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For the same reason the altered exciton mass 

P.effis equal to 

1 

[J. ef£ 

(15) 

An approximate evaluation of the sum for the case 

p. 1 = p.2 gives 

(16) 

4 ..l.. 2 2 where E 1 = -p.e /2 n x . 
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l HECENTL Y, correlations between planes of 
• praiuction and decay of hyperons have been 

found in a series of experiments 1- 3 . These corre
lations consist in the fact that the angle between 
these planes is usually small. A theoretical analy
sis of the effect of correlation was carried out4 

and conclusions were drawn about the large spin of 
the A 0 -particle and about the spin of the e 0-meson 

being different from zero. It is not without interest, 
we believe, to consider another approach to this 
problem in addition to the method of Ref. 4. 

2. We consider the z-axis to he perpendicular to 
the plane of production of the A 0 -particle, and the 
direction of motion of the A 0 -particle is taken as 
the y-axis. Then the angle between the planes of 
production and decay will he equal to the azimuthal 
angle 'f. For calculation we now go to the system 
where the A 0 is at rest. it is not difficult to see 
that the angle 'f does not change in this transition. 

Let <I> J (x, q) he the wave function of the system 

A 0 + e0 describing the state with total angular 
momentum ] and component 1E M along the z-axis; 
x and q denote dynamical variables of the A 0 - and 
e0 -particles, respectively. 

The A 0-particle as a sub-system of the system 
A 0 + e0 is characterized by the density matrix 
p(x', x)5 : 

p(x',x)= ~([JJf*(x', q)([JJf(x,q)dq. (1) 

The p( x ', x) can he expanded in the wave functions 
of the A 0-particle, which we denote by Am ( x) 
(in which m can he considered the quantum number 
of the spin projection on the z-axis) 

p (x', x) = ~ Pm,moA:n, (x') Am, (x). (2) 
rn.t• m, 

3. We now turn to the calculation of the distribu
tion of angles 'f between the planes of production 

and decay of the A0-particle. 
The total moment of the proton and 77--mesons 

which are formed in the decay at rest of the A 0-

particle, coincides with its spin j. If we designate 
by 'l' ~ ( e, 'f) the angular (and spin) part of the 
wave Function of the stationary state of the system 
p + 77-, then 

'l''j(6, q:;) = c;:nx +'l•pr-•t. (6) ei(m-'/,)'P 
(3) 
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where c~ and c~ are Clehsch -Gordan coefficients, 
X+ Y. are the spin wave functions of the proton, 

P; is the spherical harmonic and l = j + ~ (depend
ing on the relative parity of the A 0 ). In order to 
obtain the angular distribution, f( e, cp), of the pro
ducts of the A 0-decay it is obviously necessary to 

suh~titute in Eq. (2) the functions w;*I( e, cp), 
m2 'I'. (e,cp) from Eq. (3) instead of A* and A , 
J m1 rn 2 

and carry out the summation over spin variables 

(4) 

/(6, tp)= 
. 

~ Pm m '1'':'\ (6, tp) '1'':"2 (6, tp). 
..:::..J ' • 1 1 

m,. m1=±j, ±(j-1), ... 

The probability density for angle cp is W ( cp) 
1T 

= f {(e,cp) sin ed e. If we substitute here from 
0 

Eqs. (4) and (3), then one can see that W ( cp) takes 
the form 

(2j-l)/2 

ll?(cp) = ~ (ake2ik"' + a~e-2ik"'), 
k=O (5) 

where the coefficients a k for k f. 0 are linear 
combinations of off-diagonal elements only of the 
desnity matrix (p ). Further, it must he noted 

mlm2 

that angle cp in the experiment is always measured 
in such a way that cp< 90° (that is, the angles cp, 
1T ± cp and 2rr- cp are considered as equivalent in 
the measurements). If we designate the probability 
density of the angle cp, defined in this way, through 
w(cp), then we have w(cp) = W(cp) + W(rr+cp) 

+ W ( 1T - cp) + W ( 2 11 - cp) or 

(2j-l)/2 

(>) (tp) = ~ bk cos 2kcp, 
k=O 

(6) 

From Eq. (6) it follows that if the off-diagonal 
elements are zero, then the distribution of angles 
cp is isotropic and, consequently, there is no corre
lation between the planes of production and decay, 

even if j ·?. 3/2. 
Since w ( cp) satisfies the normalization condition 

rt/2 

~ (>) ( tp) dcp = 1' 
0 

then, substituting here from Eq. (6), we obtain the 
value oft he coefficient b 0: 

b0 = 2/7t = 0,63/. 

4. We consider in more detail the possible corre
lation effects, assuming that the spin of the A0-
particle is j = 3/2. In this case 

(7) 

\V e designate by P ( cp < o.) the probability that cp 
takes on a value less than o.. From Eq. (7) we have 

P(cp < 7t/4) = (1 + b1) I 2; (8) 

P(1t! B< cp<31t 18) = 0,5. 

On the other hand, we musthave w(cp).? 0 for any 

0 _::; cp _::; 77/2. This is possible only in case b 1 

_::; b0 "' 0.64, i.e., P ( cp < 77/4) .:S 0.82. Thus, if the 
spin of the A 0 -particle is equal to 3/2, then the 
probability that cp > 45 ° must he less than 18%, and 
the probability that 22.5° _::; cp _::; 67.5° should equal 
50%. If this condition is not fulfilled (when corre
lation is present), then the spin of the A 0 -particle 
j is greater than 3/2. 

