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Color singlet relativistic correction in J/ ¢ photoproduction
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The O(v?) relativistic correction for inelastid/ ¢ photoproduction, in which heavy quark pairs are in the
dominant Fock state of the quarkonium, is studied in the framework of NRQCD factorization. An assessment
of its significance, particularly in comparison to the color octet contributions, is made. It is found that the
impact on the energy distribution is negative in certain regions of phase space. The predictions are compared
with photoproduction data from DESY HERA.

PACS numbgs): 13.60.Le, 12.38-t, 13.85~t, 25.20.Lj

I. INTRODUCTION nary data from the DES¢p collider HERA[6,7]. In addi-
Recent theoretical developments have been responsibig to the channel in which th@Q is in the dominant Fock
for a resurgent interest in quarkonia physics: a factorize% ; ; = .
. . tate of thed/y, corrections, corresponding to tl@Q in
Iprm ffolr dqur;arkoma prodrcyqn .ratésg, ?\la;e%%n tge ehffec- spin singlet and spin triple§ andP wave, color octet states,
ive field theory, nonrelativistic QCOINRQCD) [2], has have been considered in the studies. The numerical values of

beten propgsed. In thlz formafllsmt,. the ]Jr;rc;‘lusn{[e pfroductlot_nthe color octet matrix elements were estimated in an earlier
rates can be expressed as a function ot the rates for creatiey [8] by fitting theoretical predictions for prompt char-

pairs of free heavy quark®Q, in _various _configurations, monium production irpaprocesses to data from the Fermi-
and by a series of nonper_turbatlve matrix eIement;. Th?ab Tevatron. Using these values, however, leads to a signifi-
former may be computed using perturbative QCD, Wh'l_e thecant discrepancy with the photoproduction rates at HERA:
matrix elements, which describe the transition of B®  the contributions from octet channels overwhelm the data in
into a hadron, are defined in NRQCD. Contrary to previouscertain regions of phase space.

approaches, NRQCD factorization allows a systematic deter- A number of uncertainties which enter into calculations
mination of relativistic corrections, which describe the ef- may be responsible for the inconsistency between the HERA
fects of a heavy quark moving at a small velocityin the  and Tevatron data for charmonium production, when viewed
rest frame of the quarkonium. The velocity scaling rules offrom the perspective of NRQCD. Among these are uncer-
NRQCD [3], which reveal power law behavior with respect tainties in parton distribution functions, the value of the
to v of the operators of the effective field theory, may becharm quark mass, higher twist effef®d, and higher order
used to organize the matrix elements into a hierarchy. Alperturbative QCD corrections. In the work by Knighl0],

though each quarkonium resonance is identified byQI@ important higher order perturbative QCD effects, due to ini-

having a particular set of N béssch 200 stat tial state multiple gluon radiation, were included when ana-
naving a particuiar set of quantum num ¢ aQQs.a.e lyzing hadroproduction at the Tevatron. The reestimated ma-
is the dominant Fock state of the quarkonjuitne relativis-

; . h ducti for th Koni trix elements have values significantly smaller than the
tic corrections to the production rates for that quarkonium,,qinaly determined ones. Correspondingly, the HERA data

