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BM model for TBG
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Moiré bands in twisted double-layer graphene, Rafi Bistritzer and Allan 
H. MacDonald. PNAS 108, 12233 (2011)
TBG I-V, B. Andrei Bernevig, Zhi-Da Song, etc. PRB (2021)…
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Semiclassical Boltzmann equation
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NHE tuning by gates
𝜃 = 1.3°

Intrinsic nonlinear Hall effect and gate-switchable Berry curvature 
sliding in twisted bilayer graphene, Meizhen Huang, Zefei Wu, Xu 
Zhang, etc. arXiv:2212.12666 (2022)



Berry curvature hotspot sliding
𝜃 = 1.3°, strain 𝜖 = 0.3%
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Chiral limit and symmetry
BM model review in momentum space
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Chiral limit and symmetry
Projected Coulomb interaction at flat chiral limit
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Assume spin-valley polarizing at 𝑣 = ±3

Flat-chiral limit 𝑢, = 0
Ground state: Quantum anomalous Hall

Flat band non-chiral 𝑢, ≠ 0
Ground state: From Quantum anomalous Hall to semimetal

Evolution from quantum anomalous Hall insulator to heavy-fermion semimetal in magic-angle 
twisted bilayer graphene, Cheng Huang, Xu Zhang, etc. arXiv:2304.14064 (2023)

Thermodynamic Characteristic for a Correlated Flat-Band System with a Quantum 
Anomalous Hall Ground State, Gaopei Pan, Xu Zhang, etc. Phys. Rev. Lett. 130, 016401 
(2023)



Chiral-flat band TBG at 𝑣 = ±1
Polynomial sign bounds behavior at low temperature
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Polynomial sign problem and topological Mott insulator in twisted bilayer 
graphene, Xu Zhang, Gaopei Pan, etc. Phys. Rev. B 107, L241105 (2023) Non-chiral simulation is in process… 
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Conclusions

• 1. Berry curvature hotspot is easy to tune in flat band materials, so that 
non-linear Hall signal can be sensitive to gate voltage (e.g., TBG at 
non-magic angle).
• 2. TBG at magic angle, assuming spin-valley polarizing at filling 𝑣 =
± 3, evolves from QAH to semimetal departing from chiral limit.
• 3. TBG at magic angle, assuming flat-chiral limit at filling 𝑣 = ±1, is 

QAH ground state with Chern number 1. Simulation for non-chiral 
case is in process.

Thanks!


