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Measurement of Spin-Transfer Observables in �ppp ! ���� at 1:637 GeV=c
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Spin-transfer observables for �ppp ! ���� have been measured using a transversely polarized frozen-
spin target and a beam momentum of 1:637 GeV=c. Current models of the reaction near threshold are
in good agreement with existing measurements performed with unpolarized particles in the initial state
but produce conflicting predictions for the spin-transfer observables Dnn and Knn (the normal-to-normal
depolarization and polarization transfer), which are measurable only with polarized target or beam.
Measurements of Dnn and Knn presented here are found to be in disagreement with predictions from
these models.
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inspired ‘‘quark-gluon’’ (QG) model is an effective
theory describing an s-channel exchange with well-

singlet-state production seen in earlier measurements
[1,2]. The QG approach, which includes only couplings
The measurement of near-threshold exclusive
antihyperon-hyperon ( �YYY) production in antiproton-
proton reactions has proven to be a powerful tool in the
study of the dynamics of the �qqq annihilation and pro-
duction mechanisms. These reactions have been exten-
sively studied by the PS185 Collaboration at the Low
Energy Antiproton Ring (LEAR) facility at CERN, which
has produced the overwhelming majority of the existing
data on exclusive �ppp ! �YYY near threshold, including
cross-sections and final-state polarization and spin corre-
lations [1,2]. In particular, high-precision measurements
have been made of ���� production over a kinematic range
from very near threshold to about 200 MeV of excess
energy in the center-of-mass system.

The features of the �ppp ! ���� reaction have been
reproduced by various models which describe the reaction
dynamics either in a meson-exchange framework [3–6]
or with a QCD-inspired effective theory [7–9]. In the
meson-exchange model (MEX), the transition occurs
through the t-channel exchange of a strange meson,
with the K�494� and K��892� most often found to pro-
vide the most significant contributions [5,6]. The QCD-
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defined quantum numbers corresponding to specific
QCD degrees of freedom, such as 3S1 (single-gluon
exchange) or 3P0 (multiple-gluon exchange with the
quantum numbers of the vacuum) [7–9]. In both formu-
lations, the initial-state and final-state interactions con-
tribute significantly to the features of the reaction.
Although the initial-state interactions (ISI) are con-
strained by �ppp elastic and inelastic scattering data, no
similar data exist to constrain the ���� final-state inter-
action (FSI).

Given the uncertainty in initial- and final-state inter-
actions, as well as freedom in adjusting coupling
strengths, calculations based on each of these two ap-
proaches have successfully reproduced the previously
measured observables, although these calculations are
quite different in predictions of the reaction dynamics
[5,6,9]. One prominent disagreement between the models
is the role of the tensor interaction. MEX calculations
lead to a dominant tensor force resulting from a construc-
tive interference of the K and K� in the tensor channel.
This tensor interaction couples only to triplet (S � 1)
final states and serves to explain the near absence of
 2002 The American Physical Society 212302-1
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to triplet-state quantum numbers, incorporates complete
triplet dominance by construction while finding only a
relatively small tensor interaction, even when fully ac-
counting for the ISI and FSI.

In the measurement described here, the role of the
tensor interaction in �ppp ! ���� is probed through mea-
surements of the spin-transfer observables, which de-
scribe correlations between the initial- and final-state
polarizations. The depolarization Dnn measures spin
transfer from the target proton’s component normal to
the scattering plane to the normal component for the
produced � and is defined such that

h ~��� � n̂ni �
Pn 	Dnn

~PPT � n̂n

1	 An
~PPT � n̂n

: (1)

The polarization transfer Knn analogously measures the
normal-to-normal transfer of spin from the target proton
to the produced ���:

h ~�� ��� � n̂ni �
Pn 	 Knn

~PPT � n̂n

1	 An
~PPT � n̂n

: (2)

In these expressions, h ~�� � n̂ni is twice the average value of
the spin component along the normal to the scattering
plane, n̂n. The direction of n̂n is defined in terms of the
incident and outgoing particle momenta, with n̂n in the
direction of ~pp �pp 
 ~pp ��� . Also, ~PPT is the target proton polar-
ization, Pn is the polarization of the � and ��� in the n̂n
direction for production with no initial-state polariza-
tion, and An is the left-right asymmetry of ���� produc-
tion with a polarized target.

Since the tensor interaction prefers spin-flip transitions
between the initial and final states, the MEX calculations
predict a strongly negative Dnn and Knn. In contrast, the
QG calculations include only a minor tensor component
and consequently predict less spin flip and positive values
for Dnn and Knn. This difference in the predictions of the
models has been shown to be largely insensitive to in-
clusion of the ISI and FSI [6,9].