which accommodates the relative motion of f@eand Q,  are in much better agreement with the NRQCD predictions.
may introduce @ Q state with other quantum numbers. For This is true throughout most of phase space, except near
example, the pair may be in a color octet configuration. Thecertain boundaries where the octet contributions diverge. The
corresponding channels in the production rate, despite beinguthors in[11] have suggested that this is due to the nonrel-
at higher orders im, can be phenomenologically significant ativistic expansion breaking down in such regions. They
in certain kinematic domains, due to the particulars of théhave proposed a resummation of the nonrelativistic expan-
production process. sion, which requires the introduction of universal structure
One of the experiments used to test NRQCD factorizatiorfunctions.
is photoproduction of quarkonia, in which a real photon col- The contributions tal/¢ photoproduction from the color
lides with a nucleon. Charmonium photoproduction has beenctet channels are at ordef in the small velocity expan-
investigated in the framework of the color singlet mogl  sion, relative to the leading order, color singlet term. There is
and, more recently, using NRQCD factorizatits], whose  a relativistic correction at order?, incorporating the effects
predictions have been subject to a comparison with prelimiof the relative motion of the heavy quark pair in the domi-
nant Fock state of/¢. The purpose of this paper is to ex-
amine this correction in the framework of NRQCD factoriza-
*Email address: cbp@physics.unimelb.edu.au tion, which requires the introduction of an additional matrix
TEmail address: majp@itp.ac.cn element. Previously, models have been constructed to de-
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scribe such an ordey? effect. The one parameter model & “OCUETTTIOTI0NX TIGHEGTIC00
. . . _ 66 =3

presented if12] has been used to examine quarkonia pho & S

toproduction by Jungt al.[13]; a two parameter model has A aAy— & ¢ .

also been proposefl4]. The O(v?) contribution has not
been computed within NRQCD. It has been pointed out by
Bodwin et al. [1], that corrections oD(v?) may be as im-
portant as radiative corrections @(ag), which have al-
ready been calculated for photoproductjds], and found to
be significant. Without a detailed understanding of@{e 2) @ ®

term, it is not possible to make an assessment of the signifi- £ 1 (a) One of six Feynman diagrams for the production of

Clancle of the colorf octet te_rms: ﬂ@(vz) gpntrlbutlﬁn IS aQQ pair. The others are obtained through permutations of photon

goel;’ir:t?/ngen(jﬁasssz;;y’\lF({)(r?é%n.SIStency, according to the poWearmd gluon lines. Th@6 may be in a color singIEt or color octet
The remainder of the paper is organized as follows. In th&onfiguration.(b) A typical diagram in which th@Q's are only in

next section, some details of the calculation of the relativistico" OCtet states.

correction are described. In Sec. Ill, numerical results, indi-

cating the impact of the? correction, are presented, together quark pair to be produced in a color octet state, while the

with a comparison with data from HERA. Section IV con- QQ can only be produced in a color singlet state in Fig).1

006000660600 NN NN —————

tains some concluding remarks. Subprocesses involving light quarks in the initial state are
considerably suppressed at the energies available at HERA
Il. PHOTOPRODUCTION [5]. Resolved processes, in which the photon breaks up into

o ) ) . partons, which subsequently interact with the nucleon, have
NRQCD factorization allows the inclusive cross sectionpgean analyzed within NRQCD factorizatiph6]. These are
for the photoproduction ai/ ¢ to be written in the following important in the kinematic regimez<0.3, where z
form: =Ey,/E,, in which the energies are defined in the nucleons
s . rest frame.
_(rw_iﬂ‘]/,ﬁjLX:E ﬁ(@ﬂ/lﬂ). (1) The formation ofd/¢ from aQQ at leading order in the
t n.m-n small velocity expansion is described by the matrix element

The coefficients-,, depend on the kinematic invariants of the
process in which a photof and a parton, from the initial
hadron, react to produce@Q. Herem is the mass of heavy
qguark. The production is a short distance process, and is
therefore calculable using QCD perturbation theory. The X utol ’O> 3)
e 2S+1) (1,8) o : : pox

