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Introduction

Form factors (FF) = amplitudes for a local operator to create an n-particle asymptotic state
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Naturally, they live in momentum space

FF in N=4 SYM have been studies a lot in perturbation theory and also at strong coupling

[van Neerven], [Brandhuber, Spence, Travaglini, Yang], [Bork, Kazakov, Vartanov], ... see review by [Yang] for references

[Maldacena, Zhiboedov], [Gao, Yang]

{Aim — Bootstrap planar form factors at finite 't Hooft coupling J

In this talk - only consider MHV FF of the stress-tensor multiplet operator

in planar limit of N=4 SYM theory
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Form factors

Duality with polygon periodic
y p yg p FL: _ Fé\/IHV tree < <W>

cylinder

Wilson path operators

: L(q) T < M T M >cylinder

k‘ T-dualit [Maldacena, Zhiboedov], [Brandhuber, Spence, Travaglini, Yang],
1 -Quality [Bianchi, Brandhuber, Panerai, Travaglini], [Israel, Tumanov,A.S.]

e Can be generalised to N"MHV FF — Wilson lines with super periodicity

 The duality has not been proven. We will analyze perturbative FF data and find a
match with the Wilson loop OPE predictions.

e What is the dual of FF for general local operator?
Natural expectation — modified periodicity constraint (T-dual to other charges)



Form factors OPE




Form factors OPE

{ Only need to bootstrap one new ingredient}

\

He—EiT¢+iPiai+imi¢i P(O‘¢1)P(¢1|¢2)P(¢2|¢3)E< F(¢3)j

S —
same as before new
(does not "know” about the periodicity) “FF transition”
Geometry analogy with correlation functions
o 2-particle FF has no ccr (like the pentagon) E o A
e 3-particle FF has two ccr- {7,0} (¢ =0) P(ilp) < Crzs

* n-particle FF has 3n-7 independent ccr F@) < (O)geteet




The conformal invariant finite ratio

For a given tessellation of a closed polygon in terms of null squares we define the following
finite conformal invariant ratio
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Similarly, for a given tessellation of a periodic polygon in terms of null squares we define
the following finite conformal invariant ratio

@X 9=

Note - the conformal transformation also acts on the periodicity constraint




The FF transition

GKP states are characterized by - {number of excitations, their type, their momentum}

‘¢> — |(u17 al)? U (un7 CLn)>

momentum or rapidityj L flavour {9, ¢, F,}

Correspondingly

The FF transition is neutral under transverse rotations and internal symmetries
= |¢)isasinglet = n>2 =  the FF OPE is very hard to check!

e |t starts with two particle singlet

e 0 only couples to the c.o0.m. of the two excitations

e |n perturbation theory, the singlet state mixes all type of fields - {gauge fields, scalars, fermions}
and has not been constructed before + there is degeneracy



Non-perturbative properties
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= o-function for gluons and fermions, principle part for scalars



Non-perturbative properties

lll. Reflection symmetry F((ur,a1),..., (Un,an)) = F ((=up,an),...,(—ui,a1))

I\V. Miror axiom

V. Factorization

F((u%v, ai), ..., (Un,an)) = F((us,a2),...,(tn,an), (u1,a1))

a factorized ansatz is consistent with all properties

F((ur,a1), .. (Un,an)) = HF((U@,CL,;), (uj7aj))

1<J



Perturbative check and predictions

The first singlet state above the vacuum has two excitations and energy F = 2

( two asymptotic {scalars, fermions, gauge fields}
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: 3
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Perturbative check and predictions

The first singlet state above the vacuum has two excitations and energy F = 2

f two asymptotic {scalars, fermions, gauge fields}

= U5 [0(01) 6(02)) + ¢ [¥(01) P(02)) + ¥} 5| F(01) F(02))

: 3
‘ulﬂ U2;01, 0-2>singlet

FF transition at Born level ..
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L K periodic image of the same propagator
tree level propagator



Perturbative check and predictions

Fg(ul,UQ) — /daldOQ <FF‘u17u2;0-170-2>§inglet

FF transition at Born-level
(at this order the Wilson line is computed by integrating the gluon propagator along the path)

1
Foauge field (U1, u2) = — 2 (u% + Z) cosh(muy) 0(uy — usg)

Frermions (U1, u2) = 8t uy sinh(wuq) d(uy — uso)
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This combine into
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Wil =e? Z / - —— 2 TU2) P (0ug, us) pe(ur) pie (u2) Fe(ur,us) + O(e™*)

— 2¢™ 47 (1 + 02e%7 — 2 cosh?(o) log (1 + 620)) + O(e™ )



Perturbative check and predictions

Wit = 0 — 2Ly (—€7) + 2 Lis (—€*™ — %) + 2 Li (—GQT —e”7 (1+ 627)2)

— Q¢ 2T (1 + 0%e?° — 2cosh®(o) log (1 + 620)) + O(e™*7)
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Perturbative check and predictions

2-loop check W5 °P = 77 (A(0) + 7 x[B(g)) + O(e™*")

The term linear in 7 comes from 1-loop correction to the particles energy

du1 dUQ i(ui~+us)o
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3-loop prediction W;:’;O}}p = e %7 (A3(0) + 7B3(0) + 7°Cs(0)) + O(e™*")
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4 4

—32e™ %7 (620 + 1)2 log (620 + 1) + 72 (§ — §6_20 (62‘7 + 1)2 log (620 + 1)) + 24 + (48 — 48e™ % (620 + 1)2 log (620 + 1)) o’




Future directions

» FF transition at finite coupling (in progress with B. Basso)
» Strong coupling

» N* M HV and charged FF transition

» Other operators

» FF transition and QSC



