
ArticleID:1007灢4627(2012)04灢0344灢09

毭毭InteractionintheGeneralizedQCDVectorMeson
DominanceModelandtheQCDInspired

EikonalizedApproximation
PANJi灢huan1,ZHOULi灢juan2,MA Wei灢xing3

(1.DepartmentofPhysicsandElectronicEngineering,HechiUniversity,Yizhou546300,Guangxi,China;

2.DepartmentofInformationandComputingScience,GuangxiUniversityofTechnology,

Liuzhou545006,Guangxi,China;

3.InstituteofHighEnergyPhysics,ChineseAcademyofSciences,Beijing100049,China)

Abstract:BasedonthegeneralizedQCDvectormesondominancemodelandtheQCDInspired
Eikonalizedapproximation,毭毭interactionhasbeenstudiedinthispaper.Unliketheusualcalcula灢
tionsofthe毭毭interactionbytheFeynmanboxdiagramtechnique,weexploretheprocessbyQCD
theoryinwhich毭毭elasticscatteringproceedsthroughastronginteractionbetweentwopairsof
quark灢antiquarkfluctuatedbytwoscatteringphotons.Duetothefactthatthemediatorofstrong
interactioniscolorfulgluon,andgluonhasapropertyofself灢interactionwhichcanbindexchanging
gluonstogethertoform glueballs.Thecolorlesstensorglueball(twoReggeizedgluonbound
state)andOdderon(threeReggeizedgluonboundstate)couldbethemediatorsoftheinteraction
betweenthetwoquark灢antiquarkpairs.Thismechanismisverydifferentfromtheothertheoreti灢
caldescriptionsoftheprocess.Inparticular,thecontributionsfromvirtualgluon,boundquark灢
antiquarktoformafluctuatedmeson,aretakenintoaccount.Wecalculatethetotalcrosssection
氁tot,thedifferentialcrosssectiond氁/dt,theratiooftherealparttotheimaginarypartofthefor灢
wardscatteringamplitude氀,andthenuclearslopeparameterfunction毬of毭毭elasticscattering.
Ourtheoreticalpredictionsfor氁totareconsistentwiththeexperimentaldatawithinerrorbarsofthe
data.Thedataford氁/dt,氀and毬areurgentlyneededtotestourtheoreticalmodel.
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eikonalizedapproximation
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1暋Introduction
ThelinearityofMaxwell暞svacuumequations

doesnotallowelectromagneticwavespropagating
invacuumtointeract,andthereforephoton灢photon

scatteringisforbiddeninclassicalphysics.Howe灢
ver,inthetheory ofquantum electrodynamics
(QED),thequantumvacuumpossessesnonlinear
propertiessothatthe photon灢photon scattering
mayoccur,owingtotheinteraction withvirtual
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electron灢positronpairs.As weknow that QED
non灢linearvacuumeffectsisofimportanceinthe
neighborhoodofstronglymagnetizedastrophysical
system[1-2].Effectssuchaselectron灢positronpair
creationandelasticphoton灢photonscatteringmay
evenplayanimportantroleinfuturelaser灢plasma
experiment[3-5].Moreover,sincethephoton灢pho灢
tonelasticscatteringisapurelydiffractiveprocess
ofparticlephysics,namelythereisnoanyquan灢
tum numberexchangedbetweeninitialandfinal
stateofthe毭毭interactingsystem,itcanofferava灢
rietyofinsightsintothediffractivemechanismof
particlephysics.Atthesametime,this毭毭process
canalsoprovidemanyopportunitiestolearnabout
quarkgluoncontentsofphotonnature,tosearch
fornewphysicsandnewparticlessuchastheten灢
sorglueballandOdderon,whichhavebeenpredic灢
tedbyQCD,QCDvariantsandColorGlassCon灢
densatemodel(CGC)[6-8].Therefore,itcan,in
return,testthevalidityofvarioustheoriesand
models,inparticularQCDandCGCmodel.

