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Precision Measurement of the D Magnetic Moment
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Using a sample of 2.35 X 10 polarized A AK decays, we have measured the 0 magnetic
moment to be p, o- = (—2.024 ~ 0.056)p.~.

PACS numbers: 13.40.Em, 13.30.Eg, 14.20.Jn

The structure of baryons can be probed at long range
by measuring their magnetic moments. For example, the
ratio of the proton and neutron magnetic moments offered
early support for the quark model of baryons. There now
exist precise measurements of the magnetic moments of
the A [1], X+ [2,3], 2 [4,5], o [6,7], and [8—
10], as well as the [11] and P [3] antihyperons.
Together with the very precisely measured proton and
neutron moments, these measurements have been used
to test models of baryon structure [12]. Such models
have only been successful to the 10%%uo level, perhaps
because these baryons have a more complex structure than
expected. A measurement of the 0, magnetic moment
is of interest due to its simple valence quark structure
(three strange quarks with their spins aligned). Because of
this symmetry, and because the 0 has no light valence
quarks (u or d), this system is expected to have smaller
relativistic and orbital angular momentum corrections than
may be present in the octet baryons [13]. The only
previous measurement of the 0 magnetic moment [14],
to a precision of 10%, could not clearly differentiate
between models of baryon structure.

The traditional spin-precession technique for measur-
ing hyperon magnetic moments uses a beam of polarized
hyperons produced from proton interactions [1,15]. The
hyperon spin is then precessed in a magnetic field and
the final spin direction is measured from the asymmetry
of the distribution of the hyperon decay products. Unlike
the spin 2 hyperons, A 's produced by protons are unpo-
larized [16]. In this experiment polarized II *s were pro-
duced by using two different techniques: the spin transfer
technique from a polarized neutral beam (PNB), which
was used in the previous 0, magnetic moment measure-
ment [14], and a new technique that used an unpolarized
neutral beam (UNB) [17]. In both cases a neutral beam
containing A and hyperons, as well as y's, neutrons,

and Ko's, was produced by an 800 GeV/c proton beam
in the inclusive reaction p + Be ~ (neutral particle)
+X. In the unpolarized neutral beam mode, the protons
struck an upstream target at 0 mrad. The resulting par-
ticles passed through a collimator embedded in a sweep-
ing magnet with a field integral of 10.9 Tm. This neutral
beam was then targeted at vertical production angles of
~1.8 mrad on a second Be target to produce A 's primar-
ily by the reaction (A, o) + Be ~ I), + X. The polar-
ized neutral beam was produced by targeting the proton
beam at vertical targeting angles of ~1.8 mrad, producing
polarized o and A [18,19]. Since the sweeping magnet
field was perpendicular to the production plane, the spins
of the neutral particles were not precessed as they passed
through the channel. The 0, 's were then produced by
targeting the polarized neutral beam at 0 mrad. Table I
shows the average polarizations for each of these modes.
The 0 yield per incident proton for unpolarized neutral
beam production was roughly 3 times that for polarized
neutral beam production.

The II production target (Be, 5.14 X 5.28 x
147 mm3) was located 55 cm upstream from the spin-
precession —momentum-selection magnet. The magnet
was 7.315 m long with a field in the —

y direction. The
magnet was fitted with a curved brass and tungsten

UNB
UNB
PNB

—24.36 ~ 0.26
—17.48 ~ 0.17
—24.36 ~ 0.26

16.7
5.02
1.83

0.044 ~ 0.008
0.036 ~ 0.015

—0.069 ~ 0.023

TABLE I. The sample sizes and average polarizations mea-
sured for the three 0 samples used in this analysis. The
initial polarization is in the ~x direction in a right-handed co-
ordinate system defined by the 0 momentum direction (z) and
the vertical (y).

Production Precession field Sample size
method integral (Tm) 104 events
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channel [20], with a total bend of 18.7 mrad in the x-z
plane and a defining aperture of 5.08 X 5.08 mm. The
curved channel selected negatively charged particles with
a momentum range between 300 and 550 GeV/c when
the magnet was operating at a field of 3.33 T. The field
integral was measured to about 1% using a Hall probe
[14] and checked by measuring the magnetic moment.

