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Abstract: Dynamical correlations are key to describe important phenomena in

condensed mater like scattering or electron relaxation dynamics. However,
they represent a challenge for most practical first principles quantum
mechanical methods. The focus of this project is to develop a novel
theoretical framework within time-dependent density/current density
functional theory to go beyond the vastly employed adiabatic exchange-
correlation functionals to include memory and nonlocal effects. Among the
possible applications, particular interest will be given to the study of the
relaxation dynamics of electrons in two-dimensional quantum materials (like
transition metal dichalcogenides, TMDs) excited out of equilibrium by intense
and ultrashort laser fields or the effect of photon fluctuations in light-matter
strong-coupling situations.
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