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Polarization of J2 and V2 hyperons produced from neutral beams
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We have studied the polarization ofJ2 andV2 hyperons produced by high energy neutral particle beams.
An unpolarized neutral beam striking a target at61.8 mrad produced 1.43107J2’s with an average mo-
mentum of 395 GeV/c which were unpolarized, within a sensitivity limit of 0.007, and 2.23105 V2’s with
a polarization of10.04260.007 at an average momentum of 374 GeV/c. A polarized neutral beam striking a
target at 0.0 mrad produced 7.13105J2’s which had a polarization of20.11860.004 at an average momen-
tum of 393 GeV/c and 1.83104 V2’s with a polarization of20.06960.023 at an average momentum of 394
GeV/c. The polarized neutral beam measurement is in good agreement with a previous measurement. T
unpolarized neutral beam results are not understood in the context of the current models of hyperon polariz
tion. @S0556-2821~96!01323-9#
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I. INTRODUCTION

The polarization of hyperons produced from high ener
protons was first observed in 1976 forL0’s @1#. Since then,
polarization has also been observed inS1, S0, S2, J0, and
J2 hyperons produced by protons@2–6#. Although polariza-
tion appears to be a ubiquitous feature of high energy bar
production, there is as yet no explanation based on the
damental properties of the strong interaction. Several p
nomenological models have offered possible explanation
the polarization observed in hyperon production, but the d
covery thatJ̄1 and S̄2 antihyperons produced by proton
are polarized@7,8#, while L̄’s andV2’s are not@9,10# ap-
pears to contradict even the most qualitative predictions
the existing models@11–13#. Data on the polarization of
baryons produced by particles other than protons are sca
but may give some additional insight into the problem@14#.

In this experiment the polarization ofJ2 andV2 hyper-
ons produced by both polarized and unpolarized neutral p
ticle beams was studied@15#. The neutral beam containe
J0’s, L0’s, neutrons,K0’s, andg ’s, but the production of
high momentum baryons was dominated by the baryons
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the beam. In the case of strange particle production by
strange baryons, the strange valence quarks needed to p
duce the final state can come from valence quarks of th
incident particle, in contrast with production by protons,
where all of the final state strange quarks must be produce
in the interaction. This is the first time that the polarization
of J2’s and V2’s produced from an unpolarized neutral
beam has been measured. This experiment also repeats w
higher statistics and at higher momentum a previous mea
surement of the polarization of theJ2’s andV2’s produced
from a polarized neutral beam@16#. The use of these data to
measure both the magnetic moment of theV2 andJ2 has
been reported previously@17#.

In proton production, the most striking polarization fea-
ture can be seen in Fig. 1. In this plot, previous polarization
results for production from 400 GeV protons are plotted as a
function of momentum. It can be seen thatS1, S0, and
S2 hyperons produced by high energy protons in the frag
mentation region of that proton are positively polarized,
while L0’s, J0’s, andJ2’s are negatively polarized@1–6#.
Studies of the polarization ofV2’s andL̄0’s produced from
protons found no polarization@9,10#. These results are con-
sistent with models in which the polarization of the produced
baryon depends on the valence quark structure of both th
incident and produced particles.

The polarization ofJ2 andV2 hyperons produced from
a neutral beam containing polarizedL0 and J0 hyperons
was found to be similar in both sign and magnitude to the
polarization of the neutral beam@10#. This appeared to con-
firm the importance of the valence quark structure of both
the incident and produced particle.
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54 6611POLARIZATION OF J2 AND V2 HYPERONS PRODUCED . . .
Experiments have also studied the polarization of antih
perons, which have no valence quarks in common with
beam particles.L̄0’s produced by protons were found to b
unpolarized@9#, while J̄1’s produced by protons had a po
larization with the same sign and magnitude asJ2’s pro-
duced in the same experiment@7#. Studies of proton produc-
tion of S̄2’s found a polarization with a similar sign, but o
a smaller magnitude than that of comparableS1 hyperons
@8#. To our knowledge no picture of baryon production h
been put forth which can accommodate these results.

II. EXPERIMENTAL METHOD

In this experiment, performed at Fermilab during th
1991–1992 fixed target running period, a beam of 8
GeV/c protons striking a Be target was used to produce
secondary beam. The neutral portion of the secondary be
was magnetically separated, collimated, and used to prod
a sample ofJ2’s andV2’s by striking another Be target
This sample was contained in a negatively charged be
magnetically separated from the other products of the neu
beam interaction and transported through a curved collima
into a spectrometer.

