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Abstract:TheproductionofJ/氉originatingfromphotoproductionprocessesinppandp焻pcollisions
atleadingorderiscalculated.Thecolorsingletandcoloroctetmechanismsforheavyquarkonium
productionarereviewedwithinnonrelativisticQCD,andbeusedtodealwiththedirectphotonand
resolvedphotonprocessesrespectively.ComparingwiththeleadingorderresultsofJ/氉produc灢
tion,thenumericalresultsshowthatthemodificationofphotoproductionprocessesforJ/氉pro灢
ductionbecomeobviousatlargepTregion.
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1暋Introduction
Clarifyingtheproductionofheavyquarkonium

invariousprocessesisinterestingparticularlyfor
thetestonQCDandidentifyingtheQGPsources.
Bodwin,Braaten,and Lepage[1] constructed a
rigorousprogressonfactorizationbetweenperturb灢
ativeon灢shellpartonlevelprocessandthequarko灢
niumboundstatedynamics.Theearliercolorsin灢
gletmodelwhichcouldnotexplainalltheresults
observedatFermilabTevatronenergieshasbeen
supersededbythecoloroctetmechanismbasedon
nonrelativisticQCD (NRQCD).Basedonpertur灢
bativeQCD (pQCD)andNRQCD,theyieldsof
J/氉inpp,p焻p,andepcollisionshavebeeninvesti灢
gatedbymanyauthors[2-12].

Thephotoproductionprocessesplayafunda灢
mentalroleintheepdeepinelasticscatteringat
Hadron Electron Ring Accelerator(HERA).In
photoproductionprocessesoftheepdeepinelastic
scattering,ahighenergyphotonemittedbythein灢
cidentelectroninteractsdirectly withtheproton
viatheinteractionof毭p曻 X.Besides,theuncer灢

taintyprincipleallowsthehighenergyphotonto
fluctuateintoaquark灢antiquarkpairforashort
time,andtheninteractswiththepartonsofthe
proton.Insuchinteractionstheresolvedphoton
canbeinterpretedasanextendedobjectconsisting
ofquarksandgluons.Theinteractionsaretheso灢
calledresolvedphotoproductionprocesses.

Wegeneralizethephotoproductionmechanism
totheheavyquarkonium productionin Nucleus灢
Nucleuscollisions.Chargedpartonsoftheincident
nucleonalsocanemithighenergyphotons(andre灢
solved photons)in relativistic Nucleus灢Nucleus
collisions.Inrelativisticheavyioncollisions,the
intenseheavy灢ionbeamsrepresentaprolificsource
ofquasi灢realphotons.Henceitisawonderfulla灢
boratoryfortheextensivestudiesofthephotopro灢
ductionphysics.

Inthispaper,westudythedirectandresolved
photoproductionprocessesforJ/氉productioninpp
andp焻pcollisions.InSec.2webrieflyreviewthe
colorsingletmechanismandthecoloroctetmecha灢
nismofJ/氉production.Thedirectandresolved
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photoproductionprocessesarepresentedinSec.3.
WediscussthepT distributionoftheJ/氉produc灢

tionats=7TeVppcollisionsands=1.8TeV
and1.96TeVp焻pcollisions,anddiscussthecom灢
parison between photoproduction data and the
leadingorder(LO)results.Sec.4isthesummary.

2暋Formalism

Althoughaquark灢antiquarkpairinacoloroc灢
tetconfigurationrepeleachother,aquark灢gluon

pairattracteachother.Aoctetstateofquarkscan
bindto some gluons whoseattractionto both

quarks overcomes the repulsion between

quarks[13].Thispicturecanbederivedclearlyfrom
theNRQCD.LetusbeginfromtheQCDLagrang灢
ian

