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The correlation energy of an electronic system can be expressed in 
terms the density response function though the adiabatic connection 
and fluctuation-dissipation theorem:

Introduction

The λ-interacting response function can be approximated from time-
dependent density functional theory through the Dyson equation:

with

Neglecting xc kernel leads to the well known Random Phase 
Approximation (RPA), which has proven very successful in 
describing dispersive interactions. However, RPA systematically 
underestimate atomization energies for molecules and solids 
[1,2] and severely underestimate total correlation energies (~0.4 
eV per electron).

A simple approach to improve RPA is to include the Adiabatic 
Local Density Approximation (ALDA) for the xc kernel:

However, this kernel does not improve correlation energies and 
suffers from severe convergence problems [3].

The Homogeneous Electron Gas
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The problem with ALDA can be 
analyzed in the Homogeneous 
electron Gas (HEG) [4]. The 
correlation energy is essentially 
obtained by integrating the 
coupling constant averaged 
correlation hole in q-space. 

The correlation hole is well 
described by ALDA at low q, but 
has a slowly decaying positive tail, 
which renders the pair-distribution 
function divergent at the origin.

The correlation hole obtained from 
RPA is seen to result in much too 
small correlation energies.

Introducing a cutoff at q=2k
F
 

results in much better 
correlation energies for a wide 
range of densities.

The cutoff conserves the Norm 
of the correlation hole in real 
space which is given by the 
value at q=0.

Renormalized Kernel
The cutoff is equivalent to applying the xc kernel

Fourier transforming this gives

It is straightforward to generalize this to inhomogeneous systems by 
taking

As a first test for ab initio 
system we have applied the 
method to bulk Na. We 
compare with results for the 
HEG with the average valence 
density of Na.

The result from the 
renormalized kernel is in good 
agreement with the expected 
value for the HEG [5].

Bulk Sodium

Atoms and Molecules

For simple atoms and molecules, 
the correlation energy from 
rALDA are much better described 
than within RPA or ALDA. The 
rALDA kernel also seems to 
perform better for molecular 
atomization energies [5].

Total correlation energies

Atomization energies
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For large values of r, the kernel approaches the Hartree kernel and the 
method is expected to reproduce the accurate description of dispersive 
interactions of RPA.
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