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Compression of products of atomic orbitals –
applied  to TDDFT and GW for molecules



Organic semiconductors / solar devices. Want properties of constituent 
organic molecules before synthesis  Need better theoretical methods 

Thiebaut/Bock/Grelet Bordeaux 2010
columnar photo active cellsGeorges Hadziioannou, Bordeaux

Karl Leo, Dresden  



Compression of products of atomic orbitals

example of reduction of products
in  m=0 channel, linear dependence
obvious

method of auxiliary functions 1980  
looses precision

Bebe-Lindenberg Cholesky
looses locality

LCAO 1927



Application 1: Petersilka-Gossman-Gross equation for spectra

code is O(N3) because of locality of V
ab

competitive with other TDDFT codes



Application 2: Hedin’s GW for molecules in O(N3) operations

~  1965 Hedin’s equations, GW = zeroth order approximation

~ 1980 used for gaps of semiconductors in 1980

~ 2000 application to molecules Louie+Rohlfing

GW + BS instead of DFT + TDFFT for organic molecules 
excitonic effects missed by TDDFT

step 1:
screened Coulomb
O(N3) 

step 2: selfenergy

many operations O(N2) from locality

But : requires too much memory 



Non local reduction of the dimension of the space of products

too much memory in  ()

O(N)*O(N)  frequency dependent matrix

V
EF are O(N2) vectors in O(N)  dimensions

 strong linear dependence  of  V
EF    

« all products are equal, but some products  are more equal than others »  
George Orwell, 1945

O(N) pairs {E,F} must suffice  In practice, only  ~ 1/10 of O(N) 
pairs important    103 acceleration in screened Coulomb  

O(N) pairs 

very small error
in spectral function



Conclusions

local basis in the space of orbital products of LCAO method gives

• First efficient solution of Petersilka-Gossmann-Gross equation

• First O(N3) implementation of Hedin’s GW approximation for molecules -
should help in organic photovoltaics

details   Peter Koval’s talk 
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