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The decays X ~ne 9, X ~Ae v (A~+ p), and:- iAe v (A—~tr p) were studied using unpolarized hyperons
from the Yale-Fermilab-BNL hyperon beam at the Brookhaven National Laboratory Alernating Gradient
Synchrotron. The X, =-, e, and AMecay-product momenta were measured by magnetic spectrometers with
magnetostrictive wire spark chambers. A threshold cerenkov counter and a total absorption calorimeter
identified the electron and neutron, respectively. From a sample of 3507 reconstructed X ~ne v events we
have found ~g„/giI = 0.435+0.035. From a sample of 55 reconstructed X ~Ae v events we have found
g„/g„=-0.17+0.35 assuming that the conserved vector current hypothesis correctly predicts the weak magnetic
form factor. A new one-angle Cabibbo fit gives f= 0.436+0.010, d = 0.812+0.011, and 8 = 0.232+0.003 radian.

l. INTRODUCTION

Recently there has been great interest in the leptonic decays of hyperons as a test of the SU(3) structure
of the weak hadronic currents. Assuming (i) a current-current interaction, (ii) that the leptonic current
is the same as in the nuclear P decay (implying that only vector and axial-vector components exist in the
hadronic current), and (iii) that the interaction is invariant under time reversal, the decay amplitude for
A- Bev, where A and B are spin--,' baryons, can be written as'

~2 ~3 gVyp+ &
I q + qif+gAyify'+» ~&.q'y'+ q&y QA XZ y" 1 —y )u

mA mA mA mA

The six dimensionless form factors g are real
scalar functions of q', the square of the four-mo-
mentum transfer q" =P„"—pg.

For all baryon leptonic decays where both the
initial and final baryons are members of the —,"
SU(3) octet, the dominant form factors g» (vector)
and g„(axial vector) are predicted (at q' =0) by
the Cabibbo theory' in terms of three arbitrary
parameters. Previous to this work, many hyper-
on P-decay experiments have been performed, '-'
but the validity of the Cabibbo theory was still in
doubt. Except for A-pe v,

' measurements of

g„/g» in hyperon leptonic decays still suffered
from poor statistics. A high-statistics measure-
ment of g„/g„, or even (g„/g»[, in the decay Z

ne-v would have done much to clarify the situa-
tion.

The decays Z' —Ae' v are unique among hyperon
leptonic decays in that the conserved-vector-cur-
rent hypothesis (CVC} predicts that g»(q' =0) is

zero. ' Measurement of g»/g„ in Z -Ae I thus
provides a test of CVC. Reconstruction of "
—Ae v events would be an interesting technical
achievement because no previous non-bubble-
chamber experiment has been able to reconstruct
complete events.

The four form factors g~„, g~, g», and g~ are
the so-called "small form factors" induced by the
strong interactions. When the matrix element is
evaluated, the g~ and g~ terms are proportional to
m, /m„, which makes their contribution negligible
in P decay. If B and A are in the same SU(3) multi-
plet, then g,T vanishes only in the limit of SU(3}
symmetry. If B and A are in the same isospin
multiplet, charge symmetry requires that the
form factor g vanish. ' In the analysis of our
experiments we always assumed g»=0.

The form factor g„„(weak magnetism) is pre-
dicted by CVC for all baryon leptonic decays with-
in the —,

"octet. The effects of the weak-magnet-
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ism term on most experimental distributions of
interest is small compared to that of the domin-
ant form factors g& and g„.

In all three decays, Z -ne v, Z -Ae v, and-Ae v, the three-body final state can be com-
pletely kinematically analyzed. In the decay Z
-ne v, if we can observe the final neutron direc-
tion, we can reconstruct the decay to within a
zero-constraint twofold ambiguity. In the other
decays, we can reconstruct the A-Pm decay,
and thus the leptonic decay is once overconstrained.
In addition, the A decay is a good analyzer of the
A polarization (Sz}, thus allowing us to measure
the correlation between momenta and the A spin.

There are essentially five independent experi-
mental distributions sensitive to the form factors.
Let us first define three orthonormal vectors, '

~ = (p. +p.)/Ip. +P.l,

p=(p, —p.)/Ip. -p. l,

r =(p, xp.)/Ip. xp, l,

and also the ratio

Z =gv/gA . (3)

The following distributions are then of interest:
The center-of-mass baryon energy spectrum

(or equivalently, the e-v angular correlation) is
highly sensitive io Ig„/gvI.

