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Polarization of Z+ and Z Hyperons Produced by 800-GeVlc Protons
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We have measured the polarization of 375-GeV/c Z+ and Z hyperons produced by 800-GeV/c pro-
tons incident on a Cu target. We find that the X+ polarization rises with increasing p& to a maximum of
16% at pt 1.0 GeV/c and then decreases to 10!o at pi =1.8 GeV/c. We compare this X+ polarization
with data at lower energies. The X polarization kas been measured for the first time. It has the same

sign as the X+ but smaller magnitude in a similar kinematical region.

PACS numbers: 13.85.Ni, 13.88.+e

The inclusive production of hyperons by high energy
protons [1,2] has provided us with copious sources of
hyperons with controlled polarization. These reactions
have a rich and complicated structure and the mechanism
responsible for the polarization is not well understood.

Studies [3-6] of the A and A polarization using 300-
and 400-GeV/c protons incident on a Be target at Fermi-
lab provided a benchmark for the comparison of other re-
actions. The A polarization was found to be zero [7,8]
in the forward direction (as required by rotational sym-

metry for production from an unpolarized beam and tar-
get) and decreased linearly to = —25% at a transverse
momentum (p, ) of =. 1.0 GeV/c. We use the convention-
al sign definition [9) for the inclusive hyperon polariza-
tion: A positive polarization is in the same direction as
the cross product of the incident beam direction with the
produced hyperon direction. At larger p, the polarization
was approximately constant. Although reliable theoreti-
cal predictions of their polarizations cannot be made at
these p, values, QCD predictions [10) expect it to vanish
at large p&. These experiments also found that the polar-
ization [2) was independent of the initial proton energy
and had little dependence on the target material.

The A polarization was found to be consistent with0

zero in the same kinematical regions that have significant

A polarization. These polarizations have generally been

attributed to peripheral mechanisms [11-17] in which

some of the proton valence quarks assimilate a strange
quark from the sea to form a polarized hyperon. The A

does not contain any of the valence quarks of the proton

projectile and that might explain the absence of polariza-
tion in this case.

The conjecture that the more quarks incorporated from

the sea reduces the produced hyperon polarization
seemed to be confirmed by measurements of the polariza-
tion [18-27] of Z —,:-,and 0 hyperons but apparent-

ly not [28] for = . However, recent measurements of:-
and:-+ polarizations [29,30] using an 800-GeV/c proton
beam incident on a Be target indicate that both are polar-
ized with the same sign and similar magnitudes. This
diff'ers dramatically from the behavior of the A /A sys-

tem and confounds the interpretation as being attribut-
able to peripheral mechanisms. In this experiment we in-

vestigated the Z+/Z system in the hope of shedding

more light on these polarization mechanisms. These
measurements [31] were performed as part of a Fermilab
experiment (E761) which was designed to measure the

asymmetry parameter [32] in the decay Z+ py.
Figure 1 shows the relevant parts of the E761 ap-

paratus [31-33] located in the Proton Center beam line
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FIG. 1. Plan view of the apparatus showing the incident proton beam, hyperon, baryon, and photon spectrometers.

at Fermilab and used in these measurements. The
configuration and experimental resolutions are the same
as in the asymmetry parameter measurement [32] and all
of these data were collected during that run. This study
used the Z+ px (Z px ) decay mode for analysis of
the Z+ (X ) polarization.

The apparatus, shown in Fig. 1, included a hyperon
spectrometer [one dipole magnet and three clusters of sil-
icon strip detectors (SSD)] and a baryon spectrometer
[three dipole magnets and four clusters of multiwire pro-
portional chamber (PWC)l. A photon spectrometer con-
verted photons in two 2.54-cm-thick steel plates (= 1.5
radiation lengths each) and measured the photon energy
in a lead-glass-bismuth-germanate (BGO) calorimeter.
There was a 76 x 76-mm hole in the photon spectrometer
(including steel plates and calorimeter) to allow the un-
decayed beam and the baryon through. This angular re-
gion was covered by a downstream lead-glass array.

