A Hierarchy of Topological Tensor Network States

Oliver Buerschaper! Juan Martin Mombelli?> Matthias Christand|®*
Miguel Aguado®

I Max-Planck-Institute of Quantum Optics
Garching, Germany

2Universidad Nacional de Cérdoba
Cérdoba, Argentina

3Ludwig-Maximilians-Universitat
Munich, Germany

4ETH Ziirich
Zurich, Switzerland

Quantum Engineering of States and Devices, Obergurgl 2010

Buerschaper et al. (MPQ) A Hierarchy of Topological TN States Quantum Engineering

1/6



DESSS———....
Topological Order and Quantum Computation

Buerschaper et al. (MPQ)

A Hierarchy of Topological TN States

DA



I
Anyons
» Braiding in 2D
e

S

Buerschaper et al. (MPQ)

A Hierarchy of Topological TN States



Anyons

» Braiding in 2D

vl
N KOS
M.\/.VE'X ‘

[ ]
v

o & = E A
Buerschaper et al. (MPQ) A Hierarchy of Topological TN States

=e



Anyons

» Braiding in 2D

v M
N RS
O |

[ ]
v

=e

[Yuw) = U [Yuw)

o & = E A
Buerschaper et al. (MPQ) A Hierarchy of Topological TN States



Anyons
» Braiding in 2D

v K
N XS
,l“\_/fV = /\‘ ‘t ) = U |thyu)

° [ J
v

» Symmetry and Hopf algebras
geg U

|

Buerschaper et al. (MPQ) A Hierarchy of Topological TN States Quantum Engineering 3/6



Anyons
» Braiding in 2D

v K
N XS
,l“\_/fV = /\‘ ‘t ) = U |thyu)

° [ J
v

» Symmetry and Hopf algebras

geg U 4 g®g9 v K
‘ ‘ NN
M b g W by

Buerschaper et al. (MPQ) A Hierarchy of Topological TN States Quantum Engineering 3/6



Anyons
» Braiding in 2D

v K
N XS
,l“\_/fV = /\‘ ‘t ) = U |thyu)

° [ J
v

» Symmetry and Hopf algebras
Y v
[ ] [}
} }
I v

Buerschaper et al. (MPQ) A Hierarchy of Topological TN States Quantum Engineering 3/6

)x ® "



Anyons
» Braiding in 2D

v K
N XS
,l“\_/fV = /\‘ ‘t ) = U |thyu)

° [ J
v

» Symmetry and Hopf algebras

Z(x) x/ ® x//

¥

B
H\
(9
&\

[ B

X

T . I:\

T=e—— e

=e
e

Buerschaper et al. (MPQ) A Hierarchy of Topological TN States Quantum Engineering



BN
Tensor networks
» Traditional approach (AKLT, MPS, PEPS)

o & = E A
Buerschaper et al. (MPQ) A Hierarchy of Topological TN States



Tensor networks

» Traditional approach (AKLT, MPS, PEPS)

AT

o & = E A
Buerschaper et al. (MPQ) A Hierarchy of Topological TN States




Tensor networks
» Traditional approach (AKLT, MPS, PEPS)

(gla e 7gNW)> =

Buerschaper et al. (MPQ) A Hierarchy of Topological TN States Quantum Engineering 4/6



Tensor networks
» Traditional approach (AKLT, MPS, PEPS)

<g17 e 7gNW)> =

» Our approach

Buerschaper et al. (MPQ) A Hierarchy of Topological TN States Quantum Engineering 4/6



Tensor networks
» Traditional approach (AKLT, MPS, PEPS)

<g17 e 7gNW)> =

» Our approach

S(h//)
s
(@) W

Buerschaper et al. (MPQ) A Hierarchy of Topological TN States Quantum Engineering 4/6



Tensor networks
» Traditional approach (AKLT, MPS, PEPS)

<g17 e 7gNW}> =

» Our approach

Buerschaper et al. (MPQ) A Hierarchy of Topological TN States Quantum Engineering 4/6



I
Hierarchy of Topological TN States

» Quantum states from Hopf algebras

VD ()

& [+)

Buerschaper et al. (MPQ)

o F
A Hierarchy of Topological TN States



-
Hierarchy of Topological TN States

» Quantum states from Hopf algebras

VD ()

& [+)

» Topological entanglement entropy

|OR|

-

Buerschaper et al. (MPQ) A Hierarchy of Topological TN States Quantum Engineering 5/6



Summary

» Hopf algebras as natural tool to describe systems with topological
order

» General framework for tensor network states based on Hopf algebras

» Hierarchy of topological states related by charge condensation
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