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Abstract: The multiscale entanglement renormalization ansatz can be reformulated in terms of a causality constraint on discrete quantum dynamics.
This causal structure is that of de Sitter space with a flat spacelike boundary, where the volume of a spacetime region corresponds to the number of
variational parametersit contains.
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Defining MERA
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Defining MERA

MERA = set of output states, for all possible boxes content
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Defining MERA
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Defining MERA
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Defining MERA
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Causality constraints

Suppose
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Causality constraints

Then
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Then 3 M,
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This is a causality constraint on \.
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Causality constraints

Then 4 M,

This is a causality constraint on N
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Causality constraints

Then 3 M,

This is a causality constraint on N
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Causality constraints

In QFT:
o(t,x) = (':(_'(“,J')!'f
[u(f._r'}_r'a(/’__r’): — () Vo

Pirsa: 11120045 Page 13/43



Pirsa: 11120045

Causality constraints

In QFT:
Pie X)) = ('!tu(“,.l')[';
[6(t, z), d(t,2")] =0 V¢

Discrete case:

Bob cannot signal Alice: I I
A B

[Ut(A®1)U,1® B] =0 VA, B.
or VA3A', UNA®1U=A"Q®

1
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MERA as a causal set
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MERA as a causal set
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MERA as a causal set
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MERA as a causal set
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Arrighi, Nesmes, Werner, 2007

respects the constraints I
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Arrighi, Nesmes, Werner, 2007
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Arrighi, Nesmes, Werner, 2007

respects the constraints I '//I
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Arrighi, Nesmes, Werner, 2007
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Arrighi, Nesmes, Werner, 2007

respects the constraints I\' I
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Arrighi, Nesmes, Werner, 2007
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Arrighi, Nesmes, Werner, 2007

respects the constraints
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Purely causal maps

Causal nonunitary map cannot be efficiently parameterized:
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Purely causal maps

Causal nonunitary map cannot be efficiently parameterized:
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s this exactly MERA 7

Binary 1D MERA:
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s this exactly MERA 7

Binary 1D MERA:
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Determining the metric: volume form

In these coordinates, need |det g| = 1
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de Sitter geometry

Conformally flat coordinates (¢.xq,...)
2 a® 9 9
ds® = ﬁ(fﬁ — Zr/.r‘f)
Constant volume form coordinates 7 = —a logl|t/to|, yi = —ax; /1

‘)
- Yy 2 Y 2
ds? = [ Y L —1])dr®—2) Zdyidr+) dyl.
- (y“ «
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de Sitter geometry

Causal past involved in correlations computation (static coo.)
T

-4

Causal past involved {n correlations camputation (statie eoa,)
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Continuous MERA

Cont. MERA = all possible dynamics on de Sitter space?
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Continuous MERA

Cont. MERA = all possible dynamics on de Sitter space?
Subclass example:

l [ ‘2 ;9 .
£ = ~/[detgl[—g™ b ud, — m2p? — Jg).
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Continuous MERA

Cont. MERA = all possible dynamics on de Sitter space?
Subclass example:

|
L=- V"tlth| HY

—q

Quantum Hamiltonian H = K + L in static coo.,

/ /‘ir;[,. +Z(H “+m u)+.lu}
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Continuous MERA

Cont. MERA = all possible dynamics on de Sitter space?

Subclass example:

. ! [ 9,9 "
L = ; ‘110] It/|L‘_”I” PuPy — med® — '[“‘-

Quantum Hamiltonian H = K + L in static coo.,

. | [ . . -
K = E /r/‘!f}[ﬁj -+~ E (f':_r.‘)'z—*—lifl'z.'f2 —‘;—.lu}
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dynamics
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