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The polarization of Z° hyperons produced in an inclusive reaction has been measured for the first time. From a sample of
11 000 events produced by 28.5 GeV/c protons in the reaction p+Be—X°+X, the £° polarization has a value of +0.28+0.13 at
p.=1.01 GeV/c and x;=0.60. The polarization of 53000 A hyperons produced from 28.5 GeV/c protons in the reaction
p+Be— A+ X has also been measured in the kinematic range 0.64 < p, < 1.14 GeV/c and 0.42 < x;<0.62. The average A polariza-
tion is found to be —(.188 £ 0.024, consistent with previous results.

Since the discovery of large polarization in inclu-
sive A production at 300 GeV in 1976 [1] further
experimental effort has been directed toward both
expanding the knowledge of the kinematic depen-
dence of the polarization and searching for similar
behaviour in the inclusive production of other had-
rons. These efforts have yielded measurements of the
polarization in inclusive production of all the hype-
rons except the 0. Polarization has been found not
to be unique to the A, but in fact a universal feature
in inclusive hyperon production from incident pro-
tons, with the A, £+, £—, E-, and E° hyperons all
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exhibiting substantial polarization *!, The kinematic
behavior of these polarizations is quite similar with
the exception of the sign of the polarization. The 2 *
and X~ hyperons are produced with positive polar-
ization (defined to be in the Pueam XPhyperon direc-
tion) whereas the A, £, and E° ajre found to be
negatively polarized. We report here the first meas-
urement of the polarization of inclusively produced
Z9 hyperons.

The experiment (E744) was situated in the BS
beam line at the AGS at Brookhaven National Lab-
oratory. Since it is known that inclusive polarization
is not strongly dependent on energy, we chose to do
this experiment at an energy where the photons from
X9 decay are emitted at large enough angles to facil-
itate their detection. The apparatus has been

¥! For a review of polarization in inclusive production of hype-
rons see ref. {2]
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described previously [3]. A schematic view of the
apparatus is shown in fig. 1. A secondary beam of
particles was produced by steering 28.5 GeV/c pro-
tons from the AGS ontoa 0.25x0.25x 15.0 cm (0.50
interaction length, 0.43 radiation length) Be target.
From this secondary beam a 3.1 msrad solid angle
neutral beam emerged from a 1.8 m long collimator
embedded in a 3.71 Tm dipole magnet called the
sweeper magnet. The axis of the collimator, defining
the z axis of the spectrometer coordinate system, was
set at a 4° angle to the incident proton beam in the
horizontal plane., The y axis lay in the vertical direc-
tion and the x axis at beam left. The sweeper mag-
netic field was along the x axis. The field had two
functions: to sweep out unwanted charged particles,
and to precess the spins of the A hyperons traversing
the neutral beam collimator. By periodic reversals of
the field, biases in the polarization measurement were
controlled.

The particle detector was located downstream from
the sweeper magnet, following a 1.65 m He filled
region. The A momentum was measured through its
decay products, the proton and pion, using a mag-
netic spectrometer consisting of two analyzing mag-
nets. D6 set at 0.324 Tm for the momentum analysis
of the pion, and D7 set at 2.72 Tm for the momen-
tum analysis of the proton. Charged particle tracks
were measured using three banks of spark chambers.
A lead-glass calorimeter set below the aperture of the
rear spectrometer magnet determined the y energy
and position. By placing the calorimeter out of the
production plane, X° decays were selected which
transfer a large fraction of their polarization to the
A. The calorimeter was an array of 84
6.35%6.35x6.35x58.4 cm SF-2 lead-glass blocks
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longitudinal to the neutral beam covering a solid
angle of 2.61 msrad or 84% of the total solid angle
made available to the ¥ by the collimator aperture.
Each block was calibrated in an electron test beam
before and after the experiment.

The Z° trigger was formed by requiring the coin-
cidence of a A trigger with a y trigger. The A trigger
required a high-momentum positively charged par-
ticle passing through both spectrometer magnets in
coincidence with a second less energetic charged par-
ticle passing through the upstream D6 magnet. Trig-
gers from A decays inside the collimator were
prevented by a scintillation counter veto at the exit
of the sweeper magnet. The v trigger was the linear
sum of the energy deposited in the lead-glass array
with a 0.5 GeV threshold. Triggers from charged
particles striking the calorimeter were eliminated by
a veto counter in front of the array. The event trigger
was the logical OR of the X° trigger and the A trigger
prescaled by 64. On average 6 X 10® protons in a 1.2
s spill were incident on target producing 18 triggers
of which two thirds were X° triggers. The proton
beam intensity was kept at a level compatible with
high, stable spark chamber efficiency. Two tapes of
approximately 30000 events each required about
four hours after which the sweeper polarity was
reversed and the process repeated. Approximately
5x 10 X° triggers and 1.3 10° A triggers were
recorded on magnetic tape.

