4, P) and (4, A) give 
the same result for the probability of decay (l) in 
the first approximation of the perturbation theory. 

The matrix element of the decay (2) is of the 
following form in the first non-vanishing approxi
mation of the perturbation theory: 

M = ieg(2r;)' u (2Pe + e k 2qe) (5, P) 
2 V l:.Jl P Mllx + m2x1 

(5, A) 

Here uP, u A are the Dirac spinors of the proton and 

of the A0-particle; e == evYv• Pe == evPv• ~ == M+A, 

M2 x== 2(pk), m 2 x 1 == 2(qk) and p, q, k are the 
4-momenta of the proton, of the meson and of the 
y-quantum, respectively. According to general 
rules, we obtain from (5) the probability of the 
decay (2), given by 

(6, A) 

x(EP+k-M+2 (~k))-k(pk) 

1 ( 1 ) + (qk)2 \ q2-fF (qk)2 (5p- M) 

- (pk)\qk) ( Q2- ~2 (qk)2) ( k + 2EP- 2M +2 (p~) )} 

dskdsq a·,E -E -'E'-k). (6,A) 
X (2r;)" .\ A p • ,., 

The probability for pseudoscalar interaction will 
he obtained from (6,A) dropping the terms in l/ ~ 
and putting g instead of f. 

2. SPIN OF A 0 EQUAL TO 3/2 

The equations for the case of particle with spin 
312 were studied in Ref. 2. The wave function of 
a particle with spin 312 has mixed transformation 
properties of a usual spinor and of a 4-vector, 
each component of which satisfies the equation 

(ip + M) lji"" = 0, (7) 

with the auxiliary conditions: 

aq;""tax~ = o, y~tJi"" = o. 

For a particle at rest the wave function is 3 : 

(8) 

·•.1 1> o· 2-'''<1 · O) "'o = , el = , t, , 

e2 = 2-'/• (1,-·_,·, 0), e (0 0 1)· s= , , • 

u ( 1) and u (2 ) are spinors with polarization ±72. 
The condition y /1-tf; /1- == 0 implies that it is possi-
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ble to form an invariant combination of the wave 
.... 

functions t/J, tf; only with the help of vector qv: 

where y = y 5 when t/J t/J q is a scalar and y = 1 
p /1 /1 

(9) 

when it is ,eseudoscalar. The matrix element for 
the decay l2) can be written on the basis of Eq. 
(5) by putting q--> qv, u ,\--> uv therein. The ex-

pression for the decay proabability for the case of 
spin 312 is: 

(10) 

)( 1 q2 p2 ] 
L (pk) 2 (Ep + k ± M) + (qk) 2 (EP ± M) -

x-(pk)~qk)[2(q2+<qkJ++I q!k) 

(I:~± M) + k (q 2 + (qk))J- (~k;2} 
d3k d3g 

X (2rc)" il(E;.-EP-Ert-k). 

The signs (+) and (-) correspond to the cases 
y = 1 andy= y 5 , respectively. For small photon 
frequency (k « 1) we obtain from (6) and (lO) 

::: = 2: (q2 __ k~ (qki) (ll) 
e \ 

( 1 1 )2 
\ (pk)- (qk) k dk sin 6 d6, 

where dw e is the probability of decay mode (1) and 
Cl.= l/137. 

When the parti::les can be regarded as nonrela
tivistic, Eq. (ll) simplifies to the well-known 

relation4 

dwjdwe = (2tx/3rc) (q 2/~) dkfk. (12) 

For small photon frequencies the spin of the A 0-
particle has, therefore, no influence upon the decay 
probability. In theTable below, values are given 
for the ratio of the total probability w of decay 

2 
with emission of a photon with energy ?_ E to the 
probability w 1 of decay without emission of radia
tion. This ratio is calculated for spin 3/2 ( y = 1) 

and for spin ~ (?-interaction). The following 
values are taken for the masses of the particles: 
M = 1837 m , m = 270 m , A = 2180 m . 

e e e 

E (mev) 1 

( 13 
l 10 

5 

4,6 
3,0 

10 Spin 

2,8 1/2 
0,97 3/2 

It is evident from the above that the spin of A 0-

particle has an influence upon the shape of the 
spectrum. This difference in forms of spectra is 
very substantial at high energies. Comparing 
theory with experiment we can try to determine the 
spin of the A 0-particle and the type of coupling 
as well. 

I wish to express my gratitude to 1.1. Pomeran
chuk for his constant help and advice. 
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