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laws
Returning to the analogy between the Yang-Mills

and Einstein theories, one should bear in mind
that a single, spherically symmetric body cannot
rRdlRte grRvitRtionRl waves but R system of
bodies, moving under their mutual attraction, is
believed to lose energy because of gravitational
radiation. Is it true that, similarly, a system
of particles can radiate color, whereas a single
particle cannot? An approximate computation,
which will be reported in a forthcoming paper,
confirms this conjecture. It appears that radia-
tion of color by a system of classical point sourc-
es is associated with the noncommutativity of
their color charges, a phenomenon whose signifi-
cance was emphasized by Adler. '
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The magnetic moment of the " hyperon has been measured to be p-. o = —1.253+ 0.014
nuclear magnetons. A new measurement of p~ is also reported.

PACS numbers: 13.40.Fn, 12.40.Cc, 14.20.Jn

The magnetic moments of the members of the
baryon octet were first calculated under the as-
sumption of perfect SU(3) symmetry by Coleman

and Glashow, ' who obtained values for the static
moments, p.~, p,z+, pzo, p,z-, p-„o, p-„-, and the
transition moment, p», in terms of the magnetic
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moments of the proton and neutron. SU(6) sym-
metry subsequently predicted p„/p~ = ——,,

' in
good agreement with the experimental value, p„/
p~ = —0.685. The color-symmetric quark model'
specifies the spin configuration of the three
quarks (u, d, s) which combine to form the baryon
octet, and gives simple formulas for the baryon
magnetic moments in terms of the quark mo-
ments. ~ If the quark moments are assumed to be
proportional to their charges (p„=p, = —2p„),
then the Coleman-Glashow relations and the p„/
p, ~ prediction follow. The values of p. „and p~ can
be used to calculate p„= 1.85', „and p~ = —0.97'„.
[A nuclear magneton (p„) is equal to eh/2m~c,
where ~~ is the proton mass. ] In the simple mod-
el p, , = p. A. Early measurements of p.h' indicated
that (p, ~ &)p„(. The most precise result, g,
= —0.614',„,' confirms this. It is also in good
agreement with the value calculated with use of
the s-quark mass obtained from a gauge-theory
treatment of baryon mass splittings' if g = 2 is
assumed. Given p, „, p,„, and p, „precise meas-
urements of other baryon magnetic moments test
the validity of the color-symmetric three-quark
model.

Two published results differ from the predic-
tions of this model by 3 to 4 standard deviations.
For Z+, pz+ = (2.33+ 0.13)p„,"compared with
the model prediction of 2.67', ~. ' For =', a pre-
vious independent measurement gave p.o= (- 1.20
+ 0.06)p~,"whereas the prediction is —1.45'„.
The =' result was based on a sample of 40 000
A's from decays "'-Ap'. The daughter A' s
were selected on the basis of their spatial dis-
tribution, since the y rays from z' decay were
not detected.

In the present experiment, 270000 fully recon-
structed "'-Ap' events with an average =' mo-

mentum of 134 GeV/c were obtained by detecting
the subsequent p'-2y and A-pm decays. These
data were used to measure the inclusive polariza-
tion of ="s from P +N- " +X and to obtain a
precise measurement of p.o.

The apparatus and coordinate system are shown
in Fig. 1. The multiwire-proportional-chamber
(MWPC) spectrometer has been described previ-
ously. ""A 400-GeV proton beam produced .='
hyperons in a 6-mm-diam target. The angle of
incidence of the protons was varied from —10 to
+ 10 mrad in the vertical (Y-Z) plane by the mag-
nets, M 1. The hyperon beam was defined by a
brass collimator with a 0.5-mrad half angle cen-
tered on the Z axis. The collimator was em-
bedded in a 5.3-m-long magnet, M2, with a ver-
tical (Y) field which swept charged particles out
of the neutral beam, and precessed the hyperon
spins in the X-Z plane. A veto scintillation count-
er S1 defined the beginning of the decay region.

The charged products of the A-pz decay were
detected in a spectrometer (C1-C6, M3, S6).
Fast OR signals from the chambers were used
in coincidence to trigger the data-acquistion elec-
tronics. Separate signals from left and right
halves of C5 and C6 were used to detect positive
(P) and negative (N) particles downstream of M3.
The coincidence A =Sf C 1 ~ C5(N) ~ C6(P) ~ S6
yielded a high concentration (50@) of A, both di-
rect and from =' decay.

The y rays from p 2y were detected in an ar-
ray of 69 lead-glass blocks at the end of the spec-
trometer. An array of fast compa, rators was
used to determine the number of showers strik-
ing the glass. Chamber C7 was equipped with a
lead converter to improve the spatial resolution
for y rays which hit the glass. To avoid false
triggers from the proton from A decay, a 10&& 40
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FIG. 1. A plan view of the apparatus and coordinate system described in the text. For clarity, some features
are not drawn to scale. An event with a type-&1 trigger is shown. The coordinate system is right-handed with Y
ve rtical.
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cm' hole was left in the lead-glass array. Some
of the p struck the glass, and these were detect-
ed in the hodoscope, H„which suppressed cor-
responding signals in the comparator logic. To
increase the y-ray acceptance two scintillator-
lead shower detectors, S2-S5, were placed in
front of C3 above and below the aperture of MS.

