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By measuring the branching ratio of K“3+ relative to Kg3* we have arrived at a value
of £(0)=f_(0)/f,(0)==0.08+0.15. This is in good agreement with the Callan-Treiman

relation.

We describe a measurement of the branching
ratio of Ku3+ relative to Ke3+- We deduce from
this a value of the parameter £, the ratio of the
form factors for vector coupling in K;3 decay,
where

£(0)=1_(0)/7,(0),
f,@=f, 1+ (@%/m 2,
and

2= - 2 - 2_'-_ 2_
q (PK pﬂ) m2im meEﬂ.
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There is a discrepancy between the values of
¢ deduced from branching ratio and polarization
methods.! Apart from a result given some time
ago,? investigations of the relative muon and pos-
itron semileptonic rates indicate a comparative-
ly high K |;3:K,3 ratio, and hence a positive val-
ue, ~0.3, for £.° On the other hand, polarization
experiments have shown a systematic shift to-
wards negative values for £, averaging £(0)
=-1.25+0.32.4

We have carried out a K+ experiment at Nim-
rod in which positron- and muon-decay rates
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were observed simultaneously in the same appa-
ratus (Fig. 1). The K¥ beam entered the appara-
tus through a channel cut in the plates of spark
chamber B3. The four brass-plate chambers B1-
B4 were required for a Dalitz-plot analysis of
the decays which will be reported at some later
date.

Approximately 1000 K+ per Nimrod pulse
stopped in the beryllium plates of a small spark
chamber. The stopping of a particle was ob-
served electronically by the counter telescope
(12345). Decays were accepted between 4 and 34
nsec later by counters 6 and 8, and the spark
chambers were triggered if a particle either was
observed in the Cherenkov counter or stopped in
the aluminum-plate range chamber. The trajec-
tory was recorded by sonic spark chambers S1-
S4. Events which scattered from the pole faces
of the magnet were rejected by means of counter
7. The trigger criterion was (12345) (687) (9C).

The Cherenkov counter was extensively tested
and calibrated.® Its efficiency in the momentum
band concerned here was (98.7+0.1) % for posi-
trons and (0.4 +0.05)% for muons.

For the branching-ratio determination, mea-
sured momentum limits of 110-150 MeV/c were
imposed at the magnet.® By using the same mo-
mentum interval for both leptons, apparatus-de-
pendent systematic effects were minimized. The
choice of the limits was influenced by the size of
the pion background and the ability of the 24-gap

Mild Steel

range chamber to accommodate the range strag-
gling of both muons and pions.

The basic resolution of the spectrometer was
(1.40%0.03)%. The overall resolution was (2.27
+0.13) % resulting from the spread in ionization
losses in the beryllium chamber. The solid-an-
gle acceptance of the spectrometer was constant
at 0.42% of 47 sr for momenta between 110 and
150 MeV /c.

Muons were selected by their range-momen-
tum correlation. Figure 2 shows the separation
of pions from muons where the measured range
is plotted as a deviation from the mean empiri-
cal range of the muons. The standard deviation
of the muon distribution corresponds to +1.2
plates or #1.3 g/cm3® at 130 MeV/c. In our mo-
mentum window (15.3 +0.75) % of non-Cherenkov
events were identified as pions. The efficiency
for misidentifying positrons as muons was insig-
nificant.

In the treatment of the data, 70% of the frames
were remeasured and checked.

It was necessary to check in detail that the re-
construction of the particle trajectories through
the spectrometer had no relative bias between
positrons and muons. The four sonic spark
chambers had two gaps each. The 16 available
coordinates were fitted for minimum ¥?, to pos-
sible theoretical trajectories. Weights for the
components of the xZ were estimated from multi-
ple-scattering calculations and from the observed
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FIG. 1. Plan view of apparatus.
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FIG. 2. Range separation of pions and muons. The
separation between the peaks corresponds to 7.1 g/cm2
at 130 MeV/c.

relative displacements of the pairs of sparks in
each chamber.

