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From quantum Hall to quantum spin Hall

Kramers theorem
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https://doi.org/10.1063/1.3577612


Chern insulator: Fabrication of twisted bilayers
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twisted bilayer graphene

on top of a BN �ake

Nature 602, 41 (2022)

http://doi.org/10.1038/s41586-021-04173-z


Chern insulator: moir�e superlattices
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Quantized Rxy reached,
but physics may be quite intricate

Nature 602, 41 (2022) and Nature 600, 641 (2021)

http://doi.org/10.1038/s41586-021-04173-z
http://doi.org/10.1038/s41586-021-04171-1


Spin Hall e�ect
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spin Hall

inverse

spin Hall

no magnetic �eld needed!

Image credit: Eleanor Holmes (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:SpinHallEffect.png
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Spin vs. time reversal

Spins are pseudo-vectors (axial vectors):

� no sign change on spatial inversion

� sign change on time reversal
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Nature Mater. 9, 649 (2010)

http://doi.org/10.1038/nmat2799


Kramers pair
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J. Magnet. Res. 255, 1 (2015)

http://doi.org/10.1016/j.jmr.2015.03.010


TRIM: time-reversal invariant momenta
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J. Phys. Soc. Jpn. 82, 102001 (2013)

http://doi.org/10.7566/JPSJ.82.102001


Kane-Mele model

First model of a topological insulator: Kane and Mele (2005)

Topological invariant (Z2): Fu and Kane (2007)

Extension to 3D: Fu, Kane, and Mele (2007)
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Image from Phys. Rev. Research 2, 033071 (2020)

http://doi.org/10.1103/PhysRevResearch.2.033071


Chiral (helical) modes

Chiral / helical indicates the unique propagation direction
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Image credit: Freepik

https://www.freepik.com/premium-vector/intertwined-arrow-symbols-vector-illustration_137039330.htm

