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Overview and plan

Main idea — To go from planar to non-planar, we glue
planar objects together to form closed cycles
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k Sum over the string Hilbert space

Higher genus surfaces have moduli space that we integrate/sum over
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' Gluing has to be done separately
at any point on the moduli space
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[We will do this for scattering amplitudes in momentum spacej




Overview and plan

Application — Non planar duality with Wilson loops

> |n a toy model (fishnet)
> In N=4 SYM theory

> Checks o pyal string in AdS

* One loop

What it is good for?
» Restore dual conformal symmetry
> Integrability based pentagon OPE
» Non planar loop integrand

Extensions — QOPE for form factors

Local twist operators (see Kolya’s talk)



Review — 't Hooft expansion of scattering amplitudes

Scattering amplitudes of particles in the adjoint representation of SU(V.)
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first non-planar correction



The cylinder cut
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Higher orders in 1/N

1/N? correction to single trace

Now we have two cycles
—> two cuts
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Planar amplitude - Wilson loop duality

In the past 10y — huge progress in the study of planar amplitudes

Important tools # Dual conformal symmetry (= Yangian)
# All loops integrand
# Non-perturbative operator product expansion

Generated by a strange looking duality

An — A?IEJ/IHV tree o, W,
planar

k1 k2 k1 k2
[Alday, Maldacena], [Brandhuber, Heslop, Travaglini], [Drummond, Henn, Korchemsky, Sokatchev], [Beisert, Ricci, Tseytlin, Wolf]
» How does this strange duality come about?
T-duality in string theory

. > Non-planar
In perturbation theory - toy example } cylinder cut P




Toy example - the fishnet model

Two complex N x N scalars
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g Nno C.C.
[Gurdoan, Kazakov]
Planar limit N - 0o, X=g¢°N fixed s
One interaction vertex b1 — ¢!
Non unitary 65

Integrable and conformal in the planar limit (add double trace)
[Sieg, Wilhelm], [Grabner, Gromoyv, Kazakov, Korchemsky]

Planar amplitudes are fully accounted for by a single diagram



Planar amplitude - Wilson loop duality in the fishnet model
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Double trace amplitude in the fishnet model

Cylinder cut of the 1-loop amplitude
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Double trace amplitude in the fishnet model

Cylinder cut of the 1-loop amplitude
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We now try to do as as in the planar case T2 — 1 = ko
butnow x1 —x9 = —ko =k1 —q# kq

total momentum through the cylinder&q = k1 + ko
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Double trace in the fishnet model - Wilson loop dual
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Two images of the
same propagator




Double trace in the fishnet model - higher loops

Cylinder cut of 2 loop amplitude

e e, n T T Ly
\\~>_-

le Y2 $.2 \ |
T i —_ N~

Two images of the
same propagator




Full N=4 SYM cylindrical duality
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Explicate perturbative check
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Explicate perturbative check
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Explicate perturbative check
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The pentagon operator product expansion

Known at finite coupling from
integrability (factorization) @,
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OPE for Wilson loops OPE for correlation functions



Pentagon operator product expansion

Periodicity is natural in the POPE —

glue periodically by summing over a complete basis of GKP states



Gauged dual super conformal symmetry

Twistors "y A
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» Trivialize momentum conservation and supersymmetry

» Transform linearly under the dual superconformal transformations
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[Drummond,Henn,Korchemsky,Sokatchev]



Cylinder integrand
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All loop recursion relation
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Factorization poles Forward limits

[Britto, Cachazo,Feng,Witten], [Arkani-Hamed,Bourjaily,Cachazo,Caron-Huot, Trnka], [Caron-Huot]



Higher orders in 1/N
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Extension - Form factors

Amplitude of a local operator to create an n-gluon asymptotic state
K

Fo(ki,...,kn) = (k1,...,k,|O(q)|0) = : q

k2
k1

Leaves in momentum space and has the topology of a cylinder

C|a|mS [Tumanov, Wilhelm, AS] in progress

» Dual to quantum periodic Wilson loop

k see also [Brandhuber, Spence, Travaglini, Yang]
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» Can compute at finite coupling by a generalization of the OPE



Thank you!



