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We have found the branching ratio for the electronic decay of the Z7 to be R(Z™—n
+e~+7)/R(E"—n+71~)=(1.11+£0.09) x10~3, Similarly, in a measurement of 5x10* =*
—n+nt+ decays we have found no example of decays of the type Zt—n+et+ v or 2ty
+ut+p. This gives an upper limit of 6.3% (90% confidence level) on the relative rate
R(AS =-AQ)/R (AS =+AQ) for the process in this experiment.

We describe here the results of an experiment
that has determined the ™ electronic decay
rate; the result obtained is consistent with pre-
vious values within the errors quoted.’»? We
have also obtained an upper limit on the violation
of the AS=AQ rule in the Z leptonic decays by a
search for the decay 2+ ~n+e*+v and find that
this limit is in agreement with that of Baggett et
a._l.3 A comprehensive discussion of this experi-
ment will be published elsewhere.

Sigma hyperons were produced by a stopping
K™ beam in the Brookhaven National Laboratory
30-in. hydrogen bubble chamber, and we have
measured a sample of 259400 Z~ -n+7~ and
62100 =* =n+7" decays. From these data we
have identified 195 decays of the type £~ —~n
+e~+Vand 12 decays of the type T~ =n+u” +7,
where the 4™ stops in the chamber and could not
come from a 7~ decay. We have not observed
any =t decay which is compatible only with the
modes Z*=n+eT+v or Tt -n+put+v, although
we have one positron candidate which has a mo-
mentum below 70 MeV/c in the =% rest frame
and which could be an example of the allowed de-
cay Zt=A%+et+ v,

The data-reduction technique used was the
same as that in a previous experiment,® with the
exception that we have now restricted our atten-
tion to ¢c.m. momenta <160 MeV/c for the charged
decay track from the Z. This has reduced the
number of events in which the mass of the decay
particle has to be determined by ionization mea-
surements. With this cutoff on momentum we
detect 81.8% of the spectrum for the electronic
decay mode.*

To enable accurate ionization measurements
to be made on dipping tracks, the length of the
decay track was required to be at least 10 cm
for dips up to 50° in the lab and at least 15 cm

for dips between 50° and 60°. Events with dip
greater than 60° were rejected. We also required
the length of the Z~ to be <0.95 cm so that the
momentum of the £~ at its decay point is always
280 MeV/c. This eliminates a variety of reac-
tions that can arise from Z7p capture and can
give rise to a 2-3% background. No minimum
T*_length criterion was imposed other than that
the measurer should be able to see the Z and its
collinear production pion. Only 194300 Z~ -n
+7~ decays and 49 100 t—n+at decays remained
after these cuts were made. The sigma-length
cutoff reduced the sample of Z~ ~n+e” +7 de-
cays to 180. In addition we also make a subtrac-
tion of 0.7% from the total number of £~ decay

to take into account events which were really A°,
Dalitz-pair productions, etc., at the end of a
stopping K~ which would have the same topology
as Z-production reactions.

Those events in which the decay track from the
% had a momentum <160 MeV/c in the Z rest
frame were considered to be candidates for the
leptonic decay modes and were checked on a
scanning table. The events which did not have ob-
vious large kinks, characteristic of the 7~ u de-
cays in flight or mp scatterings, were remea-
sured on more accurate Vanguard machines.
Events which still had low decay-track momenta
were examined by a physicist, and tracks that
were not obvious electrons, stopping pions, or
muons were gap counted. In Fig. 1 we show the
relative ionization measured for each such track.
This was determined by measuring the mean gap
length of the track and comparing it with the
mean gap length of a nearby minimum-ionizing
(P ~ 450 MeV/c) beam-pion track or with the pro-
duction-pion track from the same event after ap-
propriate corrections for the dip of the decay
and the comparison track had been made. For
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FIG. 1. Gap-density distribution for the Z— and =+
decays., The lines labeled e, u, 7, are the predictions
based on the 1/8% law, where 8 is the velocity of the
particle.

