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I. COMPLEMENTARY SHORT-RANGE CORRELATION
POTENTIALS

Here, we provide the expressions of the complementary
short-range LDA and PBE correlation potentials used in the
present work in the case of closed-shell systems.

A. Complementary short-range LDA correlation potential

The complementary short-range LDA correlation energy

functional with multideterminant reference has the expres-
12
sion™

E_gLDA[n] = /n(r)éifII;BA(n(r),yB(r))dr, (1)

with

EDA(n, ) = &P (1) + AT (n, ), (2)

where ESCTL‘BA(n, i) is the complementary short-range LDA
correlation energy functional (with single-determinant ref-
erence) and A" (1, ) is a mixed long-range/short-range
contribution, both parametrized in Ref. 2.

The corresponding complementary srLDA potential is

.
Bl (r) = ZEapal

= ela (n(x), 1P(r))
QgstLDA

() =S (1), (). )

The density derivative of EirII;BA is calculated as
zsrLDA = -
asc,md _ asirLDA N aAlr sr (4)
on on on '

where aéirLDA/ on is given as a subroutine on Paola
Gori-Giorgi’s website (https://www.quantummatter.eu/
source-codes-2) and we have calculated dA"* /91 by taking
the derivative of Eq. (42) of Ref. 2.
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B. Complementary short-range PBE correlation potential

The complementary short-range PBE correlation energy

functional with multideterminant reference has the expres-
‘3
sion

Efpueln] = [ n(©)E8 (n(x),s(0), 1B (0))dr, 9

with
PBE
=s1,PBE _ € (ﬂ, S)
Eomd (1,8, 1) = T3 B0 (6)
Here, €255 (1, 5) is the usual PBE correlation functional,* s is

the reduced density gradient,

3 ePBE (11, 5)

) = avma vy im0
and
ng™C (n) = n*go(rs) (8)

is the on-top pair density of the uniform electron gas (UEG).
In Eq. (8), go(rs) is the UEG on-top pair-distribution func-
tion written as a function of the Wigner-Seitz radius r; =
(47tn/3)~1/3. We use the parametrization of go(7;) given in
Eq. (46) of Ref. 5.

The corresponding complementary srPBE potential is

_ (51:35 n
ngBE[”](r> = (5:?:)[]
= ema (n(x),s(x), 4" (r))
aecte
+ n(r) a’n
agsr,PBE
c,md
\Y <n(r) o ) 9)

Hence, we have to compute the density derivative aéscfng /on

and the density-gradient derivative aziﬁfE /oVn.

1. Density derivative

From Eq. (6), the density derivative is found to be

—sr,PBE
/ PBE PBE,,3
aSC,md 1 de. L el TR

an  1+ppd on  (1+pud)2on’

(10)
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where 0¢PPE /9n is the density derivative of the usual PBE
correlation functional, and

B 3 1 QelBE
o 2ym(1—+2) |nEC/n on
¢PBE 5(nURG /)
~ T )2 28;1 1 (11)

The only remaining missing part is the derivative of nJ2¢/n

which is

(g™ /n)  dlngo(rs)] ago(7s)
/1) Aol _ g 1) 4 n28008) g
with

on on  dr ors

Finally, we calculate dg((7s)/0rs by taking the derivative of
Eq. (46) of Ref. 5

dgo(rs) e Frs 2 3
NS — = [(=B+2Cr, 4 3Dr? +4E
o > [(—B+2Cr 4 3Dr; + 4Ers) (14
— F(1 - Bry+ Cr2 + Dr? + Er3)],
with C = 0.0819306, F = 0.752411, D = —0.0127713,

E =0.00185898, and B = 0.7317 — F.

2. Density-gradient derivative

For the density-gradient derivative, we use the chain rule

=sr,PBE =sr,PBE PBE
aEc,md o asc,md aEc

ovn JelBE 9V’ (19

where 9ePBE /9Vn is the density-gradient derivative of the
usual PBE correlation functional, and

e e o
R TR (1 B ol
with
B 3 1 -
0etBE 2 /(1 — v2) nYE8/n’

1. ADDITIONAL GRAPHS OF THE CONVERGENCE OF
THE IPS OF THE GW20 SUBSET

Graphs reporting the convergence of the IPs of each
molecule of the GW20 subset at the GoWy@HF and
GoWo@PBEO levels are given in Figs. 1 and 2, respectively.
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FIG. 1. IPs (in eV) computed at the GoWy@HEF (black circles), GoWy@HF+srLDA (red squares), and GoWy@HF+srPBE (blue diamonds)
levels of theory with increasingly large Dunning’s basis sets (cc-pVDZ, cc-pVTZ, cc-pVQZ, and cc-pV5Z) for the 20 smallest molecules of the
GW100 set. The thick black line represents the CBS value obtained by extrapolation with the three largest basis sets.
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FIG. 2. IPs (in eV) computed at the Gy Wy@PBEO (black circles), GoWy@PBE0+srLDA (red squares), and GoWy@PBE0+srPBE (blue diamonds)
levels of theory with increasingly large Dunning’s basis sets (cc-pVDZ, cc-pVTZ, cc-pVQZ, and cc-pV5Z) for the 20 smallest molecules of the
GW100 set. The thick black line represents the CBS value obtained by extrapolation with the three largest basis sets.
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