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FORWARD PHYSICS at the LHC: PRESENT&FUTURE

(selected topics)



90 Institutes, 350 pp

+ machine people + theorists



Unique and diverse LHC forward physics program :

Variety of collisions : pp, Ap, AA, high energy photon-photon, ‘pion-proton’.

Wealth of physics tasks –from fundamental problems of ‘old’ strong interactions and

UHE cosmic rays to the novel searches for New Physics signals and Luminometry.

CEP-high purity gluon factory.

�

�

Achilles heel of the  LHC precision measurements
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CT-PPS,

1)

TOTEM/ALFA –special runs
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2)

ALICE/LHCb-Rap Gap Veto
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,  ZDC

,  FSC
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Diffractive Physics at the LHC

Run II has already a lot to offer : TOTEM &ALFA … 

Fundamental  questions:

Asymptotics of the total cross section,

how far we are now with the LHC.

Elusive Odderon- expected in QCD

a C-odd partner of the Pomeron- trajectory with J=1

guaranteed by the number of colours N_C>2.

■

■
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, ,    …    …  could not be calculated from the  first principles based on QCD-

intimately related to the confinement of quarks and gluons
(attempts  within N=4 SYM ).

Basic  fundamental model-independent relations:

unitarity, crossing, analyticity, dispersion relations.

The Froissart-Martin bound:

Forward Proton mode - Important testable constraints on the cross sections.

�

�

�



11

Not a MUST !

Odderon in asymptotic  theories  NL  (1973)

Until very recently  no firm experimental  observation
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The very high value of        implies very low beam  divergence which is essential for 

accurate measurement at very low ItI.

Coulomb-Nuclear Interference

β∗
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KMR- arXiv:1712.00325



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)

Durham 2013 model
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SEARCHES FOR THE NEW PHYSICS 

IN THE FORWARD PROTON MODE
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CENTRAL EXCLUSIVE  PRODUCTION    PROCESSES

CEP

Photons, Pomerons..
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Exclusive Photon-Photon collisions
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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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Ultra-Peripheral Collisions 
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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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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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(compressed mass BSM scenarios)    

HKSS, arXiv:1110.4320

Diphoton  X-Pair Production 

electroweakinos

(Sven) 
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Low energy release, but clear operating environment .
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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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ArXiv:1709.07110
(Matthias)
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Interest from the string-

theoretic point of view

ArXiv: 1701.07375
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Direct measurements only up to  25 GeV, but we can use the LHCf

HE  forward neutron data.

R. Ryutin , 1612.03418.

KMR, 1705.03685

KMR, 1705.03685

PION-PROTON INTERACTIONS
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Luminometry
(can we break the 2% wall ?)
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What do the expert say?
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Maybe it is time to resurrect the dilepton CEP monitor ?
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Strong interaction between colliding protons
(rescattering corrections).

γ

γ

Notorious survival factor.

Usually, for photon-photon central production                            .

However, in the case of                                                 absorption effects could be very small.

In particular, for  low                                     absorpt. correction  2δ < 0.3%.    

Could be additionally suppressed by the lepton acoplanarity cuts.

(large impact parameters )

with C~0.1, KMOR, Eur.Phys.J.C19:313 (2001).

Polarization Structure of the diphoton amplitude!

unfortunately, so far
No practical proposal has been put forward by any LHC experiments     
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Looking Forward to a Bright Future of Forward Physics 

at the LHC
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In fact, the situation is more 

complicated due to the effects 

caused by the polarization structure 

of the  production amplitude.
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worrisome range

Not so long ago
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