If we cdlect all experimental data relating to the 
angle cp given in llefs. l-3 (including also the data 
of Table 8 in Hef. 3 ), we can conclude that the 
numherofcases in which cp> 45° constitute 26%,and 
the number of cases in which 22.5° _::; 67.5° is 42%, 

which is comparatively near to 50%. Taking into 
account the fact that the statistics are still insuffi
cient (there are data for only 19 decays) and that 
the accuracy of measurement is not higp (this re
lates to the data of Table 8 in Ref. 3 ), one can 
say that the experimental data to date do not ex
clude the possibility that the spin of the A 0 -parti
cle is equal to 3/2. It must be noted that these 
data also do not exclude the possibility j > 3/2. 

S. From the above development it follows simply 
that the spin of the e0 -meson is different from zero. 
In fact, we shall assume the opposite. Then the 

wave function <I>~ of the A 0 + e0 system defined in 
Sec. 2 can he expressed as 

M "' A M--m <D J = ..:::..J em m'P ' (9) 
m 



LETTERS TO THE EDITOR 805 

where 'Pn is the wave function of the eo -meson and 
n = M - m is the quantum number of the projection 
of its orbital moment. Substituting from Eq. (9) in 
Eq. (l), and taking account of the fact that func-

tions 'Pn with different n are orthogonal, we obtain 
an expression of the type Eq. (2), but with the off-
diagonal elements of p equal to zero. Ac-

m m 
cording to the pre ceding/ co~relation cannot be ob-

served in this case, which contradicts experiment. 
Consequently, the spin of the e0-meson is different 
from zero. This result was obtained earlier4 in a 
different way. 

l· J. Ballam, A. L. Hodson et al., Phys. Rev. 97, 245 
(1955). 

2 W. B. Fowler, R. P. Shutt et al., Phys. Rev. 93, 861 
(1954). 

3 W. B. Fowler, R. P. Shutt et al., Phys. Rev. 98, 121 
(1955). 

4 L. D. Puzikov and Ia. A. Smorodinskii, Dokl. Akad. 
Nauk SSSR 104, 843 (1955). 

5 L. Landau and E. Lifshitz, Quantum Mehanics, 
Moscow, 1948. 

Translated by G. E. Brown 
197 

Renormalization in the Equations of the New 
T omm-Doncoff Method 

V.I. RITUS 
P. N. Lebedev Physical institute, 

Academy of Sciences, USSR 
( Submitted to JETP editor January 28, 1956) 

J. Exptl. Theoret. Phys. (U.S.S.R.) 30, 965-967 
(May, 1956) 

l IT is well known (see, for example, Ref. l) 
• that the equations of the new Tamm-Dancoff 

method for scattering of a meson by a nucleon, in
cluding only three virtual particles, contain di
vergent self-energy kernels of the meson and the 
nucleon and finite kernels corresponding to scatter
ing with the meson being first absorbed ("graph 
with absorption") and scattering with the meson 
first emitted ("graph with emission"). We shall 
not consider renormalization of the self-energy 
kernels of the meson and nucleon and the diffi
culties arising with this 1, but shall assume that 
these kernels are corrections to the propagator of 
the system, which can be neglected in first ap
proximation. We omit also all two-particle ampli
tudes containing antiparticles, assuming that in 

first approximation their influence on the ampli
tude " +meson, +nucleon" is small. 

As a result, in first approxin1ation an equation for 
one amplitude, " +meson, +nucleon" without self
energy kernel remains. In the solution of this 
equation, infinities of a vertex and self-energy type 
occur because of the kernel corresponding to the 
"graph with absorption." The renormaization of 
these divergences was studied recently by Dalitz 
and Dyson 2; they came to the conclusion that the 
removal of these divergences was connected with 
the introduction of two renormalized charges into 
the theory (respectively, for the s y, and p y, states 
with isotopic spin T = ~) in addition to the funda
mental charge g 2 • H.enormalization of these diverg
ences was studied independently by us by a method 
used in Ref. 3 * and it was shown that, contrary to 
the results of Dalitz and Dyson, the removal of di
vergences is connected with a finite charge re
normalization and does not lead to any new con
stants. 

In this note we give briefly our results and 
clarify the contradiction between them and the re
sults of Ref. 2. For brevity of exposition and con

veniencein making a comparison, the notation of 
Ref. 2 will be used where possible. 

2. The general solution of the integral equation 
for the amplitude "+meson, +nucleon" in state 
a. ( state a. is characterized by angular momentum 
j and the parity of the system) has the form** 

crx (p, l) = g" (p, /) 
(l) 

+ Qg2 .. / (Ep- Yjm)(£1 - Yjm) V" (p, c:) V" (I, c:) 

81t2 V EPwPE1w1 c:- 7]m- QS" (c:) 

and is connected with the phase 8"' by the formula 

In Eq. (l) EP = ..jp2 + m2, wP = ..jp2 + 11 2, 

E = E 1 + w1, TJ = l or -1, respectively, for even and 

odd states, Q = 3 or 0, respectively, forT= l/2 and 
3/2; g"' (p, l) is the solution corresponding to the 

"graph"with emission." The integral equation for 
g"' ( p, l) is obtained from the integral equation for 

c"' ( p, l) if the term corresponding to the ''graph 
with absorption" is omitted in the latter. Thus 

g"' (p, l) does not contain divergences. All diverg
ences due to the "graph with absorption" are con
tained in the vertex function V"' ( p, E) and the self
energy of the nucleon Soc (d. The divergence con
tained in the vertex function can be separated in 


