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This paper describes an experimental study of the decay parameters and the magnetic moment of the
. A 1.8-GeV/cIC beam derived from the Bevatron was used to produce by the reaction E p +. E—.

The IC+ and resulting decay products of the were used to trigger a spark-chamber system, pictures
from which yielded a total of 2724 events which passed all measuring criteria. The ™were produced in an
intense (170 kG) magnetic Geld obtained from a pulsed magnet. The precession of the magnetic moment
of the in the presence of this Geld can be measured from the angular distribution of the decay products
and a value of the magnetic moment obtained. The decay parameters and polarization of the are also
obtained from the angular distribution of the decay products; we obtain e= —0.383+0.065, C = —(26+30) ',
and P=0.19&0.09. The accuracy of the magnetic moment value is severely limited by the low value of
polarization and experimental biases in the distribution; we obtain pg-= —0.1+2.1 nuclear magnetons.

I. INTRODUCTIOÃ

A LTHOUGH most of the information now available
on the (cascade) particle comes from bubble

chambers, the is well suited to spark-chamber
studies: lt has a characteristic signature in production
and decay. Experience with a spark-chamber measure-
ment of the magnetic moment' of the Z+ led us to
attempt a similar measurement on the, using a re-
fined version of the pulsed-magnet method of the former
work. This paper describes the results of a study of

's produced at the Bevatron by 1.8-GeV/c E mesons,
precessed in a pulsed magnet, and detected in optical
spark chambers. A new determination of the decay pa-
rameter e is reported, along with estimates of the other
decay parameters and the magnetic moment. The latter
depend on the polarization of the sample, which proved
to be less than the available bubble-chamber data' had
suggested.

The reaction E p ~ E yields a predominantly
forward at 1.8-GeV/c E momentum; the experimental
arrangement allowed the ™to pass through a solenoid
centered on the beamline and decay into the (nearly)
axially symmetric detection apparatus. The trigger de-
manded a particle at 90' (the E+), a single forward-
going particle with velocity less than 0.85c (the ),
and three charged particles in the final state down-
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stream (two Ir 's and the proton). The Z momentum
was parallel, or antiparallel, to a magnetic field of up to
180 kG.

The decay parameter m was found to be n= —0.383
&0.065, and the value of C = —(26+30) ', where
sine =p/(1 —II')'~ cosc =y/(1 II')"—The mean value
of the polarization of the sample chosen was P=0.19
&0.09. From the rotation of the polarization, the mag-
netic moment determination gave p= —0.1+2.1 p~.
The definition of the decay parameters n, P, and y is that
used in the Particle Data Group compilation. '

II. EXPERIMENTAL APPARATUS

The general arrangement of the experimental setup
is shown in Fig. 1, and the details of the detector region
are shown in Fig. 2. E mesons of momentum 1.8
GeV/c, produced on a Bevatron internal target, were
separated and directed onto a 4-in. polyethylene target
placed in the bore of a pulsed magnet (bore 9.4 cm in
diameter and 13 cm long —maximum field 180 1&G).
The reaction E p —+ E was used to produce the
The incident K, the ™,and the charged decay prod-
ucts resulting from p- ~ Ir A' ~ Ir sr p were observed
in spark chambers SC1—SC5. The chambers were trig-
gered by requiring that (1) a particle be seen at near 90'
to the production target in the E counters, (2) a particle
have a velocity less than 0.85@ in the Cerenkov counter
C2 and less than twice minimum ionizing in the dE/dx
counter AP YES (this requirement is compatible with

a single emerging from the bore of the magnet), and
finally, (3) three charged particles be seen downstream
of SC5 in the counters S1—S12 and Ll—L6 and one of
these particles be close to the beam axis. Thus the com-

3 N. Sarash-Schmidt, A. Barbaro-Galtieri, L. R. Price, A. H.
Rosenfeld, P. Soding, C. G. Wohl, M. Roos, and G. Conforto, Rev.
Mod. Phys. 41, 109 (1969).
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piete trigger was

(B2)(C1)(B3)(K) (C2) (AP YES)(AP ANTI)
L(S1—S12, L1—L6)&3]l (S1—S12)&1j.

