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MOTIVATIONS [2]
The purpose of this poster is to study unphys-
ical irregularities and discontinuities in some
key experimentally measurable quantities (IP,
EA, HOMO-LUMO gap, excitation energies,
etc) computed within the GW approximation
of many-body perturbation theory applied to
molecular systems.
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Hedin’s pentagon [1]

METHODS [3, 4, 5]
• G0W0

Perturbative GW or one-shot GW

• evGW
Eigenvalues only GW
Self-consistent on orbitals energies only

• qsGW
Quasiparticule self-consistent GW
Self consistent on both molecular orbitals
and their energies

QUASIPARTICLE EQUATION

ω = εHF
p + Σc

p(ω)

In practice,

• G0W0: linearized quasiparticle equation

εQP
p = εHF

p + Zp(ε
HF
p )Σc

p(ε
HF
p )

• evGW: self-consistent process

εQP
p ← εHF

p + Σc
p(ε

QP
p )

SELF-ENERGY AND RENORMALIZATION FACTOR

Correlation part of the self-energy: Σc
p(ω) = Σh

p(ω) + Σp
p(ω)

Σh
p(ω) = 2
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[pi|x]2
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ω− εa −Ωx + iη

Renormalization factor: Zp(ω) =

[
1−

∂ Re[Σc
p(ω)]

∂ω

]−1

BEO AT G0W0@PBE/CC-PVDZ
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H2 SCAN AT G0W0@HF/6-31G LEVEL
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H2 SCAN AT EVGW@HF/6-31G LEVEL
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HOMO-LUMO GAP

εHOMO −Ω0 < ω < εLUMO + Ω0

Ω0 ' Egap and EF = εLUMO − εHOMO

EF −
3
2

Egap < ω < EF +
3
2

Egap

CONCLUSION
We have evidenced that one can hit multi-
ple solution issues within G0W0 and evGW
due to the location of the quasiparticle so-
lution near poles of the self-energy. Within
linearized G0W0, this implies irregularities in
key experimentally-measurable quantities of
simple diatomics, while, at the partially self-
consistent evGW level, discontinues arise.

FUTURE RESEARCH
• Exploring different routes in order to re-

move these unphysical features (Padé
resummation, regularization techniques,
etc)

• We believe that such discontinuities
would not exist within a fully self-
consistent scheme
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