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Abstract
The accurate first-principles description of d- and f-electron systems is currently regarded as one of the great
challenges in condensed matter physics due to the simultaneous presence of itinerant (delocalized) and highly
localized states and interactions between them. Density-functional theory (DFT) in the local-density approximation
(LDA) proves to be inadequate for d/f-electron systems due to the severe self-interaction (delocalization) error.
The simplest extension that can overcome the major failure of LDA is by introducing a local Hubbard like
correction (LDA+U), which, however, treats itinerant states still at the LDA level. Many-body perturbation theory
in the GW approach offers both a quasi-particle perspective (appropriate for itinerant states) and an exact
treatment of exchange (appropriate for localized states). The combination of GW with LDA+U (GW@LDA+U) is
therefore promising for d/f-electron systems. In this talk, I will present a systematic investigation of the
GW@LDA+U approach, as implemented in our newly developed all-electron GW code FHI-GAP (Green's function
with Augmented Planewaves) [1], for a series of prototypical d- and f-electron systems including later transition
metal oxides [2], lanthanide oxides [3] and actinide oxides [4]. We observed good agreement between the GW
density of states and experimental spectra using U determined by the constrained DFT approach. All main features
found in experimental band gaps of the lanthanide sesquioxide series (Ln2O3) are well reproduced by our
approach. Consistent with other GW approaches, the satellite structure in the photoemission spectroscopy of late
transition metal oxides is still missing, and the binding energy of occupied d/f-states tends to be underestimated.
We also compare GW@LDA+U to other variants of GW approaches as well as dynamical mean-field theory to
illuminate pros and cons of different approaches. I will also present some recent work on first-principles
determination of the Hubbard U in the constrained random phase approximation formalism.
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