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Scien0fic descrip0on:    
The quasipar6cle spectrum provides key informa6on about new materials and can be 
theore6cally analysed through the one-par6cle Green’s func6on. The laIer needs, however, 
to be approximated, including effects of the electron-electron interac6on. In solids, any 
approxima6on should, e.g., incorporate screening, i.e., the collec6ve electronic mo6on that 
weakens the long-range Coulomb interac6on. Replacing the bare Coulomb interac6on, v, in 
Hartree-Fock theory with the screened Coulomb interac6on, W, leads to the GW 
approxima6on, known to provide a reasonable descrip6on on a wide range of systems. 
Although a unique GW solu6on exists in most cases, the high computa6onal cost in prac6cal 
calcula6ons necessitates some addi6onal approxima6on scheme (perturba6ve G0W0 with 
various star6ng points, GW with par6al self-consistency or the so-called self-consistent 
quasipar6cle GW). Unfortunately, the results oRen strongly depend on the chosen scheme. 
In this project we will study an alterna6ve to these GW methods by combining it with the 
density func6onal formalism and the random 
phase approxima6on. In this way, a unique and 
self-consistent result is obtained. We will 
carefully assess the quality of the results on a 
number of solids and then formulate a beyond-
GW method that, in addi6on to effects of 
screening, also captures excitonic effects. 
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Techniques/methods in use: Many-body Green’s func2ons, Density Func2onal Theory, 
Electronic structure codes (Quantum ESPRESSO, YAMBO) 
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