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The polarization of:- hyperons produced by 400-GeV protons in the reaction p + Be~" +X
has been measured as a function of momentum at two production angles. The average polarization
for the full sample (192110events) was —0. 108+0.007. Comparisons are made with polarization
measurements for other hyperons produced under similar conditions. From the same data, a~a=
was measured to be —0.303+0.004+0.004, where az is the asymmetry parameter in the decay

A~p~, a= is the asymmetry parameter in the decay = ~Am, and the uncertainties are statisti-

cal and systematic, respectively. This yields 0,'== —0.472+0.006+0.011, where the systematic un-

certainty is dominated by the uncertainty in aA. An updated test of the is.I=T rule in " decay is

presented.

I. INTRODUCTION

Polarization in reactions of the type

p +nucleus~hyperon+ anything,

first observed for A production, ' has since been found to
be a general feature of hyperon production over a wide
range of incident proton energies. ' The phenomenon
is also observed when the target nucleus is a proton, "'
and for incident meson beams. ' ' The first measure-
ments of:" polarization in the reaction
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are reported here. A comparison of these data with polar-
ization measurements for other hyperons is presented.

With the same data sample, using a similar analysis
technique, we have measured the asymmetry parameter in
the decay " ~An . We present an updated computa-
tion of the hJ = —,

' test for the asymmetry parameters in
and:- decay.

II. APPARATUS AND PROCEDURES

The experiment was performed at Fermilab in the M2
diffracted proton beam. The experimental setup is shown
in Fig. 1. The apparatus and techniques have been
described extensively in other p
present here only a general description of the setup and
such features as are unique to this measurement. A much
more extensive discussion is available in Ref. 17.

The 400-GeV proton beam was transported to a —,-
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FIG. 1. (a) Plane and (b) elevation views of the charged-
hyperon experimental apparatus. Note that the longitudinal and
transverse distance scales are different. Mi was the final dipole
magnet in the beam transport system which brought the 400-
GeV/c proton beam to the Be production target. The setting of
Ml controlled the angle in the vertical plane at which the beam
struck the target. The 10-mrad bending angle of the hyperon
beam in M2 is not shown. Sl —S3 were scintillation counters
used in the trigger. Cl —Cs were multiwire proportional
chambers used to track the incident = and the charged parti-
cles in its decay sequence. M3 was a spectrometer magnet used
to determine the momenta of the charged decay products. An
example of an event is shown in the plan view. Some of the
chambers were also used in the trigger (see text).
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interaction-length, 6-mm-diam beryllium target where the
were produced. The coordinate system at the produc-

tion target was defined with z downstream along the cen-
troid of the hyperon-beam channel, P vertically upward,
and 2 completed a right-handed system.

The magnetic beam transport system allowed control of
the angle at which the proton beam struck the target. In-
cident angles of +7.5 and +5.0 mrad in the y-z plane
were obtained using a series of dipole magnets Mi. At
the production target, the direction of the incident proton

beam k;„and outgoing hyperon beam k,„, defined the
production plane, with the normal

7 Q x IQ&

5.Q-
M

z'
QJ 4Q—
hl

hl~ 2.0—

I.O—

I I ( I 1

8 Momentum

The production angle was defined as positive when n
pointed along +x. It could be varied through both posi-
tive and negative values by changing the incident angle of
the proton beam.

The trajectory of the hyperon beam was defined by the
production target and by two tungsten collimators at the
midpoint and exit of a 5.3-m-long magnet Mz. Mz was
operated with its field along +$' to produce field integrals
of 6.60 and 5.13 Tm. The central ray through collimators
had a 10-mrad bend angle in the x-z plane, corresponding
to a 200-GeV/e negatively charged particle at the 6.6-T m
setting. The actual mean momentum of the " beam was
about 10 GeV/c lower because the hyperon production
spectrum decreased rapidly with momentum (Fig. 2).
Data were also taken at 5.13 Tm corresponding to a cen-
tral channel momentum of 155 GeV/e. Mz also provided
a precession field for a measurement of the " magnetic
moment. '

The coordinate axes used for the detection system
downstream of Mz were rotated by 10 mrad with respect
to the target coordinate system described above so that z
was along the beam channel centroid at its exit, y vertical,
and 2 horizontal as shown in Fig. l.