2. The center-of-mass lepton energy spectrum
which is weakly dependent on [gv+ (1 +m&/m„}g~]g„.
Thus, in principle at least, if g is known, g„/g„
(including its sign} can be determined even with-
out polarization measurements. This dependence
is first order in the momentum transfer q. For
Z -Ae v, because of the small value of q' and
our poor statistics, the effect is too small to be
seen in our data. For Z -ne v, we have suffi-
cient statistical power to see this effect, and in
the absence of polarized Z- this effect provides
the only possibility of determining the sign of
g„/g„. However, systematic biases in the elec-
tron detection make such a determination unreli-
able.

3. The S& a spin correlation, which is sensi-
tive to ReZ.

4. The S~ P correlation, which is somewhat
sensitive to I ZI.

5. The SA y correlation, which is sensitive to
ImZ. Our assumption of T invariance implies that
this correlation vanishes.

Four of the expected distributions are given be-
low in the approximation that the electron has zero
mass and that the decay baryon is nonrelativistic':

W(cosy. „)= — 1+, cosy.„),1 IZI2 —1

1 8 ReZ1+

1 8 1
}V(SA.p) =

3
1+

3 I
I2

SA ~ p

m ImZw(s„y)= — 1+ —
~ p

s, y).

All experiments are analyzed neglecting the q'

dependence of all form factors. In Z -Ae v,

this assumption is justified due to extremely
small q' and poor statistics. In Z -ne v, the
introduction of a linear slope to the form factors
g„and g~ would introduce too many free parame-
ters for a meaningful fit to be achieved.

II. APPARATUS

A beam of unpolarized Z and " was produced
using the Yale-Fermilab-BNL high-energy nega-
tive-hyperon beam at the Brookhaven National
Laboratory (BNL) Alternating Gradient Synchro-
tron (AGS)." The hyperon beam delivers Z and

produced in the forward direction at a central
momentum of 33 GeV/c. For a machine pulse of
1.5x10" interacting protons, the flux" at the exit
of the magnetic channel is approximately 200 Z
and 2 " . Figure 1 depicts the beam and the as-
sociated electronic detection apparatus, which
are described in more detail elsewhere. " Beam
particles of mass less than 1 GeV/c' are vetoed
by a threshold Cerenkov counter (Cs) which forms
part of the beam channel. This tagging scheme
is reinforced by a scintillation counter (V, ) located
at the downstream end of the apparatus whose func-
tion is to veto stable beam particles. A set of
small counters (B) and a hole veto counter (V„)
define the beam and discriminate against upstream
hyperon decays. A cluster of high-pressure high-
resolution magnetostrictive spark chambers" de-
termines the momentum of the emerging hyperons
to + 1%.

Located downstream of the 2.9-m decay region
is a magnetic spectrometer with conventional mag-
netostrictive wire spark chambers, which deter-
mines the momentum of decay electrons or nega-
tive pions to about ~ 5%. Situated after the spectro-
meter is a Cerenkov counter (C) filled with hydro-
gen at atmospheric pressure. This counter, which
has a large phase-space acceptance, identifies
electrons from the desired leptonic decay from
among the more copious pions produced in the
major decay modes, Z--nm and " -Am-. The
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FIG. 1. Schematic diagram of the high-energy hyperon beam at the BNL AGS.

counter suppresses the trigger rate for the major
decay modes by a factor of approximately 80. Fol-
lowing the Cerenkov counter is a hodoscope of
scintillation counters (S), each of which shadows
one of the five optical cells of the electron Ceren-
kov counter. In addition, the counter nearest to
the beam line is backed by a lead and scintillator
shower counter to give extra discrimination
against nonleptonic backgrounds. A second spec-
trometer, located downstream of the Cerenkov
counter, determines the momentum of the proton
from the A decay to a +. An iron-scintillator
calorimeter (proton calorimeter, C~) is the last
component of the second spectrometer.

A neutron detector" is also located at the down-
stream end of the apparatus on the neutral-beam
line. It consists of a set of five modules, each
having a 3.2-cm iron plate, an XF multiwire pro-
portional chamber with 1-cm wire spacing, and a
scintillation counter. It is followed by a second
iron-scintillator hadron calorimeter (neutron
calorimeter, C„). The interaction point of the
decay neutron is determined from the spatial dis-
tribution of the resulting hadron shower in the five

modules. By use of a complex algorithm'4 the neu-
tron interaction point can be determined to better
than 1 cm (rms) for 80% of the events. As a re-
sult, the direction of the decay neutron is deter-
mined to better than 1 mrad.

