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i The most
o powerful collider

B not only for pp and
Pb-PDb collisions,

: but also for
photon-photon and
& photon-hadron

of interactions
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INTRODUCTION & MOTIVATION

® No immediate plans for a future v collider, but the LHC is already a

photon-photon collider! (FNAL/RHIC-experience)

Motivation: why study 77 collisions at the LHC?

» Exclusive production:

® How do we model it?

m Example processes: lepton pairs, anomalous couplings, light-by-light
scattering, axion-like particles and massive resonances. charginos, invisibles...
® Outlook - tagged protons at the LHC.
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Modelling Exclusive Photon-Photon

collisions

¢ In exclusive photon-mediated interactions, the colliding protons must
both coherently emit a photon, and remain intact after the interaction.
How do we model this?
* Answer 1s well known- the “equivalent photon approximation’ (EPA):
cross section described in terms of a flux of quasi-real photons radiated
from the proton, and the vy — X subprocess cross section.

‘Equivalent photon approximation (EPA) g
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C.F. von Weizsacker, 1934

E.J. Williams, 1934
E. Fermi, 1925

..introduced to major event generators as “ \ p

Madgraph, Pythia, Sherpa, Calchep

v Q<2 GeV?
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Equivalent photon approximation

® Initial-state p — p7yemission can be to v. good approximation

factorized from the vy — X process in terms of a flux:
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¢ Cross section the given in terms of 77 “luminosity’:
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Soft survival factor

¢ In any pp collision event, there will in general be ‘underlying event’
activity, i.e. additional particle production due to pp interactions

secondary to the hard process (a.k.a. ‘multiparticle interactions’, MPI).

‘v7-1nitiated interaction 1s no different, but we are now requiring

final state with no additional particle production ( X + nothing else).

s Must multiply our cross section by probability of no

underlying event activity, known as the soft ‘survival factor’.
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® Naively expect strong interaction to dominate- avg > .

e However QCD enhancement can also be a weakness: exclusive

event requires no extra gluon radiation into final state. Requires

introduction of Sudakov suppressing factor: S
w2 ap(k2) [ 1 %E
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e Increasing M x => larger phase space for extra gluon emission
stronger suppression in exclusive QCD cross section. Gluons like to
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s=14 TeV
y=0

QCD ‘radiation damage’ in action 10
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e Situation summarised in ‘effective’ exclusive gg and 7.
luminosities. This Sudakov suppression in QCD cross section leads
to enhancement in Y7y already™ for My 2 200 GeV - well before

CT-PPS/AFP mass acceptance region.

— Can study 77 collisions at the LHC with unprecedented Sy -



SuperChic

» QCD-1nduced CEP.

* A MC event generator for CEP .
» Photoproduction.

processes. Common platform for:

» Photon-photon induced CEP

® With fully differential treatment of survival effects.
¢ Photon-induced collisions currently for e/p beams. Work towards heavy
100s ongoing

¢ Fortran-based. Generates histograms and unweighted (LHE/HEPEVT)

events with arbitrary user-defined cuts.
arXiv:1508.02718
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Abstract

We prement o mnpge of physies results for central exelusive prodection processes at
the LAC, ming the new SuperChic 2 Momte Carlos event generator. Ths ineludes
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Generated Processes - photoproduction
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Generated Processes - photon-photon

» SM Higgs to bb

» WTW— — Iy, including spin correlations.

» [T
» 7Y (light-by-light).
» Monopolium, Monopole pairs®.

¢ In official release, both proton and electron beams included. Work
ongoing on including heavy ions.
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*To appear In next version.
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gg collisions- applications
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Summary & Outlook
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