Manystudiesof毭毭interactionhavebeendone
bothexperimentallyandtheoretically.Theoretical灢
ly,Refs.[9-11]describephoton灢photonscatter灢
ingintermsoftheLagrangiandensityofHeisen灢
bergandEuler[12].Inaddition,itscrosssection
hasbeenconfirmed bythe QED calculation of
KarplusandNeumann[13].However,Karplusand
Neuman暞scalculationisnotreliablebecausethey
haveputsomeadditionalbutunphysicalconditions
ontheQEDcalculation[14]soastoreproducethe
resultobtainedbyHeisenbergandEuler.Inparti灢
cular,theeffectiveLagrangianproposedbyHeis灢
enberg and Eulerfor the vacuum polarization
effectsisphysicallyincorrectsinceitdisagreeswith
theobservationthatphotonisalwaysmassless.In
thisrespect,itisquiteimportantthatanewcalcu灢
lationofthephoton灢photonscattering mustbe
doneinamoderntheoryatthepresent.

Directobservation ofelastic photon灢photon
scatteringamongrealphotonswould,becauseof
itsfundamentalimportancetoQED,beofgreat

scientificimportance.Although,duringthelast
decadesseveralsuggestionsonhowtodetectelastic
photon灢photonscatteringhavebeen made[15],no
suggestionshave,sofar,ledtoactualdetectionof
photon灢photonscatteringamongrealphotons.The
measurements with sufficientaccuracy mustbe
verydifficultsincephotoncannotbeatrestbutal灢
waysatthespeedoflight.Todetectphoton灢pho灢
tonscattering,therelatedprocessisphotonsplit灢
tingmechanism[16].Infact,itiswellknownthata
photoninteractswithanotherphotonviathebox
diagrams[14],wherefermionsandantifermionsare
createdfromthevacuumstate.Namely,thepho灢
ton灢photonscatteringisthereactionprocessarising
fromtheparticlenatureofphoton,incontrastto
itswavenaturesuchasconventionaldiffractionor
interferencephenomenainoptics.InQCD,apho灢
toncansplitintoaquark灢antiquarkpair.Thepho灢
tonself灢energyisbornofthissplittingquark灢anti灢
quarkloop.Thequark灢antiquarkloopinincident
photoncertainlyinteractswithanotherloopintar灢
getphotonthroughstronginteractionsincetheyall
havealonglifetimetointeracteachotherduring
the scattering process. This picture naturally
formsanewbasicmechanismofphoton灢photonin灢
teraction.Wenamethismechanismasgeneralized
QCDvectormesondominancemodel.Ithasbeen
successfullyappliedinourpreviouspublicationson
毚 mesonphoto灢productionand氀 mesonelectro灢
production offthe proton at high energies[17].
Now,wetrytoextendthemodeltothestudyof
highenergy毭毭elasticscattering.

Inthispaperwestudythe毭毭interactioninthe
generalized QCD vector mesondominance model
andusingtheQCDinspiredeikonalizedapproxima灢
tion.Wetakeallthecontributionsfrom quarks
andvirtualgluonsintwofluctuated mesonsto
measuredphysicalquantitiesinto account.The
mediatorsoftheinteractionbetweentwocolliding
vectormesonsarethetensorglueballand Odd灢
eron,insteadoftheusualPomeronexchangeinthe
conventionalstudyofparticlediffraction.
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Thispaperconsistsoffiveparts.InSect.2,

webrieflyintroducethegeneralized QCD vector
mesondominance model.InSect.3,wepresent
ourQCDinspiredeikonalizedapproximationandits
formulism.InSect.4,ourpresenttheoreticalpre灢
dictionsanditscomparisonswithexperimentalda灢
taaregiven.Finally,wereserveoursummaryand
conclusionsforSect.5.

2暋GeneralizedQCDvectormesondo灢
暋 minancemodel

Thefirstpeopletopointoutthataphoton
(evenvirtualphoton)canfluctuateintoavector
mesonwasGribov[18].Inordertointroducethis
Gribov暞svectormesondominancemodel,webegin
withstudyingtheprocessofvectormesonelectro灢
production毭N曻VNathighenergies.Accordingto
Gribov暞smodel,before毭Ninteractiontakesplace
theincidentphotonexclusivelyfluctuatesintoa
vectormesonV.Thelifetime(coherencelength)

ofthefluctuatedvectormesoncanbeexpressedas

氂=lc= 1
mxB

,暋xB=Q2

s
, (1)

whereQ2 isthe photon virtuality (momentum
squared),andmisthemassofthetargetnucleon.
Thiscoherencelength ofthefluctuated vector
mesonismuchlargerathighenergiesthanthesize
ofthemeson.Inthiscasethephoton灢nucleonin灢
teractioncanbereplacedbymeson灢nucleoninterac灢
tion.Themodelassumesthatthehadroniccompo灢
nentsofthevacuumpolarizationofthephotoncon灢
sistexclusivelyoftheknownvectormesons(氀,氊,

