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Realization #2: Kitaev honeycomb model
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Spin-1/2 on honeycomb lattice:
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[Kitaev, Ann. Phys. ’06]

Alexei Kitaev

Review: [Trebst, arXiv:1701.07056]

Exchange frustration



Majorana representation:
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Generalizations of Kitaev model: Spin-orbital liquids

9

Spin + orbital + … degrees of freedom:
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Majorana representation:

… recover known model for j = 3/2 square-lattice spin liquid:
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Kitaev honeycomb spin-orbital model
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Example #2 (honeycomb lattice):

Majorana representation:
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… crucial for controlled analytical approximations 

… allows sign-problem-free QMC



Flux-preserving perturbations: Heisenberg spin exchange
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Kitaev-Heisenberg spin-orbital model:
<latexit sha1_base64="WWF9BKzE+8qXmL8VEcG79AApRVo="></latexit>

H = −K

X

hi ji‚

~ffi · ~ffj ⊗ fi
‚
i fi

‚
j + J

X

hi ji

~ffi · ~ffj ⊗ 1i1j

Majorana representation:
<latexit sha1_base64="1TODrKZozj41D3G1rO3wgflGlVo="></latexit>

H 7!

X

hi ji

h

Kiui jc
>
i cj +

J
4
(c>i ~Lci ) · (c

>
j
~Lcj)

i

spin-1 matrices

“SO(3) Majorana-Hubbard model”



Flux-preserving perturbations: Heisenberg spin exchange

11

Kitaev-Heisenberg spin-orbital model:
<latexit sha1_base64="WWF9BKzE+8qXmL8VEcG79AApRVo="></latexit>

H = −K

X

hi ji‚

~ffi · ~ffj ⊗ fi
‚
i fi

‚
j + J

X

hi ji

~ffi · ~ffj ⊗ 1i1j

Majorana representation:
<latexit sha1_base64="1TODrKZozj41D3G1rO3wgflGlVo="></latexit>

H 7!

X

hi ji

h

Kiui jc
>
i cj +

J
4
(c>i ~Lci ) · (c

>
j
~Lcj)

i

spin-1 matrices

0

“Kitaev” spin-orbital liquid Néel spin order

J/K

Phase diagram:

“SO(3) Majorana-Hubbard model”



Gross-Neveu-SO(3)* quantum criticality
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Effective field theory:

“Gross-Neveu-SO(3)”
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Critical exponents:

… from: 

• large-N expansion @ O(1/N2) 

• 4-ε expansion @ 3-loop 

• functional RG @ LPA’

[Ray, Ihrig, Gracey, Scherer, LJ, PRB ’21]

Sign-problem-free QMC: [Liu, Vojta, Assaad, LJ, PRL ’22 (in press)]
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Zero-temperature phase diagram
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Quantum phase transitions
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Renormalization group flow: N = 4

(a)

G

O(4) vector

O(4) tensor

B

−0.04 −0.02 0.02 0.040

_1/n

−0.02

−0.01

0

0.01

0.02

_2/n

3W = 0Bosons only:

～ #(spinor components)

[LJ & Seifert, PRB ’22]



18

Renormalization group flow: N = 4
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Renormalization group flow: N = 4
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Renormalization group flow: N = 4

Bosons  

+ “all” fermions:

_2/n

−0.04 −0.02 0.02 0.040

_1/n

−0.02

−0.01

0

0.01

0.02

3W = 2

(d)

unstable

stable

Only runaway flow!

～ #(spinor components)

[LJ & Seifert, PRB ’22]



20

Renormalization group flow: N = 4
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Weak first-order transition!
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[LJ & Seifert, PRB ’22]



(1) Introduction 

(2) SO(N) Majoranas in frustrated magnets 

(3) SO(N) Majorana-Hubbard models 

(4) Conclusions

21
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SO(N) Majorana-Hubbard models

[LJ & Seifert, PRB ’22]
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SO(N) Majorana-Hubbard models SU(N) Hubbard-Heisenberg models

[Affleck & Marston, PRB ’88] 

[Read & Sachdev, NPB ’89] 

[Lang, Meng, Muramatsu, Wessel, Assaad, PRL ’13][LJ & Seifert, PRB ’22]
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SO(N) Majorana-Hubbard models SU(N) Hubbard-Heisenberg models

[Affleck & Marston, PRB ’88] 
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SO(N) Majorana-Hubbard models: Honeycomb vs. square lattices
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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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Finite-size spectroscopy: Ising vs Ising*
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Transverse-field Ising: Transverse-field toric code:
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Gross-Neveu vs Gross-Neveu*
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… testable in future simulations



Fractionalized quantum criticality: XY*
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but ν ≈ 0.67
… as in conventional XY



Kitaev-Ising spin-orbital model
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Parton representation:
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Spinless fermions on π-flux lattice: QMC
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