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and
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Although the V-A theory has been used with considerable success to
explain t};é observed featut"es of the weak decays of nucleons, pions, and' muoﬁs,
only a few experimental tests have been made to determine if the same couplfngs
apply to the léptonic_decay ques of strang.e'part'i'c.les. Insofar as the two—bbdy
modes of K" mesons are concerned, the expe‘rimental' uppeér limit to ;h'e

' KLZ (K+-— et + v) branching ratio'(namely about 1% )‘ is certainly compatible - ‘
with the value of 1.5X10 > expected from the V-A coupling. 2 The inferpye-—

+ s “0 + V)

tation of various features °£. the K+e3-(K+‘° e + “0 4+ v) and K:3(K+"’p
decay modes in terms of -possible couplings has been the oﬁ»ject of considerable
theoretical work. Pais and Treiman have poiﬁted out that th‘e‘K‘:;S mode Ic;ads '
to especially :simple @redictions and have obtained the follovﬁing distribution
functions of the pion momentum and pion-electron angular correlétién:

for vector coupling:

<

PYw?-pP%)? sinl ¢ !ivcl-z

F(P, 6)dP d cos 6 = — dP d cos 6  (12)
E(W + P cos 6)2 '
for scalar coupling_z
PZ(WZ - PZ)Z lfs IZ_, ' . -.
F(P, 6)dP d cos € = dP dcos 6 - ' {1b)

E(W + P cos 6)°

for tensor coupling:

PYw? - p%)2 (P + W cos €)% g, 12

F(P, 6)dP d cos 6 = dP d cos 6. (lc)

EMZ (W + P cos )
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Hexe P and E are the pion momentum and total energy; M is the K-meson
mass; W =M - E; @ is the angle between the pion and electron momenta; afxd

the quantities fv. f , and ft. are functions that depend only on the total pion

8
energy, E. The labels vector, -gcalar, Aetc. are appropriate to a pseudoscalar
K' meson and should be replaced by axial vector, pseudoscalar, etc. for a
scalar K+ meson, with né chan‘ge 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 assumed form fa;:tqrs fv’ fs' ax;d ft‘
the expressions ('l)..deteArmineJ the energy spectra and angular correlations of
any of the three sécondaﬂes 6f the decay. Furuichi et al. have calculated the
electron energy distributions on the assumption that the energy dependence. of
.fhe form factors can be r:uaglect@d.»4 but the experimental data on this point.are :
too meager to allow a:concl‘usive»comparis‘on with the theory. 5 Recently L\;eré
et al. have studied the Koz modes, KZO -et+ w; + v in 2 hydrogen bubble
clrwnnl:»er".-6 "am'd Bavé conclt;ded from both the pion energy spectra and the electron
energy spectra for fixed pién energy that their data are in good agr’eément ‘with
the vector coupling. - | |

In this letter we present the results of a stﬁd;} of K;3 decay events
obtained in an exposure ‘of. the 21-liter xenon bubble chamber to a separated‘
k' beam at the,Bevatronv. We identif& this decay mode by 6béerving the large
radiativve ener'gy loss of the chafged secondary in the };enon. 'Oux‘- éfficiency |
for .re(:ognizing electr-ona in this way is 90%.7 In 2ll events used in our analyaia_.,-
both gamma-rays from the 'v-ro meson convert ’into“elect‘ron pairs in the xenon, |
and these conversion points as well as the K+~dg§;a§ point _iie within appropriate
fiducial volumes in the 'chaﬁxber. With these requirements, we vhave obt#ined
from the fraction of our film so far proc;ssed a sample of 175 events. The

quantities measured in each decay are the two gamma-ray directions and the

electron direction.
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To investigate thé pion momentum 'spectrunﬁ. wé have studied the
distribution of the opening angle ¢ between the two "Elecay.gamr.na rays. This
angle i'sv cloéely correlated with thé pion momentum, and its distribution is' :
easiiy calculated for any given pion energy spectrum. _ If one neglects the energy
de.pendence of the forfn factors, the pion momentum diatributionsl'apéropriate
to the three'cdﬁplings can be obtained by integration of Eq. (1) over 6; these
are shown in Fig. la. The corresponding ¢> distributions, calculated ;nith -
meaé\;rement errors of 2 deg folded in, are shown in Fig. 1b together with a-
histogram representing our experimental data. | |

| A xzvtest shows gqu agreement between the data and the vector distri;-
bution and rules out the other hyﬁqtheéé with a confidence level of better than
99.9%. Wg have investigate& the possible effécta of biases on these conciusions
by comparing the expected and obgerved ¢ distribdtions fox; no ‘mesons from

oy no) decay rriode. ‘This comparison indicates that any biases

the K., (K’ u
are small and have no significant effect on the abo';re results.

