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Anomalous Hall Effect: 1881

(magnetic materials)

Edwin H. Hall

Hall Effect and Anomalous Hall Effect



R. Karplus, J. M. Luttinger, Phys. Rev. 95, 1154 (1954)

J. Smit, Physica 24, 39 (1958)

L. Berger, Phys. Rev. B2, 4559 (1970)

Spin-orbit coupling̔intrinsic

Skew scattering̔extrinsic

Side jump̔ extrinsic

Anomalous Hall Effect:  Mechanism

Nagaosa, Sinova, Onoda, MacDonald, Ong,

Review of Modern Physics 2009



Applications

Hall effect 
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From Hall Effect to Quantum Hall Effects (QHE)
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Quantum Anomalous Hall Effect?



The first Theoretical Proposal for Quantum Hall Effect 

without Magnetic Field

Graphene with broken TRS

ωHaldane conceived a model that will show QHE in zero magnetic field, it is now called 
ǘƘŜ άChernƛƴǎǳƭŀǘƻǊέ

ωIt is very abstract and way ahead of its time, but it is highly influential about 20 years 
later in the field of topological insulators



Topological States of Matter

é

Haldane Kitaev Moore ReadX.-G. Wen

Zoo of quantum-topological phases of matter  
X. ςG. Wen Rev. Mod. Phys. 89, 041004 (2017)

S. ςC Zhang

Quantum anomalous Hall effect, Haldanephase, Non-abelion 
anyons, Topological order, String-ƴŜǘ ŎƻƴŘŜƴǎŀǘƛƻƴΧΦΦΦ 



Gauss-Bonnet theorem

K: Gauss curvature
c: Euler number
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Topology

Gauss Bonnet



W:.ŜǊǊȅΩǎ ŎǳǊǾŀǘǳǊŜ

C: Chern number
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Topological property of the electronic 
structure of a 2D insulator

Berry Chern

ľTKNNĿ

T: Thouless

Nobel laureate
in Physics 2016



2005:  Topological Insulators



Topological Insulators (2005τ)

Dark matter on 
desktop
Wilczek, Nature2009

Qi & Zhang, Science 2009

J. Moore, Nature 2010

Hasan & Kane: Rev. Mod. Phys. 2010
Qi & Zhang: Rev. Mod. Phys. 2011

Quantum Anomalous Hall Effect

Quantum Spin Hall Effect

MajoranaFermions

Magnetic Monopoleand Dyon

TME Effect  and Axion

ΧΧΧΧΧΦΦΦ



Ordinary versus Topological Insulators

Valence Band

Conduction Band

Rashba Spin-Orbit Splitting of Surface States

Valence Band

Conduction Band

Ordinary Insulator

Time reversal symmetry,  Strong S-O coupling

Spin up

Spin down

Strong spin-orbit 
coupling 

Topological Insulator
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