L=Llight+Lheavy, (1)

whereLlightistheLagrangianthatdescribegluons
andlightquarks,

Llight=-1
2trG毺毻G毺毻 + 暺

nf

焻qiD/q, (2)

andLheavydescribestheheavyquarks,

Lheavy=煆毞(i毭毺D毺 -M)毞, (3)

whereG毺毻isthegluonfieldstrengthtensor,qis
theDiracspinorfieldforalightquark,nfisthe
flavorsoflightquarks,thegauge灢convariantderi灢
vativeD毺 =灥毺 +igA毺,A毺 = (A0,A),M isthe
heavyquarkmass.ShiftingtheLheavytoaframein
whichtheheavyquarksarealmostrestviathe
transformation

毞=e-iMt煋毞 , (4)

wehave

Lheavy=煋毞
-
(i毭毺D毺 -M(毭0-1))煋毞 . (5)

Afterintegratingoutmodesofmomentumgreater
thancutoff毇thatismuchlessthanM andusing
Foldy灢Wouthuysen灢Tanitransformation[14],weget
theNRQCDLagrangian

Lheavy=L0+毮L, (6)

where

L0=氉昄(iDt+D2

2M
)氉+氈昄(iDt-D2

2M
)氈 , (7)

andthebilinearcorrectiontermsis

毮Lbilinear= c1

8M2[氉昄(D2)2氉-氈昄(D2)2氈]+暋暋暋暋

c2

8M2[氉昄(D·gE-gE·D)]氉+

氈昄(D·gE-gE·D)氈]+
c3

8M2[氉昄(iD暳gE-gE暳iD)·氁氉+

氈昄(iD暳gE-gE暳iD)·氁氈]+
c4

2M
[氉昄(gB·氁)氉-氈昄(gB·氁)氈]+

…, (8)

whereE,Barerespectivelytheelectricandmag灢

neticcomponentsofG毺毻,Ei= G0i,Bi=1
2毰

ijkGjk.

gistheQCDcouplingconstant,氉isthePaulispi灢
norfieldthatannihilatesaheavyquark,氈isthe
Paulispinorfieldthatcreatesaheavyantiquark,

DtandDarethetimeandspacecomponentsofD毺,

respectively.Theeffectsofthehigh灢energymodes
whichhavebeenintegratedoutwereencodedinto
thecoefficientsciandnewlocalinteractionsofthe

NRQCDLagrangian毮L[1]

毮L4灢fermion=暺
n

fn(毇)
Mdn灢4

On(毇), (9)

whereOnarelocalfour灢fermionoperators.
InCoulombgauge (煥 ·A=0),dynamical

gluonsaredescribedbythevectorpotentialA,the
LagrangianLheavycanbereorganizedasanexpan灢
sioninpowersof氃byusingtherescalingvelocity灢
scalingrules[15-16].Thetermsin L0 +毮L4灢bilinear

whichareoforder氃0are

L曚
0=氉昄(i灥t-gA0+ 煥2

2M
)氉+

氈昄(i灥t-gA0- 煥2

2M
)氈, (10)

thetermswhichareoforder氃1are

L曚
1=-1

M氉
昄(igA·煥 )氉+c4

2M氉
昄(煥 暳gA)·氁氉
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+chargeconjugateterms, (11)

andthetermswhichareoforder氃2are

L曚
2= - 1

2M氉
昄(gA)2氉+ c1

8M3氉昄(煥2)2氉-

c2

8M2氉昄(煥2gA0)氉-

c3

4M2氉昄(煥gA0)暳 煥·氁氉+

c4

2M氉
昄(igA 暳gA)·氁氉+

chargeconjugateterms. (12)

Wecanseethat,thedynamicalgluonsenterinto
theLagrangianthatareoforder氃1andhigheror灢
ders.TheFockstateexpansionoftheS灢waveor灢
tho灢charmoniumstate氉cinCoulombgauge[3]is:

旤氉c暤=O(1)旤c焵c[3S(1)
1 ]暤+ 暋暋暋暋暋

O(氃)旤c焵c[3P(8)
J ]g暤+

O(氃2)旤c焵c[3S(1,8)
1 ]gg暤+

O(氃2)旤c焵c[1S(8)
0 ]g暤+

O(氃2)旤c焵c[3D(1,8)
J ]gg暤+ …. (13)

Thesuperscripts(1)and(8)representthesinglet
andoctetstateofthec焵cpair,respectively.

