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Classical vs quantum criticality
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Spin-liquid transitions
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Classical: Exponentially large ground-state manifold 

Quantum: New phases of matter?

Frustrated magnets

7

Antiferromagnetic coupling of 3 Ising spins

Frustration:

Not all local constraints can be simultaneously satisfied

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

Majorana representation:
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Experimental search: α-RuCl3 in field
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at half-integer value!

Smoking-gun signature of Majorana edge states?

[Kasahara et al., Nature ’18] 

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



α-RuCl3 in zero field: Zigzag antiferromagnet
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Neutron diffraction: [Johnson et al., PRB ’15]
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α-RuCl3: Field-induced quantum criticality 
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Fractionalized quantum criticality: XY*
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Heisenberg-Kitaev models in field
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… 24-site ED

… nonlinear spin-wave theory

… linear spin-wave theory 

& classical Monte Carlo

Technical challenge: Dynamical ℤ2 gauge field!

… no sign-problem-free QMC available
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Generalizations of Kitaev model: Spin-orbital liquids
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Spin + orbital + … degrees of freedom:
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Static perturbations
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Spinless fermions on π-flux lattice: QMC
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Gross-Neveu-ℤ2 universality:

[Wang, Corboz, Troyer, NJP ’14] 

[Li, Jiang, Yao, NJP ’15] 

[Huffman & Chandrasekharan, PRD ’17; PRD ’20]
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Fractionalized fermionic universality classes
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Example #2 (honeycomb lattice):
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Effective field theory: Gross-Neveu-SO(3)
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Gross-Neveu-ℤ2 Gross-Neveu-ℤ2* (schematic)

… testable in future simulations
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