A limit, which excluded 9 % of the events, was
imposed on the values of x®. The principle rea-
son for this limit was to eliminate the large
number of pions which decayed in flight within
the limits of the sonic system. An examination
of high-x? orbits for the uncontaminated positron
and K9 events allowed us to restrict the uncer-
tainty on the branching ratio due to this cut to
+1%.

The x% weights were corrected to equalize the
mean X2 values of positrons and muons within
this limit. After a close comparison of the dis-
tributions we conclude that the treatment of the
two leptons is identical within statistics.

There was a further source of background. In
the region before the first sonic chamber, pions
decaying in flight became indistinguishable from
K, 3 muons. However, within our momentum
band the minimum direction change in their tra-
jectories was 0.12 rad. Measurements of the
tracks in the beryllium-plate chamber were used
to calculate the effect, and the result agreed
with a direct Monte Carlo computation. The con-
tribution was (7.0+0.45) % of the number of ob-
served muons.

The process K — uvy was also present. The
rate was calculated from the theoretical spec-
trum,” assuming no structure amplitude. It in-
volved a subtraction of (3.6 0.4)% of the data.

The corrected numbers appearing in our mo-
mentum band, 5601 muons and 7770 positrons,
are in the ratio 0.721+0.017.

This number has been related to the form fac-
tors by calculating spectra from the K;3 matrix
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FIG. 3. Relation between experimental branching
ratio and the total branching ratio.

elements for a vector interaction. Radiative cor-
rections® have been taken into account for the
positron spectra, but in the experimental mo-
mentum range they were barely significant.
These calculated spectra were modified to allow
for energy losses in all materials as far as the
second sonic spark chamber, taking into account
the distribution of the starting points of trajecto-
ries. For the positrons, bremsstrahlung losses
were included.®

The contributions to our error from several
experimental sources have been investigated.
The effects of uncertainties in momentum reso-
lution, momentum calibration, momentum de-
pendence of the spectrometer solid angle, and
ionization energy loss are insignificant. A possi-
ble error of +0.5% due to uncertainty in the ef-
fects of bremsstrahlung has been allowed.

Our results are shown in Fig. 3. In Fig. 3(a)
is the relation between £ and A4, for A-=0, giv-
en by this experiment. If we accept A4+=0.023,*
then

£(0)=-0.08+0.13.

Including the experimental uncertainty in A4+
(£0.008) the error on ¢ becomes 0.15.

The possibility that A_ is large!® leads us to
remark that the variation of £(0) and its experi-
mental errors is fairly linear in A_. At A_=0.1
and A4 =0.02 our experiment would give

£(0)=-0.13+0.25.
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For the overall branching ratio, Fig. 3(b) indi-
cates (A, =0.023,x_=0) that

F(Ku3)/r(Ke3) =0.667+0.017.

The K ;3" branching ratio has been calculated
[assuming a value of (4.94+0.11) % for K, 3"
branching ratio'} to be

I"(K“3+)/I"(all) =(3.29+0.11) %.

In our restricted momentum window the spec-
trum of muons is not very sensitive to the form
factors. There is, however, a second value, £
==5.1, associated with our branching ratio. The
theoretical spectrum for this gives a x* of 40 for
6 degrees of freedom when compared with the ex-
perimental spectrum. For £=-0.08 we obtain ¥?
=7.2.

Our value for the form-factor ratio is 1.7 stan-
dard deviations from the well-known prediction
(—=0.3) of a simple K*(890) intermediate state
model.

A comparison can be made between the K ;9
and K, 3 amplitudes using the Callan-Treiman'?
relation. The momentum-transfer extrapolation
has been performed between ¢ =mg?® and 0 as-
suming A+ =A_. We find for A+=0.023 that the
theoretical value, £=0.0+0.05, is in excellent

agreement with our experimentally deduced value.
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