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Self-screening: the extracted particle screens itself   
(bad treatment of the induced exchange) → ε

GW
1 != ε1
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Atomic limit

N.E. Dahlen, R. van Leeuwen, U. von Barth, PRA 73, 012511 (2006); A. Stan, N.E. Dahlen, R. van Leeuwen, JCP 130, 114105 (2009)

H
+
2 →1e

− two types of 
addition energies

Incorrect atomic limit        
(bad treatment of the correlation)

Thursday, November 5, 2009



P = −iGGΓ W = v + vPW→

Vertex corrections: P = −iGGΓ
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P = −iGGΓ W = v + vPW

fxc = −v

χ = χ0 + χ0(v + fxc)χ = χ0 W = v + vχ0v

→
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Vertex corrections: P = −iGGΓ
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P = −iGGΓ W = v + vPW

fxc = −v

χ = χ0 + χ0(v + fxc)χ = χ0 W = v + vχ0v

→

→
Exact vertex in P does not correct self-screening

From TDDFT the exact vertex

Vertex corrections: P = −iGGΓ
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Vertex corrections: Σxc = iGWΓ

Valence state
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Γ(23) = δ(23) + fxc(24)P (43)

Vertex corrections: Σxc = iGWΓ

Valence state

Σxc(12) ≈ iG(12)W (31+)Γ(23)
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Γ(23) = δ(23) + fxc(24)P (43)

Vertex corrections: Σxc = iGWΓ

Valence state

Σxc(12) ≈ iG(12)W (31+)Γ(23)

⤷

Σxc(12) = iG(12)v(21+)+iG(12)v(23)χ0(34)v(41+)+iG(12)fxc(24)χ0(43)v(31+) = iG(12)v(21+)

Thursday, November 5, 2009



Γ(23) = δ(23) + fxc(24)P (43)

Vertex corrections: Σxc = iGWΓ

Valence state

Σxc(12) ≈ iG(12)W (31+)Γ(23)

fxc

⤷

Σxc(12) = iG(12)v(21+)+iG(12)v(23)χ0(34)v(41+)+iG(12)fxc(24)χ0(43)v(31+) = iG(12)v(21+)

feff
xc = fxc − fQP

xc

F. Bruneval, F. Sottile, V. Olevano, R. Del Sole, and L. Reining,  PRL 94, 186402 (2005)

                  A two-point vertex is sufficient to remove the self-screening

It is built from the total       and not only from the excitonic part                                                
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Vertex corrections: Σxc = iGWΓ

feels only induced Hartree 
(different spatial distribution/opposite spin)→ Γ(23) = δ(23)

Valence state

Conduction state

Γ(23) = δ(23) + fxc(24)P (43)

Σxc(12) ≈ iG(12)W (31+)Γ(23)
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Vertex corrections: Σxc = iGWΓ

feels only induced Hartree 
(different spatial distribution/opposite spin)→ Γ(23) = δ(23)

nonlocal vertex

⤷

Valence state

Conduction state

Γ =

{

δ + fxcP for valence → WTC−TE

δ for conduction → WTC−TC

Γ(23) = δ(23) + fxc(24)P (43)

Σxc(12) ≈ iG(12)W (31+)Γ(23)
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Hubbard model: GW solution
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Hubbard model: GW solution
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Hubbard model: GW solution
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Hubbard model: GW solution
U → 0

1 physical pole+ extra poles  →           with zero intensity  → satellites ε0 ± 3t

                   → exact solutionG
GW
U=0

Noninteracting limit
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Hubbard model: GW solution
U → 0

t → 0

self-screening not detected in 

⤷

1 physical pole+ extra poles  →           with zero intensity  → satellites ε0 ± 3t

                   → exact solutionG
GW
U=0

G
GW
ij↑,t=0

GGW
ii↓,t=0(ω) =

1

ω − (ε0 + U
2
) + iη

Σij↓(ω = 0) =
U

2
δij

static (only Hartree potential) vs 
frequency-dependent exact solution 

Noninteracting limit

Atomic limit

t → 0

ε0 + U/2

ε0, ε0 + U

only one pole (                )  vs two in the 
exact  solution (                   )

→ exact solution
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Hubbard model: GW vs exact 
t → 0
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Hubbard model: vertex corrections
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Hubbard model: vertex corrections

W = v + vχ0v → Wij(ω) = Uδij + (−1)(i−j) U2t

ω2
− (2t)2

only shifts poles of Σ

Vertex corrections in P

Thursday, November 5, 2009



Hubbard model: vertex corrections

W = v + vχ0v → Wij(ω) = Uδij + (−1)(i−j) U2t

ω2
− (2t)2

only shifts poles of Σ

Σ

Γ =

{
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δ for conduction → Σ(ω) =






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0 0 0 0
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Hubbard model: vertex corrections

W = v + vχ0v → Wij(ω) = Uδij + (−1)(i−j) U2t

ω2
− (2t)2

only shifts poles of Σ

Σ

Γ =

{

δ + fxcP for valence
δ for conduction → Σ(ω) =









0 0 0 0
0 0 0 0
0 0 Σ11↓ Σ12↓

0 0 Σ12↓ Σ22↓









No self-screening anymore!
Still incorrect atomic limit!

Vertex corrections in P

Vertex corrections in 

Thursday, November 5, 2009



Conclusions

GW suffers of a self-screening error (bad description 
of induced exchange) and an incorrect atomic limit 
(bad description of correlation)

An approximate vertex                                    

can correct the self-screening...but not the incorrect 
atomic limit

The approximate vertex (for valence) is built from 
TDDFT with the total      and not only with the 
excitonic part

Γ =

{

δ + fxcP for valence
δ for conduction

fxc

feff
xc = fxc − fQP

xc
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