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ABSTRACT
Azobenzene is a prototype and a building block of a class of molecules of extreme technological interest as molecular photo-switches. We
present a joint experimental and theoretical study of its response to irradiation with light across the UV to x-ray spectrum. The study of valence
and inner shell photo-ionization and excitation processes combined with measurement of valence photoelectron-photoion coincidence and
mass spectra across the core thresholds provides a detailed insight into the site- and state-selected photo-induced processes. Photo-ionization
and excitation measurements are interpreted via the multi-configurational restricted active space self-consistent field method corrected by
second order perturbation theory. Using static modeling, we demonstrate that the carbon and nitrogen K edges of azobenzene are suitable
candidates for exploring its photoinduced dynamics thanks to the transient signals appearing in background-free regions of the NEXAFS and
XPS.
Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0133824

I. INTRODUCTION
Molecules with structural, optical, or electronic properties that

can be tuned and controlled reversibly by light flashes are known
as molecular photoswitches and hold a high potential for future
nanometer-scale devices.1 Azobenzene (AB, Fig. 1) and its deriva-
tives are often considered prototypes of fast (picosecond) molecular
electronic switches2 and are among the most frequently studied class
of optically switchable substances. The thermodynamically stable
trans-isomer of AB can be efficiently converted into the cis-isomer
by irradiation with UV light of about 365 nm, whereas the cis form
can be isomerized back to trans with visible light (∼435 nm).3 This
property has been widely exploited for molecular motors,3 triggers
for peptide folding,4 or optical storing applications,5 to name only a
few examples.

These applications call for a complete understanding of
the photo-physical properties of AB and its derivatives, and in

particular of the electronic and structural changes after light absorp-
tion, in the UV, VUV, and soft x-ray regimes, where valence
and core ionizations drive new charge redistribution, relaxation,
and molecular fragmentation processes. While recent studies have
unveiled the primary steps of the AB isomerization reaction in
the condensed phase,6 much less is known about the isolated
molecule in the gas phase. High resolution synchrotron radia-
tion spectroscopies can provide the most detailed understanding
of the electronic and structural properties of the isolated stable
trans-isomer when compared with accurate theoretical modeling
of time dependent process,7,8 setting the ground for time-resolved
investigations.

X-ray molecular spectroscopy offers numerous unique features,
such as high temporal and spatial resolution, atom specificity, and
sensitivity to chemical environments, which are currently drawing
intensive experimental and theoretical activity. On the experimental
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FIG. 1. Azobenzene, AB (CAS: 103-33-3), m = 182 amu, molecular formula
C6H5N = NC6H5. The four non-equivalent C atoms on each benzene ring have
been labeled 1(1′) to 4(4′).

side, seminal XPS experiments on the ESCA molecule (ethyl trifluo-
roacetate) have demonstrated the sensitivity of core-spectroscopies,
such as x-ray photoemission spectroscopy (XPS)9 and near edge x-
ray absorption fine structure (NEXAFS),10 to the immediate chem-
ical environment, resulting in several eV chemical shifts. NEXAFS
studies of small volatile organic molecules have accessed the K-
edges of second row atoms, thereby highlighting the pre-edge win-
dow rich in absorption features manifesting the electronic structure
of the valence shell.11–17 On the theory side, a number of elec-
tronic structure theory methods have been adapted to study core-
excitations and core-ionization.10,18–30 The restricted active space
self-consistent field (RASSCF) method corrected by multi-reference
second order theory (RASPT2; i.e., the RASSCF/RASPT2 protocol)
from the family of multiconfiguration wave function-based methods
has emerged as one of the most accurate methods due to its sub-eV
accuracy and spectrum completeness.31

Thanks to the promising results obtained for small organic
compounds, there is a current drive toward applying the x-ray
techniques to larger biologically32–35 and technologically relevant
systems36,37 as well as to time resolved studies.20,38–40 These require
understanding the sensitivity of core spectroscopy toward changes
in the electronic and geometrical structures on the molecular scale
by probing it on the atomic scale as well as toward small varia-
tions in the chemical environment. AB is an excellent candidate to
address these questions and to calibrate experiments and theories. It
presents four chemically distinct carbons (labeled 1–4 in Fig. 1) and
a nitrogen, two valence electronic states in the UV/Vis—an nπ∗ and
a ππ∗—with markedly different electronic structures and spectro-
scopic properties, as well as ultrafast photoinduced dynamics char-
acterized by pronounced structural changes. Time-resolved NEX-
AFS simulations at the TP-DFT/ΔSCF20 and RASSCF/RASPT241

levels have identified a pre-edge background-free signal at the nitro-
gen K-edge as a fingerprint of the optically dark nπ∗ state. The
existence of this feature is yet to be demonstrated experimentally.
Thus, putting the core electronic structure of AB on a firm footing is
of paramount importance for future time-resolved studies.

