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where V)4 is the operator describing the action of the symmetric multiplets 35 z, 280, and 280*.

M -vertex function and | MM—MM) is the antisymmetric 0This transformation has been used by T. D. Lee and
combination of the initial and final mesons which con- C. N. Yang, Phys. Rev. 104, 254 (1956); A. Bohr, Nucl.
tributes to the Johnson-Treiman relations in the ¢ chan- Phys. 10, 486 (1959). For detailed discussion of the
nel. From the requirement that the exchanged meson application of this transformation to W spin see ref-
state |X) have vanishing components for all the C =+1 erence 11,

states described above, it follows that the expansion of 11y, J, Lipkin and S. Meshkov, to be published.

| X) in the eigenstates of SU(6)y contains only the anti- 124, Harari, reference 3.
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It was emphasized by Gell-Mann® that the space integrals of the time components of vector and axial-
vector unitary spin currents give rise to the algebra SU(3)® SU(3). The weak interactions are beauti-
fully formulated in the quark model of SU(3)® SU(3).2

In this Letter we discuss consequences of the current commutation relations and of the partially
conserved axial-vector current hypothesis® (PCAC) in the nonleptonic hyperon decays. Our basic
idea consists in relating the matrix elements of the nonleptonic hyperon decays to those between octet
baryon states of bilinear products of vector and axial-vector unitary spin currents by means of equal-
time commutation relations of current components.

The nonleptonic weak Hamiltonian is written in the form of current Xcurrent,*

1
H(W) =(GN2)[(F ~ +iF 2) cosf +(F 4 iF 5) sind][(F 1 ir 2) cosé +(F 4iF 5) siné], (1)
i 7 i K K K i o
[ i
F =7 +j
where the superscripts refer to unitary spins. In terms of the quark fields, j u’ and jg #i have the
transformation properties of gy pri A;q and gy My5)\iq, respectively.

(2)

First we shall show that the commutators of H(W) with the space integrals of jg,t (z =1,2, 3) are sim-
ply related to the nonleptonic decay matrices on the assumption of PCAC. The decay amphtude of
B—~a+7 is written by reduction as

(W) & (w)

(ar' 1 [ 1™ &,0)18) = ~i fa*y a1 i ‘o), [ ™ &, 0]_6(»)18) exp(-ip_9), 3)

where
2 z .z
O=-ue_(y»)=7_(3), (4)
m m
and the state vectors are covariantly normalized such that («|83) =2Ea6(§a—53). We insert a com-

plete set of the intermediate states and take account of Eg=E, +E; where the physical decay process
B—-a+m occurs. Then we get

b(p -p )
(277) 6(p +p —pﬁ)z{(alH (0) In)(n |5 (O)Iﬁ>m
. o(p -p
—(a ljnz(O) |n){n lH(W)(O) 18) ﬁ—[i;—-} . (5)
nEnEg
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On the other hand, the matrix element of the equal-time commutator of [a3x HWX%, 0) with gy
= ~i[j L%, 0)d3x is
50 4

@I [ ™, 0),7, 118
mulg ; 6(p -p )
=(2n)3—TN‘-:—6(5a—5B)Z{<a 10 i (018 r
g K (0 - 2En(EB‘En)[“ -(E,-E) ]
. 6(B —p,)
~ali ‘O mnE o8 n_E 5 } (6)
2E (E -E )[u"=(E -E )7]
n n o n o
Here we have used the consequence of PCAC,3
0 jg, =l-imu'g, /g kO], ™

where m is the nucleon mass, g4 is the axial-vector S-decay coupling constant, g,,z/4n =14.6, cpi is
the renormalized pion field, and KNNT(0) is the 7N vertex at zero momentum transfer [KNN7(-2)
=1]. In the limit of large p,(=pg), we have E, ~Eg in the right-hand side. We assume that the sum-
mation over the intermediate states converges sufficiently rapidly that the order of the summation
over n and limiting process p, -« can be interchanged. Then wi-(E a"En)z tends to p? asp a~
since E, -E ,, = (M, *~m o)/(E, +E ,) because of the momentum conservation. Thus we are led to

im (a1l [ m ™ & 0)_18/56,-5,)
p - 0O
a
mg .
c——e— tim (ar’ | [2 8™, 018)/06,+5,-5,). @

Nw
&K (0) b=

If m, were equal to mg, and the pion mass were zero, one thinks of Eq. (8) as holding exactly. Since
we apply it to the decays of the octet baryon into the octet baryon +the pion, we can expect the equality
to be sufficiently accurate.® In this way, the covariant matrix elements are related to the equal-time
commutators.

