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AN INVESTIGATION OF THE pp — AA AND jp — E°A +c.c.
REACTIONS NEAR THRESHOLD

REX TAYLOET
Umvers:ty of lllinois, Urbana- Champazgn IL 61801, USA

Representmg the PS185 Collaboratlon

P. D Barnes,! W. H. Breunlich,8 R. Broders,® G. Decker 6w, Dutty 4 R. A. Eisenstein,> W. Eyrich,3
"H. Fischer,4 R. V. Frankenberg,® G. Franklin,! I. Franz,# R. Geyer,% N. Hamann,? P. Harris,3 D. Hertzog,>
S. Hughes,5 T. Johansson,” K. Kilian,® M. Kirsch,3 R.-A. Kraft,* W. Oelert,® S. Ohlsson,” B. Quinn, ]

P. Reimer,? K. Rohrich,6 E. Rossle,4 H. Schmitt, 4 R. Schumacher,! T. Sefzick,® G. Sehl,% F. Stelzmg,
R. Todenhagen,® H. J. Urban,4 H. Wirth,3 V. Zeps,! and M. Zxolkowsky6

~ Experiment PS185 studies the producuon of antxhypemn hyperon pairs in antiproton-proton collisions at
-LEAR in the near-threéshold energy region. The pp — AA reaction has been thoroughly studied by PS185
and many high-quality data have been reported. New results, including total and dxtterenual cross sections
along with spin observables, are presented here for the channels pp — AA and P — A +c.c at incident
lab antiproton momenta of 1.726 and 1.771 GeV/c. The d'lta from the relatlvely unstudied and -
complementary pp— YA +c.c channel is c,ompdred to that from pp — AA at similar energles above the -
reaction threshold. : )

1 Introduction

Experiment PS185 studies strdngeness production i in §74 collisions using the LEAR facility at
CERN. This is accomplished via the reactions pp — YY where Y is a A or T hyperon. These
.~ reactions are investigated in the near-threshold region, where the energy available to the final-state -
hyperons is low and the number of partial waves needed to describe the process is limited thereby
simplifying subsequent interpretations. The excellent characteristics of the LEAR p-beam
combined with the delayed weak decays of the-final-state hyperons allow for hlgh-premsmn :
measurements of the reaction cross sections and spin observables. ~
Over the last 10 years, PS185 has’ accumuhteéf&ﬁiéﬁ_é%{ﬂ?fﬁ?f , :
These data show strongly forward-peaked differential cross sections along with sizable hyperon
polarizations down to quite near the reaction threshold. The spin correlations show that the AA
pair is produced almost exclusively in a triplet state throughout the PS185 kinematic range. These

. data have prth}ked numerous theorefic; 1 ettorts employmg a varlety of methods (a samphng of
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these may be found in Ref. 2). However, it is generally agreed that these features of the data are
the manifestation of the strong effects of annihilation in this channel and the presence of a tensor
interaction.

A next step towards further understdndmg of this aspect of strangeness producuon would be
study of the (isospin 1) pp — TOA +c.c. reaction, a reaction quite complementary to (1sospm 0
pp — AA. The first results provided by PS185 from the pp — TOA +c.c. reaction’ at 1.695
GeV/c, corresponding to an excess energy (the energy above the reaction threshold), €, of
approximately 15 MeV, showed a difterential cross section with the familiar forward-peaking.

~ However, this close to the reaction threshold, the cross section is relatively small and there were

not enough accepted events to allow for a precise measurement of the spin observables.

The data presented here are the result of an ettort to further extend the PS185 program to
provide more high-quality data on the pp— =0 A+c c. reaction. Due to the kinematic and
- topological similarities of the pp — AA and pp— Z9A +c.c. reactions as seen in the PS185

apparatus, data for the pp— AA reaction is collected in parallel and extracted by analysis. -

Therefore, new results for the pp — AA channel are reported as well For details on the PS185
expemmental appardtus see Ref. 1.

2 Results and Discussion

These results are from data taken at two LEAR momentum settings and correspond to mid-target

momentum values of 1.726 + 0.001 and 1.771 % 0.001 GeV/c. The error on these values is
dominated by the absolute uncertainty in the LEAR extraction momentum. ‘The total cross section
values measured for the pp — AA reaction are 74.36 + 2.67 and 79.90 + 2.89 ub at 1.726 and