The decay Z -ne v was signaled by the trigger
Cs ~ B ~ Vs C S ~ C„~ V (see Fig. 1). This trigger
selects events with a massive beam particle, a
low-momentum electron following the first spec-
trometer magnet and a fast neutron following the
second spectrometer magnet. The neutron calori-
meter was used to discriminate against background
muons by requiring a minimum pulse height in the
trigger. The crude information on the neutron en-
ergy (a 25%) was not used in the reconstruction.
Two-body decays, Z -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 machine
pulse.

The decays Z -Ae v and " -Ae v, followed
b A-jm, were signaled by the trigger

B ~ V» ~ C ~ S ~ C~ ~ V„. Two-body decays,
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-Am, were also recorded at a scaled-down rate.
A minimum pulse height in the proton calorimeter
was required in the trigger to discriminate against
background muons. For each trigger we recorded
the configuration of scintillation-counter hits, the
pulse heights from the electron Cerenkov counter,
shower counter, neutron calorimeter, and proton
calorimeter, the time difference between signals

'V

from the electron Cerenkov counter and the S
counter hodoscope, as well as the spark chamber
and multiwire proportional-chamber information.
The major background in the leptonic triggers
was a result of the decays Z -nm and " -An in
time with a background muon which triggered the
electron Cerenkov counter. A major task of the
analysis was to remove this background, which is
three (Z -NII ) or four (:- -Av ) times overcon-
strained, from the signal of leptonic decays. The
muon background is discussed more fully in Ap-
pendix II.
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III. Z ~ne i ANALYSIS '~

About one million Z ne v triggers were re-
corded. Figure 2 indicates stages in the reduc-
tion of these triggers to 350V accepted events.

A. Preliminary geometric cuts
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The Z -ne v triggers were first required to
meet the following requirements:

l. A beam track was required which could be
extrapolated to the hyperon production target with-
in the beam channel phase space.

2. The distance of closest approach between the
beam track and the negative-decay-product track
was required to be less than 6 mm in order to en-
sure a good decay vertex.

3. The kink angle between the beam track and
the negative-decay-product track was required to
be greater than 9 mrad. This ensured that the de-
cay point could be reconstructed with adequate
resolution.

4. The intersection of the beam track and the
negative track was required to be within the 2.9-
m decay fiducial region.

Most of the rejected triggers were Z which de-
cayed upstream of the decay region.

8. Neutron detection

The interaction point of the neutron in the neu-

tron detector was then determined by a complex
algorithm, which is described elsewhere. " Ap-
proximately 20% of the event candidates were re-
jected because the algorithm failed to find a solu-
tion. The loss of candidates was found to be in-

1/

3500
EVENTS

FIG. 2. Block diagram of & ne v data analysis.

dependent of the kinematics of the neutron in the
Z rest frame and so does not bias the results.

C. Z ~ nw background rejection

Figure 3(a) shows the beam mass spectrum of
leptonic candidates surviving the preliminary geo-
metric cuts, reconstructed under the E--nn-
hypothesis. A 1-C reconstruction ignoring the
neutron-detector information was used. The
broad distribution contains the leptonie events,
and the sharp peak at the Z mass contains the
two-body background. A reduction of the nonlep-
tonic background was made by requiring a large
pulse height in the shower counter when relevant,
a tight timing correlation between the electron
Cerenkov counter and appropriate S counter, and
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by requiring that the reconstructed negative track
point to the cell of the Cerenkov counter and the
8 counter that gave a pulse. These consistency re-
quirements serve to further define decay electrons
and eliminate events having an accidental back-
ground muon triggering the electron cerenkov
counter. The nonleptonic backgrounds are thus
reduced to the level depicted in Fig. 3(b). The
smooth curve in Fig. 3(b) indicates the excellent
agreement between the data and the spectrum as
generated by a Monte Carlo calculation (see Ap-
pendix 1). The final sample of 3507 Z -ne v de-
cays results from a cut requiring the reconstructed
Z mass, assuming the hypothesis Z -nm, to be
less than 1165 MeV, and from the final aperture
cuts described below.

5000-

0' 2000-

Z
LLI 1000-
UJ

D. Final aperture cuts

A detailed study of the distribution of electron
impact points in the Cerenkov counter mirrors in-
dicated that there were areas of relatively poor
detection efficiency in the corners of the mirrors. "
Hence all electrons were required to intersect
areas of better than 90% efficiency. Also, aper-
ture cuts were imposed at all magnet apertures
and for all scintillation counters that were re-
quired in the trigger.

