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 Time Dependent Density Functional Theory

→ Realizations 



→ Theoretical Spectroscopy: aims and observations













 Moreover : Many-Body Perturbation Theory is dynamic !





Key quantity W) = -1) v



→ 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
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 TDDFT intuitive :



  

Excitation ?

Change of potentials

RPA
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→ Induced potentials

TDLDA, ….



  

 TDDFT formal :



  



  



  



  



  



  

Approximations

The problem: V
xc

[n](r) means V
xc

(n(r
1
,r

2
,....r

N
),r)

Reason: * the Coulomb interaction         --------------------------

   * hybridization 
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        * polarization
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Approximations

The problem: V
xc

[n](r) means V
xc

(n(r
1
,r

2
,....r

N
),r)

“Solution”: LDA V
xc

(n(r),r), from HEG

 

The problem: V
xc

[n](r,t) means V
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“Solution”: ALDA V
xc

(n(r,t),r,t), from HEG



  

Realizations
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Applications (and what can we learn from them?)



  

Applications (and what can we learn from them?)
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(TD)DFT point of view: moving density

Change of potentials
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Excitation ?

Change of potentials

RPA
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→ Induced potentials

TDLDA, ….



  

→ Interaction leads to........... coupling 

E,k

E',k' = k-q

Loss spectroscopy



  

Exp: Eberlein et al., Phys. Rev. B 77, 233406 (2008)



  



  

Graphite, plasmon oscillations 
(R. Hambach, PhD thesis)

9 eV 30 eV



  

→ Interaction leads to........... coupling 



  

→ Interaction leads to........... coupling 



  

→ Interaction leads to........... coupling 

Why study this? * Unexpected effects!
* Guideline for experiments



  

inelastic elastic inelastic

Close to Bragg point

c

Independent particles 
With induced potentials: 
Induced modes 

Ralf Hambach et al., Phys. Rev. Lett. 101, 266406 (2008) 



  

Experimental verification, N. Hiraoka et al., Spring8 Taiwan/Japan 

Strong changes close to Bragg reflex!

Ralf Hambach et al., Phys. Rev. Lett. 101, 266406 (2008) 



  

Experimental verification, N. Hiraoka et al., Spring8 Taiwan/Japan 

Strong changes close to Bragg reflex!

Ralf Hambach et al., Phys. Rev. Lett. 101, 266406 (2008) 

Microscopic (L
FE) contributio

ns!



  



  



  



  

Startin
g fro

m GW bandgap



  



  

Also:

* total energies

* transport

* feed in MBPT

*...............



  

Notes:

* Finite systems and correlation

* The “bandgap problem”



  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!



  

Notes:

* Finite systems and correlation

* The “bandgap problem”

* Excitons are fake!

* double excitations → dynamical effects

f
xc

(r,r',t-t')→ f
xc

(r,r',)



  



  

EXCITING!!!!!



  

→ Why bother? It all depends on the response

→ Notes remember your basics!  

→ More formally to go further 

→ Intuitive could do without theory....  

→ Approximations always the same 

→ Applications broad range 

 Time Dependent Density Functional Theory

→ Realizations choose your space  



  

http://etsf.polytechnique.fr
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