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Key points

AdS/CFT duality - Maldacena conjecture

A String theory, where strings propagate on a background containing an
AdS441 as a factor, is dual to a Conformal Field Theory in a flat
d—dimensional spacetime.

Integrable system

A system with n degrees of freedom is called integrable if it has a number n
of quantities Q;, j =1,--- , n (including the Hamiltonian), which commute
among themselves:

[ijQk]:O jak:17"'7n
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Outline

@ AdS/CFT duality

© Integrability in AdS/CFT
@ Planar limit
@ SU(2) sector
@ Heisenberg spin chain integrability: the Bethe Ansatz
@ SL(2) sector

© Non-linear Integral equation
@ General method
@ Application to Heisenberg model

e Results

@ SL(2) sector - high spin at fixed twist
@ High spin and high twist limit
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AdS/CFT duality

Motivations

@ Superstring Theory: a way to understand Quantum Gravity?
e Gauge/String duality
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Superstring Theory: a way to understand Quantum Gravity?
Gauge/String duality
Maldacena conjecture

The boundary My of an AdSy.1 spacetime is a flat d—dimensional
spacetime where CFT is formulated
@ For every string observable at the boundary of AdSy.; there is a

corresponding observable in the CFT on My whose values are
expected to match
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AdS/CFT duality

Motivations

Superstring Theory: a way to understand Quantum Gravity?
Gauge/String duality
Maldacena conjecture

The boundary My of an AdSy.1 spacetime is a flat d—dimensional
spacetime where CFT is formulated

@ For every string observable at the boundary of AdSy.; there is a
corresponding observable in the CFT on My whose values are
expected to match

@ Understand Quantum Gravity studying a more conventional Quantum
Field Theory

@ Not yet a formal proof!
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AdS/CFT duality

Strong/Weak duality

Parameters of the theories: weak/strong duality

Gauge side String side AdS/CFT  Perturbative regimes

A=g2,N. T=R2ra X\=4r2T? A=0

1
Nc 8str ﬁc = g;.‘r

gstr:01>\_>oo
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AdS/CFT duality

Strong/Weak duality

Parameters of the theories: weak/strong duality

Gauge side String side AdS/CFT  Perturbative regimes

A=g2,N. T=R2ra X\=4r2T? A=0

1
Nc 8str ﬁc = g;.‘r

gstrzof)\_>oo

@ Perturbative regime on String side — strong coupling regime in CFT
(maybe in QCD?) and vice-versa
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AdS/CFT duality

Strong/Weak duality

Parameters of the theories: weak/strong duality

Gauge side String side AdS/CFT  Perturbative regimes

A=g2,N. T=R2ra X\=4r2T? A=0

1
Nc 8str ﬁc = g;.‘r

gstrzof)\_>oo

@ Perturbative regime on String side — strong coupling regime in CFT
(maybe in QCD?) and vice-versa

@ Perturbative regimes do not overlap — no tests of validity!
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Integrability in AdS/CFT
L]

Planar limit

Aspects of Integrability on gauge side

e N = 4 Super Yang-Mills <+ type IIB Superstring on AdSs x Ss
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Planar limit

Aspects of Integrability on gauge side

e N = 4 Super Yang-Mills <+ type IIB Superstring on AdSs x Ss

@ Anomalous dimensions <= String states energies
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Integrability in AdS/CFT
L]

Planar limit

Aspects of Integrability on gauge side

o N = 4 Super Yang-Mills <+ type IIB Superstring on AdSs x Ss
@ Anomalous dimensions <= String states energies

@ Planar limit [1974 t'Hooft]: No — 00, A = gypmNc finite
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Planar limit

Aspects of Integrability on gauge side

e N = 4 Super Yang-Mills <+ type IIB Superstring on AdSs x Ss
@ Anomalous dimensions <= String states energies
@ Planar limit [1974 t'Hooft]: No — 00, A = gypmNc finite

e Dilatation operators <= Hamiltonians (or Bethe-like equations) of
some integrable spin chains
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Planar limit

Aspects of Integrability on gauge side

N = 4 Super Yang-Mills <+ type |IB Superstring on AdSs x Ss
Anomalous dimensions <= String states energies

Planar limit [1974 t'Hooft]: Ne — 00, A = gypmNe finite

Dilatation operators <= Hamiltonians (or Bethe-like equations) of
some integrable spin chains

