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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
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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
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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

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



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
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Small J may be needed



Which is the best?

 J-K model: may be incompatible with the order

Chaloupka et al., Phys. Rev. Lett. 105, 027204 (2010)

Chaloupka et al., Phys. Rev. Lett. 110, 097204 (2013)

 Extended J-K model: Γ necessary for the gap

Winter et al., Phys. Rev. B 93, 214431 (2016)

Banerjee et al., Nature Mater. 15, 733 (2016)

Hou et al., arXiv:1612.00761

 K- Γ-J model

Ran et al., Phys. Rev. Lett. 118, 107203 (2017) 

Wang et al., arXiv:1612.09515

Winter et al., arXiv:1702.08466 

Banerjee et al., Science 356, 1055 (2017)

Catuneanu et al., arXiv:1701.07837

Janssen et al., arXiv:1706.0538

Gohlke et al., arXiv:1706.09908 

 Kitaev model: no magnetic order

Do et al., arXiv:1703.01081 Banerjee et al., Science 356, 1055 (2017)



Model

arXiv:1702.08466



Outline

 Introduction

 Spin-wave excitations in α-RuCl3

 Fragile magnetic order

Magnetic field, pressure, and doping

 Magnetism in two dimensional

 Summary



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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Magnetism in 2D
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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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