subscriptn= L™ specifies the spir, orbital angular
momentunlL, and the total angular momentuinof the Q Q.
The 1 and 8 mean that the pair may Be in & color singlet Ofrhe field ¢ annihilates a heavy quark, whilg creates a
color octet state. The matrix elemexi8;) of mass dimen-  heayy antiquark. The matrix element is proportional to the
siond, describe the transition of tH@Q in the stateninto a  rate of production of d/ from the NRQCD vacuum via an
J/ . Although J/ ¢ is identified as aQa mainly in a 33(11) intermediate state in which the heavy quark pair is i?‘S%)
configuration, the short distance process may produce eonfiguration.S represents light hadrons in the final state,
heavy quark pair which is not in 3S{" state. The formation andJ, is the helicity of thel/¢, both of which are summed
of the bound state can involve the emission of soft partons9Vver.
which return the pair to the appropriate spectroscopic con- The relativistic correction, appearing @(v?) relative to
figuration. The relative importance of various terms in thethe leading contribution, in which the heavy quark pair is
sum in Eqg.(1), may be determined by how each term is also in the dominant Fock state of tldéy, involves the
suppressed by powers of the strong coupling constgnt ~ Mmatrix element
whose dependence lies ky,, and the velocity of the heavy
quark in the rest frame of the quarkonium, appearing in 1
(03" Fordly, v?~0.3. <PJ/¢(3S(11))>=<0 -

The dominant short distance contribution to inelastic pho-
toproduction ofl/ ¢ is the photon-gluon fusion process:

<0J’¢<~°’S‘1”>>=<o

x'o! l[f( SEJ |3/ g+ Sy p+ S|

AL w( % |3/ g+ S)(I p+ S|

2
x+H.c.

. [
X$T0|<—§D

_ 0>, 4
¥(K)+G(91) —~QQn(P) +G(g2). )

The four-momenta are specified in parentheses. The process -
(2) at leading order in QCD perturbation theory is repre-wherey'Dy= xT(D)¢— (Dx) . Therefore, the differential
sented in Figs. (B) and ib). Both diagrams allow the heavy cross section t@®(v?) takes the form
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dor Fes) o aed) momentumP = (\/4(m?+]|q|?) + P?,P). The partonic Man-
E?’JF G—>J/‘/I+X=T<O °Si) delstam invariants are defined in the standard manser:
=(k+g91)*=(P+9gy)? t=(k—P)’=(g1-9gp)% and u
G(3sM) =(g,—P)2=(k—g,)?. Only two of these invariants are in-

+———(P7(3sV))+0(v*). (5  dependent; their relationship is given by
m

Of the octet contributions which appear@tv?), the 1S{®) s+t+u=P*=4(m’+[q|?). ®)
and 3P® channels were found to be the most important. The . _ _
structures of the matrix elements which describe these tran/® chooseu to 2be expressed in terms of theJ/otr;erltwo In-
sitions are similar to Eqs3) and (4), except for the opera- variants, andq|?, which is associated witdP?'/(*s{")).
tors between the quark and antiquark fields; they may bdWo contraction identities found in Ref17] will be fre-
found in the literaturd1]. The aim in this section is to de- guently used in the calculation:
termine the coefficienG(3S{Y), containing the short dis-
tance information associated with thé correction.

The low energy equivalence of full QCD and NRQCD
allows the short distance coefficieritg to be determined by pepPY

the following matching condition: AFAT= =04t p2 ©)

9 A A== 3",

do

aﬁ G—>Q6n+x First we will consider the QCD side of E¢6). The tran-

sition matrix for the process may be written

PQCD

o Dre-eene=eu(kelees (g ulp) i u ()

PNRQCD The color indices of the gluons are specified dyand b.

On the left hand side of Eq6), the cross section for the Following the techniques used [a7], T4;* is decomposed

roduction of a freeQQ is computed using perturbative " [€'MS Of the 16 basis matricds ys, ., yuys and
gCD. The matrix eI:raeQnts on thg right hang sri)de are evaluZxv- When these are inserted between the quark and anti-
ated using perturbative NRQCD. Both sides are expanded ifuark spinorsi(p) andv(p), 7 may be expressed in terms
powers ofg, the momentum of the heavy quark in the restof the color triplet, Pauli spinorg, andz. Projecting out the
frame of the quarkonium. The, are then found by compar- color singlet channel and expanding @|q|®), the transi-
ing powers ofg. The QCD side of the matching condition tion matrix takes the form
involves expanding the amplitude for the procé&sin pow-
ers ofg. The leading terms contaiQQ’s in the domina.nt T=s#(k)si(gl)s’éb(gz)%(af‘“ﬁJr b{ﬁn“fqmq“)g*ain
Fock state of the/y, 3S{V, as well as some octet configu- 2N
rations: 3S{®) and 'S{¥). Terms at ordeq in the amplitude oo (10)
project out heavy quark pairs iﬁPSS) states, but do not
contain a heavy quark pair ifS{") states. In order to deter- The termsa”“*? and b“%? are functions of the kinematic