Ifweneglecttherelativisticcorrectionsin
which氃istakenintoaccount,wegetthecolor灢sin灢
gletmechanism[17-18].Thequarkandantiquarkfly
outfromtheinitialcollisionpointinnearlyparallel
directionandeventuallyhadronizeintoaJ/氉bound
statebyexchangingmanysoftgluonsatalongdis灢
tance.Ontheotherhand,therelativisticcorrec灢
tionsare consideredin the color灢octet mecha灢
nism[1-3,19-21].Thehighenergycollisioncreatesa
c焵cpairinacolor灢octetconfigurationbycoupling
thedynamicalgluons.Farawayfromthecollision

point,thecoloroctet|c焵cg …暤statetransforms
intoacolorsingletJ/氉boundstatebyemitting
somelongwavelengthgluonswhichbleedoffthe
colorofthestatebutcarryawayvirtuallynoener灢
gyormomentumwhenthec焵cpairalreadyexpand灢
edtothecharmoniumsize.Bothofthecolorsin灢
gletmechanismandcoloroctetmechanismcanbe
factorizedasproceedingintwoparts.Thefirstis

theshort灢distancepartwhichproducesac焵cpair
andcanbedescribedbypQCD.Thesecondisthe
bindingofthec焵cpairintotheJ/氉statewhichis
calledthelong灢distancepartandtheeffectsare
consolidatedintononperturbativeNRQCD matrix
elements暣0|OJ/氉

1,8(2S+1LJ)|0暤whosevaluesmustbe
determinedfromexperimentorthelatticecompu灢
tation.

Ingeneral,theon灢shellamplitudecanbeex灢
pressedas

暺
ij

暣3i3焻j旤1,8a暤A(a+b曻 暋暋暋暋暋暋暋

ci P
2+æ

è
ç

ö

ø
÷q +焵cj P

2-æ

è
ç

ö

ø
÷q +d)暋暋

=焻u P
2+q,sæ

è
ç

ö

ø
÷1 O(P,q)氃 P

2-q,sæ

è
ç

ö

ø
÷2 .(14)

Therefore,thescatteringamplitudeoftheproces灢
sesa+b曻c焵c[2S+1L(1,8a)

J ]+daregivenby

M(a+b曻c焵c[2S+1L(1,8a)J](P)+d)=暋暋暋暋暋

暺
LZSZ

暺
s1s2

暺
ij曇

d3q
(2毿)32q0毮(q0-旤q

2旤
2M

)暳

氉LLZ
(q)暳暣s1;s2旤SSZ暤暳

暣LLZ;SSZ旤JJZ暤暣3i3焻j旤1,8a暤暳

A(a+b曻ci P
2+æ

è
ç

ö

ø
÷q +焵cj P

2-æ

è
ç

ö

ø
÷q +d)暋暋暋

=暺
LZSZ
曇 d3q

(2毿)32q0毮q0-旤q
2旤

2
æ

è
ç

ö

ø
÷

M 氉LLZ
(q)暳

暣LLZ;SSZ旤JJZ暤tr[O(P,q)PSSZ
(P,q)],

(15)

wherePisthemomentumofQ煆Q,qistherelative
momentumofquarkandantiquark,氉LLZ

(q)isthe
non灢relativistic bound灢state wave function in a
given angular momentum state. 暣s1;s2|SSZ暤,
暣LLZ;SSZ|JJZ暤and暣3i3焻j|1,8a暤aretheClebsch灢
Gordancoefficientsforspinangular momentum,

totalangularmomentumandcolorSU(3)respec灢
tively.PSSZ

(P,q)isthespinprojectionopera灢
tor[22-23]

