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The diffractive heavy quark cross sections are estimated considering photon-Pomeron (�P) interactions
in hadron-hadron colliders at RHIC, Tevatron, and CERN LHC energies. We assume the validity of the

hard diffractive factorization and calculate the charm and bottom total cross sections and rapidity

distributions using the diffractive parton distribution functions of the Pomeron obtained by the

H1 Collaboration at DESY-HERA. Moreover, we compare our predictions with those obtained using

the dipole model. We verify that this process is a good test of the different mechanisms for diffractive

heavy quark production at hadron-hadron colliders.
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I. INTRODUCTION

A long-standing puzzle in particle physics is the nature
of the Pomeron (P). This object, with the quantum num-
bers of the vacuum, was introduced phenomenologically in
the Regge theory as a simple moving pole in the complex
angular momentum plane, to describe the high-energy
behavior of the total and elastic cross sections of the
hadronic reactions [1]. Within the framework of the per-
turbative quantum chromodynamics (pQCD), the Pomeron
is associated with the resummation of leading logarithms
in s (center-of-mass energy squared) and at lowest order is
described by the two-gluon exchange [2]. Because of its
zero color charge, the Pomeron is associated with diffrac-
tive events, characterized by the presence of large rapidity
gaps in the hadronic final state. The diffractive processes
have attracted much attention as a way of amplifying the
physics program at hadronic colliders, including searching
for new physics (for recent reviews see, e.g., Refs. [3,4]).
The investigation of these reactions at high energies gives
important information about the structure of hadrons and
their interaction mechanisms. In particular, hard diffractive
processes allow the study of the interplay of small- and
large-distance dynamics within QCD.

The diffractive processes can be classified as inclusive or
exclusive events (see e.g. [4]). In exclusive events, empty
regions in pseudorapidity, called rapidity gaps, separate the
intact, very forward hadron from the central massive ob-
ject. Exclusivity means that nothing else is produced ex-
cept the leading hadrons and the central object. The
inclusive processes also exhibit rapidity gaps. However,
they contain soft particles accompanying the production of
a hard diffractive object, with the rapidity gaps becoming,
in general, smaller than in the exclusive case. It is impor-
tant to emphasize that at the LHC, the only possibility to
detect double diffractive events is by tagging the intact
hadrons in the final state, because of the pileup of events in
each bunching crossing. This implies that the key element
to measure diffractive events at the LHC will be tagging
the forward scattered incoming hadrons.

A good testing ground for diffractive physics is heavy
quark production. In recent years, several authors have
discussed this process considering different approaches.
In particular, in Refs. [5–7] the total cross sections for
Pomeron-hadron (inclusive single diffraction) and
Pomeron-Pomeron (inclusive central diffraction) heavy
quark production were calculated assuming the validity
of the diffractive factorization formalism and that the
Pomeron has a partonic structure. The basic idea is that
the hard scattering resolves the quark and gluon content in
the Pomeron [8], which can be obtained by analyzing the
experimental data from diffractive deep inelastic scattering
(DDIS) at HERA, providing us with the diffractive distri-
butions of singlet quarks and gluons in the Pomeron [9].
This model is usually called the resolved Pomeron model.
On the other hand, in Ref. [10] the diffractive heavy quark
production was estimated within the light-cone dipole
approach, which is able to describe inclusive and diffrac-
tive processes in a unified way, with the key ingredient
being the dipole-target cross section determined from
HERA F2 data. One of the main conclusions of that paper
is the breakdown of factorization in diffractive hadronic
collisions, which put in check the calculations presented in
Refs. [5–7]. However, as both models describe the experi-
mental data for single diffractive charm and bottom pro-
duction, the correct approach to describe the inclusive
diffraction process remains an open question. Finally,
more recently, in Refs. [11,12], the exclusive double dif-
fractive production of heavy quarks was estimated consid-
ering an improved version of the Durham model [13,14]
(for a review see, e.g., [15]). These authors obtained that
the cross section for this mechanism is much higher than
the cross section for inclusive double-Pomeron interactions
calculated in [5]. Consequently, the present scenario for
diffractive heavy quark production is unclear, motivating
the study of alternative processes which allow one to
constrain the correct description of the Pomeron.
An alternative is the study of diffractive heavy quark

production in hadronic interactions mediated by photons,
usually denoted coherent or ultraperipheral collisions in
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the literature (for reviews see Ref. [16]). Basically, in
hadron-hadron colliders, the relativistic hadrons give rise
to strong electromagnetic fields. The photon stemming
from the electromagnetic field of one of the two colliding
hadrons can interact with one photon of the other hadron
(two-photon process) or can interact directly with the other
hadron (photon-hadron process). In the latter case, it is
possible to study photon-parton (inclusive) and photon-
Pomeron (diffractive) processes. Consequently, coherent
processes allow us to study the inclusive and diffractive
heavy quark photoproduction.