mn
mine theO(v?) contribution in Eq.(5), it is necessary to variables and the Lorenz boost matrices. The ellipsis repre-

expand the QCD amplitude t0(q”): at this order, heavy sents contributions in which th@Q pairs are in color singlet
quark pairs in®S{") configurations are present. The reasonp wave states, spin singlet states, or terms which contribute
that the color octet contributions appear at a higher order ifip processes occurring @(v?) or higher. To obtain the rate,

v, in Eq. (5), despite being at a lower order in the perturba-7is multiplied by its complex conjugate, and the appropriate
tive amplitude, is because the power counting is different folsyms and averages over spin and color degrees of freedom
hadronic states: additional suppression appears in the had- agre made. Before the momentum space integration is carried
ronic projection operators of the color octet matrix elementsout' a change of variables is performeg, §)— (P,q), to

Some conventions used i17] will be adopted in_ this _facilitate the matching as defined in E). The perturbative
work. The four-momenta of the heavy quark and antiquark I%ross section becomes

Fn =
— _n QQ
-3 2 (005%0)

P+ : “
pt=—+ALq, do — 1 d3q
2 —7+G—=QQ+X=——= f
dt Q@ 167s? | 22.4N2) ) (27)3
—  P* .
p“=—-—Afd, (7 A o
2 x| A+ b= 25 flal*+cffnama | o' @ o
where A is the Lorenz boost matrix from the rest frame of
the J/¢ to the frame in which it is moving with four- +.e (11
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For convenience, the notation suppressing the Pauli spinoisis necessary to take into account another color singlet ma-
and the sums over the spins has been empldyédThe trix element withd,,=8, which at leading order in perturba-
coefficients appearing in the transition matrix are related tdive NRQCD is

the ones appearing in E@l1). Using the identities in Eq.

(9), the contraction of the Lorenz indices relates the

A, bi(jz) andci‘jzn%n, to a**# and bk - <7;Q6(3S(11),3D(11))>
af*fal g = Ay b+ 0(lal), e o 0
P 8uap,i= AT D —<o’§ X*a'z,b(E IHQQS><HQQS|)
S
afuaﬁbfmﬁ,imn"_ bﬁnaﬁgazaﬁ,J - Ci(erT)‘n+ O(lab. i\?2
[ i),
it must be kept in mind that the factds, implicitly retains ><¢‘r(71( _5) DUDVy+H.c. 0>. (14

someq dependence which will become fully exposed once
contractions over the remaining indices are carried out. The

term Aii/zm,2 is a consequence of the change of variablesTne symmetric traceless tensor, formed from the covariant
Using rotational symmetry, Eq11) takes the form o : B o o o o o o
derivatives, is specified byD(DV=(D'D/+D/D')/2

- ~D-DA3. Here(PQ6(3sl,3Dl)> describes the overlap of

do —
—y+G—=QQ,+X the transition amplitudes in which t@Q is in spin tripletS
dt and D wave states. Thereforek(3S,,°D;) mixes with

F(3S,) in perturbation theory{P?%(3s,,°D,)) appears at

_ 1 1 d3q 1 o i O(v?) in perturbation theory, where quarks and gluons are
16732\ 22 2 s|3Gi e free. However, because the velocity counting is different for
ST\ 25X AN (2m) ) y g
hadronic states, the corresponding hadronic matrix element
1 cO\ (PY(®s;,°Dy)) is at orderv?. This is because it requires
+3 3cP+b{P)———| ool two chromoelectric dipole transitions to tak€a in a 3S{"
2m configuration to a®D{" state, costing a factor af? in the

