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The transition probability between states with 
magnetic quantum number m 0 and m (in the labora­
tory, not the rotating system of reference) is given 
by 

(8) 

Rm,m =I~ am'm. {0, ~. 'Tt'} amm' {0, (3. lt} e im'st r 
For J = l/2, this expression becomes 

(9) 

X sln2 ~ {<U~ + <U- 2<U<U0 cos <Ut)'l•. 

In conclusion, I express my gratitude to E. Rivin 
for aid in the calculations. 

1 E. Majorana, Nuovo Cimento 9, 43 (1932). 

2 V.I. Smirnov, A Course in Higher Mathematics, Vol. 
3, Moscow, 1946. 
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WE present several general formulas obtained 
according to methods described elsewhere 1 ' 2 , 

with relation to the problem of determining the spin 

A 0-particle from the angular distribution of its 
decay product. 

We shall characterize the spin state of an en­
semble of A 0-particles by giving the magnitudes 

of the angular momentum tensors T~ (defined in 
Ref. l ), which makes it possible to describe an 
arbitrary (most general) spin state of the particles 

in this ensemble. Thy angular distribution of the 
decay product of the A 0 -particles (A 0 -> p + TT) is 
of the form 

(l) 

q 

~ (-1)vYq,-v (B-, <p) T~, 
v~-lf 

where w is the total decay probability for the A 0 

according to the reaction A 0 -> p + TT-, s is the spin 
of the A 0 , and 

Q (s, q) = (- w-'/•-lf/2 (2s + 1)-'1• z (l'sl's; 1/2q). 

The coefficients Z are tabulated by Bieden­
harn 3 • It can he shown that 

Z (l' s l' s; 1/ 2q) 

= (-1)qf2 (21' + 1) (2s + 1) W (l'sl's; 1/2q) Cf,~l'o 

does not depend on l' (equal to s + ~ or s - ~) and 
therefore F ( 1'1 , cp) does not depend on the parity 
of the A 0-particle. Equation (l) is written in the 
center-of-mass system of the A 0-particle, and the 
z axis of this system will henceforth he taken 

parallel to the direction of motion nA of the A 0 -

particle in the laboratory system [of course, Eq. 
(l) is valid for arbitrary choice of the z axis]. 

Integrating (l) over the interval of solid angle 
( cp, cp + 1'1 cp ), 0 ~ 1'1 ~ TT we can obtain the distribu­

tion in cp. The angle cp ( 0 ~ cp ~ 277) can he de­
fined as the angle between the normal N to the pro­

duction-plane of the A 0-particle (more exactly, N 
= n0 x nA, where n0 is the unit vector in the direc­

tion of the incident particles in the production re­

action) and the vector n = n x nA, where n is the 
p p 

direction of the decay proton. 
2S-1 

F(cp)=:" rg{1+Y2 ~ 
(2) 

m=2 
~S-1 

X ~[cos mcp (Re t~)+slnmcp(lmt~)] Q (s, q) Jqm}, 
q=m 

J = [(q + m)! 2q + 1]'/• 
qm (q -m)! 2 

m l-mf2 (q/2-1)!(q-m-1)!! 
2 2 (q/2 + m;2)! (q + 1)!! ' 

t~ = (2q + 1)-''or;;,; rg. 

where m and q take on only even values. This 
formula differs from similar ones 4 •5 in that (2) 
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contains an explicit expression for the coefficients 

AM and B M 4 •5 in terms of the initial spin state of 

the A 0 . 

If Tq is real for even values of q, i.e., if llll tq 
m m 

= 0 ( as can be shown 2 , this will occur, for ex-

ample, when the A 0 is produced in a reaction in 
which the incident particle and target are com­

pletely polarized), then F ( cp) becomes a poly­
nomial of cos m cp only. The same polynomial in 
cos TJm gives the distribution over the angle TJ be­
tween the production-plane of the A 0 and its decay­
plane for complex values of T! [compare Ref. 5, 
Eq. (2) ]. 

A similar integration of Eq. (I) gives the distri­
bution F (e) of the number of particles emitted per 
unit solid angle at an angle e to the z axis ( paral­
lel to n ), averaged over all azimuth angles cp (see 
Walker and Shephard, Ref. 6 ): 

(3) 
2S-l 

F(fJ) =:: T~ {1 + ~ Q (s, q) Pq (cos fJ) rg1 rg}. 
Q=2,4 ... 

Comparing (2) and (3) we that see F ( cp) [or 
F ( TJ)] is given by those components of the tensor 

T! for which q=2, 4, ... , 2s- I and m = 2, 4, ... 
q, whereas F (e) depends on entirely different com­

ponents of the tensor, namely, T6. The compon­
ents T6 and T! do not determine the spin state of 
the A0 entirely independently, but so long as they 
do not take on their maximum values the distribu­
tion over TJ can be somewhat arbitrary (within cer­
tain limits) for fixed F (e) [ cf. Ref. 7, Eqs. (17) 
and (18) ]. Therefore, the distributions in TJ and 
cos e obtained by Walker and Shephard6 are not in 
contradiction, which has already been noted by 
Morpurgo 7 who examined the cases s = 3/2 and 
5/2. These distributions may (the statistics are 
quite poor!) indicate that the A 0 -particles ob­
served are not entirely polarized perpendicular to 
the plane of the reaction 77- + p ~ A 0 + e0 ( com­
pare this with the note at the end of this letter**). 

