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THE LHC AS A PHOTON-PHOTON COLLIDER

(selected topics)

(in collaboration with Lucian Harland-Lang and Misha Ryskin)
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Introduction and Motivation.

Selecting Photon-Photon  Exclusive  Events.

SuperChic- MC and Survival Guide

Photon-initiated processes with rapidity gaps

- collisions at the LHC- Applications

(with an emphasis on BSM physics).

Summary and Outlook.

The photon PDF and photon-photon Luminosities
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CENTRAL EXCLUSIVE  PRODUCTION    PROCESSES

CEP

Photons, Pomerons..
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SELECTING EXCLUSIVE PHOTON-PHOTON 

EVENTS  AT THE LHC

(CT- PPS  first measurements

with the one arm proton)
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CT-PPS,
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“The γγ- Resonance  that Stole Christmas 2015”

ATLAS &CMS seminar on 15 Dec. 2015

The ATLAS announcement of a 3.6 σ local excess in diphotons with  invariant mass ~750 GeV

in first batch of LHC Run –II data, combined with CMS  announcing  2.6 σ local excess.

EW Moriond, 17.03.2016

Theoretical community –frenzy of model building: >150 papers within a month.

Unprecedented explosion in the number of exploratory papers.

(More than  500 papers)

If  it were not a statistical fluctuation, 

a natural minimal interpretation:

scalar/pseudoscalar resonance coupling dominantly to  photons.

As an outcome -great improvement in our understanding of photon PDF and

development of the effective tools for analysing potential diphoton resonances.

750

GeV
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Beam Loss Monitors

to tag exit protons
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Ultra  Peripheral   HI   Collisions 4)
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UPC (Ultra-Peripheral Collisions) 
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ATLAS/CMS 

2016 

�� �⁄
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Modelling Exclusive Photon-Photon 

collisions
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In fact, the situation is more 

complicated due to the effects 

caused by the polarization structure 

of the  production amplitude.



Durham Group-KMR

Tel-Aviv Group- GLM

S. Ostapchenko…

Lonnblad&Zlebcik

MC



First fully differential implementation of soft survival factor – SuperChic 2 MC

event generator- HKR, ArHiv:1508.02718

Process dependence
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+ absorptive/rescattering effects- survival factor KMR-2001

‘Large’ Pomeron size in the

production of  the small     

size   objects.

X

γ

γ
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Well established in  the QCD-mediated processes, e.g. CDF-diffractive dijets (2000), CMS/ATLAS- dijets in 

events with LRG  (2013/2015),H1 –diffractive dijet photoproduction (2011).
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Photon-photon Luminosities
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worrisome range

Not so long ago
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Including dominant elastic component strongly reduces the PDF uncertainty-

almost sufficient for the LHC pheno purposes
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MNSZ, PRL 117,242002 (2016), 1708.01256.

LUXqed-photon PDF determined in terms of measured EM proton 

structure functions F2 and FL.

MNSZ, PRL 117,242002 (2016), 1708.01256.

LUXqed-photon PDF determined in terms of measured EM proton 

structure functions F2 and FL.

Currently the most precise calculation 

when considering inclusive production 

processes
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Comparison with LUXqed
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HKR arXiv:1601.03772

Photon-initiated processes with rapidity gaps

Caveat: in the real life,  when studying  photon-photon processes

we as a rule need to go beyond the inclusive photon PDF ( event 

selection: rapidity  gaps,  isolation cuts..)    
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Suppression due to LRG veto.

phenomenological objects only-factorization

explicitly violated by rescattering effects
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Process

p

p

CD
Near beam 

Detectors

photon-proton/nucleus collider @ LHC

Extensive Program
•γ γ→ µµ, ee QED processes
•γ γ→ QCD (jets..)
•γ γ→ WW anomalous couplings
•γ γ→ squark, top… pairs
•γ γ→ Charginos (natural SUSY)
� New BSM objects

…and γp

γγ collisions- applications

Installed (AFP) 

Installed  (CT-PPS)

projects

…and γA
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(compressed mass BSM scenarios)    

HKSS, arXiv:1110.4320

Diphoton X-Pair Production 

electroweakinos
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arXiv:1710.02406

Radiatively –driven  natural SUSY

existence of light nearly 

mass-degenerate Higgsinos

Mass~ 100-200GeV,

mass splitting ~ 4-20 GeV
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Anomalous Gauge Quartic Couplings 

Currently

very encouraging  

ATLAS & CMS data
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Long and chequered history

(nonlinear effects of QED)

Scattering of gamma-rays by a Coulomb field of heavy nuclei.

First observed-1953 for 1.33 MeV on lead nuclei.

Most accurate high-energy results- Novosibirsk,VEPP-4M 1998.
1933

Photon splitting in atomic Coulomb  field

First claims of observation- DESY, PRD 8(1973) 3813.

Criticised by V.A.Khoze et al, ZhETF Pis.Red.19 (1974) 47. 

First observation- Novosibirsk, VEPP-4M 2002.

(ArXiv:1702.01625)
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Interest from the string-

theoretic point of view

ArXiv: 1701.07375



62

ArXiv:1709.07110
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Summary & Outlook

A formalism (HKR-16) is developed allowing to describe photon-induced 

events with LRG in terms of modified photon PDF with consistent 

implementation of the soft  survival effects.
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