The explicit structure of H (w) enables us to write down the commutators at equal time®:

3 v

(H°,4,°1=-18", (9a)

. . 3,.4 .. 5 .1 .2, 6 .. 1 . .
[, 1]=(G/~/2)cos€sm6[1 (G "= )+3(G " +y Wi -i. )+(j —j. )]+H.e.,  (9b)
5 Su T i @ kol TS b TS

c 2 3.4 5 1. 2. 6 . 7 .
[H ,—zJ5 ]—(G/\/f)cosesme[]su (j -, )—Z(JM Hjll )(]5“ ~ig, )+(]# jsu)]—-H.c., (9¢)

m
v 3, ,,C
[H 9J5 ]_-EH ’ (Qd)
v 1 3 4 5 1 2 6 i

H ,J_ 1=(G/N2)cosOsinb[j “(j "—ij )+i(j ~+ij i =ij )+(j ~j +H.c., 9
[ 5 1=(G/V2) [J“ (J# ]#) 2(1# g, )(J# Uu) (J“ ]su)] (9e)

v 2 3 4 5 1 2 6 7
H ,-iJ_"]=(G/N2)cosbsinb[j “(j —ij “)=%(; ~+ij i =if )+(§ —j -H.c., of
[ 5 1=(G/ [J“ (Ju J“) 2(1# 7, )(]u 1]“) (]u 15“)] (91)

where HC and HY denote the parity-conserving (pc) and parity-nonconserving (pv) parts of H (W), re-
spectively, and H.c. denotes a Hermitian conjugate. By use of these commutation relations, we have
reduced the number of independent amplitudes of 8-~ « +7; we have related the 83—~ a +7 decay to the
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transition matrix element of 8~ « caused by the “interactions” which are explicitly given by the right-
hand sides.

The right-hand sides give rise to 85 and 27. The C quantum number, the charge parity of the ¥
=I=0 member, is - for 8 and 27 arising from the right-hand side of Egs. (9a), (9b), and (9¢c). Since
8a, 8s, and 27 composed from the octet baryons and antibaryons have C =+, we are led to

BIE,51_1BY=0 (i=1,2,3). (10)

This is a slight generalization of the fact that a pv pole transition is forbidden between the octet bary-
ons in the case of octet spurion.’
We enumerate consequences in the pv amplitudes. Without octet dominance or the like,
Z.° = =(V3/20)a(27) +(V3, /20)“(8ss) + (3/80)1/=a(8as),
£ ~=[(8) /zo]a(z'z)-[(Je)/zo]a(sss)-(3/40)1/2a(sas),
AL =~(/3/20)a(27) + (3/20)a(8_ )~(3/80)"%a(8 ),
A_°=[(V6)/20]a(27)-[(V6) /20]a(8ss) +(3 /40)1/2a(8as),

2, = =(V2/10)a(27)- (372, /20)a(8_ )-(1 /40)‘/2a(8as),

Z_7= $a2D-fe(@ )-(1/20"a(8 ),

.+t =1a(27). (11)
We easily see
V2EL+E_"=0, (12a)
VZAL +A_°=0, (12b)
T_T-V2z,t-z,t=0. (12¢)

Equations (12a) and (12b) are the Al/=1 rules for the = and the A decays, respectively. Equation (12c)
is not the AI=1 rule for the £ decays because the sign before =, is wrong. However, because o4t
is experimentally either purely s wave or purely p wave, this sign cannot be experimentally deter-
mined in any way. Therefore, the consequence of Eq. (12¢) cannot be distinguished from the AI=%
rule.® Next,

2E_T+A_°=(V)Z,T+V3Z, . (13)

iz, is dominantly p wave, this holds good within experimental error.
Let us assume octet dominance in the bilinear products of the vector and axial-vector unitary spin
currents. We get an additional relation

E++ = 0, (14)
and therefore
2E_"+A_°-V33,t=0. (15)

This is the relation originally suggested by Lee, Sugawara, and others® by use of specific assump-
tions. A rigorous proof was given for the pv amplitudes by Gell-Mann” only on the assumption of the
current Xcurrent interactions, CP invariance, and octet dominance.

The present discussions give the pv amplitudes in terms of the three independent matrix elements
between the octet baryons in the general case, and in terms of the two in the case of octet dominance.
All of the predicted relations are satisfied very well.!®>!! One of the most important results is that
the AI'=3 rule is derived for the A and the = decays without octet dominance and that the sum rule
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experimentally equivalent to the AI=} rule is derived for the T decay.

In contrast, we encounter a serious difficulty in the pc amplitudes. According to the present dis-
cussions [see Eq. (10)], all of the pc amplitudes are forbidden by SU(3) and PCAC. There is a proper
reason why the pc amplitudes are forbidden. Suppose that the system is transformed into the rest
system of o and B in Eq. (6). The pion has no mass or energy-momentum, and therefore the process
which Eq. (6) describes is B (at rest) - a (at rest) +7 (without energy momentum). The p-wave decay
(the pc process) is evidently forbidden in this situation.'?

We shall show a way of overcoming the difficulty in the pc amplitudes, and give further applications
elsewhere.

We are very grateful to Professor Roger F. Dashen for enlightening and stimulating discussions
and for careful reading of and valuable suggestions to the manuscript. Thanks are also due to Pro-
fessor Steven C. Frautschi for helping us in improving the manuscript.
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