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Introduction

string theory: a quantum theory of gravity?
discovered as description of the strong interactions
abandoned in favor of QCD (SU(3) gauge group)
’t Hooft limit: N, gyy — oo, A = g%,,N fixed [t Hooft '74]
> planar SU(N) gauge theories < free string theories
> large N Feynman diagrams < string perturbation theory with gs ~ 1/N
» conjectures of precise equivalences:
AdS/CFT { conformal A/ = 4 SUSY Yang-Mills < |IB superstring on AdSs x S°

conformal A = 6 SUSY Chern-Simons < lIA superstring on AdS, x CP®
[Maldacena '97; Gubser, Klebanov, Polyakov ; Witten '98;Aharony, Bergman, Jafferis, Maldacena '08]

v vy VvVYy

4 4
> Madss  Bagsy e = N _ Raas,
T 1672 16m2a’2 AdSe = | T 2n2a/2

AAN) = E(X, g5)

where ® O = A O such that (O(x) O(y)) ~ m

local gauge invariant operators © = Tr(yA Dud)aDu?Zé)
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» strong/weak coupling dualities = hard to test for generic observables

» breakthrough: discovery of integrability on both sides of the
correspondences
> gauge operators < integrable spin chains [Vinahan, Zarembo '02;08]
» string solutions < integrable non-linear sigma models [Bena, Polchinski, Roiban
03; Arutyunov, Frolov '08]

Motivations
» to test AdS/CFTs with the help of integrability methods

» to solve exactly the gauge and string theories involved

> AdS/CFTs spectrum at finite size
> to investigate string quantum corrections
> to gain non-perturbative information on SYM (= QCD?)

» how does string theory discretize into a spin chain?
» what kind of theories in AdS/CFTs?
» why integrability in AdS/CFTs?
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Classical integrability

» def. integrable systems with N degrees of freedom and Hamiltonian H:
> N conserved independent quantities in involution: Q;, j = 1, ..., N such that

QQ}=0 . _
{ EH,O]}:O Vijj=1,.,N-1

v

inQFT: N =00
a method to show integrability:
> equations of motion < Lax pair such that [L, M] =0
= flat connection L(\)
> monodromy matrix T(\) —exp fw L(X)
> transfer matrix {(\) = trT()\) satisfies
[tr T(w), tr TN =0 Vu, A

= a family of conserved charges can be obtained by Q; < (&)’ t()\)‘

v

A=Xg

v

the eigenvalues e of T()) define the quasi-momenta on a
multi-sheeted Riemann surface with cuts Ci )(algebraic curve)

P(A+i0) + p(A —i0) =2mnk, Xe Ck

adding poles and calculating the frequencies of the fluctuations
= one-loop energies (see Aniceto’s and Kim’s talks)

v
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Quantum integrability: the Algebraic Bethe Ansatz
> an example: Heisenberg chain
[ o B R S ]
H=15h (1~ Gaonr) R R

> Lax operator vp.1 5 = Ln,atn,a

» monodromy matrix T, ; = [[5_; Lna = ( é((i‘\% gg‘\% )
> transfer matrix {(\) = traT(A\) = A(X) + D(\)

> diagonalization of t(\): BETHE ANSATZ [Bethe '31]

O({A}) = BOW)BO) - BOW| 11 - 1)

. L M _ .
only if (M) _ H M k=1,....M
)\k—//2 m:1;m7£k)\k_>\m_l

> inthe limit L — oo, xm = L Am, reduce to integral classical Bethe equations
equivalent to p(x + i0) + p(x — i0) = 27nK, x € Ck [Kazakov, Marshakov, Minahan,
Zarembo '04]

> observables (conserved charges):

M 1 Am+i/2
> No =y tinimt2e

M 1 1
" HO=2mr 2z
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Integrability

