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1 Effect of the core and core-valence correlation
and of the basis set on the 1+ 2Π electronic state
potential energy curve

In this section, we discuss the 1+ 2Π double well shape, when go-
ing from V/AV5Z to CV/ACV6Z calculations. As shown in the left
panel of Figure S1, the lowest minimum moves from the larger
internuclear distance (1.94 Å) to the smaller one (1.74 Å). As
a consequence the lowest vibrational levels are shifted to lower
energies and the maximum vibrational overlaps occur at shorter
distances, i.e. closer to the minima of the X and a states of SiC.
The result of these changes on the calculated photoelectron spec-
tra is illustrated in the right panels of Figure S1. Apart from
a slight red shift of about 40 meV of both transitions, this does
not change our conclusion described in the main paper concern-
ing a "matching" with the experimental photoelectron spectrum
for the 1+ 2Π ← X3Π transition, and an "unmatching" for the
1+ 2Π← a 1Σ+ transition.

2 Procedure used for estimating the photoioniza-
tion probabilities

Table S1 gives, for the different states of SiC and SiC+, the
weights w of the main configurations involved in single electron
ionization processes. These weights correspond to the squares
of the CI coefficients of the considered configurations in the
MRCI/AV5Z wave functions obtained at R = 1.72 Å, close to the
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Fig. S1 On the left side, potential energy curves of the first two
2Π states of SiC+ computed at the MRCI+Q/AV5Z (in green) and
MRCI+Q/ACV6Z (in black) levels of theory. On the right side, cor-
responding calculated photoelectron spectra for the 1+ 2Π← X 3Π and
1+ 2Π← a 1Σ+ transitions using the same color code.
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ground state geometry of SiC. Let us note that in the case of the
2+ 2Π state, the main configuration with w= 0.77 does not obey
the single electron ejection condition, and does not therefore con-
tribute to the photoionization. The secondary configuration obeys
the condition, but with a negligeable weight.

The probabilities P of the photoionizing transitions are pro-
vided in Table S2. They are given by the formula: P =
wn ·wc · gn · gc, where wn and wc are the weights for the neutral
and the cation, respectively, and gn and gc are the correspond-
ing degeneracies, including the orbital and spin contributions.
Pnorm. are the probabilities normalized with respect to the main
X+ 4Σ−← X3Π photoionizing transition.

Table S1 Main configurations and their corresponding weights (w) for
the different states of SiC and SiC+ involved in photoionizing transitions
implying single electron ejection.

State w Main configuration
X3Π 0.77 [...]7σ12π3

a1Σ+ 0.71 [...]7σ02π4

X+ 4Σ− 0.87 [...]7σ12π2

1+ 2∆ 0.85 [...]7σ12π2

1+ 2Π 0.71 [...]7σ02π3

1+ 2Σ− 0.86 [...]7σ12π2

1+ 2Σ+ 0.82 [...]7σ12π2

2+ 2Π
0.77* [...]7σ22π1*
0.04 [...]7σ02π3

* The main configuration does not lead to ionization (see text).
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Table S2 Pertinent parameters for the photoionization probabilities of each photoionizing transitions used in the calculated photoelectron spectrum of
Fig. 5 of the main paper.

Transitions wn wc gn gc P Pnorm.*
X+ 4Σ−← X3Π 0.77 0.87 6 4 16.2 1.0
1+ 2∆← X3Π 0.77 0.85 6 4 15.8 1.0
1+ 2Π← X3Π 0.77 0.71 6 4 13.2 0.8
1+ 2Σ−← X3Π 0.77 0.86 6 2 8.0 0.5
1+ 2Σ+← X3Π 0.77 0.82 6 2 7.6 0.5
2+ 2Π← X3Π 0.77 0.04 6 4 0.8 0.0
1+ 2Π← a1Σ+ 0.71 0.71 1 4 2.0 0.1

* Normalized probability.
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