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-The Dalitz-plot density of a sample of 3973 K +3 decays in flight at 1.8 GeV/c {K+~m p, +v„) was studied
.to determine X+ and Xo, the linear coefficients of the t dependence of the vector and scalar form factors,
where t is the four-momentum transfer to the lepton pair. The p,

+ was detected by scintillator hodoscopes,
identified by thick-plate optical spark chambers and momentum analyzed in a magnetic spectrometer. The
m was detected by its decay into two y's which converted in a lead-optical-spark-chamber —scintillator
sandwich detector. The measured coefficients were X+ ——0.050+0,013 and Xo ——0.029+ 0.011. The y of the
fit was 63 for 57 degrees of freedom.

I. INTRODUCTION

The semileptonic decay of the K meson has been
of particular interest for several reasons. In K
-mfa', the K-~ hadronic current is isolated from
the effects of other strongly interacting particles.
This is in contrast to K-nucleon scattering or pro-
duction of kaons by hadron-hadron collisions.
Measurements of decay rates, branching ratios,
energy spectra, and lepton polarizations permit
detailed comparisons wi. th theoretical predictions
based on the nature of the interaction and on spe-
cific theoretical models. Comparison of muonic
and electronic decays provides a test of p-e uni-
versality. Relationships between charged- and
neutral-E-meson semileptonic decays yield infor-
mation about the isotopic spin structure of the
interaction. The transverse polarization of the
muon allows a test of T invariance. The lepton
charge asymmetry in X' semileptonic decay is of
interest in CP violation.

The experimental determinations of the spectra,
polarizations, and branching ratios have had a
long history of inconsistency, both in comparisons
of results using similar measurements and in
comparisons between the various measurement
techniques (spectra, polarizations, etc.). A con-
siderable achievement in unification of the para-
metrization was made in a review and compilation
by Qaillard and Chounet. ' In a recent review
Pondrom' analyzes kinematic and systematic ef-
fects which may have contributed to past inconsis-
tencies.

ln K'- mt' high-statistics (-10' events) results
have been reported on the spectra' and polariza-
tion; in K' zip the statistics have been limited

to a few thousand events per experiment. In the
present experiment we analyze the Dalitz-plot den-
sity of a sample of some 4000 K'- m'p'v decays in
flight. With comparable statistics to previous ex-
periments, this measurement is useful as an in-
dependent addition to the K'-decay spectra experi-
ments. We discuss the parametrization in Sec.
II and the apparatus in Sec. III. In Sec. IV and
Sec. V we describe the data reduction, analysis,
and results. The conclusions and comparisons to
other results are in Sec. VI.

~=(&~V 2) si», u,r (1+x,)~„&v' j~ jff ). (2.1)

It is customary to choose the sum and difference
of the kaon and pion four-momenta (k and q) as
basis vectors to write the hadronic current as

& 'ji'. j&')"(&+q).f(t)+(&-q).f(t)
where t=(k-q)' is the four-momentum transfer
to the lepton pair. The decay rate is given by jM'

j

from Eq. (2.1), summed over lepton spin states,
so that in the kaon center-of-mass (c.m. ) system
the Dalitz-plot density is

p(E„E„)~Af, '(t )+Bf,(t)f (t) + Cf '(t) . (2.2)

II, DALITZ-PLOT DENSITY PARAMETRIZATION

The matrix element for K'„, decay, expressed
in the current-current form, contains the product
of hadronic and leptonic currents. Experimental
evidence' suppo'rts the assumption of the Cabibbo
theory that only the vector part contributes to the
hadronic current. Since bQ =AS= -1, we denote
the strangeness-changing vector current by V
and the matrix element is then

1980 The American Physical Society



21 M E A S U R.E NI E N T OF THE K+
~

DECAY SPECTRUM A N D F O R M. . .

