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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)

Maldacena
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In operator formalism, AdS/CFT is 

equivalence between
Hilbert spaces and Hamiltonians

of gravity on AdS and CFT 
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Low energy states of 
bulk theory and CFT 

CFTBulk theory

1 to 1

They are on a fixed time slice of AdS or cylinder
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We can EXPLICITLY show that

equivalent!

We will focus on Large N limit,
which is essential for AdS/CFT duality

We have explicit map between these two
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• violation of entanglement wedge 
reconstruction

• how AdS/CFT for subregion is realized

• Black hole complementarity like property 
(subregion complementarity) is important.

Using this map, I will explain below
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1. Introduction

2. Violation of entanglement wedge reconstruction 

3. AdS/CFT for subregion

4. Conclusion

Plan
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Counter example of 
entanglement wedge reconstruction 

(and subregion duality)
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Dong-Harlow-Wall
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Remarks:
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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 non-perturbative quantum gravity effect.
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Jafferis-Lewkowycz-Maldacena-Suh used
1-loop correction of Ryu-Takayanagi formula

(Faulkner-Lewkowycz-Maldacena),
which assume that

the bulk gravity theory is valid 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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AdS/CFT for subregion
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Infalling observer:

According to an infalling observer, 
nothing special happens at the 
event horizon itself

Outside observer:

infalling information heats up the 
stretched horizon, which then 
reradiates it as Hawking radiation

Black hole complementarity:

These two observers see different physics, but no problems 
because they can not communicate.

Subregion complementarity may be similar to this.

Consider a black hole, and two observers:
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• Entanglement wedge reconstruction (and subregion 
duality) is not valid.

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

• Black hole complementarity like property 
(subregion complementarity) is important.

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

Future directions



backups
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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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