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‣ Zak phase for 1D bands ϕZak = ∫BZ
i⟨uq |∂q |uq⟩dq

• Introduction to Topological Band theory

‣ For “chiral” symmetry                         and ̂σzĤ = − Ĥ ̂σz

ϕZak = − π × Nw

J < J′ 

Ĥq = − ( 0 J′ + Je−iqa

J′ + Jeiqa 0 )
‣ Symmetry protected topological state, has gapless edge state at 

Ĥq = Ĥq+G

e.g. Su-Shrieffer-Heeger model with

E = 0

J > J′ 
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‣ 2D Chern bands

‣ Symmetry Protected Topological Insulators and Superconductors

‣ Strong Interactions
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•  Harper Model                                          

‣ laser-assisted tunnelling in optical superlattice

‣ spin coupling in synthetic dimensions

[M. Aidelsburger et al. [Munich], Phys. Rev. Lett. 111, 185301 (2013)]

[H. Miyake et al. [MIT], Phys. Rev. Lett. 111, 185302 (2013)]

[M. E. Tai et al. [Harvard] Nature 546, 519 (2017)]

[M. Mancini et al. [LENS], Science 349, 1510 (2015)]

[B.  Stuhl et al. [JQI], Science 349, 1514 (2015)]

ϕAB = π/2
ϕAB = π
QG microscope ladder

[Proc. Phys. Soc. A 1955]
[PRB 1976]

Hofstadter 
spectrum
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•  Haldane Model                     

[Jotzu et al. [ETH], Nature 515, 237 (2014)]

[N. Fläschner et al. [Hamburg] Science 352, 1091 (2016)]

[W. Sun et al. [USTC] Phys. Rev. Lett. 121, 150401 (2018)]

Ĥ = − ℏ2 ∇2

2m
1̂ + ̂V(r)

[NRC, PRL (2011); NRC & J. Dalibard, PRL 110, 185301 (2013)

• Spin-orbit coupled lattices

‣2-lattice-site analogue (resonant coupling)

‣off-resonant shaking of honeycomb (brick-wall) lattice

‣deep lattices (tight binding)

‣shallow lattices, with flat bands 
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   Two band model:                                                                     |uq⟩ = (
cos(θq/2)

sin(θq/2)eiϕq)

(θk(t = 0), ϕk(t = 0)) (θk(t), ϕk(t))

|uk(t = 0)⟩|uk(t)⟩
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• Chern Number

• Physical consequences

• Symmetry Protected Topological Insulators and Superconductors & 
Beyond

C = 1
2π ∫BZ

d2q Ωq

Ωq = − i∇q × ⟨uq |∇quq⟩ ⋅ ̂zBerry curvature

‣chiral edge states
‣anomalous velocity
‣quantized Hall transport
‣circular dichroism

2-band models






























































































































































































































































































