Protons of 800 GeV/c were steered and focused onto
the hyperon production target. The charged hyperon
beam originated from a 1-interaction-length Cu target in
the upstream end of a 7.3-m-long hyperon magnet which
imparted a transverse momentum of about —7.5 GeV/c
to the 375-GeV/c hyperon beam. Dipole magnets up-
stream of the target (not shown in Fig. 1) could vary the
targeting angle over the range = ~ 5 mrad in either the
horizontal or vertical plane. This allowed for hyperons to
be produced, in a controlled manner, with their respective

polarization directions either parallel or perpendicular to
the vertical magnetic field of the hyperon magnet (Fig.
1). These two conditions correspond to no hyperon spin
precession or maximal spin precession, respectively, in the
hyperon magnet. The currents in all of the magnets
shown in Fig. 1 could be reversed, thus allowing selection
of a positive or negative beam.

The trigger consisted of scintillation counters in each of
the three spectrometers. A hyperon candidate was de-
fined as an event with a particle in the incident beam and
a baryon candidate detected by a scintillator signal in a
region where protons (antiprotons) from Z+ (X ) decay
were expected. The trigger also required a combination
of scintillators in the photon spectrometer indicating the
conversion of a photon in the steel plates, and the detec-
tion of & 5 GeV in the photon calorimeter. The photon
spectrometer information was used in the trigger but was
not used in further analysis for the physics presented
here. The geometrical acceptance of the apparatus was
= 85% for Z+ px and Z ~ px which decayed in a
decay region (Fig. 1) defined from SSD3 to PWCA.

The mode [34] responsible for 52% of the Z+ decays,
Z+ pz, was identified by measuring the vector mo-
mentum of the Z+ in the hyperon spectrometer and the
proton in the baryon spectrometer. This decay mode has
a large asymmetry parameter [341, a= —0.980~0.016,
making it a sensitive analyzer of X,

+ polarization. In the
negative beam the identification of the X px was ac-

TABLE I. Experimental data.

Mode

H
H
H
V
H
H
H
H
H
H
V

Particle

Z
Z
Z
Z
g+
g+
g+
g+
g+
g+
g +

(Angle)
(mrad)

~ 2.8
~ 1.8
+ 0.9
+ 2.9
+ 4.8
&43
w 3.7
~ 3.7
+ 3.3
~ 0.9
+ 2.9

Events

28957
23 630

1554
11 806
23 744
23 173
43 225

12573218
20 351
14134

249863

&p, &

(GeV/c)

1.07 ~ 0.09
0.68 ~ 0.09
0.33 ~ 0.10
1.07 + 0.07
1.80+ 0.07
1.64+ 0.07
1.40 ~ 0.07
1.40 ~ 0.07
1.24 ~ 0.08
0.35 ~ 0.10
1.08 + 0.07

Polarization

0.068 + 0.011
0.088 ~ 0.011
0.048 ~ 0.045
0.072+ 0.017
0.104 ~ 0.011
0.112+0.012
0.112~ 0.010
0.124+ 0.001
0.131 ~ 0.012
0.106 ~ 0.015
0.163 ~ 0.004
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complished in a similar manner. We assume [35] the
masses of the hyperons are the same as the antihyperons
and their asymmetry parameters have identical magni-
tudes but opposite signs.

Approximately equal amounts of data were collected at
pairs of targeting angles as shown in Table I. The target-
ing angles were of equal magnitude but opposite signs,
thus allowing the polarization to be periodically reversed
to separate the asymmetry (the asymmetry is the product
of the asymmetry parameter a and the polarization) from
instrumental biases. In Table I we include Z+ and Z
data from both horizontal (H) and vertical (V) targeting.
The measurement of the asymmetry parameter [32] in

the decay X+ py included a large data sample of
Z+ pz decays which we also used for a measurement
of polarization at + 3.7 mrad. Events were reconstructed
assuming the incident particle was a Z+ and the trajecto-
ry in the baryon spectrometer was that of a proton. The
decay position, z„, of the Z+ as well as e, the proton lab-
oratory decay angle relative to the Z+ direction, were
determined. Goodness of fit criteria on the proton and