In principle, the experimental signature of these pro-
cesses is distinct and it can easily be separated. In the
inclusive heavy quark photon-hadron production, we ex-
pect only one rapidity gap (associated with the photon
exchange) and the dissociation of one of the incident
hadrons; in diffractive heavy quark photoproduction, we
expect the presence of two rapidity gaps and hadrons intact
in the final state, similarly to exclusive double diffractive
production. An important aspect to be emphasized is that in
contrast to heavy quark production in hadron-Pomeron and
Pomeron-Pomeron interactions (which have their predic-
tions strongly affected by the soft absorption corrections),
in photon-Pomeron interactions these corrections are ex-
pected to be very small. In Refs. [17–20] heavy quark
photoproduction was studied in detail, considering the
dipole approach, and it was advocated that the cross sec-
tions for inclusive and diffractive interactions may be
substantial (see also Refs. [21,22]). In these diffractive
calculations, the two-gluon perturbative model for the
Pomeron was assumed. As the correct description of the
Pomeron still is an open question, in this paper we will
revisit this process and calculate the diffractive heavy
photoproduction cross section assuming that the Pomeron
has a partonic structure (resolved Pomeron model) and
compare the predictions of both approaches for the total
cross sections and rapidity distributions for hadronic colli-
sions at RHIC, Tevatron, and LHC energies. Our goal is
twofold: (a) verify if the diffractive heavy quark photo-
production can be useful to discriminate between the re-
solved and perturbative models for the Pomeron and
(b) compare our predictions with those obtained in
Refs. [5,10,12].

The paper is organized as follows. In the next section we
present a brief review of coherent interactions in hadronic
colliders. In Sec. III we discuss the resolved Pomeron
model and in Sec. IV we present our results. Finally, in
Sec. V we summarize our main conclusions.

II. COHERENT INTERACTIONS
IN HADRONIC COLLIDERS

Let us consider the hadron-hadron interaction at large
impact parameter (b > Rh1 þ Rh2) and at ultrarelativistic

energies. In this regime, we expect the electromagnetic
interaction to be dominant. In heavy ion colliders, the

heavy nuclei give rise to strong electromagnetic fields
due to the coherent action of all protons in the nucleus,
which can interact with each other. In a similar way, a
strong electromagnectic field is also present when consid-
ering ultra relativistic protons in ppð �pÞ colliders. The
photon stemming from the electromagnetic field of one
of the two colliding hadrons can interact with one photon
of the other hadron (two-photon process) or can interact
directly with the other hadron (photon-hadron process).
One has that the total cross section for a given process
can be factorized in terms of the equivalent flux of photons
of the hadron projectile and the photon-photon or photon-
target production cross section [16]. In general, the cross
sections for �h interactions are at least 2 orders of magni-
tude larger than for �� interactions (see e.g. Ref. [17]). In
what follows, our main focus shall be in photon-hadron
processes. The cross section for the diffractive photopro-
duction of a final state Q �Qð¼ c �c or b �bÞ in a coherent
hadron-hadron collision is given by

�ðh1h2!h1�Q �QX�h2Þ

¼
Z 1

!min

d!
dN�=h1ð!Þ

d!
��h2!Q �QXh2

ðW2
�h2

Þ

þ
Z 1

!min

d!
dN�=h2ð!Þ

d!
��h1!Q �QXh1

ðW2
�h1

Þ; (1)

where � represents a rapidity gap in the final state,! is the
photon energy, !min ¼ M2

X=4�Lmp, �L is the Lorentz

boost of a single beam,
dN�

d! is the equivalent photon flux,

W2
�h ¼ 2!

ffiffiffiffiffiffiffiffiffi
SNN

p
, and

ffiffiffiffiffiffiffiffiffi
SNN

p
is the center-of-mass system

energy of the hadron-hadron system. Considering the re-
quirement that photoproduction is not accompanied by
hadronic interaction (ultraperipheral collision) an analytic
approximation for the equivalent photon flux of a nuclei
can be calculated, which is given by [16]

dN�=Að!Þ
d!