The standard production method used in hyperon po
ization experiments is shown in Fig. 2. Here,î is the direc-
tion of the incident beam,ĵ is the direction of the produced
particles, andu is the production angle. In this experimen
ĵ was fixed andu was varied by changing the incident bea
direction. The only parity-conserving polarization directio
is that normal to the production plane defined byî3 ĵ . The
sign of the polarization is defined using the convention
right-hand rule. Note that the polarization vector will chan
sign if the production angle is reversed. This sign reversa
used to experimentally cancel possible apparatus effect
the polarization measurement.

FIG. 1. Hyperon polarization as a function of momentum f
production from a 400 GeV proton beam.
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A. Production methods

The 800 GeV proton beam from the Fermilab Tevatron
was transported to the proton center targeting area through a
series of dipole magnets and quadrupole magnets. The beam
arrived at the targeting area as a tightly focused, low diver-
gence beam with a beam spot of approximately 1 mm2. The
proton beam position and intensity were monitored using
segmented wire ionization chambers~SWIC’s! and a second-
ary emission monitor~SEM!.

Figure 3 shows the targeting arrangements for the two
production modes used in this experiment. The targeting area
consisted of two beryllium targets and two magnets. The two
targets were both 150 mm long~0.4 interaction lengths!. The
upstream target was a cylinder with a diameter of 6.6 mm
and the downstream target had a rectangular cross section
with a width of 5.2 mm and a height of 5.3 mm. Both targets
were mounted on motorized carriers that allowed them to be
removed from the beam line during the performance of back-
ground studies.

The upstream magnet, M1, contained a collimator that
had a straight channel for the selection of a neutral beam
with a defining aperture of 2.7 mm3 2.7 mm3 914.4 mm.
This magnet was mounted on remotely controlled jacks that
allowed both ends of the magnet to be raised or lowered to
change the production angle at the second target. The second
magnet was stationary and contained a collimator with a
curved channel that was used to select a negatively charged
beam with a central orbit momentum of 394 GeV/c when the
magnet was at its full field of 3.3 tesla. The defining aperture

r

FIG. 2. The standard method of producing polarized hyperons.

FIG. 3. The two neutral production methods. The top figure
shows the polarized neutral beam~PNB! production method and the
bottom figure is the unpolarized neutral beam~UNB! production
method.
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of this magnet was 5.08 mm3 5.08 mm.
In the polarized neutral beam~PNB! production mode, the

upstream magnet had a horizontal field of 1.8 tesla, and
proton beam of 1.031012 protons per 20 second spill struc
the upstream target at a vertical production angle of61.8
mrad. The field direction was selected so that the prot
were always bent in the direction of the incident beam. T
upstream magnet selected a neutral beam containing
trons,L0’s, J0’s, K0’s, andg ’s. In this neutral beam, the
L0’s andJ0’s were polarized horizontally due to the non
zero vertical production angle@1,5#. The polarization of the
neutrons was unknown. The neutral beam struck the sec

FIG. 4. Plan view of the experiment. The transverse dimensi
have been exaggerated. The spectrometer was approximately
long and 3 m wide.
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target at an angle of 0 mrad. The downstream magnet~M2!
selected a negatively charged beam. The first magnet did n
precess the polarization of the neutral beam since the pola
ization was along the direction of the magnetic field, while
the second magnet precessed the spin of the negative
charged tertiary beam. This spin precession was used to me
sure the magnetic moments of theJ2 andV2 @17#.

In the unpolarized neutral beam~UNB! production mode,
the upstream magnet~M1! was elevated or lowered to an
angle of61.8 mrad so that the proton beam of 2.031012

protons per spill struck the upstream target at an angle of
mrad. The upstream magnet selected a neutral beam, wh
contained unpolarizedL0’s andJ0’s. The neutral beam then
struck the downstream target at a production angle of61.8
mrad and the downstream magnet~M2! selected a negatively
charged beam.

B. The spectrometer

After exiting the second magnet, the charged particles e
tered the spectrometer, which is shown in Fig. 4 along wit
the coordinate system. The positions and dimensions of th
spectrometer elements are described in Table I. This spe
trometer was designed to observe the decaysJ2→L0p2

andV2→L0K2 with theL0 decaying topp2. These decay
sequences both resulted in a final state with three tracks, o
positively charged and two negatively charged.

ons
80 m
nti-
TABLE I. The size andz positions of the spectrometer elements. All measurements are given in ce
meters. Width and height refer to the active area of the detector~n/a5 not applicable!.

