Review on Integrability on AdS/CFT

N=4 SYM vs. Strings on AdS,x S°

(Ref) Beisert, Ahn, et.al.:
“Review of AdS/CFT Integrability: An Overview,”
Lett. Math. Phys. 99 (2012) 3.
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AdS / CFT duality

» Type 1IB superstrings on AdSs x S°
dual to
N =4 SU(N.) super-Yang-Mills theory

[Maldacena (1997)]
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* ‘t Hooft coupling

A = Ncg%{M

* planar limit of SYM

N, — oo with fixed A
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Integrability line A
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Goal

Exact & complete Spectrum

For

Conformal dimension of a CFT
Energy of string configuration on AdS
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Tr 1 2: _ .
S =— f d4x{—ZF§V+(D,J<I>“)2+§[(D“,@b] ?Xbx—lea[d)",x]}

EYM

X =01 +iDy, Y =03+ iDy, §Z=(D5+i(D6
Vs = |ZX — XZ|* + |XY = YX|? + |YZ — ZY)?

e CFT
e Exact results based on INTEGRABILITY
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Anomalous dimensions of SYM operators

5mn
On(x)0m(O) = 5

A(g) = Ag + y(2)

O(x) = {Tr | XYZFux*(DuY)..|... |

* We considered su(2) Konishi type operators

It [ZZXX]|, 'Tr|[ZXZX]
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Nonperturbative Integrability

Symmetry

S-matrix

Asymptotic Bethe ansatz

v

Full spectrum
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S-matrix

* SYM side : scattering of fields on the spin chain
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* String side : scattering on the world sheet
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* Symmetry of the excitations: su(2|2) x su(2|2)

( Lab ’ @ab ) I.b Q.b
e [RS)” \ @l RS

* From symmetry to S-matrix [Beisert 2008]

I,.b b
S(p1,p2); ( Qgﬁ gzﬁ )] =0




e §:16x 16 matrix
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* Asymptotic Bethe ansatz
— PBC |

N
— Ateach crossing, S-matrix " [[ S(j,pp) =1
k#J,1

— Diagonalize “transfer” matrix
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* Zhukovsky variables

1 4 1 1
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TBA

InYy,pr = sk[In(1 + Yy prep) + In(1+ Yy )]sk [In1 + vk 0+ I+ vyt )l

AN

il

dp

A = —Nglfglog(l + Yn.0)
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Strong coupling finite-size effect

* Energe correction for string configurations for J > g > 1

J
§E ~ —164gsin3L exp |- 2
9= 5 p[ (zgsing+ )] T

* Luscher formula simplified when S-matrix has a pole

N
o —ig e'(p) . o—iLq"
v i 1= eS| e, ZS 2(q,p) - e

Sichuan Univ



AdS/CFT in d=3, 2

e CFT side 1s much harder

— even perturbative computation is difficult
— 2d CFT is not even well-defined: Sym(TN)

 (Classical integrability for string side leads to
— All-loop Bethe ansatz conjecture without derivation

* S-matrix 1s needed for
—nonperturbative integrability: complete spectrum
— Der1ivation of conjectures
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d=3: ABJM

N=6 Super-Chern-Simons theory

k

ot
1

ol 1 RN e . KN ] . oL l o . o
3. .. i fvby i TvbyT i by [
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A

12

| + )
+§ Y¢ Yb YCY; y? Yz + fermions + gauge‘ ,

(N.N): Y*=(A1.B].A2.B). WS (N,N): Y, = (B1,A], By, A}), P2

Planar limit:

k
N
Dispersion relation:

But we do not know
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A,

N, k — oo

E = \/1 + 16g25in2§

15

g = h()\) (cf) SYM: g =
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 BPS vacuum with symmetry su(22) +su(2|2) (&)

Tr [(AlBl)L] =Tr[A1B1A1B1A1B; --- A1B1A1B1A By ]

e Excitations

— Composite operators as excitations over BPS vacuum
Tr [AlBllelAlBl . 'AlBlAl%;AlBl]

“A Ay BLWL Wy wgr g AT gl

A 2> D9 1] 12 B .B2,A2,\‘P1,"Pz

— ABJIM fields: a fundamental rep of su(2|2) + su(2|2)
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S-matrix

[Ahn-Nepomechie 2008
P1 P2

Z ¢ P1IMFIPY Ty[... A\BiA|B|AsB{A|B{A By -+ A|B1AgBA|By - -]

ny,n
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So(p1,p2) = 1—1120|3Es(’p1 ,p2),  So(p1,p2) = " x_UBES(pl , P2)
- —F 1 —
L1 %2
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AdS./CFT,
Strings are on AdS; x S3x T*/AdS,;x S3x S3x S!
Proposal for S-matrix: [ Ahn-Bombardelli 2013]

Conjecture on the excitation spectrum
— su(1|1) x su(1]1) for AdS;x S3x S3x S!

— su(1]1) + su(1|1) for AdS;x S*x T* Lo o 0
+ 1 B 1 O ./Ifili_*./L'Q_ :1:3_7:111_ O
. — [E+;L'7 €T *.172 rqy —T
S(pr.p2) = L2112 52(p) p) ot-o; of-of

.’L']_ - .7;2 1 - —_ O (I‘+—2E7 ZE+—ZE7 O
Tq Ty ‘1 2 1 2 e
0 O 0 L=
1 2

Can derive the asymptotic all-loop Bethe ansatz equation by
[Babichenko-Stefanski-Zarembo]

It seems new Zhukovsky variables needed [Tseytlin et.al.2014]

1 1 T
:c+—|———cc——:3<l—|—z'qglogx—>
rt x~ g x~

Strong coupling finite-size is undergoing
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