The functions f,(t) and f (t) are form factors and
the terms A, B, and C are functions of the kine-
matic variables. In the c.m. system

A, =M~(2—E„E„—MrE+)+m
I

' —E
4 ] '

8—:m„'(E„— '),

where

2 g 2M~ +m„—m„
2M~

We assume that f and f are relatively real in
accord with time reversal invariance. '

Conventionally, f,(t) is expanded in t as

f (t)=f (0) I+a.
~, ,)+ ~ ~ ~

hw

(2.3)

(2.4)

with a similar power-series expansion,

f0(t) =fo(0} 1+&a, ~+
' ' '

~'m„') (2.5)

Retaining only the first-order term carries the
implicit assumption that the t dependence of f
is small.

In polarization experiments the measurement
is sensitive to the ratio of the form factors

Owing to the limited range of t kinematically al-
lowed and the statistical uncertainty of the pres-
ent data, we need to retain only the first-order
term in Eq. (2.3). This equation to first order
then defines a new parameter X which charact;er-
izes the linear t dependence of f,(t). It has been
pointed out' ' that another form factor may be de-
fined,

V, the (X,X,}parameters are less strongly cor-
related than the (X„t'(0)) parameters, and are
thus a better set of parameters for our results.
The (X„g(0))fits are useful for comparison to
polarization experiments.

III. APPARATUS

A partially separated 1.8-GeV/c K' beam, from
the 6-10 target at the Brookhaven Alternating
Gradient Synchrotron (AGS), was used. Typically,
the beam intensity was 8x10 K' per pulse, with
a K/11' ratio approximately unity. A differential
Cerenkov counter' provided a K' signal which had
a v contamination of about 0.1%.

The apparatus is shown in Fig. 1. A spectrom-
eter, consisting of wire spark chambers (WSCl-
14) and a 48 in. x 48 in. x 18 in. 3 kG magnet, was
used to determine the incident K' direction, the
decay p,

' momentum and angle. The decays oc-
curred in a He-filled decay region shown in Fig.
1. A y detector consisting of Pb, scintillators,
and optical spark chambers' was used to detect
the two y's from the m decay. The spectrometer
and y detector were used in other experiments
(K'- m m'y, K'-n'yy, 1 and 11'-4y) and haVe been
described previously. '

To identify the muon and to suppress back-
grounds from other decay modes, a Pb absorber
and a stack of thick-plate aluminum optical spark
chambers were installed downstream from the
spectrometer. The absorber-range-chamber
system consisted of two 8 x 8 ft spark chambers,
each with seven 1-in. -thick aluminum plates, and
two 6 ft x 6 ft spark chambers, each with ninety-
three 0.25-in. -thick aluminum plates. A 14-in. -
thick wall of Pb,was installed between the two 8
ft x 8 ft spark chambers.

A "K," trigger signal consisted of a beam K
signal, two or more counts in the y detector, and
a count in each of two scintillation-counter hodo-
scopes, denoted 7t and p, hodoscope in Fig. 1. The

Using the first-order terms of Eqs. (2.3) and
(2.5), and the definition in Eq. (2.4),

Mr'.-m '
&p —&

m„' .1+~,(t/m, ') '

At t= 0, a relation between three experimentally
determined parameters is obtained:

t(0) = , '
(X, —X ) .

mg'
(2.8)

We have made fits to the Dalitz-plot density and
the m' energy spectrum in terms of the parameters
(X,, X,) and in terms of (X„g(0}). As shown in Sec
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F/G. 1. Apparatus. Lead-s cinti11ator veto counters
near decay region are not shown.
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y-detector electronics provided a single count
from each contiguous group of sectors, thus elim-
inating multiple counts due to shower spreading.
Anticoincidence counters (not shown in Fig. 1)
were used around the decay region to suppress
triggers due to events with extra y's.

The y detector. covered a 5 ft x 5 ft area, with a
conical hole in the center for passage of charged
particles. The polar laboratory acceptance angle
ranged from 14' to 45'. Shower origin measure-
ments in the optical-spark chambers provided in
formation on the y angles and from the lengths of
the showers a crude measure of the y energies
was obtained. The measured detection efficiency, '
including scanning efficiency, is shown in Fig. 2.
Below 150 MeV the detection efficiency is dom-
inated by scanning losses; e.g. , the calculated
conversion efficiency is 98.3% at 50 MeV. Above
150 MeV the detection efficiency is consistent
with the conversion efficiency. A detailed study of
the detection efficiency and energy resolution was
performed on a sample of E'-n'm' decays. ' The
spread in shower penetration depth for typical y
energies was +32%.

