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Rich & unique (B)SM Rich & unique (B)SM γγγγ physics with UPCs at LHC physics with UPCs at LHC
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Existing Existing γγγγ MC event generators MC event generators

■ So far dedicated MC event generators include only a few hard-coded γγ 

processes, QED/QCD LO only, no extra γ/gluon FSR, no generation of 
(“uninteresting”) background processes,…
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gamma-UPC gamma-UPC γγγγ MC event generator MC event generator
■ So far existing MC event generators (StarLight, SuperChic, FPMC, UPCgen...)
  include only a few hard-coded γγ processes, QED/QCD LO only, no extra

   γ/gluon FSR, no generation of (“uninteresting”) background processes,…

■ gamma-UPC changes this significantly: Any arbitrary (B)SM, Quarkonia
   matrix elements with MG5@NLO & HelacOnia, N γ/gluon FSR out-of-the-       

   box, extendable to NLO QED/EW, proton kinem. available, LHE output,
   2 hadron form factors (γ fluxes) coded, p-p,p-A,A-A (for any A) UPCs,...

■ gamma-UPC key ingredients:
   1) Matrix elements: MG5@NLO & HelacOnia (NLO QCD, plus γ/g FSR’s)

   2) p,A form factors: Electric Dipole (EDFF) & Charge (ChFF) γ fluxes

   3) p,A survival probability: via Glauber-MC-based eikonal
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      γγ γγ theoretical cross sectionstheoretical cross sections
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p,A form factors & p,A form factors & γγ fluxes: ChFF, EDFF fluxes: ChFF, EDFF

■

■
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  γγ γγ effective luminositieseffective luminosities

LHC 
lighter 
ions

FCC

■ ChFF/EDDF γ-fluxes differences (pp–PbPb):
    Low masses: ~7–15%. High masses: 20–50%

LHC
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γγγγ collisions at LHC: Examples x-sections collisions at LHC: Examples x-sections
■ C-even SM resonances (9 states m~3–10 GeV, plus Higgs):

■ C-even BSM resonances:

PbPb (pp with RPs) best limits 
below (above) mγγ~100 GeV

– Most low-mass resonances 
   accessible in PbPb (pp        
   without pileup) with low-p

T

   charged particle reco.
– Higgs x-sections too low. 
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γγγγ collisions at LHC: Examples x-sections collisions at LHC: Examples x-sections

■ Double fermions (e.g. γγ→ t tbar):

■ Double bosons (loop induced):
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γγγγ collisions at LHC: Differential x-sections collisions at LHC: Differential x-sections
■ Breit-Wheeler process γγ→ e+e-:

■ Exclusive dimuons γγ→ μ+μ-:

■ Light-by-light scattering γγ→ γγ:

■ Generic conclusions:

EDFF gamma-UPC~ Starlight              
ChFF gamma-UPC~ SuperChic

Norm.: EDFF better than ChFF
Shape: ChFF better than EDFF
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gamma-UPC outlook & summarygamma-UPC outlook & summary
■ gamma-UPC is a new versatile MC evt generator for any γγ process with

    protons & ions UPCs. Interfaced to MG5@NLO & HelacOnia.

■ Ongoing/Future developments:
   • Non-zero photon k

T
 (working script upon request)

   • Protons kinematics for transport to & tagging at RPs spectrometers 
   • Semi-exclusive photon-photon and W/Z-photon processes
   • NLO QED & EW corrections
   • UPCs for electron-proton & electron-ion collisions
   • …

■ Download it, test it, use it (or ask us to produce the LHE files) for your 
    favourite γγ exp./ph. studies!

http://cern.ch/hshao/gammaupc.html

http://cern.ch/hshao/gammaupc.html
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