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Photoproduction in pp, pA and AA collisions at LHC probes 
a unexplorated regime of photon – hadron center of mass  
energies.



Probing the QCD dynamics at high energies 
in photon – induced interactions at the LHC
Exclusive vector meson production in photon–hadron interactions:

* Sensitive to the description 
of the QCD dynamics:

* Sensitive to the description 
of the spatial distribution of 
the gluons in the target;
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LHC allow us to probe the particle production by photon – 
photon interactions in a energy range unexplorated by LEP 
and higher than that proposed for the ILC and FCC e+e-.



Probing the QCD dynamics at high energies 
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Double vector meson in photon – photon interactions:
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(*) Values em nb.



In this talk:
Double vector meson in photon – hadron interactions via the 
DOUBLE SCATTERING MECHANISM (DSM):

(*) VPG, Moreira, Navarra, EPJC76, 388 (2016) and Azevedo, VPG, Moreira, arXiv:2210.04861 [hep-ph]



Basic Ideas:
* Because the cross sections for the vector meson photoproduction and 
the photon fluxes are so large, the probability of having multiple 
interactions in a single nucleus-nucleus encounter is nonnegligible;

* First estimates performed by Klein/Nystrand (1999) and Kluzek-
Kawenda/Szczurek (2013) demonstrated that the associated cross sections 
 for the double vector meson production are large and that a 
experimental analysis could be feasible;

* Neglecting correlations, the pair production probability can be 
expressed in terms of the single production probability, with the 
associated differential cross section being given by:



Main formulae:

One has that:

In the dipole picture, the scattering amplitude is given by

In our analysis, one has assumed the Gaus-LC model for the overlap 
function and the Glauber – Gribov formula for the dipole – nucleus 
scattering amplitude:



Double vector meson production at hadronic colliders: 
Photon – photon x Double scattering mechanism

Double  production:

Double J/Ψ production:
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Double vector meson production in PbPb Collisions
 via the double scattering mechanism



Associated Φ and J/Ψ production in PbPb 
Collisions



Associated Φ and J/Ψ production in PbPb 
Collisions



Summary
 Photon – induced interactions can be used to 
constrain the physics in a unexplorated energy 
regime.

 In recent years, several studies have analyzed the 
single vector meson photoproduction in photon – 
hadron interactions at the RHIC, LHC and FCC.

 However, complementary studies can be performed 
through the analysis of the double vector meson 
production in photon – photon and photon – hadron 
interactions.

 Our results indicate that the double scattering 
mechanism dominates in PbPb collisions and that a 
future experimental analysis of this process is 
feasible.



Summary
 Photon – induced interactions can be used to 
constrain the physics in a unexplorated energy 
regime.

 In recent years, several studies have analyzed the 
single vector meson photoproduction in photon – 
hadron interactions at the RHIC, LHC and FCC.

 However, complementary studies can be performed 
through the analysis of the double vector meson 
production in photon – photon and photon – hadron 
interactions.

 Our results indicate that the double scattering 
mechanism dominates in PbPb collisions and that a 
future experimental analysis of this process is 
feasible.

Thank you for your attention!
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