The S-matrix

>

v

general action of a two-particle S-matrix on asymptotic states:

|a(62)b(6))in = SE|€(0c)d(0a)) out
diagonal case: |a(02)b(65))in = Sabla(ba)b(0p))out
relativistic case: Sap(0a, 0p) = Sap(0a—0p)
integrability — factorlzablllty = SabSachc = sbcsacsab (YBE)

physical requirements

> unitarity: sa(shyel = 5gsf
> CPT invariance
> crossing symmetry: S,5(0) = Sap(im — 6)

diagonal asymptotic BAEs can be obtained by imposing

N
et TT Sitpipy) = 1
i
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Integrability in AdS/CFT
> integrability in AdS

> |IB superstring formulated as a nonlinear sigma model on supercoset

PSU(2,2|4)
SO(1,4) x SO(5)
> |IA superstring formulated as a nonlinear sigma model on supercoset

Osp(2,2|6)
SO(3,1) x U(3)
are classically integrable: Lax connection and classical Bethe equations

were found [Bena, Polchinski, Roiban '03; Kazakov, Marshakov, Minahan, Zarembo '04;
Arutyunov, Frolov; Stefanski '08]

> integrability in CFT
> N =4 SYM one-loop SU(2) sector < Heisenberg spin chain
tr ZZZWWZZZWWWZWZZZZ . . . — [TTTLLTTTLLLTLTTTT -2
> N = 6 SCS one-loop SU(4) sector - SU(4) alternating spin chain (reduces
to two XXX /» for the SU(2) x SU(2) subsector)
> ABAEs lifted to the full Osp(2, 2|6) superalgebra at one-loop

[Minahan, Zarembo '08]
> S-matrix and all-loop ABAES conjecture [Gromov, Vieira; Ahn, Nepomechie '08]

= AdSs x S°

= AdS,; x CP?
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Integrability in AdS/CFT

The AdSs/CFT4 Bethe Ansatz equations (1)

» all-loop: asymptotic BAEs for long range spin chain models (BDS) [Beisert, Dippel,
Staudacher '04]

L M .
L R + [ , 2}
[x—(u,-) 7,](‘:[1U,'—Uk—i’ where x (u)fE uti/2+\Juti/2—4g

K

H = Hyeis + 92 Hpext—to—nearest + Q4Hnextf1ofnext7tofnearest + ...
A=L+0PEpeis +9'E2+ G°Es + ...
» BDS BAEs are asymptotic: affected by wrapping corrections when interaction
range (loop order) exceeds L: at order g2t —2

> mismatches with string spectrum = dressing factor for the correct interpolation
weak/strong coupling:

o % 9) —exp{ > Z crs(9)1ar (%) as(x; )qr(x,i)qs(xf)l}

r=2 s=r+1

[Arutyunov, Frolov, Staudacher '04; Beisert, Hernandez, Lopez '06]

> conserved charges: g,(u) = - [(X%(U))M - (,‘—))'_1}

X~ (u
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The AdSs/CFT4 Bethe Ansatz equations (2)

> using PABA [staudacher '04] for various sectors
= all-loop asymptotic BAEs for the full PSU(2, 2|4) superalgebra of SYM
[Beisert, Staudacher '05]

14n |
_ K! xF—x— | xtx— 2 2 Ko x— — @ [ \"
okl _ s k — % 1 Xk k Y k
e = 1T [Sotexs ) =k R II i @A\
=1 X — X X Xy a=1 I=1 X — Y Xy
Ik
KHI
Kl (@) + - (o) _ () i M i iy
e We e, H5 =it
Koy (@) _ @) _ i Kay (o) _ l0) , 2
. () wi™) — —51(3[)"";( -w +5ﬁlﬂ[)\kfsmq/—:%:l"_”[/\kf/\/*’%
g owl® @) g yle) ple) 2 Tt N —sing + i Ly A —n+iY
'k fl g Ik K / g Il

» non-diagonal scattering = auxiliary variables describing particles’ inner degrees
of freedom
» BAESs can be obtained by imposing momenta quantization conditions with the
transfer matrix eigenvalues
P A(pii p1, P2, .., Pn) = 1
> similar to (two copies of) inhomogeneous Hubbard BAEs
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Finite size corrections in IQFTs

Luscher corrections (1)

