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Introduction 
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Why quantum gravity (QG) on AdS? 
 
 

We often consider theory in “box” 

in field theory and quantum mechanics 

in order to avoid IR problems.  

(e.g. to obtain discrete spectrum) 

  

 

What is “simplest” QG in “box”?  
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Quantum gravity (QG) on AdS 
 
 

What is “simplest” QG in “box”? 

 

 A.  quantum gravity on  

         (asymptotic) AdS  

figure from 

Wikipedia 
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AdS/CFT (conjecture) 
 
 

 

   quantum gravity on (asymptotic) AdS  

 

= conformal field theory 
 

This conjecture comes from D-branes in string   

 

 

Highly non-trivial and important! 

Maldacena 
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Gravity Side: 

 
 

Difficulties for quantization: 

 

 

• Perturbatively non-renormalizable 

 

• Un-boundedness of action 

 

• Summations over different topologies 
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Dual CFT  
(for QG with asymptotic AdS) 

  

 

•Renormalizable,  

 

•Positive definite action, 

 

•No geometries (for finite N) 

 

 

CFT could be a definition of QG. 

 

However, no proof of AdS/CFT 
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(usual) formulation of AdS/CFT 
  

 

GKPW relation 

(for partition functions) 
 

boundary condition in AdS  

 

Source terms in CFT 

 

 

“equivalences of correlators“ 
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Another formulation of AdS/CFT 
  

 

In operator formalism,  

 

equivalence between 

Hilbert spaces and Hamiltonians 

of gravity on AdS and CFT  
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Another formulation of AdS/CFT 
  

equivalence between 

Hilbert spaces and Hamiltonians 
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What we will determine explicitly: 
 

 

 

 

 

 

• leading order in large N limit 

 

• Not assuming SUSY, string, D-brane  

• Not assuming dual gravity, AdS space 

• Not assuming GKPW (nor BDHM) 
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We will study the spectrum  

under only 3 assumptions 

(natural for strong coupling large N CFT): 
 

 

1. low energy spectrum is determined only by    
conserved symmetry currents 

 

2. large N factorization, which was shown for 

perturbation theory 

 

3. complete independence of spectrum 

except symmetry relations 
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From these assumptions  

we can determine 

low energy spectrum of the theory, 
  

together with the conformal symmetry. 

To do so, we have NOT used 

any information on the possible gravity dual, or AdS. 

 

We just considered the field theory. 
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Then, we can show explicitly: 
 

 

 

 

 

 

equivalent! 
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The spectrum determine the theory itself.  

 

 

 

From CFT, we can  

 

           construct bulk local fields in AdS 

 

derive the GKPW relation   
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How about 1/N corrections?  
(i.e. interactions in bulk theory) 

 

 

We will consider the classical limit 

of generic large N gauge theory  

with conformal symmetry.  
 

We find that  

the classical limit of it is Einstein gravity! 
 

“a derivation of AdS/CFT” 
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1. Introduction 

 

2. Low energy spectrum of CFT 

 

3. Deriving bulk local field and GKPW (will be skipped) 

 

4. Classical limit of large N CFT 

 

5. Conclusion 

Plan 
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Low energy spectrum of CFT 

c.f. Balasubramanian-Kraus-Lawrence 

       Banks-Douglas-Horowitz-Martinec 

       Fitzpatrick-Kaplan 
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figure from Katura J.Phys. A45 (2012) 115003   
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‘t Hooft 
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Thus,  

the low energy limit of the large N CFT is  
a free theory. 

 

 

What is this free theory? 
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Thus,  

the low energy limit of the large N CFT is  
a free theory. 

 

 

What is this free theory? 
 

 

A.   free theory on AdS space 
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c.f. Breitenlohner-Freedman 
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32 

Therefore,  

 

(low energy theory of)  

large N CFT is equivalent to 

a free theory on AdS 
 

under the 3 assumptions. 

 
 

(We considered the scalar. 

We think that this is protected by the SUSY 

or it has just accidentally low energy spectrum.) 
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1. Introduction 

 

2. Low energy spectrum of CFT 

 

3. Deriving bulk local field and GKPW 

 

4. Classical limit of large N CFT 

 

5. Conclusion 

 

Plan 
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Deriving bulk local field and GKPW 
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Miyaji-Numasawa-Shiba-Takayanagi-Watanabe 

Verlinde 

Nakayam-Ooguri 
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BDHM 
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BDHM 
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c.f. HKLL 
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We can show that  

 

for conserved current and  

energy momentum tensor, 

low energy theory of  

large N CFT is equivalent to 

free theory limit of gauge field 

and graviton on AdS, respectively 

 

under the 3 assumptions. 
c.f. Ishibashi-Wald 
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1. Introduction 

 

2. Low energy spectrum of CFT 

 

3. Deriving bulk local field and GKPW 

 

4. Classical limit of large N CFT 

 

5. Conclusion 

 

Plan 
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Classical limit of large N CFT 

(including 1/N corrections) 
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Classical limit as large N limit  

 
In gravity side, action would be 

 

 

Expansion around AdS solution (vacuum), 
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Algebra of Energy momentum tensor 
  

 

Virasoro algebra of 2d CFT 

 
 

conserved charge   =  modes of EM tensor 

 

 

      P,K,M,D                 alg. of EMT        

  

for CFT (d>2) 
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Mode expansion  
 

 

For scalar, 

 

 

 

 

In the previous notation,  
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(singular part of) OPE  ↔  commutator 
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(singular part of) OPE  ↔  commutator 
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Algebra of EMT 
 

OPE of energy momentum tensor is  

 

Osborn-Petkou 

Camanho-Edelstein-Maldacena-Zhiboedov 
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Algebra of EMT 
 

Thus, algebra of energy momentum tensor  

is fixed with one parameter N as 
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Different normalizations of L  
 

1. Creation operators  

 

 

 

 

 

2. Classical limit 

 



53 

Classical limit of the CFT 
 

 

 

 

In a large N limit, this is regarded as  

a Poisson bracket 

 

 

 

 

The classical state is given by deformation 

of coherent state of harmonic oscillators  
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Classical gravity in Asymptotic AdS 
 

 

 

 

 

 

For the free approximation (linearized gravity), 

the classical Hamiltonian and phase space 

are shown to be equivalent to 

the classical limit of the CFT 
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Boundary stress tensor 

(Brown-York tensor) 
 

 

 

 

 
This is defined on the boundary and 

is conserved and traceless. 

 

The conformal generators are defined from this, 

and then, this is transformed as the primary field. 
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Boundary stress tensor 

(Brown-York tensor) 
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• Spectrum of large N CFT is identical to 

spectrum of free gravitational theory in 

AdS under some assumptions which are 

expected to be valid.  

 

• Thus, two theories are equivalent for the 

low energy region under the assumptions. 

 

• Using this equivalence, the bulk local field 

is constructed and the GKPW relation is 

derived. 

 

Conclusion 
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• Classical limit of the generic large N 

gauge theory with conformal symmetry is 

the classical Einstein gravity on 

asymptotic AdS because the Hamiltonian 

and the Poisson bracket are same. 

Conclusion (continued) 



Fin. 
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