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Methods based on Green's functions, like the GW approximation or the Bethe-Salpeter equation (BSE), are 

powerful tools in unveiling new physics, as we also have recently shown for dense sodium [1] (a charge-transfer 

insulator at high pressures) and solid picene [2] (a first example of a new class of organic superconducting 

materials). Here we show how the application of first-principles GW and BSE can be further extended towards 

more strongly correlated materials, at the example of the metal-insulator transition (MIT) in vanadium dioxide 

[3]. We prove that i) ab initio GW provides a consistent interpretation of the transfer of spectral weight across 

the MIT in the photoemission spectra, not only for V d states close to the Fermi energy, but also for V s states 

at higher binding energies [4]&#894; ii) excitonic and crystal local-field effects are important for the 

interpretation of optical spectra in the insulating phase and can be adequately described by the BSE [5]. We 

further discuss the limitations of the methods and their applications to other correlated transition-metal 

oxides. 
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