The decay sequence observed in this experiment was

100 l40 l80 220 260 500
GeV/c

for the halo of the charged beam. Si was a 20X60-cm
counter which covered the active area of C&, and was used
as a timing signal for the fast electrons. The = trigger
required the coincidence

:"=S)Sz C3 .C7(n) 'Cs'(p) S3 . (2.2)

Typical operating conditions yielded between 100 and
200 triggers during a 1-sec beam spill at an incident beam
of 2X10 protons. A data tape consisting of approxi-
mately 80000 triggers was produced in 2—3 hours. The
production angle was reversed after every pair of tapes to
provide roughly equal data samples at both positive and
negative production angles taken under similar operating
conditions. A total of 79 data tapes were written in ap-
proximately 200 hours of data taking.

FIG. 2. The momentum distribution of reconstructed:" at
5.0 mrad production angle for an M2 magnetic-field setting of
6.6 Tm. The cutoff at low momenta was caused by the
geometric acceptance of the beam channel. The high-
momentum falloff is characteristic of the = production cross
section.

Because the baryon carries off most of the momentum at
each stage of the decay chain, such an event has the dis-
tinctive feature of a high-momentum positively charged
particle emerging from a negatively charged beam.

The charged particles of the decay sequence were
detected in a spectrometer which consisted of multiwire
proportional chambers (MWPC's Ci —Cs) and a super-
conducting analyzing magnet M3, which had a transverse
bending power of 0.95 GeV/e also in the x-z plane. The
M3 magnet had a 60-cm-horizontal, 20-cm-vertical aper-
ture, and was 2 m long. The overall length of the spec-
trometer was 40 m. Scintillation counters S~—S3 were
used in conjunction with fast signals from the chambers
to trigger the data acquisition electronics. Signals from
the left-half of Ci and the right-half of Cs were used to
detect the coincidence of a negative (n) and positive (p)
particle downstream of M3. S~ was a 10-cm-diam
counter at the exit of M2. Si was a 10)&30-cm counter
with a 3.8 &(5-cm central aperture used as a veto counter

III. EVENT RECONSTRUCTION

Events were reconstructed from the MWPC data using
a pattern-recognition, track-finding routine which
searched for events having a three-track, two-vertex topol-
ogy with X & 80 (typically 20 DF). Both vertices were re-
quired to be upstream of C&. Data from C& and C2 were
used in reconstruction of daughter particle trajectories
where appropriate. One of the tracks was required to be a
high-momentum, positively charged track, while the other
two were of lower momentum and negatively charged.
The momentum and charge were determined from the
bend angle in M&. Using the reconstructed slopes for the
positive track and one of the negative tracks, a prelimi-
nary A vertex and direction were calculated. The intersec-
tion of this direction and the other negative track was la-
beled as the = vertex. If the A vertex was found
upstream of the " vertex the negative tracks were inter-
changed and the vertices recalculated.

The yield of reconstructed three-track events was ap-
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pioximately 6% of the = triggers. Mole thail 50%%uo of
the triggers which failed to reconstruct as three-track
events were single tracks, either pions —the major com-
ponent of the negative beam —or X 's and their decay

's, in coincidence with accidental hits which satisfied
the trigger logic. Between 10% and 15% of the triggers
were three-track events in which one of the negative

tracks did not get through the analyzing magnet, or the
decay(s) occurred too far downstream for the event to be
reconstructed. The remainder of the raw triggers were
multiparticle interactions which produced unrecognizable
patterns in the chambers.

The kinematic fit to the hypothesis, A~pm, was re-
quired to yield Xx ~20. The = invariant mass, formed
from the fitted A and second rr, was required to be be-
tween 1.306 and 1.338 GeV/c . The A and
invariant-mass distributions are sho~n in Fig. 3.

In addition to the kinematic requirements, the =
momentum vector was projected back to the production

5.0x I04-

p ~- Invariant Mass

{a)

target and required to be within a radius of 6.6 mm of the
center of the target. The " decay vertex was required to
be downstream of the Mz magnet. These requirements
ensured that the = had passed through the full length of
the M2 magnet.