¼ 2Z2�em

�!

�
��K0ð ��ÞK1ð ��Þ þ ��2

2
Uð ��Þ

�
; (2)

where � ¼ !b=�L, and K0ð�Þ and K1ð�Þ are the modified
Bessel functions. Moreover, �� ¼ !ðRh1 þ Rh2Þ=�L and

Uð ��Þ ¼ K2
1ð ��Þ � K2

0ð ��Þ. Equation (2) will be used in

our calculations of heavy quark production in pA colli-
sions. On the other hand, for proton-proton collisions, we
assume that the photon spectrum of a relativistic proton is
given by [23]

dN�=pð!Þ
d!

¼ �em

2�!

�
1þ

�
1� 2!ffiffiffiffiffiffiffiffiffi

SNN
p

�
2
�

�
�
ln�� 11

6
þ 3

�
� 3

2�2
þ 1

3�3

�
; (3)

with the notation � ¼ 1þ ½ð0:71 GeV2Þ=Q2
min� and

Q2
min ¼ !2=½�2

Lð1� 2!=
ffiffiffiffiffiffiffiffiffi
SNN

p Þ� � ð!=�LÞ2.
Some comments are in order here. First, the coherence

condition limits the photon virtuality to very low values,
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which implies that for most purposes, they can be consid-
ered as real. Moreover, if we consider pp=pPb collisions
at LHC, the Lorentz factor is �L ¼ 7455=4690, giving the
maximum center-of-mass system �N energy W�p �
8390=1500 GeV. Therefore, while studies of photoproduc-
tion at HERA were limited to photon-proton center-
of-mass energies of about 200 GeV, photon-hadron
interactions at LHC can reach 1 order of magnitude higher
on energy. Second, in pA interactions, due to the asymme-
try in the collision, with the ion being likely the photon
emitter, the photon direction is known, which will impli-
cate an asymmetry in the rapidity distribution (see below).
Finally, in the resolved Pomeron model, in which the
Pomeron has a partonic structure, the state X in the final
state is associated with the hadronization of the Pomeron
remnants. In contrast, in the perturbative Pomeron model
analyzed in [19,20], the final state X is not present.

III. HEAVY QUARK PHOTOPRODUCTION
IN THE RESOLVED POMERON MODEL

In the resolved Pomeron model the diffractive cross
sections are given in terms of parton distributions in the
Pomeron and a Regge parametrization of the flux factor
describing the Pomeron emission. The parton distributions
have evolution given by the Dokshitzer-Gribov-Lipatov-
Altarelli-Parisi (DGLAP) evolution equations and are de-
termined from events with a rapidity gap or a intact proton,
mainly at HERA. The basic idea to describe the diffractive
heavy quark photoproduction in the resolved Pomeron
model is that the cross section can be described similarly
to the inclusive heavy quark photoproduction, with a dif-
fractive gluon distribution gDðx;�2Þ replacing the standard
inclusive gluon distribution (see e.g. Refs. [24,25]).
Explicitly one has

�ð�h ! Q �QXhÞðW�hÞ
¼

Z 1

xmin

dx��g!Q �QðW�gÞgDðx;�2Þ; (4)

with W�h the center-of-mass energy of the photon-hadron

system, x the momentum fraction carried by the gluon,
xmin ¼ 4m2

Q=W
2
�h, and mQ is the mass of the heavy quark.

Moreover, the cross section for the photon-gluon fusion is
given at leading order by [26–28]

��g!Q �QðW�gÞ ¼
2��em�sð�2Þe2Q

W2
�g

��
1þ �� 1

2
�2

�

� ln

�
1þ ffiffiffiffiffiffiffiffiffiffiffiffiffi

1� �
p

1� ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� �

p
�
� ð1þ �Þ ffiffiffiffiffiffiffiffiffiffiffiffiffi

1� �
p �

;

