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Abstract

.4 quark model which includes both Scalm" mid vect.or contributions to the
reaction t3P + AA is presented. DWBA calculations of differential cross-
sections, polarizations and spin correlatio.n coeflqcients are compared to
experimental results at several energies. The results are sensitive to details
of the reaction mechanism and to the parameters of the _.A interaction,

1 Introduction

The exclu:..ive reaction ])1)"-' ]_.Aprovides a laboratory in which to study tll_,
detailed mechanism _)f 5_r annihilation. Th.e weak decays of tl-le hyperons allow
measurement of st)ii, observables that arc sensitive t,o details of the reaction mecl,-
anism. We have proposed 1 a quark model for ]_T.h'annihilation which consists of a
linear superposition of the so-called aP 0 (scalar) and aS1 (vector) models. We hay(,
argued that this approactl is more consistent with QCD and the analogous NA"
system than the use of eitl_er model alone, Recent precise measurements 2 of the
pp --+ AA reaction by tile PS185 collaboration at. LEAR allow a test of this model.
In this paper we present the results of distorted wave calculations for the produc-
tion of AA; distortion effects due _.oreal and imaginary (absorptix, e) potentials il,
both initiM and final states are included. Our results at pl,I, = 1.5075 GeV/c, 1.5(34
GeV/c and 1..695 GeV/c show that the best fits to !,he differential cross section,
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polariza.tion, and si)in correlation coe_cients are obtained wit, ll ml interference b('-.

t,ween sc_lm.' and vector t,erms, q,'he sensitivit, y of our restilt, s to the parameters of

tlie AA pot,ential iridicat, es theft this rea, ction may be used tc) provide informa.t, ioil

about the hyl_eron-a,ntihyperon int, eraction,a.bout which Very little is known.

2, Reaction Mechanism

Two conlplementary pictures of the /Sp -4 J_A react, ion are those of meson

exchai_ge a-t_, and quark annihih-l.tion, £xchm_ge models include N, N*, and/or A'**

exchanges, Sucti exchanges are of short range, a,t dist, aa_ces for wtiich qum'k effects

might be e>.'.pect.ed to play a role, Ttierefore alterna, t,ive descriptions s'r-l° based ol,
coil..tituent-._ quark dvrianfics, have beeri developed, These models are based on either

t.he ap0 model, i12 which a i/._1,pair annihilat.iorl into the v,a.cl.!un! is follov,,ed by ai1

,i_s creation, or _clie "aS1"' model, in which a virtual vector quantmn is excliang(_.d.
.TI_c simph.':!:t graptls for these models are shown in Fig, 1, We have proposed that

tllc correct descripsion for J\'A annihilati0n consist, s of a superposition of the aP0

and "aS1" mechanisn-is; the former can be thought, to arise from the confining scalar

force and tile latter describes a vector quantum exchange (e,g,, one oi" more gluons)
expected in tl-ie __'A' interact.ion.
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Figure I

Lowest order diagrams for/3t) _ AA

hl our model, the operator for vector exchange is

t----
--+

Ii, = _,,O; ' O"3

and that fr_r sc[t]ar excharige is

Va,- - ,
I, = g,o'3 • 2_rl_ 27)_

where m, arid rn are ttle strmige and til) qua,rk masses respectively, Our matrix
element for the reaction is

Mi,,,-x..x ~ (¢'Aa(i'2'3'; 4'5'6')4,(1'2'3' 4,(4'5'6') (I,.+L)Ie,(123)4,(456)@NN(i23;45C; .



ill whictl cI_A,_' a,nd q,_,_, are distorted wa.ves and ¢ is a harmonic oscillator w_v,.-
function.

Initial and Final State Interactions

We used the same distorting potentials for/_rA r and AA as I(ohno and Weis(,. '_
For P-:Ar the real part of the poIoential is determined by a G-parity transformation
of the long-range part of a realistic one-boson exchange potential, with a smootl_
extrapolation to the origin. Th'e imaginary part, which represents annihilation, is
of Gaussian form and is adjusted to produce good fits to /Sp experimental dat_
For the real part of tlm ,-_.Ainteraction Kohno and Weise use the isoscalar boso1_
exchang_,s of ti,e real part of the ArlXrpotential. The annihilation term is taken to
be of the same for_.u as that for the /_rAr,but with a strength adjusted to fit. tot_tl
l)l'--' ,\A cross section data.

