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→ Theoretical Spectroscopy, the aim 
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→ Calculate only what you want, 
…................so that you can understand! 
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Effective quantities in an effective world 

A practical example, simulate zero gravity



  

→ Calculate only what you want, 
…................so that you can understand! 
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→ The effective quantities: 

→ Density Functional versus Propagators 



  

→ The effective world: 

 LDA or so

Designed for density and top valence

NOT for bandgaps, for example!!!

Kohn-ShamGiorgia



  

→ The effective world: 

Σ(r,r',ε
i
)

Designed for electron addition and removal spectra
(bandstructure, lifetimes, satellites,....,density,...)

Other: DMFT     Σ
ιι
(ω)    



  

•DFT point of view: moving density

Change of potentials
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Excitation ?

Change of potentials

  Induced Hartree: long-range and local field 
effects

RPA
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→ Induced potentials



  

Graphene, π plasmon

C. Kramberger et al., PRL 100, 196803 (2008)



  

Excitation ?

Change of potentials

  Plus induced xc: excitons ???…........

TD-LDA …....
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v

c

Hole  -  (N-1) (excited) electrons

Propagators (example photoemission)



  

From Damascelli et al., RMP 75, 473 (2003)

A(ω)~Im[G(ω)]

+......

Coupling to other excitations!



  

G(1,2) = -i <T[ψ(1)ψ†(2)]> 1=(r
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Dyson equation: G =G
0
 + G

0
 Σ G



  

→ Σ ~ i WG    “GW”
L. Hedin (1965)

W = ε-1(ω) v



  



  



  

Model W(r,r',ω)

Ab initio W(r,r',ω)



  

GW calculations,  Rohlfing et al., PRB 48, 17791 (1993)

LDA GW HF

Matteo and Claudia



  

Correlation induces many additional excitations 

e-h problem: Bethe-Salpeter equation

Dressed hole

Dressed electron
e-h interaction

Francesco



  

→ Theory and Experiment 



  

→ Theory and Experiment 



  

→ Theory and Experiment 
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→ Theory and Experiment 

Matteo and Claudia



  

→ Model or ab initio? 

We are all theoreticians
→ models (predictive?)

Ab initio is:
→ not materials specific
→ ab initio code running (standard)
→ be predictive
→ face discrepancies
→ get new physics out of discrepancies

→ Technical realization of the theory? 



  



  

→ Experiment  and Experiment 

Our theory is: 
decomposition into different experiments!

PES

IXS

Core

John and Keith

Francesco

Matteo and Claudia



  

→ Theoretical Spectroscopy, the aim

→ Model or ab initio? 

→ Density Functional versus Propagators 

→ Theory and Experiment 

→ Calculate only what you want, 
…................so that you can understand! 

What is this ?
An introduction to Theoretical Spectroscopy

→ Experiment  and Experiment 
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  → Σ ~ i WG    “GW”
Lani et al., New J. Phys. 14, 013056 (2012) 

Many-body perturbation theory: GW

G=G
0
 + G

0
 Σ G

~ GG 

1. Linearization V
H
 [ϕ] = V
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c 
χϕ .....
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  Correlation beyond mean field response 

H
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Many-body perturbation theory

G(1,2) = -i <T[ψ(1)ψ†(2)]>
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Many-body perturbation theory

G(1,2) = -i <T[ψ(1)ψ†(2)]>
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Many-body perturbation theory

~ GG → HF

Dyson equation: G=G
0
 + G

0
 Σ G

Σ ~ i v
c
G



  

Many-body perturbation theory: GW

1. Linearization V
H
 [ϕ] = V

H

0 + v
c 
χϕ .....

.......leads to screening: W = ε-1v
c 



  



  



  

Francesco



  
Larson et al., PRL 99, 026401 (2007)

Exciton: Lee, Hsueh, Ku,  PRB 82, 081106 (2010)

V. Olevano et al.
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