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Abstract: 
Metal-insulator transitions (MIT) in strongly correlated materials are one of the key open 
issues in solid-state physics. MIT are due to the interplay between different interactions 
with comparable energy scales, in such a way that strongly correlated materials are char-
acterised by a great sensitivity to external parameters, like temperature, pressure, doping, 
etc. Among these materials, the prototypes are the oxides of vanadium, VO2 and V2O3. 

First-principles density-functional theory does not describe the metal-insulator tran-
sition, whereas strongly correlated models [1] have added much insight concerning the 
evolution of electronic structure close to the Fermi level (i.e. within the d-electron regi-
on). Here we discuss how using the parameter-free GW approximation [2] of many-body 
perturbation theory it is possible to explain in a consistent way the transfer of spectral 
weight in the photoemission spectra not only for V d states at the Fermi level [3], but, for 
the first time, also for V s and O p valence states at higher binding energies [4]. 
Therefore these results represent a fundamental step also for the interpretation of the op-
tical spectra, where we analyse excitonic effects using the Bethe-Salpeter equation, which 
is the state-of-the-art theoretical tool for the study of optical properties in solids [5]. 

This work is a part of a research line aimed at understanding MIT in transition-metal 
oxides under pressure and developing ab-initio approaches for the study of laser-induced 
phase transitions. 
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