Detector Position Width Height Thickness Pitch Device type

SSD1~x! 74.43 2.8 2.8 0.03 0.01 SSD
SSD1~y! 79.22 2.8 2.8 0.03 0.01 SSD
SSD2~x! 100.97 2.8 2.8 0.03 0.01 SSD
SSD2~y! 109.97 2.8 2.8 0.03 0.01 SSD
SSD3~x! 129.46 2.8 2.8 0.03 0.01 SSD
SSD3~y! 137.80 2.8 2.8 0.03 0.01 SSD
SSD4~x! 158.43 2.8 2.8 0.03 0.01 SSD
SSD4~y! 166.29 2.8 2.8 0.03 0.01 SSD
S1 360.0 6.35 3.81 0.1 n/a Scintillator
C1~x,y! 561.0 12.8 12.8 n/a 1.0 MWPC
C2~x,y! 776.0 12.8 12.8 n/a 1.0 MWPC
V1 800.0 32.38 8.89 0.32 n/a Scintillator
V1~hole! 800.0 11.43 6.35 0.32 n/a n/a
S2 800.0 10.79 6.35 0.1 n/a Scintillator
C3~x,y! 988.0 12.8 12.8 n/a 1.0 MWPC
V2 1020.0 41.91 11.43 0.32 n/a Scintillator
V2~hole! 1020.0 13.97 8.25 0.32 n/a n/a
C4~x,y! 1511.0 25.6 25.6 n/a 1.0 MWPC
C5~x,y! 2009.0 25.6 25.6 n/a 1.0 MWPC
C6~x,y! 2499.0 51.2 25.6 n/a 2.0 MWPC
C7~u,v! 3013.0 12.8 12.8 n/a 2.0 MWPC
C8~u,v! 3089.0 51.2 51.2 n/a 2.0 MWPC
C9~x,y,u! 3697.0 51.2 51.2 n/a 2.0 MWPC
C10~x,y! 4261.0 63.8 25.6 n/a 2.0 MWPC
C11~x,y! 4840.0 128.0 38.4 n/a 2.0 MWPC
C12~x,y! 6154.0 128.0 38.4 n/a 2.0 MWPC
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The spectrometer contained eight planes of silicon st
detectors~SSD’s!, four scintillators~S1, S2, V1, V2!, twelve
multiwire proportional chambers~MWPC’s!, and two analy-
sis magnets~M3, M4!. Helium-filled tubes and bags wer
placed between all elements of the spectrometer to red
the effect of multiple scattering.

The eight planes of SSD’s, four in thex view and four in
the y view, were installed as close to the exit of M2 a
possible. The first SSD plane was located 0.74 m dow
stream of the end of M2. The SSD’s were arranged in pa
with each pair containing onex and oney plane separated by
0.048 m, and with a separation of 0.255 m between sets
planes. Each SSD plane had 280 strips with a pitch of 1
mm. The SSD’s were used to track the parent particle a
when the parent decay occurred in the SSD array, its char
daughter particle.

Scintillators S1, V1, S2, and V2 were used as beam tr
ger and veto counters. S1 and S2 were used to identify p
ticles that had cleanly passed through the collimator in M
V1 and V2 had holes in their centers and were used to v
particles that were too far from thez axis of the spectrometer
and thus had either scattered or were decay products.

Chambers C1–C5 each had horizontal and vertical (x,y)
sense planes with 1 mm wire spacing. In chambers C6–C
the sense plane wire spacing was 2 mm. C6 and C9–C
each hadx and y sense planes. C9 had an additional sen
plane that was rotated by 45° with respect to thez axis of the
spectrometer. C7 and C8 each had two orthogonal se
planes that were rotated by 45° with respect to the spectro
eterz axis. The rotated planes were used in the reconstr
tion process to match reconstructedx andy tracks. The gas
used in the MWPC’s was an argon-freon mixture bubbl
through methylal at 2° C. The gas mixture was 95% argo
5% methylal, and 0.12% freon where the percentages
given by gas volume.

Two dipole magnets, M3 and M4, were used to analy
the momentum of all charged particles. The magnets w
both 182 cm long and had anx aperture of 61 cm. M3 had a
y aperture of 25.4 cm and M4 had ay aperture of 30.5 cm.
The magnets were separated by a distance of 56 cm.
field of the two magnets was in the vertical direction provi
ing a momentum kick of 1.445 GeV/c in the x-z plane.