The parent 0 and its charged daughters for the decay
A AK and A p ~ were detected using a spec-
trometer consisting of eight planes of silicon rnicrostrip
detectors (SSD's) with 100 p, m pitch, 12 multiwire pro-
portional chambers (MWPCs) with 1 and 2 mm wire
spacing, and an analyzing magnet consisting of two dipole
magnets which gave a defiection of 1.45 GeV/c to the
daughter p, vr, and K [21]. Signals from scintillation
counters and wire chambers were used to form a trigger
that required at least one positively charged and one neg-
atively charged track in the spectrometer.

This simple trigger produced a data sample which con-
tained 3.4% and 0.035% 0 with a spectrometer live
time of 70%. The approximately 1.35 X 10 triggers were
processed by a multipass off-line reconstruction program
which fitted the three-track, two-vertex topology with an
overall efficiency of 97% [17,20]. The events selected
were required to fit the topology of the parent/daughter
hyperon decay with the parent hyperon pointing back to
within 8 mm of the center of the target in x and to within
9 mm in y. 0 candidates were also required to have
a AK invariant mass between 1657 and 1687 MeV/c.
The ~ A~ decays reconstructed under the AK hy-
pothesis which satisfy that mass criterion occupy a small
range of decay angles in the A rest frame [22]. All
events in this range of decay angles were removed from
the data sample, which according to simulation studies re-
duced the background to 0.6% of the final 0, sample.
The predominant remaining background,
decays, determined to be about 2.4% of the final 0, sam-
ple based on the measured branching ratio [23] and the
detector resolution. The AK invariant mass is in Fig. 1

together with the expected distribution of 0, AK
events in our apparatus. The shape of the tails for these
simulated events was based on the measured resolution of
the A~ decays in the apparatus. The level of the
background from that distribution is less than 3%.

Assuming y~~- = +1, the vector polarization of the
A, P~, is related to the daughter A polarization, P~,
by P~ = P~ [22]. The A polarization was determined by
measuring the decay asymmetry of the proton in the A rest
frame [18]. This measured asymmetry was corrected for
acceptance by a hybrid Monte Carlo analysis [24]. The
resulting proton distributions were then fitted to a linear
function in cosO for each component of the asymmetry.

For a negatively charged hyperon H with spin 1 (in units
of R) passing through a precession field perpendicular to
the initial polarization, the precession angle relative to its
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FIG. 1. The AK invariant mass. The solid histogram is the
mass distribution for reconstructed Monte Carlo 0, events.
This histogram has been corrected for resolution using a
comparison between the data and Monte Carlo mass
distributions. The solid dots show the 0 mass distribution
for the entire data sample used for this measurement. The
final mass selection criteria are indicated by the arrows. The
difference between the tails of the distributions was used to
determine the background to the 0 sample.

Bdl,

P Pp cos4 j Pz. . Po. . sin@j
lj ~x;, Oz.,

(2)

momentum direction is given by

IH PH (1)
PmHc (2JI&p,~ )

where 4 is the precession angle in radians, e is the
magnitude of the electron charge, p = v/c, m~ is the mass
of the proton, p, & is the nuclear magneton, IH and p, H

are the hyperon's mass and magnetic moment, and IBdl
is the precession field integral in Tm. Because parity is
conserved in strong interactions, the initial polarization
direction must be perpendicular to the production plane.
In this case the measured polarization components are
given by P,- = Pocos+ and P = Pp sin@, where z is

parallel tother, momentum, y is the vertical, x = y x z,
and Po is the initial hyperon polarization at the target.
The precession angle is determined from the measured
components of the polarization by 4 = arctan(P, /P, ) +
n vr where n is an integer. The x and g components
of the polarization, shown in Fig. 2, were significantly
different from zero, while the y component for each sample
was consistent with zero. Table II gives the precession
angles and magnetic moments for the three samples for this
experiment as well as the two samples from the previous
experiment [14].

Using the three data samples of this experiment we
found p, z by minimizing
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TABLE II. The precession angles and magnetic moments measured for the three samples used in this analysis and the two samples
from the previous measurement of p,~.

