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Outline

This talk: 

● Exclusive top pair production in pp collisions at the LHC

● Double photon and ALP production in pA and AA collisions



Outline

This talk: 

● Exclusive top pair production in pp collisions at the LHC

VPG/Martins/Rangel/Tasevsky – PR D102, 074014 (2020) 
VPG/Martins/Tasevsky – arXiv:2202.01257[hep-ph]

● Double photon and ALP production in pA and AA collisions

VPG/Martins/Rangel – EPJC81 (2021) 220
Coelho/VPG/Martins/Rangel – EPJC80 (2020) 488
Coelho/VPG/Martins/Rangel – PLB806 (2020) 135512



Proton – Proton collisions
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LHC is a:
• Discovery Machine
• QCD machine (QCD is always present!)

Diffraction is a:
• Vital aspect of QCD
• Place to look for New Physics

Proton – Proton collisions



 Diffractive reactions at hadron colliders are defined as 
reactions in which a color singlet object (Pomeron or 
photon) is exchanged between colliding particles.

Diffractive reactions



 Diffractive reactions at hadron colliders are defined as 
reactions in which a color singlet object (Pomeron or 
photon) is exchanged between colliding particles.

 Identified by the presence of an intact leading particle or 
a large rapidity gap (LRG).

Diffractive reactions



 

 

Exclusive processes

 Semiexclusive 
production

 Exclusive
production



 Typical pp events:

Many tracks + high pT 
particles

 Exclusive events:

Few tracks + low pT 
particles

Exclusive processes



Top pair production in diffractive and 
exclusive processes

Photon – photon
 interactions:

Photon – Pomeron
 interactions:

Pomeron – Pomeron
 interactions:



Top pair production in diffractive and 
exclusive processes

 First analysis (*):
 Signal: 

 Top pair production in photon – photon, photon – 
Pomeron and Pomeron – Pomeron interactions.
 

 
 Final state:              (Semileptonic decays)

 
 

 Backgrounds:
 

 Irreducible:          and   
 
 

 Reducible:  Inclusive top pair production + pileup
 

  
   (*) Goncalves, Martins, Rangel, and Tasevsky, PRD102, 074014 (2020)



Top pair production in diffractive and 
exclusive processes

 Cuts:

 Events:
 Signal: Forward Physics MC (FPMC)
 Background: FPMC, Madgraph5, Pythia8
 Detector effects and pileup mixing: DELPHES



Results:

 Zero pileup scenario:



Results:

 Nonzero pileup scenario:



Top pair production in diffractive and 
exclusive processes

 Second analysis (*):
 Focus: 

 Separation of the individual channels in a high – 
luminosity LHC environment.

 
 Final state:              (Semileptonic decays)

 
 

 Improvements:
 

 - Inclusion of H.L scenario with pileup (<mu> = 200);

   - Up-to-date delphes detector card for low and high 
luminosity;

- Study of each channel in different ToF resolutions
 (*) Goncalves, Martins,  and Tasevsky, arXiv: 2202.01257



Results:

Main conclusions:
• Photon – pomeron interactions can be separated:
• Elastic top pair production can be discovered at the LHC.



Central 
Collisions

Peripheral
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Ultraperipheral
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Nuclear collisions



Central 
Collisions

Peripheral
Collisions

Ultraperipheral
Collisions

Dominated by 
strong 
interactions

Dominated by 
electromagnetic 
interactions

Nuclear collisions



LHC as a photon collider



Light – by – Light Scattering



Light – by – Light Scattering



ALP production



ALP production



ALP production



Summary

* The LHC is the world´s most powerful collider not only for protons but 
also for photon – photon and photon – hadron collisions; 

* The study of  exclusive  processes in photon  and pomeron  induced 
interactions at LHC can be useful to probe the top pair production as well 
to search for signals of BSM physics in this final state;

* Good prospects for searching New Physics in Ultraperipheral collisions. 
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Thank you for your attention !
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