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The Collinear and the high energy Regge limits

e Different expansions of scattering amplitudes

Leading term &S Resummation of infinite many
IN one expansion terms in the other

e Different physics

e \/alid at any coupling Related works
[Bartels,Lipatov,Prygarin], [Hatsuda]

In this talk

Fix the Regge (BFKL) one from the collinear (OPE) one
at finite coupling

Comment

" Color adjoint BFKL # Color singlet BFKL
(open string) (closed string)

[Lipatov talk] [Gromov & Lipatov talk]

Some common physics



Summary of these expansions for n=6

(p) o~ TEmP) 4

Leading term dominate at large T
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BFKL Vvh%xe_iW(S — Z (_1)m€im¢ % IELBFKL (V7 m) ei(a_T)V—i_(U_'_T)w(V’m) + ...
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Leading term dominate atlarge 7+ o )

[Bartels,Lipatov,Sabio Veral]

Note - Different kinematical regimes!

| Planar N =4 SYM l




The collinear expansion (OPE
Geometry
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The collinear expansion (OPE)

® [n(u), En(u), pm(u) are known at finite coupling  [Basso], [Basso,AS,Vieira]
rapidity

® The vacuum energy (twist) is infinite F, .. = T'cysp log(S)
but it Is subtracted in the ratio Whex

e |n Euclidian kinematics




The Reage high enerayv expansion (BFKL

G eomet I‘y rapidity gap rapidity gap
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4 — 2 33— 3

[Bartels,Lipatov,Sabio Vera] [Bartels,Lipatov,Prygarin]

“Mandelstam region”




The Reage high enerayv expansion (BFKL

Wilson loop picture

:

Propagation in 45°




The Reage high enerayv expansion (BFKL

Antipodal
points

BFKL I|m|t;

(T4+0) = o0




The Reage high enerayv expansion (BFKL

angular momentum energy
momentum
+00 >

) ei(a—7)u—|—(a—|—7)w(u,m) AR

cusp overall momentum shift

The discontinuity of the analytic continuation from Euclidian kinematic

¢ Controlledby  wip, m). - [ .. (v:m)

e No 1 = trivial vacuum, grows at large 7 + o

® The vacuum energy (spin) is infinite —1'¢,sp log(Acut_off)
but it is subtracted in the ratio
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How these are related?

>
Two analytic continuations

1. In external momenta- 7, o, ¢ = OPE for 3 — 3 discontinuity

2. In flux-tube momenta = p




Euclidian to 3 — 3 kinematics in the OPE (large 7

> 2

T =T —11w/2, o — o +im/2+10 , COS ¢ — COS ¢
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Euclidian kinematics 3—3 kinematics




OPE (large7 ) for 3—3 discontinuity

400
dp .
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Example ¢ — 1 atleading order

Felor e — o [—(e" + e %) log(1 + 620) R 20‘60] + O(g4)

k Cut at Im(o) = g for Re(o) >0

Fo,7) = F, (0 = zg 0 zg)

F}(0,7) = Fe (0 +ig +i0,7 —iz) — F}(o,7) = 2mig’e™ (&7 — e77) 6(0) + O(g")

® FI#0 onlyfor o>0
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As seen in Fourier space

Before analytic continuation
1
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Right below the cut

; Z'e—wp/Q eiap
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gi(p) —  pY(p) = 2mg

cut —> Dbarely converges at large p




The one loop light-ray hamiltonian
What controls the discontinuity?
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Analytic continuation of light-ray hamiltonian

0




Analytic continuation of light-ray hamiltonian
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Finite coupling - sister dispersion relation

Before the flip B %K(t) (cos(ut)e—”/ 2Rt 1)

0

/ %K(—t) sin(ut)e /2
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{~;} are determined by the BES equation

FEo(u) =po(u) =0 for wu € [—2g,2g]
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“sister” — BFKL, going through the cut
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“sister’” — BFKL. going throuah the cut

Non-perturtﬂ
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Weak coupling

—w(v,m) = 2¢° {_VETTLﬂ ) (1_|_ ’m|2‘|"W> i (1_|_ \m|2—w> _2¢(1)} + O(gY)

We match with all results in the literature - 3 loops + 4 loops prediction

[Bartels,Lipatov,Sabio Vera], [Fadin,Lipatov], [Dixon,Drummond,Duhr,Pennington]
[Papathanasiou]

Finite coupling

Vanishing of Regge expansion ol gt
in the collinear limit = w(=25Teup,m=0)=0 \/
[Caron-Huot]

Strong coupling

VA

s

(V2 —log(1 4+ v2)) + O(1)

w(v)

[Bartels,Kotanski,Schomerus,Sprenger]




Finite coupling plots




Scaling limit at strong coupling
Scale both w and v with v/

_2\/§COSh6’ (ﬂcosh9+1)_

— log
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== 1O
cosh (20) 2 1 — iv/2sinh 6 ]

—> (Classical solution!

Relation to giant hole 1 [Dorey, Losi]

w(8) = — [Egiant (6 + i7/4) — iPgans (0 + i/ 4]
V(0) = —% Egiant (0 + 7 /4) + i Paions (6 + i7/4)]

Half mirror shift

I BFKL / sister solution is an analytic continuation of the giant hole! |




Strong coupling classical solution
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Open questions

e Extend to the power (energy) suppressed terms in the Regge limit
—> full amplitude?

e Higher points (n>6)?
Heptagon should follow from the pentagon transition.
New states might be appearing for n=87

Can we get them from the OPE?
Make connection with Bethe equations at strong coupling?
[Bartels,Kotanski,Schomerus,Sprenger]

e \WVhat can we learn about color-singlet BKP/BFKL spectrum?
Hint - highly excited BKP states are controlled by color-adjoint

eigenvalues (analog of large spin for the spectrum)...
Can it be used to write all-loop asymptotic Baxter equation for BKP

spin chain?




Thank you!



Why we succeeded?

VF -5 - 25 -

BFKL energy suppressed twist suppressed




