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Theoretical keys from an outsider
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Two stage approach

@ Ground state via Density Functional Theory

(one-particle band-structure)

L » Real space (atoms, molecules)
Ly Special (localized) basis :: Gaussians, wavelets, Slaters, ...

L Plane waves (solids) [Abinit, Espresso, VASP, ...]

@ Excited states (and spectroscopy) via ...



@ Excited states (and spectroscopy) via ...

Many-body perturbation Theory Time Dependent Density Functional Theory
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5 Days (theory and hands-on)

Density Functional Theory
Green's Function Theory

GW approximation

Time Dependent Density Functional Theory
Bethe-Salpeter Equation



Optical absorption - Ellipsometry
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[nelastic X-ray Scattering
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Resonant (RIXS) and non-resonant (NIXS)



Electron Energy Loss (EELS)
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(angle-resolved) Photo-emission spectroscopy

electronic band-structure



Many-body perturbation Theory

(AR)PES

G=G"+G"%G
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Band—gaps of materials

Wi, m

puowep—-0 M

m:LDA
©:GW(LDA)

suzneo'ouz %D o - -

_w|wv
OPO'qSED'9Y ZE&@
Syul'd'qSul =&

91fH = O W

I gno mchLWw... F 7

(A8) deb pajenojes

6

4

2
experimental gap (eV)

Phys. Rev. Lett. 96, 226402 (20006)



Spectral function of Graphite vs PES experiment
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Many-body perturbation Theory

Absorption experiment
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Bethe-Salpeter equation

x = GG+ GG




Absorption Spectrum of Solid Argon

15+

10 -

| | I
Q .
— == JP-RPA
+ GW-RPA

exp

BSE

Phys. Rev. B 76, 161103(R) (2007)




Many-body perturbation Theory
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Time Dependent Density Functional Theory
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Absorption of Benzene
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Absorption Spectrum of Solid Argon
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Time Dependent Density Functional Theory
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ab initio description of valence electron spectroscopies
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« ab initio approach—— predictive
\/ variety of spectroscopies
\/ comparison with experiments

~ collaborative approach and spirit
\ /

L theoretician usefulness :: some examples ¥




