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We have measured the branching ratio I (:- Ay)/I (:- Anv) to be [1.06 ~ 0.12(stat)
+'0. 11(syst)l &&10 '. In 670000 Ay candidates we found 116~ 13:- Ay decays (background sub-

tracted). These compare with 29510:- Atr events reconstructed from the Ayy sample. Monte Car-
lo studies gave the relative acceptances for the two processes. The helicity of the A yielded the product
of asymmetry parameters a(A pz )a(:-v Ay) 0.27 ~ 0.28, which implies a(:- Ay)

0.43+'0.44, ~here the uncertainty is all statistical.

PACS numbers: 13.40.Hq, 14.20.Jn

Nonleptonic hyperon decays are a means to study the
weak interaction in the presence of strong interactions
which give rise to important effects such as the /5I= —,

'

rule. Theoretical calculation of weak-to-strong effects
yields decay amplitudes and branching ratios for hadron
decays, and, for baryons, the decay asymmetry. Al-

though much work has been done to understand baryon
decays (B B'+meson), many problems remain. '

Hyperon weak radiative decays (B~B'+y) allow the
study of simpler systems which retain the essential
features of nonleptonic decays. Until recently, data for
testing models of 8 8'+ y have been scarce, with only
Z+ py, A ny, and:- Z y (Ref. 7) to con-
strain the models. New results on = ~Z y are now

available. Prior to the present measurement of
Ay, only 1+ 1 event and an upper limit' had

been reported.
We report measurements of the branching ratio and

asymmetry parameter for = Ay based on 116+ 13
such events and 29510:- Atr from an experiment
with a neutral-hyperon beam at Ferrnilab. The main

goal was measurement of the transition moment p(Z -A)
via Primakoff production from nuclei and subsequent de-
cay Z Ay (Ref. 11) with final-state particles identical
to those of the present study. Details are given in Refs.
11-13.

The products of a 400-GeV proton beam interacting
with a 4.6-cm lead target (T I ) were collimated to a neu-
tral beam (-3-mrad production angle, -0.6-mrad
FWHM angular divergence, —1 cm FWHM diam at
C2) by a 2-mm-diam defining aperture in a 7.3-m, 3.5-T

magnet. Figure 1 shows the apparatus used to detect
charged particles and y's from decays of neutral particles
in the beam. A multiwire-proportional-chamber mag-
netic spectrometer measured the momenta of the

charged particles, and a lead-glass calorimeter detected
the y positions and energies. The trigger required 1

positive and ~ 1 negative particle plus a neutral particle
in the lead glass depositing ~0.4 GeV in the forward
wall (FW) and ~ 2.5 GeV in the main array (MA).
This accepted the following: (a) Z Ay, A ptr
(b):-'- Ay A —pn; and (c):-'—Atr', A —ptrx'- 2y.

By detecting both hadronic (:- Atr ) and radiative
(:" Ay) modes simultaneously, effects of the ap-
paratus and analysis were correlated and tend to cancel
in the ratio I (:- Ay)/I"(:" Atr ). A Monte Carlo
(MC) simulation was used to determine the lead-glass

response, calculate the apparatus acceptance (with the
momentum spectrum tuned to the data), and study

backgrounds. Well constrained (three-constraint) (3-C)
Atr events with both y's identified in the glass

agreed well with the MC simulation. ' '" For a = pro-

duced at Tl and aimed at the defining beam aperture,
the probability of a trigger from a decay with our fidu-

cial volume was 0.16% for = Ax with both y's

detected and 0.42% for = Ay. For events which

satisfied the trigger, the analysis constraints and cuts re-

tained 9.99% of the " Ax and 14.25% of the

Ay. The A acceptance was fully correlated for
both decays, as were some aspects of the y identification.
The acceptance ratio was A(:- Atr )/8(:- Ay)
=0.270+ 0.022. Reasonable variations of cuts and oth-

er assumptions in the MC simulation (e.g. , = momen-

tum spectrum) were used to determine this uncertainty.
The main backgrounds, = Atr and Z*(1385)

Atr (from T2) with one missing y, were studied by
(a) dropping the lower-energy y from two-y events, (b)
examining two-y events where the two showers coalesce,
and (c) MC simulation. Events in the Z (1385) mass
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FIG. l. (a) Plan and (b) elevation views of the detection apparatus. Sl-S7 and P are scintillation counters. Sl and S2 sur-
round a target, T2, used in the tt(Z -A) measurement. Cl-C7 are multiwire proportional chambers. Magnet M 1 has a 3.5-T field
and contains the neutral-beam channel. M2 and M3 together provide the spectrometer field with a bending power of 1.57 GeV/c.
The lead glass consisted of a 3.1-L„d-thick forward wall (FW) and a 12.0-L„d-thick main array (MA). S3-S6 constitute a lead-
scintillator array to detect y's outside the M2 aperture.

range with both y's detected were reconstructed in the
data and show the expected dependence on T2 target
material. Contributions from other A-y backgrounds,
such as beam A's plus accidental y's, high-mass Z*
states produced in T2, and:" Z y, were negligible.