1 projection operator of PY*(3s{" °D{V)). The covariant
+ %[(4(;%) _CI(IZIJ) _C§j2ji))|q|2am® P derivatives in the operator contributes anothér _ o
Using a nonrelativistic normalization convention, it is
possible to realize the right hand side of Ef) at leading
order in perturbative NRQCD:

+(—2¢f) +3ci) +3ciiq-ovq- o] |. (12
Only the leading order terms ifg|? have been kept in the d3q |F(SV)
contractions ot{2) andb® . ¢{?) andc{? are defined to be f 3 ,—o'ed
! ! (2) m
Ai=ciP+clql?. 1
3c(1) 3 (1)

Equation(12) displays all theg? dependence necessary to 3m
determineG(®S{"). The coefficients have been expressed in
terms of the invariants andt using the contraction identi- 3a(1) 3c(1) 3N 12 i o i
ties. They are somewhat lengthy and will not be presented +3[G(°S;Y) ~F(°S{”,°DiY) g0’ ® o'} |. (15

here.
Next the NRQCD side of the matching condition is con-

sidered. TheQQ differential cross section, only including

the contributions we are interested in, may be written One may worry about the use of different normalization of

states on either side of E(). However, this is not a prob-
lem as only physical quantities are being considered, and the
G(SS(ll)) 00,3(1) Pauli spinors, which are not shown explicitly, have the same
T<P °sp7)) normalizations£'¢=1 and#'7=1. Braaten and Chei7]
defined the matrix elements with relativistic normalizations,

Fesy
T<0QQ(33(11))>+
3a(1) 3m(1) which were subsequently related to to the matrix elements

F(°S;™,°D3Y) — ; ;
n 1 1 <PQQ(3S(1) 3D(1))>+ o defined in NRQCD.
m# 1 ' By comparing Eq.(15) with Eq. (12), we finally obtain
the short distance coefficients. The leading order color sin-
(13)  glet contribution is well known:
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Fes)) 1 B e ama) $2(5—4m?) 2+ t2(1— 4m?) %+ (4m?— 5— t)2(3+t)2 16
E lenz 27 (AT dmaes (5— 4m?)%(1— 4m?)%(5+ 1)2

The strong coupling constant and the fine structure constant are givenpdnyd «. The electromagnetic charge of the charm
quark, in units ofe, is e,. As a consequence of E(B), Eq. (16) is expressed in terms of the combinatiom%-s—t, instead

of U. The perturbative coefficient of the relativistic correction for the color singlet channel is found to be

GEs) 1

s 32(4m) (Ama)e?(—6144n1%?+ 128am®s®+ 960m°s* — 336m*s®+ 28m?s® — 4096m'%t — 512mPs?t
m 7TS

+320am%s3t — 1008m*s*t + 72m2s5t + 58 — 6144m1% 2 — 512mBst2+ 320am°s2t2— 1408?31 2+ 92m?2s4t2
+3s°2+ 12813+ 320amPst® — 1408m*s?t3 + 112m?s%t 3+ 5513+ 960m°t* — 1008m*st* + 92m?s%t* + 55714

—336m*t°+ 72m2st®+ 3525+ 28m?t® + st%)/[ 81m(s— 4m?)3(t — 4m?)3(s+1)3]. 17

This result is different from the one found [3]. First, the 35

relativistic correction in this work is expressed in terms of a (O ¥(15{®)))+— ((’)J’*”( P®))=527x10"° Ge\’.
matrix element defined in NRQCD; [13], it is correspond- m?