A total of 24% of all the reconstructed three-track
events were eliminated by these requirements. Nine per-
cent of these failures were = 's which were incorrectly
reconstructed (tracks or track segments misidentified) and
so had an improper momentum determination. Fourteen
percent were = 's which were produced or decayed in the
beam channel, and about 0.6% of the events were fl 's.
Over 218000:" events passed all selection criteria. It
was estimated that there was less than a 1% background
in the final sample. Details of event reconstruction and
selection are given else~here. '

IV. ASYMMETRY ANALYSIS

Daughter A's from " decay are polarized according to
the expression'

A A
(&=+A P=)A —p=(A X P=)—y=A X (A X P=)

1+a.'„-A P=

(4.1)
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dN/d (cos8) =(1+A.p)/2,

where, in the absence of experimental biases,

(4.4)

where A is the unit vector along the A momentum in the
rest frame, and a-, p=, and y= are the = decay pa-

rameters which satisfy the relation ai+p=+y== l. As-
suming time-reversal invariance and no final-state interac-
tions, p==0, and the A polarization can be expressed

a=A+[(1—y=)(A P=)]A+y=P=
(4.2)

1+a=A-P=

where, in the initial iteration of the analysis of the full
data set, we assume a-= —0.47 from a crude early esti-
mate based on part of the data, and y== +0.88 con-
sistent with a- and the known sign. ' When averaged
over the experimental acceptance the A P= terms are very
small. This, along with the large value of y=, reduces Eq.
(4.2} to the approximate expression

Pp ——a=A+ y=p= . (4.3)

The polarization of the A sample was determined from
the asymmetry of the proton distribution in the A rest
frame

A=appp, (4.5)
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FIG. 3. Invariant-mass distribotions for (a) pm and (b) Am

selected as described in the text. The fuil widths at half maxima
of the distributions are 5 and 7.5 MeV/e2, respectively. dN„ /d (cos8„)=(1+A.u) /2, (4.6)

az ——+0.642+0.013 (Ref. 19), p is the unit vector along
the proton momentum in the A rest frame, and 8 is the
angle between p and A.

Since the direction of P- was not known at the outset,
the asymmetries were determined with respect to each of
the three directions u=x, y, z (Ref. 20) from expressions
similar to Eq. (4.4}:
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where 19„ is the angle between A and u.
The evaluation of P= from these three distributions is

best understood in terms of the approximation Eq. (4.3).
For each event, the contribution of a=A to P~ was
known. Further, the distribution of A is random with
respect to each of the fixed coordinates u, so that its con-
tribution tends to vanish when averaged over the distribu-
tion. On the other hand, the direction of P= is fixed with
respect to u, so that the determination of the asymmetries
from Eq. (4.5) gives, to a good approximation,

A=upPp ——apy=P= . (4.7)

In practice, the exact expression, Eq. (4.2), was used, but
the results did not differ from those using Eq. (4.3).

Once P= was determined, it was then possible to
reanalyze the data to obtain a more precise determination
of the product, a&a=. This was done by setting 9=A in

Eq. (4.6). In this case, the a=A term in Eq. (4.3) is em-

phasized, and the other term, y=p=, tends to vanish when

averaged over all possible directions of A. Any effects
due to P= are further eliminated when the data samples
for positive and negative production angles are combined.
In the combined sample P= & 10, i.e., zero to a good ap-
proximation. A second iteration of the two procedures
produces changes less than 0.3 standard deviations in the

asym metrics.
The contribution of the experimental acceptance term

to the proton distribution was included using a hybrid
Monte Carlo technique in which the Monte Carlo events
were derived from the real events. This procedure as ap-
plied to = polarization, has been described else-

where ' '
V. CALCULATION OF THE POLARIZATION

The method above yielded a set of measured asym-
metries along each of the coordinate axes for data taken at
positive and negative values of the production angle for
the three settings of production angle and precession field.
This section describes the procedures used to eliminate
some remaining small experimental biases and to yield P=
downstream of M2. The measurement of P= at two
values of the precession field eliminates ambiguities in the
precession angle in M2, and allows a determination of the
polarization vector at production.

Parity conservation in the strong-interaction production
process requires that the spin of the produced hyperon be
either parallel or antiparallel to the normal to the produc-
tion plane, i.e., along the direction n of Eq. (2.1). Revers-
ing the production angle reverses n and the direction of
the initial polarization. This provides a powerful method
for removing any remaining experimental biases not simu-
lated by the hybrid Monte Carlo method.

