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Abstract: This introductory talk aims to answer a few basic questions (What is a tensor network? Under which circumstance is a tensor network
useful ?) and describe the tensor network states that will be discussed during the workshop (matrix product state [MPS], projected entangled pair
states [PEPS], and the multi-scale entanglement renormalization ansatz [MERA]). | will then briefly describe the recent developments that
motivated this workshop on

Pirsa: 11100075 Page 1/51



Scientific Program

TS
monday  MPS/PEPS

Pirsa: 11100075 Page 2/51



Scientific Program

T T T TS
monday  MPS/PEPS

Introduction

mor‘ning

lattice

applications:

» fermions (Corboz)
* phases of matter (u)

Pirsa: 11100075 Page 3/51



Scientific Program

isaasssnsssasseei
monday  MPS/PEPS

Introduction

morning

lattice

applications:

» fermions (Corboz)
* phases of matter (u)

afternoon continuum

* non-relativistic (verstraete)
» relativistic (Haegeman)

Discussion

Pirsa: 11100075 Page 4/51



Scientific Program

iNsassssseasanen:
mondey  MPS/PEPS Tuesday  MERA

Introduction

morning

lattice

applications:

» fermions (Corboz)
* phases of matter (u)

afternoon continuum

* non-relativistic (verstraete)
» relativistic (Haegeman)

Discussion

Pirsa: 11100075 Page 5/51



Scientific Program

mondey  MPS/PEPS Tuesday  MERA

morning Introduction Introduction
lattice lattice
applications: application:
» fermions (corboz) » criticality (Evenbly)
* phases of matter (u)
* holographic duals (ee)
afternoon continuum continuum
* non-relativistic (verstraete) - non-relativistic (osborne)
* relativistic (Haegeman) « relativistic (Haegeman)
Discussion

Pirsa: 11100075 Page 6/51



sPPppppp  COutline

* Diagrammatic notation

PPPPP
JYSss
PEPPP

« What is a tensor network?

» Examples of tensor networks:
MPS, PEPS, MERA

*  What makes a tensor network useful? (MPS)

« Correlations and entanglement entropy in MPS
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Graphical representation of matrices/tensors
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A
AEFE - F #eoxe.ox
d 17l . d
|lIJ>=7'7.”7'C’|’3 'N|,1>|,3>|I\>

=l 1,=1 =1
i ‘ Tensor
. N —_—> Network
i: /- 1'4 o 1, 1, 151, . I
d”  coefficients ()(N') coefficients

Pirsa: 11100075 Page 17/51



What is a tensor ne‘l'vg'or'k?

e — —

=11 [% H QM. @,
MY =SS S e DAY i)

n=11,=1 Iy=1
i ‘ Tensor
: I —_— Network
I~ 7, 7, 1, 1, 151, . I
d coefficients ()(N') coefficients

Pirsa: 11100075 Page 18/51



Pirsa: 11100075 Page 19/51




e —7,
i T Tensor ;T [/ “*‘ —
| //\ ‘: —— Netwaork £4 } Lo
! S M [ ’ 1
) J L Y SN !

cagfficients

Pirsa: 11100075 Page 20/51



Tensor Networks dd

|\I’> 77 7 o rN|i.l

iy ]y

=1 1i,=1 iy=1
/ ) Tensor
1 T —_— Network
,2 f'3 j4 j: ]" ]4
N .
07 | coefficients - P
O(N x) @ =12, 2

coefficients ' /' .

Pirsa: 11100075 Page 21/51



Pirsa: 11100075 Page 22/51




Tensor Networks d d

|\I’> 77 7 iy 1N|il

iy ]in)

nh=li,=1 Iy=1
/ ) Tensor
1 T —_— Network
,2 [.3 j4 j: 1" ]4
N .
1% 4 coefficients g P
O(N x") @ =12, 1

coefficients '

(mean field theory)

Pirsa: 11100075 Page 23/51



Tensor Networks . d 4 d . .
|‘I’>=7‘17---7€w2 w|’1> ’:>-~|’,\r>

71=1 T2=1 'N=l

Tensor
Network

/., ] ] . . . :
- 3 4 11 I., 13 I_‘ R

N s . )
24 coefficients O(N x?") o m(zp=1,2.---.;g

coefficients ' o,

X =expN

N
Il

NN
|
o =

1 (mean field theory)

N
Il

Pirsa: 11100075 Page 24/51



Examples of tensor network states:
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D=1 dimensions

Matrix Product State
(MPS)
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Wilson (NRG) 1975

Fannes, Nachtergaele, Werner 1992
White 1992 (DMRG)

Oestlund, Rommer 1995

time evolution in 1D - 2003
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What makes a tensor network useful? (MPS)

- Efficiency (computational cost)
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What makes a tensor network useful? (MPS)

- Efficiency (computational cost)
1) Efficient representation of a many-body wavefunction

2) Computation of expectation values

» Accurate approximation of many-body states (e.g. ground states)
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What makes a tensor network useful? (MPS)

- Efficiency (computational cost)
1) Efficient representation of a many-body wavefunction

2) Computation of expectation values

* Accurate approximation of many-body states (e.qg. ground states)

1) Entanglement entropy?

2) Correlations?
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Correlations and entanglement entropy in MPS
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Correlations and entanglement entropy in MPS

* Gapped systems in D=1 dimensions

local
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Correlations and entanglement entropy in MPS

* Gapped systems in D=1 dimensions
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Correlations and entanglement entropy in MPS

* Gapped systems in D=1 dimensions

local
Hamiltonian g:z:‘zd 1) Exponential decay of correlations
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E —E,>0
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Correlations and entanglement entropy in MPS

* Gapped systems in D=1 dimensions
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Correlations and entanglement entropy in MPS

* Gapped systems in D=1 dimensions
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