Introduction to Topological Insulators

Supervisor: Gabriel Caceres-Aravena.
Bachelor’s or Master’s Project in English
(There are many models to study, the depth of the project depends of the student’s motivation and time)

— What is this work about?
In this project we will study the topological transition of different lattices with chiral symmetry in the tight bind-
ing approximation using theoretical and numerical methods. For instance, the Fig. 1 shows two lattices and its
eigenenergies spectrum colored with respect the participation ratio (red means highly localized states and blue
means extended states).

— The student will learn to:
From the theoretical part: Study theoretically a model from the tight-binding approximation via Bloch waves[1].
Also, learn what is a topological invariant and how to calculate it from the Bloch eigenstates. Furthermore, what
is the system’s symmetry and how to calculate it from the Hamiltonian using the Dirac notation.
From the numerical part: Study numerically a tight-binding model which includes to calculate the spectrum and
statistical information of the eigenstates, such as the Participation Ratio (PR). Also, how to estimate the topological
invariant from statistical measures such as the averaged mean displacement[2].
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Fig. 1 (Upper) A lattice with its eigenenergies spectrum. The color of each eigenenergy is the participation ratio (PR) that
indicates if the associated eigenstate is localized or extended (red for localized and blue for extended). (Lower) Other lattice
with its numerical eigenenergies spectrum.
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