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Introduction 
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Quantum gravity (QG) on AdS 
 
 

We often consider theory in a “box” 

in quantum mechanics and field theory 

in order to avoid IR problems.  

 

What is QG in a box? 
 

 A.  quantum gravity on  

         (asymptotic) AdS  

figure from 

Wikipedia 
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Gravity Side: 

 
 

Difficulties for quantization: 

 

 

• Perturbatively non-renormalizable 

 

• Un-boundedness of action 

 

• Summations over different topologies 
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AdS/CFT (conjecture) 
 
 

 

   quantum gravity on (asymptotic) AdS  

 

= conformal field theory 

 

 

 

Highly non-trivial and important! 

Maldacena 
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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 



8 

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 

 

• without assuming SUSY, nor string, D-brane  

• without assuming dual gravity, nor AdS 

• without 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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1. Introduction 

 

2. Low energy spectrum of CFT 

 

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

 

4. 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? 



25 

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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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. Conlcusion 

 

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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c.f. HKLL 
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• Conserved current and energy 

momentum tensor 

 

• 2d CFT case 

 

• Finite temperature and brick-wall  

 

Other topics  

c.f. Ishibashi-Wald 
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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 



Fin. 
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