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Motivation 



Ultraperipheral Hadronic Collisions: 
Photon – induced interactions

- Dominated by 
photon – photon and 
photon – hadron 
interactions;

- Photon emission 
determined by QED
(Photon flux α Z2).



Ultraperipheral Hadronic Collisions: 
Photon – induced interactions

       Events characterized by few tracks and the 
production of particles with low pT.



Photoproduction in hadronic collisions at the LHC probes the 
hadronic wave function in a unexplorated regime of CM energies.

Ultraperipheral Hadronic Collisions: 
Photon – induced interactions



Photon – induced interactions at the LHC allows to study 
the high energy regime of QCD (Small – x Physics).

Ultraperipheral Hadronic Collisions: 
Photon – induced interactions



Hadronic structure at high energies

✔ Proton structure at high 
energies (small values of x) 
is dominated by gluons;

✔  Large uncertainty on the 
behaviour of the gluon 
distribution at small -x;

✔ Transition between the  
linear and non – linear 
regimes of the QCD 
dynamics is expected.



Vector meson 
photoproduction in hadronic 

colliders: 
Basic concepts



Rapidity gap

Rapidity gap

Probing the QCD dynamics at high energies in 
photon – induced interactions at the LHC

Exclusive vector meson photoproduction in hadronic collisions:

Intact hadron

Intact hadron



QCD dynamics at high energiesExclusive vector meson photoproduction:
A sketch of the formalism 

* In the impact parameter space:

Cross section is proportional to the square of the dipole - 
hadron scattering amplitude probed at x = 4MV

2/W2



QCD dynamics at high energiesExclusive vector meson photoproduction:
A sketch of the formalism 

* In the impact parameter space:

Exclusive vector meson photoproduction in hadronic collisions 
is strongly dependent on the description of the QCD dynamics.



QCD dynamics at high energiesDipole – proton scattering

“Classical” CGC model.

* IP – SAT model:               *  bCGC model:

“Quantum” CGC model.

Important: Both models describe quite well the HERA ep data.

Two phenomenological models based on the CGC physics:



QCD dynamics at high energiesDipole – proton scattering

“Classical” CGC model.

* IP – SAT model:               *  bCGC model:

“Quantum” CGC model.

Two phenomenological models based on the CGC physics:

The color dipole predictions for LHC are free parameter. 
All parameters have been constrained by HERA data.



Recent results



VPG, Moreira, Navarra, PRD95, 094024 (2016)

Exclusive VM photoproduction in pp collisions:

Comparison with the LHCb Run I data

Upsilon

J/Psi Psi(2S)



Energy dependence of the 
photon – proton cross sections

VPG, Moreira, Navarra, PRD95, 094024 (2016)

- LHC data is constraining the high – energy behavior of the photon - hadron 
cross sections!

     J/Psi               Psi(2S)           Upsilon



Comparison with the LHCb Run II 
data

Exclusive VM photoproduction in pp collisions:

(*) VPG et al., PRD96, 094027 (2017)

J/Psi Psi(2S)

- Data is quite well describe taking into account the non – linear corrections to 
the QCD dynamics;
 - However, it still is not able to discriminate between different approaches.



Prospects



(I) Exclusive VM photoproduction in 
fixed target collisions at the LHC
* Beam – gas collisions have been studied by the LHCb Collaboration and 
a similar programme can be developed by the AFTER@LHC experiment;

* Such collisions allows to study the vector meson photoproduction at low 
energies.

(*) VPG, Medina EPJC78, 693 (2018) 

     Rho            J/Psi
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(I) Exclusive VM photoproduction in 
fixed target collisions at the LHC

(*) VPG, Medina EPJC78, 693 (2018) 

     Rho                Omega                J/Psi



(II) Exclusive VM photoproduction in 
proton – nucleus collisions at the LHC

- Dominated by photon – proton interactions;

- Photon energy:

- Photon – proton CM energy:

- Soft hadronic interactions are suppressed in comparison to pp collisions.



(*) VPG et al., PRD96, 094027 (2017)

(II) Exclusive VM photoproduction in proton 
– nucleus collisions at the LHC 

Rapidity distributions are sensitive to the different 
descriptions of the transition between the linear and non-linear 
regimes present in the distinct models.

     Rho                J/Psi              Upsilon



In order to discriminate/constrain the modelling of the QCD 
dynamics using the data for the rapidity distribution we should 
to have data for more than one VM.

(*) VPG et al., PRD96, 094027 (2017)

(II) Exclusive VM photoproduction in proton 
– nucleus collisions at the LHC 

     Rho                J/Psi              Upsilon



Transverse momentum distributions (*)

(*) VPG, Spiering, Navarra, arXiv:1811.09124 [hep-ph]

(II) Exclusive VM photoproduction in proton 
– nucleus collisions at the LHC 

Alternative:

Jpsi (Y=0)                 Jpsi (Y=2)                  Jpsi (Y=4)

Rho (Y=0)                 Rho (Y=2)                  Rho (Y=4)



(III) Double VM photoproduction in proton – 
nucleus collisions at the LHC 

Photon – Photon interactions:    Double scattering mechanism: 
 

VPG, Moreira, Navarra, EPJC 76, 388 (2016).
See also Szczurek, Kluzek, Schafer, PLB674, 92 (2009) and PRC89, 024912 (2014) 



VPG, Moreira, Navarra, EPJC 76, 388 (2016).
See also Szczurek, Kluzek, Schafer, PLB674, 92 (2009) and PRC89, 024912 (2014) 

(III) Double VM photoproduction in proton – 
nucleus collisions at the LHC 

Photon – Photon interactions:    Double scattering mechanism: 
 



(IV)Inclusive VM photoproduction in p↑p and p↑Au 
as a probe of the Gluon Sivers function (**).