4. Results
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Figure 2
Differential cross section and polarization for p lab momentu:n of 1,546 GeV/c. Thc:,
h:mg-dast_ed curve is the vector contribution (for ro = .66 fin) and the short-dash_'d
curve is the scal_ contribution (for r0 = .63 fm). The solid curves arc the result of
a linear combination _,I,, + 1_) with g,, = -,48g_ and ro = .57 fin.

Om results for differential cross sections and polarization at, 1,546 Ge\'/c arC'
shown in Fig. 2. Our best fits (minimum X2) to the experimental da.ta 2 are shown for

_i the scalar model alone, the vecl or model alone, and the superposition. For the scal_Lr
and vector models alone we searched on the oscillator radius ro; for our superposition
we searched on ro and the ratio gv/9._. As seen in Fig. 2, the differential cross section

] can be fit reasonably well by either term alone or the superposition, but a better|

| fit to the polarization data is obtained by using .the combined terms with ro = ,89
frn and g,,/g_ = -.19. One characteristic of the polarization data that we, as well



as otl_er authors, have found difl_icult to fit, is the crossillg point, i,(!,, the angl(:' _l
wliich tile polarization cha,r,ges sign, The combiImd model fits better thall either
vector or scalar alone, but still does not agree 'well with the data,,

Because not much is known about the AA interaction, we studied the effect

of varying the strengths of the various components of tl_e AA potential, whicli
includes a real central term, a,n imaginary cep,tral term, and real spin-orbit and
tensor terms. \¥e found our results to be very sensitive to the strengths of these
terms. Vv'e obtained a much better fit,' t.o tlle polarization data a,t 1.546 GeV/c, a.s
shown in Fig: 3, for a ratio 9_:/g,_ = -1.53, ro = .58ria, an,lby multil)lying tlJ_,
otller terms in the AA potential by factors of about. 1.5, except fc)r the real central
term, which was almost Zero. In Fig, 4 we show our results for sl)in correlation
coefficients, which are in reasonable agreement withthe data.
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Figure 3 '

Difl'crential cross section and ],olarization for/3 lab momentum of 1.546 GeV/c. The
solid curves are found by varying the parameters of the AA potential.

In Fig, 5 we present calculations of the differential cross section and polar-
ization at 1,508 Gel:/(: and 1,695 GeV/c. The best. fit. parameters found at, 1,54(3
Ge\'/c agree moderately well with the cross-section data at, the higher rnomentul_,
btll overe,,._tim'at.e t.he rnagr_itud_:, aa-_ddistort, the shape of the cross section at tl_c
lower momelaun_; tt_e polarization data is well fit at, 1,508 GeV/c, but the pr('-
dictic, ll is very poor at 1,69'5 GeV/c, We also shove the best fits obtained at eacll
monlentum, The improvements came mainly from a decrease in vector st.rcngtll
at the lov,,er momentum and a decrease in the tensor and spin-orbit potentials at
the higher .momentum, This strong dependence of our results on the parameters of
the AA interaction suggests that a fit to the reaction data at all available energies
ma5, provide us v,'ith information about, the various components of this little-know._
interaction, Such a fit is now in progress,
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Figure4
Spin, correlatior'_ Cc,cfficients and singlet fraction for the best fit at/5 lab mom.entulii
of i,546 OeV/c, The dashed lines represent limits on the physical values of th(,
rllea s u ren"leI-1t S,
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Figart,5

Differential cross se.ctions arid polarizations for]5 lab naornenta of 1,508 GeV/c arid
1,695 Oe\"/c, Tlie solid cur\'e,<:arc foulid by usi_lg the best fit. parameters of 1,54(;
Ge\'/c; tl_e da.slied curves aie best fits at each respective morrienturn.



5, Conclusion

We have shown that the best, fits to/sp _ AA occur for an interference betwe(:,.n
scalar and vector rnechanisnls, rat, her tha,n for eit,ller term a,10ne, The sensitivity
of our results to tllc pm'amet, ers of the/kA potential indica, tes that the t3p ---, *A
reaction may be a source of infornlat, ion Oll LIlc Am interact, loll
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