Integrability of planar limit of ' = 4 SYM — exact spectrum of
anomalous dimensions at arbitrary A
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Integrability in AdS/CFT
L]

Planar limit

Aspects of Integrability on gauge side

N = 4 Super Yang-Mills <+ type 1I1B Superstring on AdSs x Ss
Anomalous dimensions <= String states energies
Planar limit [1974 t'Hooft]: Ne — 00, A = gypmNe finite

Dilatation operators <= Hamiltonians (or Bethe-like equations) of
some integrable spin chains

Integrability of planar limit of ' = 4 SYM — exact spectrum of
anomalous dimensions at arbitrary A

o Test with strings!
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Integrability in AdS/CFT
oce

Planar limit

N =4 SYM

N = 4 Super Yang-Mills in d = 4

1 1
S = 5 d4xTr _EF/,LUFMV —+ Dﬂ¢2 - Z[¢ia ¢J]2+
Eym i<j

+ipTDytp — PT [, 9] }

Gauge field A, Fu = 0,A, — 0,AL + [Au ALl
Six massless real scalars ¢;, i=1,--- .6

Four Majorana spinors 1 (1%‘) A=1,---,4
M = (I'*,T") ten 16x16 Dirac matrices

Dpu(%) = 0u(x) — i{Au, (+)]

Gabriele Infusino (UNICAL) Integrability in AdS/CFT 15-03-2012



Integrability in AdS/CFT
°0

SU(2) sector

SU(2) sector integrability

e Z=¢1+ipy W =q¢3+i¢s
o O =Tr(Z--MWM 4 permutations)
e (Oa(x)Og(y)) — diverges (UV)
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Integrability in AdS/CFT
°0

SU(2) sector

SU(2) sector integrability

Z=¢1+igp W =¢3+i¢s

O = Tr(ZL-"MWM 4 permutations)
(Oa(x)Og(y)) — diverges (UV)
O™ = Z§ Oc

ren( s\ (yren 0AB
o (O"(x)0g"(y)) o ‘X_yw

o A(X) =L+ ~(A), v(\) anomalous dimension
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Integrability in AdS/CFT
°0

SU(2) sector

SU(2) sector integrability

Z=¢1+igp W =d3+ids

O = Tr(ZL-"MWM 4 permutations)
(Oa(x)Og(y)) — diverges (UV)

O™ = Z§ Oc

o (05" (-0} x 285

o A(N) =L+ ~()), v(\) anomalous dimension
dz

JIn A’ A UV cut-off

e Dilatation operator TO =~0, I = Z71
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Integrability in AdS/CFT
oce

SU(2) sector

One loop contributions:the Heisenberg XXX;, model

A

M~

r = 167T2 (1 - Pn7n+1)
n=1
\ L
z w z W z W H:327r2 2(1_6”.5”+1)
n=1

O = THZZZWWWZWZZ ---)  |) = | 11U )
r0 =0 & Hlv) = ElY)
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Integrability in AdS/CFT
(1)

Heisenberg spin chain integrability: the Bethe Ansatz

Integrability of the Heisenberg chain

A short overview

@ HRV,H=Hh" h=C%v=C?
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Integrability in AdS/CFT
(1)

Heisenberg spin chain integrability: the Bethe Ansatz

Integrability of the Heisenberg chain

A short overview

@ HRV, H=h" h=C>V=C?
@ Lax operator
Lna(u) = u(ly ® L) + i(Gn ® 5a)
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Integrability in AdS/CFT
(1)

Heisenberg spin chain integrability: the Bethe Ansatz

Integrability of the Heisenberg chain

A short overview

@ HRV, H=h" h=C>V=C?
@ Lax operator
Lna(u) = u(ly ® L) + i(Gn ® 5a)

@ T.(u) Monodromy matrix

Ta(u) = Lea(u)li—1,a(u) - - L1,a(w)
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Integrability in AdS/CFT
(1)

Heisenberg spin chain integrability: the Bethe Ansatz

Integrability of the Heisenberg chain

A short overview

@ HRV, H=h" h=C>V=C?
@ Lax operator
Lna(u) = u(ly ® L) + i(Gn ® 5a)

@ T,(u) Monodromy matrix
Ta(u) = Ly a(u)li—y,a(u) -+ L1,a(w)

