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Topological phases of matter
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“Phases with exotic edges” “Phases with exotic excitations”

Gapless surface states Anyons

<latexit sha1_base64="BBhSZ7CePILCqqstWvDeCOZ/ZCM="></latexit>

Exchange statistics with „ =∈ {0; „}

<latexit sha1_base64="luunb+Tzxzt5soIW/GO1oRYrqQw="></latexit>

e
2i„



5

Topological superconductors

Chiral p + ip superconductor:
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[Bernevig & Neupert, arXiv:1506.0580]
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Kitaev’s 16-fold way

Topological spin:
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Q1. How to realize them?
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Classical: Exponentially large ground-state manifold 

Quantum: New phases of matter?

Frustrated magnets

8

Antiferromagnetic coupling of 3 Ising spins

Frustration:

Not all local constraints can be simultaneously satisfied

Consequences:
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Spin-1/2 on honeycomb lattice:
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Alexei Kitaev
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Parton construction

Majorana representation:
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Fermion spectrum:

Ground-state flux pattern: u ≡ 1 

[Lieb, PRL ’94]
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α-RuCl3 in zero field: Zigzag antiferromagnet

11

Neutron diffraction: [Johnson et al., PRB ’15]Zigzag order:
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Magnetic field

Quantization plateau 

at half-integer value!

Smoking-gun signature of Majorana edge states?

[Kasahara et al., Nature ’18] 

Topical Review: [LJ & Vojta, JPCM ’19]



α-RuCl3: Field-induced quantum criticality 
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[Wolter, Corredor, LJ, et al., PRB ’17]
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Kitaev-Heisenberg models in field
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Generalizations of Kitaev model: Spin-orbital liquids
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Spin + orbital + … degrees of freedom:
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Kitaev-Ising spin-orbital model
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Spinless fermions on π-flux lattice: QMC
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Kitaev-Heisenberg spin-orbital model
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Example #2 (honeycomb lattice):
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Gross-Neveu-SO(3)* quantum criticality
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Effective field theory:

“Gross-Neveu-SO(3)”
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• 4-ε expansion @ 3-loop 

• functional RG @ LPA’
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Sign-problem-free QMC: [Liu, Vojta, Assaad, LJ, arXiv:2108.06346]
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(1) Introduction: Topological phases of matter 

(2) Spin-1/2: Kitaev honeycomb model 
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α-RuCl3 in field

Kitaev-Ising spin-orbital model

Kitaev-Heisenberg spin-orbital model
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Gross-Neveu-SO(3): Sign-problem-free QMC
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Spin-orbital model in external magnetic field
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Finite-size spectroscopy: Ising vs Ising*
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Transverse-field Ising: Transverse-field toric code:
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Transverse-field Ising: Transverse-field toric code:
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Gross-Neveu vs Gross-Neveu*
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Gross-Neveu-ℤ2 Gross-Neveu-ℤ2* (schematic)

… testable in future simulations



Fractionalized quantum criticality: XY*
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… anomalous dimension  

of composite field
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but ν ≈ 0.67
… as in conventional XY