A. Beam

LI- L6 SC5 SC5 Ap TARGET SC2 Cl

MASS SLlT

J BEAM

From the bubble-chamber data available to us, it
appeared that 1.8 GeV/c was the optimum momentum
for the E beam: The kinematics were favorable, the
cross section was peaked for forward ™,totaling 90 pb
in the angular region accepted, and the polarization
seemed greater than 0.5, though with poor statistics.
Calculation showed that the UCRL Bevatron, with
3&(10's protons per pulse at 7 GeV/c, could furnish a
E Aux of approximately 10 000 per pulse, provided a
beam with good separation, a large momentum window,
and reasonably short total length could be built. These
criteria were met by a somewhat unconventional design
in which only one intermediate focus was used, a highly
astigmatic double focus. The dispersed horizontal focus
occurred 2.3 m upstream from the vertical focus and
mass slit. A rather strong sextupole field at the hori-

ANTl

83 SC1
30 cm

zontal focus afforded compensation of the chromatic
aberration at the mass slit. The general layout is shown
in Fig. 1. The beam was taken at 0' from an internal
target, and the dispersion was provided by the Bevatron
fringing field. Some characteristics of the beam are given
in Table I. Note that the separation factor was quite
good despite the large momentum window. Further
details on the beam can be found in the dissertation of
Sander. 4

The n./E ratio at the production target was 4/1;
E's were selected and pions rejected by a 30-cm-bore
differential Cerenkov counter specially designed for
this beam. The effective pion contamination was re-
duced by this selection to 4%.

Fio. 2. Experimental arrangement for producing and detecting
. The ™are produced in the reactions E +P —+ +E+. The

E+ and decay products from ™~A'+~ and h9 —+P+~ are
used to trigger the spark chambers, as described in the text. The
target is 4 in. of polyethylene and together with C2, K, and B3 is
located in the bore of the pulsed magnet. C1 is a gas Cerenkov
counter used to separate E from m to electronically. All other
components are defined in the text. The logic for triggering the
s arit chambers was (B2)(C1)(B3)(K) (C2) (AP YES) (AP ANTI)

(S1—S12, L1—L6) &3jt (S1—S12) &1/.

TABLE I. Properties of the separated E=meson beam.
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Fxo. 1. Layout of 1,8-GeV/c E beam used in the experiment.
See text and Table I for a description of the beam. The final focus
is located at the pulsed magnet. Also shown is the general arrange-
ment of the detectors and the optical system,

4 O. R. Sander, thesis, University of Washington, 1969
{unpublished).
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B. Exyerimental Arrangement and Detection

The high-momentum forward-going 's had amean
path for decay of around 7 cm. The physical length of
the solenoid magnet could not be made less than 20 cm
without sacrificing either field or acceptance solid angle.
The polyethylene target for the ™production was
therefore placed inside the solenoid, permitting the ob-
servation, in a downstream spark chamber, of both the

decay and the subsequent A decay. The E+, which
typically leaves the target at 90', thus could not
escape from the magnet. Its presence, with a coarse in-
dication of its direction, was signaled by one of four
counters, each covering 90' of azimuth. ' Figure 2 shows
an exploded view of the experimental arrangement. The
four azimuthal counters are indicated by the dashed
line labeled K.

The rest of the trigger logic demanded that the be
an unaccompanied particle with velocity less than
0.85c, and that there be exactly three charged particles
downstream, of which at least one was near the beam
axis. The latter criterion, suggested by the kinematics
of ~m +A, h~vr +p, was studied by Monte
Carlo methods, and a wheel of counters was designed
on the basis of this study. In Fig. 2 the 12 inner counters
and six outer counters can be seen at the left (S1—S12
and L1—L6). The tests on the, which wa, s expected
to have a /=0. 8, were made by a small threshold
Cerenkov counter (C2), of fluorochemical FC75, which
rejected relativistic pions with 95% eKciency, and a
dE/dx scintillation counter AP YES, which required
that one particle be present but gave a veto if the pulse
height was as large as that of two minimum-ionizing
particles.

