Light-matter interaction in a relativistic perspective
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The importance of relativistic effects in chemistry is illustrated by the fact that without relativity gold would have
the same color as silver [1–3], mercury would not be liquid at room temperature [4,5] and your car would not start [6].
The present work highlights another aspect of relativity, namely its essential role in light-matter interaction.
More specifically, we consider relativistic simulations of X-ray absorption spectroscopy. The general expression for
the absorption cross sections is
2
πω
σ (ω) =
hf |T̂ (ωf i )|ii f (ω, ωf i , γf i ) ,
ε0 ~c
where T̂ (ω) represents light-matter interaction and f (ω, ωf i , γf i ) a lineshape function. In the UV/Vis domain the
electric dipole approximation is generally employed. In the X-ray domain, its validity is less obvious, since the wave
length of the radiation is on the order of molecular dimensions. The usual extension of theory is to include terms beyond
zeroth order in the wave vector in the effective interaction operator T̂ (ω). However, this leads to origin-dependence
of absorption cross-sections. In a seminal paper Bernadotte et al. showed that this problem is avoided by rather
expanding the absorption cross-section σ (ω) in orders of the wave vector [7]. We have investigated an alternative
approach which simply employs the full light-matter interaction [8]. In both approaches rotational averaging has to be
considered for isotropic media [9]. In this contribution we consider the extension of these approaches to the relativistic
domain.
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