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Main goal: Demonstrate that photon ‐ hadron interactions at LHC are an
important laboratory to study several aspects of the strong interactions.
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It is possible to constrain the gluon distribution in UPHIC?

First alternative: Heavy quark production

• Cross section proportional
to the gluon distribution.

• Final state characterized by
one rapidity gap.

• So far we haven't 
experimental data for this 
observable.
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Probing QCD dynamics at high energies in 
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QCD dynamics at high energies is determined by the gluon distribution
at small values of the Bjorken – x variable.

It is possible to constrain the gluon distribution in UPHIC?

Second alternative: Diffractive photoproduction of vector mesons

• Cross section proportional
to the squared gluon
distribution.

• Final state characterized by
two rapidity gaps.
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• Breakdown of the linear DGLAP dynamics for the gluon distribution and the

factorization of the cross sections.
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Diffractive photoproduction of vector mesons in UPHIC also allows to test some 
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Diffractive photoproduction of J/Psi in hadronic
collisions at LHC (*)

• Study of the diffractive photoproduction of J/Psi in pp, pA and AA 
collisions at LHC energies using the color dipole formalism and different
parameterizations for the dipole – target scattering amplitude.

• Main goal: Estimate the theoretical uncertainty present in the current
predictions in the literature. 

(*) VPG, B. D. Moreira, F. S. Navarra, arXiv: 1405.6977 [hep‐ph]
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• Main inputs in the calculations:
1. Vector Meson Wave Functions: LC – Gaus Model
2. Dipole – target scattering amplitude: 

For a proton target:

‐ GBW Model
‐ Solution of the running coupling Balitsky Kovchegov equation (rcBK)
‐ Impact parameter CGC model

(*) VPG, B. D. Moreira, F. S. Navarra, arXiv: 1405.6977 [hep‐ph]

‐ Proposed originally by Kowalski, Motyka and
Watt (06) – bCGC

‐ Parameters of the model were recently
updated considering the high precision
combined HERA data (Rezaeian, Schmidt, 13) –
bCGC NEW



Diffractive photoproduction of J/Psi in hadronic
collisions at LHC (*)

• Main inputs in the calculations:
1. Vector Meson Wave Functions: LC – Gaus Model
2. Dipole – target scattering amplitude: 

For a nuclear target:

(*) VPG, B. D. Moreira, F. S. Navarra, arXiv: 1405.6977 [hep‐ph]



Diffractive photoproduction of J/Psi in hadronic
collisions at LHC (*)

• Results for photon – hadron collisions

(*) VPG, B. D. Moreira, F. S. Navarra, arXiv: 1405.6977 [hep‐ph]



Diffractive photoproduction of J/Psi in hadronic
collisions at LHC (*)

• Results for pp collisions

(*) VPG, B. D. Moreira, F. S. Navarra, arXiv: 1405.6977 [hep‐ph]



Diffractive photoproduction of J/Psi in hadronic
collisions at LHC (*)

• Results for PbPb collisions

(*) VPG, B. D. Moreira, F. S. Navarra, arXiv: 1405.6977 [hep‐ph]
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In perturbative QCD the Pomeron corresponds to a C‐even parity ( C being the charge 
conjugation) compound state of two t‐channel reggeized gluons;

A natural prediction of the QCD is the presence of a C‐odd compound state of three
reggeized gluons, the so‐called Odderon, which dominates the hadronic cross section
difference between the direct and crossed channel processes at very high energies.

Open question: Does the Odderon exist?

Experimental evidence for Odderon still is weak. Recent studies of the data on the
differential elastic pp scattering shows that one needs the Odderon to describe the
cross sections in the dip region.
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(*) VPG, Nuc. Phys. A902 (2013) 32 

Alternative: Consider exclusive processes in which the Odderon is the only contribution! 

Basic idea: As the photon carries negative C parity, its transformation into a diffractive
final state system of positive C parity requires the t‐channel exchange of an object of
negative C parity.

Pomeron exchange cannot contribute to this process.

Particular promising process: Diffractive _c photoproduction, since the meson mass
provides a hard scale that makes a perturbative calculation possible.
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(*) VPG, Nuc. Phys. A902 (2013) 32 

Photoproduction of _c in UPHIC

The Odderon Green function G is
described in terms of the solution
of the BKP equation, which resums
terms of the order
With arbitrary n in which three
gluons in a C = ‐1 state are 
exchange in the t‐channel.
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Probing the Odderon in UPHIC (*)

(*) VPG, Nuc. Phys. A902 (2013) 32; 
(**) See, e.g., Bertulani, PRC79, 047901 (2009) and VPG, da Silva and Sauter, PRC87, 
028201 (2013).

Results for the diffractive _c photoproduction in UPHIC

Caveat: The cross sections for the production of _c in photon – photon interactions is
a factor 6 larger (**) .  Experimental separation between photon – hadron and photon
– photon interactions is necessary in order to probe the Odderon.
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X(3915) and Y(3940) in photon – hadron interactions at LHC. 
• For similar studies in photon – photon interactions see, e.g., Bertulani, PRC79, 047901 

(2009) and VPG, da Silva and Sauter, PRC87, 028201 (2013).
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(*) VPG, M. L. L. da Silva, arXiv:1405.6640 [PRD (in press)] 

Main input: photon – hadron cross section for the production of the exotic
charmoniumlike state.

In our calculations we use the formalism proposed by Close, He, Liu, Lin, Zhao and Xu
in a series of papers, which combines an effective Lagrangian approach with Vector 
Meson Dominance.

The interaction is described in terms of a meson exchange, which is neutral/charged
for the production of a neutral/charged exotic charmoniumlike state.
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Probing Zc(3900) in UPHIC:

Basic idea: the photon stemming from one of
the incident protons fluctuates into a J/Psi
which interacts with the other proton
through the pion exchange producing a 
neutron n and a Zc(3900)+ state which decays
in the J/Psi + pion system.
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Probing Zc(3900) in UPHIC:

Main background:
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Results for the photon – hadron cross sections:
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Results for pp collisions:
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(*) VPG, M. L. L. da Silva, arXiv:1405.6640 [PRD (in press)] 

Total cross sections:



Summary

 The LHC is the world´s most powerful collider not
only for protons and lead ions but also for photon –
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 The study of the inclusive and exclusive  
photoproduction of different final states at LHC can
be useful to contrain the QCD dynamics, Odderon, 
Exotic states, Quarkonium production, ...;

Main challenge: Experimental separation of the
photon – hadron interactions. 
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Thank you for your attention !
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