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In this note we discuss a possible way of deter-
mining experimentally which of the Z-hyperon
pionic decays (Z+-&++n) occurs via the S-wave
and which via the P-wave channel. The present
experimental values of the parameters a~+ which
describe the decay angular distributions' com-
bined with the O r=1/2 rule for nonleptonic decays
requires that one of the Z's decays via P wave
and the other via S wave. ' Hence a strong test
of the O I= 1/2 rule is the confirmation that, in

fact, the two Z hyperons decay via different an-
gular momentum channels. It is also of impor-
tance to know which decay mode is P-wave and
which is S-wave. The only other experimental
method known to us that will answer this question
is the measurement of the neutron polarization
in the decay of Z hyperons of known polarization.
This latter method is difficult and therefore has
never been carried out. It is likely that the meth-
od we describe here is more feasible with pres-
ently available techniques.

We present here the calculation of the momentum
distribution for the pion in the sigma center of
mass in the decay
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assuming that the Z- —&*+n decay mode occurs
via S wave or via P wave. We present this dis-
tribution for Z decay in Fig. 1 where we neglect
all magnetic-moment transition terms. The cor-
rections to this approximation are discussed later
on. Vfe note, for example, that, with respect to
the ordinary decay Z+-m++n, the branching ratio
for q„& 150 MeV/c is 6. 5 x 10 ' for S wave and
8. 8 x10 for P wave. This difference becomes
larger for lower values of q~. Although previous
calculations of this branching ratio have appeared
in the literature, ' they have neglected to point
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FIG. 1. 7t+ momentum spectrum in Z+ radiative
decay.

out this difference. ' This note is written to
bring out the relevance of the radiative decay in
determining the angular momentum of the Z+
—n.~+n decay channel.

We calculate the matrix element from the Feyn-
man diagrams shown in Fig. 2. We use the La-
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grangian density'
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The first term in this density represents a
gauge-invariant phenomenological description
for the pionic decay of the sigma, assuming a
vector-type interaction. We describe the effects
of the static moments of the sigma and the nu-
cleon by the phenomenological third term. The
term involving the "transition" magnetic moment,

p&, is a phenomenological gauge-invariant rep-
resentation of graphs in which the three particles

(r, n, y) emerge from a "black box." In general,
the quantities a, b, a', b' are functions of the pion
momentum and angle. We will suppose that they
are weakly dependent on these variables for the
range of pion momenta involved in these decays.
Hence we treat them as constants.

The matrix element for the decay becomes,
after some algebra,

vz f N
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FIG. 2. Feyman diagrams in Z radiative decay.

where b = 0 and the top sign refer to the S-wave
decay, a =0 and the bottom sign refer to the P-
wave decay. Also e represents the photon polar-
ization and n =1/137.

As a first approximation we set p, &
= p.„=p, ~

=0,
and we get for the branching ratio

B =R(Z -n+w++y)/R(Z+-w++n)

as a function of the pion momentum in the Z

center of mass

dB n P(E —u) (M —&u+q)

dq wP 2(C -E) (M -~-q)lnl

q
- (I+@)

+ lnI
~

-2P (4)

where I'(E) = momentum (energy) of the w in the
decay Z+ -n + w+, q(&u) = momentum (energy) of
the w in the decay Z+-n+w++y, 0=q/u,

C =M +M for S wave,
n

= M —M for P wave.
Z n

This is the distribution shown in Fig. 1. We
note that the calculation is identical for Z de-
cay where in Eq. (4) instead of the Z we use
the Z decay parameters. Also we note that the
spectrum arising from the charge terms is the
same for a scalar-pseudoscalar interaction as
for the vector-pseudovector interaction of Eq. (1).

In addition we have calculated the correction
to this graph due to the anomalous magnetic mo-
ment of the sigma and nucleon. The magnetic-
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inter esting discussions.
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In addition both these calculations omitted the
factor 47te in the numbers given for the integrated
branching ratio.

For the meaning of symbols see reference 3.

HEMARKS ON CABIBBO'S THEORY OF WEAK INTERACTIONS*

J. J. Sakurai1
Department of Physics, University of Tokyo, Tokyo, Japan and The Enrico Fermi Institute for Nuclear Studies

and Department of Physics, The University of Chicago, Chicago, Illinois
(Received 16 December 1963)

We wish to make a few comments on Cabibbo's
theory' of leptonic decays of strange particles
based on the octet version of unitary symmetry. '~'

Some of the points we wish to emphasize are:
(1) The quantitative results obtained by Cabibbo

rest on the assumption that the I AS I
= 1 currents

are not renormalized at all (as would be the case
for the vector part if unitary symmetry were
exact).

(3) Under certain reasonable assumptions the
vertex renormalization of the I AS I

= 1 current
responsible for Ke3 decay can be estimated from
a comparison of the decay width of the Jo meson
and the M [=K*(888)]meson.

(3) If we take into account the above-mentioned
renormalization effect, the mixing angle 8 in
Cabibbo's paper can be shown to be too large.
With our new corrected angle the empirical beta-
decay constant turns out to be in exact agreement
with the theoretically expected value, i.e. , there
is no longer any discrepancy between the uni-
versality principle of Cabibbo and observation.

(4) It is very important to test separately the
vector and the axial-vector part of the Cabibbo
theory since his treatement of the axial-vector
interaction appears to be on less secure grounds.

Recently Cabibbo proposed a 1;heory of weak in-
teractions in which the vector part of the leptonic
decays of strongly interacting particles proceeds
via the interaction

G[ey (1+y )v +py (1+y )v J[cose(j ' '+ij ' ')
5 e p. 5

+sin8(j "'+ij "')J+H. c. ,

(I/N) G sin8Z, '(Kw)Z, '"(ff)Z "'(v) (3)

This is to be compared with the coupling constant
for m -m' +e++v which is just+ p

and G is the muon-decay coupling constant. From
the decay rates of we3 (known from the conserved
vector-current theory for hS = 0 processes) and

Ke3, the angle 6 is determined to be 0. 26. In
contrast to the "old" universality principle the
Cabibbo theory requires that the beta-decay con-
stant now be given by Gcos8 which is numerical-
ly equal to 0. 966G. This is to be compared with
the experimental beta-decay constant' (with ra-
diative corrections taken into account)

(0.975+ 0. 003)G from 0",
(0. 985 + 0. 003)G from Al",

which means that there is about a 3% discrepancy
in the decay rate.

We wish to point out that because of the approxi-
mate nature of unitary symmetry an exact agree-
ment between the Cabibbo prediction and experi-
ment is not expected. As is well known, the cou-
pling constant associated with the AS = 0 current
j "'+ij "' is not renormalized by strong inter-
actions because the current is divergenceless. '
In contrast, the AS =1 current j&' '+ij &"' is not
divergenceless in the real world in which the
eightfold way is broken; so the coupling constant
for a lhS 1 =1 process is subject to renormaliza-
tion. For instance, the effective coupling con-
stant for K+-~'+e + v should be given by

where j (') are the conserved or approximately
conserved currents (of the F type) generated by
the gauge transformations of the eightfold way,

~2G cos&,

where we have used the Ward identity

Z, '(vm)Z, (m) =1.

(4)
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