@ F(u) = Tra(Ta(u)), polynomial in u at order L :

(non-trivial)  F(u) = 2u" + i Qu', [F(u), F(v)] =0
1=0
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Integrability in AdS/CFT
(1)

Heisenberg spin chain integrability: the Bethe Ansatz

Integrability of the Heisenberg chain

A short overview

@ HRV, H=h" h=C>V=C?
@ Lax operator

Lna(u) = u(ly ® L) + i(Gn ® 5a)
@ T.(u) Monodromy matrix

Ta(u) = Lea(u)li—1,a(u) - - L1,a(w)

@ F(u) = Tra(Ta(u)), polynomial in u at order L :

(non-trivial)  F(u) = 2u" + i Qu', [F(u), F(v)] =0
1=0

@ L — 1 commuting charges

(]
~

He1ld, F(U)]uei/2 —

2 du 2
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Integrability in AdS/CFT
(1)

Heisenberg spin chain integrability: the Bethe Ansatz

Integrability of the Heisenberg chain

A short overview

@ HRV, H=h" h=C>V=C?
@ Lax operator

Lna(u) = u(ly ® L) + i(Gn ® 5a)
@ T.(u) Monodromy matrix

Ta(u) = Lea(u)li—1,a(u) - - L1,a(w)

@ F(u) = Tra(Ta(u)), polynomial in u at order L :
L—2

(non-trivial)  F(u) = 2u" + Z Qu', [F(u),F(v)] =0
=0
@ L — 1 commuting charges
id L
@ H=-—1InF u=i/2 — =
2 gu =iz =3
@ Adding a spin component, say S3, one obtains L commuting charges
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Integrability in AdS/CFT
oe

Heisenberg spin chain integrability: the Bethe Ansatz

The Bethe Ansatz

Diagonalization of F(u) — diagonalization of all charges
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Integrability in AdS/CFT
oe

Heisenberg spin chain integrability: the Bethe Ansatz

The Bethe Ansatz

Diagonalization of F(u) — diagonalization of all charges

Bethe equations

u: — 1 M . —

i3} _ U=tk —1 . _ M
ui+i) u—u+i
T2 k=Lk#j 4 K
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Integrability in AdS/CFT
oe

Heisenberg spin chain integrability: the Bethe Ansatz

The Bethe Ansatz

Diagonalization of F(u) — diagonalization of all charges

Bethe equations

i M .
uj— » uj — g — 1
Jy 2 _ J k _
.+i - H u: — u +I J_l’ ’M
uj 5 kzl,k;é'J k

e u; Bethe roots
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Integrability in AdS/CFT
oe

Heisenberg spin chain integrability: the Bethe Ansatz

The Bethe Ansatz

Diagonalization of F(u) — diagonalization of all charges

Bethe equations
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Integrability in AdS/CFT
0

SL(2) sector

The SL(2) sector - Asymptotic Bethe Ansatz

O = Tr(D5Z% + permutations), long operators (L — o)
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Integrability in AdS/CFT
0

SL(2) sector

The SL(2) sector - Asymptotic Bethe Ansatz

O = Tr(D5Z% + permutations), long operators (L — o)

Beisert - Staudacher equations for SL(2) sector
2 L 2 2
i L __ & _ . _ g
(Uk <+ 2) 1+ 2x_(uk)2 - ﬁ Up —uj— 1 1 2xF (ug )x = (uj) e2i9(”kv“j)
i 2 - . ; 2
= tae ) =TT e
ik

15-03-2012 13 / 26
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Integrability in AdS/CFT
0

SL(2) sector

The SL(2) sector - Asymptotic Bethe Ansatz

O = Tr(D5Z% + permutations), long operators (L — o)

Beisert - Staudacher equations for SL(2) sector
2 L 2 2
i L __ & _ . _ g
(uk + 2) 1+ 2x— (uy)? _ ﬁ ug —uj— i 1 2xF (g )x— (yj) 20(ug0})
i 2 - . ; 2
e \ My ) =TT\ e
J#k
202
xE(ug) = x(u £i/2), X(u):g [1+,/1— gz} . A= 8r2g?
u
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Integrability in AdS/CFT
0

SL(2) sector

The SL(2) sector - Asymptotic Bethe Ansatz

O = Tr(D5Z% + permutations), long operators (L — o)