%e assume that the detection apparatus and software
efficiency are not affected by the production angle rever-
sal, and that asymmetries induced from these effects do
not reverse. Thus, the measured asymmetry along a spa-
tial axis iii for = produced at an angle +8 can be ex-
pressed

where B„represents the residual experimental bias. The
biases can be determined and removed by calculating the
sums and differences:

a»P„=[A„(+) —A„(—)]/2,
B„=[A„(+)+A„(—) ]/2 .

(5.2)

(5.3)

For this reason equal amounts of data were taken at both
positive and negative production angles. The results from
Eqs. (5.2) and (5.3) are presented in Table I.

Any polarization along y would be parity violating,
since it would be in the production plane, and the preces-
sion in M2, entirely in the x-z plane, could not produce it.
No such polarization was observed. The combined result
from all data samples yields a»,P»», =0.0—014+0.0034.
This yields a value for the parity-violating polarization at
the production target of P»== —0.0024+0.0060. In the
subsequent discussion, it will be assumed that this com-
ponent is zero.

The measured:" polarization in an experiment of this
type is the polarization of the sample after the particle
spina have precessed in the Mz field. To determine the
production polarization, one must correct for the preces-
sion. Ambiguities in determining the precession angle ex-
ist because it is not known a priori whether the polariza-
tion vector at the production target was along + x or
—x. Further, the precession can be clockwise or anti-
clockwise, and it can be determined only modulo 360'.
These ambiguities can be resolved by measuring the polar-
ization vector for two values of the precession field in Mz.
This was discussed in detail in Refs. 16 and 17 which
described the measurement of the " magnetic moment
from the same data.

For each value of the field in M2, the precession angle
was calculated with respect to x using P =arctan(P, /P„),
where P, and P„were the bias-free asymmetries. The an-

gle obeys the precession equation:

P=(q!Prric )(g/2 1) f Bdl, — (5.4)

[A„(ij,k) B„(i) Po(i,j—)cosgj. ]

ijk o„(i,j,k)

where P=0.99998 and q!Pmc ~= —13.01 for P in degrees
and B in T m. The results' are consistent only with
the initial polarization along —x, i.e., antiparallel to

A
k;„xk,„,.

The polarization and biases were measured as functions
of the momentum of the = using a g fit which included
all the data, binned by momentum p, for various produc-
tion angles and precession fields. The g2 was minimized
with respect to the magnitude of the polarization Po(p)
and the biases along x and z, B„(p) and B,(p). The pre-
cession angles P for the two values of J Bdl were re-

quired to agree with Eq. (5.4) with (g/2 —1) as a parame-
ter of the fit. The expression for g is

A„(+) =+apP„+Bg, (5.1)

[A, (ij,k) B,(i ) Po(i,j)singj—.]
cr, (ij,k)

(5.5)



3176 R. RAMEIKA et al. 33

TABLE I. Momentum-averaged asymmetrics, biases, and polarizations. The A„(+) are the mea-
sured ssymmetries along each of the coordinate axes, |l=%,9,2, for positive (+ ) and negative ( —) pro-
duction angles. The quantities aAP„A are the "physics" asymmetries determined from Eq. {5.2), and 8„
are the instrumental asymmetries determined from Eq. (5.3).

A„(+)
A ( —)

5 mr, 6.60 Tm

—0.046+0.007
+ 0.074+0.007

5 mr, 5.13 Tm

—0.027+0.012
+ 0.066+0.012

7.5 mr, 5.13 Tm

—0.043 %0.014
+ 0.082%0.014

Ay{+ )

Ay( —)

—0.006+0.006
—0.003+0.006

—0.035+0.012
—0.031+0.012

+ 0.00420.014
—0.006+0.014

A,(+ )

A, ( —)

+ 0.035+0.007
+ 0.048+0.007

+ 0.019+0.013
+ 0.018+0.014

—0.010+0.017
—0.030+0.016

&h~xh
O A~yA

&A~zA

—0.060%0.005
—0.002+0.004
—0.005+0.005

—0.046+0.008
—0.003+0.008
+ 0.001+0.010

—0.062%0.010
+ 0.005+0.010
+ 0.010+0.012

Bx
By
B.