0.20 &H-
&V

0.15- ~ H ++~ vC
O

~ %+I

~ 0.10-
c5
O

0.05—

sr

hyperon tracks, a restriction that e) 0. 1 mrad, and a re-
quirement that the reconstructed vertex be in the fiducial
region were imposed on the event samples. Figure 2(a)
shows a mass squared distribution (M~) of the missing
neutral particle (X ) for the hypothesis Z+ pX after
the above 8 and z,, selections. The center and width of
the n signal are in agreement with the expected position
and resolution. Figure 2(b) shows the equivalent distri-
bution of the negative beam. The small background from
the kaon decays at high Mg and the even smaller back-
ground from radiative decays at low Mz do not sig-
nificantly aA'ect our polarization measurements. Howev-
er, the data of Fig. 2 were subjected to additional selec-
tion criteria. These included rejection of events where the
proton trajectory was near the edges of the hole in the
photon spectrometer and rejection of events whose recon-
structed neutral mass assuming a decay K+ x+z
(K z n ) was near the z mass. A final require-
ment was that the reconstructed missing neutral particle
(X ) be in the range 0.010 (Mg & 0.026 (GeV/c ) .
The final event sample is described in Table I.

In Table I the quoted uncertainty in the polarization is
statistical. We studied the sensitivity of our result to
variations of our selection criteria in e, M~, and z,, posi-
tion and angle in the beam phase space using our higher
statistics samples. These systematic uncertainties, which
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FIG. 2. (a) Event distributions of the mass squared of the
missing neutral particle (Xo) for the hypothesis Z+ pX for
all positive beam candidates. (b) Event distributions of the
mass squared of the missing neutral particle (X ) for the hy-
pothesis Z pX for all negative beam candidates.
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FIG. 3. (a) Comparison of polarizations for Z+ and Z as a
function of pi from this experiment. (b) Polarization of Z+ as a
function of p& and comparison with previous measurements at
400-GeV incident proton energy. Note that the E620 data are
from production on a Be target. The others use a Cu target.
All of these data are in the range 0.47 (xF (0.53.
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we estimated as 0.0032, were combined in quadrature
with the statistical uncertainty and are included in Fig. 3.
We treat the uncertainty [34] in the value of a(+ 1.6%)
as a scale factor in these measurements which is not in-
cluded in our stated systematic uncertainty.

From Table I, it is clear that both the Z+ and X, are
produced polarized. At similar values of p, the polariza-
tions have the same sign but diA'erent magnitudes. These
polarizations are plotted in Fig. 3(a) as functions of p, .
The horizontal error bar is the rms width of the p, distri-
bution at that production angle.

One can see the Z+ polarization increasing with p„
reaching a maximum at p, = I GeV/c, and then decreas-
ing. This is the first clear experimental indication that
high energy hyperon polarization decreases at large pt.
The Z polarization data are consistent with a similar
behavior.

How does the Z+ polarization depend on the incident

proton energy'? Comparisons with other Fermilab Z+ po-
larization measurements [18,19] are shown in Fig. 3(b).
In order to minimize the eA'ects of the xF polarization
dependence, we choose only data within the range 0.47
& xF (0.53 (xF being the ratio of the hyperon momen-

tum divided by the incident proton momentum). The
magnitudes of the 800-GeV polarizations are less than
those at 400 GeV indicating a clear energy dependence of
the X+ polarization in that kinematical region. This can
be seen from data which use only Cu targets (all but the
E620 data [19]). The two plotted E620 data points
would indicate a large xF dependence since they differ in

xF by only 0.05. Recent results [29] on the = also indi-

cate an energy dependence of the polarization. In con-
trast to the Z+, the polarization magnitude of the = in
creases as the incident proton energy increases from 400
to 800 GeV.

This experiment demonstrated that Z hyperons are
produced in high energy collisions with polarization of the
same sign though of smaller magnitude than that of Z+.
This observation is similar to the recent Fermilab results
[30] which showed that both:- and:- are polarized
with about the same magnitude. This would indicate that
the polarization of antihyperons is a common phenome-
non, and we should now turn our attention to why the A

are not produced polarized.
Our data indicate that the Z+ polarization at our ener-

gy starts to decrease at large p, . We have also shown

that the Z+ polarization magnitude decreases with in-

cident energy in contrast to the =, which increases [29]
with incident energy.

Clearly the A /A, :- /:-+, and Z+/Z systems exhib-
it a rich and challenging set of polarization phenomena
that cry out for insightful ideas.
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