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Abstract
Starting from the basics of solid state physics (including 

crystallography and diffraction), this lecture will present various 

methods for calculating electronic band structures from 

first-principles. Today, Density Functional Theory (DFT) is one of 

the most widely used methods for ground-state properties. In 

contrast, excited-states properties are not properly described by DFT. 

For this reason, in the last years, efficient and reliable first-principles 

theories and frameworks have been devised to describe electronic 

excitations. These new tools are becoming more and more used: 

time-dependent density-functional theory (TDDFT) and the 

Many-Body Perturbation Theory (MBPT) in the GW approximation 

and Bethe-Salpeter equation (BSE). The aim of this lecture is to 

introduce the concepts underlying those different methods and to 

apply them on real systems. Theoretical sessions will be followed by 

extensive hands-on classes. Participants will have the opportunity of 

testing the theoretical methods using the ABINIT code on dedicated 

tutorials. 
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