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Introduction
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One way to study quantum gravity is 
AdS/CFT duality

Quantum gravity on AdS 

=  conformal field theory (CFT)

Highly non-trivial and important!

Maldacena
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Of course, CFT is not quantum gravity in general.

Special class of CFT, called Holographic CFT,
is dual to quantum gravity on AdS 

Typical holographic CFT:
SU(N) gauge theory with conformal symmetry 
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Important property:

(d+1)-dim gravity = d-dim CFT

figure from 
Wikipedia
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Usual formulation of AdS/CFT

equivalences of partition function with source 

J as boundary condition in AdS 

J as source terms in CFT

This relation, called GKPW relation, is assumed
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Another formulation of AdS/CFT

In operator formalism, 

equivalence between
Hilbert spaces and Hamiltonians

of gravity on AdS and CFT 



8

Low energy states of 
bulk theory and CFT 

(Not on boundary, but in bulk.
CFT does not live in boundary.)

CFTBulk theory

1 to 1

They are on a fixed time slice of AdS or cylinder
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In this talk, we will study
AdS/CFT in operator formalism

This has not been studied so much,

and,

important to understand
how bulk space-time emerges from CFT 
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We can show that

equivalent!

We will focus on Large N limit,
which is essential for AdS/CFT duality
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We explicitly construct bulk wave packet state
from CFT operator

and 
compute time-evolution of energy density in CFT.

We will see this violates 
the entanglement wedge reconstruction.

We will explains how AdS/CFT for subregion
is realized
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1. Introduction

2. Bulk wave packet 

3. AdS/CFT for subregion

4. Difference between bulk semi-classical gravity 
theory and finite N CFT

5. Conclusion

Plan
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Bulk wave packet 
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BDHM
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Similar construction in Kinoshita-Murata-Takeda 
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figure from Bousso et. al.
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AdS/CFT for subregion



30



31



32



33



34



35



36



37



38



39



40

Difference between 
bulk semi-classical gravity theory

and finite N CFT
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Bulk gravity theory is invalid if we consider a subregion 
of spacetime, which implies that there are "horizons".

This is because of the UV cut-off, 
typically the Planck mass, of this effective theory. 

We stress that this can be seen by considering finite N 
because 1/N expansion (i.e.  semi-classical expansion) is 

based on the leading order spectrum. In this sense, this is 
the non-perturbative  quantum gravity effect.
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Jafferis-Lewkowycz-Maldacena-Suh used 
the bulk gravity theory even for the subregion.

But, this is not justified.
(In particular, the entanglement entropy depends on the 

boundary of the subregion, i.e. “horizon”.)

Such a violation is an essential property of (black hole) 
horizon, which is universal to general black hole horizons.

(related to “Brick wall”)
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• We reconstruct the wave packets in bulk 
theory from CFT primary operators.

• AdS/CFT for subregion works even though 
the subregion duality does not work.

• Black hole complementarity like properties 
are important.

Conclusion
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• There are lots of important things to 
investigate and understand, at least for me.

Future directions



Fin.
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CFT states supported in a region
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CFT states supported in region A are given by 
bulk states supported in the causal wedge of A.
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However, some bulk state supported in causal wedge 
of A can not be CFT state supported in region A !
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This problem associated with the null-geodesics was 
already raised by 
Bousso-Freivogel-Leichenauer-Rosenhaus-Zukowski
in arXiv:1209.4641

Note that 
entanglement wedge reconstruction
is based  on this subregion duality.
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Bulk local states at a same bulk point constructed from
CFT states supported in different regions are different 
even in the low energy (gravity) theory
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Generalization to asymptotic AdS



70



71

Null geodesics 
in the AdS-Rindler patch
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