Previous PS185 results on spin observables have been
limited to final-state spins, which could be determined
from event topology distributions since the self-
analyzing weak decay of the hyperon correlates the di-
rection of the decay products with the hyperon spin. The
measurement of spin-transfer observables requires the use
of a polarized target or beam. The experiment described
in this Letter used a frozen-spin target and represents the
first measurement of such observables for exclusive �YYY
production from �ppp annihilation in the near-threshold
region [10]. It provides a stringent, new test for models
which have successfully reproduced previous measure-
ments of this reaction.

The detector system, which was essentially the same as
that used for previous PS185 measurements, has been
described in several publications [1]. The products of
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the charged decay of the hyperons were tracked in
10 planes of multiwire proportional chamber followed
by 13 planes of drift chamber. The topology of these
four tracks, along with the well-known masses of the
nucleons, hyperons, and pions, overdetermines the kine-
matics of each event. A fit of the kinematics of the
reaction to this topology provides a precise measurement
of the center-of-mass production and decay angles, as
well as a clear method for distinguishing the signal events
from background through the fit quality. There were no
magnetic fields in these tracking chambers, leaving an
ambiguity between the ��� and �. This ambiguity was
resolved by using three additional drift planes to detect
the horizontal deflection of each track in a vertical mag-
netic field contained in a solenoid behind the tracking
chambers.

The trigger system, which took advantage of the
charged-neutral-charged signature of the event topology,
was also similar to that used in previous PS185 measure-
ments, although it required modification to accommodate
the frozen-spin target. The trigger was initiated by scin-
tillators upstream of the target, which detected the
incident �pp. The trigger was vetoed by scintillators down-
stream and to the sides of the target, thus requiring
neutral particles exiting the target, consistent with ����
production. The trigger was completed by coincidence
with hits in a scintillator hodoscope positioned down-
stream of the tracking chambers, which indicated
the passage of charged tracks through the active detector
volume as expected for the charged decay of the
hyperons.

A transversely polarized frozen-spin target [11,12] was
used to provide access to the spin-transfer observables.
This target was a 6 mm diameter, 9 mm long cylinder of
butanol submerged in a liquid He bath, with the cylindri-
cal axis along the beam direction. The cryostat, which
incorporated a superconducting solenoid to produce the
holding field, was a vertical cylinder with an outer diam-
eter of only 42 mm. This small cryostat size allowed the
trigger-veto scintillators to be positioned close to the
production target. The close positioning of these scintil-
lators was critical to maintain trigger efficiency, as any
hyperon which decayed upstream of them caused the
event to be vetoed. The polarization of the target was
determined using NMR measurements to fix the initial
and final points of the relaxation curve for each data-
taking period [13]. The magnitude of target polarization
averaged 62% during data production.

A detailed, GEANT-based Monte Carlo simulation [14]
of the detection and analysis procedures was used to
study the effects of imperfect geometric acceptance and
reconstruction efficiency. The detection-efficiency cor-
rection was large, due primarily to the stringent trigger
requirements. Over 80% of the ���� events that underwent
doubly charged decay were rejected because of a de-
cay upstream of the veto. The effects of this trigger
212302-2
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FIG. 1. Results for Dnn and Knn for �ppp ! ���� at
1:637GeV=c. The error bars indicate 1� statistical uncertainty
estimates and are asymmetric for some data points. The sys-
tematic uncertainty estimates are shown by the shaded boxes at
the top of the figure. Predictions from the QG model [9] (dotted
line) and the MEX model [6] (solid line) are superimposed.
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inefficiency were accurately reproduced by the detector
simulation, as confirmed by the extraction of proper life-
time distributions. This simulation also included the ef-
fects of multiple Coulomb scattering of charged particles
and hadronic interactions in the target and detector re-
gions, which significantly affected the event reconstruc-
tion efficiency.

The target polarization sign was flipped during data
collection, so that approximately half of the total inte-
grated luminosity was collected in each target polariza-
tion state in order to control possible sources of
systematic error. A total of 1:2
 1011 antiprotons were
observed incident on the 9 mm thick target, producing
30 818 events which exhibited topology which could be
cleanly fit by the kinematic hypothesis of ���� production
from a free proton and subsequent doubly charged decay.
These events were sorted into 16 bins of variable size over
cos�c:m:. The sizes of the bins were adjusted to approxi-
mately match the statistics between them.

The results presented in this Letter, for the observ-
ables Dnn, Knn, and the singlet fraction SF as a function
of the center-of-mass scattering angle cos�c:m:, were ex-
tracted, simultaneously with other observables, through
the use of the spin-scattering matrix formalism. Sensi-
tivity to the parameters of the scattering matrix, which
has recently been demonstrated [15], depends on trans-
verse polarization of at least one initial-state particle
as well as the self-analyzing property of the hyperon
weak decay. The statistical error estimates for these re-
sults were determined by finding the limits of contours on
the multidimensional log-likelihood function surface
[16]. Because of correlations in parameter space, these
error estimates are significantly asymmetric for some
observables in some bins of cos�c:m:. Details of the ex-
traction of scattering-matrix parameters and the uncer-
tainty analysis, along with results for a larger set of
observables, will be presented in a future publication.
For those observables which could also be extracted
from previous measurements performed without target
polarization, good agreement is found between the pub-
lished results [2] and the corresponding observables found
from this fit of the complete set of parameters of the spin-
scattering matrix.

