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Emergent phenomena
In manybody systems

metal

RREIET 2.

topological order

Integer and Fractional Quantum Hall Effects

A
; [
= er 20+ |‘| {60
- = EEPERERSS S0
| ay M
i 3
insulator ] SN
= 1 | 1 [P \.
= 43 | f I
gor AW |
! Y I .y
i Lz | ‘l\ /| I\ #
T | 1y,
A | (v |
[ITE i | \
VNG o
Ll 5 10

B(T)

fractional quantum
Hall effect

Q
superconductor

spinliquid

~ superfluid

L) 'y



The problem

we have we want

O —> dug (cFD)é Tt Qb
low energy,
collectveS EOA i I

local Hamiltonian ground state

Euclidean path integral



Example:  1d quantumisingmodel 2d classicalsingmodel
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The Renormalization Group
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RG flow in the space of Hamiltonians
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RG flow in the space of Hamiltonians
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We would likgwish list)

A Nonperturbative RG approach 00 "'OR 'Ozt

A Universal coarsgraining rules valid for a generic system
A{2t @3S v/5 X H
How far did we get fver the last 10 years)

A Reformulated the RG using quantum information tools/concepts
(quantum circuits, entanglement)

A Efficient representation of ground state wa%enctions |U,|> (MERA)

universal, norperturbative, realspace RG approach!

A Key ingredientremoval of shortrage entanglement
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TENSOR NETWORKS
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Many-body wavefunction of0 spins
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Many-body wavefunction of0 spins
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Example of tensor network Vidal 2006

Multi-scale entanglement renormalizati@ansatz

(MERA)

A Variationalansatzfor 1d systems, which extends in space and scale
A Variationalparameters for different scales

A Itis secretly juantum circuitand anRG transformation



Example of tensor network Vidal 2006

Multi-scale entanglement renormalizati@ansatz

(MERA)
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Multi-scale entanglement renormalizati@ansatz

(MERA)
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Entanglement is introduced by the gates at different times (=scales)
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RG Transformation

Kadanoff (1966) + White (1992)
blocking variational optimization
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RG Transformation
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MERA-> RG flowin the space of ground statgave-functions
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MERA-> RG flowin the space of ground statgave-functions
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Summary so far

MERA

A It is secretly guantum circuit ——>

and anRG transformation
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A Optimizevariationalparameters by energy minimization



Example: Ciritical guantuleingmodel

Scaling dimensions of primary fields

Pfeifer,Evenbly Vidal (2008)
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MERA and HOLOGRAPHY
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So, MERA seems to work!

Great! However A variationaloptimization is expensive; local minima.
A do we get the correct ground state?

A Euclidean path integrals / classical partition functions?

Tensor Network EvenblyVidal 20142015
Renormalization



Euclidean path integral Statistical partition function
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Tensor Renormalization Group (TRG)Levin, Nave 2006
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Fixedpoint of TRG Levin, Nave 2006
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