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Diffractive J/4 production as a probe of the gluon component in the Pomeron
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We present a study of large; J/¢ production in hard diffractive processes by Pomeron exchange at the
Fermilab Tevatron. We find that this proce@&p+\]/¢+ X) can be used to probe the gluon content of the
Pomeron and to measure the gluon fraction of the Pomeron. Direct diffraétivproduction can also provide
another crucial test for the color-octet fragmentation mechanism. UsingtioemalizedPomeron flux factor
D~1/9, the single diffractivel/ ¢ production cross section at large (=8 GeV) is found to be of the order
of 0.01 nb, and the ratio of single diffractive to nondiffracti¥e/ production is 0.6%0.15% for the gluon
fraction f;=0.7+0.2. [S0556-282(98)05409-

PACS numbg(s): 12.40.Nn, 13.85.Ni, 14.40.Gx

In the past few years there has been a renaissance of i§o, the measurement of diffractivl ¢ production at the
terest in diffractive scattering. Diffractive processes in had+ermilab Tevatron would provide a probe of the gluon dis-
ron collisions are well described by the Regge theory intribution in the Pomeron. Importantly, at hadron colliders the
terms of Pomeroril’) exchangg1,2]. The Pomeron carries J/¢ production is of special significance because it has ex-
quantum numbers of the vacuum, so it is a colorless entity iffemely clean signature through its leptonic decay modes.
QCD language, which may lead to “rapidity gap” events in Furthermore, the SD/ production is also interesting to the
experiments. However, the nature of the Pomeron and it§tudy of heavy quarkonium production mechanism, which is
reaction with hadrons remains a mystery[3f, hard diffrac- ~ @nother hot topic in the past few years.
tive scattering processes were suggested to resolve the quark O @ 1ong time, it was believed that the heavy quarko-
and gluon content in the Pomeron. That is to say, thd!Um production at largepy dominantly comes from the
Pomeron has a partonic structure, just as hadrons and nuclgfading order color-singlet processgkl]. But, as pointed

Therefore, various processes may be considered to probe it Py Braaten and Yua["ith], thfe fralgme_ntation contribu-
partonic structure of the Pomeron at high energy colliderdonS may dominate over those from leading-order processes
[3-6]. at sufficiently largepy, although the fragmentation pro-

On the experimental side, the UA8 collaboration at the®€SS€S are of higher order in strong coupling constant

CERN Super Proton Synchrotron F(ES) collider has stud-
ied diffractive dijet production a/s=630 GeV[7], which iy production(excluding the contribution frorb decays

indicates a dominant hard partonic structure of the Pomeror(lJl ,
) . . .~ dnd the feeddown frong.) both forJ/¢ andy’ [13,14. The
The H1 and ZEUS Collaborations have studied d'ﬁracnveexperimental measurement is a factor of 3050 larger than

deep inelastic scatterin@DIS) and dijet photoproduction in the theoretical prediction of the color-singlet model even if

ep collisions at Js=300 GeV [8]. From these measure- including the fragmentation contributions. Motivated by this
ments, the ZEUS Collaboration determined that the gluo”‘surplus” problem, a new mechanism for heavy quarko-
fraction of the Pomeroriy is in the range of 0.81,<0.8,  njm production at large- in hadronic collisions, named as
and the H1 Collaboration determined the quark fraction of.,|or-octet gluon fragmentation, has been propoks]

the Pomerorf,~0.2. The partonic structure of the Pomeron hich is based on the factorization formalism of nonrelativ-
was also studied recently by the Collider Detector at Fermisg;ic quantum chromodynamig®RQCD) [16]. In the past
lab (CDF) Collaboration through diffractivéV production o,y years, applications of the NRQCD factorization formal-

[9] and dijet productioii10], which give further evidence for  jq 16 3/4( ') production at various experimental facilities
the hard partonic structure of the pomeron. The combinatiop ;e peen studiefL7].

