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1. NiO
FIG. S1: Partly depopulated SA-NOs for broken-spin solutions at the I" point of the NiO cell 2 within

GW, translated to different axes going through the nearest Ni-O bonds (SA-NOs for each axis are
shown in columns).
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FIG. S2: Squared absolute values of atomic contributions to the UHF frontier SA-NOs along Wannier
interpolation path in cell 1. The contributions of 3d AOs from the first nickel atom in the cell are
shown by solid curves; the contributions of 2s and 2p AOs from the first oxygen atom are shown in
dashed-dotted lines. The areas below 2s curves are filled to highlight contributions from the s-orbitals.
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FIG. S3: Squared absolute values of atomic contributions to the GW frontier SA-NOs along Wannier
interpolation path in cell 1. The contributions of 3d AOs from the first nickel atom in the cell are
shown by solid curves; the contributions of 2s and 2p AOs from the first oxygen atom are shown in
dashed-dotted lines. The areas below 2s curves are filled to highlight contributions from the s-orbitals.



2. CoO
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FIG. S4: Occupation numbers of the frontier SA-NOs for the k-points along the interpolated path for
CoO in cell 2 evaluated with UHF (top) and GW (down) with 4 x 4 x 4 grid for HS (left) and BS

(right) solutions. The solid black line is the average of the occupancies of all 6 frontier SA-NOs at
each k-point.
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FIG. S5: Occupation numbers of the frontier SA-NOs for the k-points along the interpolated path for
CoO in cell 1 evaluated with UHF (top) and GW (down) with 4 x 4 x 4 grid for HS (left) and BS

(right) solutions. The solid black line is the average of the occupancies of all 6 frontier SA-NOs at
each k-point.
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FIG. S6: Squared absolute values of atomic contributions to the UHF frontier SA-NOs along Wannier
interpolation path in cell 2 of CoO. The contributions of 3d AOs from the first Co atom in the cell
are shown by solid curves; the contributions of 2s and 2p AOs from the first oxygen atom are shown in
dashed-dotted lines. The areas below 2s curves are filled to highlight contributions from the s-orbitals.
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FIG. S7: Squared absolute values of atomic contributions to the GW frontier SA-NOs along Wannier
interpolation path in cell 2 of CoO. The contributions of 3d AOs from the first Co atom in the cell
are shown by solid curves; the contributions of 2s and 2p AOs from the first oxygen atom are shown in
dashed-dotted lines. The areas below 2s curves are filled to highlight contributions from the s-orbitals.



0.11 0.8 0.11
3diy  3dy — Bdi — Bdp —3dpa_p— 25 - 2 - 2py - 2 - 3d,  3dy — B3da — B3dp —3da - 25 - 2. - 2p, - 2p -
{01 {01
07 07
4009 4009
0.6 Jo.08 0.6 40.08
@ @
2 05 Joo7 B 2 Joo7 &
= o o =
z =
z {006 & Z {006 E
04 4 o S
S 10.05 %5 S 10.05 %5
g 5 g 5
- {004 = - 004 =
[+] =] < c
0.03 0.03
0.02 0.02
0.01 0.01
i 0
0.11 0.11
101 {01
009 4009
4008 4008
P %
) {007 B S {007 B
By o By o
= =
z 006 E z 006 E
s 0.05 °2 s 0.05 °2
F] 9 2 9
=z b < g
o 0.04 = o 0.04 =
S c 3 o
0.03 0.03
0.02 0.02
0.01 0.01
0
0.11 0.11
{01 {01
40.09 40.09
06 J0.08 0.6 J0.08
% v @ w
ak H0.07 A 205 H0.07 A
= % = o
g {000 = g {000 =
= = o4 o
s 1005 % s 1005 %5
< S < i
- 004 = o 03 004 =
[+] =} [+] c
0.03 02 ) 1 0.03
0.02 2 i 0.02
0.1 i i
10.01 i . ‘Y 0.01
0 0 S = - Y
G X M G 7 R A X RM A

FIG. S8: Squared absolute values of atomic contributions to the UHF frontier SA-NOs along Wannier
interpolation path in cell 1 of CoO. The contributions of 3d AOs from the first Co atom in the cell
are shown by solid curves; the contributions of 2s and 2p AOs from the first oxygen atom are shown in
dashed-dotted lines. The areas below 2s curves are filled to highlight contributions from the s-orbitals.
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FIG. S9: Squared absolute values of atomic contributions to the GW frontier SA-NOs along Wannier
interpolation path in cell 1 of CoO. The contributions of 3d AOs from the first Co atom in the cell
are shown by solid curves; the contributions of 2s and 2p AOs from the first oxygen atom are shown in
dashed-dotted lines. The areas below 2s curves are filled to highlight contributions from the s-orbitals.



3. FeO
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FIG. S10: Occupation numbers of the frontier SA-NOs for the k-points along the interpolated path

for FeO in cell 2 evaluated with UHF (top) and GW (down) with 5 x 5 x 5 grid for HS (left) and

BS (right) solutions. The solid black line is the average of the occupancies of all 8 frontier SA-NOs at
each k-point.
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FIG. S11: Occupation numbers of the frontier SA-NOs for the k-points along the interpolated path
for FeO in cell 1 evaluated with UHF (top) and GW (down) with 5 x 5 x 5 grid for HS (left) and

BS (right) solutions. The solid black line is the average of the occupancies of all 8 frontier SA-NOs at
each k-point.
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FIG. S12: Squared absolute values of atomic contributions to the UHF frontier SA-NOs along Wannier
interpolation path in cell 2 of FeO. The contributions of 3d AOs from the first Fe atom in the cell are
shown by solid curves; the contributions of 2s and 2p AOs from the first oxygen atom are shown in
dashed-dotted lines. The areas below 2s curves are filled to highlight contributions from the s-orbitals.
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FIG. S13: Squared absolute values of atomic contributions to the GW frontier SA-NOs along Wannier
interpolation path in cell 2 of FeO. The contributions of 3d AOs from the first Fe atom in the cell are
shown by solid curves; the contributions of 2s and 2p AOs from the first oxygen atom are shown in
dashed-dotted lines. The areas below 2s curves are filled to highlight contributions from the s-orbitals.
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FIG. S14: Squared absolute values of atomic contributions to the UHF frontier SA-NOs along Wannier
interpolation path in cell 1 of FeO. The contributions of 3d AOs from the first Fe atom in the cell are
shown by solid curves; the contributions of 2s and 2p AOs from the first oxygen atom are shown in
dashed-dotted lines. The areas below 2s curves are filled to highlight contributions from the s-orbitals.
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FIG. S15: Squared absolute values of atomic contributions to the GW frontier SA-NOs along Wannier
interpolation path in cell 1 of FeO. The contributions of 3d AOs from the first Fe atom in the cell are
shown by solid curves; the contributions of 2s and 2p AOs from the first oxygen atom are shown in
dashed-dotted lines. The areas below 2s curves are filled to highlight contributions from the s-orbitals.
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