» from factorizable S-matrix (asymptotic info) — finite-size corrections for
integrable theories

» Lischer corrections originally for mass shift in relativistic theories [Lischer '83:86;
Klassen, Melzer '91]

> generalisation to non-relativistic case to apply it in AdS/CFT Ambjorn, Janik,
Kristjansen '05; Janik, Lukowski '07]

Eoo(p) = \/1+ 16¢2 sin?(p/2) # mP + p*

oo dq EL (P) —ig*(q)L F
Fterm 6EL(p) = -— ack (1 - L) e DL S (—1)fb(SEE (p, 97 (a)
a J—oo 2m E/ (a(g*)) 5 ( )
) EL.(p) _ig*L Fp, b
term SEX — Rel|—if1- Eeo L g )b stap. g*
p-term SE5°(p) e{ l( E @) e Eb( ) b Spa(psa")
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Finite size corrections in IQFTs

LUscher corrections (2)
in AdS/CFT

» strong coupling: Liischer corrections match

> string [Arutyunov, Frolov, Zamaklar '06; Astolfi, Forini, Grignani, Semenoff '07]
> and algebraic curve results [Gromov, Schafer-Nameki, Vieira '08] also in AdS/CFTs
[D. B., Fioravanti; Ohlsson-Sax, Lukowski; Ahn, Bozhilov '08; Ahn, Kim, Lee '10] (see Kim’s talk)

for the giant magnon solution

» for non-diagonal scattering theories with more species a of particles
there is a conjecture [Bajnok, Janik ‘08]:

Ea(L) ~ ZN;V& Z dl;(;kk) (559\,@) /oc dova(0)e b N ( . +e|{0,})

where A2(01{0)}) = (~1) [SZ3(6 — 0)S23(0 — 01) ... S12(0 — 01)]

» weak coupling:
» for Konishi operators match field theory diagrammatic computations [Bajnok,
Janik, Lukowski '08; Fiamberti, Santambrogio, Sieg, Zanon '07,08]
> also in the B-deformed SYM [Ann, Bajnok, D. B., Nepomechie] (See Ahn’s talk)
> and BFKL expectations in the case of general multi-particle states in s/(2)
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Generalities on TBA (zamolodchikov 0]

(1+1)D relativistic QFT on a torus = two equivalent choices (L, R) for the time
Z(R,L) = T et o e ). Z(R L) = Trae” "R o e P with T=1/L

— 00

v

\4

from asymptotic (diagonal) BAEs

. N
ePONRTT sj(0; — 0)) = 1= Lp(6;) + S_InSj(0; — 6;) = 2mn; with i=1,...,N
A i

v

thermodynamic limit R, N — oo = define (roots and holes) densities

r h . Nig1 — Ni
p(0) + 0)= Im ———
(©) +p7(0) = fim R(6i11 — 07)

d r
2570 + (e % 2)(0)
» minimization with constraint of the free energy f[o] = E[or] — TS[p", p""]

with 5= [ a0 [(6) + £"@)] In [5/(0) + ()] — /() (0) = (0 n " (0)

= density equations ' (0) + p"(0) =
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Finite size corrections in IQFTs  TB/

Excited states TBA

>

= TBA equation ¢(0) = v(0)/T — [¢ = In(1 + e )](8) withe*® = =

B
2,

= minimum free energy f(T) = —T/ dov(9)In(1 + efs(e))

» in the convolution terms, consider the singularities 6; of In(1 + e*E(")),
corresponding to the particle rapidities [porey, Tateo '96]
e(0j + im/2) = i@n + )m; j=1,...,N

N
= e(0) =v(0)/T+>_InS(O — 6 — in/2) — [¢ = In(1 + € °)](6)
Jj=1

= energy E(L) = Z () — /OC (0 In(1 + 375(9))
j=1 e
» usually the convolution terms are negligible at leading order in L

N - N ;
= Luscher corrections E(L) ~ > v(6)) — / dov(e)e™ ] s <%r +6— 9,)
j=1 e j=1
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Finite size corrections in IQFTs