The trigger criteria were effective in responding to
events while reducing' the rate from the far more

copious products of E p and E n interactions. How-
ever, the requirements imposed on the decay products
caused some correlations in the data. These were studied
by Monte Carlo methods and are treated in Sec. IV.

In Fig. 2 the optical spark chambers which provided
the data of the experiment are labeled SC1—SC5. The
instantaneous rates in these chambers were high (the
Bevatron beam pulse was matched to the duration of
the magnet pulse); the two in-beam chambers were
supplemented by a counter hodoscope (not shown)
which selected the correct incident E track if more
than one track occurred in the spark. chambers. Photo-
graphs were taken with a specially constructed four-lens
camera with fast shutters. This camera took up to four
pictures per pulse on 30&70 mrn format, with 10 msec
dead time between pictures.

Figure 3 is an example of a ™decay event.

'A more complex E+ detector, including a cylindrical spark
chamber coaxial with the target, was tried but was not successful.
There was inconclusive evidence that spark formation was in-
hibited by the strong transverse magnetic Geld.

J. W. Humphrey, thesis, University of Washington, 1969
(unpublished) .

C. Magnet

The pulsed magnet system was an improved version
of the system used in the Z+ magnetic moment experi-
ment. ' It provided a usable volume 9.4 cm diam)(13 crn
long, a peak. field of 170 kG for most of the experiment
and 180 kG- in the last phase, and a pulse length of 60
msec full width at half-maximum (FWHM). ln addi-
tion, this magnet was extremely reliable. At the end of
the experiment, after 2.6&(10' pulses, it showed no evi-
dence of deterioration.

Figure 4 shows a drawing of the magnet. It is a single
Rat helix of 22 turns, inner diameter 10.4 cm, outer
diameter 24.8 cm, cut from a single billet of heat-
treated high-conductivity chrome copper (0.8% chro-
mium). A hardened-steel shell and end plates contained
the coil, which was insulated with melamine-formalde-
hyde-impregnated 6berglass. Cooling was by axial water
Qow along the inside and outside surfaces of the coil, at
65 gal/min.

The long duration of magnetic field was obtained,
despite the low inductance of the coil (36 pH), by dis-
charging a high-C low-voltage bank of electrolytic ca-
pacitors through the coil. .The 10 000 capacitors had a
total capacitance of 17 F and operated at 310 V. Diodes
across the capacitors carried the current during the
reversed-voltage portion of the pulse, so that the entire
stored energy, 0.8 M J, was deposited in the magnet. The
repetition period used was 11 sec, corresponding to
every second Bevatron pulse.

Figure 5 shows the time variation and space variation
(along the axis) of the field. The entire field was care-
fully mapped, and the integral of field along the path
was numerically computed for each . The origin of
each path in the target was determined from the inter-
section of the fitted ™and E direction. The instan-
taneous value of the field for each event was obtained
by recording, within one msec of the trigger signal, the
integrated voltage from a pickup coil permanently
mounted in the bore of the magnet. A digital display of
this voltage appeared on the frame in which the event
was photographed. The over-all accuracy of the mag-
netic field determination was 4%.

III. SELECTION, MEASUREMENT) AND
FITTING OF EVENTS

A preliminary run, with no magnet and with "auxil-
iary spark chambers" to measure the E+ direction, was
scanned for ™events and measured on projection
microscopes. From the asymmetry observed in the cor-
relation between the h. momentum and the production
plane normal, we found the polarization P=+0.55
~0.29. A later, more refined analysis reduced this to
+0.32+0.24. The sign and magnitude were consistent
with the (fragmentary) bubble-chamber data, and the
decision was made to accept 1.8 GeV/c as the operating
beam momentum. As is shown below, the final sample
polarization was lower.
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FIG. 3. Example of cascade decay event seen in spark chambers SC3, SC4, and SCS. Cascade enters from left and
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During the actual running, data were taken with both
directions of the magnetic field, and with zero 6eld. A
total of 5)& 10' pictures was obtained. From this sample,
4564 pictures were found which appeared to contain a
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decay and a subsequent A. decay. The events were
reconstructed by MUxIA, a CDC 6600 program written
by one of us (HR). Using the slopes and intercepts of
the measured spark chamber tracks, MUXIA. recon-
structed each event in four steps:

