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There has been dramatic progress over the past five decades in the theory of x-ray absorption fine-structure (XAFS). Attaining an efficient and quantitative theory is challenging since the spectra cover a broad range of energy, length, and time-scales, where traditional methods like density functional theory (DFT) can become inadequate. As illustrated in the modern EXAFS equation, the theory needs to include many-electron effects such as inelastic losses, mean-free paths, and vibrational damping. Meeting these challenges required a number of theoretical and algorithmic breakthroughs. Here we present a chronological summary. Instead of wave-function based DFT approaches, a real-space Green’s function (RSGF) approach is advantageous [1].  This real-space multiple scattering (RSMS) approach treats curved-wave scattering with effective scattering amplitudes feff and separable-propagators. The exchange-correlation functional of DFT is replaced with an energy-dependent self-energy to account for mean-free path damping. Further developments were needed to achieve quantitative ab initio treatments, including self-consistent scattering potentials, Dirac-Fock atom effects, core-hole screening, and correlated Debye-Waller factors.   A major breakthrough over the past decade or so is the development of cumulant Green’s function treatments of intrinsic inelastic losses such as the many-body amplitude factor S02 in the EXAFS equation. Extensions to finite temperatures and related spectra are also briefly discussed.

[1] J. J.  Kas et al, Phys. Chem. Chem. Phys., 24, 13461 (2022). 




 

   
  
 