PSSZ
(P,q)ij =暋暋暋暋暋暋暋暋暋暋暋暋

暺
s1s2

暣s1;s2旤SSZ暤氃i
P
2+æ

è
ç

ö

ø
÷q焻uJ

P
2-æ

è
ç

ö

ø
÷q ,(16)

Expandingtr[O(P,q)PSSZ
(P,q)]tozerothand

firstorderinqrespectively,andtreatingqtobe
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small,we gettheS灢wave and P灢wave ampli灢
tudes[22,24].Afterintegratingoverq,wehave

M(a+b曻c焵c[2S+1S(1,8a)
J ]+d)

= CS tr[O(P,0)PSSZ
(P,0)], (17)

and
M(a+b曻c焵c[2S+1PJ(1,8a)]+d)=

CP 暺
LZSZ

毰*
毩 (LZ)暣LLZ;SSZ旤JJZ暤暳

tr[O毩PSSZ +OP毩
SSZ

]q=0, (18)

where

O毩= 灥
灥q毩O(P,q),P毩

SSZ = 灥
灥q毩PSSZ

(P,q).

(19)

CL(L=S,P)istheremainingfactoraftertheinte灢
grationoverq:

CL =
暣0旤On

J/氉(2S+1LJ)旤0暤
Cn(2J+1) , (20)

whereCn=2NcforcolorsingletandN2
c-1forcol灢

oroctet.
For2曻2subprocesses,

d̂氁
d̂t= 1

16毿̂s2暺旤M(a+b曻

暋 暋c焵c(2S+1L(1,8a)
J )+d)旤2. (21)

3暋Calculationanddiscussions

In directsingle photoproduction processes,

thepartonaoftheincidentnucleonAcanemita
highenergyphoton,thenthehighenergyphoton
interactswiththepartonbofanotherincidentnu灢
cleonBviatheinteractions[25-26].

毭+gb 曻c焵c[3S(1)
1 ,1S(8)

0 ,3S(8)
1 ,3P(8)

J ]+g,

毭+qb(焻qb)曻c焵c[1S(8)
0 ,3S(8)

1 ,3P(8)
J ]+q(焻q),

(22)

whereJ=0,1,2.ThepT distributionforJ/氉
photoproductionofdirectsinglephotonsubpro灢
cessesisgivenby:

E d氁
dp3(A+B曻J/氉+X)=

2
毿曇dxadxbJ(xa,xb,za,x1,x2)Ga/A(xa,Q2)暳

f毭/qa
(za)Gb/B(xb,Q2)暳

d̂氁
d̂t

(毭+b曻c焵c(1,8)+X)暣O1,8
J/氉暤, (23)

whered̂氁/d̂t(毭+b曻 c焵c(1,8)+X)arethepartonic
crosssections,Q2=p2

T,Ga/A(xa,Q2)andGb/B(xb,

Q2)arethe parton distributions of nucleons,

f毭/qa
(za)isthephotonspectrumfromthecharged

parton.J(xa,xb,za,x1,x2)istheJacobifactor,

J(xa,xb,za,x1,x2)= zaxaxb

xaxb-xax2
,(24)

xaandxbarethemomentumfractionsofthepar灢
tons,zaisthemomentumratioofthephotonener灢
gyandtheenergyofthequark,

za= xbx1-氂
xaxb-xax2

, (25)

where氂=M2/s,x1=(x2
T +4氂)1/2ey,x2=(x2

T +

4氂)1/2e-y,xT=2pT/s,Misthemassofc焵c,and
暣OJ/氉

1,8暤arethelong灢distancematrixelements.
Inresolvedsinglephotoproductionprocesses,

thepartonaoftheincidentnucleonAcanemita
resolvedphoton,thenthepartona曚oftheresolved
photoninteractswiththepartonbofanotherinci灢
dentnucleonBviatheinteractions[3,26].

ga曚+gb 曻c焵c[3S(1)
1 ,1S(8)

0 ,3S(8)
1 ,3P(8)

J ]+g,

ga曚+qb(焻qb)曻c焵c[1S(8)
0 ,3S(8)

