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In a sample representing one-fourth of the film re-
ported here, the requirement that one of the protons had
to stop with a range -15 cm was removed. The results
agree within statistics with those reported here.

Events were accepted for analysis which fit the fol-
lowing criteria: (a) p - 6 for the hypothesis ~++d-
p+p+7t++ m +~ . (b) y

~ 25 for the hypothesis ~++d
p+p+m. ++a . (c) If the nonstopping proton had a mo.—

mentum -700 Mev/c, where it becomes difficult to differ-
entiate a proton from a z+ by ionization in this chamber,
then the y had to be greater than 15 for the hypothesis
~++d p+n+7t++m++7t. , which is another background
reaction under these circumstances.

The ideogram was calculated in units of mass squared
since our experimental errors are Gaussian in this rep-

resentation. Each event was given a constant-area
Gaussian distribution.
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Although the V-A theory has been used with
considerable success to explain the observed fea-
tures of the weak decays of nucleons, pions, and
muons, only a few experimental tests have been
made to determine if the same couplings apply to
the leptonic decay modes of strange particles. In-
sofar as the two-body modes of R mesons are
concerned, the experimental upper limit to the
Ke2 (K ~e++ v) branching ratio (namely about
1%)' is certainly compatible with the value of
1.5x10 ' expected from the V-A coupling. ' The
interpretation of various features of the Ke3+
(K ~e +w'+v) and K 3 (K+~ p,++x'+v) decay
modes in terms of possible couplings has been
the object of considerable theoretical work. Pais
and Treimans have pointed out that the Res mode
leads to especially simple predictions and have
obtained the following distribution functions of
the pion momentum and pion-electron angular cor-
relation:
For vector coupling,
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where P and E are the pion momentum and total
energy; M is the E-meson mass; O'=M-E; 8 is
the angle between the pion and electron momenta;
and the quantities f„,f~, and fg are functions that
depend only on the total pion energy, E. The la-
bles vector, scalar, etc. , are appropriate to a
pseudoscalar E meson and should be replaced by
axial vector, pseudoscalar, etc. , for a scalar K+
meson, with no change in the functions (1). Thus
the vector, axial-vector coupling leads to the
distribution given in Eq. (la), independently of
the K-meson parity. It is clear that for any as-
sumed form factors f~, f~, and fi, the expres-
sions (1) determine the energy spectra and angu-
lar correlations of any of the three secondaries

for scalar coupling,

P'(~ P')' y ~'

F(P, 8)dPd cos8 = ), dPd cos6; (lb)E W+P cos8 '
for tensor coupling,
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of the decay. Furuichi et al. have calculated the
electron energy distributions on the assumption
that the energy dependence of the form factors
can be neglected, 4 but the experimental data on
this point are too meager to allow a conclusive
comparison with the theory. ' Recently Luers
et al. have studied the E,' modes, K, ~ 8 + m + v,
in a hydrogen bubble chamber, ' and have concluded
from both the pion energy spectra and the electron
energy spectra for fixed pion energy that their
data are in good agreement with the vector cou-
pling.

In this Letter we present the results of a study
of Kes+ decay events obtained in an exposure of
the 21-liter xenon bubble chamber to a separated
K beam at the Bevatron. We identify this decay
mode by observing the large radiative energy loss
of the charged secondary in the xenon. Our ef-
ficiency for recognizing electrons in this way is
90%.' In all events used in our analysis, both
gamma rays from the m' meson convert into elec-
tron pairs in the xenon, and these conversion
points as well as the K decay points lie within
appropriate fiducial volumes in the chamber. With
these requirements, we have obtained from the
fraction of our film so far processed a sample of
175 events. The quantities measured in each de-
cay are the two gamma-ray directions and the elec-
tron direction.

To investigate the pion momentum spectrum, we
have studied the distribution of the opening angle
g between the two decay gamma rays. This angle
is closely correlated with the pion momentum,
and its distribution is easily calculated for any
given pion energy spectrum. If one neglects the
energy dependence of the form factors, the pion
momentum distributions appropriate to the three
couplings can be obtained by integration of Eq. (1)
over 6; these are shown in Fig. 1(a). The corres-
ponding P distributions, calculated with measure-
ment errors of 2 deg folded in, are shown in Fig.
1(b) together with a, histogram representing our
experimental data.

A y test shows good agreement between the data
and the vector distribution and rules out the other
hypotheses with a confidence level of better than
99.9%. We have investigated the possible effects
of biases on these conclusions by comparing the
expected and observed p distributions for mo mes-
ons from the K+2 g+~m++m') decay mode. This
comparison indicates that any biases are small
and have no significant effect on the above results.

This test, though very suggestive of the validity
of the vector hypothesis, is not absolutely con-
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FIG. 1. (a) Pion momentum spectra for the various
couplings (constant form factors assumed). (b) Ex-
perimental histogram and theoretical distributions (con-
stant form factors assumed) for the x -decay opening
angle Q.

elusive because of the possibility that a form fac-
tor with a strong energy dependence can cause the
tensor or scalar couplings to lead to the observed
p distribution. This ambiguity can be resolved,
at least in principle, by a study of the pion-elec-
tron angular correlation.

