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As a result, if Eq. (10) is considered as an in-
homogeneous integral equation for ( ~l I g), we

find that the Neumann series for the solution is
convergent and hence the solution is unique. In
order that the solution be consistent, we obtain
the eigenvalue condition.

(w)"r(f +1)/2ar(f +';) =-1, (12)

which leads to a single pole in the neighborhood
of -1. Further, if the terms in Eq. (10) which
we have proved to be negligible are omitted, a
differentiation of Eq. (10) leads immediately to
Eq. (4).

The solution of Eq. (1) for the case of the non-
local potential may be discussed by using an ap-
proach similar to the Yukawa case. The essen-
tial feature of the latter problem is that in the

vicinity of -1 the Legendre function becomes ap-
proximately constant as a function of its argument.
Making this same approximation in the present
case, we find Eq. (5). This then leads to an in-
finity of solutions in the vicinity of -1.
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It is known that leptonic decays of hyperons
are very rare. Experimentally, ' the leptonic
branching ratios of A and Z decays are about
an order of magnitude less than would be ex-
pected on the basis of a simple V-A theory with
a coupling constant equal to the neutron P-decay
coupling constant. ' %e propose that this dis-
crepancy can be resolved with the aid of the uni-
tary symmetry scheme ("eightfold way") of Gell-
Manns and Ne'eman. 4

It was originally suggested by Feynman and
Gell-Mann, ' and by Gershtein and Zeldovich, '
that the weak lepton-baryon interaction for no
strangeness change is described by the universal
coupling of the charged components of the iso-
topic vector current to a lepton current. If uni-
tary symmetry holds, the obvious extension of
this scheme is that the lepton current is coupled
almost universally to the charged components of
the eight-component unitary baryon current. s

By almost universally we mean that the univer-
sality of coupling is violated to about the extent
that unitary symmetry itself fails to be exact.
A measure of the symmetry breakdown is fur-
nished by the baryon mass splitting, with the
N-" mass difference about 0.25 times the mean
baryon mass.

There are two possible eightfold vector cur-

rents that can be formed from the direct product
of the baryon octet with itself; we call these d
and f currents, in Gell-Mann's notation. s ln
general, a mixture of these currents will be
coupled to the lepton current, with the f current
being conserved (in the limit of exact symmetry).
Denote the baryon currents by J ~, i=1 ~ ~ ~ 8.
J '+iJ ' leads to n-p+P+v, while J&~+iJ&'
couples A with p, and Z with n. Label the
baryon states by J~ and F, where J, is the third
component of isotopic spin and Y the hypercharge.
Then the matrix elements (I3Y[J ~ [I3'Y') are of
the form ( li J& Il)C(I3 Y;I3'Y';i) (analogous to the
Wigner-Eckart theorem), and the number C de-
pend also on the representation d or f. Set ([[J&[[)
equal to 1; then

G(p [8 '+iJ '[n) =~2(d+f)G,

G(P [J ~+iJ '[A) =-(d/~3+&3f)G,
P

G(n [J +iZ '[Z ) =~2(d -f)G,

where d and f are numbers representing the d-f
mixing ratio. G is the universal vector weak
coupling constant. The axial vector coupling
constants are renormalized by strong interac-
tions. For n decay, G~+=1.25+. For A and
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Z decay, we use the Goldberger-Treiman re-
lations as given by Ge?1-Mann'~3 to find

G G 2M g fA N

C G MN™AgNN„fK

Z N
'MN 'zNKf.

G G MN™zgNN„fK

The axial vector coupling constants are small,
since f„/fK and gyNK/gNN~ are both small.
(That f„/fK is small is a violation of unitarity
symmetry; Gell-Mann has pointed out that this
violation may be understood in terms of the large
mass splitting in the pseudoscalar octet, with

rn~/mK also being small. ~) Although the cou-
pling constants g&&& are not precisely known,

photoproduction experiments on y+p -K+K
indicate that g&NKI/gNN 2-0.1. For instance,
Kuo has made a fit to the photoproduction cross
section, and finds gANK'/gNNx2-0. 13; although
no careful fit to the Z production data has yet
been made, the cross sections are comparable
to those for A, ' and it is reasonable to suppose
that gZNK'/gNN~ -0.1. Then one has, with

fv /fK 0.16, G 2(GgA~ Z) -0.04. The total
baryonic decay rate is proportional to Gym+3G~~.
Thus the A branching ratio AU(A), as calculated
by unitary symmetry, stands in proportion to the
ratio SUFI(A) calculated by Feynman and Gell-
Mann on the basis of a "universal" Fermi in-
teraction, as