1 ,3P(8)
J ]+q(焻q),

qa曚(焻qa曚)+gb 曻c焵c[1S(8)
0 ,3S(8)

1 ,3P(8)
J ]+q(焻q),

qa曚+焻qb 曻c焵c[1S(8)
0 ,3S(8)

1 ,3P(8)
J ]+g,

焻qa曚+qb 曻c焵c[1S(8)
0 ,3S(8)

1 ,3P(8)
J ]+g.(26)

ThepTdistributionforJ/氉photoproductionofre灢
solvedsinglephotonsubprocessesisgivenby:

E d氁
dp3 (A+B曻J/氉+X)=暋暋暋暋暋暋暋暋

2
毿曇dxadxbdza曚J(xa,xb,za,za曚,x1,x2)

Ga/A(xa,Q2)f毭/qa
(za)暳

Gb/B(xb,Q2)Gpa曚/毭
(za曚,Q2)暳

d̂氁
d̂t

(pa曚+b曻c焵c(1,8)+X)暣OJ/氉
1,8暤, (27)

whered̂氁/d̂t(pa曚+b曻c焵c(1,8)+X)arethepartonic
crosssections,pa曚=qa曚,ga曚.Gpa曚/毭

(za曚,Q2)isthe
partondistributionoftheresolvedphoton.TheJa灢
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cobifactoris

J(xa,xb,za,za曚,x1,x2)= zaza曚xaxb

xaxbza曚-xax2za曚
.

(28)

Themomentumratioofthephotonenergyandthe
energyofthequark,

za= xbx1-氂
xaza曚xb-xaza曚x2

, (29)

andza曚isthemomentumratioofthepartonenergy
andtheenergyoftheresolvedphoton.

Inordertomakeacomparison,wecalculate
theLOprocessesofJ/氉productioninppandp焻p
collisionsviatheinteractions

g+g曻c焵c[3S1
(1),1S(8)

0 ,3S(8)
1 ,3P(8)

J ]+g,

g+q(焻q)曻c焵c[1S(8)
0 ,3S(8)

1 ,3P(8)
J ]+q(焻q),

q+焻q曻c焵c[1S(8)
0 ,3S(8)

1 ,3P(8)
J ]+g. (30)

ThepT distributionforLO subprocessesofJ/氉
productionisgivenby:

E d氁
dp3(A+B曻J/氉+X)=暋暋暋暋暋暋暋

2
毿曇dxaJ(xa,xb,x1,x2)Ga/A(xa,Q2)暳

暋暋Gb/B(xb,Q2)d̂氁
d̂t

(a+b曻c焵c(1,8)+X)暣OJ/氉
1,8暤,

(31)

whered̂氁/d̂t(a+b曻 c焵c(1,8)+X)arethepartonic
crosssections,a,b=g,q,焻q.TheJacobifactoris

J(xa,xb,x1,x2)= xaxb

xa-x1
. (32)

暋暋Wenowdescribeourtheoreticalinputandthe
kinematicconditionsforournumericalanalysis.
Thevaluesofmq,毩,thebranchingratiosB(J/氉曻
ee)andB(J/氉曻毺毺)areadoptedfromtheParticle
DataGroup[27].Wesetthestrongcouplingcon灢
stant

毩s= 12毿
(33-2nf)lnQ2

毇
æ

è
ç

ö

ø
÷

2

(33)

withthenumberofquarkflavorsnf=5and毇=0.2
GeV.

In this paper, we use the long灢distance
NRQCDmatrixelements:

暣0旤O1
J/氉(3S1)旤0暤=1.16GeV3,

暣0旤O8
J/氉(3S1)旤0暤=1.06暳10-2 GeV3.