Beisert - Staudacher equations for SL(2) sector

2 L 2 2
i\ L 1 __ & _ ) _ g
(uk aF é) + 2x— (uy)? _ ﬁ ug —uj— i 1 2xF (g )x— (yj) 20(ug0})
_ i g2 N — it _ g2
Uk — 3 + 2t () 1 U —uj+i\ 1 e () ()

Jj#k

. u / 2g2
xE(ug) = x(uge £1/2), X(u)_2|:1+ 1—ug2:|7 A\ = 8r2g2

O(u, v) dressing factor, function of g
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Integrability in AdS/CFT
oe

SL(2) sector

Wrapping corrections

@ Self-interaction of the chains at higher loops
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@ Exact results only up to L — 1 loops
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Integrability in AdS/CFT
oe

SL(2) sector

Wrapping corrections

@ Self-interaction of the chains at higher loops
@ Exact results only up to L — 1 loops

52

)

@ Short chains (L = 2,3), up to six loops, wrapping affects O (

terms [2008-2009 Bajnok, Janik, Lukowski, Rej, Velizhanin]
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Integrability in AdS/CFT
oe

SL(2) sector

Wrapping corrections

@ Self-interaction of the chains at higher loops

@ Exact results only up to L — 1 loops

| 2
] Short chains (L = 27 3)' up to six IOOpS, Wrapping affects O (( ’;z) >

terms [2008-2009 Bajnok, Janik, Lukowski, Rej, Velizhanin]
@ Thermodynamic Bethe Ansatz [2009 Bombardelli, Fioravanti, Tateo; Gromov,

Kazakov, Vieira; Arutyunov, Frolov]

Gabriele Infusino (UNICAL) Integrability in AdS/CFT 15-03-2012 14 / 26



Integrability in AdS/CFT
oe

SL(2) sector

Wrapping corrections

@ Self-interaction of the chains at higher loops

@ Exact results only up to L — 1 loops

@ Short chains (L = 2,3), up to six loops, wrapping affects O ((/n§)2>
terms [2008-2009 Bajnok, Janik, Lukowski, Rej, Velizhanin] °

@ Thermodynamic Bethe Ansatz [2009 Bombardelli, Fioravanti, Tateo; Gromov,
Kazakov, Vieira; Arutyunov, Frolov]

@ Importance of knowing exact limits of validity of Asymptotic Bethe

Ansatz
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Non-linear Integral equation
°0

General method

Non-linear Integral equation

M M
> O(uk)  ugrootsin [A,BJ€R , 2mi Yy  O(uy) :f dz0(2)f(z)
k=1 k=1 <

A Y
c te
X X X X X X X X >
A B v
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Non-linear Integral equation
°0

General method

Non-linear Integral equation

M M
> O(uk)  ugrootsin [A,BJ€R , 2mi Yy  O(uy) :f dz0(2)f(z)
k=1 k=1 <

Ay
c te
f(z) poles in uy, Res[f(z)]=1, O(z)
AL X XXX xxx—x— g -y nopolesinuk
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Non-linear Integral equation
°0

General method

Non-linear Integral equation

M M
> O(uk)  ugrootsin [A,BJ€R , 2mi Yy  O(uy) :f dz0(2)f(z)
k=1 k=1 <

Ay
c te
f(z) poles in uy, Res[f(z)]=1, O(z)
AL X XXX xxx—x— g -y nopolesinuk

Definition: counting function Z(z)

i6Z'(z) expliZ(2)]

f(z) = 15 6 exp[iZ(2)] =+1 , expliZ(uk)] = —¢ (Bethe equations)
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Non-linear Integral equation
oce

General method

NLIE

Non-linear integral equation for O(u)

M B dv , B dv d , ,
;O(”"):_/A ~owz (v)+|m/A £ o(v) < Inf1 + SexpliZ(v — i0")]
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Non-linear Integral equation
oce

General method

NLIE

Non-linear integral equation for O(u)

M B dv , B dv d , ,
;O(”"):_/A ~owz (v)+|m/A £ o(v) < Inf1 + SexpliZ(v — i0")]

Z(u) = d(u) — Z¢ u, ug)
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Non-linear Integral equation
oce

General method

NLIE

Non-linear integral equation for O(u)

M B dv , B dv d , ,
;O(”"):_/A ~owz (v)+|m/A £ o(v) < Inf1 + SexpliZ(v — i0")]