Even though the core spectroscopies have the invaluable advan-
tage of site selectivity thanks to the localized nature of the core
electrons, the frontier orbitals are the ones that rule the “chemistry”
of a molecule, including its binding properties and interaction
with the surrounding environment. Photoelectron spectroscopy42

directly probes the occupied molecular orbitals, providing ioniza-
tion energies and electronic symmetries, which are key factors
in understanding molecular reactivity and can be used to study
the effects of chemical substitution, such as changes of ligands or

functional groups. Furthermore, the analysis of the time resolved
PES spectra43 as well as the time coincidence of the photoelec-
tron with the resulting fragment ion from the cation dissociation
in photoelectron—ion coincidence (PEPICO) experiments provide
the most complete information about the fate of the photoionized
molecule.44

In all spectroscopic characterizations, the close interplay
between theory and experiments is crucial, as the experiments
provide electronically sensitive benchmarks against which differ-
ent computational methods may be tested. Quantum chemistry is
invaluable in the assignment and interpretation of spectra.

In this work, we present XPS, NEXAFS, photoelectron-
photoion coincidence (PEPICO) measurements, and mass spectra
(MS) across the C and N K-edges in the trans-isomer of AB.
The results are compared to the photoelectron (PES) and photo-
fragmentation spectra of the valence shell and interpreted by elec-
tronic structure computations at the RASSCF/RASPT2 level, thus
providing a comprehensive characterization of valence and inner
shell states. Finally, the suitability of XPS and NEXAFS to study
the photoinduced dynamics in AB is assessed computationally by
simulation of time-resolved spectra.

II. METHODS
A. Experimental

All experiments were performed at the Gas Phase Photoemis-
sion (GAPH) beamline45 of the Elettra synchrotron radiation facility
in Trieste, Italy. This beamline provides tunable, monochromatic,
and fully linearly polarized radiation from about 13.5 to 900 eV, by
means of five interchangeable gratings. The experimental station is
equipped with a hemispherical electron analyzer (VG 220i) and a
time-of-flight (TOF) ion mass spectrometer mounted opposite to
each other at the magic angle, i.e., ∼55○ with respect to the polar-
ization axis of the radiation, in order to cancel out possible angular
effects on the photoelectrons emitted from the different molecular
orbitals. The electron and ion spectrometers have been used either
independently of each other for photoelectron spectroscopy (PES
and XPS) and photoion mass spectrometry (MS and NEXAFS) or
“in conjunction” for photoelectron-photoion coincidence (PEPICO)
experiments. All the details of the acquisition and data analysis pro-
cedures have been discussed in Refs. 46 and 47 and will be only
briefly summarized here.

For the photoelectron measurements, the TOF is switched off
in order to have the interaction region free of penetrating fields
from the high voltage of the drift tube. The electron analyzer hosts a
2D position-sensitive detector built by Sincrotrone Trieste.48,49 This
detector allows the simultaneous acquisition of electrons over an
energy window of about 10% of the pass energy in the analyzer with
an energy resolution of about 2% of the pass energy. The PES spec-
trum was measured at 60 eV photon energy, while the XPS spectra
of the C(1s) and N(1s) shells were measured at about 90 eV above
their respective ionization thresholds, i.e., at 382 and 495 eV pho-
ton energies, respectively, with pass energies of 5 and 30 eV in the
C and N cases, respectively. A higher pass energy, and, therefore,
a reduced energy resolution, has been used in the case of N(1s)
XPS, where only one contribution is expected. The chosen photon
energies are sufficiently far from the ionization thresholds so that
post-collision interaction effects can be neglected. The experimental
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TABLE I. The experimental and calculated binding energies of the valence and core
orbitals of AB. For the numbering of the C atoms, see Fig. 1. For orbitals, see Fig. 3.
Only cation states with Dyson norms higher than 1 × 10−1 are reported for the PES.
A complete list of the valence cation states can be found in Tables SIII–SVIII in the
supplementary material.