of these two measurements determined the gluon fraction of

However, the measurements of lange charmonia produc-
tion from the CDF at the Tevatron show a large excess of

the Pomeron to be 070.2. P — D
In this paper, we will discuss another diffractive process,
single diffractive(SD) J/ ¢ production at large+ (shown in IP J/d’
Fig. D:
— P
p+p—p+I/+X. (1) X
By the following calculations, we will show that SOV FIG. 1. Sketch diagram for the SID'¢ production by Pomeron

production is sensitive to the gluon fraction of the Pomeronexchange at the Tevatron.
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According to the NRQCD factorization formalism, the IP J/¢[3S(8)]
gluon fragmentation td/ ¢ production can be factorized as 1

D243 = 2 dgn(z,u2)(07"), @)

wherez is the longitudinal momentum fraction carried by the P

producedJ/ in gluon fragmentationy =2m, is the frag-

mentation scaledy ., represent the short-distance coeffi- FIG. 2. A typical diagram for the color-octet gluon fragmenta-
cients associated with the perturbative subprocesses in whigton J/¢ production inPp— J/4+ X process.

ac?pair is produced in a configuration denotedrbyangu-

lar momentum?S*1L ; and color index 1 or B (O}¥) are do(pp—p+Jd/y+X) —
the long distance nonpertu_rbative matrix elements demon- dédt =fpp(§,0)do(Pp—J/y+X),
strating the probability of @c pair evolving into the physi- 4

cal stateJ/. The short-distance coefficientk_,, can be ) ) ]
obtained from perturbative calculations in powers of cou-Wheregis the momentum fraction of the proton carried by
pling constantas. (OY*) consist of two kinds of matrix the Pomeronfy, is the Pomeron “flux” factor,
elements, i.e., the color-singlet and color-octet matrix ele- Poen/dédt  BAL)
ments(according to when the color index is 1 o. 8 fopo(£,) = osp/dé _m
For J/4 production in gluon fragmentation, the color- P 0¥p(5’,t) 16
octet matrix elementOy *(°S,)) is smaller than the color-
singlet matrix element©®3'%(3S,)) by a factor of ordew* =K g2 OR2(1). ()
according to the NRQCD velocity scaling rules. However,
the short-distance coefficient for the color-octet term in Eq.
(2) is larger than that for the color-singlet term by a factor of
order 1/Z. Numerical results show that color-octet contri-

gl—Za(t)FZ(t)

Following [20], the parameters are choosen as

K=0.73 GeV? a(t)=1+0.115+0.26 (GeV 9,

butions are 50 times larger than color-singlet contributions F2(t)=e4@ 6)
[15]. In the following calculations, we neglect the color- ’
singlet term in gluon fragmentation in E(), and only con- In our calculations, we use thenormalizedflux factor

sider the color-octet gluon fragmentation. The leading-ordef, f(&,t) [20], which may preserve the shapeshf andt
color-octet gluon fragmentation /¢ production give$15]  gistributions in SD and predict the experimentally observed

SD cross section at all energies. H&ds defined as
2m,) (OF"(3s .
PP (2.8 = To5 T & n; D s1-2. @ D=Min(1,1\), @)

C

with

In our calculations, the effects of the evolution of gluon Emax w
fragmentation function with scalg? are neglected, which N=J ng frp(&.1), (8)
may introduce some error. However, as argued1idl, in- Emin t=0
cluding evolution would not necessarily be an improvement o 2 .
since naive Altarelli-Parisi equations do not respect theWhereg”‘_i”:MO/S with MO:.1'5 GeV (effective threshold
phase-space constraingéJ,g,,(z,Mz):O for z<m§,¢/,u2 and £,,,=0.1 E:oherence limjt For the SD process at the
[19]. Tevatron (/s=1800 G_eV), t_he renormal_lzed factpD
~1/9. As a conservative estimate, we will take this as a
tentative value foD in the following calculations(How-
er, we should keep in mind that this flux fac@rhas not
B 2 een well determined experimentally. If the precise value
momentum transf.er'tl—(pi— P, V\_/here pi andpy are the can be obtained in the future, our results will change accord-
momenta of the initial and the final states of the proton,ingly_)
respectively. Second, partons interaction between the =5 o parton structure functions of the Pomeron, we as-
Pomeron and the antiproton takes place in the large MOMeny, e the hard forr,9,10) '
tum transfer processdsee Fig. 2 In the third stepJ/ is "
produced via the fragmentation processes. Because the frag- BG(B)=(f,+f)[68(1—B)], 9)
mentation contributions dominantly come from the color- a9
octet gluon fragmentation process, in our calculations Wevhereg is the momentum fraction of the Pomeron carried by
calculate thegg(qa)—gg, d(d)g—a(q)g processes and the quarks and gluond, and fy are the quark and gluon
followed by the gluon fragmentation E(). fractions of the Pomeron, respectively. The momentum sum
Using the Pomeron factorization formalisp3,4], we  rule constraind ,+ f,=1. We neglect anyQ? evolution in
write the SDJ/ production cross section as the above parton densities of the Pomeféh

