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Introduction (why we are interested in CEP processes?)
CEPand Large RAP GAPS.

QCD-induced CEPmechanism.

CEPas a spin-parity analyzer

Ψ5ƛŦŦǊŀŎǘƛǾŜ IƛƎƎǎΩ ǊŜǾƛǎƛǘŜŘΦ

Standard Candle CEPreactions and experimental tests.

Gluon ςgluon vs photon-photon fusion.

Dimeson Saga.

Other selected CEPtopics

Summary and Outlook
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CEP and RAP GAPs
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LRGs caused by Pomeron,
photon (W,Z)  or Odderon

exchanges
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ALFA/TOTEM

(Radiation tolerance)

Threshold scan.



(ALICE-double Gap trigger, Runs 1 and 2)
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AFP/PPS

(LHC runs 1,2)

X

~200m
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ALFA
ALFA TOTEM  & ALFA

CMS/PPS & ATLAS/AFP

ALFA/TOTEM- radiation tolerance   Ą low PU special runs

ώ
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0.35 < m< 0.65 GeV

Åe-Print:2401.14494[hep-ex]TOTEM&CMS

https://arxiv.org/abs/2401.14494
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Standard HL runs. With precision tracking and timing detectors. 

AFP & PPS

(0.02-0.15)



11

ό½½Σ ƳƛȄŜŘΣΧύ
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QCD-induced CEP
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KMR-1997-2001
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ñsoftò scattering can easily destroy the gaps

gap

gap

Eikonal rescatt:      between protons

Semi-enhanced rescatt:  involving intermediate partons

M

S²Č absorption effects -necessitated by unitarity

1   > ḻ



First fully differential implementation of soft survival factor ςSuperChic2 MC

event generator- HKR, ArHiv:1508.02718

Process dependence

SC-3,4
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Well developed 
machinery

KMR (2000-2013)

GLM, FS, Ostapchenko

ŜȄǇόҍҠόs, but)) probability that no inelastic scattering occurs at impact parameter bt,
depends only on proton  transverse separation 
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the possibility of (low mass) diffractive dissociation Ǉ Ҧ b*

ᶻ
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ggĄqq

Symmetry properties of the                                                                    amplitude   (FKM-97)  

ΨAn Amplitude forn Gluon ScatteringΩ

ὐ π (nullifies in the massless limit)

(++,+-) (--,+-)
(++,-+) (--,-+)

Important consequences forὌᴼὦὦ

https://inspirehep.net/literature/227338
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CEP AS A SPIN -PARITY ANALYZER
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What is known from Regge Theory   

K.Boreskov, 68

, ,

Kaidalov. Karnakov, 66,70

(0 ) /d ds f- º

Follows from general principles
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Pre-LHC studies review: A. Kirk.
1408.1196[hep-ex]

1408.1196
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Glueball filter ?

Jz= 0 amplitude   vanishes
for the ɹ dɹecay of the 2++ 3P2
positronium (Tumanov, 53;Alekseev, 58)

Eur.Phys.J.C 80 (2020) 11, 1077

Lattice results 

X(2370) @ BESIII      strong evidence in favour of π
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dotted curve- no S2
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Life, Death and ©Ressurection © of `Diffractive Higgs



The early 2000s
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Ï
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The basic ingredients of the thery approach

(interplay between the soft and hard  dynamics)

Main requirements:

Åinelastically scattered protons remain intact

Åactive gluons do not radiate in the course of evolution up to the scale M

Å<Qt> >>/\QCD in order to go by pQCD book

s(CDPE) ~ 10  * s (incl)
- 4

RGsignature for Higgs hunting (DKT-1987).  Bjorken (1992-93)

h Ҍ ΧΦ
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Forcing two camels to go through the eye
of a needle

High price to pay for such a clean exclusive  environment :

ůH(CEP) ~ 10 -4 *ůH( inclus.)

Rapidity Gaps should survive hostile hadronic radiation
damages and ôpartonic pile -up ô

symbolically W = S² T²
/ƻƭƻǳǊ  ŎƘŀǊƎŜǎ ƻŦ ǘƘŜ ΨŘƛƎƭǳƻƴ ŘƛǇƻƭŜΩ ŀǊŜ ǎŎǊŜŜƴŜŘ

only atrdҗ  мκ όvǘύch

GAP   Keepers (Survival Factors)  ,protectingRG  against:

×the debris of QCD radiation with мκvǘҗ lҗ1/M (T)

×soft rescatteringeffects (necessitated by unitarity)       (S)

H
P P

A. Bialasand P.V. Landshoff, Phys. Lett. B256 (1991) 540.

Excitement of the Tevatron community-

KMR 1997

Theory spread of 11 orders 

Factor ~3 since then
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1997-2000)

s(CEP) ~ 10-4 s (incl)

Roughly
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Sudakov - probability not emitting gluons with 

no infrared divergency

increases with mass MH and 

ᶶ

ᶶ

ᶶ

ΨǎƪŜǿŜŘΩ  ǳƴƛƴǘŜƎǊŀǘŜŘ t5C

DL



FP420 AND RESURRECTION OF ¼DIFFRACTIVE HIggs½
(20 years on)

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

96 GeV-ΩƭƛƎƘǘ IƛƎƎǎΩ ƛƴŘƛŎŀǘƛƻƴǎPPS/AFP- new proposals 34
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Photon vs Gluon  fusion
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PPS
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+ absorptive/rescatteringeffects- survival factor

Ψ[ŀǊƎŜΩ Pomeronsize in the
production of  the small     

size   objects.

X

g

g
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up to 1-2 TeV

Currently, pure CEP studies at the LHC are         dominated  (also HIC-UPC)     
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STANDARD CANDLES 
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(spread of theory predictions)
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and light

( LHCb RG results ) 
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(KMRS-04)
(HKRS-10)

43 events

proved to be very small (CDF)  ( in agreement with expectations)

T. Aaltonenet al. (CDF Collaboration), Phys. Rev. Lett. 108, 081801 (2012)

Et>2.5 GeV
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(Tumanov -1953,A. Alekseev -1958 -positronium )KMR-01

RC-numerically  suppressed

Glueball Filter  ??
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Visualization of QCD Sudakov formfactor

CDF
PRD-2008

D0-2010

Durham
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Dimeson   SAGA
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40 diagrams (4 basic)

Ĕ
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is this easy to understand ?

Was popular (among the more formal community)  MHV - technique
Nowadays the  enthusiasm  has a bit faded away - other approaches
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extracted from the transition form factors Fɖ()ɔ(Q2)


