
  

● Piezoelctricity of III-V semiconductors from Modern theory of 
Polarization. 

● Piezoelctricity of II-VI semiconductors from Modern theory of 
Polarization. 

● Be bulk with vdW,  structure, bands,  phonons, thermal expansion.

● Be (0001) surface with vdW, surface relaxation, surface phonons,

● Be (0001) surface with vdW, thermal expansion from QHA.

● Be (0001) surface with vdW, thermal expansion from MD.

● Do vdW-DF/rVV10 functionals include many-body effects as TS++ ? If 
yes, explain ? If not, how can we improve ? 

● Self Interaction Correction for Wannier Functions. How much of the 
exchange energy is just SIC of MLWF ? 

● Can one define MSICWF ? How much better that would be wrt the 
previous approach ?

● (a)symmetric Hubbard dimers. Can we get charge transfer from 
ACFD ?

● How to train an ANN with DFT data ? For CSP ? for Ts or Exc ?
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● Be bulk with vdW,  structure, bands, phonons, thermal expansion. 

Be (0001) surface with vdW, surface relaxation, surface phonons, 
thermal expansion from QHA and from MD.



  

Be (0001) Surface

300K       LDA      LDA

[300K] HL Davis et al. PRL 68, 2632 (1992)
[LDA] R Stumpf and PJ Feibelmann, PRB 51, 13748 (1995)
[LDA] M Lazzeri and SdG, Surf Sci 402–404, 715 (1998)



  

Theory: more than 30% (z-polarized) on the top layer
Theory: more than 50% on the 3 topmost layers
EELS data: intense features (Rayleigh wave)
EELS data: weak features 



  

Surface Thermal Expansion Vibrational Amplitude

Exp: LEED I-V    HL Davis et al., PRL 68, 2632 (1992)
Exp: LEED I-V    K Pohl et al., PRL 80, 2853 (1998)
Theory:              M Lazzeri & SdG, PRL 81 2096 (1998) 



  

First Principles Molecular Dynamics

700 K layer relaxation

700 K    r.m.s. displ.
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● Do vdW-DF/rVV10 functionals include many-body effects as TS++ ? If 
yes, explain ? If not, how can we improve ? 

A Ambrosetti, AM Reilly, RA DiStasio, and A Tkatchenko, 
``Long-range correlation energy calculated from coupled 
atomic response functions'',  JCP 140, 018A508 (2014).

A Tkatchenko, RA Di Stasio, R Car, and M Scheffler, 
``Accurate and efficient method for many-body 
van der waals interactions'', PRL 108, 236402 (2012).



  

● Piezoelctricity of III-V semiconductors from Modern theory of 
Polarization. 

● Piezoelctricity of II-VI semiconductors from Modern theory of 
Polarization. 

● Be bulk with vdW,  structure, bands,  phonons, thermal expansion.

● Be (0001) surface with vdW, surface relaxation, surface phonons,

● Be (0001) surface with vdW, thermal expansion from QHA.

● Be (0001) surface with vdW, thermal expansion from MD.

● Do vdW-DF/rVV10 functionals include many-body effects as TS++ ? If 
yes, explain ? If not, how can we improve ? 

● Self Interaction Correction for Wannier Functions. How much of the 
exchange energy is just SIC of MLWF ? 

● Can one define MSICWF ? How much better that would be wrt the 
previous approach ?

● (a)symmetric Hubbard dimers. Can we get charge transfer from 
ACFD ?

● How to train an ANN with DFT data ? For CSP ? for Ts or Exc ?



  

● Self Interaction Correction for Wannier Functions. How much of the 
exchange energy is just SIC of MLWF ? Can one define MSICWF ? 
How much better that would be wrt the previous approach ?
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● How to train an ANN with DFT data ? 

● For CSP ? 

● for Ts or Exc ?
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Adiabatic Connection 
Fluctuation Dissipation

RPA: RPA in QE.:                 V.H. Nguyen , SdG, PRB 79, 165406 (2009).
Scf RPA:   N.L. Nguyen, N. Colonna, SdG, PRB 90, 045138 (2014). 

OK for vdW interaction, overestimates correlation energy in absolute terms

RPAx: RPAx  in QE.:   N. Colonna,M. Hellgren, SdG, PRB 90, 125150 (2014). 

Much more accurate correlation energy, displays instabilities at low density
ScfRPAx still to be implemented.

Dyson Equation for the response function
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• Advanced xc functionals from ACFD 
formalism     
RPA: OK for vdW interaction but overestimates correlation energy

RPAx: much better energy, but displays instabilities at low density

Homogeneous Electron Gas

small rs ~ weak interaction
Large rs ~ srtrong interaction
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• Advanced xc functionals from ACFD 
formalism     
RPA: OK for vdW interaction but overestimates correlation energy

RPAx: much better energy, but displays instabilities at low density

Static Response Function in RPAx



  

Interaction-Strength Interpolation
Compute accurate correlation energies interpolating between the exact results from the 
weak interaction limit (Exact exchange + GL2 2nd order Goerling-Levy PT) and some
estimates in the strong interaction limit: PC (Point charge plus Continuum model) 
                                                       M Seidl,  JP Perdew & S Kurth, PRL 84, 5070 (2000)

 



  

Interaction-Strength Interpolation

● The Taylor expansion of the ISI interpolation
formula has a finite convergence radius

that can give a feeling of the convergence
properties of the, unknown, “real” expansion

● Beyond its conv. radius the series is highly
unstable and its integral eventually diverges ... 

● …even tho the interpolation itself is integrated
without problems  !  

● Many molecules in the previous slide have
conv. radii << 1 !  



  

Pag. 51

A simple model

Properties:



  

Interaction-Strength Interpolation
● Great improvement w.r.t  results from PT

● However...
●

● the PT energies are not really
computed but the energy differences are 
take from Ref 6 and the interpolation is  
applied to them.

●

● Size consistency would not be insured by
the procedure applied to the individual
terms.

●

● In order to achieve size consistency 
● a “local” version of the method is 
● needed

[6] Enrzerhof CPL 263, 499 (1996)
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