Photoelectron spectroscopy within a correlated one-particle picture
Bibek Samal, Vamsee K. Voora

Department of Chemical Sciences, Tata Institute of Fundamental Research, Homi Bhabha
Road, Colaba, Mumbai 400005, India

Email: bibek.samal@tifr.res.in

X-ray photoelectron spectroscopy (XPS) provides valuable information about the local
chemical environment of atoms in molecules by directly probing core electron binding energies
(CEBEs). XPS technique is now increasingly used to investigate complex chemical systems
thanks to the advent of high-brilliance X-ray sources. To complement these advances we
recently proposed a scalar-relativistic (SR) GKS-spRPA method that helps to model X-ray
emission spectra of small to medium sized molecules within a one-particle framework. SR-
GKS-spRPA is a robust theoretical technique that avoids variational collapse issues and
provides accurate core-hole state based X-ray emission. We now extend the SR-GKS-spRPA
technique to incorporate spin-orbital coupling (SOC) effects which are necessary to understand
L-edge XPS. The new algorithm incorporates SOC perturbatively in the exact two-component
(X2C) framework, the perturbative SOC corrections are computationally cheap compared to
the SR analogue. We use the SOC-GKS-spRPA to model K-edge and L-edge XPS of molecules

containing third-period elements and analyse its accuracy.
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