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1. Introduction

A long-standing puzzle in the particle physics is the natfrtne PomeronlP). This object,
with the vacuum quantum numbers, was introduced phenomgically in the Regge theory as a
simple moving pole in the complex angular momentum plandeszribe the high-energy behavior
of the total and elastic cross-sections of the hadronidiaa[1]. Due to its zero color charge the
Pomeron is associated with diffractive events, charamdrby the presence of large rapidity gaps
in the hadronic final state. The diffractive processes hatrachied much attention as a way of
amplifying the physics programme at hadronic collidersluding searching for New Physics (For
a recent review see, e.g. Ref. [2]). The investigation of¢heeactions at high energies gives
important information about the structure of hadrons ased ihteraction mechanisms.

The diffractive processes can be classified as inclusivecdusive events (See e.g. [2]). In
exclusive events, empty regions in pseudo-rapidity, dalpidity gaps, separate the intact very
forward hadron from the central massive object. Exclugigiieans that nothing else is produced
except the leading hadrons and the central object. Thesivelprocesses also exhibit rapidity
gaps. However, they contain soft particles accompanyiagtbduction of a hard diffractive object,
with the rapidity gaps becoming, in general, smaller thathi exclusive case. Moreover, the
inclusive processes can also be classified as single oraldiffshctive, which is directly associated
to the presence of one or two rapidity gaps in the final staspectively.

The diffractive physics has been tested in hadron-hadrdiisions considering distinct fi-
nal states like dijets, dileptons, heavy quarks, quarkarniuphoton, and different theoretical ap-
proaches. One of these approaches is the Resolved Pomeda, Mbich assumes the validity of
the diffractive factorization formalism and that Pomer@s la partonic structure. The basic idea is
that the hard scattering resolves the quark and gluon coiméine Pomeron [3] and it can be ob-
tained analysing the experimental data from diffractiveplmelastic scattering (DDIS) at HERA,
providing us with the diffractive distributions of singlgtiarks and gluons in the Pomeron [4].
However, other approaches based on very distinct assumspfior example the BFKL Pomeron,
are also able to describe the current scarce experimerital @Gansequently, the present scenario
for diffractive processes is unclear, motivating the stofalternative processes which allow to
constrain the correct description of the Pomeron.

In this contribution we study the prompt photon productism@omplementary test of diffrac-
tive processes and the pomeron structure. We stress thatrtiiess has still not been calculated in
the literature, and this is the first approach to that. Thepecton of prompt photons in nondiffrac-
tive processes in hadron-hadron collisions is consideselly as a probe of the proton’s gluon
distribution due to dominance of the LO Compton-like sulepssqg — yq (See, e.g., [5]). Our
goal is to extend there previous analysis for diffractivegeisses considering parton - Pomeron and
Pomeron - Pomeron interactions and predict the pseuddyapiad transverse momentum depen-
dences, as well as the total cross section, for the Photonahgedouble photon production (For a
more detailed study see Ref. [6]).

2. Single and Double Diffractive prompt photon production

At leading order the prompt photon production is determibgdhe Compton procesg —
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Figure 1: Photon + jet production in single (left panel) and doublgl{tipanel) diffractive processes.

gy, which is dominant at high energies, the annihilation pssgg — gy and the processeg — yy
(pure EM),gg — yy andgg — gy, which are subdominant. In order to estimate the hadromisscr
sections we have to convolute the cross sections for thesenasubprocesses with the inclusive
and/or diffractive parton distribution functions. In the$lved Pomeron Model, the diffractive
parton distributions in the proton are defined as a conwalutif the Pomeron flux emitted from
the proton, fp(xp) = ftf;ﬁxdt fp(xp,t), and the parton distributions in the Pomerag,(3, u?),
ar(B,u?), where is the momentum fraction carried by the partons inside th@d?on. The
diffractive quark and gluon distributions are given by

1
9P (x, 4% :/dX|PdB5(X—X|PB)f|P(X|P)Q|P(B,L12) :/x %:flP(XP)QP (X—);,H2> (2.1)

1
9P (x, u?) :/dX|PdB5(X—X|PB)f|P(X|P)g|P(B,L12) :/x %:flp(xp)glp (X—);,H2> (2.2)

The Photon + jet production in single and double diffractprecesses is described by the
diagrams like those presented in Fig. 1, where we have thduption of a photon plus a jet or
an unobserved photoryX). In single prompt photon diffractive production the Pooremight be
emitted from one of the two protons and one should includé Ip#? and IPp interactions. The
corresponding cross section may be written as

do
dyd p% cd

XaXp ~dO

1
| daff 6@ fo(e,

where in fact one consider§ f,/, + fap f2 contributions Xamin = Zf;f;,y, Xp = Zgjf;;y Xt =
2pr/\/s and%fr are the LO partonic cross sections. In the case of doublediife prompt photon
production (also called central diffractive) one haslB¥ interactions (2 fbD in the formula above)
and one looks for events with two rapidity gaps angiHget at the central region. Moreover,
we consider the double photon production in single and dodiffractive processes, which are
described by the diagrams like those shown in Fig. 2, takitmaccount thgg — yy andgq — yy

subprocesses.
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Figure 2: Double photon production in single (left panel) and doublghf panel) diffractive processes.

3. Results

In what follows we present our results for total cross sestjahe pseudorapidity and trans-
verse momentunpr distributions at the LHC energy qfs= 14 TeV. For the sake of comparison,
we also show the inclusive (non-diffractive) LO contrilauti Following previous studies for single
and double diffractive production [7, 8, 9] we also includeour calculations a gap survival factor
given by 0.05 (0.02) for single (double) diffraction. In Tabwe present our predictions for the
total cross sections. One observes a reduction of two oodensgnitude when going from the in-
clusive to single diffractive, and from single to doublefdittive. This behaviour is also observed
in the differential distributions presented in Figs. 3 andérdr prompt photon production, the cross
sections are sizable and could be measured at the LHC. Fbtedpbhoton production, one has
much cleaner processes than for prompt photon producticause of the absence of a produced
jet. On the other hand, the cross sections are much smajlehige orders of magnitude), since
only the subdominant subprocesses contribute. Anywagetfeur extra channels considered in
this work might be usefull to study the Pomeron structure iatetactions.

Final state| Inclusive | Single diffractive| Double diffractive |

yjet 1.02x10%pb| 1.37x1CP pb 2.95x 10" pb
vy 2.98x 10° pb 4617.0 pb 128.0 pb

Table 1: Total cross sections for photon+jet and double photon prioio.

As a summary, in this contribution we have presented for tisetfiime predictions for diffrac-
tive production of photons ipp collisions at the LHC. Our results indicate that the experital
analysis is feasible and it would help in constraining theéartying model for the Pomeron and the
diffractive parton distributions.
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Figure 3: Pseudorapidity (left panel) and transverse momentumt(gghel) distributions for the prompt

photon production a{/s= 14 TeV.
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Figure 4: Pseudorapidity (left panel) and transverse momentumt(pghel) distributions for the double

photon production a{/s= 14 TeV.
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