(1) Mvxrx first 6tted the tracks of the and the
tracks of the charged decay particles of the and A.,
subject to the constraints imposed by copunctuality
and coplanarity. This portion of the program employed
the techniques of the UCRL fitting program GUTs. A X'
for the 6t was calculated. If the Qt converged to a X' less
than 100 (four degrees of freedom), MvxrA proceeded to
step 2. Otherwise MUxIA rejected the event.

(2) The kinematics of the decay were examined
and appropriate kinematical variables were fitted. If
the fit converged, Mvxrx proceeded to step 3. (In this
and the following steps, a htting procedure similar to
that used by the CERN Gtting program GRIND was
employed. )

(3) Using the " momentum calculated in step 2, the
production kinematics were examined, and appro-

priated variables were fitted assuming the target par-
ticle was a free proton. The fitting program provided
the momenta K, R, A., p, and the integral J'B dl along
the path of the ™for ™rswhich satisfied reasonable
production kinematics and therefore were largely pro-
duced on free or quasifree protons.

(4) The kinematics of the entire event were ex-
amined, and the kinematical variables were adjusted
for best fit.

The reason for this series of fits is computing eK-
ciency, The procedure outlined above allowed MUXIA

to calculate an initial guess that was reasonably close to
the final result. Convergence at each step was obtained
after about four or Qve iterations.

Of the 4564 events that satisfied our scanning criteria,
3381 survived our fitting program. The fitting program
did not include the fact that we knew which E counter
the E+ triggered. When we demanded that the calcu-
lated azimuthal intersection of the E+ trajectory with
the ring of E counters be within 60' of the center of
the triggering counter, and made a c.m. angle cut, we
were left with a sample of 2724 events which had a c.m.
angle between 10' and 80'. Restricting the c.m. angle
to (20-80)' was found to improve the polarization.
After this cut, the sample consisted of 2433 events, as
follows: field downstream, 690; field upstream, 786;
zero Geld, 957.

The number of candidate events found agrees with
our calculations using the bubble-chamber cross sec-
tions. 2 The rejection rate is also reasonable since the
calculations indicate that somewhat more than haH the
events are either ™from carbon or ™*from carbon or
hydrogen.
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and
4xrIg~(cos8)dQ=$1+nPA N)dQ

4xrI„~(cos8')dQ=$1+ng(ssy+ s)I'P N jdQ,

(2)

(3)

IV. ANALYSIS AND RESULTS
A. Decay Distributions and Biases

The joint distribution function for the two-stage
decay of a ™with polarization I'N has the form

(4~)'I(NA, P) =1+n&P A+I (nA N+n, P [(~ N)A

+PNXA+y3. &&(N&&A) j) . (1)

The directions are dined in Fig. 6. The presence of a
magnetic field causes the polarization direction at
decay to be shif ted from the production normal
Ns= g'

&& )/~E && ~. For our experimental con-
ditions with nearly parallel to the magnetic field, the
effect is to precess the spin direction about as an
axis through an angle proportional to the ™magnetic
moment and to the integral of the 6eld along the
trajectory.

The distribution of detected 's differs from Eq. (1)
because of biases introduced by the experimental appa-
ratus. These biases can be represented by multiplying
the decay distribution by an efIiciency function
E(N,A,p). A rather elaborate Monte Carlo model of the
experiment was studied to discover sources of biases and
to compute the efFiciency function. '

To simplify the analysis, we chose to look at projec-
tions of the distribution function. In particular, con-
sider the distributions

I@0

I20-
r

/

l00—
(/)

LU 80-
LLI

LL
O

w 60-
CQ

//
/

/J
rri~~r

20-

0
- I.O -0.6 -0 2 0 02

A tu

0.6 1.0

FIG. 7. The hisotgram presents the experimental data as a func-
tion of A N for the zero-held events. The solid straight line is the
expected distribution for our value of aP and no bias. The dashed
curve is the distribution expected when the Monte-Carlo-calcu-
lated biases are taken into account.

where nz is the A-particle decay parameter, cose=A. N
and cos8'=P N, and I(cos8)dQ is the probability that
one vector lies in dQ at polar angle 8 from the other.
Equation (2) is the familiar decay asymmetry, while
Eq. (3) contains information from the A decay about
the magnitude and direction of the ™polarization.