As shown in Figs. 1 and 2, the SD process— p+J/¢
+X by Pomeron exchange consists of three steps. First,
Pomeron is emitted from the proton with a small square
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FIG. 4. The differential cross section for the SD/ production
FIG. 3. The SDJ/¢ production cross section as a function of the as a function oy for the hard gluor(dashed lingand soft gluon
minimum p1(¢) for 2.0< () <4.0. (dotted ling parametrizations in the Pomeron.

With these partons densities in the Pomeron and the pathree curves corresponding to three different values of the
ton distribution functions in the antiprotomlo(P’Pp—J/¢  gluon fractionf . The solid line represents the cross section
+X) can be calculated by employing the usual way in theg(ppﬁp+‘]/¢+ X)X B(J/p—put ™) for the gluon frac-
parton model calculations in hadronic collisions. We use th%on set to befg:O_7 (WhICh is determined by the experi_
MRS(A) parton distribution function$21] to generate the ments at the Tevatrofil0)). The dotted line is forf,=0
production cross section, and set the renomalization scalg —1) and the dashed line fég=1 (f,=0). These curves
and the factorization scale both equal to the transverse mg—h%w that the SO/ production cross qsection may reach the

mentum of the fragmenting gluop=pr(g)~pr(#). In  |evel of order of 0.01 nifor pr(min)=8 GeV), and there-
gluon fragmentation, the input parameters are taken to be fgre js observable at the Fermilab Tevatron at present.

m.=15 GeV, a¢(2m,)=0.26, In the above calculations, we use the widely used param-
etrization of the gluon distribution in the Pomeron, i.e., the
(0¥(33,))=0.0106 GeV. (100  hard form Eq.(9). However, the precise form of the gluon
density of the Pomeron is unknown at present and this will
The value of the color-octet matrix elemdid®y /(°S,)) fol-  affect thep; distribution of the SDJ/ ¢ production. Different

