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Many body entanglement and holographic

theories

AdS/CFT says entanglement is geometry

Ryu-Takayanagi Formula: Tensor network is a framework to

(2006) construct models
that realise these ideas

Picture courtesy Orus

Tensor network is a geometrization of
entanglement. It is explicitly local. Brian Swingle (2012)




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 ¢ limit)



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



Cut a CFT into triangles
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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

The condition one would naively thought should be ;
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< .. close. We therefore propose that the shrinkable
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Ishibashi state {to be the "0 Ishibashi state.

/
a) = ZSba/\/STO b))
b

dimension of
sector a

)= cda)  c=VwSw  Sag=da/D eesme

dimension
a

O ¥ T . y - A’ T - = © = a " = = - . S = - e ° ' \@ <ok = - S - -, _
\ RO PR e T B Ry PN SO PR e T B Ry Pyt SO PR S Y- U S O . 1 =3 R T ] BN PN ORI R T B R I
i

Z=lum ) ] (weoe™) 22 T T8 000 (2) i N
oi v a {;} & | A B

AR oo~ - ac_gTy ce o s » . ., .
o ABa . = NN _ e B g
2/ Py - - e —

YOS ~_ = g e e i v o e Sl By Lo . BABA
~ 1 - - - -t -

Check with a cylinder in Ising
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Step 2: Read off a 3D Bulk



Read off a 3D Bulk
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Sandwich and symmetry QFT:

Kong, Zheng;

D. Gaiotto and J. Kulp;

W. J1 and X.-G. Wen;

F. Apruzzi, F. Bonetti,

Garcia Etxebarria, S. S. Hosseini, and

S. Schafer-Nameki;

D. S. Freed, G. W. Moore, and C. Teleman
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Step 3: This is an RG fixed point



Generalised Symmetry Preserving RG and Their Fixed Point

A lattice integrable model can also be written in this form:
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CFT is an eigenstate of the RG operator. \/§A <Q ‘ —A <Q | U



Step 4: Liouville Theory and
Quantum Gravity



Liouville CFT - Closing Holes

Ponsot, Teschner
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Weight the hole with the Plancherel measure
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Reading off the bulk
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Reading off the bulk
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Conclusion and Outlook

1

UV Cutoff and TTbar? Pp = T

‘Wavefunctions and =~ perfect tensors” ?
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‘Black Holes?

Other theories — minimal models ?

*Higher Dimensions?




Thank you!



