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The screened Coulomb interaction is a central quantity in condensed matter, which determines critical
properties of materials. The formation of bound excitons, Cooper pairs, and exotic states of matter, all depend
on the strength of the interaction between electrons and holes, which is screened by the surrounding medium.
The vast majority of theoretical approaches consider the screened Coulomb interaction in the presence of a
frozen lattice of atoms. However, as suggested by a simple Lorentz oscillator model, atomic motion can
greatly modify the properties of the screened Coulomb interaction.

In this talk | will discuss recent theoretical developments that rigorously account for lattice screening in diverse
condensed matter systems. First, | will introduce a novel first-principles framework for incorporating lattice
screening effects on excitonic properties, which leads to highly temperature-dependent exciton binding
energies [1]. This phenomenon is particularly pronounced in low-dimensional heterostructures [2], and
explains both the temperature-dependent exciton binding of halide perovskites and ultra-fast exciton
dissociation in efficient photocatalysts [3].

I will then show how the effect of phonons on the screened Coulomb interaction can greatly modify the
electronic phase diagrams of diverse strongly-correlated materials [4], and explain superconductivity in
SrTiO3 — a long-standing open problem since its discovery in 1964 — through a cooperative mechanism of
long-range coupling to multiple longitudinal optical phonons [5].
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