low-momentum or steeply dipping decay tracks,
the gap counting was done by microscope. For
other decay tracks (P 2120 MeV/c in the lab,
nondipping), a Vanguard measuring machine was
modified to record the passage of successive
track bubbles across the reticle. At each bubble
the X-Y digitizers of the precision stage were in-
terrogated and a histogram of the gap-length dis-
tribution so obtained was stored. As can be seen
from Fig. 1(a) the separation between electrons
and muons or pions is clear. There are only
eight events, shown with broken error bars and
occurring at P32 155 MeV /¢, for which the ion-
ization measurement does not lead to a definite
conclusion on the identity of the decay track. In
computing the branching ratio for the electronic
decay rate we have assumed one-half of these
events to be electrons; the error introduced by
this procedure is small compared with the statis-
tical error. As an additional check on the gap-
counting procedure, we plot in Fig. 2 the differ-
ence between the measured and expected ioniza-
tion divided by the statistical error for those
tracks identified as electrons. This distribution
is fitted well by a Gaussian of unit width indicat-
ing a reasonable assignment of the error and the
minimum detectable gap length. Also notice that
any background from pions or muons would lead
to an excess of events in the tail on the left-hand
side of the peak. In Fig. 1(b) we show the ioniza-
tion measurements of those =1 decays in which
the decay track could not positively be identified
by eye as not being a positron. There is no can-
didate for the decay ZT—n+et+v in the present
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FIG. 2. Distribution of the gap-density measurement
for those events considered as electrons. In the re-
gion Py, >155 MeV/c we define an electron as being a
decay track whose gap distribution gives a value in
Fig. 1 which is >1,0. There are eight events with gap
counts between 0.9 and 1.0, These we consider ambigu-
ous, We have taken four of those and considered them
as electrons. These four are included in this figure.

experiment.

During the course of the measurements weekly
checks were made to ensure the uniformity of
the measuring and computation processes. The
measurers were required to make a photographic
print of each obvious electronic decay or stop-
ping 7 or U which they saw. These events were
subsequently compared with the output from our
computer programs to verify that the programs
made the correct interpretation in each case.
One source of bias was detected in this way; we
found that very low-momentum spiraling elec-
trons would be rejected because either less than
10 cm of track would be measured or the rate of
change of curvature was large enough to cause
problems in the spatial reconstruction program.
There were 5 such events in the data and they
have been included after a more careful remea-
surement. There were also 6 stopping U~ tracks
which were less than 10 cm long; these have also
been included in our results. Other sources of
bias such as loss of events in the analysis, poor
measurements, etc., were checked and these
lead to an error that is less than 2%. This error
affects the numerator and denominator of our
branching ratio in approximately the same way;
nevertheless it has been combined with the sta-
tistical error. We have also checked the distri-
butions of the decay track dip, Z decay lengths,
and angles for both the leptonic and nonleptonic
modes, and have found that the distributions co-
incide very closely.

The momentum spectrum of electrons from the
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decay Z~ —n+e” +7 is shown in Fig. 3. The
curve shown, representative of a matrix element
given by F,=-0.211, G,=0.103, F,=0.0,5 fits the
data very well (x*=5 for 15 degrees of freedom).
Four events on this plot for P¢ . S70 MeV/c
have to be subtracted as being from the allowed
background process 2~ —~A°+e” +7, where the
A° is not observed. From the known rate® for
this decay mode we expect 12+ 2 events of this
type in our data; we have found eight events with
a visible A° so that we subtract 4+2. Hence the
branching ratio or £~ electronic decays to =~
-n+7 decays is

REZ —=n+e” +7V)_
RZ™=n+17)

_ (180%13)-(4%2)
1.943X10°X0.818%0.993

=(1.11+0.09)x 1073,

The denominator has been corrected for the
81.8 % of the electron spectrum detected and for
the 0.7% correction to the number of fake =~
-n+7m" decays mentioned before.

