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Many-Electron Quantum Mechanics
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Electronic Structure
of Bilayer Graphene




Coulomb Interactions
and Continuum Models
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2D Topological Insulators
Decoupled

Time-Reversed H 0.
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2D Topological Insuldtors

BHZ Model




Xue & AHM, arXiv:1710.00410 PRL (2018)
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Exciton
Superfluids




Excitons - Elementary Excitations
of Intrinsic Semiconductors




Bose-Einstein Condensation

Einstein 1925

University of Leiden
Einstein Archive




TMD Bilayer XC Phase Diagram
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TMD Bilayer XC Phase Diagram
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Burg et al. arXiv:1802.07331 - PRL (2018)



TMD Bilayer XC Phase Diagram

Calculation
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Burg et al. arXiv:1802.07331 - PRL - to appear



TMD Bilayer XC Phase Diagram
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Quantum
Anomalous

Hall Effect




Sublattice-Pseudospins
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igenstate Pseudospins

Band E
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Band Eigenstate Pseudospins

H = Bmc? + hed - k

Massive Dirac Equation - 3D

Sublattice Staggered

Potential

H = T.mv? + hoT - k
Massive Dirac Equation -2D
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Min et al. PRB (2008)



Momentum Space Vortex Core
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Gapped States in Bilayer Graphene

-4 B (T) 4

Bao, Velasco Nature Phys. (2011), arXiv:1108




Xue & AHM, arXiv:1710.00410 PRL (2018)
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Nematic and
Chern Insulators




Excitonic Insulator to BHZ model

k-dependent

gap

h’k? FE

2m

Hpuz = (

;ap )72 + A(kzTz0, — kyTy)

k-dependent

Band-Pseudospin
Effective Magnetic
Field




Mean-Field Theory - QSHI/NI

Nematic Insulator

p=-1
A=014

Zero-Mass
Line

Zero-Mixing
Point



Mean-Field Theory - QSHI/NI

QSH Insulator

Zero-Mass
Line

Zero-Mixing
Point



Xue & AHM, arXiv:1710.00410 PRL (2018)
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Mind the Gap
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Less Simple
Systems




The 1T TMDs

1T-MoS, 1T-WTe,

Qian et al. Science (2014)
Choe et al. PRB, 93, 125109 (2016)
Meuchler et al. PRX, 6, 041069 (2016)
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