Stockholm, June 21, 201

Topological Insulators and Quantum
Anomalous Hall Effect

Qi-Kun Xue

Tsinghua University




OUTLINE

w Introduction
w MBESTMARPES of topological insulators
w Realization of Quantum Anomalous Hall Effe

W Summary



Hall Effect and Anomalous Hall Effect
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Anomalous Hall Effect: Mechanism

Nagaosa, Sinova, Onoda, MacDonald, Ong,
Review of Modern Physics 2009
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Spin-orbit coupling’ intrinsic ‘
R. Karplus, J. M. Luttinger, Phys. Rev. 95, 1154 (1954) p nt p XX

Skew scattering’ extrinsic Dy pm‘
J. Smit, Physica 24, 39 (1958) )

Side jump’ extrinsic ‘
L. Berger, Phys. Rev. B2, 4559 (1970) P AX




Applications
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Integer QuantumHall Effect
(1980)




Fractional Quantum Hall Effect
(1982)
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From Hall Effect to Quantum Hall Effects (QHE)
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From Hall Effect to Quantum Hall Effects (QHE)
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Quantum Anomalous Hall Effect?

K. von Klitzing B. Laughlin  H. Stormer D. Tsui




The first Theoretical Proposal for Quantum Hall Effect
without Magnetic Field

VOLUME 61, NUMBER 18 PHYSICAL REVIEW LETTERS 31 OCTOBER 1988

Model for a Quantum Hall Effect without Landau Levels:

Condensed-Matter Realization of the “Parity Anomaly”
F. D. M. Haldane
Graphene with broken TRS

Graphene in a periodic magnetic field B(r)
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wHaldane conceived a model that will show QHE in zero magnetic field, it is now callec
(0 KShemA y a dzf I {2 NE

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



TopologicalStatesof Matter

Quantum anomalous Hall effect, Haldgniease, Norabelion
anyons, Topological order, StriggS 1T O2 Yy RSy al .
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Z00 of quanturrtopological phases of matter
X.cG. WenRev. Mod. Phys 89, 041004 (2017)
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Haldane X-G.Wen S.cC Zhang Kitaev Moore  Read



Topology

K: Gauss curvature
c: Euler number

GaussBonnet theorem

Gauss Bonnet



Topological property of the electronic
structure of a 2D insulator

W. SNNE Q3

C: Chern number
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T: Thouless

Nobel laureate
In Physics 2016




2005: Topological Insulators




Topological Insulators (2005)

Hasan& Kane: Rev. Mod. Phys. 201
Qi & Zhang: Rev. Mod. Phys. 20:

Quantum Anomalous Hall Effect Dark matteron
desktop

QuantumSpin Hall Effect Wilczek Nture 2009
MajoranaFermions J. Moore Nature 2010 ) P )
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Ordinary versus Topological Insulators

Ordinary Insulator Topological Insulator

Conduction Band Conduction Band

Strong spinorbit
coupling
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Valence Band

Rashba Spirbit Splittingof Surface States Time reversal symmetry, StrongdScoupling