The trigger used to detect three-track candidate eve
consisted of two parts. The first part required hits in S1 a
S2 and no hits in V1 or V2. This ensured that a charg
particle had entered the spectrometer from the hype
beam. This part of the trigger was prescaled to record prim
rily single-track events that were used to align the spectro
eter, monitor the efficiency of the various spectrometer e
ments, and perform other systematic studies. T
characteristic ‘‘V’’ topology of theL0→pp2 decay was
used to make a loose three-track trigger. This was done
requiring a hit in the negative~right! side of C11 and a hit in
the positive~left! side of C12. The three-track trigger wa
defined as:

S1•S2•V1•V2•~C11!R•~C12!L . ~2.1!

When a good three-track trigger occurred, all the hit info
mation from the SSD’s and MWPC’s was read and record
The trigger rate for the experiment was approximate
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25 000 triggers per 20 second spill with a livetime of ap-
proximately 70%. During approximately six months of run-
ning, 1.33109 triggers were written to tape.

III. RECONSTRUCTION AND SELECTION OF EVENTS

The reconstruction process was designed to find events
with a good three-track, two-vertex topology. Since the trig-
ger requirements were made as loose as possible to avoid
biasing the data sample, only a small portion of the events
recorded were of interest. For events where a three-track,
two-vertex topology could be found, kinematic variables, in-
cluding the parent and daughterL0 vertices and the momen-
tum of all the particles, were determined. The mass of the
parent particle was calculated under both theJ2 andV2

hypotheses.
The polarization measurement was made by studying the

asymmetries in the angular distributions of the daughter pro-
tons in theL rest frame. For this reason, it was important
that the data selection process includes as few misrecon-
structed events as possible since these events could affect th
measured asymmetries. Monte Carlo studies were made to
identify data selection criteria that could be used to remove
events that the reconstruction process was likely to misre-
construct. A primary and two secondary reconstruction strat-
egies were used with the secondary strategies applied to
those events that were likely to be misreconstructed by the
primary or the other secondary strategy.

In all of the reconstruction strategies, the MWPC hit in-
formation was used to reconstruct the daughter particle
tracks. Then, when the parent decay did not occur in the
region near the SSD’s, the SSD hit information was used to
reconstruct the track of the parent or its charged daughter.
The momentum of the three daughters was calculated from
the bend of the tracks as they passed through the analysis
magnets. These momenta were used to calculate the momen
tum of both the parent particle and the daughterL0. From
these momenta, the mass of the parent, the mass of theL0,
the position of the parent at the production target, and the
parent andL0 decay vertices were calculated. The informa-
tion from theL0 decay products was a fit to a single-vertex
event topology that was forced to have the knownL0 mass.

The first reconstruction strategy used the MWPC hits to
make tracks starting at the most downstream chambers where
the particles were well separated. This strategy assigned hits
to tracks based on the expected topology and was very fast.
It correctly reconstructed approximately 67% of the final
data sample. The second strategy consisted of finding mul-
tiple solutions for the three-daughter, two-vertex topology
and choosing the one that gave the best mass fit for the
parent andL0. This strategy was used for 20% of the final
data sample. The remaining 13% of the final data sample was
reconstructed using a third strategy. This method started with
the SSD and upstream chamber information to find the par-
ent vertex and eliminate the charged daughter meson from
the topology, thus leaving a less-complicated, two-track,
one-vertex topology to fit. Monte Carlo studies showed that
together, these three strategies correctly reconstructed ove
98% of the events which were included in the final data
sample.

Good events were selected from the reconstructed three-
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track events using several selection criteria. The rec
structed event was required to have a mass that was wi
15 MeV/c2 of either the knownJ2 or the knownV2 mass.
TheJ2 or V2 was required to originate less than 0.9 cm
x and 0.8 cm iny from the center of the production targe
The event was also required to be a good fit to the three-tr
topology (x2/degree of freedom,4) and a good kinematic
fit to the L. In addition, no hit from the MWPC’s was al-
lowed to be used on more than one track, and at least
hits were required in thex planes of C6, C9–C11 and in th
y planes of C6, C9, and C10.

The main physics background for theJ2 events was
K2→3p decays. However, Monte Carlo studies showed th
these events would be reduced to less than 0.01% by
trigger and reconstruction process. An additional possi
source of background for theJ2 sample was the decay
V2→L0K2. However, sinceJ2’s were produced approxi-
mately 100 times more often thanV2’s, and mostV2’s did
not reconstruct with the knownJ2 mass, this background
was less than 0.3%.

