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Introduction

AdS/CFT integrability

FOIded Spinning String [Gubser, Klebanov, Polyakov, 2002; Frolov, Tseytlin, 2002; Belitsky, Gorsky, Korchemsky, 2006; Frolov, Tirziu,
Tseytlin, 2007; Kruczenski, Roiban, Tirziu, Tseytlin, 2008]
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Idea and motivation
Main idea

Discretize the two-dimensional string sigma model on a lattice and study the previous
observables at finite coupling (still in the planar limit)
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Idea and motivation
Main idea

Discretize the two-dimensional string sigma model on a lattice and study the previous
observables at finite coupling (still in the planar limit)

v
Motivation
Many progresses in obtaining exact results within AdS/CFT
@ From integrability
@ From supersymmetric localization
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@ From supersymmetric localization (BPS observables)
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Idea and motivation
Main idea

Discretize the two-dimensional string sigma model on a lattice and study the previous
observables at finite coupling (still in the planar limit)

Motivation

Many progresses in obtaining exact results within AdS/CFT
@ From integrability (assumed at finite coupling)
@ From supersymmetric localization (BPS observables)

@ From the lattice on the CFT side [Catterall et al.] as well as on the string side [McKeown,Roiban], [LB,
Bianchi, Forini, Leder, Tépfer, Vescovi]
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The Lagrangian

Asymptotic spectrum

@ Bosons: 1 mode ¢ m* = 1; 2 modes x,x* m? = 1/2; 5 modes y* m* = 0.

e Fermions: 8 modes §',n' m* = 1.

Scusp = g/dtds {|8tx + %x|2 + Zi,,|6sx — %X|2 + (atzM + %ZM + Zizz/\m,- (pMN)

1 2 i i i i
5 (02" = 32M) i (0048i + /0y + 0,00+ miden’) = 5 (n'mi)’
+ Qi[z%zMni(pM);j (0:6/ — L0 — i) (9:x — 3x))

+52"0i(ply)? (9:0; — 30, + Ly (Oox — %X)*)] }

z=e?, M = e®uM, M=1...6
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Introduction

Discretization and numerics
[LB, M. Bianchi, V.Forini, B.Leder, E. Vescovi, 2016]

Features
@ Two-dimensional: computationally cheap.
o No worldsheet supersymmetry: GS string has target space SUSY

@ No gauge symmetry: only scalar degrees of freedom, some anticommuting
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Discretization and numerics
[LB, M. Bianchi, V.Forini, B.Leder, E. Vescovi, 2016]
Features

@ Two-dimensional: computationally cheap.

Observables

o No worldsheet supersymmetry: GS string has target space SUSY
@ No gauge symmetry: only scalar degrees of freedom, some anticommuting

@ Action <+ Derivative of cusp anomalous dimension
(S) = —gdglog Z » Z = e T&)V
@ Mass of the x excitations

251,52 <X(t7 SI)X*(O, Sz)) 2
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Introduction

Discretization and numerics
[LB, M. Bianchi, V.Forini, B.Leder, E. Vescovi, 2016]

Features
@ Two-dimensional: computationally cheap.
o No worldsheet supersymmetry: GS string has target space SUSY

@ No gauge symmetry: only scalar degrees of freedom, some anticommuting

Observables

@ Action <+ Derivative of cusp anomalous dimension
(S) = —gdglog Z » Z = e T&)V
@ Mass of the x excitations
t—oo
Zshsg <X(t7 S1)X*(O,52)> et

Technical obstacles
@ Fermion doubling: introduce a proper Wilson term .

@ Quartic fermionic interaction: Hubbard-Stratonovich linearization

@ Sign problem
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Sign problem

Hubbard-Stratonovich

exp{ - g/drds[ - % (')’ + (Z%ZN’?fPMNif”)z]}

~ /D¢D¢M exp{ - g/dtds L2+ L2on? + L(om)? — i Lomzn (i n,pMN’j,f‘)]}

L =[0ex + Px[*+5|0sx — Fx[P HO:2" 452V 45 (052" =3 2V 45 6°+5 (dm)*+00 T Oy

- _ _ _1
Dy &= [ dtds VIOV _ pp o, = (det O Of)F = [DgDE eI (070N 2 ¢

There is a sign problem.
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Sign problem

Hubbard-Stratonovich

exp{ - g/drds[ ~ % ('m)” + (Z%ZN""PMNIJ”)?}

< [ Do exp{ i [ et 362 + Lont 4 3w~ B (0 )1}

L =[0ex + Px[*+5|0sx — Fx[P HO:2" 452V 45 (052" =3 2V 45 6°+5 (dm)*+00 T Oy
- _ _ _1
[Dy e~ J dtds ¥ Okt _ pr o, = (det OF OF)F = [DeDE e/ dteséloroh ™4 €

There is a sign problem.
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A partial solution
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A partial solution
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A partial solution
1
L4 =
z

= (—(172)2 + (inf(pMN)i,-nN#>2>

1

=

. 2
<—4 (n°)* +2 ﬂi(PN)'k"Nnk‘ )
¥/ =nif

550 = (") nn(p ) pnumien’

Y=ty

o= 25 (~40PY 7207 ¥ T4jxa])
Different linearization
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Scattering amplitudes

GKP string

" n
R 4
-
L. i<t -
P
PR
5 v

DA

Lorenzo Bianchi (HH) Green-Schwarz superstring on the lattice



GKP string

NN
Scattering amplitudes
» \Q\ /&, »2 7\

o — Nat

o Free energy log Z = Fcusp(A)V
o
Square and pentagon [px d, Henn, Korchemsky, Sokatchev, 2007]
1 5 x123
log Fy = 4Fcusp(a) log x_2 + const

log Fs = Cusp(a) Z log (

1+2 i+4

2 1,i43
hi+ log & + const
r l+3
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Scattering amplitudes

e PN GKP string
. R 1 o Free energy: log Z = Teusp(A)V
e S, o @ Dispersion relation: E; = Ej(p;i) < {E(u), p(u)}
P
ps Ve

@ S-matrix:

S(u,v) < P(u|v)

Square and pentagon [px

d, Henn, Korch

, 2007]

S,
1 2 [ X
log Fs = Zrcusp(a) log (E + const

1 5 x2. X2 .
log Fs = —grmp(a) Z log (X'Z’H'z) log (#) + const
i=1

ii+3 Xiy2,it4

HeXagon and hlgher [Basso, Sever, Vieira, 2013]
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