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We present here an analysis of leptonic decays
based on the unitary symmetry for strong interac-
‘eightfold way,”!

tions, in the version known as °

and the V — A theory for weak interactions.? 3
Our basic assumptions on J,,, the weak current of
strong interacting particles, are as follows:

(1) J,_transforms according to the eightfold

representation of SU;. This means that we neglect
currents with AS = —AQ, or Al =3/2, which
should belong to other representations. This limits

the scope of the analysis, and we are not able to
treat the complex of K° leptonic decays, or &7 —
n+ et + v in which AS = —AQ currents play a
role. For the other processes we make the hypoth-
esis that the main contributions come from that
part of J, which is in the eightfold representation.

(2) The vector part of J, is in the same octet

as the electromagnetic current. The vector contri-

bution can then be deduced from the electromag-
netic properties of strong interacting particles. For
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AS =0, this assumption is equivalent to vector-
current, conservation.?

Together with the octet of vector currents, j,,
we assume an octet of axial currents, g,,. In each of
these octets we have a current with AS =0, AQ =
1 jﬁo)} and gft(o)}, and a current with AS = AQ =
1 5"} and g{M. Their isospin selection rules are,
respectively, Al =1 and Al =1/2.

From our first assumption we then get

J, = a(GLOV 4+ glON) 4 (50N 4 gfL}),

A restriction @ = b =1 would not ensure univer-
sality in the usual sense (equal coupling for all
currents), because if J, [as given in Eq. (1)] is
coupled, we can build a current, b(jl{}o)} + gl{t(o)}) —
a(jﬂ(l)} +g£(1>}), which is not coupled. We want,
however, to keep a weaker form of universality, by
requiring the following:

(3) J, has “unit length,” i.e.

We then rewrite J,, as’

J,, = cos 0500 + glOD) 4 sin (5} + g0},

a4+ b2 =1.

where tanf =b /a. Since J,, as well as the
baryons and the pseudoscalar mesons, belongs
to the octet representation of SU;, we have rela-
tions (in which @ enters as a parameter) between
processes with AS = 0 and processes with AS =
1.

To determine 6, let us compare the rates for
K* - pt+vand 77 — pt + v; we find

I(K* ) /T (n* )
= tan? 0My (1 — M2 /M%) /M, (1 — M2/ M2).
From the experimental data, we then get® 6
0 = 0.257.
For an independent determination of 6, let us
consider K* — 7% + e + v. The matrix element
for this process can be connected to that for 7t —
7 + et + v, known from the conserved vector-
current hypothesis (2nd assumption). From the
rate® for K+ — 70 + et 4 v, we get
6 =0.26.

The two determinations coincide within experi-
mental errors; in the following we use 8 = 0.26.

We go now to the leptonic decays of the baryons,
of the type A — B+ e+ v. The matrix element
of any member of an octet of currents among two
baryon states (also members of octets) can be
expressed in terms of two reduced matrix elements’
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(A ] + gl0N | B) = ifypi0,, + dapiB,;
the f’s and d’s are coefficients defined in Gell-
Mann’s paper.b 7 It is sufficient to consider only
allowed contributions and write

0,,E,= FO E’yﬂ + HO E’yu’yg).

From the connection with the electromagnetic cur-
rent we get the vector coefficients: FO =1, FF =
0; from neutron decay we get

HO + HP =1.25.
We remain with one parameter which can be de-
termined from the rate for ¥~ — A + e~ + 7. The
relevant matrix element for this is

cos0(2 | 4500 + g0V | A)

9\ 1/2 9\ 1/2
20059(5) E, = (§> cosOHE'yM%.

Taking the branching ratio for this mode to be
0.9 x 10,8 we get
HE = +0.95.

The negative solution can be discarded because
it produces a large branching ratio for ¥~ — n +
e~ + 7, of the order of 1%. The positive solution
(HE =0.95, H? =0.30) is good, because it pro-
duces a cancellation of the axial contribution to
this process. This explains the experimental result
that this mode is more depressed than the A — p +
e~ 4+ 7 in respect to the predictions of Feynman
and Gell-Mann.2. In Table I, we give a summary
of our predictions for the electron modes with
AS = 1. The branching ratios for A > p+e” +7
and ¥~ — n 4 e~ + 7V are in good agreement with
experimental data.?

As a final remark, the vector-coupling constant
for 8 decay is not G cosf. This gives a correction
of 6.6% to the ft value of Fermi transitions, in
the right direction to eliminate the discrepancy
between O and muon lifetimes.

Table 1: Predictions for the leptonic decays of hyperons

Branching ratio

From Present Type of

Decay reference 2 work interaction
A—=p+e +7 14 % 0.75 x 103 V —0.724
ST o nte +vU 5.1 % 1.9 x10% V +0.654
2o A+e +vU 14 % 0.35 x 1073 V +0.024
E 20 +e 4w 1.14% 0.07 x 10% vV —1.254
oSt +e 4V 0.28% 026 x 10V —1.254



VoLuME 10, NUMBER 12

PuaysicAL REVIEW LETTERS

15 JUNE 1963

The correction is, however, too large, leaving about
2% to be explained.
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