The backgrounds for theV2 sample were a more seriou
problem. In addition to theJ2→L0p2 andK2→3p de-
cays, other possible sources of background w
V2→J0p2 with J0→L0p0 and V2→J2p0 decays.
Monte Carlo studies showed that the reconstructedV2

sample contained approximately 10.5J2→L0p2 decays
and 0.017V2→J0p2 decays for eachV2→L0K2 decay.
The background due toV2→J2p0 andK2→3p decays
was found to be insignificant. The background in theV2

sample could be greatly reduced by selecting d
based on the opening angles, cosuK5K̂2

•ẑ and fK

5arctan(K̂2
• ŷ/K̂2

• x̂), of the kaon in the rest frame of the
V2. When events with cosuK.0.775 and
cosuK,(u0.0081253fKu21.8125) were removed, Monte
Carlo simulation estimated the background to be 0.25% d
to J2 decays and 1.61% due toV2→J0p2 decays. The
actual background, estimated from the tails of the mass pl
was approximately 3%@17–19#.

IV. POLARIZATION ANALYSIS

In the decaysJ2→L0p2 andV2→L0K2, the polariza-
tion of the parent particle,PW J or PW V , can be related to the
polarization of the daughterL0, PW L . This, in turn, is ex-
tracted from the distribution of the protons from theL0 de-
cay.

The weak decayJ2→L0p2 has a spin12 parent going to
spin 1

2 and spin 0 daughter particles. TheJ2 polarization
PW J is related to the daughterL polarizationPW L by @20#

PW L5
~aJ1L̂•PW J!L̂1bJ~PW J3L̂!1gJ~L̂3PW J!3L̂

11aJL̂•PW J

.

~4.1!

Here,L̂ is the direction of theL0 in theJ2 rest frame and
aJ , bJ , and gJ are the weak decay parameters for th
decayJ2→L0p2.

Time-reversal invariance arguments requirebJ50 @21#,
and due to the symmetry of the spectrometer about the be
axis, the average value ofL̂ projected onto any spatial axis
on-
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will be small. The terms involvingL̂•PW J were considered in
a second iteration and found to have no effect on the me
sured polarization values. These arguments simplify Eq
~4.1! to

PW L5aJL̂1gJPW J . ~4.2!

For theL decay, the normalized distribution of the daughte
proton in the parent (L) rest frame is

dnp
dV

5
1

4p
~11aPW • p̂!, ~4.3!

wherePW is the polarization of the parentL, p̂ is the direction
of the daughter proton in the rest frame of the parent, an
a is the appropriate weak decay asymmetry parameter@19#.
If Eq. ~4.3! is expressed in spherical coordinates and inte
grated overf,

dnp
d~cosu i !

5
1

2
~11aLPL icosu i !, ~4.4!

wherePL i is the polarization along an axisî and u i is the
angle betweenp̂ and î . This expression can be combined
with Eq. ~4.2! to find the relation between the proton distri-
bution and the polarization of the parentJ2:

dnp
d~cosu i !

5
1

2
@11~aLaJL i1aLgJPJ i !cosu i #. ~4.5!

TheV2 is assumed to be a spin32 particle, but a similar
relation betweenPW V andPW L can be derived@22#:

PW L5
114gV

5
PW V . ~4.6!

SinceaV is small@23# and time-reversal invariance requires
bV50, ugVu'1. A value ofgV511 is predicted by theory
@24# and also favored by the experimental data@19#, leading
to the resultPL5PV . Substituting the above expression into
Eq. ~4.4! gives the relationship between the proton distribu
tion andPV :

dnp
d~cosu i !

5
1

2
~11aLPVcosu i !. ~4.7!

With these expressions relating the proton angular distr
butions cosui to the polarization of the parent, the observed
distributions of theJ2 andV2 decay products could be fit
and the polarizations extracted. The decay distributions we
corrected for the finite acceptances of both the spectromet
and the reconstruction process using a hybrid Monte Car
technique@25#. This technique maps the experimental accep
tance in cosui by generating a number of fake events for each
real event. The fake events are identical to the real even
except that their cosui values are chosen randomly, thereby
changing the daughter proton andp2 momenta in the labo-
ratory. The fake events are then subjected to all of the spe
trometer apertures, trigger requirements, and data selecti
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TABLE II. MeasuredJ2 asymmetries as a function of momentum for data with 0 mrad production angle
at both targets. The errors given in the table are the statistical errors only.

Momentum Asymmetry
~GeV/c) aLgJPJx aLgJPJy aLgJPJz

347 –0.001860.0053 0.010360.0056 0.007260.0067

367 –0.010260.0042 0.001460.0047 0.004160.0052

383 0.000660.0038 0.002060.0042 0.008960.0048

399 –0.002160.0038 –0.001260.0042 0.004960.0048

418 –0.001060.0036 0.003060.0038 0.003760.0044

455 –0.000560.0038 0.001460.0039 0.007060.0047
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criteria that the real event was required to pass. The po
ization of the fake events is then varied to find the best fit
the data.