Theory (eV) Exp (eV) Configuration (weight %)

Valence 8.01 8.43 ± 0.14 π[1]7 (74%)
Valence 8.23 n[1]2 (72%)

Valence 8.91 9.30 ± 0.12 π[1]3 (73%)
Valence 8.91 π[1]6 (73%)

Valence 9.29 9.76 ± 0.21 π[1]2 (69%)

Valence 10.98 11–13 π[1]5 (47%)
Valence 11.33 σ[1]6 (48%)

σ[1]8 (40%)
Valence 11.36 σ[1]2 (68%)
Valence 11.54 π[1]1 (49%)
Valence 12.17 n[1]1 (43%)
Valence 12.41 π[1]4 (20%)
Valence 12.43 σ[1]1 (36%)

σ[1]4 (29%)
C1(1s) 290.232 290.26 ± 0.02 1 s[1]C1 (74%)
C2(1s) 290.344 290.43 ± 0.01 1 s[1]C2 (74%)
C3(1s) 290.106 290.16 ± 0.01 1 s[1]C3 (74%)
C4(1s) 290.889 290.88 ± 0.01 1 s[1]C4 (74%)

N(1s) 405.18 405.53 ± 0.01 1 s[1]N (68%)
N(1s) 407.246 ⋅ ⋅ ⋅ 1 s[1]π[1]7 π∗[1]1 (46%)
N(1s) 408.582 409.00 ± 0.04 1 s[1]n[1]2 π∗[1]1 (35%)

binding energy values reported in Table I are obtained by a fit of the
XPS data with Gaussian functions, upon the subtraction of a Shirley
background. In the C(1s) case, the relative intensity has been con-
strained to the one determined by the number of non-equivalent C
atoms (i.e., 1:2:2:1 for C1:C2:C3:C4, see Fig. 1 for the numbering),
and the full width at half maximum of the four states has been con-
strained to be the same. In the N(1s) XPS case, the FWHM was left as
a free parameter and optimized by the fitting procedure to 710 meV.

In the TOF spectrometer, the repeller and extractor electrodes
are polarized with anti-symmetric voltages to produce a field up
to 370 V/cm. For NEXAFS measurements, the TOF is operated in
the total ion yield mode with continuous extraction. The ion yields
are measured at different photon energies across the C and N(1s)
near-edge regions and are normalized to the photon beam intensity
variation read by a photodiode placed at the end of the beamline.
For the measurement of the ion flight time, the TOF extraction
is operated in pulsed mode triggered by either (i) the signal of a
random pulse generator operated at 1-kHz frequency for MS mea-
surements or by (ii) the signal of either a photoelectron or a pulse
generator running at 100 Hz for PEPICO measurements. The lat-
ter “random extraction pulse” is used for the measurement of the
“random mass spectrum,” due to ions residing in the interaction

region, but uncorrelated with the detected photoelectron. All elec-
trons and ions that hit the detectors are recorded by the acquisition
software; however, the PEPICO data analysis selects only electron-
single ion events. The “random mass spectrum,” after a proper
normalization to the number of triggering events, is subtracted from
the measured electron-ion coincidence spectrum.46 MS were mea-
sured at several photon energies across the C and N(1s) edge regions,
with a step size of 0.5 eV and a typical acquisition time of 1500
s/point. In the data analysis, the background was subtracted from
each raw mass spectrum, and then, the intensity of each fragment,
identified by a specific mass-over-charge (m/z) ratio, was evaluated
by a Lorentzian fit to resolve the contribution of each peak to the
total mass spectra.

The PEPICO spectra were measured at a fixed photon energy
of 60 eV and an overall energy resolution of 0.4 eV, scanning the
electron kinetic energy in steps of 2.7 eV in order to cover the bind-
ing energy region 7.5–26 eV with sufficient overlap between adjacent
acquisition windows. An Al filter was inserted along the photon
beam pathway to filter out second order radiation. The spectra have
been measured in several scans that allow us to check the stability
of the measurements, for a total acquisition time of about 18 h. The
first onset of the main fragments has been extracted from a linear fit
of their respective PEPICO branching ratios, and these values have
been compared with the appearance energy (AE) from literature50 in
Table II. These two quantities do not necessarily coincide due to the
fact that at variance with a “conventional” AE measurement where
the electron/photon energy is scanned, the PEPICO experiments are
performed at fixed photon energy so that the involvement of several
resonant/autoionizing states is not possible, and this can alter both
the ionization and fragmentation processes.

