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Motivation

A Family of Topological Wavefunctions

(T1,..,xn) =

Buerschaper; Aguado, Vidal , PRB 2003
6u, Levin, Swingle , Wen |, PRB 2009
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Characterizing Topological Order Locally

Find necessary and sufficient conditions on local tensors for topologically
ordered quantum many-body states.
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Questions & Hints

. Which tensor variations are physical?
. Invariance under (physical) local unitaries?

. Robustness under renormalization?

AW N R

. 1D: Classification of MPS via virtual (projective) G-symmetry

Chen Gu, Wen, PRB 2041
Schuch, Pérex-Garela, Cirac, PRB 2011
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Physical Symmetry?

Trndrinsic 'toPotoﬂiCO-L order: no (robust) Local physical symmetry

H) = H,+AV

fixed Poih‘t / arbitrary locol
(frustration-free)  perturbation (bounded)

.H,  topologicel ocder (accideutal) symmetry
is robust <>t H, moy be destroved

Bravyi, Hastings, Hichalakis, 3MP 2040
Michalakis, Pytel, arXiv 201

Oliver Buerschaper - Pl Towards Unconventional Symmetries



A Simple Example of Virtual Symmetry

Toric code X .
He-ZAO-SBE) X+ -X 2 2
P . 5
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A Simple Example of Virtual Symmetry

Toric code X .
He-ZAO-SBE) X+ -X 2 2
P . 5

Tensor network
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A Simple Example of Virtual Symmetry

Toric code X .
H=-YIA(s) -X Blp) Xt X 2y 7
s ) : .
X Z
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A Simple Example of Virtual Symmetry

Toric code X .
H=-YIA(s) -X Blp) Xt X 2y 7
s ) . .
X Z
Tensor network
2 ROA X X
H ’.L@U Y X X
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Intrinsic Topological Order and Virtual Symmetry |

toric code
D(Zy)

G~symmr:l:ry
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Virtual G-Symmetry

» Parent Hamiltonian with finite ground state degeneracy
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Virtual G-Symmetry

» Parent Hamiltonian with finite ground state degeneracy

» Locally indistinguishable ground states
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Unconventional Virtual Symmetries
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Conclusion

Summary

» Tensor networks are a powerful tool for characterizing topological
order and quantum phases

v

1D: virtual (projective) G-symmetry classifies MPS

\4

2D: unconventional virtual symmetries are needed to classify PEPS

C%- and H-symmetries are such stepping stones

v
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