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Abstract. In this HADRON2001contribution we summarizethestatusof our quark-modelcalcu-
lationsof hadron-hadronscatteringamplitudesin annihilation-freechannels.Thepredictions arein
reasonably goodagreementwith experimentallyknown S-wave meson-mesonandmeson-baryon
phaseshifts,andthereareveryrecent indications thatS-waveπω scattering(extractedfrom FSIsin
b1 decay) mayalsobesimilar to ourpredictions.Finally, novel applicationsof this formalismto the
dissociationcrosssectionsof charmoniaon light hadrons(relevant for QGPstudiesat RHIC) are
discussed.

HADRON-HADRON SCATTERING

Introduction

Early modelsof stronginterhadronforceswere constructedby analogywith QED
Feynmandiagrams,andin the importantNN problemit wasassumedthat theseforces
weredominatedby t-channelmesonexchange.At large distances,one-pion-exchange
can indeedbe confirmedin NN high partial waves. However at short distancesone
musthave seriousreservationsaboutthis typeof model,sinceexchangeof a ca.1 GeV
mesonin t-channelimpliesa rangeof about0.2fm. Sincethis is muchsmallerthanthe
extentof a typical hadron,theassumption of t-channelmesonexchangeappearsrather
dubious(seeMaltmanandIsgur [1] for a discussion).Thesuccessof meson-exchange
modelsmaysimply bedueto themany parametersavailablefor fitting, andlesstrivially
becauseit mayprovedifficult to distinguishshort-distanceQCDprocessessuchasquark
interchangefrom mesonexchange,astheseinvolve thesameflavor flow.

Since QCD is a theory of quarksand gluons, and short-rangedscatteringprobes
hadronicwavefunctions,it may be possible to describehadron-hadronscatteringin
termsof explicit quarkmodelwavefunctionsandinterquarkforcestakenfrom QCDand
hadronspectroscopy. Thisapproachhasa longhistory in theNN problem,andhasbeen
appliedto many hadronicreactionswith muchsuccessand the occasionalinteresting
failure.The techniquemostoftenusedis the resonating-group method, althoughother
variational or nonperturbative methodshave alsobeenapplied.In this contribution we
discussour resultsfrom muchsimplerBorn-ordercalculationsof scatteringamplitudes
in thequarkmodel,whicharemorestraightfowardto evaluateandarealsoin reasonable
agreementwith experimentalS-wavescatteringamplitudes.
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FIGURE 1. Thefour quark Borndiagrams for meson-mesonscattering.

Quark Born Diagrams

Theusualquarkmodelinteractionhasλ � λ color dependence,andin consequencea
single interactionbetweenquarksin differenthadronstransformstheincidenthadronic
clustersfrom color singletsto color octets.Although this makesdirect (no quarkex-
change)scatteringzeroat Born order, this modifiedstatedoeshave overlapwith final
color singlethadrons,providedthatwe allow quarkinterchange.We refer to theresult-
ing diagramsas“quark Born diagrams".The four quarkBorn diagramsonefinds for
thescatteringof two qq̄ mesonsthroughthis mechanismareshown in Fig.1.(We label
thesediagramsaccordingto type; if the interactingconstituentsscatterinto the same
final hadronthis is a “capture"diagram,andif not it is a “transfer"diagram.)

Eachdiagramhasanassociatedspatialoverlapintegral,which is weightedby color,
spin andflavor multiplicative matrix elements.Detailedevaluation of thesediagrams
wasdiscussedin Refs.[2, 3], andthe“Feynmanrules"for thehadron-hadronT-matrices
in our currentnotationare given in Ref.[4]. With Gaussianwavefunctionsone may
evaluate the T-matricesand phaseshifts in closedform. As an example,the I=2 ππ
S-wavephaseshiftsfrom standardquarkmodelinteractions(Ref.[4]) aregive in Eq.(1).
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wherex ���A2 � 4β2, fa � c � x � is anabbreviation for theconfluenthypergeometricfunction

1F1 � a;c;x � , � �A � is the pion momentumin the c.m. frame (we assumea relativistic
dispersion relation),β � 0 � 4 GeV is the standardquarkmodelqq̄ wavefunctionwidth
parameter, anda conventionalquarkmodelparametersetof αs

� 0 � 6, mq
� 0 � 33 GeV

andb � 0 � 18GeV2 isusedtogivethecurvesin Fig.2.ThetotalBorn-orderS-wavephase
shift is the sumof thesethreecontributions. We have confirmedthat theseresultsare
quitesimilar to thevariationalresultsof WeinsteinandIsgur [5], who usedessentially
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FIGURE 2. I=2 ππ experimentalS-wavephaseshiftsversus Eq.(1), from Ref.[4].

thesameinteractionsbut includedcontributionsbeyondBornorder.
Applicationof thisapproachto thescatteringof otherhadronpairsis straightforward,

oneneedonly enumeratethecompletesetof Born-orderscatteringdiagrams,andeval-
uatethesegivenasetof externalhadronwavefunctions. Wehaveappliedthismethodto
S-wave scatteringof a wide rangeof annihilation-freechannels,specificallyI=3/2 Kπ
[6], I=0,1 KN [7], I=0,1 BB [8] (comparedto LGT data),andthe NN repulsive cores
[9], with generallyreasonableresults.Thesereferencesconsidermany additionalcases
for whichwedonothavedataat present.