= o(u) — Z¢ u, uk)

Non-linear integral equation for Z(u)

B v
Z(u) = q>(u)+/ o A2 () — /A %d)(u,v)%In[1+5exp[iZ(v—i0+)]]
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Non-linear Integral equation
°0

Application to Heisenberg model

Counting function for the Heisenberg model
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Application to Heisenberg model

Non-linear Integral equation
°0

Counting function for the Heisenberg model

_i\* Mo -
UJ 2 _ H UJ—Uk—I
L i

Ui+ 3

. Jj=1
k=1 kot Up — ug +1

L M
M
+u
1L|n< J)
5 U

I+ u

[ J =72l + A -1
() =@t A=y
A=(L-

M)mod 2

j:17"'7M
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Application to Heisenberg model

Non-linear Integral equation
°0

Counting function for the Heisenberg model

_i\* Mo -
UJ 2 _ H UJ—Uk—I
L i

Ui+ 3

. Jj=1
k=1 kot Up — ug +1

L M
M
+u
1L|n< J)
5 U

I+ u

[ J =72l + A -1
() =@t A=y
A=(L-

M)mod 2

j=1,--
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Non-linear Integral equation
°0

Application to Heisenberg model

Counting function for the Heisenberg model

u — % ' Y uj — U — i
i 2 _ j — Uk — .
() = Il S = i=t oM

k=1,k#j

M
+ u; I+ u
il In J /§ In J =7x(2l, + A —1
(2 ) (“JJFUk) (2 )

A:(L— )mod2 j=1--- M

st =i (55 2 = o (u3) S o= u)

le — X

Z(y) = m(2l+ A~ 1), expliZ(u))] = —(~1)*

Integrability in AdS/CFT 15-03-2012
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Application to Heisenberg model

Non-linear Integral equation
Energy of the chain
NLIE for Z(u)

L
Z(u) = 2L arctane™"

/ % dvG(u — v)imIn[L + (—1)AZ(v+i0T)
+oo dk
G(x) = /7 ;e

ik 1

elkl +1

\

Gabriele Infusino (UNICAL)

Integrability in AdS/CFT

15-03-2012



Application to Heisenberg model

Energy of the chain

Non-linear Integral equation
oce

dv

Energy of the chain
1 +00
E:kz::l i :2Lln2—/

NLIE for Z(u)

—Imin[1 + (—1)
oo coshmv dv

; iot
AEIZ(V+IO )]

Z(u) = 2L arctane”™

L oo . ok
u_T- / dvG(u — v)imIn[L + (—1)2eZ(v+ioT))
2 — oo
+oo dk 1
) :/ dk e 1
—oco 27 elkl +1
NL = —

\

oo (27r)2k+1

= 2k +2)!

1

sz+2 (%) |:<Z’1(v) %)2k+1

cosh v

Gabriele Infusino (UNICAL)

Integrability in AdS/CFT

:| v=+o00o
v=—o00

\
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SL(2) sector - high spin at fixed twist

Main features of the counting function in SL(2) sector:
ground state

O|XXXXXXXOOOOOO|OOOOOOXXXXXXX o =
0
-b +b
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SL(2) sector - high spin at fixed twist

Main features of the counting function in SL(2) sector:
ground state

O|XXXXXXXOOOOOO|OOOOOOXXXXXXX o =
0
-b +b

@ exp[iZ(uk)] = (—1)t+1 | s Bethe roots, L holes
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SL(2) sector - high spin at fixed twist

Main features of the counting function in SL(2) sector:
ground state

o| XXXXXXX000000|000O0O0OOXXXXXXX [0 P
-b 0 +b
@ exp[iZ(uk)] = (—1)t+1 | s Bethe roots, L holes
@ L — 2 internal holes near the origin

Z(xp) =m(h+1—L),h=1,---,L—2
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SL(2) sector - high spin at fixed twist

Main features of the counting function in SL(2) sector:
ground state

O|XXXXXXXOOOOOO|OOOOOOXXXXXXX o =
0
-b +b

@ exp[iZ(uk)] = (—1)t+1 | s Bethe roots, L holes
@ L — 2 internal holes near the origin
Z(xp)=m(2h+1— L), h=1,--- ,L—2

