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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 SU~ 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 Sakurais
have associated with the irreducible representa-
tion (IR) of SUS with highest weight~ (3, 0).

(rr) 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 vz) 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 Iz
but not with P and hence may be taken to trans-
form under g~ like the Iz —-0 component of a vec-
tor operator. We denote the matrix element for
the decay by (I,v,I,v, i T tIv) and consider the sums

P, (v) =Qv i (I,v —vP, v, I T 1Iv) I ',

Pm(v~) =Qv ( (I~v~I2v~ ) T lIv~+ vm) I . (2)

We easily prove that P,(v) is (A,) independent of
v to zeroth order and (B,) of the form (o +Pv) to
first order in the perturbation, and similarly that
P, is (A,) independent of v, and (B,) of the form

r, =r, +r, = r, +r, = r„
r, +r, +r, =r, +r, +r„
r, +r, =r, +r, =r, +r„

and hence we have the complete solution

2r, = 3r, =6r, =6r, =3r, =2r„

(3.A, )

(3.A )N

(3.A,)~

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

r, - (r, + r, ) =(l', + r, ) -(r, + r, )

=(i +l )-r', (5 B,)

(r, +r, ) -(r, +r,) =(r, +r,) -(l, +l,). (5.B,)~
(III) We now generalize the discussion of para-

(y+ hv~). 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 A~ including
properties of Clebsch-Gordan coefficients, the
Wigner-Eckart theorem, and the fact that C(jlj,
m0m) 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
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Table I. Shmushkevich table for N-N+ m.

Process Relative weight

N+++ P + &+

N*+-P+ vr'

N*+-n+ m+

N*o-p+ 7)-

N+0 g+ xo

N* a+m

graph (II) to the situation mentioned in paragraph
(O.

We use the notation' (A. , g) for an IR of SUS, the
integers ~, p being the components of its highest
weight. In a given (A. , p, ) we may introduce a ba.sis
l(X, p)IvY}, where v and Y (hypercharge) give the
eigenvalues of the operators of the Cartan subal-
gebra of SUs and I belongs to the SU~ subgroup.
Knowing the (I, Y) content of the (A, p), one can
assign to them appropriates'5"' multiplets of
particles or resonances. I et us now consider
the decay weight

~((A~, g, )I~v~Y„(A2, p2)I2vmY2I T l(X, v)IvY} ( (8)

and form sums over such quantities, Q, (I, v, Y)
and Qm(I„v„Y,), analogous to those appearing in
Eqs. (1) and (2), i e. , r.espectively, over Iz, I2,
v2, Y2 for fixed I, v, Y and over I~, I, v2, Y~ for fixed
~1, ~„Y1. Since the properties of Clebsch-Gordan
coefficients of R~ used in deriving (A,) and (A2)
above generalize' to SU~, we find (C,) that Q, (I, v,
Y) is, in fact, independent of I, v, and Y; (C,)
that Q~(I„v~, Y~) is independent of I„v~, Y~ to
zeroth order in the perturbation. Result (C,)
states that the total widths of all decays for dif-
ferent members of the decaying multiplet are
equal and (C~) is the generalized Shmushkevich
theorem for the situation.

Following Okubo, we assume that the interac-
tions which break exact symmetry under SUs are
invariant under isospin and strangeness transfor-
mations. It followsg that we may take them to
transform under SUs as does the I =v = Y =0 com-
ponent of a tensor operator which transforms ir-
reducibly under the regular representation (1, 1)
of SUs. This is in direct analogy to the simpler
case, the vector representation of ps being the
regular representation. If we now assume that
this perturbation of SUs invariance is a first-or-
der effect, we may proceed by an a.pplication of
the Wigner-Eckart theorem10 for SUs to the re-
sults, (D,) and (D,), that the sums', (I, v, 1') and

Q~(I~, v„Y,) are now of the forms

o + PY+ @[I(I+1) ——,
' Y'],

$ + q Y~ + )[I,(I, + 1) ——,
'

Y~2),

M)1 KR &S %7 &4 K6& %8 %10 Wg = %11 (8)

valid in both the zeroth and first order of pertur-
bation. We obtain, in the zeroth order of pertur-
bation, the independent identities

—,'(2w, ) =-,'(2w, +2w, +w, ) =-,'(2w, +2w, )

1 1
g(wg+wg) = w4+ ws = p(wg+ wg+w6+ we) ~

(9.c,)

(9.c,)

respectively. Here we have used Eq. (A. 8) of
Okubo's paper.

We now illustrate using the decays of the reso-
nances N*, Y,*, =*, and 0, associated' with the
IR (3, 0) of SU, into baryon plus meson states.
Baryons and mesons are assigned to identical oc-
tet IR's (1, 1) of SU~. Decays allowed by f and 1'
conservation correspond to the vertices (N*Nz),
(N~ZK), (Yi~NR), (Yi*Aw), (Y,*Zv), (Yi*Zq),
(Y,*m), (:-*AIf), (:-*ZK), (:-+=-q), (:-*:-~), and
(Q~) with q some unspecified I= 1'=0 meson.
We shall deal with the sums of the relative weights
for all decays of resonance into baryon plus meson
within each of these groups, denoting these sums
in the order given by so„so„~ ~ ~, w». We may now
draw up the Shmushkevich table (Table 11). Since
we have not distinguished between different charge
complexions within any group of decays (but, rath-
er, summed over them}, we must take account of
this in the applications of the results (C,) ~ ~ ~ (D,)
by dividing by a, factor (2I+ 1) when an (I, Y) multi-
plet is involved. Also, to abbreviate the results
that ensue, let us use the invariance of decay
weights under interchange of baryon and meson
octets to give
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Table II. Shmushkevich table for (3, 0) —(1, 1) + {1,1).

Decay N* Y,* "* 0 X A Z K g 7t K

N)

N2

Ns

W4

Ns

Ne

Ny

Ns

N9
'bU)0

N)2

1
1 1

1
1

and, in the first order,

—,'(2w, ) + -,'(2w, + 2w, ) = g(2wy + 2w, + wy)

= 2(2wy + 2wy) —2wgy,

(w~ + wy) + (wy + wy + B)y + wgy) = 3(w4+'wy)

+ Qywg + w4 + wy + wy) ~ (10.Dy)

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

3w, =l2wy=8w4=12wy=12wy=12wy=6w„. (11)

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

and (10) and no others. It is thus possible to
express all remaining u~ in terms of the ex-
perimentally accessible quantities u„m~, u„
and so9, 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.
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