(1/6) [(1+3x)j(1+x)j'+0. 04
4. '75

where x =f/d.
Likewise, for Z decay,

Z (Z) [(1 -x)/(1+x)]'+O. O4

a (x)= U
z a„,(z) 4. 75

It will be seen at once from these expressions
that A& is -0.1 for all positive x. For a more
precise comparison with experiment, we plot in
Fig. 1 BA(x) and RZ(x) vs x for positive x (nega-
tive x makes the ratios too large). Also on the
figure are the experimental points of Humphrey
et al. ', it is important to note that these points
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FIG. 1. Relative rates of A and Z decay.

g o 0~/4@=7 5Zambo

g + o2/4w =10,
Z Z n'

g ~/4w =1.

It is amusing to compare these figures to the
phenomenological model of nonleptonic hyperon

may be in error by a factor of two, although
for clarity error bars are not shown in the figure.
It will be seen that for x = 0.65, one has a rather
close fit to the experimental data. It is remark-
able that a single value of x fits both the A and
Z data so well, especially since there is a factor
of about 6 between the two ratios. This value
of x indicates a slight predominance of d cur-
rents over f currents. It may be that in the cou-
pling of the pseudoscalar meson current to the
baryon current, d couplings are likewise pre-
dominant; certainly there must be some d cou-
plings, or else gZA is zero. If the f coupling
is zero, then g&& would vanish. For what it
is worth, one might use the f/d ratio found above
to predict the coupling constants of pions to bary-
ons. The numbers turn out to be (with gNN '/4~
=15)
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decay of Singh and Udgaonkar, who find ggA& /
4w -g&& 2/4w =7. As has been remarked by
Gell-Mann, ' no mixing ratio for the coupling of
baryons to K is consistent with the photoproduc-
tion data. This unfortunate occurrence may be
related to a large violation of unitary symmetry
in the pseudoscalar meson octet, in association
with a relatively small violation in the baryon
octet.

Tmo other predictions can be made concerning
the leptonic decays of = particles. Of special
interest is the predicted leptonic decay rate of
:-0-Z++e +v, since, if unitary symmetry holds,
this rate is independent of the mixing ratio x.
We find RU(:-0)/RUFf(" ) = 0.2, assuming g-„&A~/

g&& ~-0.1. Since the branching ratio for the
universal Fermi interaction is 2. 4g, we predict
a branching ratio in =' decay of -0.5@. For-A+e + v, me find

R (= ) (1/6)[(l -3x)/(1+x)j'+0. 04

4. 75
=0.02

for x =0.65. Recently, one decay event of the
type = -A+e + v has been seen in 200 decays";
there are not yet enough events to establish a
reliable branching ratio. Et is clear, however,
that the leptonic branching ratio is smaller than
UPI, which would predict five leptonic = decays
in 200 events.
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A recent Letter' displays a predicted mass spec-
trum for elementary particles and resonances.
The values observed agree with the given values
within one or tmo percent, leading the author to
conclude that the fit is good. The given mass
spectrum, M(n)/m„o=g(n+';), has a constant
mass interval between successive predicted mass-
es, namely, 0.66pn„o. %e propose to test the
prediction on the basis of the distribution of ob-
served masses within this constant interval. The
difference between an observed mass and the
nearest predicted mass can never exceed 0.33 m„o,'

therefore we plot these differences on a scale
from zero to 0.33m~0. If the prediction is valid,
the plotted points should favor the zero end of the
scale. If uncorrelated, the points should be uni-
formly distributed. This test displays the fit (or
lack of it) better than the simple observation of
percent difference between observed and predicted
mass, and may be used for predictions having a
nonconstant mass interval by plotting the differ-
ence in terms of percentage of the interval in
which the observed mass lies.

An isospin multiplet is considered to be one

553