(5)

where eQ is the electric charge of the heavy quark, �em is

the electromagnetic coupling constant, and � ¼
4m2

Q=W
2
�g. The distribution gDðx; �2Þ can be obtained by

the convolution of the Pomeron flux fPðxPÞ and the gluon
distribution in the Pomeron gPð�;�2Þ,

gDðx;�2Þ ¼
Z

dxPd��ðx� xP�ÞgPð�;�2ÞfPðxPÞ

¼
Z 1

x

dxP
xP

fPðxPÞgP
�
x

xP
; �2

�
; (6)

where �2 ¼ 4m2
Q, xP is a fraction of the hadron’s momen-

tum transferred into the diffractive system, and � is a
fraction of the Pomeron momentum carried by the gluon
participating in the diffractive scattering. The Pomeron
flux fPðxPÞ enters in the form integrated over the four-
momentum transfer

fPðxPÞ ¼
Z tmax

tmin

dtfPðxP; tÞ; (7)

where tmin and tmax are kinematic boundaries. In our cal-
culations, we will consider the Pomeron flux factor and
gluon distribution in the Pomeron obtained by the
H1 Collaboration in its analyses of the diffractive structure
function at HERA [9]. This analysis assumes a flux factor
motivated by Regge theory with xP dependence given by

fP=pðxP; tÞ ¼ AP � eBPt

x2�PðtÞ�1
P

: (8)

The Pomeron trajectory is assumed to be linear, �PðtÞ ¼
�Pð0Þ þ �0

Pt, and the parameters BP and �0
P and their

uncertainties are obtained from fits to H1 forward-
proton-spectrometer data [29]. Moreover, the Pomeron
structure function has been modeled in terms of a light
flavor singlet distribution �ðzÞ, consisting of u, d, and s
quarks and antiquarks with u ¼ d ¼ s ¼ �u ¼ �d ¼ �s, and a
gluon distribution gðzÞ. Here, z is the longitudinal momen-
tum fraction of the parton entering the hard subprocess
with respect to the diffractive exchange, such that z ¼ �
for the lowest order quark-parton model process,
whereas 0<�< z for higher order processes.

IV. RESULTS

In what follows, we will compute the rapidity distribu-
tion and total cross sections for the diffractive photopro-
duction of heavy quarks in proton-proton and proton-
nucleus at high energies. The resolved Pomeron model
shortly reviewed in the previous section serves as input
for the numerical calculations using Eq. (1) for the energies
of the current and future pp and pA accelerators. Namely,
one considers

ffiffiffiffiffiffiffiffiffi
SNN

p ¼ 0:2ð1:96Þ TeV for ppð �pÞ collisions
at RHIC (Tevatron). At LHC, we assume

ffiffiffiffiffiffiffiffiffi
SNN

p ¼ 7 and
14 TeV for pp collisions and

ffiffiffiffiffiffiffiffiffi
SNN

p ¼ 8:8 TeV for pPb
collisions. Moreover, we assume in our calculations
mc ¼ 1:5 GeV and mb ¼ 4:5 GeV.
The distribution on rapidity Y of the produced open

heavy quark state can be directly computed from Eq. (1),
by using its relation with the photon energy !,
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i.e. Y / lnð!=mQÞ. Explicitly, the rapidity distribution is

written down as

d�½h1 þ h2 ! h1 �Q �QX � h2Þ�
dY

¼ !
dN�=h1ð!Þ

d!
��h2!Q �Qh2

ð!Þ

þ!
dN�=h2ð!Þ

d!
��h1!Q �Qh1

ð!Þ; (9)

where X is a hadronic final state resulting from the
Pomeron fragmentation.

In Fig. 1, we present our predictions for energy
dependence of the rapidity distribution for diffractive
charm photoproduction. As expected from the behavior
of the diffractive gluon distribution at small x, we have
that the rapidity distribution increases with the energy.
In Table I, we present our predictions for the total cross
section. In particular, we predict a value of 709
(1208) nb for pp collisions at 7 (14) TeV. Assuming
the design luminosity L ¼ 107 mb�1 s�1, the corre-
sponding event rates will be � 7000ð12 000Þ events per
second. In order to compare with previous estimates, in
Fig. 2 we present our predictions for the diffractive
charm and bottom photoproduction in pp collisions at

ffiffiffi
s

p ¼ 14 TeV (denoted resolved Pomeron) and those
obtained in [20] using the dipole approach and the
impact parameter color glass condensate (bCGC) model
[30] for the dipole-proton cross section (denoted dipole-
bCGC). For comparison we also present the prediction
for the inclusive heavy quark photoproduction obtained
using as input in the calculation the proton gluon distri-
bution as given by the Martin-Roberts-Stirling-Thorne
(MRST) parametrization [31]. Moreover, in Table II
we present our predictions for the total cross section.
In the inclusive case, the values for charm and bottom

