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Forward Physics at the LHC
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Photon-induced Processes at Proton Collisions
• Exclusive or elastic photon production: photon is considered to be radiated from the proton and there is no proton 

disintegration 

• Inelastic production: there is proton disintegration. There are two types: 

• Single-dissociative: One photon production is inelastic 

• Double-dissociative: Both photon productions are inelastic

Elastic Single-dissociative Double-dissociative



3

Photon-induced Processes at Proton Collisions
• Exclusive or elastic photon production: photon is considered to be radiated from the proton and there is no proton 

disintegration 

• Inelastic production: there is proton disintegration. There are two types: 

• Single-dissociative: One photon production is inelastic 

• Double-dissociative: Both photon productions are inelastic

Elastic Single-dissociative Double-dissociative



4

Missing Mass Method

• Elastic production of V+X 

• Model independent search  

• Takes into consideration the visible particle properties: 

  

• Photon properties are derived from the proton on 
each side of the forward proton detector 

• Leptons are measured in the central detector

m2
X = (Eγγ − Ell)2 − ( ⃗pγγ − ⃗pll)2

Double proton tagged events
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Considered Signals
• The analysis strategy does not require any signal model choice. However, for results interpretation a specific signal 

should be chosen 

• mV = Z mass; mX = 400, 600, 800, 1000, 1200 GeV 

• PDF: MSHT20qed_nnlo; Pythia8: version 8.245 

• V decays into muons 

Process Generator Events

Z + X SuperChic v4.2 50 000 

Z + H MadGraph v3.5.1 50 000

More details about the signals in the poster
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Considered Signals
• The analysis strategy does not require any signal model choice. However, for results interpretation a specific signal 

should be chosen 

• mV = Z mass; mX = 400, 600, 800, 1000, 1200 GeV 

• PDF: MSHT20qed_nnlo; Pythia8: version 8.245 

• V decays into muons 

ALP

ALP

Process Generator Events

Z + X SuperChic v4.2 50 000 

Z + H MadGraph v3.5.1 50 000

Short-lived ALP 
t h a t d e c a y s 
into leptons

Long-lived ALP 
that does not 
decay

Process to be 
added in MadGraph: 

work in progress

More details about the signals in the poster



6

Forward Proton Properties ξ = 1 −
| pz |
6500

Protons’ fractional momentum loss:
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Di-Lepton Properties
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Selection Cuts

• Forward Proton detector cuts: 

•  

• Central Detector cuts: 
• 2 muons with opposite charge and: 

•  > 14 GeV 

• < 2.5 

0.02 < ξ1,2 < 0.20

pT

|η |

About 32% of the 
events are rejected

Z+X Z+H

About 1.5% of the 
events are rejected

Almost no events are 
rejected

About 38% of the 
events are rejected

About 10% of the 
events are rejected

About 2.5% of the 
events are rejected
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Missing Mass
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Summary

• Several signals were studied using both SuperChic and 
MadGraph 

• The forward proton detectors acceptance is the factor 
that reduces most the number of events 

• Next steps: 
• Generate events with the ALP model
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Thank you!

maura.barros@cern.ch