+ 0.012+0.005
—0.004%0.004
+ 0.041+0.005

+ 0.01S+0.008
—0.033+0.008
+ 0.019+0.010

+ 0.019+0.010
—0.001+0.010
—0.021 +0.012

where i, j, and k are the indices of the momentum bin, the
field integral, and the production angle, respectively. The
upper sign in Eq. (5.S) is taken for positive production an-
gles and the lower sign for negative production angles.
A, (ij,k), . A, (ij,k), cr, (i j,k), and rr, (ij,k) are the mea-
sured asymmetries and uncertainties. The results of this
global fit to all the data are given in Table II.

The biases, which were substantial only in the .z asym-
metry at high momentum, were determined to be the re-
sult of a loss of events by the reconstruction program.
The major cause of this loss was the narrow opening an-
gles between the particles at high momentum which led to
track misidentification, and hence elimination from the
sample. Biases of the same magnitude and momentum
dependence were also found when a sample of "external"
Monte Carlo events was treated in the same manner as
the real data.

To ensure that the results were not affected by various
cuts imposed on the sample of:- included in the
analysis, these cuts were varied in a number of ways and
the effect on the polarization was studied. While there
were significant changes in the biases, the changes in the
polarization signal never exceeded 0.6 standard deviations.

A comparison of the = polarization and that mea-
sured for other hyperons, A, :-,X, and X+, shows that
the direction of polarization at production is the same as
in the neutral hyperons, ' and opposite that of X+ and
X (Refs. 3 and 4). The magnitude of the = polariza-
tion at 5 mrad tends to be smaller in magnitude than that
observed for the neutral hyperons, though at 7.5 mrad any
difference is not obvious. The " polarization exhibits a
similar dependence on the kinematic variables, Feynman
x (xF) and transverse momentum (pT). The = polariza-
tion is compared with the inclusive polarization of the

neutral hyperons in Fig. 4.
The discovery of inclusive polarization in the = hype-

ron supports the evidence that all inclusively produced
hyperons are polarized. A number of simple quark-model
pictures of hadron production predict some of the features
observed in inclusive polarization.

0.0--

-O,I-

-02-

0.0'-"'

t4
K

-O. l—

if 00 3 5mrod
Ref. 2

"gl 8 5 mrod
This Exp't

iI
it~

i&
---A 5mrac)

()(~ ~ " Ref. 9
() ', (o)

0 8' 7.2mrcld
Ref. 2

0 8-7.5mrod
This Exp't

——h T.5mrad
Ref. 9

-0.2—

200
MOMENTUM tGeWC)

FIG. 4. The = polarization is shown as a function of
momentum for (a) 5 and {1) 7.5 mrad production angle. For
comparison, the polarizations of:- and A produced under
roughly similar conditions are also shown. The A polarization
is from a fit to several precise experiments (Ref. 9). Note that
the " polarization in (a) is at 3.5 mrad. The sign convention is
defined so that positive polarization is along the direction

k;„Xk,„„where k;„and k,„, are the directions of the incoming
proton and outgoing hyperon, respectively.
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TABLE II. Results of a global fit to the polarization data.
The parameters of the global fit to the asymmetries from the

several data sets were the polarization as a function of momen-

turn and production angle, the biases as functions of momen-

tum, and (g/2 —1) which governs the precession of the polari-
zation vector in M~. Reference 16 reported the fitted value,

(g/2 —1)= —0.03+0.05. The value of g was 27 for 27 degrees
of freedom.
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-0.8 -0.4 0 0.4 0.8
Momentum

(GeV/c)
pT

(GeV/c) Po (5 mrad)
cos 8&

115
133
151
170
189
209
242

0.58
0.67
0.76
0.85
0.95
1.05
1.21

0.29
0.33
0.38
0.43
0.48
0.52
0.61

—0.126%0.095
—0.025 +0.031
—0.058+0.017
—0.104+0.014
—0.094+0.014
—0.102+0.017
—0.117+0.018

Momentum
(GeV/c)

115
131
150
169
189
209
231

pT
(GeV/c)

0.86
0.98
1.13
1.27
1.42
1.55
1.73

0.29
0,33
0.38
0.42
0.47
0.52
0.58

Po (7.5 mrad)

—0.046+0.078
—0.074+0.034
—0.110%0.029
—0.090+0.034
—0.133+0.049
—0.099+0.075
—0.133%0.128

Momentum
(GeV/c)