(**) VPG, PRD97  (2018) 014001

Rapidity gap

Intact hadron



Inclusive vector meson photoproduction 
at hadronic colliders: Polarized target

Quarkonium photoproduction: Color Evaporation Model

With:

The cross section is proportional to the number density of gluons in the 
proton with transverse polarization S and momentum P, which is usually 
parametrized as:

               Unpolarized gluon TMD            Gluon Sivers function



Sivers effect
Sivers (90’s) have proposed that the transverse momentum of the 

partons inside of hadrons can be correlated with the spin.

Gluon Sivers function: Unpolarized gluon in a polarized nucleon. 
Parametrizes the correlation between the azimuthal distribution of an 
unpolarized parton and the spin of its parent nucleon.

- While the quark Sivers function have been measured directly in many 
processes (e.g. SIDIS and DY), no direct clear measurements of the 
gluon Sivers function have been done. 
- Potential probes: Quarkonium Electroproduction, J/Psi and D meson 
production in hadronic collisions, ...  



Single Spin Asymmetry
In order to probe the gluon Sivers function, in what follows we will 
investigate the impact of different models for              in the rapidity 
dependence of the single spin asymmetry, defined as:

Where     and     are respectively the differential cross sections measured 
when the proton is transversely polarized up    and down    with respect to 
 the scattering plane. One have that:



Single Spin Asymmetry
In our calculations we will assume that:

- Unpolarized gluon TMD: Gaussian form

- Proton is moving along z – axis with momentum P and transversely 
polarized along y – axis;

- The gluon Sivers function can be parametrized as follows:

Where:
                           
                          

 the scattering plane. One have that:

and



Single Spin Asymmetry
Possible parametrizations:

D’Alesio et al. [JHEP1509,119 (2015)]: Obtained by fitting the PHENIX data 
and using the quark Sivers parameters extracted earlier from the SIDIS 
data.

Boer and Vogelsang [PRD69, 094025 (2004)]: Proposed to express the 
gluon Sivers function in terms of the quark Sivers one. 



Results:

(*) VPG, PRD97  (2018) 014001



Summary



Summary
 The vector meson photoproduction in photon – 
induced interactions is an important probe of the 
QCD and hadronic structure at high energies.

 In order to improve our understanding in these 
topics we should to advance in the theoretical 
description of the Vector Meson WF, dipole – proton 
scattering amplitude, Skeweness correction, .

 The Run II data for the photoproduction of 
different VM will be fundamental to constrain  
and/or discriminate between different models.

 Complementary studies can be performed by the 
analysis of the vector meson photoproduction in 
polarized hadronic collisions and in fixed – target 
collisions at the LHC.
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Summary
 The vector meson photoproduction in photon – 
induced interactions is an important probe of the 
QCD and hadronic structure at high energies.

 In order to improve our understanding in these 
topics we should to advance in the theoretical 
description of the Vector Meson WF, dipole – proton 
scattering amplitude, Skeweness correction, .

 The Run II data for the photoproduction of 
different VM will be fundamental to constrain  
and/or discriminate between different models.

 Complementary studies can be performed by the 
analysis of the vector meson photoproduction in 
polarized hadronic collisions and in fixed – target 
collisions at the LHC.

Thank you for your attention!
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VPG, Spiering, Navarra et al, PRD94, 014009 (2016);  PRD97, 074002 (2018).

(V ) Exclusive VM photoproduction associated 
to a leading baryon at the LHC 



VPG, Spiering, Navarra et al, PRD94, 014009 (2016);  PRD97, 074002 (2018).

(V) Exclusive VM photoproduction associated 
to a leading baryon at the LHC 

Flux of pions / Pion Splitting function:



VPG, Spiering, Navarra et al, PRD94, 014009 (2016);  PRD97, 074002 (2018).

(V) Exclusive VM photoproduction associated 
to a leading baryon at the LHC 

Photon – pion cross section:



VPG, Spiering, Navarra et al, PRD94, 014009 (2016);  PRD97, 074002 (2018).

(V) Exclusive VM photoproduction associated 
to a leading baryon at the LHC 



VPG, Spiering, Navarra et al, PRD94, 014009 (2016);  PRD97, 074002 (2018).

(V) Exclusive VM photoproduction associated 
to a leading baryon at the LHC 



VPG, Spiering, Navarra et al, PRD94, 014009 (2016);  PRD97, 074002 (2018).

(V) Exclusive VM photoproduction associated 
to a leading baryon at the LHC 



(VI) Probing Exotic Charmoniumlike states in 
photon – induced interactions at the LHC 

VPG, Silva, PRD 89, 114005 (2014).

Photoproduction of Zc(3900)
+: 

Cross sections are enhanced by a factor Z2 in pPb collisions.



(VI) Probing Exotic Charmoniumlike states in 
photon – induced interactions at the LHC

 Similar enhancement is expected in fixed – target pHe collisions 
in the range probed by the LHCb.

Photoproduction of Zc(3900)
+: 



(VI) Probing Exotic Charmoniumlike states in 
photon – induced interactions at the LHC

Photoproduction of X(4350): 

VPG, Moreira, EPJC 79, 7 (2019).



(VI) Probing Exotic Charmoniumlike states in 
photon – induced interactions at the LHC

Photoproduction of X(4350): 

VPG, Moreira, EPJC 79, 7 (2019).

Constrained by Belle 
Collaboration.



(VI) Probing Exotic Charmoniumlike states in 
photon – induced interactions at the LHC

Photoproduction of X(4350): 

Constrained by Belle 
Collaboration.

Such channel can be used to confirm 
(or not) the existence of resonances 
observed in e+e- colliders.
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