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Introduction





Difractive process
 Y = ln (1/x) = ln s

 Ψ𝐿/𝑇
𝛾∗

(Q, r, z,𝑚𝑓) Light front wave function

 N(Q,Y; b), N(r,Y; b), in the dipole Picture: dipole ത𝑞𝑞-proton scattering Amplitude

 r dipole tranverse-size, b impact parameter

 z fraction of the light-front momenta of the virtual photon carried by the quark

 𝑚𝑓 mass of the quarks

 Total cross section for DIS 𝜎𝑇 and 𝜎𝐿




Hard Pomeron  pQCD

BFKL Kernel
Balinsky,  Fadin, Kuraev, Lipatov

 For Hard processes short Transversal distances

we consider pQCD  Hard Pomeron dominate scattering

Diffractive Scattering

𝑝 + 𝑝 → 𝑝 + 𝑝



 Scattering process: description in terms of QCD (parton distributions) in
the Regge Limit involving Strong Interaction

 In the Regge Limit becomes an effective 2+1

dimensional: transversal space and rapidity (Lipatov effective action)

 At very small transverse distances: pQCD and BFKL Pomeron (1958)

 At very large transverse distances before QCD era, there was the
Reggeon Field Theory description introduced by Gribov

 The Pomeron state of two gluon and C=1

 1973 Odderon Lukaszuk and Nicolescu the

partner of the Pomeron (C =-1) 3 gluons

There are another states with 4 gluons….

ZEUS Collaboration 1995 
Result from HERA: evidence for the Pomeron 

Pre QCD



Reggeon Field Theory  before QCD

 V. N. Gribov introduce in the 60´s

 Scattering amplitude at high energies for hadrons is according Regge Theory: the

exchange of “quasi particles” characterized by its Regge trajectories ∶ 𝛼𝑖 𝑡

 the total Cross section, is given by: 𝜎𝑇 = 𝐴𝑖𝑠
𝛼𝑖 0 −1

 Leading Pole: is Called Pomeron with vacuum quantum numbers

𝛼 𝑡 = 𝛼0 + 𝛼′𝑡 𝛼0 is the Pomeron intercept

and 𝛼´ is the slope



• cross section grows with energy (Soft 

Pomeron exchange)

• t-dependence of elastic cross section 

shows  difference between pp and ppbar

(evidence for existence of Odderon)

A. Donnachie and Landshoff :    arXiv 1309.1292  2013



Hard Pomeron  pQCD

BFKL Kernel
Balinsky,  Fadin, Kuraev, Lipatov

 For Hard processes short Transversal distances

we consider pQCD  Hard Pomeron dominate scattering

Diffractive Scattering

𝛼𝑃 0 ≈ 1 +
𝛼𝑠𝑁𝑐
𝜋

4 ln2 ≈ 1 + 0.5295 𝐻𝑎𝑟𝑑 𝐵𝐹𝐾𝐿/𝑄𝐶𝐷

𝑝 + 𝑝 → 𝑝 + 𝑝



𝛼𝑃,𝑘 0 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*

Soft Pomeron vs Hard Pomeron

𝛼𝑃 0 ≈ 1 + 4
𝛼𝑠𝑁𝑐
𝜋

ln 2 𝐻𝑎𝑟𝑑 𝐵𝐹𝐾𝐿/𝑄𝐶𝐷

𝛼𝑃 0 ≈ 1.08 𝑠𝑜𝑓𝑡

For Hard processes UV region

short Transversal distances

Large Momenta, large but finite

energies

For soft processes

largest Transversal distances

small Momenta, large but finite

energies



T. Csörgö, R. Pasechnik and A. Ster Eur. Phys. J. C 79 (2019) 1, 62

Leading Pomeron Contributions and the TOTEM Data at 13 TeV

M. Broilo E.G.S. Luna M.J. Menon arXiv:1803.06560

                                                          é              

                         

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



 This is evidence for the non-perturbative Odderon

arXiv: 2203.02931

Comparison between D0 𝑝 ҧ𝑝 at 1.96 TeV and 

the extrapolatedTOTEM p anti p cross

section

𝑑𝜎𝑝ഥ𝑝

𝑑𝑡
-
𝑑𝜎𝑝𝑝

𝑑𝑡
=?