The XPS and NEXAFS spectra were calibrated according to
well-known Refs. 51–54 in CO2: C(1s)−1 at 297.6 eV, O(1s)−1 at
541.3 eV, C(1s) → π∗ at 290.77 eV, and O(1s) → π∗ at 535.4 eV
and Refs. 55 and 56 in N2: N(1s)−1 at 409.9 eV and N(1s) → π∗ at
400.87 eV. Calibration gases were inserted as diffuse gases in the
end-station hosting the electron and ion spectrometers for the cal-
ibration of the XPS measurements or in a separate vacuum chamber
equipped with a channeltron detector for total ion yield measure-
ments and positioned along the beam path for the calibration of the
NEXAFS spectra. In both cases, the calibration gas and AB spectra
were measured simultaneously. The PEPICO spectra were calibrated

TABLE II. The main fragments observed in the PEPICO measurement are shown in
Fig. 2(b), along with their proposed assignments that are consistent with Refs. 50 and
74, the AE value from literature data, and the first onset from the PEPICO branching
ratio, BR, of Fig. 2(b) (estimated uncertainty are around 0.2–0.3 eV). (⋆) Ref. 50; (◇)
Ref. 74; and (●) not observed/discussed in Refs. 50 and 74.

m/z Proposed ⋆, ◇ assignment PEPICO BR onset (eV) AE ⋆ (eV)

182+ C12H10N+2 7.8 8.5 ± 0.05
154+ C12H+10 9.9 11.6 ± 0.2
153+ C12H+9 11.9 12.4 ± 0.1
152+ C12H+8 13.2 14.7 ± 0.05
105+ C6H5N+2 9.9 9.8 ± 0.1
77+ C6H+5 10.2 11.9 ± 0.1
51+ C4H+3 (●) 17.7 ⋅ ⋅ ⋅
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against the ground state of the water photoelectron spectrum at
12.62 eV,57 which is clearly identifiable in the PEPICO spectrum of
fragments m/z 18.

The trans-azobenzene, AB molecule, Fig. 1, is commercially
available with 99% purity and appears as orange-red crystals at ambi-
ent temperature and pressure. It has been introduced to the vacuum
chamber in a crucible and sublimated at room temperature, with
a residual pressure of 7 × 10−7 mbar in the vacuum chamber. To
maximize the gas density of the sample in the interaction region,
the exit channel of the crucible is equipped with a needle that fits
into the extraction region of the TOF. The tip of the needle has been
positioned a few mm below the photon beam.

B. Theoretical methods
All quantum chemical computations were performed using

the QM software OpenMolcas58 starting from an MP2 optimized
geometry. Dyson norms and transition dipole moments were cal-
culated with the RAS sate interaction routine (RASSI) implemented
in OpenMolcas.59

Electronic structure computations were performed at the
RASSCF/RASPT2 level of theory.60,61 This theoretical methodology,
belonging to the family of multiconfigurational wave-function based
methods, is a generalized form of the Complete Active Space SCF
(CASSCF) method that allows a restricted number of holes and elec-
trons in certain subspaces (i.e., RAS1 and RAS3) in contrast to the
complete set of permutations of the electrons in the active orbitals of
CASSCF adopted for the RAS2 subspace.

As PES, XPS, and NEXAFS probe different manifolds of
the electronic structure, each experiment was simulated with
an independent calculation using different parameters in the
RASSCF/RASPT2 protocol. Throughout, the C2h molecular point
group with irreducible representations (IrRep) Ag , Bg , Au, and Bu
is employed, and the construction of the active space (AS) was made
in accordance with the four IrRep.

1. Photoelectron spectroscopy (PES)
The simulation of valence shell photo-ionization spectroscopy

requires a calculation of the manifold of doublet cationic states and
the intensity of ionization with respect to the neutral electronic
ground state. The manifold of cation states was obtained by impos-
ing a positive charge and setting the spin quantum number to 2.
Thereby, two different AS compositions were used:

● An AS consisting of 17 electrons in 16 orbitals partitioned
in the following way: RAS1 was left empty; RAS2 includes
the two nitrogen’s lone pairs (n) belonging to Ag and Bu
IrRep and seven occupied π orbitals belonging to Bg and Au
IrRep; and RAS3 includes seven virtual π∗ orbitals belong-
ing to Bg and Au IrRep. Up to 4 electrons were allowed to
be excited from RAS2 in the RAS3 subspace. We denote this
active space as RAS(17,0,4;0,9,7) where the first three indices
identify: the number of electrons, the number of holes in
RAS1 and of excitations in RAS3, respectively, while the last
three indices denote the number of orbitals in each subspace.
In order to cover a broad energy window, 33 cation states
of different symmetry were computed. In particular, seven
states of Ag symmetry, nine states of Bg symmetry, ten states
of Au symmetry, and seven states of Bu symmetry have been

computed in four independent calculations with the state-
average version of RASSCF (i.e., SA-RASSCF). This is the
minimal number of states required to capture all nine singly
ionized states (of n+ and π+ characters). The remaining 24
states represent shake-up features in which the ionization is
accompanied by a valence electronic transition.

