
 
 

Review on Integrability on AdS/CFT 
 
 

N=4 SYM vs. Strings on AdS5 x S5 
 
 

(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 IIB superstrings on   
                 
                                dual to 
 
                                   super-Yang-Mills theory 
 
                       [Maldacena (1997)] 
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•  ‘t Hooft coupling 

•  planar limit of SYM 

•  (Related to string theory                                     ) 
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Goal 
 

Exact & complete Spectrum 
 

For 
 

Conformal dimension of a CFT 
Energy of string configuration on AdS 
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N=4 SYM  

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

•  We considered su(2) Konishi type operators 
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Nonperturbative Integrability 
 
 
 

S-matrix 
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Symmetry 

Asymptotic Bethe ansatz 

Full spectrum 
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S-matrix 

•  SYM side : scattering of fields on the spin chain 

•  String side : scattering on the world sheet 
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•  Symmetry of the excitations: su(2|2) x su(2|2) 

•  From symmetry to S-matrix            [Beisert 2008]
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•  S : 16 x 16 matrix 
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•  Asymptotic Bethe ansatz  
–  PBC 

–  At each crossing, S-matrix 

–  Diagonalize “transfer” matrix 

Sichuan Univ 17. 4. 1. 



Sichuan Univ 17. 4. 1. 



•  Zhukovsky variables 

•  Energy and momentum 
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TBA	
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Strong coupling finite-size effect 
 
•  Energe	correction	for	string	conCigurations	for		

 
•  Luscher	formula	simpliCied	when	S-matrix	has	a	pole	
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AdS/CFT in d=3, 2 
 

•  CFT side is 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 is needed for  
– nonperturbative integrability: complete spectrum 
– Derivation of conjectures 
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d=3: ABJM 
•  N=6 Super-Chern-Simons theory 

•  Planar limit:  

•  Dispersion relation:  

•  But we do not know                            (cf) SYM:   
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•  BPS vacuum with symmetry su(2|2) + su(2|2) 

•  Excitations 
–  Composite operators as excitations over BPS vacuum 
 

–  ABJM fields: a fundamental rep of su(2|2) + su(2|2) 
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S-matrix 
[Ahn-Nepomechie 2008] 
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AdS3/CFT2 
•  Strings are on AdS3 x S3 x T4 / AdS3 x S3 x S3 x S1 
•  Proposal for S-matrix:       [Ahn-Bombardelli 2013] 
•  Conjecture on the excitation spectrum 

–  su(1|1) x su(1|1)   for  AdS3 x S3 x S3 x S1 
–  su(1|1) + su(1|1)   for  AdS3 x S3 x T4  

 
•  Can derive the asymptotic all-loop Bethe ansatz equation by       

[Babichenko-Stefanski-Zarembo] 
•  It seems new Zhukovsky variables needed [Tseytlin et.al.2014] 

•  Strong coupling finite-size is undergoing 
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