Universal TBA

> with more species a =1, ..., N of particles , TBA equations read
N

€a(0) = va(0)/T = D lpan * In(1 + €~ 0)](9)

b=1
> via the general identity
(5 _ M) - Y N
@ Ton @~ Scosh(rk/h)

TBA equations for certain diagonal, relativistic, scattering theories can be written
in a universal form [Zamolodchikov '91]

N
ea(0) = va(0)/T = > la[s * (v — In(1 + €°0)](6)
b=1
where Ip(e.9. = 04 p41 + 0a,p—1) is called OO OO
incidence matrix ! "
and the universal kernel s(0) = zortrr7z
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Y-system

>

v

by exploiting the universal kernel’s property
s(0 + im/h —i0) + s(0 — im/h+ i0) = 6(0)
or manipulating directly the canonical TBA equations [Ravanini, Tateo, Valleriani '92]
ca(0 + im/h) + ea(0 — ir/h) — lapep(6) — lap IN(1 + €7°0)(8) =0
defining Ya(9) = e®a(®)
Ya(0 + im/R)Ya(0 — im/h) = T](1 + Y5(6))'20
b

exact BAes are given by Ya(0x + iw/2) = —1

the Y-system encodes the TBA equations for the excited states

in non-diagonal case we can be helped by T-system

Ta(0 + i /) Ta(0 — im/h) = Tay1(0) Ta—1(0) + To(0 + im(a+1)/h)To(6 — i(a+ 1)7/h)
via

Ta+1 (e)Ta—1 (9)

Ya(0) = To(6 + in(@a+ 1)/B)To(0 — i(a + 1)x/h)

asymptotic solution
Yo(0) ~ et g(0) T ()
= Luscher corrections
N

E(L) ~ S u(o) — /jo d01(6) Yo(6)

=1
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Introduction Integrability Integrability in AdS

The mirror theory
> non-relativistic case: the choices are not equivalent = define two different
theories (physical and mirror) related by analytic continuation

E(p) = \/1+4g?sin?(p/2) — ip
p — iE(ﬁ):Ziarcsinh( 1+f32/29>

» from double Wick rotation on AdS/CFT S-matrix = mirror S-matrix

’ 8(z1, ) = S(z1 +w2/2, 22 +w2/2) ‘

= mirror asymptotic BAES [Arutyunov, Frolov '07]:
» defined in the mirror kinematic region: |x§,(u)| >1— Im[x,jntir(u)] <0

Xoni(U) = L (U~ VA UB); = Gmir(U— 1/G) — Qe+ /G) + i

2
> and on the fermionic reference states (“s/(2)” grading n = —1):
only in this grading there are mirror massive bound states (strings)!
elﬁﬂ _ X17 - )(24r el’ﬁzﬂ _ X17 - X2+
X = x5 X = x5
when R — oo = x;" — x, = 0 solved by p* = p/2 — i, pP = p/2 + iq, with

Re(q) >0
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The string hypothesis

» thermodynamic limit R, K/, K/, K — oo on mirror AdSs/CFT, BAEs
= Bethe roots organize in SL(2) Bethe strings (bound states):
ud =ul+iQ+1-2j)/g,j=1,..,Q
up to exponential corrections in R: string hypothesis

» remaining (magnonic) strings configuration similar to those of (two copies of) the
Hubbard model

> y-particles with real momenta gy
> vw-strings v, M — =vMEiM+2-2j)/g,j=1,...,M
W = wl +i(M+1-2j)/g, j= oM

> w-strings wp = w)N +i(N+1-2))/g, j=1,..,N

» S-matrix factors in the BAES' r.h.s.
obtained by fusion procedure

. R [ S
Q o X+(“;?’I)*X_(“/Q’/) x— (UQJ)X+(UQ/)

/
853, (e x) =TT T 1

— Q. Q.j _
21 het X (U = x (o) 1

eV}
o(uy lvu/ /)
x+(u°/)x W)

= BAEs for the real centers of the Bethe strings [Arutyunov, Frolov '09]
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TBA and Y-system for AdSg / CFTy

()
oo NM|vw
QM
1= e H S (X V/(,(ltd)) ,
M=1 =1

vy( kK> W/(a))a

witha =1,2and Q, K,M =1,2, ...