Two other trigger modes were employed for
calibration purposes. A "K„"trigger signal was
produced by omitting the p hodoscope require-
ment. The resulting data sample included several
decay modes, but was dominated by K„events.
A "K,"trigger signal was produced by omitting
the y-detector requirements. This sample was
dominated by K„, events. In this sample the beam
momentum was lowered to 1.5 GeV/c to give a
sample of muons of approximately the same lab-
oratory momentum as those from X„,at 1.8 GeV/
C.
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FlG. 3. c.m. momentum spectrum for "K,z" triggers.

IV. DATA REDUCTION

A. Scanning and measurement

Using the information from the wire chambers,
the center-of-mass momentum of the charged
particle was reconstructed. A momentum spec-
trum for the "K„"triggers is shown in Fig. 3.
The full width at half maximum (FWHM) of the
If, peak (at p, =205 MeV/c) is 12 MeV/c. The
three-body decays appear as the continuous spec-
trum. A momentum spectrum for the "E„,"trig-
gers is shown in Fig. 4. Although there is a sub-
stantial reduction of the K„peak, some persist
due to the presence of pion "punch throughs" and
~-p decays in flight.

For the sample of K, triggered events in which
the WSC spectrometer data gave acceptable tracks
and a decay vertex, photographs of the range-
chamber system were scanned for events in which
a charged track passed through the 8 ft x 8 ft
spark chambers and the absorber, and stopped in
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FIG. 2. Measured detection efficiency of the y detec-
tor .
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FIG. 4. c.m. momentum spectrum for "K»" triggers
for which were required a X,2 signal and a count in the
p hodoscope after the Pb absorber. The X,2 peak is
shifted from 205 to -212 MeV/c as muon mass rather
than pion mass is used.
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the 6 ftx 6 ft spark chambers (the range cham-
bers). In addition, in conjunction with a determin-
ation of the muon polarization, ' not reported here,
a kink at the end of the muon track, which signi-
fied the p-e decay of the stopped muon, was re-
quired.

After measurement, the muon track in the first
optical-spark chamber was required to match the
track in the wire spark chambers. To suppress
further backgrounds from other K decay modes,
the measured range of the muon was required to
be within 20% of the range calculated from the mo-
mentum measured in the spectrometer. The
FTHM of the observed range-momentum distribu-
tion was 8%.

For the events for which the spectrometer re-
construction was acceptable and for which a satis-
factory muon track was measured, a scan was
made of the photographs of the y-detector optical
spark chambers. Frames were measured if two
or three y-ray showers appeared in the photo-
graphs. Agreement was required between the re-
constructed y positions and the recorded sectors
of the scintillation counters in the y detector.
Measurements included the coordinates of each
y conversion point and an estimate of the length
of each shower based on the first and last spark-
chamber gaps that showed sparks along the show-
er.

The total data sample consisted of approximately
800000 "K„,"triggers, with about half for each
spectrometer magnet polarity. Approximately
300000 were reconstructed in the spectrometer.
About 30 000 muon tracks were measured and
about 17 000 of these matched and passed the
range-momentum test. y-detector measurements
yielded about 14000 completely measured event
candidates.
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FIG. 5. Distribution in X of the 3C fit to the Ã, 2 hy-
pothesis. It is a 12-parameter fit.

in the muon momentum spectrum near 212 MeV/c
appears to be eliminated. However, as seen in
Fig. 7(a) the mo energy spectrum after the &3c' cut
shows a small peak near 110 MeV, indicating the
presence of K„contamination. It is possible to
construct a 2C fit to K„without using the mea-
sured value of the charged-particle momentum.
Such a fit is useful to eliminate K„events in
which the w' decays in flight before the charged
decay particle momentum is established. After
application of a 2C K„ fit, the m' energy spectrum
is shown in Fig. '7(b}. It is apparent that the X„
peak is essentially eliminated.