● An AS consisting of ten occupied σ orbitals of Ag and Bu
IrRep in RAS2 and ten virtual σ∗ orbitals of Ag and Bu IrRep
in RAS3. Up to 4 electrons were allowed to be excited from
RAS2 in the RAS3 subspace. We denote this active space as
RAS(20,0,4;0,10,10). 5 of Ag symmetries and 5 Bu symme-
tries have been computed in two independent calculations at
the SA-RASSCF level. This allowed us to describe ten singly
ionized σ+ states.

Perturbation correction to the RASSCF solutions was obtained
using the multi state (MS) flavor of RASPT2 applying an imaginary
shift of 0.5 and setting the ionization potential electron affinity IPEA
to 0.0.

In a separate calculation, the neutral ground electronic state was
calculated with the AS compositions used to obtain the doublet man-
ifolds in a state-specific fashion (i.e., SS-RASSCF), and its energy was
corrected by a second order perturbation correction.

Finally, the ionization intensities from the neutral ground state
were evaluated within the sudden approximation using the Dyson
orbitals formalism. This constitutes a very efficient approxima-
tion that has been shown to be comparable with a higher level of
theory.62–64

2. X-ray photoelectron spectroscopy (XPS)
The simulation of the core photo-ionization spectroscopy

requires a calculation of the manifold of doublet cation states
exhibiting an unpaired electron in a carbon or nitrogen core-orbital
and the intensity of ionization with respect to the neutral electronic
ground state. To that aim, the RAS(17,0,4;0,9,7) used to simulate
valence shell PES was augmented to include, one at a time, a core
orbital of interest, which is placed inside RAS1 and kept frozen,
giving rise to a RAS(19,1,4;1,9,7).

The manifold of core cation states was obtained within the
core-valence separation (CVS) framework through a projection
technique named HEXS65 (highly excited states), which sets the CI
coefficients for those configuration state functions with a maximum
occupation from a given subspace to zero, thus effectively projecting
them out of the wave-function. In particular, by applying this proce-
dure to the RAS1 subspace, the core-excited states for the nitrogen
and the four chemically non-equivalent carbon atoms could be com-
puted. We note that a thorough benchmarking of the protocol has
demonstrated a sub-eV accuracy of the predicted absolute transition
energies.31 For the nitrogen K-edge state, averaging over 15 states is
employed in order to describe both the main signal and the shake-
up satellites observed experimentally, while for the carbon K-edge,
single state calculation for each non-equivalent carbon turned out to
be enough to describe the experimental spectra.

Benchmark calculations were performed to compare the
delocalized (canonical orbitals) and localized (obtained through
Cholesky localization66 of the canonical orbitals) descriptions of the
core orbitals. The outcomes of these tests are reported in the sup-
plementary material and show that better results are obtained with
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localized core orbitals. We note that the molecular symmetry is lost
upon localization, and, as a consequence, calculations had to be
performed with the C1 point group.

Perturbation correction to the RASSCF solutions was done
using the single state (SS) flavor of RASPT2 with an imaginary shift
of 0.5 and IPEA of 0.0. The number of frozen orbitals was set to zero.

In a separate calculation, the neutral ground electronic state was
calculated with AS composition used to obtain the doublet manifold
in a state-specific fashion, and its energy was corrected by a second
order perturbation correction.

The XPS peak intensity was evaluated within the aforemen-
tioned sudden approximation.62–64

3. Near edge x-ray absorption spectroscopy (NEXAFS)
Simulation of the core-excited spectroscopy requires a calcula-

tion of the manifold of singlet neutral states exhibiting an unpaired
electron in a carbon or nitrogen core-orbital and the oscillator
strength with respect to the neutral electronic ground state. The AS
for these simulations was constructed following the same consider-
ations discussed in the XPS section (i.e., one 1s orbital at a time in
RAS1, an occupied valence orbital in RAS2, and virtual orbitals in
RAS3), and it is denoted RAS(20,1,4;1,9,7).

For the simulation of the nitrogen K-edge, an averaging over
ten states is sufficient to capture both the main signal and the shake-
up satellites (i.e., mixed double excitations in which a core-excitation
is accompanied by a valence electronic transition), while for each
non-equivalent carbon K-edge, 15 states had to be considered.

