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Calculations of line broadening are important for many different applications including plasma
diagnostics and opacity calculations. One concern is that line-shape models employ many
approximations that are not experimentally validated for most element conditions due to
challenges with high-fidelity line-shape benchmark experiments. Until such experiments become
available, we need to test approximations with ab-initio line-shape calculations.

There are three primary formalisms to derive an electron-broadening operator: the impact theory
(Baranger, Griem), relaxation theory (Fano), and kinetic theories (Zwanzig, Hussey), all of
which give different expressions for electron broadening. The impact and relaxation theories
approximate the density matrix as factorizeable while the kinetic theory has a more general
density matrix. The impact and kinetic theories relate the electron broadening operator to
collision amplitudes, while the relaxation theory has a more complicated formula using
projection operators. Each theory has a different prediction for the width and shift of spectral
lines, which will become apparent in strongly-coupled plasmas.

We have made an effort to better understand the approximations and limitations of all of these
approaches and to try to reconcile the differences between them. Here, we present the current
status of our understanding of the electron-broadening theories and our preliminary attempt to
unify the various formulae. Currently, we have found the projection operator to be necessary part
of line broadening. We will be showing (for the first time) how the projection operator broadens
spectral lines.
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