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ABSTRACT

Results are presented from a study of the reaction pp + AA near thresh-
old. Over 3000 events recorded at /s values of 14.6 and 25.5 MeV above the
AA threshold (2231.2 MeV) have been analysed. Results for the production
cross-section, differential cross-section, and the A and A polarization are
given at both energies and are compared with recent theoretical calculations

of this process.
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The reaction pp + AA provides an especially attractive process in which
to investigate the creation of strange quarks. In earlier bubble-chamber
experiments [1-3], the reaction has been studied up to 6 GeV/c incident p
momentum. In addition to cross-section measurements, the self-analysing
character of the A and A weak decays [4] can provide information on the spin
variables in the final state, without the need to perform a double-scatter-
ing experiment. We report the first results from an ongoing study [5] (CERN
experiment PS185) of antihyperon-hyperon {AA, AT + LA, IL) creation in pp
collisions. The production cross-sections, differential cross-sections,
final-state polarization, and spin-correlation coefficients are studied near
threshold. An intriguing feature of associated strangeness production is the
similarity of A polarizations in different reactions [5]. This might be due
to the fact that, in the additive quark model, the A hyperon is composed of
an s quark coupled to a spin- and isospin-zero ud quark pair. Therefore the
reaction pp + AA allows one to relate the final-state spin effects to the
quantum numbers of the ss creation vertex.

Several models for pp + AA have been suggested. This reaction might be
viewed as a t-channel exchange of K(494 MeV;0 ), K*(892 MeV;1" ), and even
K;(1430 MeV;2") and K;(1350 MeV;0') mesons (see Fig. 1a). Meson-exchange
calculations of cross-sections and of final-state spin variables have been
made recently by several groups [6-10]. These calculations indicate that the
cross-section and the polarization are sensitive to the transition poten-
tial, to pp initial-state interactions, and to the less well-known AA final-
state interactions. The models differ widely in the relative importance of
the exchanged kaons. The exchange of strange mesons in the t-channel
corresponds to the uu quark-pair annihilation and ss creation in the direct
channel (see Fig. 1b). & perturbative QCD calculation would not seem to be
valid at low energies, yet some dynamics of the effective strange-quark pro-

duction can be learned in this framework [11-13]. Models have been adopted



in which the ss creation vertex has the quantum numbers of a gluon (331
model} or those of the vacuum (3Pu model) .

The data reported here were obtained at the CERN Low Energy Antiproton
Ring (LEAR). The incident p momenta were 1476.5 MeV/c and 1507.5 MeV/c, cor-
responding to centre-of-mass energies above threshold, ¢ = /s - 2231.2 MeV,
of 14.6 and 25.5 MeV, respectively. The p flux varied from 1.0 to 1.5 x
10° s™' over one-hour beam-extraction times. The total number of p's obtained
at the two momenta was 2.3 x 10'" and 1.9 x 10'". The spot size of the
focused beam was measured with a scintillation scanning device to be 1.25 mm
horizontally and 0.5 mm vertically (FWHM) at the location of the interaction
target.

The AA pairs recoil downstream within a narrow cone of 10.0° and 13.1°
for the two incident beam momenta studied. The hyperon momenta range from
550 to %60 MeV/c, corresponding to average decay lengths between 3.9 and
6.8 cm. In 41.2% of the cases both decays produce charged particles (A -+ pn ,
A + pr'), where most of the momentum is carried downstream by the secondary
proton and antiproton. For both, the laboratory angle is limited to 19.5°
and 22.6°, respectively, for the two incident momenta. A stack of wire
chambers records the distinctive two-vertex signature of a AA decay into
four charged particles with a 4x centre-of-mass acceptance for the secondary
proton and antiproton. These events can be reconstructed entirely from the
geometric features of their tracks and the kinematics of the reaction, with-
out the need for momentum analysis in a magnetic field.

A plan view of the detector with an overlay of an identified pp + AA
event is shown in Fig. 2. The antiproton beam impinges on a 2.7 mm long by
2.5 mm diameter CH& target, which is housed in a segmented cylindrical veto
scintillator enclosure (S$2). A pair of 0.1 mm thick scintillators (S1A and
S1B) are used to define the arrival of an antiproton. A 0.1 mm thick veto

scintillator (S3) is placed at the exit of the target (see Frankenberg et

al. [14] for details). Thus a neutral target event is defined as S1A-S1B-S2-S3.



The decay proton and antiproton pass through two 22-element, 4 mm thick,
plastic scintillation hodoscopes (Hx and Hy) positioned 63 cm downstream of
the target. A signal of one or more hits in each hodoscope plane is used in
coincidence with the neutral target event to identify the 'charged-neutral-
charged' signature of a candidate event. The stack of wire chambers consists
of a 10-plane multiwire proportional chamber stack (MWPC) and a 12-plane
drift chamber stack. The wires of the MWPC planes are oriented alternately
at +45° with respect to the horizontal, and each plane consists of 160 wires
spaced 1.27 mm apart. The drift chamber wires are oriented horizontally {(x)
and vertically (y). Each plane contains 14 drift cells of 4 cm width. They
are read out by a pair of sense wires separated by 0.4 mm. A typical drift-
chamber resolution of 0.2 mm is achieved for small-angle tracks. In both
sets of chambers the central wires are made insensitive over a few mm to
allow the non-interacting p beam to pass without buildup of space charge and
to avoid dead-time losses for real events on the central wires (see Dutty et
al. [15] for details). The decay products passing through the hodoscope
enter a solenoid with a 0.1 T vertical magnetic field. Three drift chambers
inside the solenoid serve to distinguish the baryon number {(+t) of the two
identified vertices through sign measurement of the particle charges. The
data were digitized in CAMAC modules and transferred by a micro-programmable
branch driver to a VAX 11/750 for monitoring and writing on magnetic tape
{see Maher [16] for details).