毤,J/氉,毚).SinceGribov暞swork,theinteraction
betweenthephotonandhadronicmatterhasbeen
remarkably welldescribedbythisvector meson
dominancemodel.

Accordingtothequarkmodelofhadronstruc灢
tureinQCD,amesonconsistsofaquarkandan
antiquark.Nucleonis madeupofthreevalence

quarks.Theyallareboundtogethertightlybyex灢
changinggluons.Forinstance,vectormesonsare

believedtobeaboundstateofquark灢antiquarkpair
withquantum numberJPC =1-- whichisjustthe
quantumnumberofphoton.

氀+=u焻d,氀灢=d焻u,氀0 =1
2

(d焻d-u焻u),

氊=1
2

(d焻d+u焻u),毤=s焵s,J/氉=c焵c,毚=b焻b.

Therefore,itisreasonableandsafetobelievethat
the photon灢nucleon interaction may proceed
through strong interaction between quark灢anti灢
quarkpairfluctuatedbytheincidentphotonand
thethreequarksysteminsidethetargetnucleon.
From the standard model of particle physics,

quarks,beingcharged,coupletothephotonandso
thestrongsectorcontributiontothephotonpropa灢
gatorarises,inamanneranalogoustotheelectron灢
positronloopsinQED.

InQCD,themediatorofinteractioniscolorful
gluonandgluonhasaself灢interactionproperty.
Duetothisself灢interaction,the multigluonex灢
changedbetweentwodifferentquarkgroupsinin灢
cidentmesonandtargetnucleoncanform glue灢
balls灢thecolorlessboundstatesofpuregluons.
Therefore,inQCDthemediatorsoftheinteraction
between mesonandnucleon wouldbeglueballs:

thetensorglueball (two Reggeizedgluonbound
state)and/or Odderon (three Reggeized gluon
boundstate),andsoon.Inotherwords,inQCD
theleadinginteractionmediatorsbetweenprojectile
photonandtargetnucleoncouldbethecolorless
tensorglueballand/orcolorlessOdderon[19].How灢
ever,asinglegluonexchangeisforbiddenbecause
colorquantumnumberisofconservation.

Ontheotherhand,allinvestigationsevidently
showthatthePomeronexchangemechanismisan
onlysuccessfuldescriptionofhighenergyparticle
diffraction.Regge Pomeronassumption hasre灢
markablywellexplainedallhighenergydiffractive
data.However,astheadventofQCD,peoplebe灢
lievesthatthePomeroncouldbethetensorglue灢
ball[20]. With quantum numberIGJPC=0+2++ ,

MassMG=2.23GeVanddecaywidthabout殻G曋
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100 MeV.Thereasonisthatalthoughthetensor
glueballhasnotbeenidentifiedinexperiment,its
existencehasbeenpredictedsurelybyQCD,CGC
andotherQCDvariants.Moreoverthetensorglue灢
ballliesonthePomerontrajectory毩P(t)=1.08+
0.20tand hasthe Pomeron vacuum quantum
numbersIGJPC=0+J++ .Needlesstosay,itmedi灢
atesthestronginteractionthatthePomerondoes.
Particularly,theinvestigationsofppandp焻pelastic
scatteringclearlyshow thatthe Odderon must
existinordertofittheexperimentaldata[21].

Nowletustoapplytheaboveideasto毭毭elas灢
ticscattering.Accordingtotheabovediscussions,

theFeynmandiagramsshowninFigs.1~2would
bethemostpossiblemechanismof毭毭interaction,

wherethefullydressedquark,gluonpropagators,

thetensorGlueballandOdderonpropagators,the
verticesofglueballcouplingtoquarkandanti灢
quark,andthephoton灢quarkcouplingvertexare
appeared.

