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Introduction Software

tum Package 2.0 (https://quantumpackage.github.io/qp2)

“Quantum Package 2.0: An Open-Source Determinant-Driven Suite of Programs”
Garniron et al. JCTC (in press), arXiv:1902.08154
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GW Pentagon

Hedin's pentagon

Out In What can we calculate with GW?

@ lonization potentials (IP) given by occupied
MO energies

o Electron affinities (EA) given by virtual MO
energies

° (or band gap in solids)

@ Singlet and triplet neutral excitations
(vertical absorption energies) via BSE

) o Correlation and total energies via RPA or
Hedin, Phys Rev 139 (1965) A796 Galitskii-Migdal functional
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GW

GW flavours

Acronyms

perturbative GW, one-shot GW, or Go\Wy

° or eigenvalue-only (partially) self-consistent GW

qsGW or quasiparticle (partially) self-consistent GW

scGW or (fully) self-consistent GW

o BSE or Bethe-Salpeter equation for neutral excitations
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Pentagon GW flavours Implementation

GoW, subroutine
procedure PERTURBATIVE GW
Perform HF calculation to get €' and c"f
forp=1,...,N do
Compute > (w) and Z,(w)
€SoWo — HF 1 7, (1) Re[Z5(ctF)]
> This is the linearized version of the
> quasiparticle (QP) equation w = €' + Re[Z5(w)]
end for
if BSE then
Compute BSE excitations energies if you wish
end if
end procedure

Green's function and self-consistency
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Pentagon GW flavours Implementation

Correlation part of the self-energy:

oy [pi|x]?
zP(w)i2Zw—e;+ in

Renormalization factor

Z,(w) = [1 - M] -1

ow

Screened two-electron MO integrals

[palx] = (pqlia)

ia

(65 D=6 %)

AR = 8ij0an(ea — €i) + 2(ialjb) BR"S = 2(ia| bj)
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GW flavours Implementation

evGW subroutine
procedure PARTIALLY SELF-CONSISTENT EVGW
Perform HF calculation to get €' and c"f
Set -1W-1 = " and n=0
while max |A| < 7 do
forp=1,...,N do
Compute Xj(w)
Solve w = €hF 4 Re[Z5(w)] to obtain e
end for
A = W _ Gn—1Wn—1
n<n+1
end while
if BSE then
Compute BSE excitations energies if you wish
end if
end procedure
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Spherium

Green's function and self-consistency: an unhappy marriage?

Loos, Romaniello & Berger, JCTC 14 (2018) 3071
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Spherium
The appearance of the glitch

5

o
=
- 0
S
55
K
~— _5
& GW
<
§% 10 CoF2

-10} —— Gy

m \ \\\

| ==v== GF2 “ \\\\

Q 15+ ‘\ \\T

8 - —=— GoWy+SOSEX \ K
- \
~ -===-= GW+SOSEX \

-20 | | L\
0.1 0.5 1 5 10

R (a.u.)
Loos, Romaniello & Berger, JCTC 14 (2018) 3071

PF Loos — http://www.irsamc.ups-tlse.fr/loos/ —

Green's function and self-consistency


http://www.irsamc.ups-tlse.fr/loos/

Spherium
The explanation of the glitch
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Multiple solutions GoWo

Glitch in molecular systems: GoWo@HF/6-31G for H,

?g — HOMO (GoWo)
= — LUMO (GoWo)
5& _— ] LUMO-+1 (GoWo)
o 1 — LUMO+2 (GoW)
—20L i
05 1.0 15 20 25

RHZ (a.u.)

eg?Vo = el + Z, ()" ) Re[Z5(ep')]

Véril, Romaniello, Berger & Loos, JCTC 14 (2018) 5220
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Multiple solutions GoWg evGW

Glitch in molecular systems: GoWo@HF/6-31G for H,
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Multiple solutions GoWo

Glitch in molecular systems: GoWo@HF/6-31G for H,

4
2t

>
L — HOMO (GoWy)
Eof“ 0 ] — LUMO(GWo)
o LUMO+1 (GoWo)

-2f K_//; — LUMO+2 (G()W(])

5 1.0 15 20 25

RHZ (a.u.)

c [pilx]? [palx]?
> =2 - = 42 I Ut i
p(w) ;wfe',."FJr fir]+ wae'a"F +in

Véril, Romaniello, Berger & Loos, JCTC 14 (2018) 5220

PF Loos — http://www.irsamc.ups-tlse.fr/loos/ — Green's function and self-consistency


http://www.irsamc.ups-tlse.fr/loos/

Multiple solutions GoW,

Glitch in molecular systems: GoWo@HF/6-31G for H,
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Multiple solutions oWy evGW

Glitch in molecular systems: evGW®@HF/6-31G for H»
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Multiple solutions

Glitch in molecular systems: evGW@HF/6 31G for H»
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Multiple solutions
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Multiple solutions GoWo evGW

Glitch in molecular systems: evGW®@HF/6-31G for H»
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Multiple solutions

Quasiparticle equation: evGW®OHF/6-31G for Hy at Ry, = 1 bohr
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Multiple solutions GoWp evGW

GoWo@PBE /cc-pVDZ for BeO at Rpeo = 2.515 bohr

0 L\ HOMO-LUMO gap

. ~ Bhowo@) o PBE/cc-pVDZ = 1.35 eV
Z)(HOMO

PBE PBE
‘ — W —e€pomo — Vae

\

@ HF/cc-pVDZ = 8.96 eV

@ GoWo@PBE/cc-pVDZ = 5.60 eV

@ GoWo@HF/cc-pVDZ = 7.54 eV

Ziymo(w)

PBE PBE
‘* wreromo — Yae o T Eumo

B T e e R S van Setten et al. JCTC 11 (2015) 5665
w (eV)

MolGW: F. Bruneval
(http://www.molgw.org)

4
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Conclusion
Concluding remarks

Take-home messages

@ happens in many other cases (HeH", LiF, F, etc)
@ happens also for occupied orbitals
@ Similar behavior is found in qgsGW

@ Discontinuities induces convergence problems in self-consistent GW
(we use DIIS, not linear mixing)

e Discontinuities also present in correlation and (BSE) excitation energies

@ Problems with HOMO frequent due to small KS gap (LiH, Os, BN, BeO,
etc.) van Setten et al. JCTC 11 (2015) 5665

@ If you do not throw away the satellites, you won't see these...
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