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Forward and Central Exclusive Production processes at the LHC

(Based on works  with Lucian Harland-Lang, Alan Martin and Misha Ryskin)   

V.A. Khoze (IPPP, Durham & PNPI)



2

Summary and Outlook.

LHC as a High Energy  Collider

“The - Resonance  that Stole Christmas”

Forward  and  Diffractive Physics at the LHC
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CERN-PH-LPCC-2015-001, SLAC-PUB-16364, DESY 15-167, to be published in Journal of Physics

( above the knee in CR)
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Regge poles,cuts

DD, DPE

Welcome to the world of difficult physics!

Current  theoretical models for soft hadron
interactions are still  incomplete, and their 
parameters are not fully fixed.

 Four (ideologically close)  MP- models
allowed good description of the data in the

ISR-Tevatron range:
KMR , GLM, Ostapchenko, KP, also BK et al

P P P

Reggeon Field Theory, Gribov- 1986

(talks by Asher, Dino ,Evgeny)

Differences/Devil – in details
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Lesson 2.



Decrease  of                  with energy increasing.

(M<3.4 GeV)
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Impact on the EAS characteristics :  consistency of the current data with
almost pure proton composition in the energy range

 possible long-ranging consequences for  astrophysical interpretation of UHECR:
Important for discriminating between  models    for transition from galactic to extragalactic CR  origin

in the ultra  HE range.

S. Ostapchenko (arXiv:1402.5084)
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Lesson 4.

‘Slope non-exponentiality ‘ at low-t –not unexpected,  but still impressive
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KMR, J.Phys. G42 (2015) no.2, 025003

Anselm-Gribov,  1972

R. Glauber, 1955data



(KMR,    2011-2015)

(Gribov-1961) (BFKL-1975-78)

IMPLICATIONS OF THE LHC RUN I DATA 

(exemplified in terms of  Durham model ) 
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BFKL Pomeron naturally allows to continue from  the ‘hard’ domain  to the ‘soft’ region: 
after resumation of the main HO effects- the intercept weakly depends on the scale,

(GLM  approach- Asher)



KMR
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(LRG)

(ALFA +ATLAS/LHCf data are  
needed)

TOTEM  data still 
unpublished,
conference talks
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agreement with
CMS

(within errors)
arXiv:1606.02625 [hep-ex]

http://arxiv.org/abs/arXiv:1606.02625
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(ALFA data are very welcome) 

further trial by TOTEM fire
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KMR-13 TeV
preliminary 
(no tuning)
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CENTRAL EXCLUSIVE  PRODUCTION    PROCESSES

CEP
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Installed !

(gg)
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how close the RPs can safely approach the beam ?
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(SuperChic 2   HKR-1508.02718)

C.F. von Weizsacker, 1934

E.J. Williams , 1934

E. Fermi, 1925

(absorption effects)
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KMR-2001p
p
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(C.Royon et al,  K. Piotrzkowski et al)
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In fact, the situation is more 
complicated due to the effects 
caused by the polarization structure 
of the  production amplitude.



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

event generator- HKR, ArHiv:1508.02718

Process dependence
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“The - Resonance  that Stole Christmas”

ATLAS &CMS seminar on 15 Dec. 2015

The ATLAS announcement of a 3.6  local excess in diphotons with  invariant mass ~750 GeV
in first batch of LHC Run –II data, combined with CMS  announcing  2.6  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.
So far ‘most statistically significant’ deviation from SM at the LHC.
(More than  450 papers currently)

If not a statistical fluctuation, 
a natural minimal interpretation:
scalar/pseudoscalar resonance coupling dominantly to  photons.

+ many  more 

750

GeV

ATLAS ; arXiv:1606.03833;   CMS:  arXiv:1606.04093   mid June 2016 (CMS, ATLAS talks)

http://arxiv.org/abs/arXiv:1606.03833
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The simplest model.

Allows the most precise theoretical predictions.

Provides strong motivations for the CT-PPS and AFP 
projects.

‘Easier’ scenario experimentally

and ‘easier’ to shoot down experimentally.

750

GeV

What if this is due to a new state R  which couples dominantly to photons ?
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Brand new idea of combining BLM  with LHC detectors for CEP physics searches.
Risto Orava et al 1604.05778



Main aim: to
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‘Today the diphoton excess could be everything including nothing’.

(CMS, ATLAS talks)

(CMS, ATLAS talks)



HKR      1601.03772
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(ZZ, Z)
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CT-PPS simulation- a few events at 30𝑓𝑏−1
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Assuming the 750 GeV- resonance survives and  couples dominantly to photons :

Resonance spin-parity, searches for CP-violating effects 
via the asymmetry in proton  distributions...

HKR-

Within this scenario if                                 , then 

arXiv:1601.07187

 With good missing mass resolution: separation between resonance states.







Exclusive case 

http://arxiv.org/abs/arXiv:1601.07187
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HKRS- arXiv:1606.04902

(but energy dependence          )

http://arxiv.org/abs/arXiv:1606.04902


CONCLUSION AND OUTLOOK 

The Run I LHC data have already led to important implications for the 
theoretical models of soft hadron interactions. Allowed to distinguish 
between previously successful theory scenarios.

The post-Run I comprehensive models based on RFT+GW  allow a fairly good 
description  of the whole range of the HE soft diffractive data.

The experimental studies in Run II with  forward  detectors would provide the 
critical tests of the current theoretical approaches and could be of upmost 
importance .
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In the forward proton mode the LHC becomes a high energy photon-photon 
collider. The state-of-the-art results for the photon-photon luminosities are 
reported.

Assuming that 750 GeV bump is not a statistical  fluctuation it may signal the first 
hint  of physics beyond SM at the LHC.
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LOOKING FORWARD TO  2016  ARUN! 

RICH PHYSICS PROGRAM ON THE WAY !
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, ,    …    …  could not be calculated from the  first principles based on QCD-
intimately related to the confinement of quarks and gluons
(approach within N=4 SYM , GLM).

Basic  fundamental model-independent relations:
unitarity, crossing, analyticity, dispersion relations.
The Froissart-Martin bound:

Important testable constraints on the cross sections.

Phenomenological models- fit the data in the wide energy range and extrapolate
to the higher energies. Next step- MC implementations.

Well developed approaches based on Reggeon Field Theory with multi-Pomeron
exchanges+ Good –Walker formalism to treat low mass diffractive dissociation:
KMR-Durham, GLM- Tel-Aviv,  Kaidalov-Poghosyan, Ostapchenko.
Differences/Devil – in details

optical theorem:











Im ( , 0) totT s t s 

most models 
asympt.  ~

but not a Must
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TOTEM –CMS 
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arXiv:1604.06446

http://arxiv.org/abs/arXiv:1604.06446



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In principle: a possibility to search for invisible modes (dark matter particles etc),
sharp peak in the missing mass spectrum

but extremely challenging if  not impossible

H

(BKMR , Eur.Phys.J. C36 (2004) 503-507 )

(in the large pile-up environment) 

For   high total width -sizeable branchings into other SM (or BSM) particles.

New colourless  heavy fermions:

(still relatively unconstrained,   (                       ) )

CEP as a Dark Matter Factory