The sample of about 14000 completely mea-
sured events is reduced to 10131after recon-

B. Kinematics tests and ambiguity resolution

The kinematical quantities measured are the K'.
four-momentum, the p+ four-momentum, and the

y directions. The y energies are so poorly known
that they are not used directly in the kinematical
reconstruction. Since the neutrino is undetected,
the resulting kinematic reconstruction is a zero-
constraint fit for K „with a twofold ambiguity in
the reconstructed m' energy.

These measured quantities are sufficient to
yield a three-constraint (SC} fit to the X,, hypoth-
esis; by computing a value of X~

' for each K„,
candidate it is possible to remove the K„ev.ents
in which the n+ has "punched through" the absorb-
er. A distribution in y,c is shown in Fig. 5; all
events with X,~'& 20 are rejected as K„decays.
The result of this cut is shown in Fig. 6; the peak
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FIG. 6. Center-of-mass muon momentum spectrum for
events with X3c & 20 (survivirg the 3C E& cut).
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FIG. 8. Normalized distribution of X of expected ver-
sus measured shower penetration lengths for the two y
rays measured in each event. The two kinematic solu-
tions result in two values of X,~ for each event. {a) The
"better" value and {b) the "alternate" value, as defined
in the test, are plotted separately.

struction and fiducial-volume cuts. The sample
is further reduced to 8579 after application of the
2C and 3C fits to the K„hypothesis.

To resolve the twofold ambiguity in the E„3kin-
ematics the shower penetration measurements
were utilized. From the kinematic solutions, the
two possible laboratory energies of the n0 were
used, along with the two y laboratory angles, to
predict two pairs of y-ray energies. From these
energies and the calibration data on the y detec-
tor, ' corresponding values of the expected shower
lengths for the pair of y's for each solution were
calculated. For each solution a X' value was con-
structed (denoted y„' for shower pair) as a com-
parison between the pair of expected shower
lengths and the two measured shower lengths. The
kinematic solution that had the lower value of X„'
is denoted the "better" solution; the other solu-
tion is denoted the "alternate" solution. Distribu-
tions in X„' are shown in Fig. 8. Accepted events
were required to have X,

' 6 for the better solu-
tion, a 5% confidence level. If the alter'nate solu-

tion had X, '& 6 the ambiguity was considered to
be resolved; the alternate solution was discarded
and the better solution was used. If the alternate
solution also had X„'& 6, then the kinematic am-
biguity was considered unresolved. However,
this unresolved sample contained events for which
the two solutions resulted in values of c.m. w' en-
ergy that differed by less than 15 MeV and hence
were nearly the same; these events were in-
cluded in the final data sample (the better solution
was used).

After application of the X„' tests to the 8579 K~3
candidates and AE, &15 MeV cut to the unresolved
sample a total of 5929 useful events remained.
A Dalitz-plot distribution of the 5929 event sample
is shown in Fig. 9. The double border defines the
region of the Dalitz plot which was used for fitting
the form factors. This region contains 3973
events.
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FIG. 9. Dalitz-plot distribution of final data sample.

The double border encloses the 3973 events used in the
final fits.

V. DALITZ-PLOT ANALYSIS

A. Acceptance calculation

A sample of K„, decays was generated by Monte
Carlo techniques. A sample of events which could
be "detected" by our apparatus was obtained. For
each bin of the Dalitz plot the ratio of the number
of events "detected" to the number of events gen-
erated in that bin determined the acceptance.
Some of the features of the acceptance calcula-
tion are described here. More details are in Ref.
8.

The K' momentum and direction parameters
were taken from a sample of measured beam
tracks. The generated c.m. energy distributions
were weighted by a density distribution that cor-
responded to a vector current with g= 0. Mea-
surement errors, multiple scattering, range
straggling, and a simulation of the p, - e decay
were included in the p' acceptance simulation.
Shower spreading, shower length, detection effi-
ciency, and measurement errors were included in
the y acceptance.