The observed cases of the reactions 77-+p~A 0+e0 , 

A0~p+77-are at energies of about I and 1.5 bev. 
Even if the statistics at these energies were bet­
ter, we could only hope to obtain a more accurate 
value for the lower bound of the A 0 spin. We shall 
show that a measurement of the angular distribution 

of the dec~y products of the A 0 produced at the 

threshold of the 77- + p ~ A 0 + e0 reaction (about 
755 mev) gives the value of the A 0 spin itself if 

we make two natural assumptions, namely, that the 
spin of the e0-particle is zero (which is, at any 
rate, not in contradiction with the data available) 
and that the interaction between the A 0 and the e0 

is a short range one. The latter means that we may 

neglect all elements of the R-matrix 

(iAiesTa. 'IR1 E I %O%la.) with l' > 0 in com­
parison with the element for which l' = 0 close to 
the threshold* (the notation is defined elsewhere 1; 

the matrix R is related to the well-known S-matrix 
as follows: R = S - I). With these assumptions 
we may rewrite Eqs. (7)-(9) of Ref. I (the target is 
assumed nonpolarized ). Making use of the proper­
ties of the coefficients G x, and G 0 and the parity 
conservation law, introducing the notation s in­
stead of i A and suppressing the index A on q, we 
obtain the following expression for the angular 
momentum tensors of the A 0 -particle with even 
values of q (those with odd values of q vanish): 

(4) 

=A (2s + 1) (2q + 1)-'1• Q (s, q) yq-r (&A,,_), 

where A is a constant proportional to the total 
cross section for the reaction 77- + p ~ A 0 + e0 with 
E77 "-' 755-780 mev. Let us note that the index T 

refers to n A as the axis of quantization, and that 
the angle (}A is the angle between the direction of 
the A 0-particle and the 77-meson beam. 

From the expression (4) for the angular momentum 
tensor of the A 0-particle, Eqs. (2) and (3) can now 
be used to obtain the distribution in 1J and e, which 

will depend only on the A 0 spin (and on (}A). We 
shall not write these general formulas here**. It 
is interesting, however, to note that if we integrate 
them over all angles (} A• the distribution over e is 
isotropic, whereas that over cp( or TJ) becomes 

(5) 
2S-l 2S-l 

Is ('IJ) = C { 1 + ~ cos m'IJ ~ [Q (s, q) Jqm]2 (2q + 1)-1}. 
m=2 Q=m 

For instance, 
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If the tensors of Eq. (4) are inserted into (l), we 

obtain a general expression for the distribution 
over the angle y 

F(~, cp) (6) 

- Aw "'' -1 2 "" • - y-~(2q+1) [Q(s,q)] ~Yq,(~,cp)Yq,(~A'1t) 
2 1t q v • • 

2S-l 

=Aw[81tV;"j-1 ~ [Q(s,q)] 2 Pq(cosy)=Fs (y); 
Q=O 

where y is the angle between the directions ( tJ A•") 
and ( tJ, cp), or, as can be shown, the angle in the 

rest system between the direction of motion of the 

decay proton and that of the incident rr-meson 
. 2 
beam. The formula F 312 ( y) "' 1 + .3 cos y was 

given first by Wolfenstein 8 ; 

F.1, (y) "' 1 - 2 cos2 y 

I express my gratitude to Professor M. A. Markov, 
who suggested the present work. 

* The angular distribution of the A 0 and e0 for 1 bev 

indicates the presence6 of at least l '= 2. It follows 

from this that the range of the A 0 -e0 forces is about 

2 x 10-13 em and that our assumption is valid for in­
cident rr-meson energies in the laboratory system from 

755 to about 780-800 mev, It is, of course, possible 

that the matrix element (iAOiAOa.'iR1Ei Y,OY,la.) is 

small due to some particular property of the reaction. In 

that case, the angular distribution of the A 0 and e0 will 
be nonisotropic. 

** For s = 3/2 we have 

F, 1, (1)) "'-' 1 + 0,5 sfn2 &A COS21), 

Fa/, (6)"' 1- (1- 3 cos2 & A) (5-3 cos2& A)-1 cos2 6. 

If the angle tJ A= 90° we obtain F 312(Tf)"' 1+0.5 

X cos 2Tf, whereas F 3/2 (e) rv 1 - 0.2 cos 2 e; i.e., the 

probability is not increased for cos e = ± 1, although the 

distribution over Tf is the same as that for entirely polar­
ized A 0 -particles. 
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