Fig.1 Mechanism oftheexclusive毭毭processproceeding
throughthetensorglueballexchange.

Insummaryofthissection,weclaimthatin
QCDthe毭毭scatteringprocessproceedsthrough
stronginteraction between two quark灢antiquark
pairsfluctuatedrespectivelybytwocollidingpho灢
tonsbeforetheirinteractiontotakeplace.The

leadingmediatorsoftheirinteractioncouldbethe
colorlesstensorglueballandOdderon.Thequarks
andvirtualgluonsinsidethetwofluctuatedmesons
maketheircontributionstothephysicalquantities
oftheprocess.Wenamedthismechanismofpho灢
ton灢photon interaction generalized QCD vector
mesondominancemodelwhichhasbeensuccess灢
fullyappliedtovectormeson毚photo灢production
and氀 electro灢production offthe protonin the
frameworkofQCDinspiredeikonalizedapproxima灢
tion[17].Ofcourse,thisiscertainlyanapproxima灢
tion,butintheregionaroundthevectormeson
masses,itappearstobeagoodapproximation.

Fig.2 Mechanism oftheexclusive毭毭processproceeding
throughtheOdderonexchange.

3暋QCDinspiredeikonalizedmodel

Asithasbeenpointedoutinthepreceding
section,thescatteringamplitudeofphoton灢photon
scatteringinourgeneralized QCD vector meson
dominancemodelarisesfromthecontributionsof
quark灢quark,gluon灢gluoninteractionandquark灢

gluoninterference.Inthehighenergyeikonalde灢
scriptionofparticle灢particlescattering,thediffrac灢
tiveamplitudeconsistsoftwoparts:F(s,t)=

F+ (s,t)+F灢(s,t),whereF+ (s,t)isthecross灢
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ingevenamplitudewithchargeconjugationquan灢
tumnumberC=+1andF- (s,t)isthecrossing
oddamplitude withC= -1.Thequark灢quark,

gluon灢gluoninteractionsandquark灢gluoninterfer灢
encetermcontributetothecrossingevenampli灢
tudeF+ (s,t)throughthetensorglueballex灢
changeandthecontributionsoftheQCDOdderon
exchangeisresponsibleforthecrossingoddampli灢
tudeF- (s,t).Thetotalcrosssection氁tot(s),ratio
oftherealparttotheimaginarypartoftheforward
scatteringamplitudeF(s,t=0),氀(s),andthenu灢
clearslopeparameterfunction毬(s),arenormalized
insuchawaythat[17]

氁tot.=1
sImF(s,t=0), (2)

氀(s)=ReF(s,t=0)
ImF(s,t=0) (3)

毬(s)=d
dt

[lnd氁(s,t)
dt

]
t=0

. (4)

Whered氁(s,t)
dt inEq.(4)isthedifferentialcross

sectionsoftheprocessunderstudy,whichisdeter灢
minedbyF(s,t)throughnormalizationsuchthat

d氁(s,t)
dt = 1

16毿s2旤F(s,t)旤2. (5)

Eqs.(2)~(5)arethefundamentalformulaeofour
presentstudy.Clearly,Ourtasknowistofigure
outtheamplitudeF(s,t).IntheGlaubermultiple
scatteringtheory[22],thescatteringamplitudefor
twobodyinteractionisgivenby

F(q)=ik
2毿曇eiqb[1灢ei氈(s,b)]d2b

and氈(s,b)iseikonalprofilefunctionwhichisde灢
finedby

暋暋暋暋氈(s,b)= -2m
k曇

¥

0
V(b2+z2 )dz

withV(b2+z2 )beinginteractionused,andbis
theimpactvectorincollidingplane.Therefore,

theamplitudeF(s,t)canbesimplyexpressedby

氈(s,b)viatheseriesexpansionofei氈ini氈.Then,

calculatingtheamplitudeF(s,t)becomesataskto

calculatethe氈(s,b).IntheQCDinspiredeikona灢
lizedapproximationthetotalprofilefunction氈isa
sumofthedifferentcontributionsfromquarkquark
(氈qq),gluon灢gluon (氈gg),andquark灢gluoninter灢
ferenceterm (氈qg)andtheOdderonexchangeterm
(氈odd),

氈(s,b)=氈even(s,b)+氈odd(s,b)

=氈qq(s,b)+氈gg(s,b)+
暋氈qg(s,b)+氈odd(s,b), (6)

where氈evenisresponsibleforthecrossingevenam灢
plitudeF+ (s,t)and氈oddcorrespondstothecros灢
singoddamplitudeF- (s,t).