The analysis for AA candidate events included three-dimensional track
fitting to chamber hits, a vertex candidate search, and full kinematic fit-
ting of pairs of matched vertices assuming an event type pp + AA » pu pn .

A AA event was defined as one in which the reduced x? fell below 5. Sources
of two-vertex background arise from pp - K K X events or AA production on
carbon. The kinematics of KSKSX events are very different from AA production

and do not have low X* when fitted to the pp + AA hypothesis. A background



run at 1476.5 MeV/c was made using a pure carbon target., Events from this
run which survived the above pp + AA assumption represented a coantribution
from the carbon in the CH2 target of less than 1.5% in the main data sample.
The deflection in the solenoid was used to identify A and A in the recons-
tructed events. In about 85% of the cases, a clear distinction existed, and
only these events were included in the final angular distributions discussed
below.

In order to obtain the differential cross-section, the uncorrected
cos B% angular distribution was extracted from the data and was corrected by
an acceptance curve generated from a Monte Carlo simulation. A great effort
was made to model the actual performance of the detector system by including
effects such as the small beam-axis dead spots on the chambers, occasional
uncorrelated hits in the chambers, and chamber-plane efficiencies. Simu-
lated events were generated with isotropic centre-of-mass angular distribu-
tion and without polarization of the outgoing AA pairs. They were analysed
using the same algorithm and cuts described for the analysis of the actual
data, giving the angular dependence of the detector acceptance function. The
efficiency of baryon-number identification was found to be angle-independent
and could be folded into the overall detector efficiency determined from the
Monte Carlo simulations.

The measured production cross-sections and their statistical errors are
listed in Table 1. Systematic errors are estimated to be of the order of 10%.
A comparison with previous measurements is included in Table 1. The diffe-
rential cross-sections in the centre of mass are shown in Fig. 3a and b.

The hyperon polarization can be explored using the weak decays A - 5w*

and A + pr . In the rest frame of the hyperon, the outgoing nucleon is
preferentially emitted along the A spin direction, yielding the distribution
I(ep) = 10(1 + aP cos ep) for a sample with polarization P. The angle ep is

measured between the normal to the reaction plane and the nucleon momentum in



the A rest frame, and a = 0.642 + 0.013 is the A + pr decay asymmetry para-
meter. The polarization has been evaluated for five equal cos G% bins for A
and A separately, taking into account the acceptance function for the decay
particles. The results are shown in Fig. 3c and d. The polarization in the
AA production plane was measured [16] to be consistent with zZero, as
expected from parity conservation in strong interactions. There were not
enough events in the present measurement to extract accurate spin-corre-
lation coefficients. This has to await the analysis of more data.

In the absence of distortions, the ratio of AA production cross-sec-
tions, R = GKA(1507'5 MeV/c)/aRA(14?6.5 MeV/c), is expected to be 1.32
for pure S-wave and 2.31 for pure P-wave production. Our measured value
R =1.93 + 0.13 suggests strong contributions from partial waves with 1 > 0,
or the presence of distortions, at these momenta. Clear evidence for 1 » O
contributions comes from the strong anisotropy of the differential cross-
sections in Fig. 3. As shown in Fig. 4a, the forward peak as well as the
general magnitude of the cross-section at these momenta is reproduced by
recent calculations [6, 9] despite the fact that the various models involved
are based on rather different assumptions. For the polarization data shown
in Fig. 3, there is good agreement between the A and the A distributions as
expected from charge-conjugation invariance. The 1507.5 MeV/c data indicate
that the polarization is positive at angles forward of cos 0% = 0.2 [squared
four-momentum transfer t—tmin = -0.17 (GeV/c)z} and ﬁegative at larger
angles. As shown in Fig. 4b, both the one-kaon and the one-gluon exchange
calculations by Kohno and Weise give a polarization distribution similar to
the data, whereas the calculation by Tabakin and Eisenstein predicts no
change in sign. More data on polarization and spin-correlation parameters,

and perhaps improved calculations, may provide a basis for a more detailed

comparison between experiment and theory.
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Table 1

Cross-section summary

AA

p momentum € events O7n Reference
(MeV/c) (MeV) (ub)
1476.5 + 1.8 14.6 + 0.6 1185 13.8 + 0.5 This work
1507.5 + 1.8 25.5 + 0.6 1845 26.6 + 0.1 This work
1500 + 1% 23 +5 18 2.6 + 5.9 | Ref. [1]
1510 26 x 25 58 + 14 Ref. [2]




Figure captiohs

Fig. 1: The reaction pp + AA, viewed (a) as a t-channel meson exchange,
and (b) as a uu quark-pair annihilation and ss creation process.

Fig. 2: Experimental set-up with: 1 = target region (see magnified view),
2 = multiwire proportional chambers, 3 = drift chambers, 4 =
scintillator hodoscope, and 5 = magnetic solenoid with drift
chambers.

Fig. 3: Results (a,b) for the differential cross-sections, and (c,d) for
the polarization distributions {open circles: A polarization, full
circles: A polarization} at 1476.5 and 1507.5 MeV/c.

Fig. 4: Comparison (a) of the differential cross-section data, and {b) of
the polarization data (averaged over the A and A polarization) at
1507.5 MeV/c with the meson-exchange calculations by Kohno and
Weise [9] (sclid) and by Tabakin and Eisenstein [6] {(dash-dotted),
and with the gluon-exchange calculation by Kohno and Weise [9]

(dashed) .
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