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Nonlinearities for electrons and phonons from first principles
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Advances in quantum materials, in 2D and 3D, necessitate probing matter in regimes beyond
equilibrium. A typical way in which a material is forced out of its ground state is through light
matter interaction. In this talk, I will survey a variety of nonlinear light-matter responses that
are directly calculable from first principles. I will show that for electrons, a truncated transport
formalism successfully accounts for nonlinear response but requires accurate determination of the
Fermi surface, which can be readily carried out by numerical approaches from density functional
theory (DFT) and Wannier interpolation. I will discuss outstanding questions concerning agreement
with experiment. When structural modes are coupled to light, strong, dynamical instabilities
may set in. I will show that light-induced, incommensurate structural instability may be directly
extracted from phonon calculations within DFT, informed by the accurate determination of the
symmetries of the underlying lattice vibrations. I will present a new framework for the extraction of
phonon-nonlinearities which combines high-throughput ideas with strong emphasis on symmetry,
material classification and physical intuition. With a broad outlook in mind, I will present a
recent successful application of machine learning techniques for the prediction of novel (nonlinear)
electronic properties with minimal features in the input data.
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