1V. Z ~ ne P RESULTS
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(b)
For this leptonic decay there is a square-root

ambiguity resulting from the zero-constraint fit,
so that we cannot assign an event to a unique posi-
tion on a Dalitz plot. In order to obtain the maxi-
mum information in a bias-free manner, both solu-
tions were kept and each event plotted on a two-
dimensional plot. The smaller neutron energy and
the larger neutron energy define the coordinates.
The form-factor ratios were obtained from the
final-event sample by a maximum-likelihood fit
to this plot weighted by a Monte Carlo calculation
of the acceptance of the detection apparatus. Our
center-of-mass neutron resolution (about 5 MeV)
corresponds to —,

' of the maximum possible neutron

energy for each solution.
Data were taken for two values (6 kG m and 13

kG m) of the magnetic field in the spectrometer
magnet. This had the advantage of giving two data
samples with different amounts of nonleptonic back-
grounds and different detection efficiencies. Fig-
ure 4 shows the binned two-dimensional neutron
spectrum for the 6-kom data. The results for the
absolute value of the form-factor ratio as com-
puted from a likelihood function (@fitted to the
neutron spectra are presented in Table I. In ob-
taining these results, it was assumed that second-
class currents are negligible and that the effect of
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FIG. 3. (a) Mass spectrum of beam particles for l.ep-
tonic decays at an early stage of the analysis when re-
contructed under the & n x hypothesis. The leptonic
events being sought are in the broad tail; the two-body
background events are in the sharp peak. Q) The same
spectrum at the last stage in the analysis. The smooth
curves indicate the shapes predicted by the Monte Carlo.
A final mass cut of 1165 MeV was made and events be-
low that mass were considered to be leptonic decays.
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TABLE I. Results for
~ g~jg~i and maximum-likeli-

hood fits from neutron spectrum in c.m, system.

Spectrometer field
integral 6 kGm 13 kGm

Ig~/gvl

lng(data)

lnS(Monte Carlo)

probability
$(Monte Carlo) &Z(data)

0.420 + 0.045 0.455 + 0.055

-51.68 -52.11

-53.28 + 3.26 -49.62 + 3.18

22%

Average of boo field values 0.435 + 0.035

weak magnetism is that predicted by the CVC hy-
pothesis. The result is quite insensitive to the
amount of weak magnetism present. The full two-
dirnensional neutron spectra were used in the act-
ual maximum-likelihood fit. We can also construct
a one-dimensional spectrum by giving both solu-
tions for the neutron energy equal weight. Figure
5 shows the resulting neutron spectrum for the 6-
kG m data compared with expected spectra for
[g„/gvi =0.3 and [g„/gv[ = 0.5. We present this
comparison only to give a visual indication of the
sensitivity of the measurement.

In order to evaluate the quality of the likelihood
fit of the data to the usual parameterization of the
weakly interacting hadronic current, ' Monte Carlo

FIG. 5. A comparison of the experimentally deter-
mined neutron center-of-mass energy spectrum and
those expected for two values of igz/gvi . Both solutions
for the neutron energy are used with equal weight. Data
are for 6 kG m,

techniques were used to generate a number of
event samples of equivalent statistical power to
the data sample. The measured form-factor
ratios were used as inputs to the Monte Carlo
program (see Appendix l), which included the
effects of experimental resolution. These events
were then analyzed in a manner identical to that
used for the data. Since the Monte Carlo gener-
ates events from the matrix element described in
Ref. l with the measured value of ig„/gvi, the val-
ues of the likelihood function obtained for the
Monte Carlo data samples represent those of a
good fit to the input theory. The range of these
likelihood values indicates the level of fluctuations
due to the limited statistics (which matches that
of the real data). A comparison between the value
of the likelihood fits for the data and Monte Carlo
generated event samples is presented in Table I.
This comparison indicates a good probability that
the data and Monte Carlo generated events sample
the same parent populations. Thus, the value of
the likelihood fit to the data indicates that the ma-
trix element from Ref. 1 with the measured value
of [g„/gvi is the appropriate theoretical framework
for understanding the data.

