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Direct photon production at large transverse momentum in the coherent diffractive processes at hadron
colliders is calculated in the two-gluon exchange model. We find that the amplitude for the production process
is related to the differential off-diagonal gluon distribution function in the proton. We estimate the production
rate at the Fermilab Tevatron by approximately using the usual gluon distribution function. Because of the
clean signature, this process can be used to study in detail snpdiisics and the coherent diffractive
processes at hadron collidef§£0556-282(199)06921-(

PACS numbgs): 12.40.Nn, 13.85.Ni, 14.40.Gx

In recent years, there has been a renaissance of interestdéonsider the largep diffractive photon production in the
diffractive scattering. These diffractive processes are de“Pomeron Fragmentation” region, i.eM%~4k2, where
scribed by Regge theory in terms of Pomerdf) €xchange MZ is the invariance mass of the diffractive final states and
[1]. The Pomeron carries quantum numbers of the vacuunk; is the transverse momentum of the photon.
so it is a colorless entity in QCD language, which may lead  To calculate the cross section for the partonic diffractive
to “rapidity gap” events in experiments. However, the na- process, we use the two-gluon exchange parametrization of
ture of the Pomeron and its interaction with hadrons remainﬁ']e Pomeron model. The two-g|uon exchange model has
a mystery. For a long time it had been understood that thgeen used to calculate diffractive photoprodution processes
dynamics of the “soft Pomeron™ was deeply tied to confine- including the productions of vector mes@®], open charm
ment. However, it has been realized now that much can bF?], |arge o d|_Jet [8] This model has gained some success
learned about QCD from the wide variety of smalland  in the description of these processe ptcolliders[9]. Re-
hard diffractive processes, which are now under experimencently, we have extended this model to calculate the diffrac-
tal study. tive processes at hadron colliders. We have calculated the

On the other hand, we know that there exist nonfactorizagiffractive J/y [11] production, charm jef12] production,
tion effects in the hard diffractive processes at hadron collidand massive muon pair arV boson productiong13] at
ers[2-5]. First, there is the so-called spectator effe€l,  hadron colliders.
which can Change the probablllty of the diffractive hadron In the two_gluon exchange mode'l the |eading order con-
emerging from collisions intact. Practically, a suppressionyipytion to the partonic diffractive procesp— yqp comes
factor (or survive factoy“ S¢™ is used to describe this effect. from the four diagrams shown in Fig. 2. These four diagrams
Obviously, this suppression factor cannot be calculated iyre the same as those calculated i8] except for the dif-
perturbative QCD, which is now viewed as a nonperturbativeerence on the virtuality of the photon. In R¢L3] the pro-
parameter. Typically, the suppression fac®pris determined  duced photon is virtual and timelike, while here we will cal-
to be about 0.1 at the energy scale of the Fermilab Tevatrogy|ate the production of real photon in the diffractive process
[5] Another nonfactorization effect discussed in literature iSat |arge transverse momentum. Also, these four diagrams im-
associated with the coherent diffractive processes at hadrgily that the partonic procesgp— yqp is related by crossing
COIIiderS[S], in which the whole Pomeron is induced in the to diffractive di_quark jets photoprodution procesg
hard scattering. It is proved if8] that the existence of the qap 8]
leading twist coherent diffractive processes are associated '
with a breakdown of the QCD factorization theorem.

In this paper, we will calculate the direct photon produc-
tion at large transverse momentum in the coherent diffractive
processes at hadron colliders under the framework of the
two-gluon exchange parametrization of the Pomeron. As
shown in Fig. 1, the whole Pomeron represented by the
color-singlet two-gluon system emits from one hadron and
interacts with another hadron to produce photon plus a quark
jet. The large transverse momentum is required to ensure the
validity of the application of perturbative QCD. FIG. 1. Sketch diagram for the diffractive direct photon produc-

In addition, we must emphasize that in this paper we onlytion at hadron colliders in perturbative QCD.