Neutral beam type Precession field
integral (T m) (radians)

P, gy

(nuclear magnetons)

UNB
UNB
PNB
PNB [14]
PNB [14]

—24.36 ~ 0.26
—17.48 0.17
—24.36 ~ 0.26
—19.53 0.19
—14.77 ~ 0.14

0.88 ~ 0.17
0.65 ~ 0.43
0.88 ~ 0.32
0.58 ~ 0.42
0.34 ~ 0.46

—2.023
—2.03
—2.02
—1.96
—1.90

+ 0.065
+ 0.23
~ 0.12
~ 0.20
~ 0.29

with 4, given by Eq. (1). Po,, ts the initial polarization
which depends on the production method. P ,. and P, .

are the measured x and g polarization components, and
o- and o-, include uncertainties from P,, and P, .
The subscript i indicates the production method, and the
two precession field values are represented by the sum
over j. The observed polarization at the target depends
on the field integral, since the momentum spectrum of
the particles entering the spectrometer changes with the
field value. Minimizing the gz defined in Eq. (2) gave
pn- ——(—2.'024 ~ 0.056)pIv with a g of 1 X 10 for
two degrees of freedom. The uncertainty of the combined
result is obtained by varying p, & until the y defined in
Eq. (2) increases by 1. The uncertainty obtained by this
method agrees with expected statistical uncertainty from
combining the three measurements.

The systematic uncertainties of this measurement were
studied as a function of f), momentum (Fig. 3), decay
vertex position, and the various selection criteria (such as
the mass cut) used. The measured value of p, n- did not
vary within statistical uncertainty as a function of any of
these variables. The polarization of a sample produced

by a unpolarized neutral beam at 0.0 mrad was measured
to be Po „,d = (0.029 ~ 0.025), consistent with zero as
expected, since there is no clearly defined production
plane. Another internal check is provided by comparing
the precession angles of the unpolarized neutral beam
and polarized neutral beam data samples. Even though
the initial polarizations of these samples are in opposite
directions (Fig. 2), their precession angles with the same
precession field are the same (Table II). The stability of
the result with various levels of A~ and 0

backgrounds was studied both with Monte Carlo
simulation and by varying the selection criteria on the
data sample. The magnetic moment proved to be stable
with background levels up to 3 times higher than those
occurring in the final sample [21]. As a further check the

magnetic moment was measured for the 1.52 X 10
polarized A~ events from the polarized neutral
beam data using the same method as for the 0 events.
These events were recorded simultaneously with the
0 events. This measurement gave p, =- = (—0.6478 ~
0.0032)p,z, in agreement with previous measurements
[10,23]. Unlike the f1 events, events from the
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FIG. 2. The measured x and z polarization components for
the three data samples used in this analysis. It should be
noted that the initial polarization of the polarized neutral beam
(PNB) sample is in the —x direction, while the unpolarized
neutral beam (UNB) production initial polarization is in the +x
direction. The angle between the lines and the horizontal axis
is the precession angle.
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FIG. 3. p, ~- vs A momentum. The result of the constrained
fit is shown by the line; the uncertainty of the constrained fit
solution is shown by the shaded area.
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unpolarized neutral beam were not polarized so their
magnetic moment could not be measured.

The 0 magnetic moments were measured indepen-
dently for the three different conditions of this experiment
and those of the previous measurement agree to within
their measurement uncertainties. A linear fit for 4 as
a function of the precession field, constrained to include
4 = 0 for zero field, was used to remove the ambiguity
of the precession angle due to rotations by an additional
n~. The best fit for the points shown in Fig. 4 was for
n = 0 with a ~2 = 0.3 for four degrees of freedom; the
next best fit had g = 10 for n = 1.

Using the spin precession technique on polarized sam-
ples of 0, produced by both polarized and unpolarized
neutral beams, we have measured the magnetic moment
of the 0 to be p, ti- = (—2.024 ~ 0.056)p,z with no evi-
dence for any systematic error at the level of the statistical
uncertainty. This agrees with the previous measurement
of p, si- = (—1.94 ~ 0.17 4- 0.14)p,z. Combining our re-
sult with the previous measurement gives a world average
of p, ti- = (—2.019 ~ 0.054)p, z, including the systematic
uncertainty of the previous measurement. The line shown
in Fig. 4 corresponds to this value of the magnetic mo-
ment. This measurement disagrees with the static quark
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FIG. 4. The precession angle 4 vs the field integral f Bdl,
including the E800 data samples and the previous measure-
ments from Fermilab E756. The uncertainties shown are statis-
tical only. The line for the world average value p, n( —2.019 ~
0.054)p, z is shown. The line fit has been constrained to pass
through &9 = 0 for f Bdl = 0.

model value of —1.84p, N at the 3o. level and all other
models known to the authors which successfully predict
other magnetic moments. It is hoped that this measure-
ment will provide a stringent test for future models of
baryon structure.
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