After selecting events with well identified daughter A' s
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FIG. 2. Histogram of M(Air ) for events with only one y

detected for the data, MC background (:- Ax ), and MC
signal (:"0 Ay). A one-constraint fit was performed to deter-

mine the jitted momentum vectors for the A, the detected y,

and for the missing y. The last was combined with the mea-
sured momenta to compute M(A~0) (Ref. 15). Events left of
the arrow were cut. The MC background was normalized to fit

the data in this plot. The MC signal was normalized to the

data after final cuts lsee Fig. 3(b)l.
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not originating in Tl, a single y in the calorimeter, A
transverse momentum p~A relative to the neutral beam in

the range 0.11 ~ prA~ 0.23 GeV/c, and the invariant
mass M(Ay) ~ 1.24 GeV, -32000 of the 670000 A-y
candidates remained. These were cut to distinguish

A y from = Ax with a missing y. We removed
events with either y energy ~30 GeV or with 0.11
~prA~0. 16 GeV/c, leaving 1400 events. Next, the
mass of each event was reconstructed under a 1-C fit to
the hypothesis " Ax to get the hypothetical missing

y. Its fitted momentum and the measured values of oth-
er quantities were used to compute the invariant mass
M(Atr ). ' Figure 2 shows the M(Atr ) distribution for
the data and MC-generated samples of:- Ay signal
events and missing- y = Ax background events. We
accepted events with M(Atr ) ~ 3 standard deviations
above M(:- ), leaving 286 events. We removed events
with the y out of the beam-line-PA plane. Finally, to
reduce background from Z (1385) we cut those with

both a computed:- decay vertex within 1 m of T2 and

prA ~ 0.20 GeV/c.
Figure 3(a) shows a histogram of M(Ay) for the

remaining events. It includes a surviving-background
MC calculation, which accounts well for events outside
the " mass peak. Figure 3(b) shows the background-
subtracted distribution along with MC:- Ay events
subjected to the same cuts and normalized to the signal.
The low end of the M(Ay) distribution is truncated by
cuts. Both MC simulation and data agree in this as well

as the width and centroid.
Between M(Ay) of 1.307 and 1.352 GeV, 160 events
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F&G. 3. Histograms of events reconstructed under the hy-
pothesis = Ay after all cuts but the final M(Ay) cut. (a)
Data and MC-generated background, i.e., = Ax and
Z (1385) with one y missing. (b) Background-subtracted
data and MC-generated:- Ay events treated the same way
and normalized to the data. Arrows show the cuts used to
define the final sample. The MC signal was normalized to fit
the data in (b). The MC:-0 As was normalized as in Fig.
2. The MC Z (1385) was normalized to two-y events at tar-
get T2.
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FIG. 4. Histograms of events vs cosine of the helicity angle
defined in the text. (a) Fully reconstructed:- Asro data and
MC events generated with a(A)a(:- As ) —0.250.
Hybrid-MC distributions corresponding to each of these
agreed well with the plotted distributions and are omitted for
clarity. (b) The final:-0 Ay data. MC signal and back-
ground events with normalizations and asymmetries described
in the text are a1so plotted.

remained. Estimated backgrounds are 15.6 + 1.9
Az and 28.5 ~ 3.5 Z (1385) yielding a signal of

115.9 ~ 13.3:- Ay in a data sample containing
29510:" Ax . Corrected for acceptance, this yields

r(=-'- Ay)/r(=-'- A~')

[1.06+ 0.12(stat) ~ 0.11(syst) ) && 10

The systematic uncertainty arises mainly from the ac-
ceptance.

The product of asymmetry parameters a(A)a(:" ),
where a(A) =a(A pz ), was measured through the
helicity of the A for both processes. For A px, the
angular distribution of the proton in the A rest frame is

given by

dAt/d(cose, ) = —, [1+a(A)a(:- )coseA1,
ssa

where cosOA=p. h, p is the proton direction, and A is

the A direction in the = rest frame ( —A is direction of
the " in the A rest frame). The proton distribution is

modified by the acceptance. To correct for this, we used
a hybrid MC simulation which took the momentum of
the A and its position from real events. ' The hybrid-
MC decay angles were chosen from the distribution of
Eq. (1) in which the product a(A)a(:- ) was varied for
best fit. A data event was discarded if &10% of its
hybrid-MC events passed all cuts. This reduced the data
events to 125 including background.

Figure 4 shows the cosOA distributions. For = Ax,
a(A)a(:- Ax ) —0.250 ~ 0.017 with negligible
background eA'ects. This agrees with the most precise
previous measurement, —0.260~0.004. ' For the 125

Ay candidates, the asymmetry is 0.182+0.195.
The estimated backgrounds are 13.2+ 1.1:" Ax
(asymmetry= —0.08+ 0.20) and 24.5+ 3.0 X*(1385)
(asymmetry = —0.003 + 0.082). The background-cor-
rected result is a(A)a(:- Ay) =0.27~0.28. Division
by a(A) =0.642+0.013 (Ref. 18) gives a(:" Ay)
=0.43+ 0.44. MC samples of:" Ay were generated
with diff'erent input values of a(A)a(:- Ay), and our
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TABLE I. Predictions for = Ay branching fraction and

asymmetry.

Ref. a(:-'- Ay)

20
21
22
23
243 '
24B"
25
26
27

4.0
7.26
2.29
1 4
1.80
1.20
0.67
0.72
2.06

+0.6
—0.41

—0.96
—0.45
—0.29
+0.11
+0.95

'A and B refer to two solutions in Ref. 24.

' Present address: Fermilab, P.O. Box 500, Batavia, IL
60510.

Present address: School of Physics and Astronomy, Uni-
versity of Minnesota, Minneapolis, MN 55455.' Present address: Fonar Corporation, 110 Marcus Drive,
Melville, NY 11747.

Present address: CERN, CH-1211, Geneva 23, Switzer-
land.' Present address: MP-5, Los Alamos National Laboratory,

analysis recovered those values within 1 standard devia-
tion.

Gaillard' first treated I (:- Ay) under various as-

sumptions yielding branching fractions from 0.6X IO

to 31 x 10 . Table I lists theoretical calculations made

by other authors of the = Ay branching fraction and

asymmetries. None agrees with both our branching
fraction and asymmetry within 1 standard deviation
(statistical and systematic uncertainties combined in

quadrature). It is clear that a program of precise mea-
surements of weak radiative decays is necessary to guide
the theory.
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