If we require that the predicted m' momentum
spectrum for each of the three hypotheses agrees
with the experimental observations, then the form
factors are uniquely determined, at least to the
statistical accuracy of the data, and the expected
pion-electron angular correlations can be calcu-
lated from Eg. (1) by integrating over all m' ener-
gies. It must be emphasized that the predicted
correlations so obtained are independent of a pri-
ori assumptions about the energy dependence of
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the form factors and, when compared with ex-
periment, provide an absolute test of the validity
of each of the possible couplings. We have in-
vestigated the pion-electron correlation by study-
ing the distribution of cos8', 6' being the angle
between the electron direction and the bisector
of the angle g. The direction of this bisector is
closely related to the ~' direction. We have com-
puted the distributions of cos6' expected for each
of the various couplings by a Monte Carlo tech-
nique. In this calculation the decay configurations
were selected in accordance with Eq. (1) and w'

decay kinematics, with form factors so chosen as
to lead to the v' momentum spectrum given by the
vector curve in Fig. 1(a). This choice of form
factors implies a momentum dependence for ~fz~

(~ft ~') given by the ratio between the vector and

scalar (tensor) curves of Fig. 1(a). This proce-
dure is justified by the excellent agreement be-
tween the experimental histogram and the vector
curve in Fig. 1(b). The distributions of cos0',
predicted by Monte Carlo calculations of 1200
events for each coupling, are shown in the three
histograms of Fig. 2. The experimental data,
also shown in Fig. 2, are in good agreement with
either the vector or the scalar hypothesis, but
disagree with the tensor hypothesis with a con-
fidence level of better than 99.9%. The rather
poor discrimination between vector and scalar
angular correlations arises mainly from the fact
that the pion energy distribution is highly peaked
at the upper end, in which region the differences
in correlations between the various couplings are
lessened because of the rapidly varying (W+P cos6)
phase-space factors appearing in the denominator
of Eq. (1).

If we then take the coupling to be vector, we

can set rough limits on the energy dependence
of the form factor f„. If we assume the form
f~-I+A. (q'/m'), where m is the pion mass and
q'=M'+an'-2ME is the square of the four-vector
momentum transfer, we obtain with 95% confi-
dence the following limits on g:

-0.05 ~ p, ~ 0.25.

From the analysis presented in this Letter we
draw the following conclusions:

1. The data are consistent with the vector-
coupling hypothesis. Within our statistical ac-
curacy, the form factor f~ can be constant or
have a variation within the limits quoted above
for g.

2. The data disagree with the tensor-coupling
hypothesis for any choice of form factor.
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3. If the scalar form factor i.s assumed to be
slowly varying, the data disagree with the scalar
hypothesis. However, we cannot rule out scalar
coupling with a highly energy-dependent form
factor that is very peaked at the upper end of the
pion spectrum.

We wish to thank Professor O. A. Glaser for
many helpful discussions connected with this ex-
periment.
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~On leave from the Inter-University Institute for Nu-

FIG. 2. Comparison between experimental and Monte
Carlo cosa' distributions (0' is the angle between the
electron direction and the bisector of the angle Q).
Varying form factors were chosen as described in text.
The histogram represents the Monte Carlo results.
The black circles with error flags re.'resent our data.
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clear Sciences, Brussels, Belgium.
~This upper limit of 1% is derived in two ways: (a)

In the emulsion data (see reference 5), roughly 20% of
the K~3 events have electron energies compatible,
within measurement errors, with the value of 247 Mev
expected for the Ke 2+ mode. Since the Ke3 branching
ratio is about 5%, the 1% limit follows. (b) In our own
branching-ratio study (see reference 7), the observed
small number of electron secondaries unaccompanied
by electron pairs from 7t gamma rays leads to an upper
limit of less than 1% for the Ke 2 branching ratio.
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Two of the most striking mysteries about the
multitude of recently discovered resonances are
the following:

(1) The branching ratio for Y',*,

which we may call hypercharge reflection R.'

seems to be anomalously small, and is consistent
with zero. The global symmetry model predicts
r = 2(pZ/pA)'=1—1% whereas the experimental ra-
tio 1S 4 + 4%.

(2) The width of the vo meson (~m++m-+no) is
remarkably narrow and consistent with zero. The
half-width at half maximum is reported to be less
than 12 Mev. ' (Recall that the total kinetic energy
of the decay products is 370 Mev. )

These features once again suggest that there
might be a symmetry higher than the symmetry
implied by charge independence. We wish to point
out that, in a class of theories which are suffi-
ciently symmetric between N and ", it is possi-
ble to forbid the mZ decay of Y,* and make the
decay rate for eo «m++m +m vanish to the extent
that the N" mass difference could be ignored.
Several other consequences of the postulated sym-
metry are discussed. We also show that the pos-
tulated symmetry is a natural consequence of the
vector theory of strong interactions provided that
N and = (together with A and jor Z) are treated
as fundamental" baryons (not as in the Sakata
model) .

Let us consider the following discrete operation

The relative N= parity is assumed to be even,
and the spin of the " is assumed to be ~; other-
wise speculations given here would be useless.
Suppose R is "good" to the extent that the N"
mass difference could be ignored. We note that
the n' (ZxZ) interaction, atypical term of which
looks like (Z+Z+-Z Z )mo, must vanish. In con-
trast the n' AZ interaction is fully allowed. Now

7,* is known to decay into m+ A; hence the phe-
nomenologieal decay interaction w AY, * must be
even under R. This immediately implies that Yy
must transform like Z, and that the phenomenol-
ogical interaction n~ (Z x Y,*) res' ponsible for Y,*
«7I'+ Z must vanish.

It also follows that R invariance forbids m+A»
m+Z, makes the one-pion exchange contribution
to NZ forces vanish, and predicts the existence
of a T = -'„p~2 &= resonance analogous to the mN

3-3 resonance (as in the global symmetry model).
The conjectured- m" resonance may be looked for


