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Abstract: We will describe how the reconstruction of a bulk operator can be organised systematically. With a suitable parametrisation, an analogue
of the HKLL formula emerges, involving a smearing function satisfying a Klein Gordon equation in the graph. The parametrisation also allows us to
read off interaction vertices, and build up loop diagrams systematically. When we interpret the Bruhat-Tits tree as a tensor network, we recover
(partially) features of the p-adic ADS/CFT dictionary discussed recently in the literature.
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Overview

» Emergence of the HKLL relation in tensor networks
* An interacting theory in the bulk

 P-adic ads/cft and tensor network
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Tensor network and AdS

* For MERA type networks, it recovers a Ryu-
Takayanagi type entanglement entropy ...
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PI’OpOSEﬂS —— HAPPY Code, Bidirectional

holographic codesS . mew o , random tensor network. ..

Hayden, Nezar womas, Walter, Yang

 Based on two sets of considerations —

* 1) RT formula AR .
—] ;\—rr‘\i\’ * < g = :/ W |
oV { L£F Y e
* 2) Inspirations M S EmE T
from HKLL Yo S O B < 0™
formula— DA te. 9 o2

S U b re g IO r} 1) Holographic hexagon state b) Holographiec pentagon cod
Fig!lf(' 4. White dots represent ;‘ll_\‘-i(':ll legs on the b undary Red dots represent logica

reconstruction input legs associnted to each perfect tensor

Almheiri, Dong, Harlow, Bousson, Freivogel, Leichenauer, Rosenhaus, Zukowski
Czech, Kaczmarek, Nogueira, Van Raamsdonk; Dong, Harlow, Wall
Cotler, Hayden, Salton, Swingle, Walter
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Example:Pertect code

The crucial ingredient == Perfect tensors
Perfect tensors are “unitary maps in all directions”

Bulk operators can be recreated as boundary operators —
mimic HKLL relation

Operator pushing:

(Take a Pauli basis tr(Q;0,) = d;;
When pushed to the other o 4 \
side — there is a big ’ ’
product involving exactly L __
legs if there are 2L legs for perfect tensors e,
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HKLL Relation

Picture courtesy HAPPY

e HKLL relation -
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How to recover that”

} o ~< =S a0/ @1+ a1 O’

+ Z ﬁ[.lh’(r)./ R C)K
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How to recover that”

> o’ ~< =Y od’0’@l+a"I O’

+ Z ﬁ[./l'{(r)./ R C)K
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Linear term

Ov
(v,00) = [[,ep a(v)

With eigenvalues A;

/<
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Graph Laplacian

Hp(v) = 2y (0(u) — 6(v))

« consider  G(vy,vy) = p~adlvivz)

* p+1 = valancy of graph

« We have | oy i
(Ly, + m?)G(v1,v2) = Ny, v,
2 1 (0 — 1
mt = ot ) = e
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Green’s function from tenors

Gi(v,0v) = )\d(w ) p~ai =\

Field content recovers from values of the tensors.

This discussion was partially inspired by construction of the holographic dual based on the Hair Wavelet of Qi et al

Graph with loops — requires introduction of a conserved and
irrotational flow.

HAPPY, Yang, Hayden, (i

G(v,0v) = Z p~Adp(v,0v)

(v, r)v
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Green’s function from tenors

Gi(v,0v) = )\d(v ) po =\

Field content recovers from values of the tensors.

This discussion was partially inspired by construction of the holographic dual based on the Hair Wavelet of Qi et al

Graph with loops — requires introduction of a conserved and
irrotational flow.

HAPPY, Yang, Hayden, (i

G (v, 0v) = Z D Xdp(v,0v)

(v, r)v
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What about non-linear
terms?

Splitting at some node, picking up
D)IJK

Altogether we have:

Gr(v, s)BIEG (s, Ov, )G K (8, 0va)
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A summary of what we saw

* Field content and their interaction vertices are
determined by the values of the tensors

* These considerations can be generalised to graphs
with loops. This can be done by first specifying a flow
diagram

* we can now ask questions about what constitutes a
weakly coupled holographic theory from the
perspective of tensor networks

* what are time-like vs space-like directions?
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Green’s function from tenors

Gr(v,0v) = )\d(v ) pa = X

Field content recovers from values of the tensors.

This discussion was partially inspired by construction of the holographic dual based on the Hair Wavelet of Qi et al

Graph with loops — requires introduction of a conserved and
irrotational flow.

HAPPY, Yang, Hayden, (i

p(“ ()U — Z 1) A(]p(t? ()t)

(v,00)
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P-adic AdS/CFT

symmetries and the graph... Coxeter group seems
like a difficult starting point.

Bruhat-Tits Tree and the p-adic field

v

e r = p-‘l.-‘ (Z:;:() a“m.p.m.) ) "'-I".‘}U — p_

Adelic structure: H 2], = 1
P

String amplitudes admitting a p-adic decomposition witen
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Bruhat T|ts Tree

WY

Recover HKLL relations as if they came from the action

1 &3 (v) &4 (v)

I:X 2@(1})([] f m) h(v) + n3 3(!" F 1y - ._1[" IR
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Bruhat-Tits Tree

upper half plane H | Bruhat-Tits tree H,

[sometry group G ' SL(2,R) PGL(2,Q,)
[sotopy group K SO(2,R) PGL(2,7Z,)
Boundary | R Qp

PGL(2,Q,)
H = SL(2,R)/SO(2,R). VS Hy = 56 ((.,) Q’)
i\ &y dap
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Bruhat Tlts Tree

WY

Recover HKLL relations as if they came from the action

] d3(v) &t (v)

1 :2: 2@(1’-‘)(5 t H.l;i)(_f)('{l) i ”3-‘ J(r -, f 1[ Lo
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P-adic AdS/CFT

symmetries and the graph... Coxeter group seems
like a difficult starting point.

Bruhat-Tits Tree and the p-adic field

v

® T = p-‘l.-‘ (Z::(] a“m.p.,”) y "'-I".‘I) = p_

OO
Adelic structure: H z|, =1
])

String amplitudes admitting a p-adic decomposition witen
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Bruhat Tlts Tree

Y

Recover HKLL relations as if they came from the action

- ] , 9 , :-Ii ) ,'Jl‘l v
=3 -300)0+m)e) + mE 4
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lsometry

// Scaling transformation—
y s effected by global isometry
of the tree
o ﬁ;" The cutoff surface is responsible
! Y . : :
for reading off conformal dimensions

@,
‘*< \ A @)
. J

n BC o C
P XABYY ~ (54
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Corre\ation functions

/>/\é>/

(0(#)0())y = Crtps

Can be generalised to 3 and 4 pt function etc
(Feynman rules for Witten diagram in this prescription slightly
different from standard) —here diagram organised into p-adic

conformal blocks right away
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Summary

» We explored to some detail the tensor network AdS correspondence

» the HKLL relation built from Green's function of the graph emerges

—What is spacelike vs time like separation?— seems to be controlled by the values of the
eigenvalues
« interaction vertices can also be read off

» placed on a Bruhat-Tits tree the p-adic ads/cft dictionary could emerge (up to
some extra constraints to be understood)

* Generalizations? fermions, spin 1 particles, spin 2 ?!

» When is the bulk theory weakly coupled? has a large gap? are these features
typical in the large D limit? (Log D ~ central charge)
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