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Abstract

There is an increase in the use and study of X-ray spectroscopy of materials in order to understand their electronic structure. Computational studies can
ald In these investigations. Starting from electronic structure obtained using DFT, our work simulates the spectrum of benzene molecules and that of solid
graphene by incorporating the core-hole effects with the single particle full core-hole (FCH) approach and Many-Body X-Ray Absorption Spectroscopy
(MBXAS)[1, 2]. MBXAS uses the determinant approach to calculate the core-hole spectra of systems, taking eigen-values and eigen-states from DFT
calculations. MBXAS computes the transition dipole-moment corresponding to X-ray absorption by approximating the final (initial) state as a Slater
determinant constructed using Kohn-Sham orbitals obtained in presence (absence) of the core electron.

A comparison of the electronic band structure calculated with and without the core-hole, respectively, reveals a significant core-hole binding effects, I.e.,
excitons, for both the molecular benzene and the extended two-dimensional system, graphene. Furthermore, this approach provides direct access to the
spatial distribution of the excited state orbitals for the purpose of analysis of XAS spectral peaks. This permitted us to draw parallels between the X-ray
excited states of benzene and graphene which share certain local symmetries in atomic arrangement and corresponding electronic structure. Density of
states analysis reveals the energies of excitonic peaks and their relationship with the initial-state band structure.

Results

Methodology:MBXAS
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We can approximate the many-body amplitude as a one-body amplitude:

(Wrle - RIW;) =~ S (rle - rlgn) (1)

where S Is the assumed uniform response of the rest of the system.

0.01

E- Energy(eV) 18" orbital orbital 18" orbital orbital
Vy)
\/ Left: Spherically averaged XAS of a benzene molecule. The energy scale is
h? relative to the first excitation. Right: Comparison of ground and
core-excited orbitals of benzene.
e | h*
N | —[Un)  —— Graphene
Initial Final Initial Final

It Is more accurate to define the many-body transition amplitude as
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where a;r and h are (th valence electron creation and core destruction

operators, and ¢; and ¢p are the corresponding single-particle orbitals.
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Now the transition amplitude itself involves a product of dipole matrix
elements and a determinant with respect to overlaps & between the initial
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Conclusion

MBXAS provides accurate reproduction of X-ray absorption spectra of

molecules, materials and nanostructures, providing direct access to the
spatial distribution of the excited state orbitals for analysis of XAS spectral
peaks. MBXAS is freely available through the user program of The Molecular
Foundry, a U.S. Department of Energy user facility.
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