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Many body entanglement and holographic 
theories

Ryu-Takayanagi Formula:

（2006） 

Brian Swingle (2012) 

Picture courtesy Orus

Tensor network is a framework to  
construct  models 
that realise these ideas

 AdS/CFT says entanglement is geometry

Tensor network is a geometrization of 
entanglement. It is explicitly local. 



Overview

• Step 1 Cut 2D CFT path-integral into pieces 

• Step 2 Read off a 3D Bulk 

• Step 3 We solved an RG fixed point problem! 

• Step 4 Try Liouville CFT — it spits out a quantum 
sum of hyperbolic geometries weighted by the 
Einstein-Hilbert action (in the large c limit) 



Step 1: Cut 2D CFT path-integral into pieces 



Cut a CFT into triangles

What do we do with holes ? We want them to 
shrink to nothingness— 


this gives us the original closed string partition 
function. 


This closing a hole business is related to this 
question of factorisation of CFT. 


Shrinkable bc =  
“Entanglement Brane Boundary Condition” in RCFT  

G. Wong, LYH 2020



CFT Factorisation and Entanglement Brane/Shrinkable Boundary
Wong, LYH 2020
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Ishibashi state

<latexit sha1_base64="qcrL7MxsQu+rnudYcT6t2k9AONg=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5qIr41Q1IXLivYBbQg3k2k7dDIJMxOhhn6JGxeKuPVT3Pk3TtsstHrgwuGce7n3niDhTGnH+bIKC4tLyyvF1dLa+sZm2d7abqo4lYQ2SMxj2Q5AUc4EbWimOW0nkkIUcNoKhlcTv/VApWKxuNejhHoR9AXrMQLaSL5dxnd+Bs4YX+DQh8Nr3644VWcK/Je4OamgHHXf/uyGMUkjKjThoFTHdRLtZSA1I5yOS91U0QTIEPq0Y6iAiCovmx4+xvtGCXEvlqaExlP150QGkVKjKDCdEeiBmvcm4n9eJ9W9cy9jIkk1FWS2qJdyrGM8SQGHTFKi+cgQIJKZWzEZgASiTVYlE4I7//Jf0jyquqfVk9vjSu0yj6OIdtEeOkAuOkM1dIPqqIEIStETekGv1qP1bL1Z77PWgpXP7KBfsD6+AYjhkbo=</latexit>

Sa0 = da/D

quantum 
dimension of 

sector a
total quantum 

dimension

<latexit sha1_base64="q+bXEuacqXLthBCesaRcu4hpUz4=">AAACJnicbVA9T8MwEHXKd/kKMLJYVJUYUEkQX0ulChZGEBSQmqi6uG5r1XGC7SBVaX4NC3+FhQGEEBs/BadkAMpJ9j2/dyffvSDmTGnH+bBKU9Mzs3PzC+XFpeWVVXtt/VpFiSS0SSIeydsAFOVM0KZmmtPbWFIIA05vgsFprt/cU6lYJK70MKZ+CD3BuoyANlTbro/AkyB6nOI69lQSttMgw5fmhmzXU3dSp/nDyTLs7YwCXBQXqW1XnJozDjwJ3AJUUBHnbfvF60QkCanQhINSLdeJtZ+C1IxwmpW9RNEYyAB6tGWggJAqPx2vmeGqYTq4G0lzhMZj9mdHCqFSw9DMXw1B99VfLSf/01qJ7h77KRNxoqkg3x91E451hHPPcIdJSjQfGgBEMjMrJn2QQLRxtmxMcP+uPAmu92ruYe3gYr/SOCnsmEebaAttIxcdoQY6Q+eoiQh6QE/oBb1aj9az9Wa9f5eWrKJnA/0K6/ML7simFg==</latexit>

|ai =
X

b

Sba/
p

Sb0 |bii

The condition one would naively thought should be 
imposed on this boundary is that the holes should 
close. We therefore propose that the shrinkable 
boundary condition (in the closed string channel) 
to be the “0” Ishibashi state.

Check with a cylinder in Ising

2311.18005

https://arxiv.org/abs/2311.18005


Step 2: Read off a 3D Bulk



Sandwich and symmetry QFT:
Kong, Zheng;
D. Gaiotto and J. Kulp;
W. Ji and X.-G. Wen;
F. Apruzzi, F. Bonetti,  
Garcıa Etxebarria, S. S. Hosseini, and  
S. Schafer-Nameki;
D. S. Freed, G. W. Moore, and C. Teleman

Read off a 3D Bulk

Fuchs, Runkel Schweigert  2000s 



Step 3: This is an RG fixed point



Generalised Symmetry Preserving RG and Their Fixed Point

CFT is an eigenstate of the RG operator. 

A lattice integrable model can also be written in this form:  
R. Vanhove, M. Bal, D. J. Williamson, N. Bultinck, J. Haegeman, and 
F. Verstraete; 
D. Aasen, P. Fendley, and R. S. K. Mong 



Step 4: Liouville Theory and 
Quantum Gravity



Liouville CFT - Closing Holes 

Weight the hole with the Plancherel measure

Ponsot, Teschner



Reading off the bulk



Reading off the bulk

Kashaev;  
Teschner;  

Cotlier , Eberhardt, Zhang

Murakami

Gibbons Hawking Term



Conclusion and Outlook

•UV Cutoff and TTbar? 


•Wavefunctions and `` perfect tensors’’ ?


•JT gravity? 


•Black Holes?


•Other theories — minimal models ? 


•Higher Dimensions?




Thank you!


