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Content: Dirac, Weyl and Majorana particles. The Jackiw-Rebbi solution to the Dirac equation. Graphene, 

bonding, band structure, Landau levels. Toy models: polyethylene, Haldane, Kane-Mele. Real materials: 

k.p theory, band inversion, topological indices. Dirac fermions in narrow gap semiconductors, topological-

trivial junctions. Experimental signatures: the QSH, suppression of backscattering, Rashba-Edelstein 

effect. Any other sub-topic that relates to students’ research (topological superconductivity, topological 

magnetic phases …) can be added as complementary material. 

Learning objectives 

1. At the end of this course you will be able to describe properties and observables related to 

topology and Dirac fermions in condensed matter. 

2. You will have the opportunity to analyze and critique published work on the topic. 

3. You will earn how to create and develop ‘basic’ theoretical models of topological materials. 

4. You will learn how to propose experimental designs to reveal those characteristics using 

electronic and optical probes. 

5. Relate to real-life technological issues that can be solved or advanced by considering topological 

aspects in materials. 

Grade: 30% on 4 minor assignments, 40% on 2 major assignments, 30% final research project 

Weighting major assignments.  10% on lower grade, 30% on higher grade.  

Everything is graded and average over 100, then converted to 4.0 grade. 

Prerequisite: Quantum mechanics I and II, Solid-state physics.  

Books and sources (not mandatory):  

1. Topological insulators and topological superconductors (Bernevig and Hughes) 

2. Topological insulators (S.Q. Shen) 

3. Wave mechanics applied to semiconductor heterostructures (G. Bastard) 

4. Scholarly articles (Haldane PRL 61 2015 (1988), Kane and Mele PRL 95 226801 (2005), Goerbig 

Rev. Mod. Phys. 83 1193 (2011)). 

5. Keeping up with posted pre-prints. 
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Tentative calendar 

Week Topic Assignment 
1 Overview of the Dirac equation HW-1 Minor: Properties of Dirac 

fermions in materials 

2 The Jackiw-Bell solution HW-2 Minor: Jackiw-Bell and 
topology 

3 Graphene: Intro and material science HW-3 Major: Graphene transport 
and electronic properties 

4 Graphene: band structure  

5 Toy models: Polyethylene HW-4 Minor: Toy models of 
topology 

6 Toy models: Haldane or Kane-Mele  

7 Review of HW – introduction of student projects  

8 Real materials: k.p model and s-o interactions HW-5 Minor: From k.p to Dirac 

9 Band inversion and topological indices  

10 Real materials: the topological-trivial interface HW-6 Major: 1D edges and 2D 
surface states: properties 

11 Experimental signatures and functionalities  

12 Continued - Student presentations  

13 Student presentations  

14 Student presentations  

 


