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→ Theoretical Spectroscopy: aims and observations
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Effective quantities in an effective world 

A practical example, simulate zero gravity

→ Theoretical Spectroscopy: tools  



  

Calculate only what you want,.....so that you can understand! 
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Want: → total energy E
0

→ expectation values like
* density
* spectral functions
* dielectric function
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→ Theoretical Spectroscopy: tools  



  

→ The effective quantities: 



  

→ The effective world: 

 LDA or so

Designed for density and top valence
NOT for bandgaps, for example!!!

Hohenberg-Kohn-Sham



  

Effective quantities in an effective world 

Time-dependent quantities – TD world

→ Theoretical Spectroscopy: tools  



  

(TD)DFT point of view: moving density

Change of potentials



h


V

H
+V

XC V
H
+ V

H
+V

XC
+V

XC

 TDDFT intuitive :



  

Excitation ?

Change of potentials

RPA
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→ Induced potentials

TDLDA, ….



  



  

→ The effective quantities: 

→ Propagators 
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→ The effective world: 
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Designed for electron addition and removal spectra
(bandstructure, lifetimes, satellites,....,density,...)

Other: DMFT     

()    



  

→ ~ i WG    “GW”

L. Hedin (1965)

W = -1( v

+ ….....



  



  

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

LDA GW HF

GW today: standard for bandstructures

Bandstructure of germanium, theory versus experiment



  



  e-h problem: Bethe-Salpeter equation

Dressed hole

Dressed electron

e-h interaction

→ What is missing? 



  

TD-.... ?



  

van Leeuwen work

 TD-GFT



  

van Leeuwen work

 TD-GFT

Tough!!!!!!!



  

 The electron-hole problem : LR



  



  



  



  



  



  



  



  



  



  



  



  



  

Have to so
lve 4 point equation, th

en take a part!



  



  

Approximations



  



  W static



  

Realizations



  



  



  

(Where are we going....???)
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Wannier exciton – “hydrogen atom”

(Where are we going....???)



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



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

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

V. Olevano et al. (2000)
(bulk silicon 1998)



NiO: density of states

LDA = 0.7 eV
scCOHSEX+GW = 4.6 eV

Exp = 4.3 eV

M. Guzzo, Master thesis (2008) 



NiO: dd excitations

Strongly bound 
excitons

Q ~ 8 Å-1 [111] 

BSE(q): M. Gatti and F. Sottile, Phys. Rev. B 88, 155113 (2014) (LiF)

M. Gatti et al. (2014)



NiO: dd excitations

Large 
cancellations



  

Notes:

* Finite systems and correlation

* The “bandgap problem”

* Excitons are fake!
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Oligoacene exciton binding

K. Hummer and C. Draxl, PRB 71, 081202(R) (2005)



  



  

Exciton dispersion in LiF 

M. Gatti and F. Sottile, Phys. Rev. B 88, 155113
Exp. P. Abbamonte et al., Proc. Natl. Acad. Sci. USA 105, 12159 (2008).



  

Notes:
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* Excitons are NOT fake!

* dynamical effects



  

Notes:
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Notes:

* Finite systems and correlation

* The “bandgap problem”

* Excitons are NOT fake!

* dynamical effects

* TDDFT from the BSE

* =iGW



  



  

1e.g. E. Shirley et al.
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e.g. Del Sole, Reining, Godby PRB 1994
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http://etsf.polytechnique.fr
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