
TWO - PARTON SCATTERING

IN THE HIGH - ENERGY LIMIT:

CLIMBING TWO - AND THREE - REGGEON LADDERS

Leonardo Vernazza

INFN - University of  Torino

RADCOR-LoopFest 2021, 21/05/2021 

H2020 MSCA COFUND G.A. 754496



OUTLINE

Å Factorisation of amplitudes in the high - energy limit

Å Scattering amplitudes by iterated solution of the BFKL equation

Å The two - Reggeon cut: imaginary amplitude

Å The three - Reggeon cut: real amplitude

Å JHEP 1706 (2017 ) 016 , [arXiv : 1701 .05241 ], with S. Caron -Huot and E. Gardi

Å JHEP 1803 (2018 ) 098 , [arXiv : 1711 .04850 ], with S. Caron -Huot , E. Gardi, and J. Reichel,

Å JHEP 08 (2020 ) 116 , [arXiv : 2006 .01267 ], with S. Caron -Huot , E. Gardi and J. Reichel

Å [arXiv : 2012 .00613 ], with G. Falcioni , E. Gardi and C. Milloy

Å and in preparation with G. Falcioni , E. Gardi N. Maher and C. Milloy



FACTORISATION OF AMPLITUDES 
IN THE HIGH - ENERGY 



HIGH - ENERGY LIMIT

Å Very interesting theoretical problem:

Å Understand the high -energy QCD asymptotics

in terms of Regge poles and cuts ;

Å toy model for full amplitude, yet 

Ÿ retain rich dynamic in the 2D transverse plane ,

Ÿ non - trivial function spaces ;

Å predict amplitudes and other observables in overlapping limits :

Ÿ soft limit , infrared divergences .

Å Relevant for phenomenology at the LHC and future colliders :  

Å perturbative phenomenology of forward scattering , e.g.

Ÿ Deep inelastic scattering/saturation (small x = Regge , large Q 2 = perturbative ),

Ÿ Mueller -Navelet : pp Ÿ X+2jets , forward and backward.

See e.g. Andersen, Smillie , 2011; Andersen, Medley 

Smillie , 2016; Andersen, Hapola , Maier, Smillie , 2017; é

MRK in N=4 SYM:
Dixon, Pennington, 
Duhr , 2012; 
Del Duca , Dixon, 
Pennington, Duhr ,
2013; 
Del Duca , Druc , 
Drummond, Duhr , 
Dulat , Marzucca , 
Papathanasiou , 
Verbeek 201 9

Ÿ See talk by N. Maher



2Ễ2 SCATTERING IN THE HIGH - ENERGY LIMIT

Å Expansion in the strong coupling and in towers of (large) logarithms



2Ễ2 SCATTERING IN THE HIGH - ENERGY LIMIT

Å LL tower : one -Reggeon exchange in the t -channel

(Regge pole in the complex angular momentum plane )

Å LL amplitude

Å Real amplitude at NLL: described by BFKL:

Å Beyond real NLL : compound states of multiple -Reggeon exchanges.

Regge , Gribov ~ 1960;

Lipatov ; Fadin,Kuraev,Lipatov 1976

Fadin,Kuraev,Lipatov 1975 - 77 ; Balitsky,Lipatov 1978



2Ễ2 SCATTERING IN THE HIGH - ENERGY LIMIT

ÅMultiple Reggeon exchange contribution in scattering amplitudes elusive , until recently.

Å First evidence of violation of Regge -pole factorization in 

Å Interplay with the infrared factorization theorem investigated in

Å High -energy scattering via Wilson lines :

Å Two -parton scattering from rapidity evolution of Wilson line s

Å SCET-based formulation in 

Å Calculation of multiple Reggeon exchanges within QCD also obtained in

Fadin, Lipatov 2017; Fadin 2019, 2020.

Del Duca, Glover 2001;

Del Duca, Duhr , Gardi, Magnea, White 2011; Del Duca, Falcioni, Magnea, LV, 2013, 2014;

Caron - Huot , 2013 ; Caron - Huot , Gardi, LV, 2017; Caron - Huot , Gardi, Reichel, LV, 2017 , 

2020 ; Falcioni , Gardi, Milloy, LV, 2020; Falcioni, Gardi, Maher, Milloy, LV, 2021.

Rothstein , Stewart 2016; Ridgway, Moult , Stewart, 2019, 2020.

Ÿ This talk

Korchemskaya , Korchemsky , 1994,1996; Balitsky 1995; Babansky , Balitsky 2002 ;



2Ễ2 SCATTERING IN THE HIGH - ENERGY LIMIT

Å Organizing principle : exploit symmetry under sᴾu exchange: 

Ÿ the amplitude decomposes into even (+) and odd ( - ) components under sᴾu:

Å Expand the amplitude in terms of the signature -even combination of logarithms : 

Ÿ M(+) imaginary with even number of Reggeons

Ÿ M(ī)real with odd number of Reggeons
Goals:

Å Calculate multiple Reggeon

exchanges to high -order in 

perturbation theory

Å Understand the high -

energy asymptotics of

partonic amplitudes

Å Investigate implications for

IR divergences

Å Do multiple Reggeon

exchange exponentiate ?



FROM BALITSKY - JIMWLK TO AMPLITUDES
Å High -energy limit = forward scattering : 

Ÿ the projectile and target are described in terms of Wilson lines :

Å Ta group generator in parton representation

ÅȄ= L (implicit) cutoff

Å Scattering states ( target and projectile ) are expanded in Reggeon fields Wa:

Å Evolution in rapidity resums the high -energy log:

Å Scattering amplitude: expectation value of Wilson lines evolved to equal rapidity : 

Korchemskaya , Korchemsky , 1994, 1996;

Babansky , Balitsky , 2002, Caron - Huot , 2013

Known at NLO: 
Balitsky Chirilli , 2013;
Kovner, Lublinsky , 
Mulian , 2013, 2014, 2016

(Z i = collinear poles)

Balitsky - JIMWLK Hamiltonian

Caron - Huot , 2013, 
Caron - Huot , Gardi, LV, 2017



Å Structure of the leading -order Balitsky -JIMWLK equation :

Å At NLL we need m Ÿ m transition only Ÿ the LO BFKL kernel .

Å At NNLL we need the m Ÿ m+2 transition from the LO B-JIMWLK kernel.

Å Define the reduced amplitude : subtract single -Reggeon exchange :

FROM BALITSKY - JIMWLK TO AMPLITUDES

From LO B - JIMWLK

LO BFKL kernel

Terms in NNLO 

B- JIMWLK 

predicted by 

symmetry 

H = H T

Caron - Huot , 2013, Caron - Huot , Gardi, LV, 2017



THE TWO - REGGEON CUT



Å The amplitude takes the form of an iterated integral over the BFKL kernel :

Å One rung = apply once the BFKL kernel on the ñtarget averaged wave functionò:

ÅñIntegrationò part:

ÅñMultiplicationò part:

Å Initial condition

THE TWO - REGGEON CUT

Caron - Huot , Gardi, 

Reichel, LV, 2017


