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Université Paul Sabatier, Toulouse, France.

Gori-Giorgi Symposium



Section 1

Many-body perturbation theory
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BSE correlation energy via ACFDT:

EBSE
c =

1
2

∫ 1

0
Tr
(
KPλ

)
dλ

Correlation part of the two-electron density matrix:

Pλ =

(
Yλ(Yλ)ᵀ Yλ(Xλ)ᵀ

Xλ(Yλ)ᵀ Xλ(Xλ)ᵀ

)
−
(
0 0
0 1

)
“Casida”-like equations: (

Aλ Bλ

−Bλ −Aλ

)(
Xλ
m

Yλ
m

)
= Ωλ

m

(
Xλ
m

Yλ
m

)
with

Aλ,BSE
ia,jb = δijδab(ε

GW
a − εGWi ) + λ

[
2(ia|jb)−Wλ

ij,ab

]
Bλ,BSE
ia,jb = λ

[
2(ia|bj)−Wλ

ib,aj

]



Screening as a key ingredient

Screened Coulomb operator:

Wλ
ij,ab(ω) = (ij|ab)

+ 2
OV

∑
m
[ij|m]λ[ab|m]λ

(
1

ω−Ωλ,RPA
m + iη

− 1

ω + Ωλ,RPA
m − iη

)

Screened two-electron integrals:

[pq|m]λ =
O

∑
i

V

∑
a
(pq|ia)(Xλ

m + Yλ
m)ia
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The elephant in the room of GW
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The elephant in the room of GW

(Linearized) quasiparticle equation

εG0W0
p = εHF

p + Zp(ε
HF
p )Re[Σc

p(ε
HF
p )]

Correlation part of the self-energy:

Σc
p(ω) = 2 ∑

im

[pi|m]2

ω− εHF
i + Ω,RPA

m − iη
+ 2 ∑

am

[pa|m]2

ω− εHF
a −Ω,RPA

m + iη

Renormalization factor (or spectral weight):

Zp(ω) =

[
1−

∂Re[Σc
p(ω)]

∂ω

]−1
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Section 2

Basis set incompleteness correction
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Density-based basis set incompleteness error
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Density-based basis set incompleteness error

��� �� ��� ��� ���
����

��� �� ��� ��� ���
����

��� �� ��� ��� ���
����

-���
-���
���
���
���
���
���

�������@�����

��� �� ��� ��� ���
����

��� �� ��� ��� ���
����

��� �� ��� ��� ���
����

-���
-���
���
���
���
���
���

�������@�����+�����

��� �� ��� ��� ���
����

��� �� ��� ��� ���
����

��� �� ��� ��� ���
����

-���
-���
���
���
���
���
���

�������@�����+���



Density-based basis set incompleteness error



Density-based basis set incompleteness error



Section 3

Density-functional theory for ensembles

© Bruno Senjean



eDFT for excited states



Gross-Oliveira-Kohn (GOK) DFT in a three-state ensemble

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] + EHxcw[n]

Derivative discontinuity:

∂Ew

∂wI
= EwI − Ew0 +

∂Ew
xc [n]

∂wI

∣∣∣∣
n=nw(r)

Ew
xc [n] =

∫
εwxc(n(r))n(r)dr



Construction of a weight-dependent LDA functional

Three-state ensemble exchange-correlation functional:

ε̃w1,w2
xc (n) = (1− w1 − w2)ε

(0)
xc (n) + w1ε

(1)
xc (n) + w2ε

(2)
xc (n)

LDA-centered functionals:

ε̄
(I)
xc (n) = ε

(I)
xc (n) + εLDA

xc (n)− ε
(0)
xc (n)

ε̃w1,w2
xc (n)→ εw1,w2

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

(1)
xc (n) + w2ε̄

(2)
xc (n)

Weight-dependent LDA functional for ensembles “eLDA”:

εw1,w2
xc (n) = εLDA

xc (n) + w1

[
ε
(1)
xc (n)− ε

(0)
xc (n)

]
+ w2

[
ε
(2)
xc (n)− ε

(0)
xc (n)

]
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