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yield the identical result. However, this value would been neglected due to the smallness of the mixing angle
lead to large seagull contributions to this and other de- (®10°). In this approximation % = A/‘/§F,,, By=-2h(g, -1
cays and so it is eliminated. +3k), and By=4(\/g,F V3)[1 = 3(F /F )2 — (F55%/W)

21The constants 7, By, and B, of Eq. (70) are compli- X (1+F,,:/F,,)]. Th_e zalue kgp =—4 has also been as-
cated functions of the various components of g,, and F . sumed. W is the (9,9) component of W,.

In deriving the results given in Egs. (72)—(77), n —n' has
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The v +m— 7 +7 interaction is considered within the context of hard-meson current algebra
and a model of PCAC (partially conserved axial-vector current) breakdown previously pro-
posed. The form factor for this process is calculated and the y-3m coupling constant eval-
uated. The results are in agreement with experimental data.

In the past several years a number of authors'~* have used various techniques to evaluate the coupling
constant for the process y +7—7+7. This interaction is of interest since it is known to contribute to the
process T+N—~7m+N+y. Arnowitt, Friedman, and Nath® have proposed a hard-meson model of the break-
down® of partial conservation of axial-vector current (PCAC) which allows the two-body photon decays of
7% 7, and vector mesons. Very recently” this model has been extended to higher order and successfully
applied to the four-point processes w— 37, ¢ - 37, and - 27 +y. These same interactions will also con-
tribute to y +7—m+ 7,

Assuming that the isoscalar part of the electromagnetic current is dominated by the w and ¢ mesons, the
amplitude for y +7— 7+ 7 is related to the following matrix element:

(mk,a: ﬂkzle,e:o(O) [Thyc) = (€/V3 ) ool TR a: TRyb|wB(0) |MRyC) +ggol T a: TRyb|0B(0)|TRyC)] . (1)

k,, k,, and k; and a, b, and c are the momenta and isotopic spins of the pions. JL, is the isoscalar part of
the electromagnetic current. w® and ¢® are the w and ¢ fields, respectively. g, and gy, are the field-cur-
rent coupling strengths of the w and ¢ mesons to the eighth vector current. Hence the matrix element for
v+m-7+7 is related to the matrix elements for w- 37 and ¢ - 37,

The interaction Lagrangian for w- 37 is given in I as

£(w=3m)= =€abe gp-l[m pzﬂaaﬂﬂbpuc + %7\.43;1 g0 v‘”ba“pg]
- (ZA/‘[Q-F‘K)EH ua8[4"aaupzaawﬂ + €abc(gp-1 + %k)ﬂu 8“7[,,3"11‘0 9 awﬁ] ’ (2)

where 7, is the pion field, p! is the p-meson field, and w? is the w field. €,qp 15 the Levi-Cevita symbol
with €%?°=1=—€,,,;. &, and F, are the field-current coupling strengths for the p and 7 mesons.® X, is the
anomalous magnetic moment of the A, meson. The 7-p-w coupling constant is given by &rpw= 8\ /V3 F,.
The first three terms of Eq. (2) lead to the Gell-Mann—Sharp-Wagner® p-dominated tree diagram. The last
term leads to a direct seagull contribution. The value of kg, was determined in I to be -4 by a fit to the ex-
perimental value of 9.3 +2.1 for the branching ratio I'(w - 37)/T'(w- 7%).1°

A straightforward calculation using the Lagrangian of Eq. (2) gives!!

[ 16X kR, ko
<’”k‘la: 1rk2b|w5(0)|1rk3c) = —l<‘/3—F1r>€“ vaﬂeabc Ntr(kl)Nw(kz)Nn(ka) (kl +k2w_ ;:)ZS:m wz
mg, . 1 1 1 1 §<7\,+1
x[ &p (1—4AA)(mp2's+mp2‘“+mpz't 1 & 1’ ®

where s=—(k,+k,), t=-(k, —k,)?, and u=—(k, - k,)?. Since Eq. (1) requires this matrix element to be eéval-
uated on the photon mass shell, s+¢+u=3m,?. The ¢ matrix element will be identical to Eq. (3) except
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that m , is replaced by m 4, and X is replaced by SRR
Substitution of these matrix elements into Eq. (1) and evaluation at the photon mass shell results in
. 16er\/ g V3
(k,a: Thyb| T8 (0)| Thyc) = —iN, (RN, (kz)N,(k3)< T >( Sy 2 %)
5 me 1 1 1 3/, +1\
The form factor for y+m—~m+m, F(s,t,u)is defined by’
(nk,a: mk,b|JE,(0)|TkyC) = i(Zﬂ)'9/2(8w1w2w3)'1/2€abc€6"”“kmkz,,ksaF(s, tu). (5)
Thus,
16er\/ g, V3 N g \[mp2 1 1 1 3<x +1>]
F(s. t.u)= = —=\( 288 , 12 =~ 280 \| 2P (y 1 22472
( » ) <3F"><mw2+ 2 }\m¢2>[gp (1 4AA)<mpz_s+mp2_t+mp2_u>+4 gp M (6)
The y-37 coupling constant! A is related to F(s, t,u) by
eA/ml2=F(s=t=u=m,?). (7)