@ s roots in [—b, b]
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SL(2) sector - high spin at fixed twist

Main features of the counting function in SL(2) sector:

ground state

0| XXXXXXX000000|000O0O0OOXXXXXXX [0 P
-b 0 +b
@ exp[iZ(uk)] = (—1)t+1 | s Bethe roots, L holes
@ L — 2 internal holes near the origin
Z(xp)=m(2h+1— L), h=1,--- ,L—2
@ s roots in [—b, b]

@ Two external holes
Z(xp—1)=—Z(x)=7n(s+L—-1)

Gabriele Infusino (UNICAL) Integrability in AdS/CFT
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SL(2) sector - high spin at fixed twist

SL(2) sector NLIE for Z(u)

Z(u) = o(v) + /_+00 g—;qﬁ(u, V)[Z'(v) —2L'(v)] + Z o(u, xp) ,

L(U) =Im |n[1 + (71)L e,’z(u7'.0+)]

1+ rg(u)z
®(u) = —2Larctan2u — iLln | ————
g
2xF(u)?
1-— Jrgiz,
d(u,v) =2arctan(u — v) — 2/ |In w +i6(u, v)
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SL(2) sector - high spin at fixed twist

Systematic study of anomalous dimension v(g, L, s)
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SL(2) sector - high spin at fixed twist

Systematic study of anomalous dimension v(g, L, s)

(Ins)?
52

@ Wrapping corrections should start at order O < ) for any twist and at any loops

order
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SL(2) sector - high spin at fixed twist

Systematic study of anomalous dimension v(g, L, s)

(Ins)?

@ Wrapping corrections should start at order O < > ) for any twist and at any loops
s

order

@ Subleading terms of high spin anomalous dimension

oo

_ 7" (g, L) ¥ (g, L) _ e
v(g,L,s) = f(g)Ins+ fy(g, L) ; (ins)" n; Sns)" + 0 (s7Y(Ins)™)
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SL(2) sector - high spin at fixed twist

Systematic study of anomalous dimension v(g, L, s)

(Ins)?

@ Wrapping corrections should start at order O < >
s

) for any twist and at any loops
order

@ Subleading terms of high spin anomalous dimension

(e L) = (@) Ins + fulg, 1) + 50 L& L) | 5= |ni’L)

(e +0(7Hns) ™)
n=1

n=—1

@ Systematic resolution on NLIE: position of external holes, non-linear terms evaluation
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SL(2) sector - high spin at fixed twist

Systematic study of anomalous dimension v(g, L, s)

(Ins)?

@ Wrapping corrections should start at order O < >
s

) for any twist and at any loops
order

@ Subleading terms of high spin anomalous dimension

_ Y(g, L) | = ¥ (e L) _ .
v(g,L,s)=f(g)Ins+fy(g,L) ; (ins)" n; Sns)" + 0 (s7Y(Ins)™)

@ Systematic resolution on NLIE: position of external holes, non-linear terms evaluation

@ f(g) [2006 Beisert, Eden, Staudacher], fs; (g, L) [Freyhult, Zieme; 2009 Fioravanti,
Grinza, Rossi] well-known
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SL(2) sector - high spin at fixed twist

Systematic study of anomalous dimension v(g, L, s)

(Ins)?

@ Wrapping corrections should start at order O < >
s

) for any twist and at any loops
order

@ Subleading terms of high spin anomalous dimension

_ Y(g, L) | = ¥ (e L) _ .
v(g,L,s)=f(g)Ins+fy(g,L) ; (ins)" n; Sns)" + 0 (s7Y(Ins)™)

@ Systematic resolution on NLIE: position of external holes, non-linear terms evaluation

@ f(g) [2006 Beisert, Eden, Staudacher], fs; (g, L) [Freyhult, Zieme; 2009 Fioravanti,
Grinza, Rossi] well-known

@ General expression and perturbative calculations of (") (g, L) for n =1,2,--- ,5 [2009
Fioravanti, Grinza, Rossi]
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SL(2) sector - high spin at fixed twist

Systematic study of anomalous dimension v(g, L, s)

(Ins)?