0556-2821/99/6(11)/1175044)/$15.00 60 117504-1 ©1999 The American Physical Society



BRIEF REPORTS PHYSICAL REVIEW D 60 117504

k+gq 2
q > ky
b { a(l+ta)=——, Br=—ayBy, 4
. 5 M%
I T
u+ o =3
P Y C C whereky is the transverse momentum of the outgoing pho-
1) (2) ton, M is the invariant mass of the diffractive final state
. AN (including the large transverse momentum photon and the
o x> '\\N\\j quark jel.
e - © © For the high energy diffractive process, we know that
0 .
e 5 © © M)2(<s, i.e., we haveB, (xp) as a small parameter. In the
o e o

3 i following calculations of the cross section for the partonic
(3) (4) process, we take the leading order contribution and neglect

FIG. 2. The lowest order perturbative QCD diagrams for par-tj]e higher order contributions which are proportionalgp

2
tonic process p— yqp. =Ms/s. _ _
By using the above Sudakov variables, we can evaluate
As indicated in Refs{8], in the calculations of the ampli- the diffractive cross section formula for the partonic process

tude for the massless particle production in the diffractivedP— 74P @S

processes by using the two-gluon exchange model there is no

contribution from the region dff<k%, wherel; andk; are ~da(gp—yap) dM2d?kday

the transverse momenta of the loop momentum and the final T = S 3 2

state photon momentum as shown in the diagrams of Fig. 2. t—0 167s"16m°My

This is contrast to the results of Refd1-13, where the 2

dominaznt(la_rge logarithmi¢ contribution_ comes from the _ « 5( a1+ ay) + ﬁ

small |7 region. Therefore, the expansion method used in M)Z(

[13], in which I-2r is viewed as a small parameter, is not

further applicable for the calculation of the real photon pro-

duction in the diffractive procesgp— yqp. So in the fol-

lowing we directly calculate the cross section by squaring thavhere A is the amplitude of the process. We know that the

amplitude. real part of the amplitude does not contribute. And the imagi-
Due to the positive signature of these diagrafoslor-  nary part of the amplituded has the following form for

singlet exchange we know that the real part of the ampli- every diagram of Fig. 2:

tude cancels out in the leading logarithmic approximation.

VT
5)

To evaluate the imaginary part of the amplitude, we must 42|
calculate the discontinuity represented by the crosses in each Im A= CFJ' T Fu(u—K)T,vi(q) ©
diagram of Fig. 2. $_2 [ «Vild),

In our calculations, we express the formulas in terms of
the Sudakov variables. That is, every four-momekjtare
decomposed as

whereCg=2 is the color factor for the four diagramB.is

defined as
ki=aiq+Bip+kit, ) 2
F=——g2eeg,f(x',x";12), @)

whereq andp are the momenta of the incident quark and the 2s gse&( T
proton,q?=0, p?=0, and 2-q=W?=s. Heresis the c.m.
energy of the quark-proton system; and 3; are the mo-

mentum fractions ofy and p respectively k;; is the trans-
verse momentum, which satisfies

where

aG(x' ,x";12)

alnl3

®

f(x',x";12)=
kr-q=0, kir-p=0. @ (il

All of the Sudakov variables for every momentum are_l_he functionG(x’,x”;I%) is the off-diagonal gluon distribu-

determined by the on-shell conditions of the external lines. L
y tion function in the protorf10], wherex’ and x" are the

and the crossed lines in each diagram. For example, th . . .
Sudakov variables associated with the moméraadu are momentum fractions of the proton carried by the outgoing
" and returning gluons of each diagram of Fig. 2.
After a straightforward calculation, and neglecting the
higher order contributions which are proportional &,
= Mi/s, we get the amplitude squared as

M
ay=0, Bu=xp=—g", uz=0, (3)
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wheref(x’,x";12) and f(y’,y";1}%) are the differential off-
diagonal gluon distribution functions associated with the
loop momentd; andl;, respectively. E sy

From the above equations, we can see that the amplitud 2 4 & 8B M0 M2 1416 18 20
for the partonic process|p— yqp is related to the off- Ky, (GeV)
diagonal _glut_)n distribution " the proton. By how th_ere S o FIG. 3. The differential cross sectiato/dt|;—o for the large
parametrization of the off-diagonal parton distributions, and : h ; h i
it is expected that at smatithe off-diagonal gluon distribu- transverse moment_um direct photon pro_ductlon at the Fermilab
IL1S € f f h | di | al distrib Tevatron as a function &, wherekni, is the lower bound of
t!on IS not far ?Way rom t (.3 usua 'agona, gluon distri U the transverse momentum of the produced photon.
tion [14]. So in the following, we approximate the off-
diagonal gluon distribution by the usual gluon distribution, .
ie., G(x',x;Q)=G(x;Q?) and f(x' x";Q)=f,(x;Q?), do

VP o2y i . g ap—yap)li-o

where x=xp=(M§/s)f4(x;Q%) is the usual differential dt
gluon distribution in the proton.

