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Collaborators: eDFT for excited states
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Gross-Oliveira-Kohn (GOK) DFT [PRA 37 (1988) 2809] in a three-state ensemble

Ensemble density:
nw = (1− w1 − w2)n(0) + w1n(1) + w2n(2)

Ensemble energy:

Ew = (1− w1 − w2)E(0) + w1E(1) + w2E(2)

Excitation energies:

∂Ew

∂w1
= E(1) − E(0) = Ω(1) ∂Ew

∂w2
= E(2) − E(0) = Ω(2)

Ensemble energy in practice:

Ew = min
n

{
Fw[n] +

∫
vext(r)n(r)dr

}
Fw[n] = Tw

s [n] + EH[n] + Ewxc [n]{
−∇

2

2
+ vne(r) +

∫
nw(r′)
|r− r′|dr

′ +
δEwxc [n

w]

δn(r)

}
φw
p (r) = εwp φw

p (r),

Ensemble derivative:

∂Ew

∂wI
= EwI − Ew0 +

∂Ewxc [n]
∂wI

∣∣∣∣
n=nw(r)

Ewxc [n] =
∫

εwxc(n(r))n(r)dr
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Construction of a weight-dependent local exchange functional
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Slater-Dirac LDA exchange functional:

εS
x(n) = Cxn

1/3 Cx = −
3
4

(
3
π

)1/3

Curvature-corrected (CC) LDA exchange functional:

εw2,CC-S
x (n) = Cw2

x n1/3 Cw2
x

Cx
= 1− w2(1− w2)

[
α + β(w2 − 1/2) + γ(w2 − 1/2)2]
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Construction of a weight-dependent local correlation functional

Three-state ensemble correlation functional:

ε̃w1,w2
c (n) = (1− w1 − w2)ε

(0)
c (n) + w1ε

(1)
c (n) + w2ε

(2)
c (n)

LDA-centered functionals:

ε̄
(I)
c (n) = ε

(I)
c (n) + εLDA

c (n)− ε
(0)
c (n)

ε̃w1,w2
c (n)→ εw1,w2

c (n) = (1− w1 − w2)ε̄
(0)
c (n) + w1ε̄

(1)
c (n) + w2ε̄

(2)
c (n)

Weight-dependent LDA functional for ensembles “eLDA”:

εw1,w2
c (n) = εLDA

c (n) + w1

[
ε
(1)
c (n)− ε

(0)
c (n)

]
+ w2

[
ε
(2)
c (n)− ε

(0)
c (n)

]

Local 
excitation 

Infinite UEG
=

bath

finite UEG
=

impurity
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