Diego Bombardelli University, Seoul and University of Bologna

Thermodynamic Bethe Ansatz al



Introduction  Integrability ~ Integrability in AdS/CFT  Finite size corrections in IQFTs TBA and Y-system for AdSs5 /CFT, TBA and Y-system for

TBA equations for planar AdSS/CFT4 [D.B, Fioravanti, Tateo; Gromov, Kazakov, Vieira; Arutyunov,

Frolov '09]
| 4

taking the logarithm and the thermodynamic limit R, Ng, N NK‘VW, f?\w of the
mirror BAEs
= we derive an infinite set of density equations for pq, p}}, P} 1. Py «:

dp(u)
du

Pau) + pa(u) = + > pas(u, v) * pa(v)
B

by standard procedure (minimization of the free energy)
= we derive an infinite set of TBA equations for the pseudoenergies

€Q1EYHEY Ko Cw Kk
ea(u) = LEgdaq — > In(1 + e *8Y)) % gpa(u, v)
B

part of them is very similar to the TBA equations for the Hubbard model
we obtain the ground state energy as

Eo(L) = LA(1/L) = Z/ *'“(wefao )+ (NS — NP)

in order to keep the densities finite we introduce chemical potentials:
ea— pa/T +ea
SUSY case: Ey(L) = 0 (BPS ground state) is determined by Witten’s index

Tr(—1)Fe=AH with u = u{!)® = 7
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TBA and Y-system for AdSg / CFTy

[D.B, Fioravanti, Tateo '09]

eo(P) = 2Larcsinh <7'02+p2) Z qbs, * Lo ) ()
2 oo :
Z(¢yx * La Z Z(¢VX * L?M i))
1 M=1
e (q) = _Z(¢xy*LQ (@)— Z L L )@= (dwy * Ly n)(@) 5
=1 N=1
v.K(/\) 7Z(¢xv * LQ (@fv Z ¢vv * LSM )
M=
wk(N) —(Syw * LX) = D (S * Ly )N
M=1

with La(B) = In(1 + e~*A®)) and the integration limits on qbyz x Ly are —m, 7 if yx = e~ "% or
J250z [Ly|(2) by ) m(2 1) = Ly (2) by, m(2, 0)] if

x(u) for Sm(y) <0,
(v) =
1/x(u) for Sm(y) >0.
with u = 25in(g), x(u) = u/2 = IV/T = /4, &y (u) = &y (U +2)e*" —2)
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TBA and Y-system for AdS5 /CFT, TBA and Y-s

Hubbard Y-system

> the TBA equations of the Hubbard model can be written in their universal form via
the Zamolodchikovs’ identity

= the universal kernel pg(0) = m satisfies the property

(9+ i>+ (9 i)—é(@)
g 5 Pg 5 =
> then leads to the functional relations

(14 Yar1,0)(1 + Ya_1p)
1 -
T+ Ya,b+1) (1 + Ya,b—1)

Vi, Yop = (

witha,b=1,2, ... and

Yin(@) = e~ D Yop(g) = €1D; Vi pa(3) = @7 Wb Va4 (3) = e

g

Figure: Hubbard Y-system
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TBA and Y-system for AdS5 /CFT, TBA and Y-s

AdSS/CFT4 Y—SyStem [D.B, Fioravanti, Tateo; Gromov, Kazakov, Vieira; Arutyunov, Frolov '09]
> thanks to the property satisfied by the kernels of the TBA equations:

[Ravanini, Tateo, Valleriani '92]
i
Do (AZ At @) + i (,\ ) Z loer DM N A) = —lns(A — A)
K’'=1
> manipulating the TBA equations we obtain relations like
i
K <>\ + —) +ewk ( ) Z hacr e,k (X) = =l
29 K’'=1
and defining :

1,2 IRTE

Yao) = eeW; vy L@ =e Dy, @ =6y T,
12 2

Yirt,£1(X) = ok vy ey =Wk

vE oy — (1 + Yar1,0)(1 + Ya—1,0)
= a,b ab _ _

(1 + Yab+1) (1 + Yab 1)

asymptotic solution vq o(u) ~ e~ Ea@ 1‘[/ ] S,(Z)(u],u)TC“ .

