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AdS/CFT duality

Type IIB on AdS: x S° = A=4 SU(NV) SYM
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Planar Iimit NV =2 co

» Non-interacting string as gs — 0

» Integrability
— Exact results for any value of A
— Truly non-perturbative !

« Only a few physical quantities are exact
— Anomalous dimensions
— S-matrix



Strong coupling limit 4> 1

» string fluctuations on world-sheet

— Energies of string states
— Excitations and their scattering on world-sheet
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N =4 SU(N) SYM
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* "R-symmetry”: V=4 S0O(6)=SU(4)

e Scalar fields : @;, i=1,..., 6 H

» Gauginos : fundamental in SU(4)




Composite operators
O(x) = Tr|XYZFx* (DY) .. |

» Color singlets (all in adjoint rep.)
X=01+1Dy, Y=03+1Qy4, Z=D05+1Dg

« Conformal dimensions

6mn
On(x)0m(O) = 2"

 How to compute them ?



Perturbative way

* (ex) su(2) sector
{Tr [ZN ] Tr [ZN —1)(} Tr [ZN‘”‘ lxz”‘lx] ..... Tr [X“] }

» Operator mixing
\Tr[ZZZZXX),Tr[ZZZXZX),Tr [ZZXZZX], Tr [ZXZZZX] |

* One-loop
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Integrable spin-chains

* Need eigenstates of operator mixings
« Mapped to solving some spin-chain model

* (ex) su(2) - 22[“(’1 O-z+1}
\

- Map: [1)=12), W) =1x)
— BPS vacuum: 1[0y =Tr [ZN]
— Excited states:

LN L. S+ . =Tr[ZX2Z2XZ2Z2+ .. ]+...



Bethe ansatz Equation

* Ansatz
p1.po, -+ ) = XN: ei(n1p1+n2pz+m)|...ﬁuﬂ...ﬁUﬂ...)
nimo, =1 n1 no
« Condition for eigenstate : BAE
N ﬁ cotg—cot%‘*-i—%: P

p_"' pﬁ.f .
k=1 COl=5 —cot5 — 2

b

« Eigenvalues : conformal dimensions
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Non-perturbative way

« All-loop conjecture : (ex) su(2)
— No known all-loop spin chain Hamiltonian
— Still educated guess leads to

(mf(w))l Il [ 22, 2) uﬁz]
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Full sector & all-loop
O(x) =Tr|...ZX...ZY ... ZF,y...ZY"...ZD,Y ...

M M
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Not enough

« Works very well !

« But not enough because
— E.V.s for unknown Hamiltonians
— BAE works for only infinitely long operators

 If apply to “short” operators, wrapping
problem arises



Wrapping problem

» High-order Feynman diagrams connect
operators farther away

i
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« For finite-size chain, the Wrapplng
Interations occur




New Way — Integrable program

S-matrix




S-matrix
« SYM Spin chain:
N

SE B (prpe) ¢ S elmptnep)| L zg 2. 2oz
ny,npo=1 ni no
N s
. 3 SE(TElPE‘F'ﬂQPI)l ZOZ 2D 2
TE]_,?‘LQ:]_ ] o

« String-side:
— World-sheet o-model in light-cone gauge

Autumn Symposium on String/M

2010-10-18 Theory at KIAS



Symmetries and Spectrum

e SYM operators

(;

= (

) = Do ® X% B XS D Do
« tensor product of two fundamental rep.

71)@(1?

) = (8%, %1, ¥°)

« Symmetries: SU(2|2) x SU(2|2)
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S-matrix from symmetry

« Two particle S-matrix

A po A p1
time
A
| Z )1 Z Ny
: P1 p2
L--> space

« Commutativity with SU(2|2)

RY%G | QY%

S(p17p2)7 (
s (G 5o
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Beisert's SU(2|2) S-matrix
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S-matrix is good for

Directly interpolates between SYM and
string theory

Derives asymptotic BAE
Solves wrapping problem

Leads to thermodynamic BAE



L uscher correction

« S-matrix approach to the finite-size effects

¢ (1+1)-dim with finite-size volume —
— F-term \.__/
Amp(L) = _60:;0 /"'3@ g—HCDSh(O_OP} e—?‘r'aLCOShOZ (Sgé) (0+ % B Opj ) 1) ----------------
pl—o0 LT ; \ g ,

F-térm
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— u-term: from the poles of S-matrix T
m = m o 7 ab .e_mLCOSCY ________________
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AdS/CFT Luscher formula

« Wrapping corrections for Konishi

0 dq® Mol (im0 Mo b
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B-deformed SYM

« superpotential

W = tr(e™PopZ — e TP g Zh)



New AdS/CFT correspondence

* Dual to type IIB string theory on TsT
transformed AdS: x S° (Lunin-Maldacena)

« C(Classical string has giant magnon [Bykov-
Frolov] and dyonic GM [Bozhilov-CA]

 all-loop integrable (?): Bethe-ansatz was
conjectured [Beisert-Roiban]



Weak coupling of SYMg

« Konishi operator

Tr(¢ZeZz), Tr(¢pZZ)



Perturbative results

* Flamberti-Santambrogio-Sieg-Zanon

V) = a4 %y + g2+ O3+ P+

= 6(1+A)
3
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Beisert-Roiban BAE

e for su(?)

1L —  2miBL | 2i0(py,p2) M1 T U2 T
Ul — U — 1

2mifL | —2i0(p1,pp) Y2 U1

ezsz
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* eigenvalues

1 .
u; = —cot&\/1—|—16 S|n2%
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