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We have studied a sample of 144 v decays in which, for the first time, all the kine-
matical quantities are determined. The dependence of the matrix element on the neutral-
pion energy has been measured and a linear extrapolation has been made to zero four-
momentum. The result is consistent with the soft-pion prediction of current algebra.

An exposure of the Brookhaven National Labo-
ratory 30-in. propane bubble chamber to a stop-
ping K+ beam was scanned for K+ decay into a
stopping 7T+ with two or more converted gamma
rays associated with the K decay vertex. Ap-
proximately 150000 pictures with an average of
eight stopping K+ per picture were scanned for
this topology. The events found were measured
on digitized projectors and processed through
the NP54 geometry program' and the GRIND kine-
matic fitting program. ' About 140 such events
are consistent with a K —~ m'm' decay from+ +

rest. To our knowledge, this is the first study
of the 7' decay to measure kinematical quantities
other than the m+ energy distribution.

The scanning instructions were to search first
for electron pairs and, if two were found associ-

+ated with the same K vertex, to examine that
vertex carefully for a 7t-p, -e decay chain in the
chamber. Since the electron-pair scanning effi-
ciency is reasonably independent of the energy of
the parent m

' and since these pairs then point
out the K vertex, we hoped in this way to obtain
a scanning efficiency independent of the ~' and n+

momenta. About 75% of the film was scanned
twice, giving an overall scanning efficiency of
74+8%. All events in which the positive decay
prong did not undergo a m-p. -e decay inside the
chamber or scattered before doing so were dis-
carded.

An event was selected as a T' if the two pairs
fit a w' with a probability greater that 5% and the
event then fit a T' decay at rest with probability
greater than 1%. The only noticeable contamina-
tion came from K&3 decays which in general are
easily discriminated against. The few events
which did fit both were called 7' only if the ~-p, -e
decay sequence was unambiguous. All 7' candi-
dates were studied by physicists on the scanning
table.

Corrections were made to the 7t'+ energy spec-
trum to account for the finite size of the chamber
and scattering of the 7t+. The chamber has an ef-
fective diameter of 74 cm and a depth of 38 cm,
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FIG. 1. Dalitz plot of the 144 K 7l+7r 71 decays.

while the maximum m+ range is 22 cm, so even
at the top of the spectrum, 75% of the n+ stop
and decay in the chamber. The scattering cor-
rection was obtained using the scanners' identi-
fication of scattered pions in T decays. This
correction is a maximum of 16% at the top of the
r+ spectrum. The m' spectrum was not correct-
ed for the finite size of the chamber since the de-
tection efficiency was shown to be almost inde-
pendent of the ~ momentum in a study of the
K&3 decay mode made in this exposure. '

A possible background arises from the two de-
tected gamma rays coming from different 7t"s
but fitting a single m'. This background was
checked from a sample of 15 T' candidates with
three associated electron pairs, and was found
to be less than 5%.

Figure 1 shows a Dalitz plot of the 144 events
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Table I. The raw data & b, corrections 8, correct-
ed number of events N, phase space P, and the re-
duced data R. The corrections made mere 8 tt forscatt
events rejected due to the 7t+ leaving the chamber be-
fore stopping, Sgeom for the ~+ leaving the chamber
before stopping, and Sscan for differential scanning ef-
ficiency. The error on R includes the statistical error
and an estimate of the uncertainty in the corrections.
Note that R ~

~
amplitude~
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which satisfied the criteria of 7t' probability
greater than 5%%uo and overall 7' probability great-
er that l%%uo. The plot is presented in terms of
the Dalitz-Fabri variables X=&3(T, T,-)/Q and

&=BT,/Q lw-here T„T, refer to the m' ener-
gies, T, is the energy of the ~+, and Q = m~-mz+
—2m~ =84.3 MeV.

For comparison with other experiments and
theoretical predictions, we present projections
of this Dalitz-Fabri plot on the Y, X, and E~
axes. Corrections ar'e made to the data for dif-
ferential scanning efficiency as a function of posi-
tion on the Dalitz-Fabri plot for the finite size of
the chamber and for the scattering of the ~+. Ta-

ble I exhibits the raw data Nobs, corrections 8,
normalized phase space P, and the reduced data
R =Ncor/(NtotP). Ncor is the corrected number
of events in the bin specified, Ntot is the total
number of such events, and P represents the
normalized phase space for the interval. All fits
to the data were made using the least-mean-
squares technique.

The fit to the ~ distribution assuming ) ampli-
tude I' ~1+aF' has a probability of 40%%uo and yields
a = -0.88 + 0.23, in good agreement with other
statistically richer experiments. '

The X distribution is fitted adequately by a flat
distribution since this fit has a chi-squared prob-
ability of 15%%uo, but a fit of the form I amplitude)2
o-1+ bx' yields a somewhat better fit (chi-squared
probability of 55%) with 5 two standard devia-
tions from zero: b =1.2+0.6.

One of current-algebra's soft-pion predictions,
first pointed out by Callan and Treiman, ' is that
the amplitude for K decay should vanish for zero
four-momentum of the m' in 7' decay. This limit-
ing point corresponds to zero total energy of the

and is far from the physical region. Since re-
liable off-mass-shell corrections are not avail-
able, we use the procedure first suggested by
Nefkens' of extrapolating the reduced m' energy
spectrum to zero total energy of the n . Since
this spectrum is consistent with being linear in
the physical region, we may attempt to extrapo-
late this linear form into the unphysical region.
This procedure yields an amplitude of -0.37
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FIG. 2. Plot of the reduced data as a function of E~D.
The straight line is a linear fit to the data and predicts
an amplitude of -0.37+0.38 at E~0=0. The dashed
lines correspond to one standard deviation.
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+0.38 at zero total m' energy, clearly consistent
with the soft-pion prediction of current algebra.
The spectrum and the extrapolation are shown in
Fig. 2.
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