115
133
151
170
189
209
239

+ 0.039+0.038
+ 0.020+0.014
+ 0.023+0.009
+ 0.019+0.008
+ 0.014+0.009
+ 0.014%0.011
—0.004%0.012

—0.016%0.059
—0.036+0.018
+ 0.003+0.010
+ 0.017+0.009
+ 0.026%0,009
+ 0.059+0.012
+ 0.090+0.013

VI. ASYMMETRY IN THE DECAY:" ~he

A. Results

A measurement of proton asymmetry for an unpolar-
ized sample of:- with u= A in Eq. (4.6) is a direct mea-
sure of the quantity a~a=. Had the acceptance of the ap-
paratus been perfect, the value of a+a= could have been
measured directly from the slope of the cos8& distribu-
tion. In order to correct for the lack of perfect accep-
tance, a sample of Monte Carlo events was generated with
an asymmetry which was adjusted until the Monte Carlo
distribution matched the data with minimum 7 . Figure
5 compares these distributions for the real data, and for
the Monte Carlo sample under the assumptions of zero
asymmetry and the final fitted value: aAa=
= —0.303+0.004. The uncertainty is purely statistical,
and the 7 for the fit was 19.3 for 19 degrees of freedom.

Since the asymmetry in this case cannot be reversed, no

FIG. 5. Angular distributions of the proton in the decay of
the daughter A in the " decay sequence. The angle 8~ is mea-
sured between the vector A (defined in the text) and the direc-
tion of the proton, expressed in the A c.m. system. Both real
data and events generated by a Monte Carlo (MC) calculation
are shown. Uncertainties are smaller than the size of the sym-
bols plotted. In (a) the distribution of MC events was generated
under the assumption aha==0. The resulting curve is an indi-
cation of the uniformity of the acceptance as a function of 8A.
In (1) the distribution of MC events was generated under the as-
sumption @~a==—0.303. The g2 comparison of this MC distri-
bution and the real data distribution yields 19.3 for 19 DF.

bias cancellation is possible. It can be argued that any
bias is small. The acceptance of the apparatus is nearly
constant over the full range of cos8~ as can be seen in Fig.
5. This is true because A is not constrained to any partic-
ular direction in space. Any failure of the Monte Carlo
procedure to simulate the true acceptance affects all
values of cos8~ approximately equally.

The result was tested for systematic errors in a manner
similar to that employed for the polarization measure-
ment. Cuts were varied and the full first- and second-
level iteration repeated in each case. Data sets taken
under different conditions of production angle, field in-

tegral, and trigger configuration were analyzed indepen-
dently, and, in configurations where the number of events
permitted, data in different = -momentum bins were
analyzed separately. Details of these analyses are given in
Ref. 17. The systematic differences observed were at the
same level as the statistical uncertainty. Our final result,
based on 192 110events, is o,~a== —0.303+0.004+0.004.

The accepted value of az [0.642+0.013 (Ref. 19)] was
used with this result to obtain the = decay asymmetry:

o.„== —0.472+0.006+0.011, (6.1)

where the systematic uncertainty is dominated by the un-
certainty in az.

8. Comparison with other measurements

There is some disagreement between the high-statistics
values of a= measured in recent hyperon-beam experi-
ments —0.49+0.04 (Ref. 27) and —0.462+0.015 (Ref.
28), and earlier results from low-energy E p production
of:" which have a weighted average of —0.385+0.017.
An ideogram for all these measurements is given by the
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Particle Data Group (PDG). ' Three new measurements
of a= reinforce the disagreement: our result is in good
agreement with the other hyperon-beam work, and two
low-energy = production experiments, ' both of which
yield values of —0.40+0.03. This issue was discussed in
Ref. 30 where the data are summarized in their Table VI.
When our result is added, the average of the three
hyperon-beam results (corrected, in the case of Ref. 28,
for the current value of aA) is a== —0.470+0.010. The
average for the low-energy values as listed in the same
table is o;== —0.391+0.013. Both averages have g & 1.0.
If all six numbers are combined, the average is
—0.443+0.008 with X /DF =24/5; P(X )=0.0002. The
statistical significance of this is difficult to interpret, since
one of the inputs is already an average of 11 older, mostly
bubble-chamber experiments done prior to Ref. 27. If
they are dropped, the average of the five most recent mea-
surements becomes —0.458+0.009 with X /DF=9. 4/4;
P(X ) =0.05.