Second order perturbation theory is then applied on top of the
RASSCF wavefunction in a multi-state fashion for nitrogen while an
extended multi-state flavor of CASPT2 (XMS-CASPT) was applied
for carbon.

In a separate calculation, the neutral ground electronic state was
calculated with RAS(20,1,4;1,9,7) in a state-specific fashion, and its
energy was corrected by a second order perturbation correction.

The transition intensity between the ground and the core-
excited states was modeled as proportional to the squared transition
dipole moments (TDMs).

4. Technical details of the XPS and NEXAFS
simulations

Scalar relativistic effects were taken into account via a sec-
ond order Douglass–Kroll–Hess Hamiltonian in combination with
a relativistic atomic natural orbital basis set67,68 (ANO-RCC) with
contractions 4s3p2d on carbon, 4s3p2d1f on nitrogen, and 2s1p
on hydrogen. A density-fitting approximation, known as Cholesky
decomposition,69 of the electron repulsion integrals has been used
to speed up the calculation of two-electron integrals.

Additional details, such as the selected active spaces and the
leading configuration state functions of each excited/ionized state,
are reported in the supplementary material.

5. Fragmentation
To investigate the photo-fragmentation process quantum

chemical calculations have been performed with Density Func-
tional Theory (DFT). The geometries were optimized using the
Becke, three-parameter, Lee-Yang-Parr (B3LYP) functional with
the 6-311++G∗∗ basis set, while single-point energy calculations

were performed at CCSD/6-311++G∗∗ level. All calculations were
performed using the GAUSSIAN 09 suite of programs.70

III. RESULTS AND DISCUSSION
A. Valence shell photo-ionization and
photo-fragmentation

The PES spectrum reported in Fig. 2(a) displays a distinct struc-
ture with at least two experimental bands in the binding energy, BE,
region 8–10 eV, which are separated by a small but well defined
gap from several broader bands (BE > 12 eV). The lowest energy
band of the PES spectrum, centered at around 8.43 ± 0.14 eV in the
present measurements, is assigned to the ionization of two molecu-
lar orbitals (Fig. 3): a superposition of the lone pair atomic orbitals
of the two nitrogen atoms (denoted n2) and the highest occupied
π-orbital delocalized over the entire molecule (denoted π7). As the
n2π∗ electronic state of the neutral system is energetically lower than
the π7π∗ state (thus suggesting a smaller n2–π∗ energy gap com-
pared to π–π∗), it would be natural to assume that the n2 lone pair
is easier to ionize compared to the π-orbital. In fact, this argument

FIG. 2. (a) The AB PES spectrum measured at 60 eV photon energy and 20 eV
pass energy in the electron analyzer, with an overall energy resolution of about
0.4 eV. Present theoretical results are reported as vertical sticks and convoluted
Gaussian functions in the bottom part of the panel (a). (b) Branching ratios of
the main fragments from PEPICO spectra. The plots of the different fragments
have been shifted up by 1 unit for clarity in the display. PEPICO fragments with
intensity <5% are not reported individually but have been added up according to
the BE range where they provided an appreciable contribution. These two groups
are reported on the top of the panel, where the contribution fragments have been
indicated (b). (c) Sum of all PEPICO mass spectra from the ionization threshold to
26 eV binding energy. The narrow positive signal at 10.2 eV is a spike due to the
calculation of the BR in a region of vanishing signal.
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FIG. 3. Valence molecular orbitals that are ionized and give rise to the first four
bands in the photoelectron spectrum in Fig. 2(a).

has been used previously by others reporting the PES of AB.71,72

Our calculations demonstrate, however, that the π+7 state (8.01 eV,
Table I) is ∼0.2 eV lower in energy compared to the n+2 state (8.23 eV,
see Table I). This can be rationalized with the delocalization of the
positive charge over the entire molecule upon ionization from the
π-orbital in contrast to its localization on the nitrogen atoms in the
case of ionization from the lone pair. The lowest band in the PES
spectrum has been shown to be very sensitive to functional groups.73

We attribute this observation to the interaction of electron-donating
and -withdrawing substituents with the aromatic system expected to
affect the π+7 rather than the n+2 state.

The second band centered around 9.3 ± 0.12 eV with a shoulder
at 9.76 ± 0.21 eV in the present experiments is assigned as the ioniza-
tion from several π orbitals. In particular, the maximum of the band
is determined by two degenerate ionized states (at 8.91 eV, Table I)
involving orbitals π3 and π6 localized over the benzene rings (Fig. 3),
whereas the shoulder arises from the ionization from π2 (9.29 eV,
Table I) delocalized over the entire molecule.