The value of the asymmetry measured with this method
the sum of two contributions. These are the real polarizat
signal and a ‘‘bias’’ term due to acceptances of the spectro
eter and reconstruction process that could not be simulate
the hybrid Monte Carlo. These biases do not depend on
sign of the production angles. However, the polarizati
does change sign when the production angle is reversed.
measured asymmetries for the positive and negative prod
tion angle,A1 andA2 , can be expressed in terms of the bi
B and polarization componentsaLgJPJ as

A65B6aLgJPJ . ~4.8!

The bias and real signal components can then be extrac

aLgJPJ5
A12A2

2
, ~4.9!

B5
A11A2

2
. ~4.10!

Similar expressions were used in theV2 analysis. Typical
biases were less than 3% for both theJ2 andV2 samples.

The production polarization was determined from th
measuredx and z components,Px and Pz , by finding the
value ofPtgt that minimized the function:

x25
~Px2PtgtcosF!2

sx
2 1

~Pz2PtgtsinF!2

sz
2 , ~4.11!

wheresx and sz are the statistical errors for thex and z
components of the polarization, andF is the precession
angle in magnet M2:

F5
e

bmhc
Smh

mp

mh

2JmN
11D E Bdl. ~4.12!

Here, e is the magnitude of the electron charge,b5v/c,
mp is the mass of the proton,mh is the mass of the hyperon
lar-
to

is
ion
m-
d in
the
on
The
uc-
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ted:

e

,

mh is the magnetic moment of the hyperon in nuclear mag
netons (mN), J is the spin of the hyperon, and*Bdl is the
field integral of the precession magnet~M2! in tesla-meters
~T-m!. When the precession magnet current was set at –75
amps, the*Bdl is –17.48 T-m. For data taken with the cur-
rent in the precession magnet at –2900 amps, the*Bdl was
–24.36 T-m.

V. RESULTS AND CONCLUSIONS

All of the J2 andV2 candidate events from both the
polarized and unpolarized neutral beam production mode
were analyzed. The unpolarized neutral beam sample co
sisted of 1.43107J2 and 2.23105V2 events. The polar-
ized neutral beam sample contained 7.13105J2’s and 1.8
3104V2’s.

A. Systematic studies

To search for possible systematic effects, several differen
studies were undertaken. Studies were also performed to te
the sensitivity of our measurement and determine the exper
ment’s ability to measure nonzero polarization results.

Events produced from a neutral beam with a 0 mrad pro-
duction angle at both targets were analyzed. These even
should be unpolarized and were used to determine the sen
tivity of our polarization analysis technique and to search fo
residual polarization. Potential sources of residual polariza
tion included limitations on how accurately the production
angle could be controlled and production from the sides o
the neutral collimator. TheJ2 asymmetry results for this
production mode are given in Table II. The production po-
larization is 0.00760.003.

A study of the targeting arrangement showed that a sma
deviation from a 0 mrad production angle at the first target or
production off the neutral collimator could produce a neutra
beam with a small residual polarization. This polarization
could then be transferred to charged events produced at t
second target. This small residual polarization would limit
the ability of the experiment to measure the polarization o
samples with very small or zero polarization. Therefore, a
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limit of 0.007 is placed on our ability to measure zero pola
ization.

Based on an analysis of possible sources of residual
larization, it was found that the largest effect would occur
the unpolarized neutral beam production mode. Here the
sidual neutral beam polarization would be similar to the p
larized neutral beam in the PNB production mode. In th
polarized neutral beam production mode, any residual ne
tral beam polarization would be indistinguishable from po
larization due to the nonzero production angle at the fi
target. For theV2 sample, the effect of the residual asym
metry is reduced because of the different asymmetry para
eters. In addition, the results for the polarized neutral bea
production mode show that for a given neutral beam pola
ization, theV2’s have a smaller polarization than that for th
J2’s.

The effect of a residual polarization on theV2 magnetic
moment measurement was also studied. The magnetic m
ment measurement assumes that the polarization is produ
along thex axis, as required by parity conservation, and the
precesses into thex-z plane as the beam passes through t
magnetic field. Therefore, only a residual polarization alon
the z axis will have an adverse effect on the magnetic m
ment measurement. The residual polarization produced alo
thez axis was estimated from thez asymmetry of the 0 mrad
data sample. This residual polarization was found to be
factor of 5 smaller than the error in thez component of the
measuredV2 polarization, and thus was deemed negligib
in this experiment.

