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The decay 2" ne ¥ was studied using a hyperon beam at the Brookhaven alter-
nating-gradient synchrotron. The Z~ and e” momenta were measured by magnetic
spectrometers with magnetostrictive wire spark chambers. A threshold Cherenkov
counter and a total-absorption calorimeter identified the electron and neutron, re-
spectively. From a sample of 3507 reconstructed events we have found lg,/zyl

=0.435+0.035.

We report a measurement of the magnitude of
the ratio of the axial vector to vector form fac-
tors, |g4/gv|, from the observation of 3507 de-
cays of the type Z~ —ne” 7. These events were
produced using the Yale University—National Ac-
celerator Laboratory-Brookhaven National Labo-
ratory high-energy negative hyperon beam at the
Brookhaven National Laboratory alternating-gra-
dient synchrotron.! The hyperon beam delivers
a flux of approximately 200 =~ per machine pulse,
produced in the forward direction, at a central
momentum of 23 GeV/c at the exit of the magnet-
ic channel. Figure 1 depicts the beam and the as-
sociated electronic detection apparatus which are
described in more detail elsewhere.! Beam par-
ticles of mass less than that of a proton are ve-
toed by a threshold Cherenkov counter (Cjg) which
forms part of the beam channel, and are also ve-
toed by a scintillation counter located at the down-

stream end of the apparatus. A cluster of high-
pressure, high-resolution magnetostrictive spark
chambers? determine the momentum of the emerg-
ing hyperons to 1%. A set of small counters on
either side of these chambers (B) and a hole veto
counter (V) define the beam and discriminate
against upstream hyperon decays.

Located downstream of the 115-in. decay re-
gion is a magnetic spectrometer with convention-
al magnetostrictive wire spark chambers which
determines the momentum of the electron from
the decay =~ —ne” 7 to about 5%. Situated after
the spectrometer is a Cherenkov counter (C)
filled with hydrogen at atmospheric pressure.
This counter, which has a large phase-space ac-
ceptance, identifies electrons from the desired
leptonic decay among the more copious pions pro-
duced in the major decay mode, =" —=nn~. This
counter suppresses the trigger rate for the major

175



VOLUME 33, NUMBER 3

PHYSICAL REVIEW LETTERS

15 Jury 1974

HIGH RESOLUTION
SPARK CHAMBER

TARGET

SPARK
CHAMBERS; HoDOSCOPE
- COUNTERS (S)

scaLe—2—4 FEET
SPARK PROTON PROTON
CHAMBERS~_COUNTER (P ~CALORIMETER
(PC)

o m

KWOR

\ N !
-

PROTON®  HYPER

BEAM

i |
PioN BEAM
VET

REGION H2
e SERS i
MAGNETIC CHANNEL n DETECTOR

ANALYZING MAGNETS

n CALORIMETER
(NC)

FIG. 1. Schematic diagram of the high-energy hyperon beam.

decay mode by a factor of approximately 80. Fol-
lowing the Cherenkov counter is a hodoscope of
scintillation counters (S), each of which shadows
one of the five optical cells of the electron Cher-
enkov counter. In addition, the counter nearest
to the beam line is backed by a lead and scintilla-
tor shower counter to give extra discrimination
against nonleptonic backgrounds.

A multiplate, proportional-chamber, scintilla-
tor neutron detector® is situated downstream of
the second spectrometer magnet and provides a
measure of the decay-neutron direction to 1
mrad. The hadron calorimeter (NC) is used to
discriminate against background muons by re-
quiring a minimum pulse height in the trigger.
The crude information on the neutron energy
(+ 25%) is not used in the reconstruction.

The decay Z~ —#ne UV was signified by the trig-
ger

C BV ,CS(NC)V,.

Two-body decays, =~ —#nm~, and beam pions were
also recorded at a scaled-down rate to provide a
flux normalization and to monitor the efficiency
and resolution of the chambers and neutron detec-
tor. The total trigger rate was a few per mach-
ine pulse. For each trigger we recorded the con-
figuration of scintillation-counter hits, the pulse
heights from the electron Cherenkov counter,
shower counter, and hadron calorimeter, and the
time difference between signals from the electron
Cherenkov counter and the S counter hodoscope,
as well as the spark-chamber and multiwire-pro-
portional-chamber information. The major source
of background in the leptonic trigger came from
the decay Z~ =~ n7" in coincidence with a back-
ground muon which triggered the electron Cher-
enkov counter. A major task of the analysis was
to remove this background (which is thrice over-
constrained) from the signal of leptonic decays.
Figure 2(a) shows the beam mass spectrum of
events with a decay angle of greater than 9 mrad
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when reconstructed under the hypothesis %~ —n7".
The broad distribution contains the leptonic events
and the sharp peak at the Z~ mass contains the
two-body background. A reduction of the nonlep-
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FIG. 2. (a) Mass spectrum of beam particles for
leptonic decays at an early stage of the analysis when
reconstructed under the hypothesis £~ —#7~. The lep-
tonic events being sought are in the broad tail; the two-
body background events are in the sharp peak. (b) The
same spectrum at the last stage in the analysis. The
smooth curves indicate the shapes predicted by the
Monte Carlo calculation: dashed, =" —nev only; solid,
2" —nev plus T~ —nn . A final mass cut of 1165 MeV
was made and events below that mass were considered
to be leptonic decays.
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TABLE 1. Results for lg o/2y| and the maximum value of likelihood fits from neutron spectrum in the c.m. sys-