production are either large, going from some units of nano-
barns at bottom to microbarns at charm. Therefore, these
reactions can have high rates at the LHC kinematical
regime. On the other hand, the cross sections for diffractive
production, considering the resolved Pomeron model, are a
factor � 5 smaller than the inclusive case. In comparison
with the predictions of the dipole model, our predictions
are a factor * 7 larger. It is important to emphasize that,
although the cross sections for diffractive production are
smaller than those obtained in the inclusive case, the
experimental analyses are expected to be feasible, due
the clear experimental signature of the diffractive pro-
cesses: two rapidity gaps and two intact hadrons in the
final state.
The diffractive heavy quark photoproduction can also be

studied in proton-nucleus collisions at LHC, which are
expected to occur in the next year. In this case, the cross
sections are enhanced by a factor Z2 present in the photon
flux of a nuclei. In Fig. 3, we present our predictions for the
inclusive and diffractive heavy quark photoproduction con-
sidering pPb collisions at

ffiffiffi
s

p ¼ 8:8 TeV. In this case the
rapidity distribution is asymmetric due to the dominance of
the ion as the photon emitter. The large difference between
the predictions from different models observed in pp
collisions also is present in the pA case. In particular, as
observed in Table II, we predict large values for the total
cross section, which becomes the experimental test of our
results feasibility. It is important to emphasize that the
predictions presented in Table II are not calculated per
one nucleon, since we are considering the nucleus as the
photon emitter and the photoproduction cross section is
associated with the photon-proton interaction. The basic
difference between the pp and pA cross sections is the
distinct photon fluxes which have different dependence in
the photon energy and in the nuclear charge Z. Moreover,
we emphasize that the dipole model predictions for pA
collisions are presented here for the first time. Finally, we
would like to point out that the diffractive photoproduction
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FIG. 1 (color online). Energy dependence of the rapidity dis-
tribution for the diffractive charm photoproduction in ppð �pÞ
collisions considering the resolved Pomeron model.

TABLE I. The total cross section for the diffractive charm photoproduction at the RHIC,
Tevatron, and LHC energies considering the resolved Pomeron model.

RHIC Tevatron LHC (7 TeV) LHC (14 TeV)

�ðpp ! p � c �cX � p 47 nb 214 nb 709 nb 1208 nb
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should also occur in AA collisions, but in order to estimate
the cross section using the resolved Pomeron model, we
would need to specify the diffractive parton distribution of
the Pomeron and its flux in a nuclei, which are currently
not constrained by experimental data. We postpone the
analysis of this case for a future publication.

Let us discuss the experimental separation of the dif-
fractive photoproduction of heavy quarks and compare our
predictions with those obtained considering Pomeron-
Pomeron interactions. In comparison to the inclusive heavy
quark hadroproduction (see e.g. [32]), which is character-
ized by the process pþ p ! XþQ �Qþ Y, with both
protons producing hadronic final states, the photoproduc-
tion cross sections are a factor � 103 smaller. However,
as diffractive photoproduction is an exclusive reaction,
pþ p ! p �Q �QX � p, the separation of the signal
from hadronic background would be relatively clear.
Namely, the characteristic features in photoproduction at
coherent collisions are low pT heavy quark spectra, where
pT is the transverse momentum of the heavy quark pair,
and a double rapidity gap pattern. Moreover, the (Roman
pot) detection of the scattered protons can be an additional

useful feature. In the inclusive hadroproduction, the spec-
tra on transverse momentum of heavy quarks are often
peaked around heavy quark pair mass, pT � mQ �Q.

Therefore, we expect that a cut in the transverse momen-
tum of the pair, for instance pT < 1 GeV, could eliminate
most of the contribution associated with the inclusive
hadroproduction of heavy quarks (see e.g. Refs. [18,19]).
Furthermore, the rapidity cut would enter as an auxiliary
separation mechanism. This procedure is specially power-
ful, since there will be a rapidity gap on both sides of the
produced heavy quarks and fragments of the Pomeron (X)
in the diffractive case. Moreover, in comparison with the
inclusive hadroproduction of heavy quarks, the event mul-
tiplicity for photoproduction interactions is lower, which
implies that it may be used as a separation factor between
these processes. It is important to emphasize that this
procedure can also be used to separate the events associ-
ated with the diffractive hadroproduction of heavy quarks.
In the case of diffractive photoproduction of heavy quarks,
we expect the presence of two rapidity gaps in the final state,
similarly to two-photon or Pomeron-Pomeron interactions.
Consequently, it is important to determine the magnitude of
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FIG. 2 (color online). Rapidity distribution for the inclusive and diffractive charm (left panel) and bottom (right panel) photo-
production in pp collisions at

ffiffiffi
s

p ¼ 14 TeV.