A A

X=A'
Y = N x A'ilNxA'I

Z =XxY

n, * a

y~= Nx

N=Kx /IKx l

y~
=NxK

FIG. 6. Dehnition of vectors used in text.

' Y. Ueda and S. Okubo, NucL Phys. 49, 345 (1963).

The bias effects are most noticeable in the distribu-
tion of Eq. (2). Our data for the zero-field events are
shown in Fig. 2, along with the straight line which
would be expected for our value of aI' and no bias; the
loss of events near A. N=O is clearly evident. The
dashed line is the distribution expected when the
Monte-Carlo-calculated biases are taken into account.

The distribution of Eq. (3) was less severely distorted
by bias effects.

According to the Monte Carlo calculation, the
reasons for the observed biases are (in descending order
of importance) as follows.

(h. N): (1) The pion from the decay stops in the
spark-chamber walls; (2) the A decays too far down-
stream to be detected by the spark chambers; (3) the
pion from the decay misses the downstream array of
counters.

(p N): (1)A hyperons whose decay proton is directed
toward the beam line may not be detected because the
decay pion and proton have a tendency to hit the same
counter in the downstream array; (2) the pion from the
A decay stops in the spark-chamber walls.

From these studies we constructed, for each distribu-
tion, a one-parameter bias function E(8). We investi-
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27rIg(8g) =1+,'snP cos-8g,

2mI„(8~)=1+~'~en'(27+1)P cos8~,

(4)

(5)

where the angles 8q (8„)are between the projections of
A. (p) and the polarization direction N on a plane normal
to (h.).Use of these distributions rather than the space-
angle distributions result in a slight loss in statistical
accuracy but a large gain in simplification.

B. Polarization and Decay Parameters

The calculations showed that the apparent polariza-
tion of the ™sample would be affected by the presence
of the magnetic Geld. Therefore P was determined from
the data with zero Geld, comprising 957 's. The efli-
ciency functions depend to some extent on the values
of o. and 4; the values used are consistent with the re-
sulting values, and (in the case of n) consistent with the
previously known value.

Two essentially independent distribution functions
give information on the polarization. One involves the
parameter e and the other the parameters y and nq.
One also finds independent information on the parame-
ter o, from the intensity function which depends on

A,
47rI„g(p Ii.) = (1+nnpp A), (6)

which is independent of P. Thus this particular distri-
bution may be used for analyzing the nonzero- as well
as zero-Beld data. '

A maximum-likelihood analysis using the joint dis-
tribution function

gated E(8) for the A. .N and p N distributions, assuming
the decay parameters e= —0.4, C =0, o.z ——0.646, and
various values of the ™polarization P. We found that
under these assumptions the polarization measurement
should not be affected by our biases, provided no mag-
netic 6eld was present. The decay-parameter measure-
ments, however, were found to depend on the biases,
and our results for these parameters depend to some
extent on the accuracy of these calculations.

The eGects of the magnetic field on detection effi-
ciency were also studied, and bias functions for the two
held directions and for the relevant distributions were
deduced. The most useful distributions for the magnetic
moment analysis are the two "projected-angle" in-
tensity functions

E(8) on the likelihood function is to introduce a nor-
malization function which depends on the parameters.
For example, I&~ will be modified by a function
qq~(n, P) such that q~~fE(8)(1+nP cos8)dQ= 4s..
Details will be found in the thesis of one of the authors. '
The likelihood function actually used for these distri-
butions, which we will call method A, was

w=Q 1n/(1+nPL; N;)(1+nngh; p;)qg~qzp)

+Q int (1+oniihi. p,)v)pi ),

where M = 957=number of Geld-off events, and
M'= 1476=number of field-on events.

