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The sample of 51 high-information Zp events has a mean rotation of 32 per event and
gives no evidence of bias; it yields pZ+ =+3.0+1.2 p& and eP =+0.85 +0.25 in the direc-
tion & x&Z. All magnetic field components along the path of each Z have been consid-
ered. The use of nuclear emulsion enables one to include the effects of the Zp c.m. an-
gle on detection efficiency, and thereby on the calculated value of pZ+.

This communication includes the data present-
ed in the first determination of p, &+,

' which
will be referred to as I. The statistics have
been improved, significant changes made in
the data analysis, and approximately equal num-
bers of events obtained from exposures made
with opposite signs of magnetic field. The val-
ue of field reversal in Z+ moment experiments
has been shown in the spark chamber experi-
ment of Cook et al. ,

' who obtained values of
0.0 and +4.0 p, & for opposite sign of field be-
fore bias correction. They have pointed out
that field reversal enables one to identify sys-
tematic biases and claim that the final result
is relatively insensitive to such biases if field
reversal is used.

Ilford K-5 emulsion stacks and a CH2 target
were placed inside a pulsed solenoide with a
measured axial field uniformity of better than
2'%%uo over the experimental region. ~ The mag-
netic axis of the solenoid was aligned with the
photon beam to within a milliradian, thus we
have IB PyI) 0 9998 for all portions of the sig-
ma path in the field. The 1.5-BeV bremsstrah-
lung beam from the Caltech electron synchro-
tron was collimated to a 3-mm diameter at
the CH, target, and the emulsion exposed as
described earlier. ' Several exposures have
been made at fields between 108 and 125 kG,
with the magnetic axis aligned both parallel
and antiparallel to the beam. The emulsions
provide a detector which is insensitive to the
magnetic field and which is the most precise
of all available detectors for the measurement
of angle and ionization changes.

The scanning criteria and methods of distin-
guishing sigma decays from background events
(mostly proton scatters) are described in I
and in the kaon paper. ' A sample of 51 Z+-P
+ ~ decays has been selected for the magnet-
ic moment analysis', their parameters are
shown in Table I. The experiment is designed
to detect high-information ZP events, whose

Table I. Parameters of the sigma sample.

Quantity
Average value/event

for 51 Zp events

Laboratory

BtZ'

KEZ

Zp decay angle

Z production angle

)P &
&& 8

~
(at production)

[o~ P~~(at decay)

Best Frame

117 kG

21.3 kG nsec

190 MeV

13.0'

17.5'

0.30

0.07

c (Precession angle)

~min emax

Missing mass

(Lifetime)

10'-90'

160 + 70 MeV

(0.96+0.35) x10 ~0 sec

magnetic moments have large precession an-
gles in the field. The statistical error is in-
versely proportional to &N', where e is the
mean precession angle and N the number of
events in the sample. Thus, this sample with
& = 32' has the same statistical significance
as a 450-event sample with & =11' and the same
polarization.

The assumption has been made in both of
the earlier Z+ magnetic moment experiments'&'
that the field components perpendicular to the
hyperon momentum can be neglected. Under
the assumption P& x 8 = 0, the sigma spin g&
rema ns perpendicular to its momentum pZ
and there is no transverse field component to
change the direction of the Z+ momentum. How-

ever, a Z+ moving at only 15' to a uniform
150-kG field sees a transverse field of 39 kG
along with the 145-kG parallel component. In

this experiment, although the incident beam
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is well collimated and can be aligned with the
magnetic field, the sigmas are produced over
a 30' range of laboratory angles. We have found
that neglect of the effects of transverse field
components can cause differences of one or
two nuclear magnetons in the calculated value
for p. &+ in this and the following experiment. '

One important simplifying condition which
holds at all points along the Z+ path is that

o ~ B=0.

