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Duality in the Hofstadter spectrum

The Hofstadter model [1] describes electrons moving on a crystalline 2D lattice in the presence
of a perpendicular magnetic field. The interplay between the lattice periodicity and the magnetic
flux leads to a fractal energy spectrum known as the Hofstadter butterfly, with energy gaps
characterized by integer Chern numbers. This model provides a fundamental link between
lattice physics and topological phenomena such as the integer quantum Hall effect. Recent
advances in moiré superlattices, such as twisted bilayer graphene and transition metal
dichalcogenides, have made the Hofstadter spectrum experimentally accessible [2], offering a
rich platform to study topological bands, Chern physics, and fractal quantum phenomena.

The goal of this internship is to investigate the duality of the Hofstadter model in moiré
crystalline lattices. Unlike the original model, the moiré crystal is described using a continuous
model rather than a tight-binding Hamiltonian [3-5]. Interestingly, the model appears to exhibit
a duality whereby the high-flux spectrum can be mapped onto an effective tight-binding model,
corresponding to the original Hofstadter model. The project will focus on understanding this
duality and how it shapes the Chern number hierarchy.
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