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1) Photon EPA fluxes
i) Proton and nuclear cases
ii) Effect on UPC dynamics and ttbar production

2) Large rapidity gap pA interactions (semiexclusive)
i) pomeron-A and angantyr  
ii) CMS probe with pPb data

3) Toponium probes
i) EFT and NRQCD 𝜂t models phenomenologies
ii) Spin correlation observables
iii) ttbar background rejection analysis

 
4) Summary 







Forward detectors

● Analysis can be guided by recorded activity 
as function of pseudorapidity

● Or ir can rely on proton tagging



Photoinduced  vs central production features                                  Neural network training for top-antitop quarks productions                                  

Cota Rodríguez, A., V. Corral, J.A. & Murillo Quijada, J.A.. Eur. Phys. J. C 86, 228 (2026)

At least 4.7fb-1 of low pile up pp 
data for observation

      Alternative scenario for HL-LHC

Current analysis with 
standard pp runs affected by

 large pileup levels

Smallest HF energy (+ or - side)                 Forward rapidity gap



Nuclear EPA fluxes

● Hard sphere 
        approximation

 Uniform charge distribution

● Wood-saxon

Light-by-light scattering

Superchic including wood saxon 
and skin treatment

Proton and neutron 
independent densities; 

neutron skin



Exclusive vector meson photoproduction within pPb and angular modulations 

● Modulations and proton probing

Photon and pomeron



Pomeron neutral fluxes

Proton pomeron fluxes

Cota Rodríguez, A., V. Corral, J.A. & Murillo Quijada, J.A.. Eur. Phys. J. C 86, 228 (2026)

Pomeron treatment as 
hadron with own PDF 

Ingelman–Schlein



Pomeron-Nucleus interaction and Angantyr model

Jesus A. V. Corral, Cota Rodríguez, A. & Murillo Quijada, J.A. Azimuthal anisotropies within non-perturbative pomeron schemes and 
nuclear Pb ion interactions and their discrimination against non-diffractive noise, Submitted to PLB

  within pPb collisions



Large rapidity gap pA interactions                                                                                                           CMS-PAS-HIN-22-004

● Smaller v2 flow anisotropy than 
gamma-p but larger than pPb

● POM-Pb data consistent with 
PYTHIA model with need to 
investigate higher Ntrk

Moises Leon Coello et al. Dependence of two-particle azimuthal correlations on the forward rapidity gap width in pPb collisions at √ s NN = 8.16 TeV, Submitted to Physical Review C.

No ridge



Observation of a pseudoscalar excess at the top quark pair production threshold

CMS-TOP-24-007

CMS-TOP-25-002

● Extreme top quark properties; reduced lifetime < hadronization timescale

● Bound states with top flavor, not previously considered 



Observation of a pseudoscalar excess at the top quark pair production threshold

● A simplified EFT toponium model:
○ Effective lagrangian density

PHYSICAL REVIEW D 104, 034023 (2021)
Background

Signal

With and without 2mt 
threshold restriction

Toponium top pair decays
 closer azimuthallyCota Rodríguez, A., V. Corral, A. Paredes, J.A. & Murillo Quijada, J.A. Toponium decays spin 

correlations and deep learning performance for background rejection , in submission



Observation of a pseudoscalar excess at the top quark pair production threshold
    NRQCD toponium model:

● Scalar and vector mesons
● No      in final state 
● same                   topology 

Cota Rodríguez, A., V. Corral, A. Paredes, J.A. & Murillo Quijada, J.A. Toponium decays spin 
correlations and deep learning performance for background rejection , in submission

arXiv:2504.12634v1 [hep-ph] P-even, CP-even symmetry

https://arxiv.org/abs/2504.12634v1


Neural network training 

Cota Rodríguez, A., V. Corral, A. Paredes, J.A. & Murillo Quijada, J.A. Toponium decays spin 
correlations and deep learning performance for background rejection , in submission 

Signal significances > 40

Improved sensitivity

 Neural network training identifying 
most discriminating observables 



● Ongoing efforts to investigate  𝛾 / pomeron induced events 

○ 𝛾p → top + antitop process with large pile up contribution in standard pp collisions 

■ Paralel probes with low pile up pp data  

○ Vector meson production used to investigate origin of azimuthal modulations and for nuclear/hadron structure probing

■ Investigating modulation in pA case with A as photon source

○ Pomeron-Nucleus interactions are investigated using Angantyr method and pomeron data driven PDFs

■ Studies can be extended to other lighter nuclei  
■ Predictions from MC reference still would need some investigation at high Ntrk

● Data excess at near to ttbar invariant mass threshold 

○ NRQCD and simplified EFT models phenomenologies has been studied
○ Spin correlation features have been proposed as a way to characterize data excess
○ Improved isolation of toponium events can be achieved by using neural network tagger

Summary and Outlook


