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Introduction

arXiv:1810.04602arXiv:2008.05355  

• Elastic two-photon collision-> fundamental quantum mechanical process

Experimentally observed  at the LHC


• Interpretations (and perspectives) based on the recent ATLAS LbyL results

‣ Our goal is to describe the exchange of an intermediate massive gravitons in light-by-

light

https://arxiv.org/abs/1810.04602
http://arxiv.org/abs/arXiv:2008.05355
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Theoretical framework : graviton model
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• We use the effective filed theory of a massive spin-2 graviton interacting with SM fields: 

                    

               

• The massive spin-2 graviton G is described  by a symmetric tensor  and the interaction with 
the EM field is


hμν

https://arxiv.org/abs/2207.03012, JHEP 09 (2022) 248

ℒ𝒢γ =
kγ

λ
Tγ

μνhμν

Effective graviton-photon 
coupling Energy-momentum tensor of the EM field

symmetric tensor

ℒ𝒢γ =
kγ

λ
T γ

μνhμν =
kγ

λ
(−FμρFρ

ν +
1
4

ημν(Fρσ)2)hμν
T γ

μν = − FμρFρ
ν +

1
4

ημν(Fρσ)2

• The full Lagrangian of the system( graviton and photon) is then given by adding the kinetic terms
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ℒ𝒢 = −
1
2
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ℒγ = −
1
4

(Fμν)2• The kinetic term for the EM field


ℒ = ℒ𝒢 + ℒγ + ℒ𝒢γ

• The kinetic term for the graviton (Fierz-Pauli Lagrangian

• The  Lagrangian for our problem of the form
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ℒ = −
1
2

(∂ρhμν)2 + ∂μhνρ∂νhμρ − ∂μhμν∂νh +
1
2

(∂ρh)2 −
1
2

m2((hμν)2 − h2) − kTμνhμν

Tμν(x) = Mδμ
0 δν

0δ(x)

• This problem can be resolved using Euler-Lagrange equation, the value of  found is hμν

hμν = kMe−mr /r

• The idea is to show that the graviton (of mass m) created by a source point of mass 

M really acts as a graviton 
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Gamma-UPC MC event generator
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• gamma-UPC is a library for calculating the photon fluxes in the exclusive photon-photon 
processes in ultra peripheral proton and nuclear collisions(UPCs): David d’Enterria, Hua-Sheng Shao


• The library has been integrated into both HELAC-Onia and MadGraph5_aMC@NLO

https://arxiv.org/abs/2207.03012, JHEP 09 (2022) 248

More details in the David's Talk: Link

http://www.apple.com
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Usage in Madgraph5_aMC@NLO
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• Request the standalone version of MadGraph5_aMC@NLO with gamma-UPC  from Shao 
Hua-Sheng

Our Goal: Simulate the graviton exchange 
in light by light scattering 
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Madgraph5_aMC@NLO simulation
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• Once the process is generated , the parameters for the run are stored in various cards (files)

kγm3
G

80πλ2

Cuts
Parameter Value

Minimum of outgoing photon 3

Maximum   of photons 100

 Minimum pseudo rapidity -2.4

Maximum pseudo rapidity 2.4

Minimum invariant mass 6.00

Maximum invariant mass 100

param_card.dat run_card.dat

(1)

Parameter Value
Graviton mass[GeV] [20,30,40,50,60,70,80,90,100]

Coupling factor
                  Width Calculated by the formula(1)

Beam 5.02 TeV

     Gamma-UPC model EDFF

 Number of events 10000

1TeV−1
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Cross section measurements@Madgraph
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Graviton mass[GeV] Cross section(pb)
20 1.583
30 8.259
40 4.634
50 2.746
60 1.699
70 1.075
80 6.922
90 4.546
100 3.021

× 105

× 104

× 104

× 104

× 104

× 104

× 104

× 104

× 104

• Total cross section for the process γγ − > G − > γγ

• The cross cross section for the model  is shown as a function of the graviton mass 
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Cross-check: Total cross section
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• Reproducing the result of the paper to validate our simulation :  gamma-UPC paper

• Based on the following cross section formula:

             




• Using HELAC-ONIA MC generator

σ(AB → AXB) = 4π2(2J + 1)
Γγγ(X)

m2
X

dℒ(AB)
γγ

dWγγ
|Wγγ=mX

γγ

Process   

Graviton mass range in GeV:[ , ]

Gamma-UPC model: EDFF

Beam: Pb-Pb with E=5.52TeV

Integrated luminosity : 13 

Coupling factor: = 1

γγ → G
1 104

nb−1

Kγ /Λ GeV−1

https://arxiv.org/abs/2207.03012
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Cross-check: Total cross section
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•   The total number graviton events expected via   a function of graviton massγγ → G

https://arxiv.org/abs/2207.03012, JHEP 09 (2022) 248
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Di-photons invariant mass distribution 
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=10GeV
MG

MG
=100GeV

• The theoretical width is very small, below 1GeV

• The width is determined by the detector resolution      

•   Invariant mass for the two outgoing photons at parton level (Madevent output)  
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Di-photons invariant mass distribution 
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=150GeV
MG

MG
= 200GeV

•    Increasing the graviton mass
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Conclusion
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• gamma-UPC is a new MC generator for any   process,  helpful tool for our 
model of interest: spin-2 massive graviton


• Ongoing work:

‣ Implementation of the graviton model in the SuperChic MC generator, 

following the Axion-Like Particle model already exists

‣ Calculation of the theoretical amplitude for the graviton production in lbyl 


γγ

• The graviton exchange in photon-photon scattering is not implemented in any of 

the exiting MC  generators(Starlight, Superchic …)
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THANK YOU FOR YOUR ATTENTION
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