The detection efficiency calculated by the Monte
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Carlo for the leptonic decays was 11% for the
lower magnetic field and 10% for the higher field.
Most of the loss was due to Z decaying upstream
of the fiducial region or to decay electrons hitting
the spectrometer magnet. The probability of a
decay electron hitting the spectrometer magnet
or an inefficient region of the Cerenkov counter
was extremely weakly correlated with the neutron
center-of-mass energy. The size of the neutron
detector was chosen to intercept all of the decay
neutrons. The neutron detection efficiency was
independent of angle and only weakly dependent on
laboratory momentum (less than + 5% variation).
Thus the detection efficiency was almost entirely
independent of the neutron center-of-mass energy.
The errors assigned to [gag„( are purely statis-
tical. None of the small systematic corrections
considered contributes significant uncertainties.
The Z -nm background contamination after the
mass cut was 1.5% (7.9%}of the leptonic sample
for the 5-kG m (13-kG m) data as determined from
the shape of the reconstructed mass spectrum of
real Z -nl events. This background was in-
cluded in the Monte Carlo simulation. The result
for [g„/gv( was found to be insensitive to such
background of up to 10%, even when such back-
ground was not included in the Monte Carlo. The
final result for the absolute value of the form-fac-
tor ratio is obtained by taking a weighted average
of the results from the two data samples to yield

where

= 0.092k,~ .
Inverting, we get

G, =G (1+[2(mz —m„}'/mz']a„(1+G ')] '/',

or

=G„(1+0.110' )-&/&

gV, a =0
(9)

(10)

From CVC, we take A.„=2mz'/m„' =+3.1."-" As-
suming A,„=-,' A.„=+1.55,"we have [g„/g„[,a,
=0.9246 . Thus, assuming A.„=+1.55, our re-
sult becomes [g„/g„[p, =0.402+0.035, where we
have assumed that the statistical error is unaf-
fected.

Our determination has also been made assum-
ing the absence of second-class currents. The
presence of an induced pseudotensor interaction
affects our result primarily through the interfer-
ence term between the induced pseudotensor inter-
action and the axial-vector interaction. Redefin-
ing G as the measured value of [gggv[ assuming

g =0, it can be shown that the effect of this term
on our result is

Ig~/gv [ = 0.435+ 0.035.

Table II contains a comparison of this experiment
with the results of previous experiments.

Our determination of jg„/g„( has been made as-
suming that the form factors are independent of
q'. We can calculate the effect that a linear q' de-
pendence of the form factors would have on our re-
sult. Our result is fairly insensitive to a linear
q' dependence of g„, simply because at large
q' (low neutron energy) the contribution of the vec-
tor interaction is small. However, the contribu-
tion of the axial-vector interaction is greatest at
large q', so that a q' dependence of g„affects our
result.

Let us assume

where

g' = [2(mz -m„)/mz]g =0.439g

Inverting, we get

=G [1-(g' /g )(1+G ')] '" (12)

or

= (0.435+ 0.035)(1 —0.51g /g„} '~'. (13)~ ~

TABLE II. Summary of Z —ne ~ form-factor experi--
ments.

g~(q') g„(0)(1+ A.„q'/mz'), (5)

G =Gg(1+ X„')/(1 —G,'Z„')]'~',

where A.„is a dimensionless constant. Defining
G„as the measured value of )g„/g„) assuming X„
=0 and G, as the value of Ig~/gvl at q' =0, it can
be shown" that the approximate first-order effect
of A.„on our result is

Experiment Year

Mar yland4 1969

Heidelbergs 1969

Columbia-Stony Brook~ 1972

This experiment 1975

New world average

No. of
events

36

3507

I g~/gal

0.23+ 0.16

0 37"'~-O.i 9

0 29+0 ~8

0.435 + 0.035

0.413+0.033
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V Z ~ Ag & ANALYSIS

The same geometric cuts, pulse-height cuts,
and Cerenkov-counter consistency requirements
(except the 9-mrad decay-angle cut) used for Z

ne v were all used for Z -Ae v triggers. The
following additional requirements were imposed:

1. The distance of closest approach between the
proton and n tracks must be less than 6 mm to
ensure a good A vertex.

2. The A effective mass squared reconstructed
from the m and proton tracks must have a value
between 1.22 and 1.2 "l (GeV/c')'.

3. The extrapolated reconstructed A' momen-
tum vector must pass within 2 cm of the beam
track decay vertex.

In addition, the momentum of the electron in
the Z rest frame was required to be less than
80 MeV/c. This last cut eliminates most of the
remaining " -Am background while eliminating
no real Z -Ae v events.

Fifty-five good reconstructed events were ob-
tained, 34 at 6 kG m, and 21 at 13 kG m. The
separation of Z -Ae 7 from " decays was very
clean owing to the much smaller Q value of Z-Ae-v. The expected level of " -Am background
in the final sample was three events.

