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The scattering matrix for reactions involving y rays (suchas y+b—a’ +Db’ and y+b
— ¥’ +Db’) is expanded in terms of spin operators Qj which are invariant under rotations.
A method of constructing the Qj is given and the number of independent ones is found. If
the scattering matrix is invariant under time inversion, the corresponding conditions on the
form and number of the Qj are found. Example are given for the representation of the ma-
trix S by operators Qj in the case that neither the spin of b, nor the spin of the system
a’+b" (y+b—a’+b’), nor the spins of the particles b, b’ (y+b—v" +Db’) are more

than one.

IN an earlier paper! the author has considered the
expansion of the scattering matrix S(k’, k) for the
reaction a +b —a’ +b’ in terms of spin operators
Qi which are invariant under rotation and reflec-
tion:*

S (ks k) = 3 A (k- k) Q: (k', k, T)

i

0

A method was given for obtaining the independent
spin operators and for determining their number.
Also considered were the conditions imposed on
the form and number of the independent spin oper-
ators if the scattering matrix were invariant under
time inversion.

In the present paper, these considerations are
extended to scattering matrices S(k’, k) for re-
actions involving vy rays, i.e., reactions like
vy+b—a +b’, y+b—v +Db’, where the par-
ticles b, b’ and the system a’ + b’ can have
any spin and parity.

Using the expansion of the scattering matrix
in terms of angle operators Louz it is not diffi-
cult to show that the independent spin operators
for the reaction y +b —17 + b’ will be the oper-
ators

(k'+e) QT (k') k, T), i (k= s) QT (k', k, T), (2)

where e is the polarization vector for the inci-
dent photon, s =k xe, Qi(i) are the spin operators
for the reaction a + b —a’ + b’ which differs from
the reaction y + b—a’ + b’ in that the y-quantum
has been replaced by a particle a with spin zero.
The operator Q§+) corresponds to the case that the

*The notation used here is the same as in reference 1.

inner parity of the system does not change, while
Qi(') corresponds to the case where the inner par-
ity does change. The upper sign in Qﬁi) is to be
used in formula (2) when the intrinsic parity of par-
ticle b in the reaction y +b —a’ + b’ is the same
as the intrinsic parity of the system a’ +Db’, while
the lower sign is to be used in the opposite case.
From formula (2) and the number of independent
spin operators Qi(i) for the reaction a +b —a’
+Db’! it follows that the number of independent

spin invariants for the reaction y +b —a’ +b’

is (28" +1)(28S +1), where S is the spin of
particle b and S’ is the spin of the system a’

+ b’. Summing on the possible values of S, we
obtain (2sj +1)(2s}, +1)(2s, + 1) invariants,
where s'a, s]'O, and sy are the spins of the par-
ticles a’, b’, and b. One can similarly show that
the independent spin invariants for the reaction
vy +b—7v" +Db’ are given by

(€'+e) ), (s+8) A, i(s+€) QIF), —i(e+s) QfF, (3)
where the Q§i) are the invariant spin operators

for the reaction a + b —a’ +b’, in which a, a’

are particles with spin zero. The signs () on

the operators Qi(i) mean the same as in the pre-
ceding. In formula (3), the upper sign in the op=
erator Qii is to be used if the intrinsic parity

of the particles b, b’ in the reaction y +b —

Y + b’ are the same, while the lower sign is to

be used in the opposite case. It is clear that the
total number of independent spin invariants for

the reaction y +b—9 +Db’ is 2(28 +1)(2S +1),
where S, S’ are the spins of particles b, b’. It
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should be noted that in reference 3 the number of
spin invariants for the photo-production of mesons

with spins 0 and 1 and in the scattering of photons
from spin 4 particles was found to be, respectively,

4, 14, and 10, while the present considerations
lead to 4,12, and 8. A detailed examination of
the last mentioned case shows that the ten invari-
ants mentioned in reference 3 reduce to eight.