> the equation for Y o cannot be included in this system, but v;* i2(q) %
1, 1

> the AdSs/CFT,4 Y-system corresponds to two Hubbard Y-systems coupled by
the “massive” equations (inhomogenities)
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TBA and Y-system for AdS, / CF’

Integrability Integrability in A Finite

The AdS,/CFT; Bethe Ansatz equations

» Minahan and Zarembo ('08) formulated
BAEs describing 1-loop anomalous
dimensions of A/ = 6 SCS operators
= algebraic curve and all-loop asymptotic BAEs for the full Osp(2,2|6)
superalgebra of SCS [Gromov,Vieira '08]

1+n

1—
KL ool 2 /ga— _ et ol at ya—\ 2
PRV _ T U Ut g (Xk —X > 2 X X o(0% )
- o _ o _ 20 a+ a— a— yo+t ’
=1 Y T U T AT X T Xk
Ik
KL 1-n It
B [ xx— _ xB+ 2 KU oxa— _ | xot
(=% o pP) Hkiy/ al
+ B— Fl +a . a—
=\ X% =X =1 % Vi \ X
K! + — kI i KM i kM 2i
1 = Yk — X X, Ve =W+ § 1 Wk — Vi — W — W+ 5
+ i’ i 2i
=Y =X NX =t kT Wi— R =t Wk = VIt R s Wk W — %
Ik

> 2 different kind of momentum carrying particles o, 3 = A, B
> in SU(2) x SU(2) grading A and B egs related only by dressing factor;
o= _ Bt
in SL(2[1) grading by “k——L— o (o , p}’)
)(k X,
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TBA for planar AdS4/CFT3[D B., Fioravanti, Tateo; Gromov, Levkovich Maslyuk '09]
> two different kinds of particles (A and B) in AdS,/CFT; BAEs
» we have proposed mirror BAEs in the n = —1 grading (“SL(2|1)")

— ot — ot

oPaR _ %4 — % PR _ X2 — %
A= =4—=5.
Xa — X Xa —Xg

= Bethe roots organize in SL(2|1) Bethe strings [Pozsgay.

saleur '09] with mixed alternated type A and type B roots

= 4 different kinds of strings (wide-I, wide-ll, strange-I, strange-Il)
> we obtained 2 TBA equations for massive pseudo-energies of type | and Il

o0
o)/ = LEg() — Z Loty * 2@/, (aln Z Lor i e/ im @+ 2 bvim * vim, o)+ -
o0
s = LEg(u Z o’ * ¢’ m,(eln Z Lorjr= ¢ty ain Z Lyim * P(vim), (1) + -
Eyli(“) =... EV\K(U) =... EW\K(U) =

> remaining TBA eqgs are very similar to AdSs/CFT, case (with « = 1) = only one
copy of the Hubbard TBA egs, with 2 types of inhomogeneities

> free energy f(T) = T, [, & %= n n(1+e 2 yin (14 "2l)
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Y—SyStem for planar AdS4/CFT3 [D. B., Fioravanti, Tateo; Gromov, Levkovich Maslyuk '09]

» peculiar property of kernels describing interactions between massive
pseudoenergies:

sl (@t §) + o e (0= 4) = ("’(Q'l/u@uw * ‘”(Q'u),(@—u//)) (@0 =8z~ tdgr g4y
sl (v =F) + s (2u+4) = (ﬂg’mg—u/) + ¢<Q'|f>,<g+1w>) (@u) =0z — oo oy

