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CORRELATIONS and DISTANCE

matrix product state (MPS)

L

multi-scale entanglement renormalization ansatz (MERA)

| log(L)

exponential
correlators

C(L)~ e 8

[C(L) = AF]

polynomial
correlators

C(L)=L7?

[C(L) ~ A'oeD)]
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ENTANGLEMENT ENTROPY and CONNECTIVITY

matrix product state (MPS)

multi-scale entanglement renormalization ansatz (MERA)

~log(L)

constant entropy

S, = const

logarithmic entropy
S. = log(L)




D=1 spatial dimensions

matrix product state
(MPS)

10000000000000100

C(L) = e /¢

S, = const (=LP™1)

(gapped systems)

multi-scale entanglement renormalization ansatz
(MERA)

C(L)=~L7?
Sy~ logl (=L""1logl)

(critical systems)
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D=1 spatial dimensions

D=2 spatial dimensions

matrix product state
(MPS)

A000RARRARANANE ———

C(L) = e /¢

S, = const (=LP™1)

(gapped systems)

multi-scale entanglement renormalization ansatz
(MERA)

- -

C(L)~LP
S, ~logl (=L""'logl)

(critical systems)

projected entangled pair states
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9-Projected entangled pair states (PEPS)
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Projected entangled pair states (PEPS)

Correlations:

(Wlo(x) o'(y)|'¥)
exponential correlations

C(L)~ e L3

polynomial correlations

C(L)=LP

Pirsa: 13040054 Page 16/41



Page 17/41




Pirsa: 13040054 Page 18/41




MERA branching MERA

N N

[0} 10 10 10 10 [e} 1o o)

Pirsa: 13040054 Page 19/41



branching MERA
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11-Summary/outlook

Scaling of entanglement entropy (first week)

Dimension gapped gapless A =10
A>0 no (D-1)- dimensional (D-1)- dimensional
Fermisurface Fermisurface
D=1
S; = const S; = log(L
L N/A L (L)
L
D=2 S, ~ L S, = L S, ~ L log(L)
m
L
D=3 S, ~ I S, ~ L2 S; = L*log(L)
(s
L

St

ID--I

boundary law

S, = LP~tog(L)

boundary law
with logarithmic
correction
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11-Summary/outlook

Tensor networks (second week)

Dimension gapped gapless A=0
A>0 no (D-1)- dimensional (D-1)- dimensional
Fermisurface Fermisurface
e S, = const N/A S, = log(L)
L MPS
D=2 SL | SL ~ § SL ~ L lOg(L)
T
L
D=3 Sy = L? S; = L? S, = L* log(L)
[a;
L
,.
5y = PP S, = LP"log(L)
boundary law boundary law
with logarithmic
correction
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11-Summary/outlook

Current applications of tensor networks:

* Basis for non-perturbative numerical approaches to

frustrated antiferromagnets (2D)
interacting fermions (2D)
topologically ordered phases (2D)
quantum criticality/phase transitions

on ow

* Classification of symmetry protected gapped phases

a. complete classificationin 1D (MPS!)
b. partial classification in 2D, 3D, etc

* Non-perturbative lattice realization of

(real space) renormalization group
conformal field theories

quantum field theories

the holographic principle

on ow
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Scaling operators/scaling dimensions

£ R e e

Pirsa: 13040054 Page 29/41



Scaling operators/scaling dimensions

At
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Scaling operators/scaling dimensions

270D
O
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OPE for local & non-local primary fields

(£6x107)
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