A 3C fit and a 2C fit to the K„hypothesis were
carried out to eliminate K„, events that would have
been removed from the data sample by this pro-
cedure. The procedure outlined in Sec. IV to re-
solve the kinematical ambiguity was applied to
the Monte Carlo generated sample, so that sys-
tematic effects of the procedure could be ac-
counted for. After cuts and tests, a sample of
12 650 events were accumulated as the accepted
Monte Carlo sample (which corresponds to the
3973 data events shown in Fig. 9). Figure 10
shows plots of typical laboratory distributions for
data and Monte Carlo samples. These plots are
insensitive to the form factors. In Fig. 10(c) the

dip near 1200 MeV corresponds to events lost due
to a dead region between the two range chamber
units. The dip is more pronounced in Fig. 10(b).
Events in which the muon stopped within 3 in. of
the center region were removed as a part of the
fiducial volume cuts.

The acceptance is shown for each bin of the
Dalitz plot in Fig. 11. The double line indicates
the border around the region used in the data anal-
ysis. One sees a sharp decrease in acceptance
below 50 MeV of p. kinetic energy, which is
caused by the triggering requirement that the muon.

have sufficient laboratory energy to pass through
the absorber. Bins that included the boundary
curve of the Dalitz plot were omitted and the re-
gion with w energy between 100 MeV and 110 MeV
was omitted due to possible residual contamina-
tion by K„background. This point is discussed in
more detail in Sec. VC below.

A consequence of the decrease to zero of the ac-
ceptance for p' kinetic energies below 50 MeV can
be seen in Fig. 11. The accepted phase-space re-
gion for large m energies is reduced more than
that for lower ~' energies. This results in a sam-
ple that is relatively rich in the lower m energy
region which is more sensitive to the form fac-
tors. (The same effect can be seen in Fig. t in
which the observed m' energy spectrum appears to
flatten out at high energies. ) We note that within
the region we used, shown by the double border
of Fig. 11, the average acceptance is constant to
within approximately + 10% as a function of v' en-
ergy

B. Results

The 3973 events in the defined region of the
Dalitz plot shown in Fig. 9 were corrected for
acceptance by dividing each bin of Fig. 9 by the
value of the acceptance for the corresponding bin
of Fig. 11, and then normalizing to.obtain the
same total number of events as in the original data
sample. The theoretical Dalitz-plot density was
fitted to the corrected data and the best-fit values
of the parameters X Ap were obtained by X' min-
imization. In addition the m energy spectrum, in-
tegrated over muon energy, was analyzed. The
w' energy spectrum is less sensitive than the
Dalitz plot, but the acceptance calculation depends
less on the simulation of the passage of the muon
through the apparatus. The results of the fits for
A,„X,are shown as likelihood contours in Figs.
12(a) and 12(b). Fits for the parameters g(0), X

are shown in Figs. 12(c) and 12(d). Our final val-
ues for the coefficients are X = 0.050+0.013, Xp
= 0.029+0.011. These are given in Table I, to-
gether with results from the other fits.
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FIG. 11. Percent acceptance calculated from Monte
Carlo simulation, shown per Dalitz-plot bin. Double
border encloses region used in the final fits.

A number of checks were made to test the sta-
bility of the results to possible systematic errors.
To test the effect of selection of unambiguous
events we put back in the data sample those events
which had been removed in the procedure to re-
solve the kinematic ambiguity (see Sec. IVB and
Table II). This increased the data sample to 5712
events. For the added events the lower X„' solu-
tions were used. The Ap, A,, fit yielded an essen-
tially unchanged value of A,„and A,p increased by
1 standard deviation. The confidence level re-
mained at about 50fp.

