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Motivation
EXOTIC STATES: class of hadrons that decay to final states 

that contain a heavy quark and a heavy antiquark but cannot be 
easily accommodated in the remaining unfilled states in the QQ 
level scheme.

Ever since the discovery of X(3872), we have a golden era in 
the discovery of the exotic states.
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No solid explanation for these states!
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Main goal: Demonstrate that the study of photon – induced 
interactions at the LHC can be useful to demonstrate the 
existence and to probe the properties of exotic states.

Focus on:

- Production of exotic tetraquark states in photon – photon 
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   - Production of exotic pentaquark states in photon – hadron 
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- Photon – Photon interactions - 

Intact hadron

Intact hadron

Rapidity gap

Rapidity gap
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Constrained by Belle 
Collaboration.

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

Probing Tetraquarks in photon – photon 
interactions 

X(4350)



Total cross section: 

where:

Main assumption:

VPG, Moreira, PLB816 (2021) 136249.

Probing Tetraquarks in photon – photon 
interactions 

Fully – heavy tetraquark:



X(6900):

Probing Tetraquarks in photon – photon 
interactions 



Rapidity gap

Rapidity gap

Exclusive vector meson photoproduction in hadronic collisions:

Intact hadron

Intact hadron

LHC = Photon collider
- Photon – Hadron interactions - 



Probing Pentaquarks in photon – 
hadron interactions 

* VPG, Medina EPJC78, 693 (2018): Vector meson photoproduction at low 
energies can be studied 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;

Hidden-charm pentaquark:

Pc(4312)
Pc(4440)

Pc(4457)

mailto:AFTER@LHC


Probing Pentaquarks in photon – hadron 
interactions 

VPG, Medina, PLB805 (2020) 135447.

Fixed - target mode:
Hidden-charm pentaquark:



Probing Pentaquarks in photon – 
hadron interactions 

Xie, VPG,  PLB805 (2020) 135447.

Hidden-bottom pentaquark:



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

 We can learn a lot of physics by studying the 
HE regime. However, the analysis of the low 
energy regime is also very important to 
constrain some important aspects of hadronic 
physics.

 The RHIC and LHC data for the 
photoproduction of exotic states will be 
fundamental to constrain  and/or discriminate 
between different models.
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Summary
 Photon – induced interactions can be used to 
constrain the physics in unexplorated energy 
regime.

 We can learn a lot of physics by studying the 
HE regime. However, the analysis of the low 
energy regime is also very important to 
constrain some important aspects of hadronic 
physics.

 The RHIC and LHC data for the 
photoproduction of exotic states  will be 
fundamental to constrain  and/or discriminate 
between different models.

Thank you for your attention!



T4Q STATES
X(19000):



Probing Pentaquarks in photon – 
hadron interactions 

VPG, Medina, PLB805 (2020) 135447.

Photoproduction of Pc: 
Collider mode:
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