From the measurements on the =t -n+7t de-
cays we can set a limit on the violation of the AS
=+AQ rule which could occur in Z leptonic de-
cays. We have observed one event with a low-
momentum positron which is probably an exam-
ple of the allowed decay " =A%+et+ v, In addi-
tion we have seen two = decays in which the de-
cay track was a stopping 4*. However, the mo-
mentum of the muons was high enough so that
they could be from 7"~ u* decays in flight, where
the 7% decays within the first 3 mm. To obtain a
limit on the AS=+A@Q rule we confine our atten-
tion only to the electronic decay modes and com-
pare the number of et and e~ candidates which
have c.m. lepton momenta in the range 70 <P¢ ny.
<160 MeV/c to exclude the allowed background
process mentioned above. With this constraint
the useful fraction of phase space detected is now
66 %; hence the limit on the relative rates of AS
= -AQ to AS=+AQ processes is

R(AS=-AQ) 23 1
R(AS=+AQ) 49100%0.66 1.11X1073
=6.3%,

where the factor 2.3 represents the 90% confi-
dence level for this rate violation.

To date only one example of the decay ot —n
+et+v has been observed.? We would like to sug-
gest that this event could be an example of the de-
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FIG., 3. Momentum distribution of electrons in the
sigma rest frame. The curve drawn is representa-
tive of a matrix element given by F;=-0.211, G,
=0.103, F3=0.0. A curve with the same Fy and G, but
F,=0.274 would also be a good fit to the data.

cay chain
st—p+q°
et+e~+y,

where the proton and the e~ are not visible. The
probability of not seeing the proton is 8 %, the
Dalitz decay mode of the 7° occurs 1/80 of the
time, and probability of not seeing the electron
is ~0.2%; thus we would expect to see two such
events in every 10 Zt ~n+7t decay. The effec-
tive sample of Z* decays measured by various
groups'~® is at present about 1.25X10° so that the
probability of this interpretation being correct is
20%. In addition, two possible events of the type
=t —n+ut+v have been found.”® If we include
all data published so far, the one positron event
represents an upper limit on the AS=-AQ rate
of 4.1% (90% confidence level) or a limit of 0.20
on the amplitude. If, on the other hand, the posi-
tron candidate is a background event, the limit
on the rate would be 2.4% (0.16 on the amplitude).
Recent experiments® indicate that the violation of
the AS=+AQ rule in Kp3° decay is 0.28+0.09 in
amplitude. If it should turn out to be the case
that a real difference exists between the hyperon
and kaon amplitudes, one would have to resort to
a model which makes the Kg3° channel more sen-
sitive to this rule.®

Finally, we have used this new value of the Z—
electronic decay rate averaged with that quoted
by Rosenfeld et al.!! [giving a branching ratio of
(1.14£0.09)%107%| and the latest values for other
baryon leptonic decay rates to determine the val-
ues of the parameters F, D, and 0 in the Cabib-
bo theory.®? The procedure adopted was to find
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a minimum-¥? solution to the set of equations of
Willis et al.,*® with the exception that we have
not incorporated the meson-decay data. We have,
however, favored a lower rate for the process
A°—p+e™ +7 than is reported as the average in
the current Berkeley tables.!* We find the values
F=-0.442+£0.033, D=-0.759+0.034, and 6=0.241
+0.011. These are consistent with the compre-
hensive work of Carlson!* within the errors quot-
ed.

We would like to thank Dr. David Berley for
his excellent beam design, Dr. Al Prodell and
the 30-in. bubble chamber crew for their help
during the exposure, and the Princeton scanning
group for a superb job in this experiment.
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One of the major theoretical problems in elec-
tromagnetic interactions in recent years has
been the explanation of the so-called dipole fit
for the nucleon form factors. Recent experi-
ments at Stanford Linear Accelerator Center?!
have confirmed that the form factor GMP @)/ Hp
behaves according to the empirical relation

¢, /b, (1-£/0.71) 2 (1)
for It1<25 (GeV/c)?.

It has also been observed from the data that
the following symmetry relations hold?:

65’ O=6,"Olu =6, " O/u, @)
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and®

Gy ()

1%

0. (3)

These results are difficult to understand on the
basis of the usual pole dominance by vector par-
ticles of the dispersion relations for Gg (t) and
Gpr(t). 1t is clear, for example, that the p me-
son is not sufficient to explain the #~2 behavior
of GV (¢), since in dispersion theory a single
resonance leads to a t~! behavior far from the
resonance. It seems natural, therefore, to try
to fit the data by including a second isovector
resonance since then the =2 behavior can be ob-
tained. Such a two-pole fit for GEV(t) does not
account for the data unless the mass of the new