@ Wrapping corrections should start at order O < >
s

) for any twist and at any loops

order

@ Subleading terms of high spin anomalous dimension

_ Y(g, L) | = ¥ (e L) _ .
v(g,L,s)=f(g)Ins+fy(g,L) ; (ins)" n; Sns)" + 0 (s7Y(Ins)™)

@ Systematic resolution on NLIE: position of external holes, non-linear terms evaluation

@ f(g) [2006 Beisert, Eden, Staudacher], fs; (g, L) [Freyhult, Zieme; 2009 Fioravanti,
Grinza, Rossi] well-known

@ General expression and perturbative calculations of (") (g, L) for n =1,2,--- ,5 [2009
Fioravanti, Grinza, Rossi]

@ General expression of ¥("(g,L) forn=1,2,--- .5
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SL(2) sector - high spin at fixed twist

Relations among ~{"(g, L) and ¥(")(g, L)

30(g, 1) = S ()P
305, 1) = SF(@)L ~ 1+ fule: L]
7W(e.1)=0
72 (g, L) —@v(z)(g, L)
79(g,L) = ~F(g)y"® (g, L) — (falg. L) + L = 1)7P(g. L)
19(g, 1) = (). 1) — 2(fulg, L) + L1 O(g, 1)

10(g, 1) = ~2F(g) (g, 1) — 2fulg. 1) + L~ 17 (g, 1)~ (+9(a. 1))

15-03-2012 22 /26
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SL(2) sector - high spin at fixed twist

Reciprocity and self-tuning

Self-tuning property

1
’Y(g7 L7S) =P (S+ E’Y(& L75)>

P(s) _ZM

C(s)2" , S —> 0

Reciprocity

Gabriele Infusino (UNICAL)
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SL(2) sector - high spin at fixed twist

Reciprocity and self-tuning (2)

(o] ,,)
P(s) = Fl&)In C(s) + fulen )+ 3 - ) + 0(1/€)

~(nC ))
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SL(2) sector - high spin at fixed twist

Reciprocity and self-tuning (2)

< ~(n)
P(s) = Fl&)In C(s) + fulen )+ 3 - ) + 0(1/€)
s — 00 = C(S):S+%+O(1/S)
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SL(2) sector - high spin at fixed twist

Reciprocity and self-tuning (2)

> (n)
P(s) = Fl&)In C(s) + fulen )+ 3 - ) + 0(1/€)

s%oo:>C(s):s+%+O(1/s)

Anomalous dimension - self-tuning prediction

v(g,L,s) =f(g)Ins+ fy(g, L) + Z g ln(f)vnl-)
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Results
°

High spin and high twist limit

High spin and high twist limit

L—-2 ..
) L—>oo,5—>oo,j;mﬂxed
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Results
°

High spin and high twist limit

High spin and high twist limit

L—-2 ..
) L—>oo,5—>oo,j;mﬂxed

@ No Wrapping effect!
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Results
°

High spin and high twist limit

High spin and high twist limit

@ L 00,500, j= fixed
Ins
@ No Wrapping effect!
@ Double expansion:
v(g.J) = f(g.)Ins+ fsi(g,j) + 1" (g./)(Ins)~* + O((Ins)~>)
k=1

Gabriele Infusino (UNICAL) Integrability in AdS/CFT 15-03-2012 25 / 26



Results
°

High spin and high twist limit

High spin and high twist limit

@ L 00,500, j= fixed
Ins
@ No Wrapping effect!
@ Double expansion:
V(&) = flg: ) Ins+ fse(g,) + Y 1" (g,/)(Ins) ™ + O((Ins) ™)
k=1
@ Non-linear terms

holes  NL o (Z'(c))™* ~ O (L)

(Ins)
1
roots NL~ O (;)
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Results
o

High spin and high twist limit

Systematic study of (g,/) and fs.(g,/)

J-expansion of f(g,j) and fs.(g,J)

)= falg)i" folg.)) Z fsL.n(€)J"
n=0
Example of coefficients

2
fE)gZ :4—7 flgz — —4|n2’ f3g2 = M
’ ’ ’ 24
77%¢(3
f‘SL,O,g2 = 4’7Ea fSL 3,82 — 7(2 |n 2 + 'YE) 71-142-( )
2r? 27 757%¢(3)  31r°
fi),g-t:—?,fi,g‘i— |n2—|—4(3 ﬁgA_T_TC@)

2 497r 7t
fsL,0,g8 = _T'YE —6¢(3), fsL,3,g8 = C (3)— f4(3)(16 In2 4 5ve)
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