An over-all simultaneous six-constraint fit was
performedonthe observedsetof tracks Z -e Pm .
There were two kinematic constraints, namely,
the A(pv ) effective mass and the neutrino miss-
ing mass. The other four constraints were vertex
constraints. Figure 6 shows a histogram of the
X' of the fit to the data compared to the X' of the
same fit performed on Monte Carlo generated
events. The fitted momenta were then used in the
determination of the form factors, as described
below.

Z'—
CD

K
LIJ
CD

X
D

0 I I

40
x /o. o.F

6.0

FIG. 6. X per degree of freedom of the 6-C fit to
Ae ~. The smooth curve is the shape predicted by

the Monte Carlo. In addition, there were eight events
(not shown) with X2/degree of freedom greater than 7.2,
while the Monte Carlo predicted there should be five
such events.

tions as functions of z g„/g„. These four distri-
butions, for our level of statistics, contain es-
sentially all the form-factor information and are
essentially independent measurements. We per-
formed separate maximum-likelihood fits for each

VI. Z ~ Ae P RESULTS

To best use all the information available in
each decay event, we can obtain a complete dis-
tribution function in the twelve-dimensional mo-
mentum space of the A, electron, neutrino, and
proton. In this way, we take into account corre-
lations in the momentum space in a relativistical-
ly correct way. Since the A decay is a good analy-
zer of the A polarization, A spin correlations will
appear as proton momentum correlations in this
space. The amplitude is obtained by summing the
amplitude for the complete decay chain Z -Ae v,
A-Pm over the A spin. The square of the matrix
element for the complete decay chain is given by
Franzini et aL.' Figures 7 through 10 show ex-
perimental distributions of interest. The smooth
curves show the Monte Carlo predicted distribu-

z
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K
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Kl
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0
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I

.5
TP/ TA
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FIG. 7. A kinetic energy in ~ rest frame. Smooth
curve is Monte Carlo prediction for Z =g~/gz = 0.
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The expected distributions for several values of Z are
shown.

FIG. 9. cose in A rest frame.
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The expected distributions for several. values of Z are
shown.

g, assuming g„=0, gives

g /g„= —3.5 4.5 .

VII. :" ~ Ae P ANALYS1S AND RESULTS

distribution and combined the likelihood functions.
The results of the maximum-likelihood fits are
given in Table III.

The average detection efficiency for Z -Ae v

followed by A-pw was 3~2%. Most of the loss
was due to low momentum decay electrons hitting
the spectrometer magnet. The electron spectrum
(Fig. 10) is the only one of the four distributions
which is significantly affected by the detection
efficiency. Our result for g~/g„does not depend
on the electron spectrum. Thus all systematic
errors are small compared to the statistical
error. The final result is"

g~/g„= —0.25 + 0.35

(assuming no weak magnetism)

-Ae v triggers were identical to Z -Ae v

triggers. " -Ae v candidates were first re-
quired to meet the same criteria as Z -Ae v

IQ—

LLj
CO

or

gy/g~ = —0.1 ) k 0.35

(assuming g „/g„= —1.S as predicted by CVC).

0
—I.O

{Ee—E )/Ee
I.O

In addition, we can use the electron spectrum to
determine g „. A maximum-likelihood fit for

FIG. 10. (E~ -E~) in Z rest frame. The expected
distribution is shown for g~M = 0.
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events, except for the final cut on the electron
rnornentum.

Two additional cuts were imposed to eliminate
Z -Ae v events. First, the effective mass
squared of the beam track, under the assumption
of a Ae v final state, was required to be greater
than 1.60 GeV'/c'. Second, the kinetic energy of
the A in the assumed Z rest frame must be great-
er than 3.5 MeV. These two cuts eliminated virtu-
ally all Z -Ae v from the sample, while elimin-
ating only a negligible fraction of " -Ae v events.

The separation of " -Am background from
-Ae v was more difficult, as the Q values for

the two decays are similar. If an event met both
of the following criteria, it was considered to be a

-Am event and was, therefore, removed from
the sample:

1. The effective mass squared of the beam
track, reconstructed under the assumption of "-Aw decay, was between 1.67 and 1.80 GeV'/c4.

2. The discrepancy in total longitudinal momen-
tum between the beam track and the three charged
tracks in the final state was less than 1.0 GeV/c.

This final requirement eliminated rnost "-
-Aw contamination, but also eliminated 20% of
the real " -Ae v decays. The net detection
efficiency was then . A six-constraint fit was
then made on the observed tracks " -e Pm, just
as was done for Z -Ae v events.