1980 J. Bartels;  J. Kwiecinski and M. 

Praszalowicz

What we can study: 

 Solutions

 the Intercept and the Slope

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

Multi-Reggeons equation BKP



Odderon is a crucial test of QCD

 pQCD the Odderon was studied and  is bound state of three reggeized gluons   

1980 J. Bartels;  J. Kwiecinski and M. Praszalowicz

Solutions for the BKP equation:
Hard Odderon   

 Janik - Wosiek 1999 with an intercept 𝛼𝑂 = 0.96

 Bartels, Lipatov, Vacca 2000                  with an intercept exactly equal to one

 Variational calculations 𝛼𝑂 > 1 and 𝛼𝑂 < 1

 Lattice and Spectroscopy several calculations, all indicating a low intercept. 

However, the way in which this intercept is identified in lattice calculations is
questionable.

H. B. Meyer and M. J. Teper, Phys. Lett. B605 (2005) 344 

H. B. Meyer, PhD thesis at Oxford, hep-lat/0508002 



 Y = ln (1/x) = ln s

In the dipole Picture:  

Scattering  Amplitude N(r,Y; b) and O(r,Y; b) 



• C. Contreras, G. Levin,  R. Meneses and M. 

Sanhueza 

• 𝐾𝐿𝑂 BFKL Kernel in the LO 
Balinsky, Fadin, Kuraev and Lipatov

N(r,Y; b) and O(r,Y; b) in the dipole Picture:  Scattering  

Amplitude

Solution:   JIMWLK (Iancu, Jalilian-Marian,Kovner, Leonidov, McLerrran and Weigert) and large Nc limit BK 

equation (Balinsky-Kovchegov)



Scattering amplitude N(r,Y; b)

 Ψ𝐿/𝑇
𝛾∗

(Q, r, z, m) Light front wave function

 N(r,Y; b) --> saturation condition

 Three differents Kinematics region

𝑸𝒔
𝟐𝒓𝟐 < 𝟏 ;𝑷𝒆𝒓𝒕𝒖𝒓𝒃𝒂𝒕𝒊𝒗𝒆 𝒓𝒆𝒈𝒊𝒐𝒏 𝑩𝑭𝑲𝑳 𝑬𝒒𝒖𝒂𝒕𝒊𝒐𝒏

𝑸𝒔
𝟐𝒓𝟐 > 𝟏 ; 𝑺𝒂𝒕𝒖𝒓𝒂𝒕𝒊𝒐𝒏 𝒓𝒆𝒈𝒊𝒐𝒏 𝑩𝑲 𝑬𝒒𝒖𝒂𝒕𝒊𝒐𝒏

𝑸𝒔
𝟐𝒓𝟐~𝟏 ; 𝒗𝒆𝒄𝒊𝒏𝒊𝒕𝒚 𝒐𝒇 𝑺𝒂𝒕𝒖𝒓𝒂𝒕𝒊𝒐𝒏 𝒓𝒆𝒈𝒊𝒐𝒏



How we can see the Odderon!!

CGC: JIMWKL and dipole approximation: BFKL or BK equation 



Theory  with  Experimental data

 Only few experimental evidences for the non-perturbative

Odderon

 We are looking till now only in channels where the

Odderon is hidden by the huge Pomeron contribution

 We need experimental and theoretical evidence for the

perturbative and non perturbative
Searching for the Odderon in Ultraperipheral Proton-Ion Collisions at the  LHC non perturbative 

Odderon.
L.A. Harland-Lang, V.A. Khoze, A.D. Martinb and M.G. Ryskin arXiv:1811.12705

Chung I Tan 

Pomeron/Odderon  Ads/CFT

P. Lebiedowicz, O. Nachtmann A. Szczurek
arXiv 1901.11490

https://arxiv.org/abs/1803.06560


 C =- 1 partner of Pomeron Lukaszuk - Nicolescu ´73

 C. Ewerz report hep-th/0306137  discussion of intercept and slop for P and O

 Intercept:  𝛼𝑃 > 𝛼𝑂 and         Slope  𝛼´𝑃 ~ 𝛼´𝑂

 Odderon Exchange: Ansatz for the propagator C = -1 Odderon  is 

𝑖∆𝜇𝜈
𝑂 = −i𝑔𝜇𝜈

𝜂𝑂

𝑀0
2 (𝑠 𝛼´𝑂)

𝛼 𝑡 −1

𝛼 𝑡 = 𝛼𝑂 0 + 𝛼´𝑂 t

And               𝜂𝑂 = -1, 𝑀0
2 = 1 𝐺𝑒𝑉2,   𝛼𝑂 0 = 1.05 𝛼´𝑂= 0.25 𝐺𝑒𝑉−2

P. Lebiedowicz, O. Nactmann A. Szczurek
arXiv 1901.11490

Soft Odderon   parameters used in different papers



Odderon:    Hard to Soft

We need more  non perturbative information about:

