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Abstract. In this HADRONZ200Z1cortribution we summarizehe statusof our quarkmodelcalcu-
lationsof hadran-hadon scatteringamplitucesin annhilation-freechamels. Thepredictiors arein

reasonaly goodagreenentwith experimentallyknown S-wave mesonmesonand mesonbarym

phaseshifts,andthereareveryrecen indicatiors that S-wave Tw scattering extradedfrom FSlsin

b; decay mayalsobesimilarto our predictians.Finally, nove apgicationsof thisformalismto the
dissociationcrosssectionsof charnoniaon light hadons(relevart for QGP studiesat RHIC) are
discussed.

HADRON-HADRON SCATTERING

[ ntroduction

Early modelsof stronginterhadronforceswere constructedoy analogywith QED
Feynmandiagramsandin theimportantNN problemit wasassumedhattheseforces
were dominatedby t-channelmesonexchange At large distancespne-pion-&change
canindeedbe confirmedin NN high partial waves. However at short distancesone
musthave seriousresenationsaboutthis type of model,sinceexchangeof aca.1 GeV
mesonin t-channeimpliesarangeof about0.2 fm. Sincethisis muchsmallerthanthe
extentof a typical hadronthe assumptin of t-channelmesonexchangeappearsather
dubiaus (seeMaltmanandlsgur[1] for a discussion)The succes®f meson-g&change
modelsmaysimply bedueto themary parametersvailablefor fitting, andlesstrivially
becausd@ mayprovedifficult to distinguishshort-disanceQCD processesuchasquark
interchangdrom mesonexchangeastheseinvolve the sameflavor flow.

Since QCD is a theory of quarksand gluors, and short-rangedscatteringprobes
hadronicwavefunctions,it may be possille to describehadron-hadrorscatteringin
termsof explicit quarkmodelwavefunctionsaandinterquarkforcestakenfrom QCD and
hadronspectroscop Thisapproachasalong histay in theNN problem,andhasbeen
appliedto mary hadronicreactionswith much successandthe occasionainteresting
failure. The techniquemostoften usedis the resonating-grop method althoughother
variatianal or nonperturbatie methodshave alsobeenapplied.In this contribution we
discussour resultsfrom muchsimplerBorn-ordercalculationsof scatteringamplitudces
in thequarkmodel,which aremorestraightfavardto evaluateandarealsoin reasonable
agreementvith experimentalS-wave scatteringamplitudes.
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FIGURE 1. Thefour quak Borndiagrans for mesonmesonscattering.

Quark Born Diagrams

The usualquarkmodelinteractionhasA - A color dependenceandin consequenca
singk interactionbetweemuarksin differenthadrongransformghe incidenthadronic
clustersfrom color singletsto color octets.Although this makesdirect (no quark ex-
change)scatteringzeroat Born order this modified statedoeshave overlapwith final
color singlethadronsprovidedthatwe allow quarkinterchangeWe referto the result-
ing diagramsas “quark Born diagrams".The four quark Born diagramsone finds for
the scatteringof two qg mesonghroughthis mechanisnmareshavn in Fig.1. (We label
thesediagramsaccordingto type; if the interactingconstitientsscatterinto the same
final hadronthisis a “capture"diagram andif notit is a“transfer"diagram.)

Eachdiagramhasan associatedpatialoverlapintegral, which is weightedby color,
spin and flavor multiplicative matrix elementsDetailed evaluation of thesediagrams
wasdiscusedin Refs.[2 3], andthe“Feynmanrules"for the hadron-hadrof-matrices
in our currentnotationare given in Ref.[4]. With Gaussiarwavefunctionsone may
evaluate the T-matricesand phaseshifts in closedform. As an example,the I=2 Tt
S-wave phaseshiftsfrom standardjuarkmodelinteractiongRef.[4]) aregivein Eq.(1).
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wherex = 5\2/4[32, fac(X) is anabbreviation for the confluenthypegeometricfunction
1F1(a;c;x), |A| is the pion momentumin the c.m. frame (we assumea relativistic
disperson relation),3 = 0.4 GeV is the standardquark model qq wavefunctionwidth
parametgranda corventonal quarkmodelparametesetof as = 0.6, mq = 0.33 GeV
andb = 0.18Ge\? is usedto givethecurvesin Fig.2. Thetotal Born-orderS-wave phase
shift is the sumof thesethreecontrikutions. We have confirmedthat theseresultsare
quite similar to the variationalresultsof WeinsteinandIsgur[5], who usedessentially
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FIGURE 2. |=2 rutexperimentalS-wave phaseshiftsversis Eq.(1) from Ref.[4].

thesameinteractionsut includedcontritutionsbeyondBorn ordet

Applicationof thisapproactto the scatteringof otherhadronpairsis straightforvard,
oneneedonly enumeratehe completesetof Born-orderscatteringdiagramsandeval-
uatethesegivena setof externalhadronwavefunctions We have appliedthis methodto
S-wave scatteringof a wide rangeof annihilation-free channelsspecificallyl=3/2 Kt
[6], I=0,1 KN [7], I=0,1 BB [8] (comparedo LGT data),andthe NN repulsve cores
[9], with generallyreasonableesults.Thesereferencegonsidemary additionalcases
for whichwe do not have dataat present.