ingly a parametek, defined via (20

_ In this study, we shall assume the latter, and take

May=2me, 18 ((’)J’”’(lsgs)))Z(OJ"/’(3P§)8))>/m2=1.2>< 102 Ge\. The
wheree was taken to be positive. As pointed out[®1, this  leading order color singlet matrix element is taken to have
parameter can be negative and can be defined as a matiixe value
element in NRQCD which is different from the one appear- o3l _
ing in Eq. (5). Second, the correction calculated[it3] is (OM(3s))=1.3 GeV. (21)
based on the model proposed| 2], in which the contribu- . .
tion of the momenturfcq tcr)) the (Ene]rgy of the heavy quark is A naive estimate fOKPJ/w(-?’S(ll)» er/1aII3 b(?)used, b_ased o
neglected—that is, the energy is taken toMg,/2 in the ~ the power law suppression of PY(°siY)) relative to

I3 -

quarkonium rest frame; it really should bém?+q?. This (OTCST)):

implies that our result cannot be obtained from that presented Ip35(D)y = 0.85 Ge\ 29

in [13] by settingM;,,=2m and the paramete¢ propor- (PTCST)=0. ' (22

tional to (P"/¥(3s{Y)). The other inputs for the computations are as follows: the
strong coupling constant at the charm mass scale is taken to

. NUMERICAL RESULTS be ag(m)=0.3, withm=1.48 GeV. The MRSA determina-
tion of the gluon structure function is us€gd8], with
In this section an assessment of the significance of th@,’\"gé‘f =300 MeV andQ?=(2m)Z.

orderv? correction shall be made, using the analytic result The total cross section as a function of the center of mass
(17). The predictions will be compared to photopg)ductlonenergy is considered first. The constraizts 0.8 and p,
dat% from HERA. In[5], the color octet channesS{® and >1 GeV, valid at HERA, are adopted. Thefactor, con-
3P§®) were found to be important in the photoproduction of sistent with these cuts, from the NLO corrections to the color
J/¢. The corresponding matrix elements were taken to havginglet channel15] is K~ 1.8. Figure 2 shows the total cross
numerical values consistent with the linear combinaf®  section as a function of the photon-nucleon center of mass
energy, s. The leading order color singlet contribution
(long dashed lineaccounts quite well for most of the data
from HI [19] (circles and ZEUS[7] (squares Thev? cor-
(19 rection (short dashed line together with the color octet
terms(dot-dashed ling contributes only marginally. The oc-
determined in the original analysis of hadroproduction rateset contributions are greater than tlgv?) correction by
at the Tevatron. However, these values lead to predictionapproximately a factor of 4, for large center of mass ener-
which are significantly greater than the experimental resultsgies, with the values of the matrix elements that have been
The inclusion of effects due to initial state gluon radiationadopted. If the octet matrix elements were chosen to be con-
modifies the linear combination of the matrix elements thussistent with Eq(19), then thev? correction would be smaller
[10]: by approximately a factor of 10, relative to the octet contri-

(OIS + 2 (0P =6.6x102 GeV?,
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A 50 . . . .
X 0. X X X

L I
60 110 160

100.0
FIG. 2. The total cross sectian( \/5) (nb) as a function of the
center of mass energys (GeV). The leading order color singlet
contribution is shown as a long dashed line. ™ ?) correction 800 -
is the dot-dashed line; the octet contribution is the short dash line.
The total rate is the solid line.

butions. However{ O Y#(3s{!))) may be somewhat larger
than 0.85 GeY; therefore both corrections may have similar
magnitudes.

Next, thedo/dz distribution is considered as a function of
z. Figure 3a) shows the ratio of the? to the octet contribu-
tions at \s=100 GeV (solid line and s=14.7 GeV
(dashed ling At 's=100 GeV the cup,=1 GeV, consis-

tent with results from HERA, is adopted, while afs oo o o o o

=147, p;=0.1 GeV, valid for the European Muon Col-
laboration(EMC). For\/s=100 GeV, it can be seen that the