 Intercept 

 Slop 

 Pomeron Vertices

 But we need from the Hard Odderon Information  

 We have the idea that  exist  one P - O transition from soft 
to hard 

Using  FRG we can investigate  if 

Hard   Odderon and Pomeron in the UV region 

are related 

with Soft Odderon and Pomeron in the IR region 



ERG ideas                   Wilson 1976

Reuter and Wetterich 93

 The effective Wilson-Action is defined by Integrations

of  d.o.f in the UV  𝑘 < 𝑝 < Λ

Berges, Tetradis and Wetterich: hep-ph/0005122  

1
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Boundary Condition k = Λ

Γ Λ with the  condition

Γ k→Λ→ Sclas and  Γ k→0 → QT



 Γ𝑘(𝜙, 𝑔𝑖 ; 𝑖, 1. . 𝑀) define a M dimensional Space of   Coupling constants

 Local Expansion of Γ𝑘(𝜙, 𝑔𝑖 )) = σ𝑖 𝑔𝑖 𝑘 𝑂𝑖 (𝜙) and {𝑂𝑖}  operator basis.

 Derivative expansion in term of RG time t = ln(
𝑘

Λ
)

𝜕𝑡 Γ𝑘 = σ𝑖 𝜕𝑡𝑔𝑖(𝑘) ∗ 𝑂𝑖 𝜙 → 𝛽𝑖(𝑘) associated with operators {𝑂𝑖}

 Beta Funtions: 𝛽𝑖(𝑘) = 𝜕𝑡𝑔𝑖 𝑘

 Critical Properties:    Fixed Points Conditions → 𝜕𝑡 Γ𝑘
∗
𝐹𝑃

= 𝛽𝑖 𝑘 = 0

 Critical Exponets

Linealizations of the Flow equations close to a FP:

If 𝜆𝑎 > 0 define an IR – Critical Surface with relevant

behaviour, where 𝜆𝑎 < 0 is an UV
𝑘 < Λ → 𝐼𝑅 ;     𝑘 > Λ → 𝑈𝑉

FRG Flows and Steps:



Local effective RFT

Fourier Transformation

Regulator

Flow Equations
1
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LPA:  Cubic potential

Quartic Potential

High order Potential



Dimensionless variables: 

Anomalous dimensions



Flow Equations:



Fixed Points:

𝜼𝑷 ≃ −𝟎. 𝟑𝟑 , 𝜼𝑶 ≃ −𝟎. 𝟑𝟓

𝜇 = 𝛼0 − 1

Anomalous dimensions :

The result is ok with the  ε-expansion arXiv 2001. 0599 M. Braum and G. P. Vacca



Results II:
The convergence is under control  with the increasing 

the local truncation

ν = - 1/( most negative eigenvalue) 



Results III
Renormalization Trajectories

Intercepts:

Slops 

𝜇𝑂 = 𝛼0 − 1

(𝜆, 𝜆2)



R IV: Renormalization Trajectories Flow for only Pomeron

Percolation and Monte Carlo Simulation:   

The critical Exponent  ν = 0.73  with is related  with our    

ν = - 1/( most negative eigenvalue) 

𝝂𝟑 = 𝟎. 𝟓𝟐 ; 𝝂𝟒 = 𝟎. 𝟓𝟗 ; 𝝂𝟓 = 𝟎. 𝟔𝟗 ; 𝝂𝟔 = 𝟎. 𝟕𝟖 ; 𝝂𝟕 = 𝟎. 𝟕𝟔 ,…

1980 Cardy y Sugar  found  that the RFT is in the same Universality class of   “Percolation” 



Summary

Using  Exact Renormalization  Group approach critical properties of the Pomeron -

Odderon Model  are studied:  

- We found a IR fixed Point

- Our results  indicate that the running Odderon Intercept  𝛼𝑂[𝑡] is consistent with 

the BLV solution:    Intercept is One

- Only in special value of the running coupling of P O  (𝜆 , 𝜆2),  the   Intercept  𝛼𝑂 < 1

- The Odderon  Slopes is relative constant at the IR fixed* and   𝛼´𝑃 > 𝛼´𝑂

*M. Braun and G. P.  Vacca  similar result using bootstrap (private communication)

- We need more   Information about the value of the UV  coupling of POO 

to find with Renormalization Group Trajectory could describe  the Physical data.



Thank You 




