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AN INVESTIGATION OF THE pp - AA AND pp - TA +c.c.
REACTIONS NEAR THRESHOLD

REX TAYLCE!
University of linnis, Urbuna-Champaign, 1L, 61801, USA

Representing the PS185 Collaboration;

P. D. Bames,! W, H. Breuntich ® R. Briklers (. Decker,® W, Dutty,4 R. A. Eisastoin,® W Eynch,?
1. Fischer,® R. V. Frankenbere.® G, Franklin,! J. Franz,4 R. Goyor,® N. Hunann,2 P. Hasris, D. |leﬂzo{¢.-"
8. Hughes,? T, Johanwon,” K. Kitian,® M. Kiesch,® R.-A. Kmitt,} W, Qelert,® 8. Ohlason,’ 3. Quinn,

P. Reimor,® K. Rotirich,® E. Ronsle.® 11, Schnitt,® R. Schumacher,! T, Setzick,8 G. Seht.® F. Stalzing,”
R. Todenhagen,® 11, J. Urban,é H. Wirth.} V. Zeps,! and M. Ziolkawsky®

Experinent 1'$1338 studiox the prxduciion of antihyperon-hyporon pides in sntiprotonspeoton collisions at
LEAR in the near-threshokd cnergy region. The Pp <+ AA renction has been thivoughly sudied hy PSS
and many high-quility dint: hinve heen reported. New resulix, tncluding totnl and ditYerwntinl crons sections
along with apin obscrvibles, nre presented here fon the chinnels fip = *A wd Pp—s TUA + c.c st incident
lab antiproton momentin of 1.726 and 1.771 GeVie. The duin from the relatively unstudied and
complementry Pp ~» EUA + ¢.¢ channel s compined 10 it from Bp = RA at simil onetgles sbove the
ronction thresholl

1 Introduction

Experimont PS183 studies strungeness production in Pp collisions using the LEAR tacility mt
CERN. This i accomplished viu the ronctions Jip--» Y whero Y is ua A or I hyperon. These
neactions are Investiguted in the neur-threshold region, whene the encrgy available to the finol-sute
hyperons is low and the number of purtial waves needed to describe the process is lumited thereby
simplifying subsequent interpretutions.  The excellent charaeteristies of the LEAR Ji-beam
combined with the deluyed weak decays of the final-state hyperons atlow tor high-precision
meusurements of the reuction cross sections and spin observables.

Over the lust 10 years, PS188 has accumulated o {arge data mit-on tR° PP AA reaction,’
Thesno data show strongly forward- peaked differential cross sections along with sizable hyperon
polarizations down to quate near the reaction threshold, ‘The spin correlations whow that the AA
puir is produced nlmost exclusively in a tripket state throughout the PS1RS kinsmatic range. ‘These

data have provoked numerous theoraticgl etfors cmplnzinu a variedy of methods (2 sampling of
— o e hese em— m ,“
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these may be tound 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 chunnel and the presence of a tensor
ineraction.

A. next step towards lurther undc,rstandim, of this aspect of strangeness production would he
study of the (isospin 1) Pp = £OA +¢.c. reaction, u reaction quie «.omplemenmry 10 (isospin 0)
Pp— AA. The first results provided by PS185 from the Bp =» A +c.c. reuction® at 1.695
GeV/e, cor-ssponding to un excess energy (the cacrgy above the reaction threshold), e, of
approximately 15 MeV, showed u differential cross section with the fumiliar forward-pesking.
However, this close to the reaction threshold, the crogs section is relatively small and there wers
not enough accepied events o allow for a precise measurement of the spin observables,

The data presented here are the result of an effort to further extend the PS18S program to
provide more high-quality data on the Pp—= T°A +c.c. reaction. Due o the kinematic and
topological similurities of the ip — AA and Pip — E°A +c.c. reactions us secn in the PS188
upparatus, data for the Pp— AA reaction is collected in parallel and extracted by analysis.
Theratore, new results for the Jip = AA channel are roported as well. For detalls on the PS18S
experimental apparatus, see Ref. 1.

2 Results and Discussion

‘These results are from data taken ut two LEAR momentum settings and correspond (0 mid-turget
momentum values of 1,726 £ 0.001 and 1,771 £ 0.001 GeV/e. The error on these values is
dominuted by the ubsolute uncertainty in the LEAR extruction momentum. The total cross section
vilues measured tor the fip = AA reaction are 74.36 + 2.67 and 79.90 £ 2.89 ub at 1.726 und
1.771 GaV/e, respectively. The values for the Pp = %A +¢.c. 1eaction ut the same momentum
volues are 14.60 £ 0.70 und 21.22 £ 10O ub. These ercors include both statisticul and systematic
contributions. The differential cross yections Jat these momenty for the Pp= AA und
Pp = TOA +c.c. reactions us u tunction of cos8”, whore 6° 18 the ¢.m. scattering ungle, we
shown in Fig. 1.

