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The energy spectra and electron and m-meson emission-angle distributions based on 394 K%3
decay events are presented for those cases when the m-meson energy lies between 231 and
270 MeV or 244 and 270 MeV. The distributions can be satisfactorily described only by the
vector interaction theory. With a certainty of more than 99.9% the scalar and tensor theories
can be rejected as the only type of interaction. Their possible contribution to the interaction
is 10—12%. No dependence of the form factor gy on electron energy has been detected ex-

perimentally.

IN this paper we give the final results of a study

of the spectra and angular correlations of particles

in the decay K} — 7% + eT + v, detected by the

magnetic cloud chamber method in the neutral
particle beam from the proton synchrotron of the
Joint Institute for Nuclear Research.

In comparison with the data contained in the
previous communication " on this subject, upon
conclusion of the analysis we added to the mate-
rial on the K2; decays, 194 events identified by
checking the kinematic correspondence to the K3g
decay of V! events having one or both charged
particles with momentum p < 100 MeV/c. By ad-
dition of these K23 decays to the 200 K, decays
identified previously by measuring the relative
track density of particles with momenta
p < 80 MeV/c, the number of Kaug decays of the
first set® has been increased to 394 events. This
made possible the construction of energy spectra
of the electrons and angular correlations between
electron and pion for the case when the pions are
confined to a narrow energy interval, and conse-
quently carry out a more reliable and stringent
test of the form of the decay interaction. The ex-
perimental setup and conditions for selecting K°e3
decays in the laboratory system have been de-
scribed in detail in (1],

The total admixture to K%3 decays of the first
set due to the K&s decays and K} — 7* + 70 de-

DMember of the Physics Institute, Academy of Sciences,
Georgian S. S. R.
2)The second set consists of 160 K2, decays identified by

the energy loss of the decay particles in passing through a lead

plate ['].

cays amounts to 3—4%. In addition, among the de-
cays identified by measurements of track density
are contained 7—8 Dalitz pairs from the decay
KgFO, for which only one electron could be identi-
fied.® The experimental distributions are cor-
rected only for the contribution of the Dalitz pairs.
The correction was carried out by subtracting
from the experimental distributions the corre-
sponding distributions for the experimentally
identified 29 Dalitz pairs, when each pair was as-
sumed to be a K33 decay.

The theoretical (computed) distributions are
obtained with the selection conditions and the
identification of the K°e3 decays in the laboratory
system taken into account, by programming the
V0 events on an electronic computer on the as-
sumption that the form factors for the strong in-
teraction do not depend on the pion energy.

In Tables I and IT and in Fig. 1 we show the
experimental and theoretical spectra of the pions
and electrons and the angular correlation for these
particles. The dashed line in Fig. 1 corresponds
to the theoretical distribution for the V-covariant
for the decay interaction. The experimental errors
given in the table and the figure include only the
statistical deviations. The theoretical distribu-
tions are constructed on the basis of 672 trials.

Tables I and II and Fig. 1 show that only the
vector interaction covariant is in good agreement
with experiment. The value of the gy form factor
for the five pion energy intervals, determined as

3)The identification of Dalitz pairs is described in [?].
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Table I. Distribution for true configurations. First set
Pion spectrum Electron spectrum Distribution cos Ye,r
N, % N, % N, %

A( E ) Calculation A (E £ ) Calcul- AcosY, Calcul~
Emax Experiment v P T max Experiment ation for V ! Experiment atfo(rzluv
0.0+-0.2 2.9+0.8 0,840.4 6.241.0 0.6+0.4 0.0--0.2 20.442.3 19.14+2.1 1.0=-0.6 5.2+1.2 2.0 +0.5 '
0.2+0.4 6.3+1.3 3.4+0.8 16.6£1.7 5.0+0.9 0,2+-0,4 50.1+3,7 46.2+3.4 0,6-+-0.2 9.041.5 6.4 +9.7
0.4--0.6 9,5+1.5 9.3+1.2 | 26.04+2.1]23.94+2,0( 0.4=0.6 24.542.5 25,8+2,6 0.2+—0.2| 14,1+1.9 14.4+1.5
0.6-+-0.8 27.942.7 29,4424 36.6+£2.5 | 42,3+2,7 0.6-+-0.8 4,741.2 7.7+1,6 |—0.2+—0.6| 25.5+2.6 24,6+1.9
0,8+1.0 54,643.7 57.142.7 14.64+1.6 | 28,242,2 0,8+1.0 0,3+0.3 1.2+0,7 |—0,6+—1.0] 46.14+3.5 52,6+2.8