More sensitve testsof the hadronscatteringmechanismare possibleif we consider
higherpartialwaves.Herethereis evidenceof very interestingphysts, for examplein
thelarge NN spin-orbt force (referral to by Isgurasthe “Holy Grail" of quark-model
scatteringcalculationy andthe similarly large KN spin-orbt force. The KN spin-orbit
forceis apparentlynotwell explainedaselasticscatteringvith quarkmodelforces[10].
(N.Black, unpublshed,finds very similar resultsto this referece.) This discrepang
with experimentmay be due to the large inelasticites known experimenally to be
presenin KN scattering.

We recentlyconsideredight vectorpseudoscalamesonscatteringasa modelspin-
orbit problemfor the quark Born diagramformalism, and derived the completeset
of phaseshiftsin all partial waves given Gaussianwvavefunctionsand standardquark
model forces[4]. We found that quark-modelspin-orbit effects can indeedbe quite
large, for examplein P-wave 1=2 ptt elastic scatteringwe found a phaseshift split-
ting 8(°P2) — 8(3Pp) that pealed at about40°. Although one might suppos vector
pseudoscalascatteringto be experimentallyinaccessibleit actuallycanbe measured
asafinal stateinteractionin multiamplitudedecaysln b; — wrtin particularthe S and
D ampliudeshave FSI phaseof €% and€®, sothe S-D crosstermin the wrt angu-
lar distribution is suppressetly cogds — &p) relative to the |S2 and |D|? terms.Our
predictionis that

Os( ) — Op (wr) = —14° (2)

atthe b; mass.The E852 Collaborationhasusedthis unusualFSI techniqueto extract
this relative phaseandfinds a consistentesultof ds(wrt) — &p(wrm) ~ —19°(4°)(8°).
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FIGURE 3. Thep+ J/u dissociatiorcrosssectionpredictedby quak Borndiagrans [12].

(0p —0s=0.327+0.061+ 0.143radiangs thetentatve,asyetunpubishedeE852result;
private communicatn from M.Nozar)

A New Application: Charmonium Dissociation at RHIC

Recentlya novel classof hadronicreactionshasattractedthe attention of phystists
searchingor evidenceof quark gluon plasmaformationin heary ion collisions One
signatue proposedasanindicatorof QGPformationis a suppressio of the production
rateof charmoniumboundstatessuchasthe J/, sincethe QGPis expectedto screen
thelinearpotentialthatwould normally encourage cc pair producedn thecollisionto
remainbound[11].

If thecharmoniahatareformedin the collisionscanpenetratehe cloud of "comov-
ing" light hadronsalsoproducedn thecollision, they canbedetectedhroughcharacter
istic decayssuchasJ/y — £7£~, andthis will be a “clean” experiment Alternatively,
if inelastc charmonium+ light hadroncrosssectionsinto open-charnfinal statesare
sufficiently large, this more corventionalcc dissociatiom processmay imitate the ex-
pectedQGPsignalandwill complicatethe interpretationof the experiment Of course
thesecharmoniunt light hadrondissociationcrosssectionsare not at all well known
at low enegies, and estimatesf the scaleof thesecrosssectionsassumig different
theoreticalscatteringnechanismsover mary ordersof magnitude Herewe may have
an exciting opporturity to establis the preferredhadron-hadroscatteringnechanism
in anew regimeof QCD.

We have carriedoutaserieof calculationof thesecharmoniumt light mesordisso-
ciationcrosssectionsn theconstituentnterchangenodel,usingtheapproactdescribed
above. We usea standardCoulomb+ linear + smearechyperfineHamiltonianto de-
terminewavefunctionsandscatteringamplitudes,which are evaluatedusingnumerical



techniquesOur resultsarethatthesecrosssectionsat leadingorderaredissaiationto

opencharmratherthanelasticscatteringwhichis obviousfrom theflavor flow in Fig.1),

andthelow-enegy crosssectionsaretypically ca.1 mbin scale[12, 13]. (Earlierwork

by Martins, Blaschle andQuack[14] usingthe samescatteringormalismfound some-
what larger crosssections,due to their assumpion of a color-independentonfining
interaction.)Interestingy, p + J/W crosssectionsaremuchlargerthantt+ J/y, in part
becausep + J/Y — DD is exothermic and hencedivergesas we approachthreshold.
This processmay lead to considerablesuppressiorof the initial J/y population and
will requirecarefulconsiderationn applicatiors of this charmonium-supessionidea
to QGPsearches.

In futurewe planto extendthesecalculationgo awide rangeof initial andfinal states,
sothattotal crosssectiondsummedover all accessibldinal statesanbeevauatedand
more complicatedreactionssuchas N+J/y inelasticscatteringcan be treated.Many
otherfascinatingguestionssuchasthe possibiity thatcharmedmesonamight bind to
nucleonsand nuclei, can also be consideredhroughthe applicationof this model of
low-enegy interhadrorforces.
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