LetusnowtoapplyGlauberformulismtothe
毭毭elasticscatteringathighenergies.Assuming

氈毭毭istotalprofilefunctionofphoton灢photonelastic
scatteringandeachterm氈ij(s,b)inEq.(6)canbe
expressedbyaproductofthecorrespondingtotal
crosssection氁ij(s)andtheprobabilitydistribution
functionofpartons(quarksandgluons)insidehad灢
ronW (b,毺ij),namely氈ij=氁ij(s)W (b,毺ij).We
thenarriveat

氈毭毭
even=氈毭毭

qq(s,b)+氈毭毭
gg(s,b)+氈毭毭

qg(s,b)暋暋暋

=i 4
9氁qq(s)W b;3

2毺
æ

è
ç

ö

ø
÷qq +4

9氁gg(sé

ë
êê )暳暋

W b;3
2毺

æ

è
ç

ö

ø
÷gg +4

9氁qg(s)W b;3
2 毺qq毺

æ

è
ç

ö

ø
÷

ù

û
úúgg ,(7)

where氁ij(s)istherelatedtotalcrosssectionarose
byexchangingthetensorglueballand

氈毭毭
odd=4

9氁odd(s)W b;3
2毺

æ

è
ç

ö

ø
÷odd 暋暋暋暋

=4
9Codd毑gg

m0

s
W b;3

2毺
æ

è
ç

ö

ø
÷odd , (8)

here氁odd(s)isthetotalcrosssectionarosebyex灢
changingthe Odderon.氈isacomplexfunction

氈(b,s)=氈R(b,s)+氈l(b,s)whichdependsonthe
energysandimpactparameterb.Accordingtothe
abovediscussions,theformulae氁tot.(s),d氁/dt,氀,

毬for毭毭elasticscatteringcanbewrittendownas

氁毭毭
tot.(s)=4P毭毭

had曇[1灢e灢氈
毭毭
l (b,s)暳暋暋暋暋

暋cos(氈毭毭
R (b,s))]d2b, (9)
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d氁毭毭

dt
(s,t)=P毭毭

had

4毿 暳暋暋暋暋暋暋暋暋

曇J0(qb)[1-e-氈l(b,s)+i氈R(b,s)]d2b
2
, (10)

氀毭毭(s)=
Re i曇(1-e-氈l(b,s)+i氈R(b,s))d2{ }b

Im i曇(1-e-氈l(b,s)+i氈R(b,s))d2{ }b
,(11)

毬毭毭(s)=1
2
曇[1-e-氈l(b,s)+i氈R(b,s)]b2d2b

曇[1-e-氈l(b,s)+i氈R(b,s)]d2b
, (12)

whereP毭毭
had=P2

had,andP毭毭
hadinEqs.(9),(10)isthe

probabilitythatarealphotonfluctuatesintoa
quark灢antiquark pair before it interacts with
anotherphoton灢thepartnerincolliding.

The crossing even amplitude is not yet
analytic.ForlargestheevenamplitudeF+ (s,t)

canbemadeanalyticbythesubstitutions曻se灢i毿/2.
Therefore,thecontributionstototalcrosssection
from quark灢quark, gluon灢gluon, quark灢gluon
interferencecanberewrittenas

氁gg(s)=2毿 毰
毺
æ

è
ç

ö

ø
÷

gg

2

log2 s
s0

-毿2
é

ë
êê

ù

û
úú4 -暋

i毿2 毰
毺
æ

è
ç

ö

ø
÷

gg

2

log2 s
s0

, (13)

氁qq(s)=毑gg C+Ceven
Regge

m0

s
cos 毿æ

è
ç

ö

ø
÷

é

ë
ê
ê

ù

û
ú
ú4 +暋

i毑ggCeven
Regge

m0

s
sin 毿æ

è
ç

ö

ø
÷

4
, (14)