Two samples of =' triggers were accepted;
one with the A trigger and both y's detected in
the lead-glass (the "G2" sample), and the other
with the A trigger, one y detected in the glass
and the second in one of the C3 shower detectors
(the "G1"sample). Simultaneously, a prescaled
fraction (», ) of A coincidences was collected for
normalization and calibration. The ='/A ratio
was about 2%.

Data were taken at production angles of 0, + 4,
+ 7.6, and+ 10 mrad, and with M2 field integral
values of + 8.93, +10.41, and + 13.46 T m. The
field integral was known to within 0.1% and its
setting was monitored continuously with a nucle-
ar-magnetic-resonance probe. Only ""swhich
passed through the full length of the field before
decay were accepted. Further details about the
data and the =' reconstruction are given by Cox."

If parity is conserved in the =' production proc-
ess the polarization vector, P-, is either paral-
lel or antiparallel to the direction k x k,„, at pro-
duction, where k. and k,„, are the momenta of
the incident proton and produced hyperon. The
magnetic field in the beam channel causes P- at
production to precess in the X-Z plane through
an angle

The o. . term is explicitly calculable for each
event. Its contribution, averaged over the accep-
tance of the apparatus, is small, and completely
cancels in the bias-elimination procedure de-
scribed below. Thus, P-„can be determined from

The A polarization was measured by the angu-
lar distribution of its decay proton. A hybrid
Monte Carlo technique' was used to simulate the
experimental acceptance and to extract the pro-
ton asymmetry with respect to X, V, and Z.
From these, P& and P~ were computed. The F
components were consistent with zero as expect-
ed.

Systematic biases in the polarization measure-
ments were eliminated by several methods. Da-
ta were taken at both positive and negative values
of the precession field (reversing the precession
angle), at both signs of the incident production
angle (reversing the initial polarization), and at
zero production angle (zero initial polarization).
Biases, measured and eliminated by these meth-
ods, depended on =,' momentum, but were inde-
pendent of production angle and precession field.

In each of six momentum bins there were 24
data points: twelve combinations of magnetic
field integral and initial polarization for each of
the two polarization components X and Z. The
G1 and G2 samples were analyzed separately and
found to be consistent. The results from the two
samples were combined. A least-squares tech-
nique was used to fit each set of 24 data points
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where Pc is the =' velocity, which equals c to
0.01%, and f 8 dl is the field integral over the
:-' path. Through this relationship, a measure-
ment of y from the direction of P~ after preces-
sion gives the magnetic moment.

The =' polarization was measured by relating
it to the daughter A polarization. The A polariza-
tion is approximately given by the expression

P p=n-0+y-„P-„,

where P~ is the A polarization, a-. = —0.412
+0.011,"y-„= 0.91+0.01, and 4 is the A momen-
tum direction in the rest frame. This relation
assumes time-reversal invariance and ignores
small terms which were found to be negligible in
the analysis. One can form the scalar product
Pz ~ n where n is X, P, or Z, center-of-mass co-
ordinates parallel to the fixed laboratory axes.
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FIG. 2. The magnetic moment of the hyperon mea-
sured for each of six momentum bins. Note suppressed
zero.
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FIG. 3. Precession angle vs field integral (+ 7.6-
mrad data) . The magnetic moment is proportional to
the slope of the fitted line.

with four free parameters: two bias terms (in X
and Z), P, and Iu 0. The fitted values of p, .o are
shown in Fig. 2. The weighted average is shown,

0= (- 1.253+ 0.014)p„with X' =2.1 for 5 d.f.
The average polarization was —0.108+ 0.006."

For each field integral, Fig. 3 shows the pre-
cession angle calculated from the measured X
and Z polarization components of the + 7.6-mrad
data. The least-squares fit straight line is
shown; it was unconstrained at the origin, and
the slope gave the value p, „o=(-1.252+0.022)p„
(X'= » for 4 d f.)
The value for the moment was stable against a

wide variation of event selection cuts to better
than 0.5g (half a standard deviation). Backgrounds
in the final sample were less than 1%." Unpolar-
ized background would affect P- but not p-. o. Sev-
eral hypothetical polarized backgrounds (up to ten
times the estimated true background), including
beam A' s, were forced into the fit without im-
proving y' or changing p „0.

The final result for the magnetic moment of the
is g-, o = (- 1.253+ 0.014)y,„, where the error is

purely statistical. " Systematic errors are esti-
mated to be less than the statistical error. A
new measurement of the magnetic moment was
also obtained from an analogous procedure ap-
plied to the beam A events. This gave p&
= (- 0.606+ 0.015)p„. The new world averages
are p 0= (- 1.250+ 0.014)p„and p~ = (-0.6129
+ 0.0045)p„.

The measured value of p, —.o differs from the
simple-quark-model prediction by (0.20+ 0.014)
& p, „, or fourteen standard deviations. Differ-
ences between precise measurements and the pre-

dictions of the simple model could arise from
relativistic effects, mass corrections, configura-
tion mixing, and contributions from nonvalence
constituents. """Some of these corrections
improve the agreement between theory and ex-
periment, but none is completely satisfactory.

Coleman and Glashow' predicted p. A
= —,'p. „and

p.o= p„. Neither relation agrees well with ex-
periment, but the ratio IL.O/@A=2 is in remark-
ably good agreement with the present result,
It -0/ p A

= 2.039 + 0.02 7.
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