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Observation:
Provided efficient measurement of very forward-scattered 
protons one can study high-energy collisions at the LHC

Highlights:
•  CM energy W up to/beyond 1 TeV (and under control) 

L h t fl F th f i ifi t l i it• Large photon flux F therefore significant  luminosity
• Complementary (and clean) physics to pp interactions, eg 
studies of exclusive production of heavy particles might be 
possible opens new field high energy  (and p) physicspossible       opens new field high energy  (and p) physics 
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DISCLAIMER:

This is NOT meant for studying all photon interactions
at the LHC but those for which the QCD background can 
be strongly suppressed, as for example in the exclusivebe s o g y supp essed, as o e a p e e e c us ve
production of pairs of charged particles. 

This IS meant for studying production of selectedThis IS meant for studying production of selected
final states in photon interactions at the LHC.
Note: At Tevatron available energy too small for EW physics (but enough for lepton pairs –
CDF recently published measurement of exclusive two-photon production of ee pairs)

Initial 
inspiration:inspiration:
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How measure these events?

Measure ( ) X in the 
CMS or ATLAS detector 
and scattered protons p

VFD

and scattered protons 
using very forward
detectors (thanks to 
proton energy loss)

p
p

p beam

scattered p VFDs needed – capable of running at 
high luminosity, installed as far (> 100 p beam g y, (
m) from IP and as close to the beam 
(2 mm) as possible – detector 
proposals under preparation (e.g. by 
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FP420 R&D collab.); expected photon 
energy resolution of  GeV !



Two optimal places found
At 220/240m and 420m from IP:At 220/240m and 420m from IP:
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HECTOR: JINST 2, P09005 (2007)



Taken on 14/1/2009

~240m from IP5
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Forward Proton Kinematics Reconstruction

M (l t l) iti d l t 240- Measure (lateral) position and angle at 240 
or 420m from IP and derive energy + scattering 
angle:
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Experimental Highlights:

• Virtualities of photon exchanges are very small at the LHC 
(dumped from above by proton EM form-factors) -> photons 
really quasi-real + zero-degree forward protonsy p

• Thanks to low Q2 (-> large impact parameters) high survival 
probabilities, little of re-scattering -> good control of cross-

tisections

• We focus on two-photon exclusive production non-strongly
interacting pairs of (heavy) charged particlesinteracting pairs of (heavy) charged particles

• Nicely complementary to all diffractive/gluon mediated 
exclusive processes and both FP240 and 420 are essentialexclusive processes and both FP240 and 420 are essential

• Little background expected (-> little event pileup) and forward 
detectors very efficient for kinematical constrains/ y
reconstructions
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T. Pierzchala
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WW/ZZ pairs in two-photon production:

• Excellent test-bench for electroweak gauge sector - in 
particular for anomalous quartic couplings (AQCs),  VV

Note: AQCs poorly constrained so far and difficult at hadron Note: AQCs poorly constrained so far and difficult at hadron 
colliders (with standard methods)

• For example, anomalous QCs can be tell-tale signs of new heavy p , Q g y
boson exchanges

• Several approaches explored -> effective lagrangians: 

- Impose local gauge U(1) x SU(2) invariance with Higgs, usually    
assumed for ATGCs limits (eg. Nachtmann et al. and 

next talk) n t ta ) 
- Impose local gauge U(1) x SU(2) invariance without Higgs (eg. 

Eboli et al.)
- Add genuine (-> not affecting SM gauge part –> no need of p

associated ATGCs) AQCs to largrangian, but watch 
unitarity bounds…  
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T. Pierzchala Following LEP2 choice:
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T. Pierzchala Assuming leptonic decays and using 
basic acceptance cuts:
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T. Pierzchala
Taking into account unitarity bounds:
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WW/ZZ pairs in two-photon production:

• Encouraging results -> will extend to semi-leptonic + more 
complete analysis (differential distributions) and show impact 
of event pileup (expected small)p p p

• Show in detail relevance of forward detectors (FP220 crucial 
here, but FP420 also very important)

• Provide results for AQCs while imposing global custodial 
SU(2) symmetry (protects  parameter)

• Extend to other approaches (interesting preliminary results 
from Nachtmann et al.) -> in particular,  what is sensitivity to 
strongly interacting WW sector (Higgsless scenario)strongly interacting WW sector (Higgsless scenario)

BOTTOM LINE: 
This is a ‘guaranteed’ physics output from FP420/220!