Figure 1 shows results for the depolarization Dnn and
polarization transfer Knn, along with predictions from
full QG [9] and MEX [6] calculations which include ISI
and FSI effects. These results clearly indicate a failure of
both models to correctly describe the reaction dynamics
in this kinematic region.

In the backward scattering region, Dnn remains near
zero, indicating that the target proton and � spin are
uncorrelated along the scattering plane normal. This con-
trasts with Knn, which grows from near zero at cos�c:m: to
an average value of �0:75 for cos�c:m: <�0:75, indicat-
ing a strong, positive correlation between the target pro-
ton spin and the spin of the ���. The positive correlation
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between the initial-state baryon and the final-state anti-
baryon in this range of cos�c:m: was not predicted by
either the MEX or the QG models.

It is straightforward to demonstrate, using the spin-
scattering matrix formalism, that Dnn and Knn are re-
stricted to be equal in the case of pure triplet-state
production of the ���� final state [17]. Therefore, the
observed deviation between Dnn and Knn serves to em-
phasize the significance of the small but nonzero singlet
contribution in the final state. The relative strength of the
singlet and triplet components defines the singlet fraction
observable, SF, such that

h ~�� ��� � ~���i �
1	 4SF

1	 An
~PPT � n̂n

: (3)

SF � 1 would signify pure singlet-state production
while SF � 0 would imply pure triplet-state produc-
tion. This observable has been measured, by previous
212302-3
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PS185 studies performed with an unpolarized target, to
be near zero in the near-threshold kinematic region.
Measurements for SF have often been quoted as an
average over center-of-mass production angle cos�c:m:,
in which the strongly forward-peaked cross section
weights the singlet-dominated forward-angle produc-
tion more heavily. Results for this observable from the
current analysis as a function of cos�c:m: are shown in
Fig. 2, along with results from a previous measurement
at similar kinematics. There is good agreement be-
tween results from the two measurements, which indi-
cate that SF is very near zero for production in the
forward direction and is small, but nonzero, for back-
angle production.

This behavior is not well described by either the MEX
or the QG model. Without a small but significantly non-
zero singlet-state component in the back-angle produc-
tion, no description of the production dynamics will be
able to accommodate the observed deviation between Dnn
and Knn. In the case of the QG model, only triplet-state
transitions are allowed so the model, by construction,
describes a vanishing singlet fraction for all values of
cos�c:m:. It is possible that the QG description could be
improved with the inclusion of some singlet-state cou-
pling, such as the pseudoscalar 1S0 transition, although
previous studies have concluded that this transition was
insignificant [18]. While the MEX description is not so
extreme with regard to the singlet contribution, it also
does not correctly describe the rising back-angle singlet
fraction and so fails to predict the deviation between Dnn
and Knn. In principle, these models can accommodate an
S
F

θcos

FIG. 2. Current results for the singlet fraction SF for �ppp !
���� at 1:637GeV=c (solid circles) shown with asymmetric
statistical error bars, superimposed with results from a previous
measurement performed with an unpolarized target at
1:642GeV=c (hollow squares) [2] shown with symmetric sta-
tistical error bars. The systematic uncertainty estimate for the
current measurement is shown by the shaded boxes at the
bottom of the figure. Predictions from the MEX model [6]
(solid line) are superimposed. The QG model predicts SF � 0
uniformly [9].
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increased singlet contribution. Even with a somewhat
reduced triplet-state strength, the MEX approach would
tend to predict a dominant spin flip between the initial
and final states, which has been clearly excluded by the
current measurements.

There has been some recent theoretical speculation
about the connection between the near-threshold �YYY pro-
duction studies and the nonvalence quark contributions to
the nucleon spin [19,20]. Mechanisms for describing
�ppp ! ���� have been discussed which involve preexisting
polarized strange quarks or polarized glue in the nucleon
wave function. Although no quantitative predictions have
been made for Dnn or Knn with these models, the results
presented here are not consistent with the qualitative
predictions from either of these alternative production
mechanisms alone [19].

In addition to the observables presented here, numerous
other observables have been extracted, as has the full set
of parameters of the spin-scattering matrix [21], which
will be shown in a future publication. The breadth of these
results presents an opportunity for the further develop-
ment of models describing the dynamics of the �ppp !
���� reaction.
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