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• 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)
• Outlook

Krzysztof Piotrzkowski
Université Catholique de Louvain



HERA-LHC Workshop, March 2005 K.Piotrzkowski - UCLouvain 

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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Kinematics/γγ Luminosity
Virtuality Q2 of colliding photons vary between 
kinematical minimum = Mp

2x2/(1-x) where x is 
fraction of proton momentum carried by a photon,
and Q2

max ~ 1/proton radius2

⌠ γγ  =‘γγ :  pp luminosity’
Note: it’s few times larger if one of protons is allowed to break up

protons scattered at 
`zero-degree’ angle

for x>0.0007, Q2<2GeV2

W2 = s x1 x2

Photon flux ∝1/Q2

Q2 − Q2
min ≈ sθ2/4

Use EPA à la Budnev et al.*
* error found in the elastic (Q2 integrated) γ flux for protons!
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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
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Photon-gluon luminosity spectra 

Note: at Wγg > 400 GeV photon-gluon luminosity is about 10% of the 
nominal pp
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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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γp Physics Menu - Highlights

σ ∼ 40 pb for γq →Wq at W > 200 GeV

Wq

σ ∼ 25 pb at W=400 GeV

⎯t t

• anomalous W and Z production at Wγq ≥ 1 TeV
• top pair production − top charge + mass determination?
• single top production and anomalous Wtb vertex
• SM BEH − for example, γ b → H b, γ q → H W q
• SUSY studies (complementary to the nominal ones) -
H+ t production (and H++), b and t spairs, t∼χ pair, ...

• Exotics: compositness, excited quarks, ...
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γq →Wq is being studied at HERA!

cf. PLB 471 (2000) 411

Diener et al.
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Muriel vander Donckt
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= x

T.Pierzchala
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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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= x

T.Pierzchala
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