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• At the LO:

• At NLO:
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BFKL at NNLO

Found from

integrability

NG,Levkovich-Maslyk,Sizov

Phys.Rev.Lett. 115 (2015)

Confirmed by an independent calculation by Caron-Huot, Herran



We of course need integrability to do this
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Historical path for N=4 SYM







For N=4:



Some results of QSC

[NG, Julius, N.Sokolova ‘23]

[NG, Kazakov, Leurent, Volin ‘13]
Spectrum of local operators:

And beyond…

[Cavaglia, NG, Julius, Preti ‘21]

[Basso Georgoudis Sueiro ’22] 

Structure constants:

[Ekhammar, NG, Ryan ‘24] <- See Simon’s talk



4 pt correlation functions in N=4
[Cavaglia, NG, Julius, Preti ‘23]



Back to BFKL

Gromov,FLM,Sizov 2015

Twist 2 – N=4 SYM Pomeron Trajectory, non-perturbative:



[Klabbers, Preti, Szecsenyi `23]Twist 3

Higher R-charge – new physics?



Twist 4























L=3:

L=4:

L=5:

L=2:

Examples of the states



Pushing to large twist L=30
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Can we penetrate from BFKL regime to DGLAP?
[Beccaria ’07 ] [Kotikov, Lipatov, Rej, Staudacher, Velizhanin ’07 ]



Can we penetrate from BFKL regime to DGLAP?

L=3

L=4



• Zoom near the edge:   Ω ≡
𝑆+2

𝑔
, 𝐷 ≡

Δ−1

𝑔

• The horizontal trajectories become:  Ω1,2 ≃ ±2 −
8

𝐷
+

96

𝐷3
+ 𝒪

1

𝐷4

Can we penetrate from BFKL regime to DGLAP?

Δ − 1 − 𝜔 = −
16𝜔𝑔2

𝜔2 − 4𝑔2
≃ −

16𝑔2

𝜔
−
64𝑔4

𝜔3
−
256𝑔6

𝜔5
−
1024𝑔8

𝜔7

• Solving for Δ

𝜔 = 𝑆 + 2

• Perfect agreement with explicit 4-loop for local operators!

[Beccaria ’07 ] [Kotikov, Lipatov, Rej, Staudacher, Velizhanin ’07 ]

(Ω − 2)(Ω + 2)(Ω − 𝐷) − 16Ω = 0

• Riemann surface reduces to cubic poly (fixed by Ω1,2)

L=3

• Repeat the same procedure for 𝐿 = 4

𝐷2 − 36 Ω4 + 192 − 12𝐷2 Ω2 − 2𝐷Ω5 + 48𝐷Ω3 − 128𝐷Ω + Ω6 − 256 = 0

L=4



Can we penetrate from BFKL regime to DGLAP?



Spooky observation

Δ − 1 − 𝜔 = −
16𝜔𝑔2

𝜔2 − 4𝑔2
≃ −

16𝑔2

𝜔
−
64𝑔4

𝜔3
−
256𝑔6

𝜔5
−
1024𝑔8

𝜔7

• L=3 branching pole

• L=4 two trajectories turn (have pole)

• In general:

• We don’t know why, but this suggest a new ABA type of regime near the poles too!



Open questions 
• Derivation from perturbation theory? 

Which mechanism gives odd powers of g? Dipole evolution, Light-Ray operators?

• Massless mode physics? 𝐴𝑑𝑆3? (in progress with Simon and Bogdan)

• Evolution kernel at higher order from data?

• Is there some physics at 𝐿 → ∞ as Landau-Lifshitz for usual case?

• Simplification of QSC near the corner points where BFKL meets DGLAP? Counting?

• DGLAP at non-integer spin?

• Accessing lower Horizontal Trajectories  𝑆 ∼ −𝐿 + 1 − 2𝑛, 𝑛 ∈ ℕ ?

• Generalise to all states in other sectors and remove parity restrictions?

• Hexagons? SoV?
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