A separate analysis was made for P and C, with zero-
field data only. Using the method described by Koch, '
the distribution function for the angle

/=tan '(p Z/p V)

can be found. It is

27rI~(P) =1+(~~7r)'nqP(P cosf+y sing). (7)

A likelihood function was constructed as above, using
only the M field-off events and a normalization function

qp. To express P and y in terms of C, the n from method A
was used. We will call this method B. Results from the
two analyses are given in Table II. The information on
P from A. decay, method 8, is nearly independent of the

decay information, method A, and we combine the
two as independent to 6nd P= 0.19~0.09.

The disappointingly small value of P led us to make
a measurement, at the end of the experiment, in which
the magnet was removed and spark chambers placed so
that the E+ direction could be measured, thus sharpen-
ing the production kinematics and the determination of
N. The result, with 164 's, was P=0.19&0.20.

Our value of P, while much less than that indicated
in earlier bubble-chamber work, ' is only i standard
deviation below that suggested by the recent compila-
tion of Dauber et al."

TABLE II. Results of the analysis for polarization
and decay parameters of ™.

Ig~(AN)I~p(p A).
for the zero-field data and

I„g(pIt)

for the nonzero-Geld data was carried out to find values
for P and n. The effect of the calculated bias function

This work, method A
This work, method 8
Dauber e$ al. , Ref. 10
January 1969 compila-

tion, Ref. 3

0.11+0.14 —0.383 +0.065
0.25 &0.12

—0.39 &0.04
-0.41 +0.04

( —26 &30)'
( —14~11)'

( —3&9)'

8 The bias calculation shows that this is true even in the presence
of bias eftects.

W. Koch, CERN Report No. 64-13 (unpublished).I P. M. Dauber, J. P. Serge, J. R. Hubbard, D. W. Merrill, and
R. A. Muller, Phys. Rev. 179, 1262 (1969).
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C. Magnetic Moment

The primary purpose of this experiment was to mea-
sure the magnetic moment of the ™. However, the
polarization of the sample proved to be only 2 standard
deviations from zero, so that despite the nearly 1500
events and high magnetic Geld, the magnetic moment
determination is only marginally meaningful.

Analysis of the data for the magnetic moment is
greatly simplified by the fact that the vector X )&~™,
and thus the initial spin axis, was nearly perpendicular
to the magnetic Geld, and the trajectory of the ™devi-
ated from being parallel to B by only 9' on the average,
18' maximum. Thus the spin motion was, to a good ap-
proximation, a precession around B, the precession angle
being given by

70-

60-

m 50-
Cr

30-

20- IBO 0

Og, (IN DEGREES)

I80 -I80
t

0

ep (IN DEGREES)

180

0~= -- B dl=—pF,
PyM„c'

where p is the magnetic moment in units of eh/2M„c,
the nuclear magneton. "For a typical J'B dl in our ex-

Fxo. 8. Experimental data as a function of the projected angle»
(a) gq and (b) g„(seeSec. IV 8 for definition of Hg and 8„).The
solid curve is the expected distribution as derived from the Monte
Carlo calculation using our values for nI' and p, g, and employing
the appropriate bias correction.

TAsLE III. Results of the magnetic moment analysis,
in nuclear magnetons.

Magnetic
moment

+2.0
—4.8&4.6

+1.6
2.0&1.6
2 7 2 5+3.0

+1.2 1
+1 5

—0.1~2.1

Projected-angle
distribution

A
A
ga
Proton
Proton
Proton'
Combined'

Field
direction

Upstream
Downstream
Combined
Upstream
Downstream
Combined
Combined

a It should be noted that the error of the combined result is larger than
the individual errors from either the proton or h. projected-angle distribu-
tion. This results from the correct likelihood analysis as discussed in the
text (see Sec. IV C).

a detection asymmetry which has a screw sense (e.g. ,
two successive azimuthal asymmetries). Any such
asymmetry which is not field dependent will cancel out
when the sample consists of equal numbers of field-
parallel and field-antiparallel events. We thus expect
that even without the efGciency calculations there is a
first-order cancellation of spurious effects. The efficiency
calculations, which agreed well with the field-off data,
included all field-dependent effects we could find. The
only signiGcant one was an enhanced absorption of the
x from ™in the spark-chamber wall when the field
bent the x away from the axis; the effect of this proved
to be small compared with the statistical error.

