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Main goal of QFTs 
Compute correlation functions non-perturbatively 

Generic, non-BPS 
operators  

hO1(x1) . . .On(xn)i
Dynamical with  
local coordinates 
dependence Quantitatively exact 

 
 F (x1, . . . , xN ;�)



 
 
 

Still unsolved problem! 
No success so far 

except … 
 



Conformal field theories 
Conformal symmetry determines 

 
 
 
 
 
+ 

Conformal bootstraps for higher-point correlators  
 
 
 
 

hO(x1)O(x2)i = 1

|x1 � x2|2�O(�)

hO1(x1)O2(x2)O3(x3)i = C123(�)

|x1 � x2|�1+�2��3 · · ·

Still, how can we compute these exactly ? 
Need some nontrivial property  



Integrability 
•  Infinite conserved charges       

•  S-matrix 
 

Yang-Baxter equation 
 
 
 p1

p2
p3

p1

p2 p3

=

p1
p2

S(p1, p2)

Qn =
X

j

pnj =
X

j

p0j
n ! {pj} = {p0j}



S-matrix at core of integrable AdS/CFT 

•  SYM side : scattering of fields on the spin chain 

•  String side : scattering on the world sheet 

 

L ! 1



Ssu(2|2)⌦Ssu(2|2) Ssu(2|2)�Ssu(2|2) Ssu(1|1)⌦Ssu(1|1)

AdSd+1/CFTd

d = 4 d = 3 d = 2
N=4 SYM ßàAdS5xS5  

ABJMßàAdS4xCP3  

CFT2 ßàAdS3xS3xM4  



•  S su(2|2): 16 x 16 matrix 
 0 

0 



Δ from S-matrix 

 

L = 1L � �finite L, �

Lüscher  correction  Bethe ansatz TBA, Y-systems, NLIE, QSC 



Physical space                           Mirror space           
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Thermodynamic Bethe Ansatz  (Al. B. Zamolodchikov) 



•  Mirror channel 
–  Scatterings between asymptotic particles are valid since R→∞ 
–  Bethe ansatz equation from the PBC 

•  Physical channel 
–  Partition function 

•  Minimize mirror free energy with the PBC 

–  TBA equation 

Channel Duality 



Growing “Zoo” of Integrable AdS/CFT 

                                       
                                       
 
 
 
 
 
                                           
 

 
 

 

d = 4 d = 3 d = 2

[AdSd+1

/CFTd]
deform

⌘

�

dipole

Drinfeld-Reshetikhin twist	
  

F� · Ssu(2|2) · F�

Quantum group deformation	
  
Ssu(2|2)q

···

+ Boundary (D-brane, Wilson-Loop,…) 



(ex) Lüscher corrections of Δ 
•  Strong coupling “µ”-term of (AdS5/CFT4)η                 [C.A. 2016] 

 
                       match with string theory computation 
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NEXT Challenge 

3-pt correlator or structure constant  
 
 
 

from 
Integrability (S-matrix)? 

 

hO1(x1)O2(x2)O3(x3)i = C123(�)

|x1 � x2|�1+�2��3 · · ·



Hexagon    [Basso-Komatsu-Vieira] 
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exact result in terms of  S-matrix 

•  Sum over complete states 
•  Sum over partitions 
•  Finite-size effects 
•  Effective in weak coupling 
•  Difficult to apply to strong coupling  

| , 0, 00i



Our approach: Form factor 
•  form factor: 
 

⌦
p1 p2 pN

· · ·

O

h0|O|p1, . . . , pN i
asymp. Particle states L ! 1



Form Factor Axioms  [Karowski,Weisz;Smirnov] 
•  Watson equation: 
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Form factor expansion of correlators 
 
 
 
 
 

•  Difficult for “non-diagonal” S-matrix 
•  Impossible to sum over internal states 
•  Not realistic to apply to AdS/CFT … 
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Diagonal form factor approach  [Bajnok, Janik] 
 

 
 
 
 

•  Technical details to regularize  
•  Operators have finite-size : particle-states in finite volume 
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p1 p2 pN
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hp1, . . . , pN |O|p1, . . . , pN i
hO0(p)OO0(p)i



Application to AdS/CFT: HHL  [Bajnok,C.A.] 
•  Heavy (Δ~√λ)-Heavy-Light 3-pt in large coupling limit 

•  Heavy: Giant magnon state 

•  Finite-size effect of structure constant          [Bozhilov,C.A.] 

 
 
 

 
 
 
 
 
 
 
 
 

 

CHHL = VL[ H ]
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Finite-size form factor    [Pozsgay,Takacs] 
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Form factor for HHL      [Bajnok,C.A.] 
 
 
 
 
 
 
 
 

•  Matches with the finite-size structure constant ! 
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Summary 
•  Integrability (S-matrix) is essential for exact correlators 

•  Integrable AdS/CFTs are multiplying 

•  Form factor approach is a way toward this goal 
–  We are applying to many deformed cases in various dimensions 
–  Challenge is to find FF at arbitrary coupling constant 
–  HHH ? 

 
 
 
 
 
 
 
 
 

 

Thank you for attention! 