- 1.771 GeV/c, respectively. . The values for the pp — TOA +c.c. reaction at the same momentum

values are 14.60 £ 0.70 and 21.22 + 1.00 ub. These errors include both statistical and systematic
contributions. The differential cross sections at these momenta for the pp— AA and
P — A +cec. reactions as a function of cos@ where 6" is the c.m. scattermg angle are
shown in Fig. 1. ' :
: W1th these pp— ZOA+c c. data and those collected at-1.695 GeV/e, PSISS now. has
pp— TPA +c.c. results at excess energy values ot appr0x1mately 15, 25, and 40 MeV. Not
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Fig. 1. Differential cross section results for the (a) pp—> AA and (b) Pp — L°A+c.c reactions at
1.726 + 0.001 and 1.771 + 0.001 GeV/c. The data points have been offset slightly to avoid overlap.
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" Fig. 2. The differential cross section for the fp — AA and Fp — Z°A +c.c reactions as a function of ¢
for £ = (a) 15, (b) 25, and () 40 MeV. The lines indicate the results of a fit to an exponential form in the -
forward region.

coincidentally, PS185 has reported results! for the pp — AA reaction at similar values of &,
corresponding to antiproton momenta of 1.477, 1.508, and 1.546 GeV/c. It is instructive to
- compare data from the two reactions at these similar values of £ to (at least partially) remove the’
effects of phase space differences and more easily see the differences in the reaction dynamics.

- The ratio of total cross sections for the two reactions, o(pp — oA +c.c. )/20'( Pp— AA)
(the factor of 2 customarily appears in this ratio), is nearly constant at approximately 0.3 for all-
three values of €. In other words, in this energy range, the reaction cross sections “turn-on” in
very nearly the same way. What about the angular distributions? They are perhaps best compared
as in Fig: 2 where the dltterenual Cross sectlons as a tunctxon of the squared reduced 4-
. indicated by the supenmposed solid lines, are of the exponential form, e .- The data are fan'ly
well-described in the forward region by this simple form. .This-form arises in the context of a
simple black disk model and the slope b is related to the radius of the black disk, R, by b=R /4
Itis mterestmg to note, as can be seen in Fig. 2, that the differential cross section for
. pp—> E A+c.c. is con51stently more forward-peaked (steeper slo &)e) than pp — AA for all of
these values of £. In terms of the black disk model, the pp— Z"A +c.c. data. yleld black disk
* radii of 1.3-1.5 F, while the pp— AA data yield radii of 1.1-1.2 F.  ~

The complete set of spin-observable data measured at these two momentum values Wthh
~ includes the hyperon pOldl’lZdtlonS and spin correlation coefficients, are too numerous to show
here. However, it is interesting to look at a derived quantity, the singlet fraction, which is a
measure of the combined YY spin state. This quantity is shown for the two reactions at the two
momentum values in Fig. 3. The singlet traction yields a value of 1 for a YY ina pure singlet
state, O for pure triplet, and 1/4 for no correlation between the two spins. As is readily seen in Fig.
3(a) the pp — AA data at these momenm yleld a smglet fractlon consxstent w1th Zero. throughout
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Fig. 3. Singlet fraction results for the (a) Fp — AA and (b) Pp—> A +c.c reactions at 1.726 + 0.001
and 1.771 £ 0.001 GeV/c. The data points have been offset slightly to avoid overlap.

the entire c0s 8" range. The weighted average over cos 8" is —0.08 + 0.05 and —0.07 * 0.05 at
1.726 and 1.771 GeV/c, respectively. This is consistent with previously reported PS185
Pp—> AA data. However, as can be seen in Fig. 3(b), there is indication that this triplet
dominance may not hold in the pp— T%A+c.c. channel. The weighted average values are
0.76 £ 0.31 and 0.56 £ 0.26 at these same momenta. ' RO

3 Conclusio‘ns

New. results, including total and dltferentlal cross section along with spin observables have been
obtained for the pp — AA and Bp — T°A +c.c. reactions at 1. 726 and 1.771 GeV/e. The total
cross section, when compared at the same excess energy values, seems to rise from zero with a
similar shape for the two reactions. However, the differential cross section is more strongly
- peaked in the pp — ZO9A +c.c. channel. The singlet fraction is measured to be consistent with

zero for the pp — AA channel as has been seen in previous PSlSS data. However, there is a hint
that this triplet fraction dominance does not obtain in the pp — Z ‘A +c.c. channel, as can be seen
“from the spin observable data reported here. It will be interesting to see the incorporation of this
- new data on the pp— A +c. c. reaction into the various theoretical works that have been
v developed and have falrly successtully, desenbed the pp - AA data. '

' References gl

1. P D. Barnes et al Phys. Lett. 189B, 249 (1987) Phys Lett 229B, 432 (1989); Nucl
: Phys. A 526, 575 (1991); Phys. Lett. 331B, 203 (1994).
2. M. Alberg et al., Nucl. Phys. A 560, 365 (1993); J. Haidenbauer et al Phys.. Rev C 45,
931 (1992); F. Tabakin et al., Phys. Rev. C44 1749 (1991) R. Timmermans et al., Phys
Rev. D 45,2288 (1992). ' _ Y S
3. P.D. Bames etal., Phys Lett. 246B 273 (1990)