The fiducial volume for the K decay was reduced
to test for possible variations in acceptance near
the limits. The resulting 3482 events were re-
fitted, with the results that X was unchanged and
A p was low er by 1 standard deviation. The conf i-
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FIG. 12. Likelihood contours obtained from fits. (a) Ao vs A,, for Dalitz-plot density. (b) Ao vs A,, for 7t spectrum.
(c) $(0) vs A,, for Dalitz-plot density. (d) $(0) vs A,, for 7t spectrum.

dence level dropped to 3'l%. (See Table II.)
The region of w' kinetic energy from 100 to 110

MeV was included in the data sample. The back-
ground of E„events with an early ~-p decay in
flight was calculated by Monte Carlo methods.

This background was subtracted and the m' energy
spectrum of the resulting 449'l events was fit to
determine A, , A, The result was to increase A. by
I standard deviation; X, was unchanged. (See
Table II.)

TABLE l. Results of this experiment.

Method d~o/d~+ X' (DF)

Dalitz-plot density
energy spectrum

0.050 + 0.013
0.053 + 0.018

0.029 + 0.011
0.031 + 0.016

-0.37 63 (57)
5.4 (6)

Method ((0) d~(0)/u, x' (»)
Dalitz-plot density

energy spectrum
0.050+ 0.010
0.053 + 0.018

-0.27 + 0.25
-0.27 + 0.37

-17 63 {57)
5.4 (6)
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TABLE II. Summary of systematic checks.

Sample description

All results for ~0 spectrum
Number of

events X' (DF)

(a) Include events with
ambiguous r energy

(b) Limited K-decay
fiducial volume

(c) Include 100 ~E~ 110 MeV
with background subtraction

{d) Dalitz-plot density for sample (c)

5712

3482

4497

0.049 + 0.'016 0.046+ 0.013 5.1 (6)

0.054 +0.018 0.015+0.017 6.5 (6)

0.071 +0.014 0.029 +0.016 5.1 (7)

O. O62 +O.O12 O.O34 +O.O12 8O (63)

The sensitivity of the acceptance to the shape
of the generating spectrum was tested by changing
its form, recalculating the acceptance, and re-
fitting the parameters. Values of X Ap changed

by less than 1 standard deviation.
The possibility that selection of events in which

the muon decayed results in a systematic error
in the spectrum was investigated by considering
subsets of data according to whether the p-e de-
cay occurred with a forward-going or backward-
going positron. The spectra in the two subsets
were not significantly different.

In addition to the K„background discussed
above, we consider several other E decay modes.
The dominant decay mode, K „ is removed by

the requirement of at least two y signals in the
trigger. This was verified in that no signal at

c.m. momentum of 236 MeV/c was seen in the
muon spectrum to indicate a K„,decay. K„de-
cays were eliminated as positrons entering the
Pb absorber and thick-plate optical-spark cham-
bers were absorbed in more than fifty radiation
lengths of material.

Monte Carlo studies were done on 7' (K'
- v'v'v') decays to determine the background from
this decay mode. With the requirements that none
of the four y's hits a y veto counter and that two
y's hit the y detector, the expected background
from r' decays is well below 0.1%. In addition
the background rate for v' decays in which three
y's enter the y detector was calculated and agreed
with the number of three-y events in the data.
(Events with three showers were measured but
were removed from the If, data. )

TABLE III. Compilation of results.

Reference Experiment
Number

of events 0

11
12
13
14
15

3
16
17

K& Dalitz plot
Haidt et al.
Chiang et al.
Merlan et al.
Braun et al.
Ankenbrandt et al.
This experiment

K~+3 Dalitz plot
World average

K~ Dalitz plot
Donaldson et al.
Buchanan et al.
Albrecht et al.

