
VOLUME 12, NUMBER 1$ PHYSICAL RKVIKW LKTTKRS &0 MARCH 1964

NONLEPTONIC DECAYS OF BARYONS AND THE EIGHTFOLD %AY~

Yasuo Hara~
California Institute of Technology, Pasadena, California

(Received 23 January 1964; revised manuscript received 24 February 1964}

It has been shown' &' that the decays K, '-2~ are
forbidden in the limit of unitary symmetry' ' un-

der the following assumptions: (i) The nonlep-
tonic weak interaction is a component of an octet,
or some mechanism selectively enhances the
contribution of the octet part of the interaction.
(ii) The interaction is formed from a sum of prod-
ucts of weak currents and their Hermitian con-
jugates [GIJ]p Jlp + (G2J2p+J2g + ~ ~ ~ )j. (iii) The
interaction is I'C invariant. ' Here, we would

like to show that under the same assumptions we

can also prove the following facts: (i) If we make

the pole approximation for the nonleptonic weak

decays of strange baryons, we have to include
poles due to octet baryon resonances (Bs~)
(ii) The parity-violating amplitudes of the y de-
cays Z+-p+y and = -Z +y are zero.

Since the matrix elements of the parity-non-
conserving nonleptonic weak interaction between
octet baryons have been shown' to vanish in the

limit of unitary symmetry, the pole model of
Feldman, Mathews, and Salam' for the nonlep-

tonic weak decay of the strange baryons gives us
no asymmetry. Thus, in order to obtain asym-
metry, we have to include poles due to baryon
resonances and meson resonances. However,

observed meson resonances do not contribute to
the parity-violating amplitudes since the matrix
elements corresponding to the process "8+A
- (meson with spin -1)—p-v spurion and pion"
can be shown to vanish in the limit of unitary
symmetry. ' %e thus have to consider baryon
resonances in order to obtain asymmetry. At

present, a unitary singlet, a unitary decuplet,
and unitary octets of baryon resonances are pre-
sumed to exist. ' In Table I their contributions
to various amplitudes are shown. Since a(:" )

is known not to be equal to zero experimentally,
we see that we have to consider at least one of
the octets of baryon resonances to have nonzero
o. (= ). We probably have to include poles due to
the unitary decuplet and singlet baryon resonances
if we wish to consider octet baryon resonances.
The inclusion of these poles makes the pole model
very complicated. However, if do/f, =d, /f, =

=Do/Ii =D, /F, = ", and if there are no decuplets
of meson resonances, the relation

-a(A-P+~-) —2a(:-- —A+~-) =@II(Z'-P+~') (I)

is found to hold for parity-conserving amplitudes.
This relation, which is compatible with experi-
mental evidence, has been derived by Sugawarag

Table I. The contributions from various poles. The notation A{A-p+~ ) [B(A—p+m )I represents the parity-
violating (parity-conserving) part of the amplitude of the A —p+7t decay, and A, p(A-p+z ) =-&2A, B(A n+z ),
A, B(Z -p+T ) =[A,h(Z n+~ )-A, B(Z —n+r )]/~2, and A,B(" —A+I( ) =-&2A, B(" -A+m ). The notations
Bi* represent i-fold baryon resonances and M8* represent meson resonance octets. The ratio di/f2 is the d/f ratio
for the (octet baryon &8) —(ith baryon resonance octet 88 2*) —(octet ps-meson) coupling (88,0* =B8) . The r atio
D2/E2 (D2'/Ei') is the d/f ratio for B8 -88 i* —[parity-conserving (parity-violating) spurion] coupling, and d2'/f2' is
that of the B8-98—(ith meson resonance octet) coupling (Do =Ep =0) Contributions from Mf* are zero.
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and by Lee" on the basis of R invariance. It is
interesting that the d/f ratio for BQQS8 coupling

(d,/f, ) has been found" to be nearly equal to the

d/f ratio for B+,~I'SB coupling (d, /f, ).
The parity-violating parts of the amplitudes of

the y decays of the strange baryons can be writ-
ten as

((8 0 8'-8 '0 8 )+b(8 '0 8'-8 0 8 ')
2 n 1 1 n 3 1 n 2 1 a 3

+c(82'0 81'- 83'0 81')

+d(8 '0 8 '- 8 '0 8 '))A

making use of the tensor notation, ' where" &0~8
= By5v~f)88~ and A, ' should be read as A, '-,'-(A, '
+A, '). From the invariance of the interaction'
under the exchange of the indices 2 and 3, we find
a = -d and b = c = 0. Since the configurations " Z

(=8,'8, ) and Z+P (=8, 8,') are not found in the
first and fourth terms in the bracket of (2), the
parity-violating amplitudes of the y decays, Z+

-P+y and " -Z +y, are zero in the limit of
unitary symmetry and their asymmetry param-
eters are zero. This will be checked by experi-
ments in the future.
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In this note we present a model of weak inter-
actions based on unitary symmetry of strong in-
teractions' and on the V-A theory of weak inter-
actions. The basic assumption made here is that
the weak interaction currents of strongly inter-
acting particles, J, have positive RC conjuga-
tion parity,

RCJ (RC) =J

where R and C are the R-conjugation and charge-
conj ugation operator, respectively. '

We first consider the representation of J& as a
sum of baryon-antibaryon products in the octet
model of unitary symmetry in w'hich baryons
(mesons) are members of the "8"representation

of the SU(3) group. Therefore, J& is expressed
by a direct product of two octets which has the
well-known decomposition into the direct sum
cc] ~~ + cc8 ~~ + cc27 yP + cc8 y~ + cc1Oyy + cc] O+» Under
interchange of two octets in the product, the first
three representations ("1","Bs","27") are sym-
metric while the last three ("Bn","10*',"10*")
are antisymmetric. If we divide J& into a. vector
(V) and an axial-vector part (A), we expect from
the assumption (1) that the V current and the A
current have different SU(3) coupling schemes be-
cause of their different properties under charge
conjugation. RC conjugation gives the interchange
of two octets in the product with a minus sign for
the V and with a plus sign for the A. The permis-
sible candidates for representation of J& are