氁qg(s)=毑ggClog
qglog s

s
æ

è
ç

ö

ø
÷

0
-i毑ggClog

qg
毿
2 . (15)

ThecrossingoddamplitudeF- (s,t)isnotyetana灢
lytictoo.Itcanbemadeanalyticinthesameway
asthatforF+ (s,t).Therefore,

氁odd(s)=Codd毑gg
m0

s
cos 毿æ

è
ç

ö

ø
÷

4 +暋暋暋暋

iCodd毑gg
m0

s
sin 毿æ

è
ç

ö

ø
÷

4 . (16)

Theparametersin Eqs.(13)~ (16)andtheir
physicalexplanationsaregivenin ourprevious

publication[17]andlistinginthefollowingTable1.

Table1暋Theparametersusedinourcalculations

tofitexperimentaldata

Fixed Fitted

m0=0.6GeV C=5.65暲0.14

毰=0.3 Clog
qg=0.0167暲0.0037

毺qq=0.89GeV 暺gg=
9毿毩2

s

m2
0

毺gg=0.73GeV Ceven
Regge=25.3暲2.0

毺odd=0.53GeV Codd=-(7.62暲0.28)

毩s=0.5 s0=1.0GeV2

4暋Theoreticalpredictionandcompa灢
risontoexperimentaldata
UsingaboverelatedformulaewithP毭毭

hadgiven
byRef.[17]leadstoourpresentnumericalpredic灢
tionsofthephysicalobservablequantitiesof毭毭
elasticscatteringathighenergies.Ourtheoretical
resultsareshowninFigs.(3)~(6).Fig.3shows
s1/2灢dependence of total cross section and the
correspondingexperimentaldatagivenbyRef.[23]

Fig.3s1/2灢dependenceoftotalcrosssectionsection氁tot.of毭毭

elasticscatteringathighenergies.aregivenbyRef.
[23].

withs1/2 beingc.m.energyof毭毭system.Asis
seen,ourtheoryreproducestheexperimentaldata
remarkably wellfor total cross section. The
presentpredictions of differentialcross section
d氁(s,t)/dt,theratiooftherealparttoimaginary
partofforwardscatteringamplitude氀andthenu灢
clearslop parameterfunction毬 arerespectively
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showninFigs.4~6.However,therearenoany
data (asourknowledge)atthepresenttotest
thesetheoreticalpredictions. We urgently need
datatoexamineourtheoreticalpredictions.

Fig.4 t灢dependenceofdifferentialcrossof毭毭elastic

scatteringattheenergy.Thedataof s=80GeV.

Fig.5s1/2灢dependenceoftheratiooftherealparttothe

imaginarypartofforwardscatteringamplitude氀for毭毭

elasticscatteringathighenergies.

Fig.6s1/2灢dependenceofslopparameterfunction毬of毭毭

elasticscatteringathighenergies.

5暋Summaryandconclusions

Basedonthegeneralized QCDvectormeson
dominancemodelproposedbyus,thephoton灢pho灢
tonelasticscatteringathighenergieshasbeenin灢

vestigatedintheQCDinspiredeikonalizedapproxi灢
mation.Unliketheusualcalculationsofthe毭毭in灢
teractionintheFeynmanboxdiagramtechnique,

weexploretheprocessintermsofQCDtheoryby
whichweclaimthe毭毭elasticscatteringproceeds
exclusivelythroughastronginteractionbetween
twopairsofquark灢antiquarkfluctuatedfromthe
twoscatteringphotons.Becausethe mediatorof
stronginteractioniscolorfulgluon whichhasa
propertyofself灢interaction,theexchanginggluons
canformcolorlessglueballs.Thetensorglueball
andOdderoncouldbethemediatorsoftheinterac灢
tion between thetwo colliding quark灢antiquark
pairs.ThismechanismisofacompleteQCDchar灢
acteristicsandisdifferentfromtheotherconven灢
tionaltheoreticaldescriptions.Inparticular,the
contributionsfromvirtualgluon,boundquark灢an灢
tiquarktoformafluctuatedmeson,aretakeninto
account.