This test, though very sug‘geétive of the validity of the vector hypothesis,
is not absolutely conclusive because of the poésibilitylthat a form factor with a
strong energy dependence can cause the tensor or scalar coup’lings to lead to
the observed v¢ distribﬁtion. This ambiguity can be resolved at least in prin-
mple, by a study of the pion- electron angular correlation.

If we require that the predicted tro momentum spectrum for each ;>f the
three hypotheses agree thh the experimental observations, then the form factors
are uniquely determmed at least to the statwtical accuracy of the data, and the
~expected pion-electron angular correlations can be calculated from Equation (1)
by integrating over all tro er;ergies. It ﬁust be emphasized that the predicted

correlations so obtained are _independent of a Ei‘ior{ ' assgmptions about the

energy dependence of the form factors and, when compared with experiment,
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provide an absolute test of t'he. validity of each of the possible couplings. We
have investigated the pion~electron correlation By studying the distribution of
cos 9'. Q’ being the angle between the electron d\_irectign and the bisector of
the angle ¢. The direction of this bisector is closely related to the ‘rro direction.
We have computed the distributions of cos ¢' e#pected for each of the various
couplinge by a Monte .Carlb technique. In this calculation tlr;e decay éonﬂgufa- '
tions were_- selected in accordance with Eq. (1) agd uo decay kinematics', with
form factors so chosen as to lead to the wo momentum spectrum given by the
vector curve in Fig. la. This choice of form facﬁors implies a momentum
dependence for ‘fg IZ (!ft !2) given by the ratio between the vector and scalar
(tensor) curves oiiFig.- la. This procedure is justified by the excellent agree-
meﬁ; between the experimental histogram and the vector curve in Fig. 1b. The
distfibﬁtions of cos 6: predicted by Monte Carlo calculations of 1200 events for
each cf)upling,are shown in the three histograms of Fig. 2. The experimental
data, 'al'so shown in Fig. 2, are in good agreement with either the vector orthe
scalar hypothesis, but dieagree with the tensor hy;;othesis with a-'conﬁdénce
level of better than 99.9% . The rather poor discrimination between vector and .
scalar angular correlations arises mainly from l;he fact that the pion energy .
distribution is highly peaked at the upper end, in which region the differences
in correlatiohs betweeen the various coqp}.ings are Iess'ez;ed beczuse of the —
rapidly varying (W + P cos ) phase-space factors appearing iﬁ the denofn{nator
of Eq. (1). | |

If we then take the coupling to be ve{:tvovr. wé can set rough limits on the
energy dependence of the form factor f_. 1f we assume the form‘ fv“'l + x-(qz/ma).
where m is the pion mass a;id qZ = Mz'+ mz - ZME is ghe square of the four- ;
vector momentum transfer, we obtain with 95% confidence the following limits
on \: |

-0.05 £ A < 0.25.
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From the anﬁly‘ais presented in this letter we draw the following
conclusions: | |
1. The data are consistent \;zith the vector-coupling h.ypothes'is.
Within our statistical accuracy, the form factor fv: can be constant or have
a variation within the limits quofed above for \. |
2. The déta disagree with the tensor-coupling hypothesis fér any
choice of form factor. | o
3. If the scalar form factor is assumed to be -elowly'v-afying, the
data disagree with the'scalar hypothesia. 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 spéctrum. |
We wigh to thank Professor D. A. Glaser for many helpful discussions

connected with this experiment,
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FIGURE LEGENDS

Fig. 1. (a) Pion momentum spectra for the various couplings (constant
form factors assumed). v(b) Experimental histogram and
theoreticél distributions (constaant form factors assumed)
for the «° decay opening angle ¢.

Fig. 2. Comparison be_tweén experimental an;ii Monte Carlo cos 6'
distributions (€' is thie angle between the electron direction
and the bisector of the angle ¢). Varying form factors were
chosen as described in text. T?xe histogram répreséhts the
Monte Carlo results. The black circles with error flage

represent our data.
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