The four likelihood functions had the form

periment, corresponding to B=100 kG, 0~ would be
9.6 for p= 1 p~.

We have used the projected-angle distribution,
Eqs. (4) and (5), modiGed by the (assumed) spin rota-
tion and the appropriate bias functions to form the
likelihood function for magnetic moment analysis.

These two distributions have quite different bias
effects, as shown in Figs. 8(a) and 8(b), so it is a measure
of consistency to intercompare them. For the actual
values of the decay parameters, the two are nearly
statistically independent (this ca,n be seen, for instance,
by comparing the results for I' from the joint distribu-
tion function with the results from the two distribu-
tions, combined as though independent). We therefore
found separate maxirnurn-likelihood solutions for each
distribution, and for each of the two field directions.

An apparent spin rotation, and therefore a spurious
value for the magnetic moment, can be introduced by

ro=Q ln(I 1+RE cos(X;+pF;)jiI), (9)

where X; is the appropriate projected angle and I'; is the
magnetic Geld parameter Lsee Eq. (8)] for the jth
event; 3 is the appropriate asymmetry parameter, with
polarization I' constrained to have the value found in
the no-Geld data"; q is the normalization function, and
p, is the magnetic moment in nuclear rnagnetons. The
results of maximizing these are shown in Table III.
Likelihood curves for the A.— and p-projected distribu-
tions (Geld directions combined) are given in Fig. 9.

The results for the two field directions are seen to be
reasonably consistent. Also, the result combining all
four distributions, p= —(0.1&2.1) pN, is consistent
with the combined result we obtained with eo egciency
function included, p= —(0.8&1.8)p~. However, the A-

"The small corrections to this approximation are studied by The value of I' found from these distributions was actually
Sander (Ref. 4). 0.13, intermediate between the two values of Table II.
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bined" values in Table III are not directly related to
the quoted errors, which are simply half-widths at
m= x, , —0.5; they are obtained by adding likelihoods,
so that the A distribution, which has a non-Gaussian
likelihood curve, gets less weight than the p distribu-
tion. ) We have not been able to account for this
apparent lack of consistency, but we note that the sta-
tistical method used, combination of likelihoods, auto-
matically gives a value for the error which takes the in-
consistency into account.

V. CONCLUDING REMARKS

The value found for the magnetic moment,
—(0.1&2.1)p~, is scarcely more than an indication that
the moment can be measured, and that it is probably
not large. It will be recalled that the SU3 prediction'3
is —(pu+p~) = Q9IJx-

The value for the asymmetry decay parameter,
0,= —0.383&0.065, will lower slightly the world-average
value of —0.41+0.04. The value for C, (—26~30)',
has a considerably larger error than the world average,
(—3&9)', so it serves only to confirm that y = (1—n')'t'
Xcos4 is positive, that is, 5 wave predominates in the

decay.
In general, our expectations that the would be well

suited to spark-chamber measurements of the decay
parameters and magnetic moment were confirmed.
Better information on C and the magnetic moment will
await the discovery of production conditions under
which the has a large polarization.

FrG. 9. Likelihood versus the value of the magnetic moment.
Solid curve, labeled 8"I„is obtained from the distribution in gg
involving the h. momentum. The dashed curve, labeled Wp, is de-
rived from the joint distribution in 8„and0~. Both signs of mag-
netic field are included in all curves.

and p-projected-angle distributions disagree by an
amount larger than one would expect. The X' of the four
results in Table III, if the true value is —0.1 p~, has a
probability of 0.02. (It will be noted that the "com-
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