K~3 Dalitz plot
World average

3240
3659
6527
1585
4025
3973

1 6x10
3.2 x 104

3.2 x10

6.4 x 105

0.050 + 0.018
-0.006 + 0.015
- 0.027 +0.019

0.025 +0.017
0.024 + 0.022
0.050 ~0.013

0.0284 + 0.0047

0.030 + 0.003
0.046 + 0.030
0.038 + 0.007

0.0302 + 0.0015

-0.011+ 0.016
0.022 + 0.022

-0.025+ 0.012
-0.008 + 0.020
-0.021 + 0.023

0.029 +0.011

0.019+0.004
0.024 +0.013
0.045+ 0.011

Calculated from $=-0.5+0.2, A.+ =0.029, ~ =0, and Eq. (2.6).
Calculated from $ =-0.09+0.28, X+ =0.029, A. =0, and Eq. (2.6)
Calculated from $ =-0.62 +0.28, A+ =0.029, A, =0, and Eq. (2.6).
Reanalyzed result; see Ref. 2.
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Owing to the relatively low branching ratio for
K, and the low pion "punch-through" probability
the background from this decay mode is estimated
to be well below 0.1% of the data, also.

TABLE IV. Summary of normalized ~ results for A, o.
World averages from Ref. 2.

Experiment

VI. DISCUSSION OF RESULTS

K&3 Dalitz plot
World average
This experiment

-0.004 + 0.011
0.036 + 0.019

The results of this experiment are summarized
in Table I. The Dalitz-plot density fits yield (X

=0.050+0.013, X0=0.029+0.011). Our results
from the m' energy spectrum agree well with
our Dalitz-plot results. There have been many
theoretical calculations of the form factors in K)3
decay. The parameter dependence of most of the
calculations makes difficult numerical compari-
son with our results. We refer the reader to Ref.
1 for a summary, limit our discussion to a few

well known or recent theoretical values of the
form factors. Our results are in agreement with
the value of X,=+0.023 calculated' from the Callan-
Trieman relation. ' In a recent parameter-free
calculation by hard-meson techniques Boal and
Graham" obtain (X,= 0.036, X,= 0.040) which is
about 1.5 standard deviations from our values and
lies on the regression path, as may be seen in

Fig. 12(a). In another recent article Barut and
Wilson' evaluate the K» form factors in closed
form using rest-frame symmetry and Lorentz
boosts to introduce symmetry breaking. Barut
and Wilson obtain (X = 0.036, X,= 0.031) which is
in good agreement with our values. We also note
that our value of X, is about 2 standard deviations
higher than the "naive" K*(890) dominance value
of X =m, '/M~' ——0.023.

In Table III are shown some results of Dalitz-
plot experiments for K„, and a world average' for
K„high statistics experiments. In K„only the

X, parameter can be determined due to the small
mass of the lepton. Our value for X, is within ap-
proximately 1.5 standard deviations of the world
average values of A., from K,', and K,', experi-
ments. We note that the values of X, and X, from
the K'„, Dalitz-plot experiments show a significant
spread. Since the parameters X, and A., are cor-
related it is more meaningful to compare X, re-
sults after extrapolating to a common value of
X„as done by Pondrom. '

In Table IV are world averages' for A,, including
polarization experiments on E„,and our result,
all extrapolated to X = 0.03 for comparison. For
the polarization results Pondrom' has' used the
g(t= 0) value from each experiment, a A,,= 0.030

E&3 Dalitz plot
World average

E&3 polar ization
World average

~&03 polarization
World average

0.022 + 0.0036

-0.023 + 0.011

-0.012 + 0.008

' A11 results are normalized to &+ =0 ~ 030.
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consistent with K„results, and Eq. (2.6) to ob-
tain X,. As seen in Table IV the values of X, ob-
tained from the polarization experiments are
more negative than those from the Dalitz-plot ex-
periments. The values of X, from the E„', Dalitz
plot are definitely positive. Our value of A., agrees
with the K'„, Dalitz-plot values and is approxi-
mately 2 standard deviations above the world av-
erage of A,, from the other E'„, Dalitz-plot deter-
minations. By including our value of Xo with the
other values from the K, Dalitz plot in Table IV
the new world average for Xo (extrapolated to X

= 0.03) becomes +0.006 + 0.0095, approximately
1.5 standard deviations from the world average
value from E'„, Dalitz-plot measurements.

The agreement of our determination of A. and
A., with that of E'„, Dalitz-plot experiments is in
support of the d I = —,

' selection rule. The consis-
tency found between our X, determination and that
of K„experiment supports the p, -e universality
hypothesis.
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