lows the fitted value if22] by comparing the theoretical parametrizations will give rise to different spectra. If the
prediction to the experimental data at the Tevatron. In thegluon in the Pomeron is soft, e.g., the gluon distribution in
total cross section, we also include the contributions from théhe Pomeron behaves like
xc and ¢’ feeddowns through gluon fragmentatigr- .
and g— ¢’ followed by y.— ¢y and ¢’ — ¢X. The feed- BG(B)=6(1—pB)°, (12)
down contributions give the sanpg distribution ofJ/ and
contribute about one-third of the total prondgty production  the spectra would be different. In Fig. 4, we show he
cross sectiorisee Ref[14]). The leptonic decay branching distributions of the cross section of the D) production in
ratio B(J/—u*u~)=0.0597 is also multiplied in the both the hard gluon and soft gluon cases. The result shown in
cross section. The above described procedimetuding the  Fig. 4 is consistent with the expectation that the softer gluon
fragmentation approximationcan reproduce the largpr  will favor J/¢ production with smallep, while the harder
J/¢ production in the central regio.e, | 7(J/¢)|<0.6) at  gluon will favor largerp. The differential cross sections at
the Tevatror{14,15. large pt for these two cases are different, but their differ-
Because theqa annihilation process only contributes a €nces are not so critical to distinguish between them. So, in
small portion to the total cross section of lange J/¢ pro-  the following discussion, we mainly limit ourselves to the
duction, the SDJ/¢ production is insensitive to the quark hard gluon parametrization of the Pomeron, but we will also
flavor number of the Pomeron. In our calculations we onlymention the result for the soft gluon parametrization.
consider two-quark flavors. A pseudorapidity cut of 2.0 As a comparison, we also calculate the nondiffractive
< 7n()<4.0 was also performed on the produckg.. The (ND) forwardJ/ production p+p—J/¢+X) in the same
diffractive variablest andt are integrated over the range of kinematic region, i.e., 2 5()<4.0. The forward region
0<£<0.1 and|t|<1 Ge\2. In Fig. 3, we show the cross J/¢ production is also interesting to the study of thiy
section of SDJ/ production as a function of the minimum production mechanism, because the relative contributions of
transfer momentum of the producddy. Because thegg  different mechanisms may vary with'¢ rapidity. Further-
process is the dominant process in the productiol ¢f the  more, the comparison of forward and central regidg pro-
cross section is sensitive to the gluon component in theluction can provide a consistent test of the “surplus™ prob-
Pomeron(i.e., the gluon fractiorf y). In this figure, we plot lem of ¢’ andJ/y found at the Tevatrofil4]. In Fig. 5, we
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FIG. 5. The ND forwardl/¢ production cross section for 2.0 FIG. 6. The ratio OR(III).:U.SD(I’[’)/UND(I/’) vs the gluon fraction
< () <4.0. of the Pomerorf,. The solid line corresponds to the momentum

fractionD used as theenormalizedfactor as in Eq(7). The shaded

) . region represents the range of the ra&dimited by the measured
plot the ND forwardJ/¢ production cross section as a fraction D =0.18+0.04 by the CDF.

function of py(min). This theoretical prediction can be used

to compare with the experimental data, and may provide &ard quark and hard gluon cases. This implies that the ratio
further test for the color-octet gluon fragmentation produc—R(,T/,) is not sensitive to the smearing, and we may neglect

tion mechanism.(The DO Collaboration at the Fermilab the Smearing effects in the calculations of the rﬁ(@) and
Tevatron have reported the forwadiys production data the extraction of the gluon fractiofy,.

[23] HOWeVer, these data do not exclude the contributions In Table |, we also give the result for the soft g|uon pa-
from b decays. We hope that the prondsi) production data  rametrization. The rati®(¢) for the soft gluon is larger than
in the forward region may be obtained in the near fuure. the hard gluon by a factos2 atp(min)=10 GeV.

In Fig. 6, we plot the ratid() = gsp/onp as a function Experimentally, the nondiffractive background to the dif-
of fy (solid line), whereo, is the cross section for SIY¢y  fractive J/ ¢ production must be dropped out to obtain useful
production, andoyp is for the ND J/¢ production in the jnformation of the above calculations. Theoretically, the SD
same kinematic region. The kinematic constraints for the‘]/(p production events can be distinguished from those non-
producedJ/¢ are the same for these two processes, i.e.gjffractive events by performing the rapid g&pG) analysis.
pr(min)=8 GeV and 2.&-5()<4.0. The ratioR(¢) in-  However, the acceptance of the RG will affect this analysis.
crease from 0.1% afy;=0 to 0.9% asf;=1.0. Forf;=0.7  Here, we adopt the existing results of the background esti-
*£0.2, the ratioR(#) will be 0.65+0.15%. We must note mate obtained by the CDF diffractive Dijet experiment,
that R(#) is independent of the choice of the color-octetwhere they give the nondiffractive background to the SD
matrix element O3 ¥(3S,)) because its dependence is can-evens to be 20%i0]. By the same reason, we expect that the
celled in the ratioogp/oyp . SO, measuring this ratiR( ) nondiffractive background to the SID ¢ production is about
can determine the gluon fractidy precisely, provided that 20%.
the color-octet gluon fragmentation is the dominant mecha- Finally, we discuss the theoretical uncertainty coming
nism for theJ/y production at large . from the choice of the factob of Eq. (7). The factorD

