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Twisted homobilayer in AA stacking Schematic band structure
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Moiré Hamiltonian



Moiré Hamiltonian

𝐷3 point group: 𝐶3𝑧 , 𝐶2𝑦

𝐶2𝑦

Δ+ 𝑥, 𝑦 = Δ− −𝑥, 𝑦
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•   Moiré Hamiltonian:

•   Model Parameters:
      𝑎𝑀, 𝑚∗, 𝑉,𝜓,𝑤      



Layer Pseudospin Skyrmions

Moiré Hamiltonian:

• Layer pseudospin magnetic field:

• Layer pseudospin skyrmions:



Bloch Theorem & Plane-Wave Expansion

• Bloch Theorem 

• Plane Wave Expansion

• Matrix Eigenvalue Problem

In tMoTe2, the wave function 
is a 2-component spinor at 
each k. 



Kane-Mele Model

• Kane-Mele model (Haldane Model in one valley;  valley  spin)

𝑡1Exp[𝑖 𝑠 𝜿ℓ ⋅ 𝒂𝑀]

• In “local stacking” approximation, 𝑉 ≈ 8 meV, 𝜓 ≈ −89.6∘, 𝑤 ≈ −8.5 meV for tMoTe2.
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Quantum Geometry

• Overlap expansion:

• Berry Connection

• Berry Curvature

• Quantum Metric

• Quantum Geometry Tensor: 



Quantum Geometry

• መ𝐼  is the identity matrix and ෠𝑃𝒌 is the projector ∣ 𝑢𝒌⟩⟨𝑢𝒌 ∣.
• The tensor ෡Λ is the projection of መ𝐼 − ෠𝑃𝒌 onto the subspace spanned by {∣ 𝜕𝑘𝑥

𝑢𝑘⟩, ∣ 𝜕𝑘𝑦
𝑢𝑘⟩}

• The projector መ𝐼 − ෠𝑃𝒌is semipositive definite, so is the tensor ෡Λ

• Tr෡Λ ≥   and det෡Λ ≥   

• Tr෡Λ = Tr ො𝑔  and det෡Λ = −
𝛺2
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 det𝑔 ➔ Tr ො𝑔𝒌 ≥  , det ො𝑔𝒌 ≥
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2

4

• Because ො𝑔𝒌 is a  ×   matrix,  Tr ො𝑔𝒌 
2 ≥ 4det ො𝑔𝒌 ➔Tr ො𝑔𝒌 ≥∣ 𝛺𝑘 ∣  [Trace Inequality]



Wilson Loop

ΓL is the interior enclosed by the loop L formed 

by kj for j = 1,...,N + 1, and δk = kj+1 − kj.

k1 k2

k3k4

𝑀𝒌𝑗,𝒌𝑗+1
= ⟨𝑢𝒌𝑗

|𝑢𝒌𝑗+1⟩

• Wilson loop:



Berry Curvature

Ω𝒌 ≈
 rg 𝒲

𝒜ΓL



Quantum Metric

ො𝑔𝛼𝛽𝑝𝛼𝑝𝛽 ≈  − ⟨𝑢
𝒌−

𝒑
2
|𝑢
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𝒑
2
⟩
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Topological Moire Bands and Magic Angle

T. Devakul et al., Nat. Comm. 12, 6730 (2021) 



Wannier States

• Wannier states:

• Use layer polarization to disentangle hybridization:



Hopping parameters

• Wannier states:

• Hopping amplitudes:



Three Wannier States
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