Wecalculatethetotalcrosssection氁tot.(s),

differentialcrosssectiond氁(s,t)/dt,ratioofthe
realparttoimaginarypartoftheforwardscatter灢
ingamplitude氀(s)andnuclearslopparameter
function毬(s)of毭毭elasticscatteringathighener灢
giesinthegeneralized QCDvectormesondomi灢
nancemodelundertheQCDinspiredeikonalized
approximation.Ournumericalpredictionfortotal
crosssectionisconsistentwiththeexistingexperi灢
mentaldata.Although weurgentlyneedexperi灢
mentaldatatoexamineourothertheoreticalpre灢
dictions(氀,毬,d氁/dt),thegoodagreementoftotal
crosssection氁tot.(s)predictionwiththeexperimen灢
taldatawithinerrorbarsofthedataleadsusto
concludethatthegeneralized QCDvector meson
dominancemodelintheQCDinspiredeikonalized
approximationhasastronglypredictivepowerto
photon灢photonelasticscatteringathighenergies.
WewillapplythegeneralizedQCDvectormeson
dominancemodeltootherdiffractionprocessesin
ourcomingresearchwork.

Itshouldbeemphasizedthatasisseenfrom
theFigs.3~4,thecontributionfrom Odderonex灢
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changetototalcrosssectionanddifferentialcross
sectionis negligible. The reason is that the
Odderonexchangetermishigherordertermcom灢
paringtothetensorglueballexchange,andthe
OdderonalsohaschargeconjugationC=-1but
tensor glueball has C=+1. Therefore, the
Odderoncontributionhasbeensuppressedheavily
sincethereisnoquantum numberCexchangein

photon灢photonelasticscattering.
Directobservation ofelastic photon灢photon

scatteringamongrealphotonswouldbeofgreat
scientificimportance.Duringthelastdecades,sev灢
eralsuggestionsonhowtodetectelasticphoton灢
photonscatteringhavebeenproposed,butnosug灢
gestions,sofar,haveledtoactualdetectionof

photon灢photonscatteringamongrealphotons.The
measurementwithsufficientaccuracymustbevery
difficultsincephotoncannotbeatrestbutalways
atthespeedoflight.Todetectphoton灢photon
scattering,therelatedprocesswouldbesomepho灢
tonsplittingprocesses.

Figs.5~6clearlyshowthatintheenergyre灢
gionofs1/2smallerthan100GeV,theOdderonex灢
changecontributionplayanimportantrolein毬and

氀.Therefore,measuringthe毬and氀andcomparing
withthetheoreticalpredictionsmayprovideanop灢
portunitytodiscoverthenewparticleofOdderon
andnewphysics.
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在具有QCD特征的程函近似和推广的QCD向量
介子为主模型中光子灢光子的相互作用

潘继环1,周丽娟2,马维兴3

(1.河池学院物理与电子工程系,广西 宜州546300;

2.广西工学院信息与计算科学系,广西 柳州545006;

3.中国科学院高能物理研究所,北京100049)

摘要:基于推广的 QCD向量介子为主的模型(QCD灢VMD)和具有 QCD特征的程函近似,研究了光子灢光子

的相互作用。与通常用费曼盒子图计算光子灢光子的相互作用不同,采用QCD理论揭示了光子灢光子的相互

作用过程,认为光子灢光子的弹性散射是通过两个散射的光子所涨落成的两个夸克灢反夸克对之间的强相互

作用而进行的。由于强相互作用的传播子是带色的胶子和胶子的自相互作用的性质,交换的胶子可以形成

无色的胶子球,无色的张量胶子球(两个雷其化的胶子束缚态)和 Odderon(三个雷其化的胶子束缚态),可

以是两个夸克灢反夸克对之间的作用的媒介子,这个机制非常不同于其他理论描述,特别是考虑了由虚胶子

(束缚夸克和反夸克形成的涨落介子)的贡献。计算了总截面氁tot,微分截面d氁/dt,向前散射振幅实部与虚

部的比率氀和毭毭弹性散射的核斜率参数函数毬。在实验误差的范围内,对总截面氁tot的理论预言和实验数据

是一致的,但急需d氁/dt,氀和毬的实验数据来检验本理论模型。
关键词:光子灢光子相互作用;推广的 QCD向量介子为主模型;具有 QCD特征的程函近似
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