A number of ionized states contribute to the binding energy
region above 10 eV (listed in Tables SIII–SVIII in the supplementary
material). The band between 11 and 13 eV is due to the ioniza-
tion of lower lying π-orbitals and the higher lying σ-orbitals (see
Fig. 3 and Table I). It also exhibits several less intense satellite
features arising through valence π → π∗ excitations accompanying
the ionization. Ionization from a second, energetically lower lying,
superposition of nitrogen lone pairs (denoted n1) also falls in this
region contributing to the shoulder at 12.5 eV. The fourth band in
the PES spectrum spreads between 13 and 16 eV and is dominated
by ionization from multiple σ-orbitals (listed in SVII–SVIII in the
supplementary material).

The AB photo-fragmentation mass spectrum reported in
Fig. 2(c) is the sum of all the PEPICO mass spectra measured in
the binding energy region 8–26 eV at a photon energy of 60 eV.
Even though the contribution of double ionization fragmentation
processes cannot be ruled out, especially in the high binding energy

region, the spectrum is expected to be dominated by single ion-
ization events, and no clear evidence of doubly charged ions has
been detected. Further than the parent ion, which is clearly visible
at m/z 182 and also indicated with the notation 182+, the spec-
trum is dominated by a relatively small number of fragments with
branching ratios >5%, namely 77+ and 51+, and among the most
intense, 105+ and the group 154+–152+. The proposed assignment
is reported in Table II, together with a previous determination of
appearance energy by electron impact ionization experiments50 and
the present estimate of the first onset in the PEPICO branching
ration, see Fig. 2(b).

According to the PEPICO measurements, the parent ion (182+)
is characterized by high stability over the entire binding energy range
of 8–10 eV, where it is the only observed charged species. The cis
and trans structures of both the neutral and charged parent molecule
have been analyzed. In both cases, we observe a stabilization of the
trans form, which is 0.5 and 0.28 eV more stable than the cis form
in 182 and 182+, respectively. Exploring the energy potential due to
torsion of dihedral angle C4–N5–N5′–C6 going from trans to cis, we
identified the transition state of this reaction at an energy of 8.57 eV
in 182+. Therefore, based on these results, we can safely assume that
while the neutral gaseous species, desorbed at room temperature, is
in a pure trans conformation, the trans–cis isomerization is ener-
getically open in the cation at about 600 meV above the ionization
threshold.

In the binding energy region >10 eV, the most intense frag-
ments are 105+ and 77+, with a very tiny contribution from 154+.
The first two, lighter, fragments can be assigned to the two comple-
mentary fragments C6H5N+2 and C6H+5 , respectively, corresponding
to the detachment of a phenyl ring from the molecule and the
charge on either of the two moieties. Their first onsets in the
PEPICO experiments are very close (at least within the present
experimental uncertainty), but they display a very different behav-
ior vs binding energy, with 105+ being more state-selective, i.e.,
existing in quite narrow binding energy region, while 77+ can be
found over the entire binding energy region investigated above
its formation. This suggests that 77+ is a highly stable species,
requiring a large amount of energy for subsequent fragmentation.
It is interesting to explore the energy and formation pathways
of these fragments along the potential energy surface. Starting
from the trans-configuration, 182+ can produce 105++ 77 with
AE(105+) = 9.53 eV, or 105 + 77+ with AE(77+) = 12.04 eV, a
value much higher than the experimental one. Considering the
105+ fragmentation into 77++ 28, we calculate AE(77+) = 10.91 eV,
in better agreement with the experimental value (seeFig. 4). Thus,
the calculations suggest that, according to the minimum energy
path, 77+ derives from the 105+ fragment and not directly from the
182+. This is consistent with MIKE experiments74 where, at least in
the threshold energy region, these two channels are strictly related by
subsequent losses: C12H10N+2 (182+)→ C6H5N+2 (105+) + C6H5 and
C6H5N+2 (105+)→ C6H+5 (77+) +N2, rather than being independent
channels.