This results from precise beam alignment along
the axis of the magnet and from the uniform-
ity of the magnetic field throughout the sensi-
tive volume. '

Since P~ &Bg0, the Z+ particle travels through
the field in a spiral path. The proton distri-
bution function and the kinematic detection lim-
its, however, depend on the sigma direction
P~ at decay. Thus, P~ at decay is used to
define the coordinate axes as follows:

x=P

8 =BXPzp

Flo. 1. Typical orientations of P&, Pp, p, and o&
relative to the coordinate axes. The vectors repre-
senting the directions of the sigma spin 0& and the
proton's momentum P& lie in the shaded planes and
satisfy the following relations: (1) &g Pg =cosy,
o'& Z = cosg sing, (2) P~ PZ

= cosg, Pp Z = cosy sing,
and E'3) 0~ .Pp = cosg cosy+ sing sing sing sing+ sing
x sing sing cos(.

y=g Xg~ (2)

Coordinates and typical orientations of P&,
Pp 8, and o& relative to these axes are giv-
en in Fig. 1.

This coordinate system has the advantage
that the kinematic detection limits are expressed
as a function of the single variable (9, the po-
lar angle between Pp and Pg. In earlier Z+

measurements, '& effects due to the 0 detec-
tion limits were neglected since it was assumed
that 0~ P~ =0.' In the general case, cr~ P~
g 0; hence the 8 detection limits result in a
proton bite which is not symmetrical with re-

spect to a plane perpendicula, r to a» the 8

detection limits therefore become important
in evaluating p, ~+. While the averaging of val-
ues of p, &+ with reversed field orientations
is helpful in reducing these effects, such pro-
cedures are not exact for finite angular dis-
placements due to transverse field components.

The 7072 computer program takes the mea-
sured directions and ionizations for each sig-
ma and its proton at the decay vertex and trans-
forms them to the rest system of the Z+, de-
fined by (2). The expected distribution of the
proton in this system has the form

f(g, nP, 8y) = [1+nP(P ~ cr )]/f f™x[1+aP(P~ o )]sin9d9dy,j p Z 0 8min p Z

where n is the Zp decay asymmetry parame-
ter oo = (0.960+ 0.067) ' and P is the average
polarization. The computer program simul-
taneously determines nP and p. &+ by a max-
imum-likelihood fit of the distribution. The
fact that & is constant and can be used in (1)
and (2) results in a considerable simplifica-
tion, namely, that irrespective of the sigma's
path the sigma moment p, ~+ undergoes a sim-

g =9.57 x106p

where p~ is in nuclear Bohr magnetons, B
is in kG, and t~, the time in magnetic field
in the Z rest frame, is in seconds. The total
rotation of o& relative to the coordinate axes
defined in (2) also includes a term resulting
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from the rotation of P~ about B (i.e., from
a precession of the coordinate axis as the par-
ticle moves through the field).

The kinematic detection limits, ~min and

&max, are determined from the observed 6I

distribution of the Z events. Reasons for the
existence of these limits are discussed in the
kaon paper. ' If the simple assumption is made
that Z)t) decays are uniformly detected over all
c.m. 8, then the same data lead to a value for
pZ+ approximately 1 p~ less than that obtained
using the measured detection limits.

Three separate tests were made to detect
possible systematic bias in scanning, but none
gave any evidence of such bias. The area scan-
ning used in I and the line scanning used for
the rest of the data are described elsewhere. '
The cp distribution at production (before spin
precession) provides a strong test for bias
according to Cook et al. ' The observed distri-
bution of c.m. y at production is compared
in Fig. 2 with the distribution predicted if there
were no bias. The agreement is excellent with
P(~pm) =90% for no bias. The second indica, -
tion that the sample is unbiased results because
events in the parallel and antiparallel field
orientations give values of p, Z+ which are in

surprisingly close agreement, differing by
only 5% for the same nP. In contrast, Cook
et al. had a 2:1 asymmetry in the equivalent

p distribution and got very different p. Z+ from
their two field orientations, before bias cor-
rections. The third test comes from a com-
parison of p, Z+ values measured using the pho-
ton and kaon reactions, since these reactions

