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ABSTRACT

The PS185 collaboration studies the production of antihyperon-hyperon
pairs in antiproton-proton collisions at LEAR in the threshold region. Results
obtained for the reactions pp -> AA and Pp -> A%+ c.c. are shown and discussed.
They include total and differential cross sections as well as polarisations. For the
AA channel spin-correlations are obtained as well.

Invited talk given at the First Biennial Conference on Low Energy Antiproton Physics,
Stockholm, Sweden, 2 - 6 July 1990, to appear in the Proceedings.



1. INTRODUCTION

The study of production of antihyperon-hyperon pairs in pp collisions close to
the reaction threshold has been motivated by the prospect of learning about the underlying
strangeness exchange process. The threshold region is of particular interest in this context
since the number of partial waves involved is small. Observables such as angular
distributions, polarisations and spin-correlations can be used to extract information about
the underlying dynamical processes. The PS185 collaboration has produced high-quality
data on these quantities from the reactions pp -> AA and pp -> AZ"+ c.c. [1-8].

In the constituent quark model, this strangeness exchange process is governed
by the annihilation of a qq-pair and the subsequent creation of an ss-pair (Fig. 1a). Here,
the non-participating spectator quarks form an I = S = 0 di-quark in the A case, whereas
they have I =S = 1 in the ¥ case. Therefore, in this model the spin of the A is carried by
the strange quark and the spin observables will reflect the reaction dynamics. Calculations
based on this model are often labelled Py or 8, depending on whether the ss-pair is
created with gluon or vacuum quantum numbers respectively [9-17]. Alternatively, the
process can also be described in a conventional t-channel boson-exchange model in
which kaons are exchanged (Fig. 1b). The relative importance of the exchange of
different K-mesons varies between the models [18-26].
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Figure 1. The reaction pp — AA viewed as (a) an s-channel quark-line diagram and (b) a t-channel meson
exchange.

Neither the constituent quark model nor the kaon-exchange model can produce
polarisation in the final state without the inclusion of initial and final state interactions.
Experimental data are available for the pp interaction in the energy domain of interest and
therefore constrain the pp optical potential used. However, nothing is known
experimentally about the antihyperon-hyperon interaction, leaving much freedom, in
particular for the annihilation part, in the choice of the parameters of the YY potential,
The theoretical work has so far concentrated on the channel pp -> AA, where
data have been available. Both approaches are rather successful in describing differential
cross sections and polarisations. In fact, the quark and the boson-exchange approaches
give very similar results, perhaps reflecting the liberty in fitting the potential parameters.
In this context the reaction pp -> AZ%+ ¢. ¢. is of particular interest. The long-ranged



K(494) exchange is suppressed here: SU(3) relations give the ratio of the coupling
constants g2xNz¥g2KkNa = 1/27. As a consequence the more short-ranged K*(892)
exchange becomes more important for the A3? reaction since g2k*Nz/g%k*NA = 0.8, and
one might hope that the reaction dynamics would be more sensitive to quark effects [13].
More details on the quark-based model and on the boson exchange model are given in
contributions by M. Alberg and by P. La France in these proceedings. '

It has been argued that due to the large mass difference between the annihilated
qq-pair and the created Ss-pair these processes might be treated perturbatively [9, 10].
Ratios of cross sections between different hyperon channels can then be predicted under
the assumption that the non-perturbative effects (i.e., initial and final state interactions)
will cancel, provided that the comparison is made under the correct kinematical
conditions.

2. EXPERIMENT

The PS185 detector is a forward decay spectrometer as shown in Fig. 2 and is
designed particularly for the kinematics of the Pp -> Y'Y reaction. It consists of four
principal components: a trigger-active target system consisting of four CH; and one
carbon cell sandwiched between and surrounded by veto scintillators, a track
reconstructing system made out of a stack of 10 multiwire proportional chambers and 13
drift chambers, two scintillator hodoscopes for trigger purposes, and a solenoidal magnet
with three drift chambers for baryon number identification. The arrangement is described
in more detail in refs.[1,2,27,28]. ’
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Figure 2. The PS185 experimental
setup together with an expanded view
of the target region: 1 = target, 2 =
multiwire proportional chambers, 3= —_—
drift chambers, 4 = scintiilator 1
hodoscope, 5 = magnetic solenoid 2
with drift chambers. The toplogy of a
Pp — AA event is indicated.
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The hyperon events are identified from their charged delayed decay Y-> Nr.
Due to the threshold kinematics the apparatus, covering only * 41 degrees in the
laboratory system, has in principle a 100% acceptance for the decay baryons for all
hyperon channels within the LEAR range ( pp < 2 GeV/c). It is worthwhile to notice the
small size of the target cells; they are cylinders of 2.5 mm thickness and 2.5 mm
diameter. The LEAR antigroton beam is focussed to a spot of < 1mm? onto the target
arrangement in which the 2C cell is used to correct for events coming from the carbon
content of the CH» cells.

