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—m +n, K*+n-K*+n, etc. , which have a much

higher forward cross section than the charge
exchange, would be ideal.
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tion for discussions with R. C. Arnold and
B. Sakita.
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In the Sugawara-Suzuki model' ' of nonlep-
tonic hyperon decays, the s-wave amplitudes
are simply proportional to the matrix elements
of the weak Hamiltonian evaluated between sin-
gle-baryon states (weak spurion). As pointed
out by Sugawara, ' we may actually estimate
the numerical value of these amplitudes in the
current-current picture by summing over a
set of single-particle states inserted between
the two currents.

In this note we report on our attempt at such
a calculation. As input information, we use
the universal weak coupling constant, Cabibbo's'
factor sino, and the nucleon electromagnetic
form factors. As output we obtain all the s-
wave amplitudes. Despite the neglect of high-
er intermediate states, we find that our results
are in reasonable agreement with experiment.
Corresponding to the three undetermined pa-
rameters in the Sugawara-Suzuki scheme, we
remark on three features of our predictions:

(1) The absolute magnitudes are roughly cor-
rect. (2) Octet dominance emerges if we do
not assume it initially. (3) The ratio A /"
(or alternatively, the weak spurion d/f ratio)
comes out reasonably well.

Thus we find support for a current-current
form for the hyperon nonleptonic decay inter-
action. Point (1) implies that the fa,ctor sin8
is needed for nonleptonic as well as leptonic
decay processes' and strengthens the conclu-
sion' that it is a fundamental constant rather
than a symmetry-breaking effect. The two types
of processes are thus unified. Point (3) coupled
with the observation' that the weak spurion
has about the same d/f ratio as the mass-split-
ting spurion leads us to speculate that the Gell-
Mann-Okubo interaction is also of current-
current form.

We start by assuming that the nonleptonic
part of the universal weak current-current
interaction is to be written in the symmetrized
form

H = (G/v 2) cos6sin02/[(V +P ), (V +P ) ] + (2 —3)j,
NL ~ g 1 1 3 3

2 2 p,
' 1 1 p+

where G = 10 '/M', 9 = 0.26; and Vb~ and Pb~ are, respectively, the vector and pseudovector cur-
rent octets. We shall also investigate the possibility that II~ is given by the pure octet:

H = (G/v 2) cos0 sin0 —'([(V +P ), (V +& ) ] + (2 3)).
NL' C C

c c P. 3 3 P +

Using Eq. (1) and the partially-conserved-axial-vector-current (PCAC) hypothesis, '0 we obtain a,
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conveniently normalized" s-wave amplitudes, for emission of a pion, nb

A = (2Mi/g )(2k ) (N'w (k) IH (s wave) IN)
1/2, a NL

= (1/2g )G sine cosg(N'116 ([V,V ] +[P,P ] +[2 3])-6 '([V, V ] +[P,P ] +[2 3])2' b + 2' b + b 2' 1 + 2' 1 +

where M is the nucleon mass, gg = 1.18, (g'~NN/4~) = 14.6, and we have suppressed the Lorentz in-
dex for simplicity. By CP invariance only the parity-conserving spurion contributes on the right-
hand side of Eq. (2) as indicated. A similar equation holds when we use Eq. (1 ) instead of Eq. (1).

Our procedure is to approximate Eq. (2) by summing over a set of intermediate octet baryon states.
We need the vector and axial-vector form factors, defined by

(N'(P') IV (0) IN(P))= -zM(P P ') u(P') y ([F (q )+ ', F (q -)]F —-', F (q )D
bp 0 0 p,

+(~ » /»M)(I& (» )+l&»"(» )1»'»'-l&» (» )&»'&}M(»),
V 2

&N'(P') IP~ (o) IN(P)&= -&M(P0P0') &(0')6' v [f(q )Ff, +d(q )D~ ]
by. 0 0 p, 5

.f(q /2M)r [f'(q )F, .d'(q )D, 9 (~),
p. 5

where q=p-p'=(q, iq, ), o'»----, i(y y~-y~y&), andDt& and Fp are, respectively, the symmetric
and antisymmetric SU(3) matrices. We have assumed SU(3) invariance so that all the vector form
factors are given in terms of the known nucleon form factors. We use the following" empirical fit
to the nucleon form factors:

(3b)

(4b)

with

G (q )=G (q )/p =G (q )/p =(1+q /0. 71), q in BeV/c,2= P2 = "2 =
2 -2

(5a)

G (q )=0,

and pp = 2.79, p„= -1.91.
We may relate the two axial-vector form factors to each other by using Nambu's form" of the PCAC

hypothesis. This gives

d'(q') =[4M'/(q'+M ')]d(q'),

f'(q') = [4M'/(q'+M ')]f(q').