To search for possible systematic effects due to the trigg
requirements, single-track triggers from the UNB samp
which relied only on the scintillation counters were subjecte
to the polarization analysis. Figure 5 shows the measu
asymmetry components forJ2’s collected using the single-
track trigger compared to theJ2 asymmetry components for
three-track trigger events in the same data sample. Ther

FIG. 5. Comparison of asymmetry (aLgJPJ) components for
the single-track~triangles! and three-track~squares! triggers from
the unpolarized neutral beam data sample.
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no evidence for any trigger-induced effect in the data. An-
other possible source of systematic effects was undetecte
changes in experimental conditions over the course of th
data collection period which spanned several months. Thes
might include changes in the efficiencies of the MWPC’s and
SSD’s, variations in the fields of the four magnets used in th
experiment, or variations in the efficiencies of the trigger
counters. To search for these effects, the sample ofJ2’s
produced using the unpolarized neutral beam was divide
chronologically into seven subsamples. Figure 6 shows th
asymmetry components of the seven unpolarized neutr
beam production subsamples plotted as a function of mo
mentum. No evidence of a time-dependent systematic effe
was found.

To ensure that the data selection criteria used had no
added systematic asymmetries to the results, the effect
tightening the various data selection criteria was studied
This was done using theJ2 sample produced from the po-
larized neutral beam. Each of the selection criteria was var
ied, and the effect of the variation on the measured value o
theJ2 magnetic moment was studied. No evidence of any
systematic effect due to the data selection criteria was found

B. Unpolarized neutral beam production

For production using an unpolarized neutral beam, dat
were taken at two different current settings in the precessio
magnet~M2!. This allowed a larger momentum range to be
explored and also provided a second*Bdl point for the mag-
netic moment measurement. Table III contains the measure
x and z asymmetries for theJ2 and the production polar-
ization values. For the data with a precession magnet curre
of –750 amps, the production polarization is20.010
60.002. For the data with a current of22900 amps in the
precession magnet, the production polarization is 0.00
60.002. This data shows that theJ2’s appear to be unpo-
larized at the level of our sensitivity of 0.007. TheV2 pro-

FIG. 6. Comparison of asymmetry (aLgJPJ) components for
the seven subsamples of the unpolarized neutral beam data samp
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TABLE III. The x andz components of theJ2 asymmetry and the production polarization as a function
of momentum for the unpolarized neutral beam production mode. The errors given in the table are the
statistical errors only.

Precession Momentum Number of aLgJ2Px aLgJ2Pz Production
magnet~M2! ~GeV/c) events polarization
current

–750 260 730548 –0.0066 0.002 –0.0046 0.003 –0.0106 0.004
–750 282 812813 –0.0036 0.002 –0.0066 0.003 –0.0036 0.003
–750 299 826500 –0.0076 0.002 –0.0066 0.002 –0.0106 0.003
–750 318 744609 –0.0056 0.002 0.0006 0.003 –0.0096 0.004
–750 349 645241 –0.0086 0.002 0.0076 0.003 –0.0176 0.004
–2900 346 1392868 –0.0036 0.002 –0.0046 0.002 –0.0036 0.003
–2900 367 1654941 0.0016 0.001 –0.0106 0.002 0.0076 0.002
–2900 383 1792954 0.0016 0.001 –0.0066 0.002 0.0046 0.002
–2900 399 1683542 0.0066 0.001 –0.0056 0.002 0.0126 0.002
–2900 418 1813517 0.0036 0.001 0.0026 0.002 0.0046 0.002
–2900 454 1633080 0.0016 0.001 0.0016 0.002 0.0016 0.003
f

duction polarization data as a function of momentum for t
production method are given in Table IV. This table clea
shows that theV2’s are polarized. Figure 7 shows the me
sured precession angles of theJ2’s and V2’s
@F5arctan(Pz /Px)# along with the expected precessio
angle calculated using the known*Bdl and magnetic mo-
ment. For comparison, the precession angles for theJ2

sample produced with 0 mrad production angles at both
gets are also shown. This figure shows that the measu
J2 precession angles for this sample and for the sam
produced with 0 mrad production angles at both targets v
considerably from the value calculated from theJ2 mag-
netic moment as would be expected if the samples were
polarized. However, theV2 precession angles agree with th
expected value, as expected for a polarized sample. For
entire V2 sample , the production polarization is10.042
60.007 at an average momentum of 374 GeV/c.

C. Polarized neutral beam production

The polarization results for the polarized neutral bea
production mode are given in Tables V and VI. Both samp
his
rly
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n

tar-
red
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m
les

were found to be polarized, as expected from a previous
measurement@16#. The measured production polarizations
for the entire sample were20.11860.004 at an average mo-
mentum of 393 GeV/c for theJ2’s, and20.06960.023 at
an average momentum of 393 GeV/c for theV2.

