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Abstract: Computer simulations based on the first principles calculations play a
central role in helping us understand, predict, and engineer physical, chemical, and
electronic properties of technologically relevant materials. While density functional
theory (DFT) or DFT+U methods give quite accurate results for structural parameters
in most materials, qualitative predictions of excited-state properties usually require
beyond DFT methods, such as the meta-GGA, hybrid functionals, GW
approximation, or the dynamical mean-field theory (DMFT). Here I highlight my work
in two popular approaches that go beyond the limit of standard DFT. First, with the
DMFT in combination with DFT, I will present the anomalous properties of the
iron-based superconductors in both bulk and monolayer phases. In particular, I will
discuss how electron correlation affects the strength of electron-phonon coupling in
FeSe, which has been recently investigated in a femtosecond coherent locked-in
photoemission spectroscopy experiment [2,3]. Another ab-initio beyond-DFT method
is GW-approximation, which is extensively used to compute excited states of
electrons in solids. So far, most of the GW calculations have been confined to small
unit-cell of bulk-like materials due to the extreme computational demand of the
approach. I will discuss our effort toward developing a highly scalable GW approach
to compute electronic excited states more efficiently for petascale architectures using
the Charm++ parallel framework [4,5]. Now that various beyond-DFT methods are
available, it is very often unclear how accurate these methods can be expected to be
when applied to a given strongly correlated solid. Thus, it is a pressing interest to
compare their accuracy as they apply to different categories of materials, and at the
same time, to build up a database of correlated materials using various beyond-DFT
methods. I will conclude with a brief discussion in this direction and discuss our
recent progress in comparative study of these methods on a few training sets of
correlated materials [6].
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