tem.
Spectrometer
field Probability
integral lg /8y In g (data) Ing (Monte Carlo) £ (Monte Carlo) < £(data)
6 kG m 0.420 £0.045 -51.68 —53.28£3.26 69%
13 kG m 0.455 £0.055 -52.11 ~49.62£3.18 22%

tonic background was made by requiring a large
pulse height in the shower counter when relevant,
a proper time difference between the electron
Cherenkov counter and appropriate S counter,
and that the reconstructed negative track point to
the proper cell of the Cherenkov counter and the
proper S counter. These consistency require-
ments serve to define decay electrons and elim-
inate events having a background muon triggering
the electron Cherenkov counter, reducing the non-
leptonic backgrounds to the level depicted in Fig.
2(b). The smooth curve in Fig. 2(b) indicates the
excellent agreement between the data and the
spectrum as generated by a Monte Carlo calcula-
tion. The final sample of 3507 Z~ —ne”7 decays
results from a cut requiring the reconstructed
2" mass, assuming the hypothesis Z~ = n71", to
be less than 1165 MeV.

Since for this leptonic decay there is a square-
root ambiguity resulting from the zero-constraint
fit, we cannot assign an event a unique position
on a Dalitz plot. In order to obtain the maximum
information in a bias-free manner, both solutions
were kept and each event plotted on a three-di-
mensional Dalitz plot. The electron energy and
two neutron energies define the coordinates. The
form-factor ratios were obtained from the final
event sample by a maximum-likelihood fit to pro-
jections of the three-dimensional “Dalitz plot”
weighted by a Monte Carlo calculation of the ac-
ceptance of the detection apparatus. Our c.m.
neutron and electron energy resolution (about 5
MeV) corresponds to five neutron energy bins for
each solution and twenty electron energy bins.

Data were taken for two values of the magnetic
field in the spectrometer magnet. The two re-
sults for the absolute value of the form-factor
ratio as computed from a likelihood-function (£)
fit to the neutron spectrum only are presented in
Table I. In obtaining these results, it was as-
sumed that second-class currents are negligible
and that the effect of weak magnetism is that pre-
dicted by the conserved-vector-current hypothe-

sis. The result is quite insensitive to the amount
of weak magnetizm present. The full two-dimen-
sional neutron spectrum was used in the actual
maximum-likelihood fit. We can also construct
a one-dimensional spectrum by giving both solu-
tions equal weight. Figure 3 shows the resulting
neutron spectrum for the 6-kG-m data compared
with expected spectra for | g,/gv| =0.3 and | g,/
gv| =0.5. We present this comparison to give a
visual indication of the sensitivity of the measure-
ment.

The quality of the likelihood fit described above
was evaluated with standard Monte Carlo tech-
niques, and the results of this evaluation are pre-
sented in Table I. The detection efficiency cal-
culated for leptonic decays was 11%. Most of the
loss was due to =~ decaying upstream of the fi-
ducial region or to decay electrons hitting the
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FIG. 3. A comparison of the experimentally deter-
mined neutron c.m. energy spectrum and those expect-
ed for two values of | g,/gy|. Both solutions for the en-
ergy are used with equal weight.
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TABLE II. Summary of Z~—ne v form-factor experiments.

Experiment Year No. of Events lg 48|
Maryland? 1969 49 0.23 *0.16
Heidelberg” 1969 33 0.37 08
Columbia~-Stony Brook® 1972 36 0.29 08
This experiment 1973 3507 0.435+0.035

2Ref. 5 PRef. 6. Ref. 7.

spectrometer magnet. The probability of a decay
electron hitting the spectrometer magnet was ex-
tremely weakly correlated with the neutron c.m.
energy. The size of the neutron detector was
chosen to intercept 100% of the neutrons. The ef-
ficiency of neutron detection was independent of
angle and only weakly dependent on laboratory
momentum (less than 5% variation). The detec-
tion efficiency was thus almost entirely indepen-
dent of the neutron c.m. energy.

The errors assigned to | g,/gy| are purely sta-
tistical. However, none of the small systematic
corrections considered contributes significant un-
certainties. The X~ —#n7n"~ background contamina-
tion after the mass cut was 1.5% of the leptonic
sample for the 6-kG-m data. This was deter-
mined by looking at the mass spectrum of real
X" —-nn” events. This background was included
in the Monte Carlo simulation. The result for
| g 4/gv| was found to be insensitive to such back-
ground of up to 10%. The final result for the ab-
solute value of the form-factor ratio is obtained
by averaging the results from the two data sam-
ples to yield

|ga/2v| =0.435+0.035.

It is interesting to note that the Cabibbo theory*
predicts g,/gy =0.33+0.04. Table II contains a
comparison of this experiment with the results of
previous experimerits.
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