16-

produce Z+ particles which have polarizations
of nearly equal magnitude but opposite sign.
This final check is discussed elsewhere, ' along
with the results of an independent measurement
of p&+ using the reaction K +P - Z++ v

In summary, the sample of 51 ZP events from
the reaction y+P - K++K' gives no evidence
of bias, and yields

+ =+3.0 6 1,2 p.

eP =+0.85+ 0.25,

where the positive direction of Z spin is defined
as PyxPZ The errors a e purely statistical
The symmetry of the likehood distribution in-
dicates that p, Z+ and eP are essentially uncor-
related at these values (Fig. 3).

It should be emphasize that this new deter-
mination includes the data in I, and should not
be averaged with it. One can, however, quote
the conclusions of I with increased confidence. '

"The anomalous moment of the Z+ has the same
sign as the charge moment and is comparable
in magnitude to the nucleon moments. " After
presentation of an independent measurement
of the Z+ moment, using the kaon reaction,
the measured values wi1.1 be compared with
various theoretical predictions.

The personnel of the Caltech electron syn-
chrotron mere extremely helpful when the ex-
posures were made, ' it would be difficult to
thank all who have made substantial contribu-
tions to this experiment. Professor R. F. Bach-
er and Professor R. I. Walker have provided
encouragement and support when needed. Dr.
O. Maloy and Dr. J. Mullins have been espe-
cially helpful and the overtime work of F. Scar-
lino is appreciated. At Vanderbilt, Dr. E. R.
Goza has made major contributions to this work
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FIG. 2. Azimuthal distribution of the Z sample.
The histogram shows the observed azimuthal distri-
bution of decay protons with respect to the sigma pro-
duction normal. The effect of magnetic moment pre-
cession has been removed. The solid line shows the
distribution expected if there is no bias.
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FIG. 3. The maximum-likelihood distributions of
p&+ and nP.
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and the scanning efforts of Mrs Anuradha Am-
tey, Mrs. Takako Davis, Mr. Chinkook Lee,
Mr. William May, and Mr. Jospeh Mulcahey
are especially commended.
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DETERMINATION OF THE Z+ MAGNETIC MOMENT
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A sample of 52 &P decays satisfying hydrogen-like production kinematics yields pg+
=+3.5+1.5 p~ and O.'P=-0.69+0.15 relative to PEXPg. The effect of all magnetic field
components along the Z+ path has been included, as well as that of the c.m. decay angle
on detection efficiency. The measurement of p~+ can be averaged with an earlier result
to give p~+=+3.2+0.9 p~, consistent with the prediction by SU(3).

The reactions +p —Z +s has certain unique
features which make it preferable to photon'
and pion' reactions for measurement of the
Z+ magnetic moment. The exothermic kaon
reaction produces highly polarized Z+ particles
at lower energies and larger laboratory angles
than those produced in the photon and pion re-
actions at equivalent laboratory momenta. Fur-
thermore, the Z+ cross sections are relative-
ly large, so that the Z+/background ratio for
the kaon reaction is well over an order of mag-
nitude greater than that for the other two re-
actions. The main disadvantage has been the
low intensity of separated, high-purity kaon
beams, but this situation has been improving
in recent years.

Recently, the F-20 separated beam of the
Brookhaven alternating-gradient synchrotron
(AGS) was modified to deliver about 10' K
(I'~= 1150 MeV/c) onto a polyethylene target.
This was the only suitable momentum where
polarization measurements were available at

the time of the exposure. 3 Two stacks of Ilford
K-5 nuclear emulsion were placed next to the
target, at 42 to the beam (Fig. 1). Compen-
sated coil windings in the magnet held the 150-
kG axial magnetic field uniform to 2%%uo over
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FIG. 1. Pulsed magnet and orientation of experimen-
tal apparatus.
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