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PLAN

�Derivation of a f TDDFT

xc
−→ TDDFT vs BSE

�Kernels and spectra analysis

�Application to realistic systems
−→ Solid Si and SiC

� Future developments
−→ Towards the bound excitons



Electronic spectra - Absorption spectrum

χ̄ = χ0 + χ0 [v̄ + fxc] χ̄

v̄ = v − v(G = 0)

εM(ω) = lim
q→0

[1− vG=0(q)χ̄G=G′=0(q, ω)]

Absorption (ω) = ={εM(ω)}



Transition framework

χ̄(n1n2)
(n3n4)

(ω) = M−1
(n1n2)(n3n4)

(ω)
(
fn4 − fn3

)
M(n1n2)

(n3n4)
(ω) = (εn2 − εn1 − ω)δn1n3δn2n4+

+
(
fn1 − fn2

)
Ξ(n1n2)

(n3n4)
(ω)

Ξ(n1n2)
(n3n4)

(ω) = 2

∫
drdr′ Φ(n1n2, r)v̄(r− r′)Φ∗(n3n4, r

′)+

+ F(n1n2)
(n3n4)

(ω)

Φ(n1n2, r) = φn1(r)φ
∗
n2

(r)
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TDDFT

εDFT
ni

KS eigenvalues
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FTDDFT
(n1n2)(n3n4)

(ω) = 2
∫

drdr′ Φ(n1n2, r)fxc(r, r
′, ω)Φ∗(n3n4, r

′)

BSE

εQP
ni

Quasi-Particle energies

φni(r) wavefunctions

FBSE
(n1n2)(n3n4)

(ω) = −
∫

drdr′ Φ(n1n3, r)W (r, r′)Φ∗(n2n4, r
′)

W (r, r′, ω = 0) = vε−1
RPA

(ω = 0)



TDDFT and BSE give the same spectra if and only if

4χ̄TDDFT(ω) =4χ̄BSE(ω)

⇓

MTDDFT(ω) = MBSE(ω)



TDDFT and BSE give the same spectra if and only if

(εDFT
n2
− εDFT

n1
− ω)δn1n3δn2n4 + (fn1 − fn2)

[
ct[v̄]+

+ 2

∫
drdr′ Φ(n1n2, r)fxc(r, r

′, ω)Φ∗(n3n4, r
′)
]

=

= (εQP
n2
− εQP

n1
− ω)δn1n3δn2n4 + (fn1 − fn2)

[
ct[v̄]+

−
∫

drdr′ Φ(n1n3, r)W (r, r′)Φ∗(n2n4, r
′)
]

fxc(q,G,G′) =
1

2

∑
(n1n2)
(n3n4)

Φ−1(n1n2,G)
[
(εQP

n2
− εQP

n1
− εDFT

n2
+ εDFT

n1
)δn1n3δn2n4

− (fn1 − fn2) Φ(n1n3,G)WGG′(q)Φ∗(n2n4,G
′)
]
(Φ∗)−1(n3n4,G

′)

if it is possible to invert Φ(n1n2,G)



Résumé

χ̄TDDFT
(n1n2)(n3n4)

= χ̄BSE
(n1n2)(n3n4)

φDFT
ni

= φQP
ni

WGG′(q, ω) = vGG′δGG′ε
−1
RPA (q,G,G′, ω = 0)

fxc(q,G,G′) =
1

2
Φ−1 [GWshift + ΦWΦ∗] (Φ∗)−1

if Φ(n1n2,G) is invertible.



How to implement this kernel

χ̄ =
(
1− χ0v̄ − χ0fxc

)−1
χ0

χ̄ = χ0
(
χ0 − χ0v̄χ0 − χ0fxcχ

0
)−1

χ0

χ̄ = χ0
(
χ0 − χ0v̄χ0 −K(q,G,G′, ω)

)−1
χ0



How to implement this kernel

fxc =
1

2
Φ−1 [GWshift + ΦWΦ∗] (Φ∗)−1

K = χ0fxcχ
0

K(q,G,G′, ω) =
1

2

Φ∗

∆εDFT − ω

[
GWshift + ΦWΦ∗

] Φ

∆εDFT − ω

K(q,G,G′, ω) = T1 + T2

without explicit inversion of Φ

f eff
xc(q,G,G′, ω) = (χ0)−1K(q,G,G′, ω)(χ0)−1



What do we expect then??

• K works (close to the BSE result!)

I T1 reproduces the GW corrections

I T2 reproduces the excitonic effects

• fxc

I fxc static when NG ∼ Nt

I fxc “strange” when invertibility problems for Φ occur

→ NG � Nt or Nt � NG

→ linear dependencies in Φ due to the k sampling
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kernels Nt = 288 spectra
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kernels Nt = 288 spectra
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kernels Nt = 288 spectra

3 4 5 6

0

1

2

3

4

5

1g
59g
113g

3 4 5 6
-100

0

100

200

300

400

500

BSE
1g
59g
113g

5.5 5.75 6
0

10



kernels Nt = 288 spectra
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kernels Nt = 288 spectra
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... so for Si and SiC with 2k ..

√
K works (close to the BSE result!)

√
T1 reproduces the GW corrections

√
T2 reproduces the excitonic effects

• fxc
√

fxc static when NG ∼ Nt√
fxc dynamic when NG � Nt but it can work

× fxc “crazy” when Φ is no more invertible



Solid Silicon - 256k
Nt = 2304 NG = 307
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Solid Silicon Carbide - 256k
Nt = 2304 NG = 387
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... future developments : Bound exciton ⇒ Solid
Argon
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BSE: Argon, V.Olevano et al. in preparation


















