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that in this case (7) yields v = 1, which is the 
velocity of light in vacuo. 

The author expresses his gratitude to Profes
sor D. Ivanenko for discussing the work. 

*Here Ak is the four-vector whose components are Ax, Ay, 
Az, and iq>, and Ak,l "' aAk/ axz; we set c = 1. 
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SrMON and Welton1 and Shirokov2 have obtained 
the selection rules for a reaction of the type 
a + b - c + d in the form of relations between 
the polarization vectors and tensors. They as
sume that the initial state is not polarized. The 
present communication gives a derivation of the 
selection rules for any arbitrarily-polarized 
initial state. We shall use Shirokov's notation2 
and assume that all the particles have nonvanish
ing rest mass. 

Consider the statistical tensors of the final 
state in the a + b - c + d reaction, 

(1) 

which depend essentially on the parameters of the 
rotation g0gii1 which carries the za, Ya. xa co
ordinate system into the zc, y c• Xc coordinate 
system. The first of these systems is associated 
with the initial state, the za axis being parallel 
to na, and the Ya axis being perpendicular to 

the production plane of particle a. The second of 
these systems has zc parallel to nc, and Yc 
in the direction of the cross product na x nc. 
Here ni is the unit vector along the direction 
of motion of particle i, and q is the rank of 
the statistical tensors. The spin indices T are 
defined in terms of these particular coordinate 
systems. With this choice of coordinate 
systems, the Euler angles for the rotation 
gcga1 are {- 1r, 00 , 1r- CfJc }, where ec and 
cp 0 are the spherical angles of the unit vector 
nc in the za, Ya. xa coordinate system (see 
Shirokov2) . 

Let the state obtained from the initial one by 
space reflection be characterized by the statisti
cal tensor PI . Under the reflection the za and 
z 0 axes, chosen along the momenta of particles 
a and c, change direction, while the Ya and 
y 0 axes remain invariant. The spherical angles 
80 1 and CfJci of the reflected - nc vector in the 
reflected { za, Ya• xah coordinate system are 

(2) 

The spin operators remain invariant under reflec
tion. If e0 and cp 0 are replaced by Ocr and CfJci 
in Eq. (1), we obtain the p]: statistical tensors 
from p'; the spin indices T of the new PI ten
sors must be quantized with respect to the old 
nonreflected zc, y0 , xc system. Since there
flected {z0 , y0 , x0 h coordinate system differs 
from the initial one only by rotation through an 
angle 1r about the Yc axis, the transformation 
properties of the statistical tensors2 lead to the 
equations 

'\:1 qd 
p~(q, "c• qd, 'ta; &c, -rp,) = LJ Dqc '(0, 7t,O)D '(0, 7t, 0) 

c t , , -r:c-r:c 'fd-rd 

(3) 

Here the spin indices T are quantized with re
spect to their own proper coordinate systems. 
Since D~r' ( 0, 1r, 0) = ( -1 )q+r o7 -T' (see Shiro
kov2 and Gel'fand and Shapiro3 ), Eq. (3) leads to 

(4) 

The law of parity conservation may be stated in 
the following way: if the initial statistical tensors 
p are replaced by the reflected tensors PI• the 
tensors p" of the products of the reaction are 
the tensors PI which are obtained from p' by 
Eq. (4). In other words, if the statistical tensors 
p' are written p' = F ( p), then 

(5) 
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Equations (4) and (5) together give the most gen
eral selection rules in the form of a relation be
tween the statistical tensors. 

Let us now consider some simple examples. 
If the initial state of the a+ b- c + d reaction 
is unpolarized, then p =PI· Then according to 
(4) and (5) p' = PI• or 

p' (qc, 'tc, q d' 'td; &c) 

= {- l)qc+Tc+qd+Tdp' (qc,- "c• qd' - 'td; &c)• 
(6) 

In our case the p' tensors do not depend on cp c . 
Equations (6) are the same selection rules as Simon 
and Welton obtained for q = 1 and the same as 
those obtained by Shirokov. * 

Let us now consider a cascade of the form 
a + b - c + d followed by c + e - f + g ( the 
incident beam a, the target b, and e are un
polarized). According to (6), p = PI in the initial 
state of the second reaction, and we obtain 

p' (qi, "t· qg, 'tg; &,, - cpf) 

= (-l)qf+Tt+qg+Tgp'(q,,- "f' qg' -'t~; &f, cpf). (7) 

For the special case in which qr. = qg = 0, Eq. (7) 
becomes 

(8) 

Since <{Jf is the azimuth angle of nf in the coordi
nate system in which the y c axis is directed along 
na x nc, Eq. (8) states the well known fact that the 
angular distribution is symmetric about the pr~duc
tion plane of the incident particle in the second re
action of the cascade. Equations (7) may be re
garded as a generalization of this assertion. 

In conclusion, we remark that our selection 
rules can also be obtained by Shirokov's method, 
but the present approach is simpler. 

The author expresses his gratitude to Profes
sors M.A. Markov, M. I. Shirokov, and L. G. Zasta
venko for interest and discussion of the results. 

*We remark that the first and second selection rules given 
by Shirokov are actually two different ways of stating the same 
rule. 
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MINAMI1 has given a transformation of the scat
tering matrix which leaves the differential cross 
section invariant for the case in which the colliding 
particles have spins 0 and i. The present note 
gives an analog of this transformation for all spins 
s 1 and s2 of the colliding particles. 

We express the scattering matrix in terms of 
the functions 81 s2 Y ~a a ( n) describing the state 
of a system of two particles whose total angular 
momentum is j. The component of j and the 
components of the spins of the two particles along 
the direction given by n are M, a 1, and a2, 

respectively. :En terms of these functions, the 
scattering matrix is2 •3 

M (nt, n) = ~ Y!~. (nr) [Y~:x.,(n;)]* A~,a,a''a''• 
a.jM 

X (salO IS[J'a) .. /21 + 1 y/M(n) V Zj + 1 s,s, sl 

Let S ( n) be a rotation that carries the vector n 
into the third axis, and consider the functions 
cp a1 a2 ( n) whose components are 

[cpa,a2 {n)]a,a, = D~~a, {S-1 (n)) D~',a, (S-1 {n)), 

where nin1m 2 ( S) are the matrix elements of an 
irreducible representation of the three-dimensional 
rotation group.4 These functions describe a state 
in which the first and second particles have spins 
whose components are a1 and a2, respectively, 
along n. 

The functions Yh~a2 (n) satisfy the relation 

Y~~. (n) = cpa,a, (n) V2i ~ 1 D~.+a,,M (S (n)), 

so that the matrix element for the transition from 
the state <Pa1a2 (ni) to the state <Pa1a2 (nf) is* 

(oc1oc2 j M foc' oc2') = ~ A1 • • 
1 ~ (f1cx1cx ex 

I ' ' 

(1) 