C. Discussion

It is useful to pursue this discussion under the assump-
tion, still debatable, that the difference between the
hyperon-beam results and those from the other experi-
ments is real. The aspcx:ts discussed in Ref. 30 will not be
repeated here. That experiment and the present one have
been reexamined for systematic errors and none has been
found. We have paid particular attention to backgrounds.
With the lowest possible cuts, which leave an unambigu-
ous background of 20% in the = sample, aAa= is
—0.285. If some of this background remains in the final
cut sample, removing it would only enhance the
discrepancy. As the cuts are tightened in various orders,
the value plateaus at our quoted result. With extremely
tight cuts, the biases in the polarization measurement in-
crease, although the polarization itself remains stable.
Our final cuts fall in the plateau —low-bias region and
leave a background of &1%. In order for this back-
ground to explain the discrepancy, it ~ould need an asym-
metry of 4.6, an unphysical value, and highly inconsistent
with the stability of our answer as cuts are varied.

We have also examined the correctness of our Lorentz
transformations and the order in which they were done:
laboratory to = rest system to A rest system. Reference
30 is the same in this respect.

The experiment of Ref. 30 (and most other low-energy
K P experiments) was done in a magnetic field where the
daughter A precessed after the decay. This was not con-
sidered in the original asymmetry analysis. Nell within
statistical uncertainties, their result does not change when
A precession is included. '

The two types of experiments differ in the analysis
method. The hyperon beam results came purely from an
analysis of the daughter A helicity, whereas the other ex-
periments did a multiparameter fit which included the
helicity and the angular distribution of the A in the =
rest frame with respect to the " polarization. The
hyperon-beam experiments measure directly the product
aAa=, whereas the other experiments have constraints on
a= independent of aA. An error in the accepted value of

a„might explain the difference. It might be instructive
to use the value of a„a= measured directly by the hyperon
beams as a constraint in the multiparameter analysis of
the other experiments. In addition, the value of aA could
be allowed to vary in these analyses.

D. The dd =—rule

In the decay =~Am, the s-wave (L=O) and P-wave
(1.=1) amplitudes are composed of the isospin-changing
parts b,I = —, and dd = —,. These amplitudes can be relat-
ed to experimental observables such as lifetime and asym-
metry parameters.

If only M = —,
' transitions are allowed, then an evalua-

tion of the decay asymmetries and decay rates (I ), with
phase-space corrections, yields

a /a =0.977,

I /I =0.484,

(6.2)

(6.3)

b,a=(a /a ) —0.977= —0. 119+0.026, (6.4)

which is more than four standard deviations from the pre-
diction of the dd = —, rule. Only the statistical uncertain-
ties have been used in calculating this result because aA
cancels in the ratio, and because the apparatus and
analysis techniques used in obtaining the two results were
nearly identical, and some classes of systematic error are
likely to cancel.

A similar treatment can be applied to the ratio of decay
rates. Since the contribution of minor decay modes is
negligible in comparison with the uncertainties in the total
decay rates, the total rates are the inverse of the lifetimes.
Using the current world averages, ' we obtain

b I =(I /I ) —0.484=0.081+0.020 . (6.5)

Again, the difference from the pure LU = —, prediction is
about four standard deviations.

If we assume the existence of a M =—', contribution in
both the s-wave and p-wave amplitudes in the decay, then
the differences above can be expressed in terms of the am-
plitude ratios

b,a = 1.37(Si/Si P3/Pi ), —

b, I = —1.44(Si/Si ) —0.06(Pi/Pi ),
(6 6)

(6.7)

where the subscripts 1 and 3 refer to the M = —,
' and —',

amplitudes, respectively. Solving this, we find

5'3 /5) ———0.057+0.013,

Pi/Pi ——0.029+0.023 .

(6.8)

(6.9)

where the superscripts (0) and ( —) refer to = and:-
respectively. Experimental evidence indicates that the

amplitudes dominate in hyperon decay, though
the extent of that dominance has not been precisely deter-
mined, and theoretical attempts to explain this have not
hen overwhelmingly successful.

The recent precise determination, o;~a = —0.260
+0.006, of Ref. 34 and the result presented here, aAa—=0.303+0.006, yield a difference
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An analysis similar to this one was presented in Ref. 10.
Amplitude ratios of this same order have long been

demonstrated in the study of K decay.
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