The data for each sweeper polarity were analyzed
separately *2. Good A events were selected by requir-
ing two charged particle tracks of opposite sign ema-

2 For a more detailed discussion of the analysis procedures see
ref. [4]
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Fig. 1. Plan view of the apparatus. The 28.5 GeV/c proton beam impacted the target at 4° to the collimator axis. Magnet D5 removed
charged particles to form a neutral beam. The charged products from A decay were detected with 28 planes of spark chambers situated
in three tables. Hodoscope arrays HFX, HM, and HR, and scintillation counters P, PP, and VETO were used to form the A trigger.
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Fig. 2. The Ay invariant mass.

nating from a common vertex with their vector
momentum sum pointing back to the target. A A was
defined to be an event within 5a, or 10 MeV/c?,
of the central value of the proton-pion invariant
mass. Background was less than 1%. After these
requirements 178 670 X° triggers and 95 255 A trig-
gers remained. For the Z° trigger sample the y energy
was determined by first finding the lead-glass block
with the maximum amount of energy in the array and
then summing its energy with that of the eight sur-
rounding blocks. Showers with maxima in an edge
block were discarded as were showers out of time with
the A trigger. To track the variation of the lead-glass
calibration constants during the experiment, run by
run calibrations were done by constraining well
defined X° topologies to the £° mass. The resultant
invariant mass distribution is shown in fig. 2. The y
energy resolution is 12% (RMS) for an average y
energy of 1.5 GeV. Measurement of the polariza-
tion of the A data provided an excellent check of sys-
tematic effects as it has been previously measured at
this energy. Parity conservation constrained the ini-
tial A polarization to lie in the *p direction. The
sweeper magnetic field then precessed the A spin by
an angle 2=41.6° £ 0.5° about the x axis, the direc-
tion dependent upon the sign of the field. The polar-
ization was found through the measurement of the
asymmetry in the proton distribution in the A rest
frame along z axis. The measured asymmetry is the
sum of a term reversing sign with polarity change,
o Pasin 2, and a term representing apparatus-

Fig. 3. The Z° polarization and the A polarization as a function
of p*. Also shown is the 4 polarization from ref. [7], from a sub-
set of their data using a Be target and 28.5 GeV/c incident protons.

induced asymmetries (“‘biases™). Biases were elim-
inated by subtracting the opposing polarity z asym-
metries. The probability of the proton being found
in a particular element of phase space d(cos 8.) is
given by

dN/d(cos 8.) =A(cos 8,)(1 + apPs, cos 0,)/2, (1)

where 6, is the angle the proton makes with respect
to the z axis, A(cos 8.) is the apparatus acceptance,
and a,=+0.642+0.013 [5]. The acceptance was
determined using a Monte Carlo hybrid technique
[6] in which all the kinematic parameters of the sim-
ulated A and its decay, except the cos 8, of the pro-
ton, are taken from the real events being analyzed.
A least squares fit of the Monte Carlo cos 6, distri-
bution to the real data was used to find the best value
of a,P.. The x* averaged over all analysis axes and
p, bins was 20.1 for 18 degrees of freedom. The
resultant polarization of 53 000 events, plotted as a
function of p, is shown in fig. 3. The errors are sta-
tistical. Shown for comparison are the results of Ray-
chaudhuri et al., [7] which was done ate the same
energy and with similar apparatus. Our results agree
with these as well as other results at different energies.

The polarization of £° must be measured through
the daughter A polarization. Parity conservation
requires that, if polarized, the £° be produced with
polarization along the y axis. The short lifetime of
the X° precludes any possibility of precession of its
polarization before decay where it transfers a frac-
tion of its polarization,
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Py=—(Ps-A)4, (2)

to the daughter [8]. Here A is a unit vector in the
direction of the A momentum in the rest frame of
the Z° The A, as it traverses the magnetic field of
the sweeper magnet, has its polarization precessed
by an amount 2=41.6° sin é about the x axis, the
direction dependent upon the sign of the magnetic
field, where ¢ is the angle the A polarization makes
with the sweeper magnetic field. The components of
the precessed A polarization in terms of the X°
polarization are

PAX= _(PZAy)Ax )
Py, =—(PzA,)(A,cos 2+ A sin 2) ,

Py, =—(PsA)(£A,sin Q+A4,5in Q) . (3)

Measurement of each component of the A polari-
zation provides a separate measurement of the sign
and the magnitude of the X° polarization diluted by
a factor (analyzing power) dependent on the A
direction cosines in the X° rest frame as well as the
precession angle Q.

