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q≠0



*Length scale of excitons much 
larger than lattice
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Wannier-Mott exciton



Excitonic insulators

Zhi Li et al, Possible Excitonic Insulating Phase in 
Quantum-Confined Sb Nanoflakes

6



Twisted bilayer graphene
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Twisted double bilayer graphene



Umklapp scattering in e-e or h-h interactions

Carrier-phonon interactions

Scattering processes
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Limits on current due to scattering processes between electrons and holes
(Relaxation of relative momentum)EF<kBT near charge neutrality
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Device design
▪
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Identifying twist angle
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Identifying twist angle

F. K. de Vries et al, Combined minivalley and layer 
control in twisted double bilayer graphene

Theory calculations of van Hove singularity location
Hofstadter butterfly 
spectrum
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Displacement field effects
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Displacement field effects
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Charge density effects
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SdH oscillations with low field
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SdH oscillations with low field
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SdH oscillations with low field
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SdH oscillations with low field

Electron+hole region
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SdH oscillations with low field
▪ Transitions between these regions match 
parabolic band theory calculations

▪ Asymmetry between hole and electron 
density
• Intrinsic asymmetry from tight-binding 

model
• Some effects from crystal field
• Potential lattice relaxation effects
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Magnetic field effects
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Questions
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▪ Possible competition with other correlated states? (spin states, nematic state, 
superconductivity)

▪ How much does scattering contribute to effects when turning carrier density?

▪ Origins of zero-bias peak with perpendicular magnetic field

▪ Effects of Landau levels on perpendicular magnetic field effects

▪ How resilient is the DW state with the application of strain?

▪ Phase of excitonic insulator—does it form a crystal-like lattice?

• Can this be measured in either transport or STM?


