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into an atomic insulator without

closing the bulk gap.

Exponentially localized modes /

at interface with atomic —
insulator, which cannot be

removed by local deformations.

Described by single particle Hamiltonians without interactions:

Hlyp) =),  [¥) =D tnaln,a).
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EXAMPLE: 1D TOPOLOGICAL INSULATOR

Left edge Right edge

Topological invariant = Net Berry phase across the bulk Brillouin zone

1 -
= — Z = —1 dipy).
o o ac 4, a Z<z/}k| 'lpk>

Winding number (Brouwer degree) of the map BZ = S' — S1 : k arg(dy)
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EXAMPLE: 2D CHERN INSULATOR

xT

Topological invariant = Net Berry flux across the bulk Brillouin zone

1 . ~
C=5r 8L F=—ildhl Aldb).

First Chern number of a principal U(1) bundle over the Brillouin zone BZ = T2.
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NASNA AN

BULK STATES: MOMENTUM SPACE EDGE STATES: POSITION SPACE
(Bloch's theorem) (Decaying ansatz solution)
Bulk topological invariant Edge invariants

BULK-BOUNDARY CORRESPONDENCE

e.g: Chern number = Number of “nontrivial” edge states on a given edge

Treat edge and bulk on an equal footing?? “TRANSFER MATRICES”

o Analytically tractable treatment in position space.
o Potential algebraic proof of bulk-boundary correspondence(s)?
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We study edge states in the integral quantum Hall effect on a square lattice in a rational magnetic
field ¢ = p/q. The system is periodic in the y direction but has two edges in the 2 direction. We
have found that the energi ofﬁhead.gt- tates are given by the ‘points of the Bloch function on
'some Riemann surface (RS) (complex energy sm'ﬂau) when the system size is commensurate with
the flux. The genus of the RS, g = ¢'— 1, is the number of the energy gaps. The energies of the edge
states move around the holes of the RS as a function of the momentum in the y direction. The Hall
conductance ¢.y is given by the winding number of the edge states around the holes, which gives the
Thouless, Kohmoto, Nightingale, and den Nijs integers in the infinite system. This is a topological
number on the RS. We can check that @,y given by this treatment is tlie same as thal given by the
Diophantine equation numerically. Effects of a random potential are also discussed.

“...the energies of the edge state; are given by the zero points of the Bloch function
on some Riemann surface (RS) (complex energy surface) when the system size is

commensurate with the flux...”
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