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𝝂𝒉 = 𝟐

Quantum Spin Hall Insulator

𝝂𝒉 = 𝟏

Quantum Anomalous Hall Insulator

Integer Topological States

𝝂𝒉 = 𝟎

Other Competing States?
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Outline

✓ Kane-Mele-Hubbard Model

✓ Full Model



Kane-Mele-Hubbard Model

• Kane-Mele-Hubbard model:



Kane-Mele-Hubbard Model

• Hartree-Fock Approximation:

⟨… ⟩ represents the mean-field average value

• Kane-Mele-Hubbard model:
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✓ Kane-Mele-Hubbard Model

✓ Full Model



Construction of Three-Orbital Model  

• Wannier states:

• Disentangling by layer polarization 𝜎𝑧: 
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Construction of Three-Orbital Model  

A orbital

B orbital

O orbital

Bottom Top
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Single-Particle Model  

Single-particle Hamiltonian

 in the Wannier basis:
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Particle-hole transformation:

Coulomb matrix element constructed directly in k-space: 

Coulomb  dual-gate  screened Coulomb interaction：

Interacting Model  

10



ν=1 Phase Diagram
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ν=1 Phase Diagram:  𝝐 −dependence 

Phase Diagram Energy Competition

𝜈 = 1, 𝜖 = 15, 𝑑 = 20 nm
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ν=2 Phase Diagram

𝑍2 topological 

invariant

Opposite valleys 

with C = ±1

Valleys also 

act as spin
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• W.-X. Qiu, B. Li, X. Luo, FW,  PRX 13, 041026 (2023)

• B. Li, W.-X. Qiu, FW, PRB 109, L041106 (2024)

Interaction-Driven Phase Diagram at Integer Fillings
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Hartree-Fock in the Plane-Wave Basis



Hartree-Fock in the Plane-Wave Basis



Hartree-Fock in the Plane-Wave Basis



Field-tunable ν=1 Phase Diagram
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Electric-Field Tuned Phase Diagram

PRX 13, 041026 (2023)

PRB 109, L041106 (2024)

Theoretical Phase Diagram Experimental Phase Diagram

Z. Sun, …, T. Li, arXiv:2603.16412
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   𝝂 𝒉 = 𝟐


   𝝂 𝒉 = 𝟏


   𝝂 𝒉 = 𝟎


  ⟨ … ⟩


   n ↑  n ↓ ≈       − n 0 2 +  m 2 4 +  1 2  n 0 (  n ↑ +  n ↓ ) −  1 2  c †  (  𝒎 ⋅ 𝒔 ) c    


   𝜎 z


  𝝐 −


  𝜈 = 1 ,   𝜖 = 15 ,   d = 20   nm


   Z 2


  C = ± 1

