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Entanglement Entropy in CFT 

Entanglement Entropy 

Notoriously difficult to compute in QFT
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Entanglement Entropy in CFT 

EE in CFT. The Replica Trick

The trick

i.e, sewing different replicas of [r
A
]             

n,1

=  a  path integral over n - sheeted  

Riemann surface   
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Entanglement  Entropy (EE)
EE in CFT. The Replica  Trick
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Mutual Information between non complementary regions in  CFT
Mutual Information (MI) between two disjoint regions is UV - finite quantity

A
B

S
  ( : )AB A B A BI S S S

  
2

( : )AB A B A BI O O O O

Wolf, Verstraete, Cirac, 2007

SAUB : Need to compute EE of 2 disjoint intervals: much harder to compute from replica trick than 1 interval;  now depends on 

the full operator content of the theory, not just c (central charge)

In general, MI bound correlators between operators in A & B

u1 v1 u2 v2

3,2 Ej: Riemann surface   
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Mutual Information between non complementary regions in CFT

u1 v1 u2 v2
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Entanglement Renormalization Tensor 
Networks
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AdS / CFT correspondence
Maldacena, Gubser, Klebanov, Polyakov, Witten

Z
SUGRA 

(M, j)  = Z
CFT

( M
 
, O) M = AdS

d+2
 ∂

CFT
2
 at the boundary

quantum criticality in
1 + 1 dimensions

AdS
3
 black hole = 

thermal CFT
2
 at the 

boundary
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AdS / CFT correspondence: The bulk extra dimension

The duality is holographic in nature: the dual gravitational system
has at least one extra dimension z and much of  the field theory
properties can be extracted by working on the boundary.

The extra dimension z should be interpreted as an energy scale.
It represents the renormalization group flow of  the quantum field
theory defined on the boundary.

In this sense the AdS/CFT correspondence "geometrizes" the field
theory energy scale.

geometrization: in the dual bulk gravitational description the energy
scale is treated geometrically on an equal footing to the spatial
directions of  the boundary field theory
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AdS / CFT correspondence: The bulk extra dimension

Z = ∞ Z = 0

Einstein-Hilbert action

Sol: AdS (in Poincaré coord)
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Entanglement Renormalization Tensor Networks
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Simplified representation of  MERA
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Computing Entanglement Entropy in MERA

A AS 
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Entanglement Renormalization and Holography

Emergence of  the gravity dual picture is intimately related to the quantum 
entanglement of  degrees of  freedom in the quantum system located at MERA 

level w =0. Swingle: arXiv: 0905.1317 
Evenbly & Vidal  arXiv : 1106.1082

MERA Tensor Network implements a discrete 
version of  Anti de Sitter (AdS) Space 
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Entanglement Renormalization and Holography

Holographic Entanglement Entropy

Motivation for the prescription

Apply also to disconnected regions
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Holographic MI  2.0

Holographic Mutual Information
Applying the RT prescription. Prediction: Phase transition in holographic mutual information

How  do                  functions  appear in

AdS/CFT?

          ( : )
1 ( ) ( ) min ( ), ( )

4
con dis

AB A B A B A B
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I Length Length Length Length
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Brown & Henneaux 86
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Holographic Mutual Information
MI between disjoint intervals: MERA analysis
Holographic MI  2.0
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l

w = 0

w
*
 = log l

C [Bl ] 

w = 1

w = 2
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Holographic Mutual Information
MI between disjoint intervals: MERA analysis
Holographic MI  2.0

CC overlap before shrinking

CC do not overlap before shrinking
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Holographic Mutual Information
MI between disjoint intervals: MERA analysis
Holographic MI  2.0

End of  the MERA geometry for the intervals ?

Each iteration of  the ER coarse-graining of  a block of   l  lattice sites 

(i) disentangling across the boundaries of  the block, followed by 
(ii) coarse-graining of  sites within the block.

After log(l) iterations, when the block has been coarse-grained into a single 

site, it is no longer valid to continue this interpretation (in the next step one 
loses track of  the sites that correspond to the original block)

Inspired by AdS/ MERA we hypothesized a dual effective geometry for suitably 
computing the holographic MI between disjoint intervals consisting in an AdS 
Black Hole (AdS geometry with an horizon) 
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Holographic Mutual Information 2.0
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Finite Size systems 
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Holographic Mutual Information
MI between disjoint intervals: MERA analysis
Holographic MI  2.0

Holographic Mutual Information 2.0 u1 v1 u2 v2u1 v1u1 v1 u2 v2u2 v2A B
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Holographic Mutual Information 2.0 u1 v1 u2 v2u1 v1u1 v1 u2 v2u2 v2A B
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Summary

Inspired by this AdS / MERA duality we hypothesized a dual effective geometry 
for suitably computing the holographic MI between disjoint intervals consisting 
in an AdS Black Hole.

We reviewed some aspects of  the recently proposal in which MERA tensor 
networks happens to be  some  realization of  the  AdS/CFT duality.

Open issues

Which coarse-graining procedures has an associated geometry?

Holographic computation of  Renyi entropies, entanglement entropy for excited 
states in a CFT... is there any MERA representations for these settings?
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THANK YOU!
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