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1. MRK limit for 2 ➜ N processes 

2. Review of shockwave formalism 

3. NNLL building blocks via matching to amplitudes

The Plan
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from NLL: factorisation breaking effects!

A universal factorised structure
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PIC8 8

8a
8 ⊗ 8 = (8a ⊕ 10 ⊕ 10) ⊕ (0 ⊕ 1 ⊕ 8s ⊕ 27)

3 ⊗ 3̄ = (8) ⊕ (1)

t-channel colour flow basis

Signature

A = ∑ Ceven
i Aeven

i + ∑ Codd
i Aodd

i A0(LL) = CoddAodd

All even amplitudes lead to  
logarithmically suppressed cross-section



gg → ggg MRK colour basis



Shockwave Formalism 
for amplitudes

Mueller, Balitsky, Kovchegov, Jalilian-Marian,  
Iancu, McLerran, Weigert, Leonidov, Kovner
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Operator basis:

x+x−

η

straight, infinite, undecorated Wilson lines

the tilt regulates the Wilson line
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unbounded system of coupled equations!
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[Balitsky, Jalilian-Marian, Iancu, McLerran, Weigert, Leonidov, Kovner]

dipoles at leading order

Pic 1 Pic 2

solution: linearisation
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U(z) = exp (ig Wa(z)Ta)
≈ 1 + ig Wa(z)Ta +

(ig)2

2
Wa(z)Wb(z)TaTb + …

linearisation

αs αs α2
sη

Line reversal Wa → − Wa





Is W a Reggeized gluon?
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Gluon emission OPEp

q

Projectile OPE
PI

p1 p5

qA = p5 − p1



Equal-rapidity correlators

*

*
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impact factors

emission verticesOPE



αs αs α2
sRapidity evolution

Shockwave collected
Reggeon-like free fields

impact factors

emission verticesOPE
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Chakraborty, Caola, GG, Tancredi, von Manteuffel:  
2108.00055(JHEP), 2207.03503(JHEP), 2112.11097(PRL)
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2108.00055(JHEP), 2207.03503(JHEP), 2112.11097(PRL)

Agarwal, Buccioni, Caola, Devoto, GG, von Manteuffel,  
Tancredi: 2311.16907(PRD) 

De Laurentis, Ita, Klinkert, Sotnikov: 2311.10086(PRD)
De Laurentis, Ita, Sotnikov: 2311.18752(PRD)

MRK expansion of exact amplitudes + shockwave prediction = “matching”

Recent amplitude data

https://arxiv.org/abs/2108.00055
https://arxiv.org/abs/2207.03503
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https://arxiv.org/abs/2311.16907
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Shockwave Amplitudes
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Amplitudes
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MRK  
helicity amplitudes

rational transcendental colour

MRK variable

HPLs (trivial expansion)

Pentagon functions, 
non-trivial expansion

[same strategy as Federico’s talk]
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compare w/ shockwave prediction

MRK expansion 



deflection effects

compare w/ shockwave prediction

MRK expansion 
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additional universal (factorised) contributions!

mismatch between W and reggeized gluon at NNLL! 
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an open question:

Can one redefine the W field so that 
                          do not contribute  

to the Regge pole?

Or: in terms of WWTF is a reggeon?

Tullio Regge



Infrared Structure



The vertex finite remainder 



The vertex finite remainder 



hw,i

rj

Transcendental  
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QCD vertex 



N=4 vertex 

hw,i

rj

Transcendental  
(weight w)

Rational



QCD gluon Regge trajectory





redundant amplitude information

extraction + check of universality and factorisation !
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η2 ∼ η3 ≪ η4 ≪ … ≪ ηn ∼ η1

large rapidity gaps

W-field expansion and RRGE

Balitsky-JIMWLK evolution 

a diagrammatic approach

Theory independent 
at NNLL

NEW!Provided  
by the “EFT”

Recap



W⇔ reggeised gluon @ NNLL

NMRK limits

&
BFKL evolution 

[2103.16593] [2204.12459]

Future Directions

precise comparison w/
Glauber SCET





Backup



Single-valued transcendental functions



Rational Functions

(anti-)symmetric under z → 1 − z̄
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