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Abstract

The properties of the edge states in the topological insulator InAs/GaSb/AlSb quantum well in the presence of
a perpendicular magnetic field are studied numerically. The effect of the magnetic field is included in our model by
adding an on-site Zeeman term and a vector potential to the electron wave vector: k4 eA. When the material is in the
topologically nontrivial state, a pair of degenerate counter-propagating spin-polarized edge states exist in the bulk band
gap on each edge of the sample, which are gapless in the absence of the magnetic field due to the protection of the time
reversal symmetry.

Nonzero magnetic field breaks the time reversal symmetry, and leads to Landau levels in the electron energy
spectrum. However, one can still find a pair of counter-propagating spin-polarized edge states in the bulk energy gap
near each sample boundary.The edge states are gapped, and their distributions relative the sample edge depend on the
strength of the magnetic field. With the increase of the magnetic field, one edge state remains located near the sample
boundary, but the other tends to evolve into the bulk gradually. Furthermore, we study the scattering between the two
edge states caused by impurities. We show that the scattering rate is suppressed because of the spatial separation of two
edge states, and shows no significant enhancement when the magnetic field increases, which suggests that even though

the time reversal symmetry is broken, the quantum spin Hall state remains to be relatively robust.

Keywords: topological insulator, quantum spin hall effect, landau levels, edge state
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