Table II. Total distributions. First set

Pion spectrum Electron spectrum Distribution cos Y, n
N, 9% N, % N, %
E A E
(E ) ) Calculation A (E > Calcul- A cosvg n . Calcul-
max / |[Experiment - l S | T max Experiment | ation for V Experiment ation V
0.0+-0.2 | 4,541.0| 4.04-0.8 3.64-0.8 0.44-0.3 0.0-+-0.2 18.14-2.2 16.24-1.6 1,0+1.6 6.841.3 3.6+0.7
0.2+0.4 |11.24-1.8| 7.241.,1 7.941,2 4.940.9 0.2+0.4 | 44.5+3.4 | 40.142.7 0.6+-0.2 9.64-1.6 8.4+11
0.4+0,6 {15.34-2.0 | 14.84-1.6 | 27.742.1 | 23.742.0 0.4+0.6 | 23.042.4 | 26.54-2,0 0.2+—0.2] 17.442.1 14.441,5
0.6+0.8 |27.04-2.6 | 28.74-2.4 | 35.74+2.4 | 38.342.5 0.6+0.8 | 11.3+1.8 13.14+1.4 |—0.2+-—0.6| 25.74-2,6 26.0+2.0
0.8+1.0{42.04-3.1 | 45.34+2.8 | 25.14-2,0 | 32.84-2,3 0.8+1.0 3.140.9 4.14-0.8 |—0.6+—1.0] 40.343.3 47.6£2.7

the result of division of the number of events in
each of these intervals for the experimental and
computed spectra (normalized to 100%, are given
below:

140166  166—192  192—218 218—244 244—270
3.64+2.1 1.840.7 1,0240.20  0,9540,42  0.964-0.08
1,940.6  1,440,3 1.0140,10  0.9740,06  0.96-0,04

In determining the quantity gy it was assumed
that the decay interaction is CP invariant. If the
obtained dependence of the gy form factor on the
pion energy is expressed in the form

gv =14 12/ E2,

where q2 is the square of the 4-momentum, trans-
ferred to the lepton pair, then we obtain for the

coefficient A the following values

+5.5

= (30 Tio

As seen from the above data, the form factor
gy depends weakly on the pion energy. The char-
acter of this dependence—a slow decrease of the
form factor with increasing pion energy—is in
agreement with an approximate theoretical esti-
mate, carried out in B 5n the assumption that the
mK-interaction phase shifts are mainly determined
by the TK resonance with mass M = 891 MeV. An
analogous character for the dependence of the gy
form factor on the pion energy was obtained in the
study of K e3 decays[

In the existing papers on the study of three
particle leptonic decays of K* mesons? a weak

) -10-2.
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dependence of the form factor gy on the pion en-
ergy was also obtained; however, in these papers
both positive and negative values were obtained
for the coefficient A. Therefore at the contem-
porary precision of measurement of the particle
energy spectra and angular correlations in the
Ke3 decays it is, apparently, not yet possible to
consider as well established that the gy form
factor decreases with increasing pion energy.

In order to test whether it is possible to achieve
agreement between the computed (theoretical) dis~
tributions for the S- and T-covariants for the in-
teraction with the experimental data by introduc-
ing a dependence of the form factors gg and gp
on the pion energy we modified in our first paper
the computed distributions pertaining to the first
set of K%3 as follows. For the theoretical spectra,
corresponding to true configurations, values of
the form factors gg and gr in three energy in-
tervals were found, which reconciled the theo-
retical pion spectra with the spectra obtained
experimentally. Then, using the thus-obtained
energy dependence of the form factors, the spec-
tra of electrons in the angular distributions of the
particles were calculated anew. A comparison of
the modified computed distributions with the cor-
responding experimental distributions makes it
then possible to conclude that even if the depend-
ence of the form factors on the pion energy in the
scalar and tensor covariants were taken into ac-

(1]
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FIG. 2. The distribution for true configurations, first
set: a), c)—electron spectra, b)—pion spectra, d)—the angular
correlation cos ye 5.

COSYeqr

count, these covariants could not be the only in-
teraction covariants. As regards the scalar co-
variant, this result was new as compared with the
then available papers (4,781 5 the study of K de-
cays.

As a result of the increased statistics on the
Kgg decays, this conclusion is confirmed in the
present paper by studying the energy spectra of

Table III. Distribution for true configurations, AE; = 231-270 MeV. First set

Pion spectrum

Distribution cos ¥
e,

. N, % N, %
A (E— ) Calculation Acos v, Calculation
max Experiment Experiment
v S T v S T
0,0+-0.2 25,6+43.0 2.34+2.2 36.44+2.5 56.7+3.2 1,0--0,6 2.9+1.0 1.24+0.5 12.8+1.5 25.742.1
0,2-+-0,4 52.2+4+4,3 48.1+3.1 48.24+2.9 38.8+2.6 0.6+-0.2 6.1+1.5 4.440.9 14.5+1.6 24 1F2.1
0,4--0.6 19.442.6 21.842.1 12.0+1.4 2.4+0,6 10.2+—0.2 11.8+2.0 10.2+1.4 19.0+1.8 21.9%2,0
0.6+0,8 2.841.0 5.241.0 2.9+0.8 1.440.5 [—0.2+—0.6] 24,0+2.9 23.8+2.1 25.7+2.1 19.0+1.8
0.8+1,0 0.0 0.6+0.4 0.5+0.,3 0,7+0,3 |—0.6+-—1.0 55.2+4.4 60,4+3.6 28.0+2.2 9.3+1.3