Evaluating the form factor at the symmetric point gives the following expression for A:
= 16am ,° Zes \/?)\’gag N m 2\,
A_—<‘/—2_mPF1r2><mw2 * 2)\m¢2 [(1_4)\4) l_mpz > +4()\A+1)]. ®)

In terms of the w-¢ mixing model of Augustin et al.,'® g, = -m 2/f, and ggo= —m 32/f 4, Where f /4
=14,8+2.8 and f¢2/41r= 11.0+1.6. X and A\’ have the values'* A =0.348+0.024 and A’ =0.026 +0.005. The val-
ue of A, is taken as 0.4+0.3.'® These numerical values result in

A=0.15+0.03, 9)

which is in agreement with the value obtained by Donnachie and Shaw'® of
A=0.04+0.15, (10)

from the analysis of photoproduction data.
It is interesting to note that if A is calculated using only the Gell-Mann-Sharp-Wagner p-dominated tree
diagram, the result is

Agew=0.12£0,02, (11)

which also agrees with Eq. (10). However, neglecting the seagull term of Eq. (2) for the process w— 37
leads to a value of I'(w— 37) which is a factor of approximately 2 smaller than the experimental value.

It is also of interest to calculate that portion of the total coupling constant that is due to the ¢ meson.
Using the numerical values given above, it is found that the g,, term of Eq. (8) is approximately 8% of the
total coupling constant. This is not surprising since it is well known'® that the ¢ decays are quite sup-
pressed relative to the w decays.

Now consider the evaluation of this quantity by other techniques. Chatterjee! uses current algebra and
invokes the soft-pion limit for two of the pions, predicting a value of 0.03. Sundaram? and Murtaza and
Harun-Ar-Rashid® both use a Veneziano model, Sundaram predicting a value of 0.12, and Murtaza and
Harun-Ar-Rashid predicting a value of order unity. Ali and Hussain? approach the problem from the point
of view of the anomalous Ward identities. They predict a value of 0.16 in the Gell-Mann-Sharp-Wagner
limit and values in the range 0.19-0,24 when the experimental value of I'(w~ 37) is used to determine the
seagull contribution. This range of values is due to.their using values of A, over the range O to 1 and eval-
uating their result with and without higher-order momentum-dependent contributions to the off-mass-shell
wpm vertex. All of these calculations ignore contributions due to the ¢ meson. The present calculation in-
cludes the ¢ contribution, although it is found to be much smaller than that due to the w.
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Nonleptonic weak decays of hyperons and the K; — 2w decay are carefully analyzed using
current algebra, partial conservation of axial-vector current, and once-subtracted disper-
sion relations, a method suggested by Okubo, Mathur, and Marshak. We have calculated the
dispersion integral by assuming it to be saturated by the low-mass intermediate states of
the nucleon octet, of the 3* decuplet of A(1236), and of the 3~ SU; singlet ¥(1405), in the
case of hyperon decays, and by the intermediate states of vector mesons and a possible 0*
scalar-meson nonet, in the case of K;— 2 decay. The matrix element of the parity-viola-
ting weak Hamiltonian density between two baryons (which is required to evaluate the hyperon
decay amplitudes) is related to the Ky — 27 decay amplitude by the K; tadpole mechanism.
With pseudovector SUj-symmetric coupling among the nucleon and pseudoscalar-meson
octets, we are able to obtain a good fitting of all the hyperon decay amplitudes in terms of
four parameters. We also find that the corrections to the soft-pion values are very impor-
tant not only for P-wave hyperon decay amplitudes, but also for S-wave amplitudes. They
are also extremely important for K;— 2m decays. Furthermore, we find that, contrary to
the findings of Hara and Nambu, there is no evidence for the concept of a “universal parity-
conserving spurion” in hyperon and K; — 2w weak decays.

1. INTRODUCTION

Based on a current-current theory of weak inter-
actions, current algebra, partial conservation of
axial-vector current (PCAC), and a baryon pole
model, nonleptonic weak decays of hyperons have
been discussed by several authors.!™® Our work in
this article is along the general lines of these pre-
vious works, but is intended to be more complete
than any of these. We get several new interesting
results, which to the best of our knowledge have
not been reported in the literature.

We will start by discussing the work of Kumar
and Pati (KP),® which is probably one of the most
improved forms of all previous works. Intheir
work, KP®'1° demonstrated that it is possible to fit
the eight independent (if the |AI|=3 property is al-

ready built into the theory, as is the case here)
decay amplitudes in hyperon decays within about
(60-70)%, in terms of essentially only two param-
eters. This was considerably better than the pre-
vious analyses, in which there appeared to be dis-
crepancies with factors of 2 to 3, especially in the
P-wave decay amplitudes.

Their work is based on the following assumptions:
(1) The current-current theory is used to the ex-
tent that the equal-time commutators involving par-

ity -conserving (P.C.) and parity-violating (P.V.)
weak Hamiltonian densities satisfy the simple rela-
tions

(3c: V-, Fi] =[3ey ", F'], (1)
(3, Fil=[scy V", F'], 2)