So, after integrating over the azimuth angle rqf, we mlaale? k%
obtain _fM2>4ksz§<dk'2rdak—1gs 15 ak(1+ak)+W
X T X
54262 22 1+ a2)(1+ ag)? k2 2
E W: 128m°agaey 2(1+a )kT|IIZ 10 X( CKK)(Z _ C;K) fg<X; T Iy (13)
9 a(M%)? ' ax(M%) ks (1+ay)

Using Eg.(13), we can estimate the production rate of
large pt direct photon in the diffractive processes at the Fer-
milab Tevatron. We adopt the value 8f=0.1 to describe

where the integratiof is defined as

2 2_ 212 the spectator effect at this machine. The numerical results are
dif 1 ki—(1+ a)lF k e .

= - |f,(x1%). (1D displayed in Figs. 3 and 4. In the calculations, we set the
|2 22 k2_ 1 2|2 g T . . . K

(17) [kT— (14 )17 scale of the running coupling constant identical to the scale

of the gluon distribution function, i.6Q?=k2/(1+ «%). For
From the above results of the integration, we can see that tH8€ parton distribution functions, we select the G#Reya-
amplitude A(qp—qyp) will be zero in the integral region Vgt (GRV) next leading ordefNLO) set[15].
of |$< ki/(1+ @)% So the dominant contribution to the in- In Fig. 3, we plot the differential cross section as a func-

tegration of the amplitude ovéf will come from the region tion of the lower cut of the transverse momentum of the
of 12~k2/(1+ ay)2. This behavior of the amplitude integra- produced photonkrrin. We can approximately derive the

tion overl% is similar to the results of Ref§8]. Therefore, if gsgre&%egérzg”r‘:ammﬂ5$ %i),réni(\;v:gﬂhztwhiklgteggattlhoen
we neglect the evolution effects of the gluon distribution X y g X T

function in this region, the integration will then be difierential cross section behaves as

d?co

. (12 digdt| _, (k°®

[f4(x:4K3)]2,

L, (At ( k
kN (14 e?

where x=4k3/M%. Similarly, integration overk? comes
Under this approximation, the differential cross section fordominantly from the region ok?~kZ;,. So we obtain the
the partonic procesgp— yqp will then be approximate dependence of the cross sectioR@f), as
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of the proton carried by the incident quaxg.,;, is the lower
bounder ofx; in the integration of the cross section. From
this figure we can see that the dominant contribution to the
cross section comes from the regionxgf~ 101, which is
similar to the case of the diffractive massive muon pair and
W boson production§l3]. However, if we compare this re-
sult to that of the diffractivel/¢ and charm jet productions
[11,12, we will find that the dominant contribution region of
X, to the cross section of direct photon production here is
some orders of magnitude larger than thallby and charm
jet productions. This is because the direct photon production
is the quark initiated process which is sensitive to laxge-
quark distribution in the proton. However, the productions of
J/¢ and charm jet are the gluon initiated processes, so they
are sensitive to the small-gluon distribution in the proton.
So, thex; dependence of these two types of processes are
distinctive different.

In conclusion, we have shown that the large transverse
momentum direct photon diffractive production can provide

FIG. 4. The differential cross sectiatw/dt|,_, as a function of ~ a test for the two-gluon exchange model of the Pomeron, and
X1min, Wherexymin is the lower bounder of; in the integration of  can also be viewed as a compensate taltflyeand charm jet
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the cross section. productions for the study of the coherent diffractive pro-
cesses at hadron colliders. And furthermore, because of the
do 1 X ) clean signature, th_is process can be use_d for a detailed study

at t70~ m[fg(xr“'kTmin)] : (14)  of the smallx physics and the coherent diffractive processes

at hadron colliders.
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