TABLE II. Comparison between the total cross sections for the inclusive and diffractive charm
and bottom photoproduction in pp and pPb collisions at LHC.

Inclusive Diffractive dipole model Diffractive resolved Pomeron

Charm pp 6697 nb 161 nb 1208 nb

pPb 5203�b 145�b 694�b
Bottom pp 123 nb 0.52 nb 15 nb

pPb 55�b 0:2�b 4:5�b
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this cross section in order to estimate the background for
these other channels. The basic difference between these
processes is associated with the presence (or not) of activity
close to the Q �Q pair. In two-photon interactions and ex-
clusive double diffractive production, only the heavy quark
pair is produced. On the other hand, in inclusive double
diffractive production and in diffractive photoproduction of
heavy quarks, as described in the resolved Pomeron model,
the final statewill be characterized by two rapidity gaps and
the Pomeron fragments. Therefore, an analysis of the event
multiplicity can be useful to discriminate between the dif-
ferent mechanisms. Let us start considering proton-proton
collisions.

In comparison to production of the heavy quark in
two-photon interactions [33], our predictions are a factor
� 104 larger, which implies that this contribution can be
disregarded. In contrast, in comparison to the inclusive
double diffractive heavy quark production studied in
Ref. [5], which predicts �PP

c �c ’ 18�b and �PP
b �b

’ 0:5�b

for LHC energies, our predictions are a factor * 10
smaller. In comparison to the exclusive double diffractive
production of charm quarks presented in [12] at Tevatron
energy, the cross section is a factor � 30 smaller. It is
important to emphasize that these predictions are
strongly dependent on the value used for the gap survival
factor, while our results should not be modified by soft
absorption corrections. In the case of proton-nucleus
collisions, the magnitude of the heavy quark production
considering Pomeron-Pomeron interactions still is an
open question. In particular, the value of the gap survival
factor in nuclear collisions is a subject that deserves a
detailed study. Preliminary studies, as in Ref. [34], in-
dicate that this factor is very small (� 8� 10�4), which

implies that �P interactions can dominate the heavy quark
production in pA collisions. Finally, although our predictions
are smaller than those obtained considering double-Pomeron
interactions, it is expected that emerging hadrons from
double-Pomeron processes have a much larger transverse
momentum than those resulting from diffractive photopro-
duction processes. Consequently, in principle it is possible to
introduce a selection criteria to separate these two processes
(see e.g. Ref. [35]). However, this subject deserves more
detailed studies.

V. CONCLUSIONS

In summary, we have computed the cross sections for
diffractive photoproduction of heavy quarks in pp and
pA collisions at LHC energies. This has been performed
using the resolved Pomeron model based on the diffrac-
tive factorization formalism and the fact that the
Pomeron has a partonic structure, which describe quite
well the HERA experimental data for the diffractive
structure function. The obtained values are shown to be
sizeable at LHC. The feasibility of detection of these
reactions is encouraging, since their experimental signa-
ture should be suitably clear. Furthermore, considering
the large difference between the predictions of the dis-
tinct models, they enable one to constrain the underlying
model for the Pomeron, which is fundamental for pre-
dicting the observables which will be measured in
hadron-hadron collisions at LHC.

ACKNOWLEDGMENTS

This work was supported by CNPq, CAPES, and
FAPERGS, Brazil.

-6 -4 -2 0 2 4 6

Y

0

100

200

300

400

500

600

700

800

900

1000

1100
d

σ/
dY

 (
µb

)
Dif. (Resolved IP)
Dif. (Dipole - bCGC)
Inc. (MRST)

pA

s
1/2

 = 8.8 TeV

-6 -4 -2 0 2 4 6

Y

0

2

4

6

8

10

12

14

16

d
σ/

dY
 (

µb
)

Dif. (Resolved IP)
Dif. (Dipole - bCGC)
Inc. (MRST)

pA

s
1/2

 = 8.8 TeV

FIG. 3 (color online). Rapidity distribution for the inclusive and diffractive charm (left panel) and bottom (right panel) photo-
production in pPb collisions at

ffiffiffi
s

p ¼ 8:8 TeV.
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