Actually in Eqs. (6) we must replace M~' by MF' when the relevant current is strangeness-chang-
ing, but this turns out to have negligible effects for our purposes. Finally, we relate d(q') and f(q')
to the nucleon electromagnetic form factors by using chiral SU(3}SSU(3) symmetry. '~ With the bary-
ons in the ((6, 3), (3, 6)) representation we obtain, as pointed out by Hara, "the characteristic SU(6)
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results and in addition

d(e )=-',Z [F, (e )+-'Fl (e )1,
2, P 2, n

(7a)

f(e )=',ZA[-.'&I (~ )--'+I (q )], (7b)

where we have normalized the result to obtain

d(o)+f(o) =I 18

Collecting together Eqs. (3)-(7) and substituting into Eq. (2) gives, after some manipulations, our
final result for the s -wave amplitudes:

j . M3
A. = G sint) cos6, ,[I +I ],(2@2 V I' '

I =, 2 ]4{S +S (x —I))= (0.0778)S + (0.0392)S (Sa)

dx(x2-1)' ' 1 (x —1)(x-I+M 2/2M'+M '/2M2)
KP, (1+ (2M /0 2()(x-1)) (x+ 1)' (x —1+ M /2M )(x —1+M '/2M )I 1 2 2

7r K

= (0.0341)R + (0.0114)R + (0.0155)R3' (sb)

where the R's and S's are given for the A

, and Z++ decays in Table I. [The other
decays may be obtained from these by using
the A and " ~I= 2 rules and the Sugawara-Su-
zuki relations'2'. A (Z )+ v 2A (Z,+) = -A(Z++)
and A(A ')+2A(:- ) = —(3//6)A(Z- ) which
hold in our model. ] In deriving Eq. (8) we as-
sumed that the inital and final baryons were
at rest and that all baryon masses were degen-
erate at the nucleon mass. The integrals ap-
pearing were evaluated numerically. " Iy is
the part of the contribution from the vector
currents and Ip is the part from the pseudovec-
tor currents. In Table I we have also listed
the coefficients which wouM be obtained had
we used Eq. (1') instead of Eq. (1).

The results of the calculation and compari-
son with experiment" are given in Table II.
In view of the approximations we have made,
the general agreement is very striking. This
would appear to indicate that the universal cur-
rent-current picture of weak interactions has

! been successfully extended to nonleptonic hy-
peron decays. To some extent it also makes
our approximations plausible.

We note that if we had not used Cabibbo's
factor our predicted results would be about
four times those listed. This seems to be evi-
dence that sin0 is indeed required for these
nonleptonic decays.

It is remarkable that A (Z++) comes out to
be very small. The contribution to this ampli-
tude comes' only from the L27) spurion and hence
vanishes in the limit of complete octet domi-
nance. It can easily be seen from Eq. (8) and
Table I that the reason for its low value is an
approximate cancellation between Iy and Ip.
Presumably a better estimate of the axial-vec-
tor form factors (which contribute only to Ip)
would lead to more exact cancellation. Thus
an argument has been presented in favor of
octet dominance arising as a dynamical effect
without the introduction of neutral currents

Table I. Coefficients in Eqs. (8). (For simplicity, we have set p„=—I)2p. ) The factor X is (5/3gA) .

Decay R, X
No octet dominance r.Eq. {1)]

RgX RBX Sg S2

Octet dominance [Eq. {1')]
R,X R,X S,

52/3
-44/3

8/9

20pp
—4pp

(15/3) )2p

3Pp
3pp

2'
13)2p /3

—11''/3
2)2p /9

28
-88/3

0

28 pp
—12pp

0

3Pp
3pp

0

—3
0

7pp
—19'

0
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Table II. Results of calculation. All numbers are to
be multiplied by 10 ~ M&.

Prediction
assuming Eq. (1')

Amplitude Experimenta Prediction instead of (1)

A(A )
A(" )
A.(Z++)

3.3

-0.1

2.9
—2.4

0.4

4.6
—4.4

0b

aSee Ref. 11.
Implicitly assumed.

[as in Eq. (1')j. This would lead us to prefer
the universal form of H~ given by Eq. (1).

To improve this calculation one might take
careful account of mass differences among the
baryons and contributions from higher inter-
mediate states. Further developments will
be given elsewhere.
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We report the observation of an enhancement
in the K,'K, spectrum with strangeness zero,
isospin zero, even parity, and even charge
conjugation, which we refer to as the S*. The
mass of the S* is 1068+ 10 MeV with a width
of 80+ 15 MeV. Our analysis favors a zero
spin for the S*. The cross section for S* pro-
duction with both K,' decays observed in the
reaction

+P-n+8*

-K» K»

is approximately 1.5 pb at 6 GeV/c.
The differences between the S* and the pre-

viously reported K,'K, threshold effect in low-
er energy experiments' will be discussed be-
low.

The data were obtained from exposures of
the Brookhaven National Laboratory 80-inch
liquid-hydrogen bubble chamber to 6-GeV/c
n+ and m mesons. We have film equivalent
to approximately 4 events per p, b for m+ and
18 events per p, b for m . The final states rele-
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