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Quantum Spin Liquids
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Kitaev model
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Kitaev model

Alexei Kitaev
California Institute of Technology

Xiao-Gang Wen
Massachusetts Institute of Technology

"For theories of topological order and its consequences in a broad range of physical

systems, including the fractional quantum Hall effect, frustrated magnets, and topological

states protected by symmetry."



Kitaev interaction in real materials

Rau et al., Annu. Rev. Conden. Matter Phys. 7, 195 (2016).
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α-RuCl3
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α-RuCl3



Neutron Scattering experiment

ANSTO: SIKA



Neutron Scattering experiment

Ei , ki
Ef , kf

Ei, ki

Ef, kf Q

PUMA, FRM II, TUM

ħω = Ei - Ef

Q = kf – ki

Elastic: Ef = Ei, structure

Inelastic: Ef ≠ Ei, dynamics



Elastic Neutron Scattering Results
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Zigzag magnetic order in α-RuCl3

0.45 μB
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Exact parameters?



Inelastic Neutron Scattering Results

T= 3 K
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Majorana mode?
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Inelastic Neutron Scattering Results
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Inelastic Neutron Scattering Results
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Inelastic Neutron Scattering Results

Cut A
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Minimal model

See Wang et al., arXiv:1612.09515 for more details.
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Spin-wave excitations in RuCl3

K- Γ model

K (meV) Γ 
(meV)

Experiment -6.8 9.5

Theory -5.5 7.6

Phys. Rev. Lett. 118, 107203 (2017)



Spin-wave excitations in RuCl3

K= -6.8 meV

Γ= 9.5 meV

K- Γ model

Phys. Rev. Lett. 118, 107203 (2017)

Small J may be needed



Which is the best?
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Fragile zigzag order: magnetic field
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Fragile zigzag order: pressure
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Fragile zigzag order: pressure
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Pressure-induced and field-induced Magnetically Disordered State of 
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Fragile zigzag order: doping
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Phase diagram of Ru1−xIrxCl3



Magnetism in 2D

Cr2Ge2Te6

CrI3



Magnetism in 2D

α-RuCl3
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Magnetism in 2D

CrCl3, MX3



Summary

 Results on the spin-wave excitations indicate that the Kitaev interaction has been 

realized in a real material
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 High-field induces the quantum-spin-liquid state
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 The zigzag magnetic order can be tuned by pressure
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