16K. Piotrzkowski- UCLouvainLISHEP, Rio de Janeiro, Jan'09



N. Schul Low-mass SUSY scenarios in  at LHC:
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N. Schul Start with fully leptonic signatures:
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N. Schul
LM1 point – invariant mass signals :
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N. Schul LM1 point – missing invariant mass signals :
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Detection of two-photon exclusive production of 
supersymmetric 
pairs at the LHC arXiv:0806 1097v1pairs at the LHC, arXiv:0806.1097v1 
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Detection of two-photon exclusive production of 
supersymmetric 
pairs at the LHC arXiv:0806 1097v1Note: FP smearing includedpairs at the LHC, arXiv:0806.1097v1 Note: FP smearing included
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N. Schul
Example of exotica case

Note: FPs crucial for interpretation of such events
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S. Ovyn
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S. Ovyn
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J. de Favereau and S. Ovyn
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Single top quark photoproduction at the LHC
J. de Favereau and S. Ovyn,  arXiv:0806.4886v1 [hep-ph]

With FP420/220 (50/50%)
possible to measure at
L = 2.1033 cm-2s-1 !
Possibilit to impro ePossibility to improve 
world limits already
after 100 pb-1 …

Good example of possibility of measuring photoproduction
with presence of pileup using FP420/220 -> competitive to 
pp studies! If good timing possible with central pp g g p
detectors (< 100 ps) could much improve pileup background 
control!
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Side remark: Main (EM) CAL timing

• Good timing of EM calorimeters very interesting for reducing 
pileup backgrounds (proposed by S  White)pileup backgrounds (proposed by S. White)

• Both ATLAS and CMS claim ~100 ps resolutions of their EM 
calorimeters at test beams. This already would give ~2 factor calorimeters at test beams. This already would give 2 factor 
background reduction!

• We need to make sure all possible is done to reach it at LHC p
(and maybe even better for superLHC):

LEVER ARM:
C   i  l   d d il  b k d  i  Can use it also to reduced pileup backgrounds in 

inclusive H  

Note: Factor 2 makes huge impact on H discovery sensitivityNote: Factor 2 makes huge impact on H discovery sensitivity…
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• Two-photon exclusive pair production offers strong research 
Summary/Outlook

wo photon c us  pa r pro uct on off rs strong r s arch 
program – its success crucially on FP420 and FP220 detectors!

• There is interesting physics in high energy photo-production 
too, assuming FP220/420

• So far we made analyses at generator level (+ fast detctor 
simulations) ; all irreducible backgrounds are calculated; for simulations) ; all irreducible backgrounds are calculated; for 
reducible bckgrs estimates/strategies are described -> move to 
full detector simulation studies

• Note: In general, triggering (at Level 1) of these events is 
‘given’, since both ATLAS and CMS are designed to trigger well 
W and Z bosons anyway!

• This offers new, exciting and complementary physics studies 
in parallel to exclusive diffraction.

Results for photon physics at the LHC has been obtained within 
UCLouvain Photon Group of CP3

J.de Favereau, V. Lemaître, Y. Liu, S. Ovyn, T. Pierzchała, KP, X. Rouby, 
N.Schul, M. Vander Donckt
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CERN Workshop on Photon Physics @ LHC

http://indico.phys.ucl.ac.be/conferenceDisplay.py?confId=228

• Proceedings published with
> 40 contributions – many on arXiv

• More than 50 participants across
many fields – all collider exps presentmany fields all collider exps present

• Next time: May’09 at DESY in 
NP and EWK session at the 
PHOTON conference



Backup slides
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Detection of two-photon exclusive production of supersymmetricp p p y
pairs at the LHC
N. Schul, K. Piotrzkowski arXiv:0806.1097v1 [hep-ph]

Sensitivity to anomalous quartic gauge couplings
in photon-photon interactions at the LHC
T Pi h l K Pi t k ki Xi 0807 1121 1 [h h]T. Pierzchala, K. Piotrzkowski arXiv:0807.1121v1 [hep-ph]

Associated W and Higgs boson photoproduction and other gg p p
Electroweak photon induced processes at the LHC
S. Ovyn, arXiv:0806.1157v1 [hep-ph]

Single top quark photoproduction at the LHC
J. de Favereau and S. Ovyn,  arXiv:0806.4886v1 [hep-ph]
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Kinematics/ Luminosity
Virtuality Q2 of colliding photons vary between y Q g p y
kinematical minimum = Mp

2x2/(1-x) where x is 
fraction of proton momentum carried by a photon,
and Q2 ~ 1/proton radius2 W2 = s x1 x2and Q max ~ 1/proton radius

for x>0.0007, Q2<2GeV2

W  s x1 x2

Photon flux 1/Q2

2 2 2/Q2  Q2
min  s2/4

protons scattered at 
`zero-degree’ angle
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dWS=‘pp luminosity’
Note: it’s few times larger if one of protons is allowed to break up

Use EPA à la Budnev et al.*
* error found in the elastic (Q2 integrated)  flux for protons!
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Problem: Same signature (one or two very forward protons) has 
also central diffraction (i.e. pomeron-pomeron scattering) in strong
interactionsinteractions
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-

SUSY07, Uni-Karlsruhe Piotrzkowski&Schul - UCLouvain 38

neglecting detector effectsthat size of  and pomeron pomeron cross
sections are not too different