The dominated processes of heavy quarkonium

photoproductionarea+b曻c焵c(1S(8)
0 ,3PJ

(8))+d曻
J/氉+X,whereJ=0,1,2.Therefore,thevalues
ofthecoloroctetmatrixelements暣0|OJ/氉

8 (1S0)|0暤

and暣0|OJ/氉
8 (3P0)|0暤areimportantininelasticJ/氉

photoproduction.However,theirvaluesarenot
welldeterminedfromtheexperiment.Theauthors
ofRef.[3]determined.

暣0旤O8
J/氉(1S0)旤0暤

3 +
暣0旤O8

J/氉(3P0)旤0暤
m2

c
=

(2.2暲0.5)暳10-2 GeV3,

andwehave
0< 暣0旤O8

J/氉(1S0)旤0暤暋暋暋暋

< (6.6暲1.5)暳10-2 GeV3

0<
暣0旤O8

J/氉(3P0)旤0暤
m2

c
暋暋暋暋

< (2.2暲0.5)暳10-2 GeV3.

Inthispaper,wefollowRefs.[28,29]andset

暣0旤OJ/氉
8 (1S0)旤0暤=3.0暳10-2 GeV3

暣0旤OJ/氉
8 (3P0)旤0暤
m2

c
=1.2暳10-2 GeV3.

Atleadingorder,thematrixelementsarerelated
byheavy灢quarkspinsymmetryas

暣0旤OJ/氉
8 (3PJ)旤0暤=(2J+1)暣0旤OJ/氉

8 (3P0)旤0暤.
暋暋Weusethephotonspectrumfromthecharged

parton[30]

f毭/q=e2
q
毩
2毿

1+(1-z)2
z lnQ2

1

Q
æ

è
ç

ö

ø
÷

2
2

, (34)

whereeqisthechargeofthequark,毩istheelec灢
tromagneticcouplingparameter,zisthemomen灢
tumratioofthephotonenergyandtheenergyof
thequark,Q2

1andQ2
2standforthemaximumand

minimumvalueofthemomentumtransferrespec灢
tively.Q2

1isgivenby(̂s/4-m2
c)[30-31],Q2

2isde灢
terminedby(mqz)2/(1-z)[32-35]sothatthepho灢
tonisclosetobeinginitsmassshell,mqisthe
massofthequark.Weusethepartondistribution
ofprotons[36]

G(x,Q2)=R(x,Q2)p(x,Q2), (35)

whereR(x,Q2)isthenuclearmodificationofthe
structurefunction[37],p(x,Q2)isthepartondis灢
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tributionofproton.Weusethepartondistribution
oftheresolvedphotonGpa曚/毭

(za曚,Q2)

Gpa曚/毭
(za曚,Q2)= 9毩

4毿za曚
ln Q2

(0.204GeV)2 暳

[tjzl
a曚(A+B za曚 +Czm

a曚)+

tj曚exp(-E+ E曚tkln1
za曚

)](1-za曚)D, (36)

wherefactorst,j,j曚,k,l,m,A,B,C,D,E,

andE曚canbefoundinRef.[33].
Figs.1~2givethecontrastbetweenphotopro灢

ductionresults(dir.+res.)andLOdata(LO).
Fig.1(a)and1(b)aretheresultsinp焻pcollisions,
othersareforppcollisions.Thedashlineshows
theLOresult,thedotlinerepresentsthephoto灢
productiondatawhichisthesumofthedirectand
resolvedsubprocesses,andthesolidlinegivesout
thesumofthem.

Fig.1 Thenumericalresultsinp焻pcollisionsat s=1.8TeVand s=1.96TeV.

Fig.2 Thenumericalresultsinppcollisionsat s=7TeV.
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暋暋 Thephotoproductioncorrectionsbecomeob灢
viousalongwiththepTincreases,thisisbecause
thattheQCDcouplingconstant毩sreducesalong
withtheincreaseofpTsuchas毩s曋0.303atpT=3
GeVand毩s曋0.178atpT=20GeV,sothetotal
yieldofJ/氉reducesalongwiththeincreaseofpT.
But photoproduction is notjust a pure QCD
process,theproductionprocessofthehighenergy
photons which participatein reaction are QED
processes,andQEDcouplingconstant毩曋1/137
keepsinvariantatpT =20GeV.Hence,thede灢
creaseamplitudeofthephotoproductionprocesses
contributionalongwiththeincreaseofpTisless
thanthepureQCDprocessessuchasg+g曻 J/氉
+ X,q(焻q)+g曻J/氉+ X,andq+焻q曻J/氉+ X.

