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Area law and tensor networks
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Area law pa = Tra(IW) (W)

ground states of S = —Tr(palogpa)
local Hamiltonians

S~ |0A|~ LP1

generic states
(lattice model)

S~ |A|~ LP

ground states of
local Hamiltonians

generic states
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Many-body wave-function of N spins
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Many-body wave-function of N spins
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Why bond indices?

Product (unentangled) state
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Computational
efficiency

matrix product state
(MPS)

quantum circuit
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A: Efficient representation

|W) & poly(N) coefficients
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B: Efficient manipulation

(Lp];p) computational time
(W]ai" W) and memory
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Matrix product state (MPS) ) = Z Wiipiyliziz -+ in)

i1ip-in
iy R adileesaseasaasanne:
i1i5 o Iy il "
2N
ic | ‘@’ ==
A: Efficient representation ? O(Nx?) Q_ TI =|Bl=x
- il=2
parameters t
2}(2 parameters

B: Efficient computation?

e

{OMO=O
i —>
\/ O(Ny®) 11

computational time
; O-O-O-O-O-O-O-O-O-O-O-O-O-O-0O-0O)
SLAss000000630000000 |
0a0,0,0,0,0,0,0,0,0,0,0,002020 'X
local e
expectation >

value

X:‘; X:;
. O ::/'\ O
100 e |_> {
T |

Pirsa: 16070046 Page 9/34



Pirsa: 16070046

Quantum circuit
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computational time and memory

~exp(T) = exp(N9)
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A: Efficient representation?

N N 3 ko i |
N + 2 i 7 + .. =N (1 + §+ Z+ ) < 2N Multi-scale entanglement
renormalization ansatz
(MERA)

Matrix product state
(MPS)
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N sites = N tensors
= O(N) parameters N sites = N log(N) tensors ?

2N tensors = O(N) parameters \/

Focus lecture by

Markus Hauru
(W|¥) norm \/ mp| MERA: A tensor network

: for scale invariant systems
W|a|W) local expectation values
(Flo; V) P Wed 5pm Bob room

log(N)

B: Efficient manipulation?
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Area law and tensor networks

Generalities

Definition

Useful tensor networks

1 MPS vs MERA

D=

Examples

D>1 PEPS, branching MERA

quantum circuit
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ground states of
local Hamiltonians Area law

S ~|0A|~ LP~1

T (N)

D=1 spatial dimensions

Area law: SE o~ |6A|~ LO gapped Hamiltonians

exponential decay ~LJE
of correlations c(L)~e
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Structural properties

Multi-scale entanglement
renormalization ansatz
(MERA)

Matrix product state
(MPS)

* Decay of correlations
e Scaling of entanglement
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(W6(0) o(L)|VP) MPS Problem

session

= exponential decay of correlations
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(lpla(O) 6(L) |LIJ) MERA Focus lecture by

Markus Hauru
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Correlations: geometric interpretation

matrix product state
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structure of geodesics:
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power-law
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Entanglement entropy

Problem
session

Focus lecture by
Markus Hauru

matrix product state

(MPS)

multi-scale entanglement renormalization ansatz

(MERA)

e

log(L)

connectivity:

S(A) < const

area law!

connectivity:

S(A) <loglL

logarithmic correction!
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ground states of
local Hamiltonians Area law

S ~|0A|~ LP~1

7 (V)

ss::tgr{,m gapped gapless A=0
Space A > 0 small surface Iarge [([) 1) dirn(-naimml]
dimension of zero modes surface of zero modes
D=1
S; =~ const S, ~ log(L)
ST N/A
L MPS MERA
D=2 S, ~L S, ~L S, ~ Llog(L)
- L
L
D=3 S, ~ L2 S, ~ L2 S, ~ L? log(L)
&3
L
\ v |
area law o L”'llog(L) logarithmic
S, ~ [p-1 L correction
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Projected entangled pair states (PEPS)
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Projected entangled pair states (PEPS)

Norm
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Projected entangled pair states (PEPS)

Norm?
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B: Efficient manipulation?
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\/ contraction 0, (NxNy)
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Projected entangled pair states (PEPS)

Structural properties

Entanglement entropy:

area law

LD—I)

S, <4Llog (x) (
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Entanglement entropy in MERA

D=1 dimensions D=2 dimensions
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ground states of Area law
local Hamiltonians

N
H W S ~|0A|~ LP~1

S::c:tg:.lm gapped gapless A =0
Space A>0 small surface large [(D-1)- dimensional ]
dimension of zero modes surface of zero modes
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S, =~ const N/A S, ~ log(L)
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L
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MERA branching MERA
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MERA branching MERA
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branching MERA

D=1 spatial S, ~ log(L) Sy =L

dimensions :

D>1 spatial D-1 D1 D
S, ~L ~ ; ~

dimensions - S, 4 REL SIS

Pirsa: 16070046 Page 32/34



ground states of Area law
local Hamiltonians

N
e S ~|0A|~ LP~1
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Area law and tensor networks
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