Table IV. Distribution for true configurations, AE; = 244-270 MeV. First set

Pion spectrum

Distribution cos ¥
e,m

z N, % N, %
Als Calculati Calculati
(Emax) Experiment alculation A cos ye'ﬂ Experiment . culation
v ] T v s | T
0.0+0.2 29.14-3.6 28,8+4-2,7 41.442.6 62.8+46.9 1.0=+-0.6 0.9+0.6 1.24+0.5 9,34+1.2 15.94+3.5
0.2+0.4 50.2+44.8 48,1+3,4 38.5+£2.5 | 36.4+5.2 0.6+-0.2 4.841.5 2.840,9 9.7+1,3 | 18.243.7
0.4-+0.6 18.9+2.9 18.6+2.1 15.6+1.6 0.840.8 0.2+—0.2 7.74+1.9 6.5+1,3 17.84+1.7 | 22.7+4.1
0,6-+-0.8 1,840,9 3.94+1.0 4.24.0.8 0.0 —0.2+—0.6 22.3+3.2 19.9+2,2 27.842.1 | 26,5+4.5
0.8+1.0 0,0 0.64-0,4 0,340.2 0.0 —0.6-+—1.0 64.345.4 69.5+4.1 35,442 .4 16.7+3,6
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Table V
Electron spectrum |Distribution cosyer
\4 \ S T \4 \ S T
Value of X 4.8 | 14.7 |117.7| 4.3 | 75.7 |262.6
Expected value of X2 3.0 3 3 3 4 4
Probability P (%3) 0.18 10,005 0,001 | 0.25 | 0.001 0.001

the electrons and the angular distributions of the
pion and electron emission, when the pion energy
is fixed in the interval AE = 231-270 MeV (288
K{; events) and in the interval AE = 244—270 MeV
(212 K%3). The indicated distributions for the true
configurations of the decay particles are shown

in Tables III and IV and in Fig. 2. The dashed

line in the figure shows the computed distributions
for the vector interaction covariant. For the first
pion energy interval the computed distributions
were obtained on the basis of 500 trials, and for
the second interval on the basis of 400 trials. As
can be seen from a study of the tables and the
figure, in both cases only the vector covariant is
in good agreement with the experimental distribu-
tions.

The comparison of the agreement between the
computed and experimental distributions for the
first pion energy interval by the x % test is shown
in Table V. Analogous results are also obtained
for the second pion energy interval.

It follows from these data that the scalar and
tensor covariants are excluded as the only inter-
action covariants at better than 99.9% confidence
level. These conclusions are independent of any
assumptions on the dependence of the strong-in-
teraction form factor on the pion energy. On this
basis (when the interference between the scalar
and tensor amplitudes is ignored 9), an estimate
was made of the possible contributions of S- and
T-covariants to the decay interaction by the
method of minimizing the x? distribution. It shows
that the possible total contribution of both covari-
ants does not exceed 10—12%. It should be noted
here that owing to the existence of an admixture of
wa decays this is really an overestimate. Within
experimental errors it is in agreement with ana-
logous data obtained in a study of K* decays.m

The good agreement of the experimental elec-
tron spectra and emission angles yg 5 With the
computed distributions for the vector covariant of

5)This interference term vanishes under CP invariance of
the weak interaction.

the interaction indicates that within the experi-
mental errors the form factor gy is independent
of the electron energy. This result is an indica-
tion in favor of the locality of the weak interaction
with respect to the leptonic current. In view of the
fact that the mass of the scalar barolepton, which
may be responsible for the nonlocality of the weak
interaction in the leptonic current (if the latter
exists at all), is, apparently, very large O its ap-
pearance in the Kgs decay can be hardly expected
to be noticed at the presently available accuracy
of measurement of the spectra. An analogous con-
clusion is reached in the cited paper (o],

A study of the spectra and angular correlations
of the particles in Kg3 decays has been carried
out in a number of papers > 1], The conclu-
sions obtained in these papers on the decay inter-
action covariant are in agreement with each other.
However, only in our paper has the distribution
for fixed pion energy been considered for the first
time, so that the conclusions reached are in no
way dependent on assumptions about the depend-
ence of the strong-interaction form factors on the
pion energy.

In conclusion the authors express their grati-
tude to D. Kotlyarevskii, E. Okonov, G. Takhtamy-
shev, and L. Chkhaidze for their help, as well as
to a large number of laboratory assistants for
their help in carrying out the experiment and the
scanning.
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