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Excitons viaGreen's functionsmany-body theory

(N,C,R) InelasticX-ray scatteringwithinGFs

What aboutXFELs ?

Signatures in absorption
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Kawai et al. Phys. Rev. B 89, 085202 (2014)
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Green's function approach has been (is) successful

it can (automatically) profit from extensions

ab initio predictions

analysis tools (why? how?who is responsable?)

it captures the physics of the electron-hole interaction



Lorin et al. Phys. Rev. B 104, 235149 (2021)
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Excitonicwavefunction of LiF



Excitonicwavefunction of LiF

Gatti and Sottile, Phys. Rev. B 98, 155113 (2013)

where is the exciton localised ?

howmuch ?



Excitons viaGreen's functionsmany-body theory

(N,C,R) InelasticX-ray scatteringwithinGFs

What aboutXFELs ?

Signatures in absorption
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Bethe-Salpeter Equation - finite momentum transfer

Vinson et al. Phys. Rev. B 83, 115106 (2011)

Gatti and Sottile, Phys. Rev. B 98, 155113 (2013)

Caliebe et al. Phys. Rev. Lett. 84, 3907 (2000)

Soininen and Shirley, Phys. Rev. B 61, 16423 (2000)

Fugallo et al. Phys. Rev. B 92, 165122 (2015)

h BN
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Coherent InelasticX-ray scattering
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Igor Reshetnyak et al.
Phys. Rev. Research 1, 
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Schülke and Kaprolat,  Phys. Rev. Lett. 67, 879 (1991).
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Resonant IXS



 

Intermediate state

Conduction bands

Valence bands

Core bands

en
er
gy Conduction bands

Valence bands

Core bands

en
er
gy

Final stateInitial state

Conduction bands

Valence bands

Core bands

en
er
gy

photon-out

k wout out

photon-in



 

Intermediate state

Conduction bands

Valence bands

Core bands

en
er
gy Conduction bands

Valence bands

Core bands

en
er
gy

Final stateInitial state

Conduction bands

Valence bands

Core bands

en
er
gy



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

Resonant InelasticX-ray scattering
via excitonic pathways in BSE

https://github.com/exciting/BRIXS
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Absorption andRIXS accuratewithin BSE

Ab initio and predictive, and permits analysis

Cumbersome calculations

Rely on the description of the initial (ground) state

Conclusions
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Tackle small (fragile) systems

probe-before-damage

Perspectives (withXFEL in mind)

DevelopGFs theory (ab-initiowith excitonic effects)

stimulatedRIXS (non-linear regime)

time-dependentRIXS (fs resolution)



Thanks  to the Theoretical Spectroscopy Group

and to You



Sponza et al. Phys. Rev. B 97, 075121 (2018)

Excitons in hexagonal BN









AlAl22OO33

Urquiza et al., Phys. Rev. B 107, 205148 (2023)Urquiza et al., Phys. Rev. B 109, 115157 (2024)