The final sample consists of eleven events. The
background levels expected in the sample are

TABLE III. Results of maximum-likelihood fits in Z
—Ae v.

(a) Maximum-likelihood fits for g~/g~

Method

A spectrum

Combined

Previous world average

New world average

gwM=0

0.0 +0.7
-0.40 + 0.45

0.0 +O.S5

-0.25+ 0.35

+0.37+ 0.20

+0.16+ 0.17

0.0 +0.7
-0.32 + 0.45

+0.1 + O.S5

-0.17+ 9.35

+0.45+ 0.20

+0.24+ 0.17

(b) Maximum-likelihood fit for gM/g~ from electron
spectrum assuming gz ——0

g~M«~--3 5'4 5

-Am 3 or 4 events,

Z -Ae v no events.

Figure 11 is a Dalitz plot of the eleven events.
The data are insufficient to make a meaningful
determination of the form factors.

VIII. CABIBBO FIT

A new Cabibbo fit, incorporating the above mea-
surements for Z--ne-v and Z Ae-v into the

)
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UJz

40 80 120
I

200

ELECTRON ENERGY (MeV)

FIG. 11. Dalitz pl.ot for " Ae v decay.
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world average, was performed in the identical
manner as that of the one-angle fit of Ebenhoh
e~ al." The new world-average values used in
this fit were

Z -Ne T, g„/g» =0.413+0.033 (sign assumed),

Z -Ae v, g»/g„=+0. 24 + 0.17.
These are weighted averages of our results

with the previous results in the 19'74 Review of
Particle Properties. " All other form-factor
ratios, branching ratios, and lifetimes used
were those in the 1974 Review of Particle Pro-
perties. It should be pointed out that ag»/g„mea-
surement in Z -Ae v does not affect the fitted
values of 8, f, or d, since for this decayg»/g„
=0 by CVC, regardless of the values of the Cab-
ibbo parameters. Such a measurement does, how-
ever, affect the goodness of fit. The errors are
not scaled to allow for uncertainties in the slopes
of the form factors.

The assumptions used were:
(a) The induced scalar and the pseudotensor

contributions were assumed to be absent, the
weak magnetism form factor was determined
from CVC using a correction factor for the octet
mass splitting, the pseudoscalar form factor tak-
en from the Goldberger- Treiman relation. Our
results are not sensitive to these assumptions.

(b) The q' dependence of all form factors has
been parametrized as f&(q') f&(0)(l + X, q'). The
choice of the slopes A,

& is of some influence on the
fit. The slopes of the vector and weak-magnetism
form factors are predicted by CVC." The slope
of the axial-vector form factor is assumed to be
one-half that of the vector form factor." Ebenhoh
et al."found that varying the slopes within rea-
sonable limits caused the parameters to vary with-
in about 1 standard deviation, and have scaled
their quoted errors to account for this. We have
neither varied the slopes nor scaled our quoted
errors.

The results of the fit are

8 = 0.232 a 0.003,

f =0.436+0.010,

d =0.812 + 0.011,

with a g' of 8.53 for 8 degrees of freedom. The
errors are correlated; the full error matrix is

8 1.068x 10-' —8.315x 10 1.434 x 10-'

f —8.315x 10-' 9,508x 10-' —6.669 x 10-'

d 1.434 x 10-' —6.669x 10-' 1.150x 10~

IX. CONCLUSIONS

The form-factor result for Z -ne v from this
experiment is consistent with the Cabibbo theory
and significantly improves the accuracy to which
the parameters are determined. The study of
hyperon leptonic decays has reached the point
where (i) expected deviations from the simple
Cabibbo theory due to SU(3) breaking effects, (ii)
uncertainties in the q' dependence of form factors,
and (iii) the possible existence of second-class
currents cause larger uncertainties in theoretical
predictions of form factors and decay rates than
do the experimental errors in the Cabibbo para-
meters themselves. The Cabibbo theory has thus
been as successful as could be expected. It should
be pointed out, however, that the sign of g„/g„
in Z -ne v decay is still experimentally unknown,
as is g„/g„ itself for all:" and "' leptonic decays
and all muonic hyperon decays.

The form-factor results for Z -Ae v are con-
sistent with the CVC prediction g„=0. The pres-
ent total world sample of Z -Ae v is only about
200 events.
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APPENDIX I. MONTE CARLO PROGRAM

The expected physical distributions used in the
various maximum-likelihood fits to the form fac-
tors were calculated by the Monte Carlo method.

