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Introduction





Difractiveprocess
· Y= ln (1/x) = ln s

· ɰȾ
ᶻ

(Q,r,z,ά ) Lightfront wavefunction

· N(Q,Y;b),N(r,Y;b), in the dipolePicture: dipoleήή-proton scatteringAmplitude

· r dipole tranverse-size,b impactparameter

· z fractionof the light-front momentaof the virtual photon carriedby the quark

· ά massof the quarks

· Total crosssectionfor DIS „ and „
·



Hard Pomeron  pQCD

BFKL Kernel
Balinsky,  Fadin, Kuraev, Lipatov

· For Hard processes shortTransversaldistances

we consider pQCDĄ Hard Pomerondominatescattering

DiffractiveScattering

ὴ ὴO ὴ ὴ



· Scattering process: descriptionin terms of QCD (parton distributions)in
the ReggeLimit involving StrongInteraction

· In the ReggeLimit becomesaneffective 2+1

dimensional: transversalspaceandrapidity (Lipatoveffectiveaction)

· At very small transversedistances: pQCD andBFKLPomeron(1958)

· At very large transversedistances before QCD era, there was the
ReggeonField Theorydescriptionintroducedby Gribov

· ThePomeron stateof two gluonandC=1

· 1973Odderon Lukaszukand Nicolescuthe

partnerof the Pomeron(C =-1) 3 gluons

Thereareanotherstateswith 4 gluonsé.

ZEUS Collaboration 1995 
Result from HERA: evidence for the Pomeron 

Pre QCD



ReggeonField Theory  before QCD

· V.N.Gribov introducein the 60́ s

· Scatteringamplitude at highenergiesfor hadrons is accordingReggeTheory: the

exchangeof òquasiparticlesócharacterizedby its ReggetrajectoriesḊ  ὸ

· the total Crosssection, is givenby: „ =ὃί

· LeadingPole: is CalledPomeron with vacuumquantumnumbers

ὸ  ὸ  is the Pomeronintercept

and ́ is the slope



Å cross section grows with energy (Soft 

Pomeron exchange)

Å t-dependence of elastic cross section 

shows  difference between pp and ppbar

(evidence for existence of Odderon)

A. Donnachieand Landshoff:    arXiv 1309.1292  2013



Hard Pomeron  pQCD

BFKL Kernel
Balinsky,  Fadin, Kuraev, Lipatov

· For Hard processes shortTransversaldistances

we consider pQCDĄ Hard Pomerondominatescattering

DiffractiveScattering

 π ρ
ὔ

“
τÌÎς ρ πȢυςωυὌὥὶὨὄὊὑὒȾὗὅὈ
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ȟ π can be considered  as a variable which depends 

on the sizes of the projectiles. 

How we can connect  regions of different sizes and 

different  sorts of Pomerons

Use:  Functional Renormalization Group*

SoftPomeronvs Hard Pomeron

 π ρ τ
ὔ

“
ÌÎς ὌὥὶὨὄὊὑὒȾὗὅὈ

 π ρȢπψ ίέὪὸ

For Hard processesUV region

shortTransversaldistances

Large Momenta, large but finite

energies

For soft processes

largestTransversaldistances

small Momenta, large but finite

energies



T. Csörgö, R. Pasechnik and A. Ster Eur.Phys.J.C79 (2019) 1,62

Leading Pomeron Contributions and the TOTEM Data at 13 TeV

M. BroiloE.G.S. Luna M.J. Menon arXiv:1803.06560

hŘŘŜǊƻƴ ŀƴŘ ǇǊƻǘƻƴ ǎǳōǎǘǊǳŎǘǳǊŜ ŦǊƻƳ ŀ ƳƻŘŜƭπƛƴŘŜǇŜƴŘŜƴǘ [éǾȅ ƛƳŀƎƛƴƎ ƻŦ 

ŜƭŀǎǘƛŎ ǇǇ  ŀƴŘ ǇξōŀǊϑǇϒ 

Phys.Lett.B 778 (2018) 414-418



·This is evidence for the non-perturbative Odderon

arXiv: 2203.02931

Comparison betweenD0 ὴӶὴat 1.96 TeVand 

the extrapolatedTOTEM p anti pcross

section

- =?



1980 J. Bartels;  J. Kwiecinskiand M. 

Praszalowicz

What we can study: 

ü Solutions

ü the Intercept and the Slope

How we can study another states with 3, 4 gluons ?

Multi-Reggeonsequation BKP