The background in the £ data sample could not
be ignored. The composition of the background was
studied extensively and found to be A’s with random
v’s in the calorimeter. Analysis of the polarization of
the background indeed showed the same polariza-
tion to that found from the A data sample. The back-
ground has several adverse effects. The most serious
consequence is that the determination of the A
momentum in the X° rest frame will obviously be
incorrect as the very existence of a Z° rest frame is
meaningless for such events. This produces a dis-
tortion in the proton cos 0 distribution since to find
the proton momentum direction cosines in the A rest
frame both the A4 and the proton momentum must
first be boosted into the Z° rest frame before the pro-
ton is boosted into the A rest frame. The solution to
this problem is to boost directly the proton into the
A rest frame. This leads to an unwanted Lorentz
rotation, but it is small and may be neglected. Monte
Carlo studies show the average rotation is only 0.19°
with extremes of *1.50°. The determination of the
analyzing power also requires the knowledge of the
A direction cosines in the X° rest frame. The effect
of the background on this quantity was calculated by
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a Monte Carlo method as well as from the data. The
difference between the two is less than 2%. Finally,
the background affects the measured asymmetry by
directly contributing to the cos 8 distribution of the
proton.

Knowledge that the background consists of prompt
A events allows one to write the measured asym-
metry as the sum of three terms: an unknown asym-
metry due to the £° events, a known asymmetry due
to the background A events, and an unknown asym-
metry due to bias. The bias in the data was elimi-
nated in a manner similar to that done for the A
polarization analysis. Were the acceptance of the X°
decay products perfect, the average A polarization
before precession would be zero along the x and z
axes and — P5/3 along the y axis. The limited accep-
tance of the lead-glass array, 9% of 47 at 16.5 GeV/c
(the average £° momentum ), restricted the initial A
polarization to be constrained along a narrow cone
centered in the yz plane at an angle of 41° to the y
axis. The average precession angle Q from this initial
value was 40° for both sweeper polarities, resulting
in a component of polarization perpendicular to the
initial polarization which reversed sign with polarity
change. It is from this component that the measure-
ment of the polarization is made. The background A
polarization, on the other hand, is initially along y
and precessed to +42° in the yz plane according to
the polarity of the sweeper magnet.

The Monte Carlo hybrid analysis method. was
employed to measure the proton asymmetry, giving
a x? of 17.8 for 18 degrees of freedom. A total of
16 000 events, equally divided between the two
sweeper polarities, were analyzed. The prompt A
background was 31.5%. The X° polarization is +0.28
10.13 at an average p,=1.01 GeV/c and x;=0.60.
The error is statistical, but includes errors in the
determination of the background fraction and the
measurement errors for the prompt A asymmetry.
The background contribution to the measured asym-
metry is less than one third. Systematic effects were
studied as well as the effects of various cuts, none of
which produce any statistically significant change in
the result. The result is plotted in fig. 3.

Despite the large amount of experimental data and
the tantalizing behavior the data exhibit, a convinc-
ing theoretical explanation of inclusive polarization
is still to come. Various phenomenogical models have
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been proposed [9] to explain inclusive polarization,
all of which exploit the success the SU(6) static quark
model has enjoyed in describing the spin structure of
the hyperons. All of these models predict the X°
polarization to be opposite that of the A. Our result
is consistent with these models. Whereas the spin of
the A is entirely determined by the spin of the s quark,
the Z° has its spectator u and d quarks in a spin trip-
let state which can contribute along with the s quark
to the overall spin. If we assume that the polarization
of the X° is due solely to the polarization of the s
quark, the Z° should be produced with —1/3 the
polarization of the A. The observed X° polarization
is comparable to both Z* [10] and X~ [11] polar-
izations measured at Fermilab.

We remark that all of the A polarization results
previously reported are an underestimate of the true
A polarization as these experiments do not distin-
guish A’s from X° decay from directly produced Z’s.
We have measured the ratio of £° to A inclusive pro-
duction and find it to be 0.278 independent of p, [3].
Assuming the kinematic behaviour of the £° polar-
ization is similar to that of the measured A polari-
zation these results imply that the actual prompt A
polarization is greater by about 25%.
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