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(I) The principal aim of this work is to derive,
in illustration of a general procedure,! relation-
ships that obtain among the relative weights?® of
the decays of various resonances into baryon-
meson states in the Ne’eman—Gell-Mann theory®
of strong interactions, when exact invariance un-
der SUj, suffers a first-order perturbation by in-
teractions invariant under only isospin and strange-
ness transformations. In particular, we deal with
those resonances* which Glashow and Sakurai® .
have associated with the irreducible representa-
tion (IR) of SU, with highest weight® (3, 0).

(I1) We may best explain our procedure by con-
sidering first a much simpler situation involving
the decay of a particle (of isospin I with z compo-
nent v) into two particles (of isospins I, and I, with
z components v, and v,) in a theory whose charge
independence suffers a first-order perturbation
by an interaction (e.g., the electromagnetic in-
teraction) which commutes with the operator [,
but not with T2 and hence may be taken to trans-
form under Ry like the I, =0 component of a vec-
tor operator. We denote the matrix element for
the decay by (/,v,/,v,| T|Iv) and consider the sums

P,(u)=2uzl(11u-uzlzvleUV)lz, (1)

Bv) =200, 1w vy | T vy +v,) |2, (2)

We easily prove that P,(v) is (A,) independent of
v to zeroth order and (B,) of the form (a +8v) to
first order in the perturbation, and similarly that
P, is (A,) independent of v, and (B,) of the form
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(y+6v,). The result (A,) states the equality of
the total weight for all decays for different charge
states of the decaying particle; result (A,) is the
Shmushkevich theorem” for the decay. Results
(B,) and (B,) are new. The proof of these results
involves only simple facts regarding Ry including
properties of Clebsch-Gordan coefficients, the
Wigner-Eckart theorem, and the fact that C(j1j,
mOm) is proportional to m for fixed j.

We illustrate using the decays of the well-known
3-3 nucleon resonance N* into nucleon plus pion
states. As an aid to the application of the above
results, we draw up a Shmushkevich table (Ta-
ble I) for the allowed processes. We see that re-
sults (A,) and (B,) give

[ =C,+Lg=Cy+Ly=T,, (3.4,)
[+ 0+ =Tg+ g+ L, (3. AN
[y +0g=C,+ Fg=C,+ T, (3. A)n

and hence we have the complete solution
2l =30, =60g=6l, =30y =2T,, (4)

in the zeroth order of the perturbation. In the
first order of the perturbation, we fail to get a
complete solution, but only the identities

Ly -(Cp+ L) =(0,+ L) - (L +Ty)
=(Ly+Ty) - T, (5.B,)
(Fy+Ly) - (Fy+ Ty) =(Fy+ Ty - (C,+ Ty, (5. By

(III) We now generalize the discussion of para-
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Table I Shmushkevich table for (3,0)— (1, 1) +(1,1).

Decay N* v,* 2* @ N A Z £ K n r K

w, 1 1 1
W,y 1 1 1

ws 1 1
Wy
Ws
we
wy
Wwg
Wy
Wio
Wiy
Wiy 1 1 1

bk ek gk ok
ek
b

bt
[
et

[
[

and, in the first order,

(2w,) +3(2wg + 2w,) = §(2m4 + 2, + w,)

= 2(214)5 + 2w°) - 2w12, (10. Dl)
() +wq) + (wy +wg +wg +w,5) = 3(w, + W,)
+5(wy +w g +wy +w,). (10.D,)

A full solution of the zeroth-order problem does
not follow from Eqs. (8) and (9). However, we
can use the consequences of charge independence
[obtained as in paragraph (II)] to tell what frac-
tions of each w o belong to the different charge
complexions of the ath group of decays, and
hence use the consequences® of invariance un-
der the Weyl reflections of SUy to derive the
complete solution

8wy =12ws =8w,=12ws = 12wy = 12wy = 6u,,. (11)

In the first-order problem, we have Egs. (8)

and (10) and no others. It is thus possible to
express all remaining wq in terms of the ex-
perimentally accessible quantities Wy, Wy, W,
and w,, but not possible to obtain any identity in-
volving only these quantities. Hence, although
we can make predictions using our broken unitary
symmetry theory, we cannot actually test it.

We conclude by remarking that our methods gen-
eralize! in each of the situations discussed to
scattering and production reactions.

*Research supported by the U. S. Atomic Energy Com-
mission.

!This is discussed in a forthcoming publication by the
authors, which contains proof of certain statements
made below,
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