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Local density-functional approximations

e Any density-functional energy contribution S[n| can be written as

Sin) = [ dr siul(x)n(r),

where s[n](r) is an energy contribution per particle.

6S|[n]
Proof: take s[n](r) = 5S[n]+ / on(r) 6.5[n]

on(r) /dr n(r) = on(r)

——=+CLz[n] < Levy-Zahariev shift*

e Note that s[n](r) is in principle a functional of the density, not just a function of n(r).

* M. Levy and F. Zahariev, Phys. Rev. Lett. 113, 113002 (2014).




Local density-functional approximations

e The local density approximation (LDA) consists in approaching s[n](r) with a function s(n(r)) of n(r):

S[n] ~ /dr s(n(r))n(r)

e Simple LDAs to the non-interacting kinetic and exchange energies:

Ty[n] =~ TEPAIn) = A / dr n%(r), Ex[n] ~ EXPAn] = B / dr n? (r)

EXERCISE

Show that, if we want these LDAs to fulfill the exact scaling relations, then we should have o = % and

B=735.WithA=2(3r%)2/3and B= -3 (2) /3 we recover the non-interacting kinetic (so-called

Thomas-Fermi) and exchange energies of a uniform electron gas with density n, respectively.

o LDA for the correlation energy:  E¢[n] ~ E-PA[n] = / dr ec(n(r))n(r).
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