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Quantum Hall effects

insulator (gapped)

=2

Insulators (gapped)

Current does not flow

j  0 (?)

Landau準位

Quantized Hall current is carried in the ground state
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2dTI in HgTe/CdTe quantum well
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Bi : 6s26p3
Se : 4s24p2

5 x 3 (px,py,pz) x 2 (spin)  = 30 p‐states

Zhang et al. ’09
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3d Topological insulator Bi2Se3
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Surface Dirac modes
realized in a slab geometry

m0 < 0

m0 > 0 (vacuum)

Surface modes described by the Dirac Hamiltonian:

(m 0)
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Quantum Anomalous Hall Effect
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Introduction to 
Topological Insulators

• Quantum Hall effect
• Z2 topological insulators
• Electromagnetic responses
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(magnetization)
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(Electric polarization)
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Response to ElectroMagnetic
fields
in normal insulators
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P =  e B

(magnetic moment)                                      (electric field)

(electric polarization)                                    (magnetic field)

PM

E B

Response to ElectroMagnetic
fields
in topological insulators
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3D TI + magnetic impurities
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Axion term ( term)
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Summary
A topological insulator is a material with a finite 
bulk gap and gapless excitations at the surface.

strong SOCweak SOC
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It realizes novel magnetoelectric responese.


