
Studies of High Energy Photon 
Interactions at the LHC

• Introduction: LHC as a high energy γγ and γp
collider
• Photoproduction of WH (M. vander Donckt)
• Anomalous quartic couplings and WW and ZZ two-
photon production (T. Pierzchała)
• Luminosity measurement with exclusive lepton 
pairs at the LHC (Y. Liu)
• Fast proton simulation (J.de Favereau+X.Rouby)
• Heavy Ion case 
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Highlights:
• γγ CM energy W up to/beyond 1 TeV (and under control) 
• Large photon flux F therefore significant γγ luminosity
• Complementary (and clean) physics to pp interactions, eg studies of 
exclusive production of heavy particles might be possible  opens new field 
of studying very high energy γγ (and γp) physics 

LHC as a High Energy γγ Collider

p
p

Phys. Rev. D63 (2001) 071502(R)
hep-ex/0201027

DISCLAIMER:
This is NOT meant for studying all photon interactions at the LHC but 
those for which the QCD background is strongly suppressed, as for 
example in the exclusive production of leptons or gauge bosons.
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γγ Physics Menu - Highlights

H0

σ ∼ 10 pb (at W=MH=200 GeV)

σ ∼ 1 pb

tt

σ ∼ 80 pb

σ ∼ 100−500 nb

All ? 

W+W−

+ SUSY processes
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γp interactions at the LHC - super HERA at CERN 

Photon-proton interactions at the LHC have significantly 
higher energy reach and luminosity yield than for the γγ
events is expected

Example assumptions:
• 0.01 < x1 < 0.1,   photon tagging range
• 0.005 < x2 < 0.3, Bjorken-x range for quarks and gluons

(arbitrary for the moment, could be extended)

+ use MRST2001 (at Q2=104 GeV2) for partons

S(W)= fγ(x1)⊗ fp(x2) , W
2=4Epx1x2

σpp= ∫ S σγp dW



FP420 Meeting, FNAL April 2005 K.Piotrzkowski - UCLouvain 

Photon-quark luminosity spectra 

Note: at Wγq > 300 GeV photon-quark luminosity is about one third of the 
nominal pp (and still significant beyond 1 TeV)
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Muriel vander Donckt
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Anomalous WW production (II)

At a generator level so 
far:

• κ changes mostly 
normalization, λ also 
affects the pT shape 

• From statistical point 
of view better than 
LEP2 limits seems 
feasible

• Looking also into a 
single W 
photoproduction

J. de Favereau & T. Pierzchal
dσ/dpT [pb/GeV]

Ex.: γγ at 1 TeV

Anom/SM

pT [GeV]

∆κ,λ=(0,0)/(−0.02,0)/(0.02,0)/
(0,0.02)/(−0.02,0.02)  
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= x

T.Pierzchala
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T.Pierzchaladσ/dpT at W=300 and 800 GeV

SM αc=10
-6GeV-2 αc=4.10

-6GeV-2

αc=10
-6GeV-2 αc=4.10

-6GeV-2
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Gauge boson photoproduction 
• Hope for large sensitivity in QGC, will study WW 

anomalous production for LED and strong W sector 

γγ → γγ (also not possible at tree level), eg. sensitivity to 
massive monopole contributions (large pT physics)

γγ → ZZ suppressed in SM (~10-3), good place to look 
for BSM
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HECTOR – fast p simulation in the LHC
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FP420 changes the situation – tagging of a couple of 
per mille energy losses makes the coherent zone 
accessible (for not too heavy ions as Ar or Ca), i.e. 
(single-)tagged photon-photon collisions in ArAr 
case.

Remark 1: Tagged photon-ion and diffractive 
physics in ion collisions opens up.

Remark 2: Running FP420 during very high 
luminosity pp collisions will be very tricky, whereas 
there is 2-3 months/year of running ATLAS/CMS 
with ion collisions.

Ion collisions should also be considered in 
preparation of the FP420 proposals



FP420 Meeting, FNAL April 2005 K.Piotrzkowski - UCLouvain 

A remark/addition to the discussion on the mechanical
solution for the FP420 case

HERA tagging method (at the electron beam)
without proper RPs – using a ‘Hamburg pipe’! 

Parking position

Working position

Bellow Detectors a few m apart

RF screen
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Hamburg pipe
→ Routinely used at HERA at high L, 

since 1995 … : 

Project leader: 
Uwe Schneekloth (DESY)

bellows

detector

moving pipe