One more thing that must be noted in the above calcularepresents the momentum fraction of the Pomeron carried by
tions of the ratioR(¢)=ogp/oyp is the approximation of the hard partons with the standard Pomeron flux. In our cal-
neglecting the fragmentation function smearing. If e  culations, we use theenormalizedfactor, which is about 1/9
distributions of the SD and NDJ/¢ production are much at the Tevatron energy region. But the value cited here is not
different, the smearing effects will influence the ratiR(y)) unique, because it may change with different choices of the
and the extraction of, from this ratio. To see these effects, parameters such a8, and &, in Eq. (7). The momentum
we calculate the rati®(¢) = ogp/oyp for different values of  fraction D can be measured in the diffractive processes at
p(min), which is shown in Table I. From this table, we can various collider faculties. At the Tevatron, the CDF Collabo-
see that the rati®(¢) is almost a constar(vith a fluctua-  ration have determined the fracti@nto be 0.18-0.04[10],
tion less than 10%as a function ofpr(min) for both the  which is well below the range 04D < 1.6 reported by the

TABLE I. The ratioR(y)=ogp/onp @s a function ofpr(min).

P+(min) (GeV) 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0
R(#) for hard quark(%) 0.17 0.16 0.15 0.14 0.14 0.14 0.14 0.14 0.14
R(#) for hard gluon(%) 0.98 0.93 0.90 0.86 0.84 0.85 0.86 0.88 0.87
R(#) for soft gluon(%) 2.4 2.1 1.9 1.8 1.6 15 14 1.4 1.3
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ZEUS Collaboration. If we adopt the CDF measurement, In conclusion, in this paper we have shown that the dif-

there must be difference in the above calculations of the ratifractive J/ s production at large is sensitive to the gluon

R, which is also shown in Fig. 6. The shaded region in Fig.fraction of the Pomerofiy. The measurement of this process

6 represents the range of the raRccalculated as a function at the Tevatron would provide a determination fgf. We

of f4 by using the fractiorD=0.18+0.04. have also discussed the uncertainties caused by the renormal-
As discussed in previous studigd5,22, color-octet jzed factorD and the gluon parametrizations of the Pomeron.

mechanism is crucially important to diredtyy production  These uncertainties, however, can be reduced by combining

(excluding the contributions frorb decays and thg. and  giher experimental measurements such as dijet diffractive

Y’ feeddowns at largepr; here the color-octet mechanism o4y ction andw diffractive production. We believe that

is also crucially important to the diredf productioninthe \ih the proposed SO/ production presented in this pa-

diffraction region. If only considering the color-singlet con- har \ve will get a better understanding for the property of the
tributions(mainly coming from gluon fragmentatiothe SD  pomeron. And also, the SD diredty production will pro-

direct J/y production rate will be smaller than the curves ige another crucial test for the color-octet production
shown in Fig. 3 by a factor of 50. This will make the mea- ,achanism.

surement of the SD direcl/ s production very difficult at
present luminosity at the Tevatron. That is to say, the SD We would like to thank Professor H. A. Peng for his
directJ/ ¢ production can also be regarded as another imporreading of the manuscript and his comments. We also thank
tant test for the color-octet mechanism. Dr. J. S. Xu for interesting discussions, and especially we
As a final remark, we note that our proposal, the diffrac-thank Professor H. Y. Zhou for providing us with the com-
tive J/¢ production, may also be used to extract the gluonputer program and many enthusiastic discussions. This work
fraction in photoproduction at the DES&p collider HERA.  was supported in part by the National Natural Science Foun-
There are more diffractive events at the HERA than that atlation of China, the State Education Commission of China,
the Tevatron. So, more interesting results may be obtaine@énd the State Commission of Science and Technology of
The work along this way is in progre§24]. China.
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