More sensitive testsof thehadronscatteringmechanismarepossibleif we consider
higherpartialwaves.Herethereis evidenceof very interestingphysics,for examplein
the largeNN spin-orbit force (referred to by Isgurasthe“Holy Grail" of quark-model
scatteringcalculations) andthesimilarly largeKN spin-orbit force.TheKN spin-orbit
forceis apparentlynotwell explainedaselasticscatteringwith quarkmodelforces[10].
(N.Black, unpublished,finds very similar resultsto this reference.)This discrepancy
with experimentmay be due to the large inelasticities known experimentally to be
presentin KN scattering.

We recentlyconsideredlight vector-pseudoscalarmesonscatteringasa modelspin-
orbit problemfor the quark Born diagramformalism, and derived the completeset
of phaseshifts in all partial wavesgiven Gaussianwavefunctionsandstandardquark
model forces [4]. We found that quark-modelspin-orbit effects can indeedbe quite
large, for example in P-wave I=2 ρπ elasticscatteringwe found a phaseshift split-
ting δ � 3P2 � � δ � 3P0 � that peaked at about40% . Although one might suppose vector-
pseudoscalarscatteringto be experimentallyinaccessible,it actuallycanbe measured
asa final stateinteractionin multiamplitudedecays.In b1 & ωπ in particulartheS and
D amplitudeshave FSI phasesof eiδS andeiδD, so the S-D crossterm in the ωπ angu-
lar distribution is suppressedby cos� δS � δD � relative to the � S � 2 and �D � 2 terms.Our
predictionis that

δS � ωπ � � δD � ωπ � � � 14% (2)

at the b1 mass.TheE852Collaborationhasusedthis unusualFSI techniqueto extract
this relative phase,andfinds a consistentresultof δS � ωπ � � δD � ωπ �(' � 19% � 4% � � 8% � .



FIGURE 3. Theρ ) J * ψ dissociationcrosssectionpredictedby quark Borndiagrams [12].

(δD � δS
� 0 � 327+ 0 � 061+ 0 � 143radiansis thetentative,asyetunpublishedE852result;

private communication from M.Nozar.)

A New Application: Charmonium Dissociation at RHIC

Recentlya novel classof hadronicreactionshasattractedtheattention of physicists
searchingfor evidenceof quarkgluon plasmaformation in heavy ion collisions. One
signature proposedasanindicatorof QGPformationis a suppression of theproduction
rateof charmoniumboundstatessuchastheJ � ψ, sincetheQGPis expectedto screen
thelinearpotentialthatwouldnormallyencouragea cc̄ pairproducedin thecollision to
remainbound[11].

If thecharmoniathatareformedin thecollisionscanpenetratethecloudof "comov-
ing" light hadronsalsoproducedin thecollision,they canbedetectedthroughcharacter-
istic decayssuchasJ � ψ &-,/.0, � , andthis will bea “clean" experiment. Alternatively,
if inelastic charmonium+ light hadroncrosssectionsinto open-charmfinal statesare
sufficiently large, this moreconventionalcc̄ dissociation processmay imitate the ex-
pectedQGPsignalandwill complicatethe interpretationof theexperiment. Of course
thesecharmonium+ light hadrondissociationcrosssectionsarenot at all well known
at low energies,andestimatesof the scaleof thesecrosssectionsassuming different
theoreticalscatteringmechanismscover many ordersof magnitude.Herewe mayhave
anexciting opportunity to establish thepreferredhadron-hadronscatteringmechanism
in anew regimeof QCD.

Wehavecarriedoutaseriesof calculationsof thesecharmonium+ light mesondisso-
ciationcrosssectionsin theconstituentinterchangemodel,usingtheapproachdescribed
above. We usea standardCoulomb+ linear + smearedhyperfineHamiltonian to de-
terminewavefunctionsandscatteringamplitudes,which areevaluatedusingnumerical



techniques.Our resultsarethat thesecrosssectionsat leadingorderaredissociationto
opencharmratherthanelasticscattering(whichis obviousfrom theflavor flow in Fig.1),
andthelow-energy crosssectionsaretypically ca.1 mb in scale[12, 13]. (Earlierwork
by Martins,BlaschkeandQuack[14] usingthesamescatteringformalismfoundsome-
what larger crosssections,due to their assumption of a color-independentconfining
interaction.)Interestingly, ρ � J � ψ crosssectionsaremuchlarger thanπ � J � ψ, in part
becauseρ � J � ψ & DD̄ is exothermic andhencedivergesaswe approachthreshold.
This processmay lead to considerablesuppressionof the initial J � ψ population, and
will requirecarefulconsiderationin applications of this charmonium-suppressionidea
to QGPsearches.

In futureweplanto extendthesecalculationsto awiderangeof initial andfinal states,
sothattotalcrosssections(summedover all accessiblefinal states)canbeevauated,and
morecomplicatedreactionssuchasN � J � ψ inelasticscatteringcanbe treated.Many
otherfascinatingquestions, suchasthepossibility thatcharmedmesonsmight bind to
nucleonsandnuclei, canalsobe consideredthroughthe applicationof this modelof
low-energy interhadronforces.
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