Figure 8 shows all of the polarization results of this ex-
periment plotted as a function of momentum.

D. Conclusions

We have made the first observation of the polarization of
J2 andV2 hyperons produced from an unpolarized neutral
beam containing strange hyperons. We found thatJ2’s are
unpolarized, at the level of our sensitivity of 0.007, and that
V2’s have a polarization of10.04260.007 at an average
momentum of 374 GeV/c. We have also repeated, with
greater precision, and at higher momenta, a previous study o
the polarization of hyperons produced from a polarized neu-
tral hyperon beam@16#, and find a good agreement between
the two measurements. Using this production method,
J2’s were found to have a polarization of -0.11860.004 at
an average momentum of 393 GeV/c andV2’s had a polar-
m
TABLE IV. V2 production polarization as a function of momentum for the unpolarized neutral bea
production mode. The errors given in the table are the statistical errors only.

Precession Momentum Number of Production
magnet~M2! ~GeV/c) events polarization
current

–750 260 10004 10.0306 0.036
–750 288 14956 10.0726 0.025
–750 312 12604 10.0476 0.026
–750 349 12632 –0.0126 0.028
–2900 348 42569 10.0526 0.016
–2900 380 42487 10.0276 0.014
–2900 403 37215 10.0576 0.015
–2900 443 44256 10.0486 0.015
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ization of 20.06960.023 at an average momentum of 39
GeV/c. It is interesting to note that from the polarized neutr
beam results presented in Tables V and VI one can see
the J2 polarization is larger at higher momenta while th
V2 polarization appears to be constant.

Both of the new measurements resulting from this expe
ment are surprising. The unpolarizedJ2’s produced at an
angle of 1.8 mrad from an unpolarized neutral beam rep
sent the first time that high energy baryons containing so
of the valence quarks of the baryons of which they are fra
ments, are not polarized. One possible explanation is that
J2’s are primarily produced byJ0’s, a process that does
not involve the production of strange quarks. The implicati
is that the lightu andd quarks are not produced in a pola
ized state. It is interesting to note that results from anot
experiment using an unpolarizedS2 beam to produce

FIG. 7. The measured precession angles in radians forJ2’s and
V2’s produced from an unpolarized neutral beam~UNB! with a
current of22900 amps in the charged sweeper magnet. The p
cession angles forJ2’s produced with a 0 mrad production angle
at both targets are also shown. The indicated errors are statis
only. The dashed lines show the expected precession angles c
lated using the known magnetic moments.

TABLE V. J2 production polarization as a function of momen
tum for the polarized neutral beam production mode. The err
given in the table are the statistical errors only.

Momentum Number of Production
~GeV/c) events polarization

347 92534 –0.0766 0.011
367 125268 –0.1036 0.009
383 138491 –0.1306 0.008
399 128636 –0.1076 0.009
417 129950 –0.1366 0.009
451 96467 –0.1666 0.011
4
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L0’s, L̄0’s, S1’s, andJ2’s indicated that theJ2’s had a
polarization comparable to that ofL0’s produced from a pro-
ton beam, but theL0’s and S1’s, for which the strange
quarks came only from the beam, had noticeably smaller
polarizations@26#.

The positive polarization found for theV2 is the first
time that a produceds quark incorporated into a baryon frag-
ment did not have negative polarization~althoughS ’s pro-
duced by protons are positively polarized, the valences
quark in their wave function has a negative polarization!.
This V2 result seems to rule out the generalization that all
strange quarks produced in a strong interaction and incorpo-
rated into a baryon have a negative polarization.

It is unfortunate that information on the composition, po-
larization, and momentum distribution of the neutral beam
was not available. However, the results of this experiment,
when added to the growing body of high energy strong in-
teraction polarization data, clearly indicate that we are a long
way from understanding the polarization mechanisms of the
strong interaction.

re-

tical
alcu-

FIG. 8. The measured polarizations as a function of momentum
for both the polarized~PNB! and unpolarized~UNB! neutral beam
samples ofJ2’s andV2’s. The indicated errors are statistical only.

-
ors

TABLE VI. V2 production polarization as a function of mo-
mentum for the polarized neutral beam production mode. The errors
given in the table are the statistical errors only.

Momentum Number of Production

~GeV/c) events polarization

351 4535 –0.1026 0.049

380 5060 –0.0016 0.042

404 4298 –0.1006 0.045

440 4428 –0.0876 0.046
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