(b}

« EMC

v? channel dominates at low For z>0.63 the ratio is nega-
tive, indicating that thev? distribution is negative in that
region. Atz=0.7 the ratio has a minimum value of about e} 1
0.45, meaning that in this region, tbé contribution is sig- A
nificant with respect to the color octet channels. Again, if the T/
original determinations of the octet matrix elements were T ,’/
adopted, the»? contributions will give a negligible result at i
intermediate and large valuesmpfwhile at lowz, they would W/
be comparable to the color octet contributions. At the EMC 4
energy regime/§: 14.7 GeV, v? corrections are relatively

more substantial at low, while at larger values, not as im-
portant. Figure @) is thez distribution at the center of mass
energy+/s=100 GeV. The long dashed line represents the
leading order contribution. The sum of the leading order and ~ *% 03 05 o7 05

v? correction is shown as a dot-dashed line; the sum of the “

leading order and octet contributions is shown as the dashed g5 3 (a) do/dz the ratio of thev? contribution to the octet
line. The net result is shown as a solid line. The circlesgyntribytions as a function oz The solid line is at s

represent data from the H1 Collaboratifi®]. Thev? cor-  _100 Gev, and the dashed line is d5=14.7 GeV.(b) The
rection tends to decrease the distribution for larger values of;/qz (nb) as a function ofz, at the center of mass energfs
z, while at smaller values, it is enhanced. Figufe) 3hows =100 GeV (HERA). The long dashed line is the leading order

the distribution atys=14.7 GeV, displaying a similar be- color singlet contribution. The sum of the leading order &1@?)
havior, although the? effect is not as pronounced. The data channels is the dot-dashed line. The sum of the leading order and
are from the EMC collaboratiof20]. It should be noted that octet contribution is the dashed line. The solid line represents the
the largez region, where the? contribution is most substan- total rate. The circles are the data from the H1 Collaboration.
tial, is also where the nonrelativistic expansion breaks dowra/dz (nb) at \'s=14.7 GeV. The lines represent contributions as
[11]. Our analysis leads to a qualitatively different behaviordescribed inb). Data from EMC are shown with solid circles.
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for the energy distribution than in the work by Juegal. by an additional matrix element which appearsCiv?)
[13]. In their case there is an enhancementdef/dz for  relative to the leading order color singlet term, according to
large values of. the velocity scaling rules of NRQCD. This work contrasts
The transverse momentum distribution for photoproduc-with previous studies in that it draws qualitatively different
tion was also examined. However, it was found thatdRe conclusions about the behavior of observables. Specifically,
correction leads to a negligible contribution to the overallthe contribution leads to a decrease in the energy distribution
differential rate. It is expected that a similaf correction for large values ofz, while for smaller values there is an
appears irp+ p—J/ ¢+ X processes at the Tevatron, where €nhancement of the differential cross section. The effect of
color octet fragmentation channels dominate at large trangh€ correction in photoproduction seems to be more signifi-
verse momentum. The? correction can be obtained by re- c¢ant for larger center of mass energies. In some regions of

alizing that it originates via a process similar to that depicted®hase space, .thez correction is comparable to the color
in Fig. 1(a), except with the initial photon replaced by a octet contributions, with the values of the parameters that

gluon. The color singlet rates, including thé correction, ~Were used. However, it has been noted earlier that the rates
are obtained by multiplying?(3s{") and G(3s{") by the are sensitive taxs(m), m, and the choice of parton distri-
factor 5ug/(96ae2), which takes into account the differ- bution functions, which are not precisely known. Certainly it
ences in ?he initiacll 1state However. it was found thatdRe SEE€MS that the uncertainty in these parameters corresponds to
correction contributes insignificantly to the transverse mo-vanations in the rates which are of similar magnitude or

5 )

mentum distribution for moderate transverse momentum reatert ttk;]an the efftelct Ofl tk?(v )_cprrec':ttlpn[lt'nél. The_rgl— t

the Tevatron center of mass enerd§:1.8 TeV. ore, at the present Ievel of precision, 1t IS not possibie 1o
observe the effect of the correction in experiments.

IV. CONCLUSION
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