Ontheotherhand,theresolvedsingletpho灢
toncontributiondominatestheJ/氉photoproduc灢
tionyieldandbecomesmoreobviousinthelarge
pTregion.Thereasonisthat,althoughthenum灢
beroftheinelasticscatteringeventsreducealong
withtheincreaseofpTandsothecrosssectionof
thedirectphotoproductionreducesseriouslyinthe
largepT region,theparton momentum distribu灢
tionsoftheresolvedphotonarenotmainlyconcen灢
tratedinaparticulardirectiononpTinterval,and
thisfurnishesameasuredamountofinelasticscat灢
teringeventsinthelargepTregion.Italsocanbe
foundinthepartondistributionfunctionofthere灢
solvedphotonwhichisdirectlyproportionaltoQ2

(=p2
T ).SomeauthorssetQ =2pT

[38],butit
exertsverylittleinfluenceontheresults,because
thestrongcouplingconstantreducesalongwiththe
increaseofQ,thoughthephotonspectrumisdi灢
rectlyproportionaltothevalueofQ.

Inaddition,fromFig.2wecanseethephoto灢
productioncorrectionstoLOresultswiththedif灢

ferentrapiditiesat sNN =7TeV.Wecanfindthat
thecorrectionbecomeslessevidentwhentherapid灢

itybecomeslargeratthesame sNNandhasthe
maximumincentralrapidityregion.Thedefinition
ofrapiditymeansthatlongitudinalmomentumcan
beneglectedcomparingwithparticleenergyincen灢

tralrapidityregion,andthemomentumtransferQ
attainsthe maximum value.Along withthein灢
creaseofrapidity,the momentum transferbe灢
comessmaller,asthepreviousdiscussion,thecor灢
rectionbecomeslessevident.

Finally,wehavenotconsideredthefragmen灢
tationprocessessuchasg曻J/氉andb(焻b)曻J/氉,

moreover,wehavenotconsideredthedirectdoub灢
lephotonprocesses,theresolveddoublephoton
processes,andthedirectandresolved mixture
processes.

4暋Summary

Inthispaper,weinvestigatethephotoproduc灢
tion ofJ/氉.Afterreviewingthecolorsinglet
mechanism and color octet mechanism within
NRQCD,the singlet灢directand singlet灢resolved
subprocesseshavebeencalculated.Wecompare
theresultsbetweenphotoproductionandLOpro灢
ductionprocesses,thecorrectionsbecomeobvious
atthelargepT region,ontheotherhand,exert
lessinfluencewhentherapiditybecomeslargerat

thesame sNN .Bothofthemarejustbecausethat
inthehighmomentumtransferregion,thecontri灢
butionofpureQCDprocessesreduceseriouslyas
thedecreaseoftheQCDcouplingconstant,butthe
decreaseamplitudeofthephotoproductionisnot
veryobvious.Thismayimplythatphotoproduc灢
tionphysicswhichcontainsQEDcompositionhave
relativelyobviouseffectinthehighpTregion.
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pp和p焻p碰撞中J/氉的光生过程

朱佳庆,何俊伟,李云德
(云南大学物理系,云南 昆明650091)

摘要:计算了pp和p焻p碰撞中J/氉的领头阶光生过程的产额。运用非相对论量子色动力学回顾了重夸克偶

素产生的色单态机制与色八重态机制,并将它们分别用于处理直接光子过程和分解光子过程。通过与J/氉
产生的领头阶结果的对比可以看出,光生过程对J/氉产额的修正在大横动量区域变得明显。
关键词:光生过程;大横动量区域;重夸克偶素
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