> lead to strange Y-system equations

. . —1
i i

Yo /(u+ =)Y, (u—-) = 1+, wNa+Yo_qyw) (1 + —

Qll h QN h Q1|1 Q—1|ll ( YV\Q—1(U)>

) ) -1
I 1
Youulut Do = 1) = (14 You ) + Yo 1)) (1+m>

» very different from that conjectured by [Gromov, Kazakov.
vieira '09] and from that for the direct theory: nodes on
massive lines are strongly correlated

. . —1
i i 1
Yoialu+=)Ygialu— =) = (1+Y, W)+Yg_qia) |1+ —
Q|A h Q|A h Q+1]A Q—1|A < VV‘071(U)>

> in symmetric sector (Yg|; = Yg i) they match
> magnonic Y-system egs < one Hubbard Y-system
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Y—SyStem for planar AdS4/CFT3 [D. B., Fioravanti, Tateo; Gromov, Levkovich Maslyuk '09]
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» very different from that conjectured by [Gromov, Kazakov.
vieira '09] and from that for the direct theory: nodes on
massive lines are strongly correlated
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i i 1
Yoialu+=)Ygialu— =) = (1+Y, W)+Yg_qia) |1+ —
Q|A h Q|A h Q+1]A Q—1|A < VV‘071(U))

> in symmetric sector (Yg|; = Yg i) they match
> magnonic Y-system egs < one Hubbard Y-system
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Results...

» we have formulated ground state TBA equations and Y-systems, by generalising
the method originally developed for relativistic theories, in order to give the exact
finite-size spectrum of AdSs/CFT4 and AdS,/CFT; correspondences

> Ad35 /CFT,4
> quantization of L [Frolov, Suzuki '09]

> 2 different excited states TBA for the sl(2) sector [Gromov, Kazakov, Vieira; Arutyunov.
Frolov, Suzuki *09] inspired by standard techniques [Dorey, Tateo '96]

> strong coupling numerical solutions for 2-particle (Konishi) s/(2) states [Gromov,
Kazakov, Vieira '09; Frolov '10] give 1-loop mismatch with string results [Roiban, Tseytlin '09]

> at weak coupling: confirmation [Arutyunov, Frolov, Suzuki; Balog, Hegedus '10] of 5-loop
Lischer prediction [Bajnok, Janik, Hegedus, Lukowski '09]; conjectured generalized
Liischer formula derived analytically (see Balog’s talk)

» from Y-system’s asymptotic solutions: Konishi states 4-loop finite-size an. dim.
matching Lischer [Bajnok, Janik, Lukowski '08] and diagrammatic [Fiamberti, Santambrogio,
Sieg, Zanon '07,08] results

> at strong coupling matching quasi-classical BAEs from algebraic curve [Gromov '09
Gromov, Kazakov, Vieira '10]

> analytical properties of the Y-system = TBA [Cavaglia, Fioravanti, Tateo '10]

> AdS,/CFT;

> from Y-system’s asymptotic solutions: 2-loop finite-size an. dim. of SU(2) x SU(2)
symmetric operator [Gromov, Kazakov, Vieira '09] confirmed by diagrammatic calculations
[Minahan, Ohlsson-Sax, Sieg '09]

> at strong coupling matching quasi-classical BAEs from algebraic curve [Gromov.
Levkovich Maslyuk '09]
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...and Outlook

» TBA for all the excited states = exact AdS/CFT spectra

> to solve s/(2) excited states TBA eqgs at any g (numerically and analytically)

> to formulate excited states TBA eqs for all the other sectors (string
solutions) of AdSs/CFT, and for AdS,/CFT3

> to investigate non-symmetric sectors with asymptotic solution of the
AdS,/CFT; Y-system

to formulate a finite set of NLIE or DdV equations
generalization to the case with boundaries (open spin chain/string)

generalization to the g-deformed case

= definitive test of the correspondences A = E

= exact solution of SYM and SCS (and 3-SYM,...)

= exact solution of AdSs x S® and AdS, x CP® superstring theories
which kind of theories under AdS/CFTs?

...a single and two coupled inhomogeneous Hubbard models?

why integrability in AdS/CFTs?

v

v

v
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>
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