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LHC as a  collider

See FP420 talk

HECTOR

16/07/09 aQGCs in photon-photon interactions at LHC - K. Piotrzkowski 3



LHC as a  collider
arXiv:0807.1121

HECTOR
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Lagrangian for aQGCs
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Detector acceptance

Note: CEP of WW is < 1 fb

16/07/09 aQGCs in photon-photon interactions at LHC - K. Piotrzkowski 6



Setting limits on aQGCs
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Setting limits on aQGCs
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Unitarity bounds
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So far no constrains on W were applied  need to watch unitarity bounds!



Unitarity bounds
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Unitarity bounds
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Improvement  of ~4000 



Differential distributions

Definitely a lot of space for improvements
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Definitely a lot of space for improvements, 
but can it be done at very high luminosity?



Event pileup

In preceding discussion no event pileup was assumed so full exclusivity condition 
could be applied: Apart from two leptons, no activity in central detectors (including 
calorimeters)

Very powerful condition, leaves no non-exclusive backgrounds (beautifully applied 
at Tevatron: see 5 papers by CDF)  BUT cannot be used if two events occur in the 
same bunch crossing  large loss of luminosity by requesting single event BX…

Solution 1:

Use track-based exclusivity, allow only two leptons and NO more tracks from theUse track based exclusivity, allow only two leptons and NO more tracks from the 
vertex (Note: only charged particlers and ±2.5 rapidity units vs ±5 for calorimeters) 
Works well for medium luminosities, up to 2.1033 cm-2s-1

S l ti 1+2Solution 1+2:

Apply track exclusivity and require detection in the forward detectors + z-vertex 
matching from time difference measurements in ToF detectors (GasToF)

16/07/09 aQGCs in photon-photon interactions at LHC - K. Piotrzkowski 15

g ( )

See FP420 talk for details



Exclusive dileptons at high L
N. Schul at SUSY’09: Assume 10 ps ToF resolution
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Summary/Outlook

• LHC is a powerful photon-photon collider (1% pp luminosity available for 
collisions at energies above 200 GeV)

• Exclusive two-photon WW and ZZ production provides stringent tests if SM

• Exclusive dilepton events from leptonic W and Z decays will allow to improve 
LEP quartic gauge couplings limits by orders of magnitudes already with small 
integrated LHC luminosity

• To be able to study the exclusive production at nominal LHC luminosity To be able to study the exclusive production at nominal LHC luminosity 
novel, very forward proton detectors are mandatory! 

• Wide set of other models will be studied (SU(2) gauge symmetric, Higgsless
i t )scenarios, etc.)

Stay Tuned!
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Backup slides



Two-photon physics
MSSM: 100 fb-1 (no pileup)arXiv:0807.1121

Large rates for WW 



(Light) SUSY case

arXiv:0806.1097 [hep-ph]
Brief history:

Ohnemus & Zerwas ’93

’ ‘Piotrzkowski ’00, ‘01

Forward detectorsForward detectors 
crucial for kinematics 
reconstruction 
(charged dilepton 
t t l !)states only!): 

Unique contribution!



Accidental overlays
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Use timing for background suppression



Taken on 14/1/2009

Q6
CMS

Q6

240m from IP5
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Moving Hamburg pipe concept

Successfully used at HERA:
Robust  and simple design, 
+ easy access to detectors 

Motorization and movement 
control to be cloned from LHC 
collimator design 
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Calibration with exclusive di-muons
pp  pp l+l- CMS thesis: X Roubypp pp

~ 700  events in 100 pb-1

(single-interaction data @ 14TeV) 

CMS thesis: X. Rouby

• Nearly pure QED process

( g @ )

Nearly pure QED process
• Calibration/alignment of FP420 detectors

(about 40% protons detected!):

Expected resolution of x=E/E is ~5.10-6 !

Calibration procedure itself can be very well controlled
using Upsilon signal!

BOTTOMLINE:
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BOTTOMLINE: 
Exclusive low-mass dimuons crucial for FP420 



Problem: Same signature (one or two very forward protons) has 
also central diffraction (i.e. pomeron-pomeron scattering) in strong
interactions

Both processes weakly interfere, and transverse momentum of 
the scattered protons are in average much softer in
two photon casetwo-photon case

a) `true’ distributions; b) 
distributions smeared due to 
beam intrinsic p ; all plots

Q2 0.01 GeV2

beam intrinsic pT; all plots 
normalized for pT

2 < 2 GeV2

Assuming ultimate pT
resolution  100 MeV; i.e. 
neglecting detector effects

pT gives powerful separation handle provided
that size of  and pomeron-pomeron cross-
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neglecting detector effectsthat size of  and pomeron pomeron cross
sections are not too different

16/07/09