It was shown in reference 1 that if the scatter-
ing matrix for elastic scattering of particles with
spin is invariant under time inversion, then the
form of the invariant spin operators Qj changes,
while the number of independent ones decreases.
Similar statements hold for the elastic scattering
of photons from particles with spin, vy +b —y + b.
The proof is the same as in reference 1. We find
that the spin operators enter the scattering matrix
in the combinations

(&) [QP (K, k, T) + Q" (k, k', T)],
(59 [QP (K, k, T) + Q7 (k, K, T),

if(s’~e) Q7 (K, k, T)— (e"+s) QT (k, K, T)],
—i[e )T K,k T)— (s'ee) QT (k, K, T,

i.e., those combinations which are symmetric
under hermitian conjugation and simultaneous in-
terchange k<=k’, e ==e’. The number of inde-
pendent spin operators decreases by the number
of relations between elements of the scattering
matrix for which j = j’;

il ii
SJ]"S)\’, jSx = S./iS),, iSn (4)

In (4), A and A’ are numbers characterizing the
type of radiation (A =1 for electric and 0 for

magnetic radiation), while j, j* are the moments.

There are 2S(2S + 1) relations (4), where S is
the spin of particle b. Hence the number of inde-
pendent spin invariants for elastic scattering of
photons from particles with spin S is 2(2S + 1)
X (S +1).

As an example, let us write out the matrix
S(k’, k) in terms of independent operators Q;
for some reactions like y +b —a’ +b’ and
v +b—y +Db’. If the intrinsic parity of the
particle b and of the system a’ +b’, or of the
particles b, b’, are the same, then the reaction
will be marked +, while if they are opposite, then
the reaction will be marked —. We note that the
matrices S(k’, k) of such reactions differ only
by the change e = —is = —ik X e or the change

e’ =ig’.
(1) y +b—a’ +b’.

S=8=0. (+). S(k', k)= (k'* €) 4,.
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S=8 =1 (—).  S(k',k)=i(n-e)A,+ (ce)A,
+ (o-k’) (k™-€) A3 + (o-k) (k'-e) A,.  S=8=1. (+).
Sk, k) = (k'se) A, 4 i (STk'x e]) A, + i (STkxe]) A;
+ (S m) (k'-e) Ay + [(S-k’) (S-e) + (S-e) (S-K')| A5
+ [(S+k) (S-e) + (S-e) (S-k)] As+ [(Sk') (Sk) + (Sk) (S'k')] 4,
+(Sk)2 (k" &) Ag - (S-k)2 (k'~e) Aq.
§=0,8=1or S=1, 8 =0. (+).
S(k', k) = i(T{k'xe]) Ay 4 i (To[kxe]) A, -+ i (T-n) (k'e) 4.
(2) y+b—7 +b.
S=8=0. (+). Sk, k)= (e'-€) A, + (s’ s) As.
S=8= (+). Sk'-k) =(e'+¢e) A,
+ (8'08) Az + i (o{e'xe]) Az + i (oo[s'x s]) Ay
4 i (oK) (es) Ayt i (a+k) (s'- €) Ag
+ i (a-k’) (s'+€) A7 +i(c-k) (¢~ ) A,

with Ag;=—Ag and A;= —-Ag for elastic scatter-
ing.

S=8=1. (4).S(k', k) = (¢"+¢) {A; 4- i (S+n) A,
+ [(S'K') (Sk) - (S+k) (Sk)] Az - (Sek)* Ay |- (S+k)* A5}
+ (s'+8) {Ag + i (S+1m) A7 + [(S-K') (S+k) + (Sk) (S-k')| A,
4 (Sek)2 Ag + (S-K)2 Ay} + i (s> €) [(SK') Ay - (Sok) Ay
+ 1 (S+K') (1) Auy 4 i (S+K) (S ) Ayl — i (e +5) [(S'k') Ay
4 (S+k) Ay i (Sek') (Sen) Ay, + i (S+k) (S+n) Ayl

and for elastic scattering, Ay =Aj;, Ag= Ay, Ay
=Agg, A1z = Ags, Ag3 = Agg, Ay = Agr.

In these formulas the Aj are functions of
(k’ -k) and the energy of the system, while n =
k' x k.
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