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@ Excitons via Green's functions many-body theory
Signatures in absorption

@ (N,C,R) Inelastic X-ray scattering within GFs

& Whatabout XFELs ?
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The Bethe-Salpeter Equation
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Green's function approach has been (is) successful

@ it captures the physics of the electron-hole interaction

@ it can (automatically) profit from extensions

@ abinitio —> predictions

@ analysis tools (why? how? who is responsable?)
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Excitonic wavefunction of LiF
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Excitonic wavefunction of LiF
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X—ray scattering
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Bethe-Salpeter Equation - finite momentum transter
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Coherent Inelastic X-ray scattering
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X—ray scattering

non-Resonant I XS
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Resonant Inelastic X-ray scattering

via excitonic pathways in BSE

2

> (fle= ™V |n) (n|e’:TV[0)

i X2
dQdee 7 W; — (En — Eo)

X 0 (w— (Ef — Ep))

n

Y
B 1 C ~ 1* ;) o 1"
To > 2 O A P | Az A [ AL
m
dQdwe - < |wi— Ex +in| w—E\x+in | w— Ex +in
o v

A Xxex cc!’

Vorwerk, Sottile, Draxl, Phys. Rev. Research 2, 042003(R) (2020)

https://github.com/exciting/BRIXS



LiF Diamond

- BSE
— EXP
IPA

701.0 eV

692.9 eV

d20/(dQ,dw-) [arb. units]

do/(dQdw’) [arb. units]

691.8 eV
89.4 eV
672 674 676 678 680 =

88.1 eV

Emission energy [eV]

70 75 80 85 90
Emission Energy w [eV]

| s Vorwerk et al. Phys. Rev. Research 2, 042003(R) (2020) %] Vorwerk et al. Phys. Chem. Chem. Phys. 24, 17439 (2022).



Lik

694

692

690

Excitation energy w; [eV]

10 12 14 16 18

Energy loss w [eV]

@ Vorwerk et al. Phys. Rev. Research 2, 042003(R) (2020)



Conclusions

@ Absorption and RIXS accurate within BSE

@ Ab initio and predictive, and permits analysis



Conclusions

@ Absorption and RIXS accurate within BSE
@ Ab initio and predictive, and permits analysis
@ Rely on the description of the initial (ground) state

@ Cumbersome calculations
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Perspectives (with XFEL in mind)

@ Tackle small (fragile) systems
probe-before-damage

@ Develop GFs theory (ab-initio with excitonic effects)

@ time-dependent RIXS (fs resolution)

@ stimulated RIXS (non-linear regime)



Thanks to the Theoretical Spectroscopy Group
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Optical and X-ray absorption of AlpO3

All-electron vs pseudo-potential

optical L,
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