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The „Inverse Problem“ of quantum many-body physics

?
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The Toric Code

Fault-tolerant quantum computation by anyons
A. Kitaev
Annals of Physics 303(1), 2 (2003), doi:10.1016/s0003-4916(02)00018-0

String-net condensation: A physical mechanism for topological phases
M. A. Levin and X.-G. Wen
Physical Review B 71, 045110 (2005), doi:10.1103/physrevb.71.045110

Star operators Plaquette operators

Couplings

Honeycomb lattice & 1 ❌Qubit per edge:

„Loop condensate“

Loop constraint: Loop condensation:

Ground state?

( exactly solvable )

✓ ✓

Ground state

All loop patterns
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Topological Order

Local unitary transformation, long-range quantum entanglement,
wave function renormalization, and topological order
Xie Chen, Zheng-Cheng Gu, and Xiao-Gang Wen
Phys. Rev. B 82, 155138 (2010), doi:10.1103/PhysRevB.82.155138

Quantum phases without ...
• Spontaneous symmetry breaking
• Symmetry protection

Topological order = Patterns of long-range entanglement

• Anyonic excitations
• Topological ground state degeneracy
• Described by TQFTs

Fancy features:

Applications in
Quantum Computing ...

Different state
Same quantum phase

Renormalization
fixpoint

Trivial phase

Topological phase A

Topological phase C

Topological phase B

No gapped path

No gapped path

Gapped
path

True in 2D and higher ...
(for bosonic systems)

Loop condensate

Product state
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