The two-body kinematics allows for a complete kinematical reconstruction of the
events in a non-magnetic detector; the information coming from the bending of the
particles 1n the magnet is primarily used to assign the baryon number to the hyperons.
The data evaluation is restricted to events having two neutral vees in the chamber stack.
After applying geometrical and kinematical cuts, the event candidates are fed into a
kinematic fitting procedure for the final analysis. The global efficiency in reconstructing a
AA pair decaying into charged particles, taking into account geometrical and
reconstruction efficiencies, is about 60%.

3. RESULTS

3.1 Total Cross Sections
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Figure 3. Compilation of available data on pp -> AA and pp -> azd+ ¢. . in the momentum range of
LEAR [1-7,29-33]. The threshold momenta pghy (AA) = 1.435 GeV/c, prhr (AZO+c.c.) = 1.653 GeV/c
are indicated with arrows,



The measured excitation
function for the reaction measured by
PS185 is shown in Fig. 3 [1,2,4,5]
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pp-> AX% c.c. including a new PS185 6 " 86 Dara [7] PREL. +
point [3] is also shown. As can be seen, - o 85Daal2]
the threshold behaviour for the AA
channel is well mapped out. An
expanded view of the region very close
to the threshold is shown in Fig. 4.
Here for each incoming antiproton i
momentum there are four data points. 2
They correspond to the four individual -
CH> cells in the target arrangement (see i
Fig. 2) and the steps downward in -
energy for the three lower momenta 0
come from the energy loss of the 1
antiprotons in the preceding cells (0.8
MeV/c). New preliminary data points
[7] are shown in this figure together
with already published ones [2]. These Figure 4. Close to threshold behaviour of the
new points contain a lower number of Bp -> AA reaction. The solid curve is a fit 10
events with respect to the older ones, the data (see text). The dashed and dotted curves
and the data were taken with a non- correspond to the s- ans p-wave contributions to
optimized experimental setup for AA the fit respectively.
threshold studies.
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Assuming a constant transition matrix element close to threshold, the ener%y
dependence of Gy only depends on the angular momentum / according to Ctor = bt 172,
A fit to the data is shown in the figure and gives the values by = (1.6240.08) Hb/MeV1/2
and b= (0.20£0.02) ub/McV3/2, where € is the excess energy (€ = Vs - 2m,). This
clearly shows the need to include / 2 1 partial waves already very close to the reaction

threshold.

The new data point on the reaction pp -> A%+ c.c. allows for a comparison
with predicted ratios of cross sections from the constituent quark models. This
comparison can be made either at the same p momentum or at the same excess energy,
and this is done in Table 1.The predicted ratios are a factor of five too large at 1.695
GeV/c. Taking the difference in phase space into account gives a factor of 2.3, but still
the predicted ratio is in disagreement by a factor of two. Being relatively close to the Az?
threshold, a more sensible comparison can be made at the same excess energy for the two
reaction channels. In such a way the final state interaction of the outgoing antihyperon-
hyperon pair would be better compensated for by taking the ratio of cross sections.



Comparing with a AA data point at practically the same excess energy, this ratio becomes
remarkably close to the theoretical predictions. The difference in phase space in this latter

case is a 10% effect.

Table 1. The experimental ratic G(A}Zo)/o(AA) compared with theoretical predictions (G(A}:O) =

c(A): + C.c.)/2 has been used).

o(AX")/c(AA) Reference

Experiment: 0.054 +0.003 PSISS P = 1 695 GeV/c [3,5]
0.132 £0.007 ,phase space corrected
0.29 £0.02 PS185: ¢ = 14.7 MeV [1,3]

Theory: H. Genz and $. Tatur [9]
0.259 S. Fururi and A. Faessler [14]
M. Kohno and W. Weise [11]

0.236 H. Rubinstein and H. Snellman [10]

3.2 Differential Cross Sections

_ Differential cross sections extracted at different momenta for the reaction
pp -> AA are shown in Fig. 5a as a function of the reduced four-momentum transfer t. A
general trend can be seen from the data: a forward peaking of the differential cross section
and a flat distribution at larger momentum transfers. This peaking becomes more
pronounced at higher momenta, but even very close 1o the reaction threshold there is a
clear anisotropy in the angular distribution [2]. This again emphasizes the importance of
partial waves with [ > 0 very close the the kinematical threshold.
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Figure 5a. Differential cross sections as a function of t' for the reaction P> AA .
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Figure 5b, Differential cross sections as a function of t for the reaction pp -> AA compensated for the
difference in phase space.

