
Valery Khoze (IPPP, Durham, UK & PNPI, St.Petersburg) 

1 

PHOTON-INDUCED PROCESSES AT HIGH ENERGY HADRON COLLIDERS 

(selected topics) 
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Introduction and Motivation. 

 

 Photon-Photon collisions . 

 

SuperChic   MC and Survival Guide 

 

 

     - collisions at the LHC- Applications 

(with an emphasis on BSM physics). 

 

Other Topical Examples. 

 

Summary and Outlook. 

 
Emphasis reflects my own personal interests/bias as much as anything.  
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 CENTRAL EXCLUSIVE  PRODUCTION    PROCESSES 

CEP 

Photons, Pomerons.. 
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SELECTING EXCLUSIVE PHOTON-PHOTON 

EVENTS  AT THE LHC 
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CT-PPS, 

420m under      

discussion 

(PPS, AFP  first measurements 

with the one arm proton) 

(Two arms-to come very soon 

PPS-CMS) 
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Thou shalt not annoy machine people. 
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 Ultra  Peripheral   HI   Collisions  3) 
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𝑨𝟏/𝟑 
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ATLAS@CMS(Run2) 
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Modelling Exclusive Photon-Photon 

collisions 

introduced to major event generators 
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In fact, the situation is more 

complicated due to the effects 

caused by the polarization structure 

of the  production amplitude. 





13 

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

CMS/ATLAS- dijets in events with LRG  (2015),H1 –diffractive dijet photoproduction (2011). 

KMR, GLM, 

Ostapchenko,      

Lund MCs 
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+ absorptive/rescattering effects- survival factor 

   ‘Large’ Pomeron size in the 

  production of  the small     

size   objects. 

X 

 

 
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  CEP(photon)- TOOLS 

FPMC;  Starlight;  LPAIR,  SuperChic-2,3  (photon-induced processes) 

 

ExHuME; SuperChic-2,3;FPMC;  CEP@PYTHIA; CepGen; Dime; ExDiff;GenEx (CEP-QCD), 

Lund-Leif&Radek 

 

 SuperChic-3 incorporates pp, pA and AA collisions and a complete treatment of 

 soft survival effects. 
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Process 

p 

p 

CD 
Near beam  

Detectors 

photon-proton/nucleus collider @ LHC 

              Extensive Program 
  , ee  QED processes 
  QCD (jets..) 
  WW anomalous couplings 
  squark, top… pairs 
  Charginos (natural SUSY) 
 New BSM objects 

…and p 

  collisions- applications 

Installed (AFP)  

Installed  (PPS) 

  data taken    

…and A 
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Anomalous Gauge Quartic Couplings  

Currently 

very encouraging  

ATLAS & CMS data 

hep-ph/09082020, 

    Louvain Group 
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Anomalous couplings@ HL-LHC  



25 

LLL 



26 

   (compressed mass BSM scenarios)     

 HKSS, arXiv:1110.4320  

Diphoton  X-Pair Production  

electroweakinos 

http://arxiv.org/abs/arXiv:1110.4320
http://arxiv.org/abs/arXiv:1110.4320
http://arxiv.org/abs/arXiv:1110.4320
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Some recent studies: 

 HKRT   JHEP 1904 (2019) 010  

L.Beresford, Jesse Liu,  ArXiv:1811.0645 

S.I. Godunov et al,  ArXiv: 1906.08568 
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   arXiv:1710.02406  

 
(and quite a few other papers) 

natural SUSY: 

  existence of light nearly  

mass-degenerate Higgsinos/charginos 

Mass~ 100-200GeV, 

mass splitting ~ 4-20 GeV 

 

Most challenging: compressed mass 

scenarios: small mass difference 

between the     ,           and   

 

Motivated by naturalness,  

cosmological observations and (g-2) 

phenomenology. 

𝑙   

http://arxiv.org/abs/arXiv:1710.02406
http://arxiv.org/abs/arXiv:1710.02406
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to bring DM abundance down 

to the observed value  

Initially DM in thermal 

equilibrium with SM, later it 

freezes out  
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    Searches   for Electroweakinos at the LHC  

31 

Model dependence 
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.               (SUSY, DM  -null LHC search results so far) 



Advantage of exclusivity & 

compressed mass  

34  

Outgoing proton 4-momentum  

measured in FPD 

Lepton 4-momentum  

measured in Central detector 

} 
4-momentum of system of  

2 DM particles could be constrained 

from photon & lepton 4-momenta 

Incoming photon  

4-momentum can 

(in principle) be 

measured via FPD 

FPD measures precisely mass of central 

system. If mass splitting                   low  

→ FPD can give quite a precise hint  
about 2𝑚𝐷𝑀  

ξ𝑖 = 1 - 
𝐸𝑝𝑖′𝐸𝑝𝑖 , i=1,2  

measured  

precisely in FPD 
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Major backgrounds  

 

 

 

 

 

                                                                                           

       Semi-exclusive process with proton from (SD,DD)  dissociation detected in  the FPD. 

 

      Semi-exclusive QCD-initiated BGs due to low-pt ( mainly c-quark)  jets, 

with  SD and DD followed by proton hits in the FPD. 

 

 

       Coincidence of inelastic lepton pair production with two independent  

SD/DD  events from the PU interactions that mimics the signal. 

                                    (danger for other New Physics searches with ≤1 fb) 

 

        ,  dimeson, vector resonances  etc… 

=120-300GeV,  
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CONCLUSIONS 
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Heavy Ion Collisions 

SM 
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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) 

(CMS-Arxiv:1902.0139) 



43 

ALPs 
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An attractive idea, but huge backgrounds caused by soft proton 

dissociation, photon bremsstrahlung and PU (at high lumi) 

Measurements at low lumi (            )with 

LHCb, ALICE 
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SEARCHES  for  ODDERON HKMR-2018 

(Victor) 
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Summary & Outlook 

Photon-mediated processes provide a very efficient tool  

to probe various aspects of  the SM and BSM physics. 
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FP420 and ResuRRection oF ‘diFFRactive HIggs’ 
 (15 years on) 

    

searching for lower mass  new objects  in CEP  requires far away  (~400m)  FDs 

 96 GeV-’light Higgs’ 




