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Abstract
Density functional theory has become the standard tool for studying the electronic structure of real materials, and for good reason: it strikes a rare balance between accuracy and computational cost. In this talk I will start with the basics the Hohenberg-Kohn theorems, the Kohn-Sham construction, and the exchange-correlation problem that sits at the heart of any DFT calculation, before moving on to what these methods actually let us do.
To ground the discussion, I will walk through a few applications from my own work, including recent efforts to resolve the crystal structure of hybrid metal halide compounds, where periodic DFT calculations helped clarify features that earlier studies had misread as genuine structural motifs rather than artefacts of the refinement. I will also touch on examples from semiconductors and low-dimensional materials more broadly.
DFT is very good at ground-state properties, but it is not built to get band gaps and quasiparticle excitations right, and this is where the GW approximation comes in. I'll give a short, fairly conceptual introduction to many-body perturbation theory in the GW framework, enough to explain why it works and where DFT alone falls short. I will close with SternheimerGW, an approach that reformulates GW using density-functional perturbation theory and sidesteps the usual sum over empty states, and say a little about where that development currently stands, including work on extending it to include spin-orbit coupling.
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