In Fig. 5b the same data are plotted compensated for the difference in phase
space and normalised at 1.695 GeV/c. Some general features can be seen here: the slope
of the forward peak is roughly the same, it varies slowly from 9.6 (GeV/c) 2 at 1445
MeV/c 10 8.7 (GeV/c)2 at 1695 MeV/c for It| < .15 (GeV/c)2. We may write in analogy

with absorptive scattering: 4 q
- g o '
e-bt

A

where the slope parameter may be associated with an absorbing hadronic disc having a
radius R = v4b . Using the average value 9.1 (GeV/c)™2 for b, an absorbtion radius of
1.2 fm is deduced. Another feature of these distributions is that the change from forward
rise to a flat distribution occurs at a t' = -.2 (GeV/c)2 after which the distributions
converge. In fact, the data taken at different momenta become very similar when the
difference in phase space is accounted for.

The differential cross section for the reaction pp -> AS% c.c. has been extracted
atpp = 1.695 GeV/c [3] and is shown in Fig. 6. As mentioned in the introduction, this
reaction channel should be more sensitive to short range effects. The features from the
AA reaction are recognised: a forward rise is followed by a flat distribution.
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3.3 Polarisations and Spin Correlations

The self-analysing weak decay of the A-particles makes it straightforward to
extract the polarisation (decay asymmetry parameter o = 0.642+0.013). Furthermore,
since the A and A are always detected in pairs, the spin correlations can also be obtained.
The polarisation and spin correlations are analysed using the coordinate system shown in
Fig. 7 via the relations

31
P;,(@) = —(;; SI— z COS(E‘)p)
9 1
GC@) = P N Z cos(®,)cos(0;)

Symmetry laws put constraints on
the polarisation and spin correlation
observables.

Parity conservation:
Px(©®) =P,(@)=0
ny = ny = Cyz = CZ}’ = 0

ol

Charge conjugation invariance:
Py(@) = Py(0)

Cij = Gji
CP invariance: Figure 7. Coordinate system used for evaluating
Op =-0A A polarisations.
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In Fig. 8 the polarisation as a function of the reduced four momentum transfer t for the
reaction pp -> AA is shown at different momenta. Again a coherent picture emerges; the
distributions become very similar. They have the common feature that the polarisation is
positive at forward angles and becomes negative thereafter. In all distributions there is
one zero crossing at t' = -.2 (GeV/c)2, which precisely corresponds to the region of
change from flat to forward rise in the differential cross section. There is probably a
common source for this behaviour of the differential cross section and polarisation
which, however, has yet to be understood. The only data set that differs slightly at larger
t' is the one taken at pp = 1.912 GeV/c [8], where perhaps also a second zero crossing
occurs. These data are still very preliminary and contain only 10% of the events
accumulated. The polarisation of the X in the reaction pp -> AZ%+ c.c. has been éxtracted
at pp= 1.695 GeV/c [3], but it is difficult to draw conclusions from these data due to the
large statistical uncertainty.

The spin correlations obtained at different momenta are shown in Fig. 9. Here
again, the distributions more or less coincide on a t' scale with strong correlations in
certain t regions. Having these correlations available, the singlet fraction, §, can be

calculated,
1+ Cxx - ny + sz
4

S =

This quantity is a measure of the spin alignment of the produced antihyperon-hyperon
system. It has the value S = 1 if the pair is produced in a relative singlet state, S = 0 if
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Figure 9. Spin correlations plotted as a function of t' for the reaction pp -> AA (see text for definition).
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produced 1n a relative triplet state, and S = 0.25 for a statistical mixture of the two. In
Fig. 10 the averaged singlet fraction is shown for four different momenta. It is quite clear
that the AA pairs are always produced in a relative triplet state. This is in fact required
from the Py or 3$; quark-based models. An enhanced triplet production, however, can
also be understood from the relatively large importance of the tensor part of the kaon
exchange potential in the boson exchange models.
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4, CONCLUSIONS

A global and coherent picture is emerging from data taken by the PS185
collaboration on the reaction pp -> AA at momenta pp < 2 GeV/c.

i) Data show that AA patrs are always produced in a relative triplet state.
ii) There is a srong P-wave contribution very close to the reaction threshold,

iii) The observables do/dt’, P and Cj; are to a large extent energy independent.
Plotted on a t' scale the transition from forward rise to a flat distribution in do/dt’' occurs
at about -.2 (GeV/c)?. The slope is very similar and the distributions coincide at largert'.
The polarisation is positive at small t, and turns negative for t'> 2 (GeV/c)2. Hence, this
zero crossing of the polarisations occurs at the same t' as the changeover from flat to
forward rise occurs in the do/dt' distributions. The polarisations taken at different p
momenta look very similar, which is also true for the spin correlations.

The angular distribution obtained for the reaction pp -> AZ%+ c.c. close to
threshold looks similar to the pp -> AA reaction.

The ratio G(KEO)IG(/_\A) is in fair agreement with quark model predictions,
provided the comparison is made at the same excess energy.

The ensemble of data presented in this paper, in particular the new high quality
data including spin correlations (see Fig. 11), should allow stringent constraints to be put
on the many theoretical models, and will hopefully provide a means to distinguish
between them.
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