With these pp-bf":\ﬂ, ¢. duta and thoss collected at 1.698 GeV/e,' PSIRS now has
Pp = E"A +c.c. results ut excess energy values ol upproximately 18, 25, and 40 MeV. Not
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Fig, 1. Diterentind croak section resulis tor the () Pp =s AA aid () Pp s $'A o0 ¢ reactions at
1,726 £ 0001 and §.771 £ 0.000 GeVie, The i poaints fiave been ottset shighily o avold ovetlap
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Mg. 2. The differentinl croa section forthe p — AA and Jp - TUA + ¢.¢ renctions w 4 function of ¢
for ¢ = () 18, (1) 25, nod () 40 MoV, The Hues imlicate tho results of i £it 1o an cxponentind form in the
forward reghon,

coincidentally, PS185 has reported results' for the Pp = AA reaction ut similar values of ¢,
corresponding to antiproton momenta of 1.477, 1.508, and 1,546 GeV/e. It is instructive to
compare duta from the twa reactions at these similur values of e to (at least partially) remove the
effects of phase spuce ditfteronces and more casily see the differences in the reaction dynumics.

The rutio of totul cruss sections for the two rouctions, @(Bp — LA +c.c.)f20(Pp = RA)
(the factor of 2 customurily uppeurs in this ratio), Is nearly constunt ut approximately 0.3 for all
three values of €. In other words, in this encrgy range, the reaction cross sections “tum-on” in
very nearly the sume way. What ubout the angular distributions? They are perhaps best compured
us in Fig. 2, where the ditferentiul cross sections ns u function of the squared reduced 4.
momentum transfer. ¢, are plotted for the two renctions for the same thres vulues of €. The fits,
indicuted by thy superimposed solid lines, ure of the exponential form, ¢, The data ars fairly
well-deacribed in the torward region by this simple form. This form urises in the context of &
simple black disk model and the slope b is related to the radius of the black disk, &, by b= R/4,
1t Is interesting to note, ax cun be seen in Fig. 2, that the differentiul cruss section for
Pp = £2A +c.c. is conmmently more torward-poaked (steopor slopo) than fip — AA for all of
these values of &. In terms of the bluck disk model, the Pp = E°A + ¢ ¢ data yleld black disk
radit of 1.3-1.5 F, whilg the Pp--» AA data yleld cadll of 1.1 L2 P,

The complate set of spin-vbservable duta meusured it these two momentum values, which
includos the hyperon polarizations and spin corrslation coelficients, ure tov numerous 10 thow
here. Huwever, it I Interesting to look ot o derived guuntity, the singlet fraction, which ia a
measure of the combined Y spin stute. “This quantity is shown for the two reactions ut tiw two
momentum values in Fig. 3. The singlet Traction yields u value of | fora PY in u pure singlet
Mata, () for pure triplet, und /4 for no corvelution between the two spins, As is readily seen in Pig.
Mu), the fip = AA datn ot these momentin yleld u singlet fraction consistent with zoro throughout
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Fig. 3. Singlet fenction rexults for the (w) Pp = AA and () Pp = T"A +¢.¢ renctions st 1,726 £ 0.001
ad 1.771 £ 0.001 GeVie. The tinn poinis have been ofTset alightly o avold overlap.

the entire c0s@° range. The weighted averuge over cos8’ is ~0.08 £ 0.05 and - 0.07 £ 0.08 at
1.726 und 1771 GeV/e, respectively. This is consistent with previously repurted PS185
Pp - AA data. However, as can be seen in Fig. 3(b). there Is indication thut this triplet
dominance may not hold in the Bp—> E°A +c.c. channel. The weighted uverage values arc
(.76 £ .31 and (.56 £ ().26 ul these sume momenw,

3 Conclusions

New results, including total and ditferential croas section along with spin observables have been
ubuined for the Pp = AA und Bp = %A +¢.c. reactions at 1.726 und 1,771 GeV/e. The totul
croas section, when compared at the sume excess cnorgy values, sesma to rise from 2ero with a
similur shape tor the two reactions. However, the differential cross section is more strongly
peuked in the fip ~» EYA +c.c. channel. The singlet fraction Is measured to bo consistent with
sero for the Pp = AA chunnel us has been seen in previous PS1RS dats, However, there is @ hint
thut thix triplet traction dominance does not obtain in the fip - EYA + c.c. chunnel, us can be seen
from the spin observable dita reported here, 't will be interesting to see the incorporaton of this
new duta on the Pp ~» LA +¢.c. reuction into the various theorstical works that have been
developed und have, fairly successtully, desc.ibed the Pp = RA data.
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