Let g represent the collective values of all the
form factors. Let IP' ( l)gbe the probability that
one theoretically generated event chosen at ran-
dom will fall in bin i of distribution k, without
taking into account experimental errors or detec-
tion efficiency. P~' (g) can easily be determined
for any value of the form factors, since it depends
only on the decay matrix element and is complete-
ly independent of experimental details. Events
were generated with a uniform distribution on the
Dalitz plot. In the case of A-pm, the decay was
generated isotropically in the A rest frame. The
distribution P~~'&(g) was then calculated simply by
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weighting each event by the square of the matrix
element.

Let F&~, ~ be the probability that one event chosen
at random, actually belonging in bin i of the dis-
tribution, will be experimentally found in bin j of
that distribution. F, , must be normalized so that
P& F,'; =E, where EI' is the experimental de-
tection efficiency for events occurring in bin i. If
the bins are sufficiently small, such that events
within a single bin are distributed uniformly, E&~

is independent of the form factors and thus need
be calculated only once. It essentially contains
the entire effect of experimental error and detec-
tion efficiency. F)() is calculated by Monte Carlo
techniques, using experimentally determined reso-
lution functions. The Z and ™~production spec-
tra were chosen according to our own previous
measurements. Decays were chosen to be uni-
formly distributed on the Dalitz plot and spatially
iostropic. Included in the calculation were the
geometry of the apparatus and the magnetic field,
including the fringe field and verticle focusing.
Experimentally determined effects of spark-cham-
ber efficiency and resolution and neutron-detector
resolution were also included.

Once the simulated events were constructed in
the laboratory, the same programs used in the
analysis of the true events were used to recon-
struct the simulated events with identical cuts.
After the events are reconstructed, the recon-
structed events are compared to the originally
generated events to calculate I";~ for each rele-
vant distribution.

The number of events expected experimentally
in bin j of distribution k is simply

N(&)(g) —q P F(&)F(~)(g) (14)

where ()) is a normalizing factor such that Q, At("
equals the total number of events in the sample.
The N& are used in the final likelihood fit.

APPENDIX II. MUON BACKGROUND

The measured singles rate in the 25-em@ 25-cm
hole veto (V„}was about 2x 10' counts/pulse.
Thus, for every pulse, there were more than two-
million charged particles emerging from the
shielding around the hyperon channel. These par-

ticles were positive and negative muons which
formed a halo around the beam. The muons came
from the decays in flight of pions produced in the
C-target (a 4-cm copper target located far up-
stream in the incident proton beam), the hyperon-
production target, and elsewhere. Muons bent
out of the incident proton beam or the hyperon
beam channel by magnets were bent back toward
the proton beam by the return field of the magnets.
Many muons thus remained trapped in a region
surrounding the hyperon beam.

The total singles rate in the 8 counters, an area
of 1.25 m', was typically 1.5x10' counts/sec, the
great majority of them muons. Most muons
emerging from the shielding were over the Ceren-
kov threshold of 6.2 GeV/c. The trigger logic re-
quired a Cerenkov count within a 10-nsec interval.
We thus expect an accidental Cerenkov count once
in 67 nonleptonic events, consistent with the 1 in
80 actually observed.

APPENDIX III. BRANCHING RATIOS

Our leptonic branching-ratio measurements
suffer from systematic normalization uncertain-
ties of about 20%, the greatest of which are the
absolute efficiencies of the Cerenkov counter and
the time-of-flight logic. Nevertheless, we can
use known branching ratios as consistency checks.
Our measured (Z--ne v}/(Z--nw } branching
ratios are

for 6-kGm data (0.98+0.03)x10-',
for 13-kG m data (0.88 +0.03)x 10-',

where the quoted errors are statistical only. The
accepted value is (1.08 + 0.04) x 10-'. Given our
systematic normalization uncertainties, we con-
sider these results to be consistent with previous
experiments.

The accepted (Z -Ae v)/(Z -ne v) branching
ratio is ~8. Our detection efficiency for Z -Ae v

is —,
' that for Z -ne T. We therefore expect one

Z -Ae v event for every 54 Z- ne-v events, or
65 Z -Ae v events. We saw 55 such events.
From our sample of good decays and the known
(:" -Ae v)/(" -Aw ) branching ratio, we expect
about 15 ™~-Aev events. We saw 11 such events.
We consider this to be reasonable agreement be-
tween our expectations and measurements.
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