The group of fragments 154+–152+, of much smaller intensi-
ties with respect to 105+ and 77+, is very intriguing. Being separated
from each other by one mass unit and about 2 eV in the energy
onset, they are clearly related by successive74 hydrogen losses from
154+. This fragment from both our calculations and Refs. 50 and
74 is attributed to C12H+10, i.e., to the loss of N2 from the parent
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FIG. 4. The most relevant features in
the potential energy surface of AB are
discussed in the text. On the right side,
parent ion conversion between trans and
cis form is considered a plausible prelim-
inary step for N2 elimination. The exis-
tence of an energy barrier in this latter
process, whose transition state has not
been identified, is hypothetical. On the
left side, the fragmentation of the trans-
isomer leads to 105+ and 77+ formation,
with no barrier processes.

cation. However, its mechanism of formation, with N2 extraction,
and structure remain controversial. Natalis and Franklin50 consid-
ered the two possible structures: acenaphthene, a polycyclic aromatic
hydrocarbon consisting of naphthalene with an ethylene bridge, and
biphenyl, an aromatic hydrocarbon consisting of two connected
phenyl rings. Based on a thermochemical analysis, they considered
biphenyl as the most likely structure but do not provide any infor-
mation on the possible mechanisms of N2 extraction with recom-
bination of the phenyl rings. According to our calculations, from
an energetic point of view, the fragmentation of the parent ion into
154+ + N2 is very favorable because the formation energy of 154+

without taking into account any energy barrier is 5.55 eV, indicating
an extremely stable fragment that would most likely require overtak-
ing a significant energy barrier for further fragmentation. However,
the low intensity of fragment 154+ in the PEPICO spectra suggests
that dynamical considerations may play a crucial role in turning this
process into an improbable one. It is, therefore, likely that the N2
elimination involves a multi step process with energy barriers to be

overcome. As a plausible mechanism, we propose that the N2 elim-
ination may be due to a preliminary trans to cis conversion of 182+

whose transition state at 8.53 eV is energetically achievable below
the AE of 154+. Then from cis-182+, either a sequential or concerted
reaction, favored by the close proximity of the two phenyl rings, may
lead to the elimination of N2 with phenyl ring recombination. For
the sequential case, the transition state for the N–C bond breaking
has been calculated at 9.14 eV. However, the following steps of ring
recombination could not be investigated with the present theoretical
methodology.

Fragment 51+ has not been discussed before. Its first onset at
17.7 eV in the PEPICO spectra indicates that its origin is related to
relatively high energy processes, which could see the involvement
of inner-valence molecular orbitals and, at higher energies, the frag-
mentation of doubly charged ion states, which are estimated75 to be
in the range 20–21 eV. As for the fragmentation path, the subsequent
dissociation of fragments 152+ and/or 77+, which, in the valence
region,74 are the evolution of the initial steps of fragmentation from

FIG. 5. Production of 51+ from (a) the
breaking of C3–C4 bonds and (b) the
breaking of C1–C2 from 77+.
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154+ and 105+, respectively, can be considered. In any case, the for-
mation of fragment 51+ requires the fragmentation of the phenyl
ring and some rearrangement, most likely favored by an extensive
hydrogen scrambling74 that could lead to the formation of cyclobu-
tadiene (C4H+3 ). The PEPICO BR of these fragments, Fig. 2(b), may
provide some hints on the formation of 51+. Indeed, the BR of both
152+ and 77+ decrease in the same binding energy region that sees
the rise of 51+, i.e., 18–22 eV. However, while this decrease coincides
with the complete disappearance of the low intensity fragment 152+

from the PEPICO spectra, 77+ can be seen rising again in the higher
binding energy region, most likely via a double ionization process, as
suggested by the broadening of its line shape in the PEPICO spectra
measured at BE > 19.5 eV. Then, the PEPICO experiments suggest
that both precursor ions (152+ and 77+) could be considered in the
formation pathway of 51+.

Considering the low BR value of fragment 152+ and the neg-
ligible contribution it may give to the BR of 51+, we theoretically
investigated the 51+ formation starting from 77+ and leading to 51+

+ 28(C2H2). In the final form, we obtain for 51+ either a three-
member ring structure with a formation energy of 14.70 eV or a
linear structure with a formation energy of 15.44 eV, see right hand
side of Fig. 5. Considering the energy barrier for the ring breaking,
we studied two possible channels: (a) the breaking of the C3–C4
bond, with a transition state of 17 eV, and (b) the breaking of C1–C2,
with a transition state of 16.0 eV. It is interesting to observe that in
both cases, either directly or via rearrangement in the case of C3–C4
breaking, it is the CH2C fragment to be produced rather than C2H2.
Taking into account this new product, we obtain a formation energy
of 51+ starting from the breaking of C3–C4 of 17.25 eV, while the
formation energy starting from the breaking of C1–C2 is 16.51 eV.
Both these channels are possible, as consistent with the experiments.

B. Core-ionization and photo-fragmentation
The experimental and theoretical XPS spectra for C(1s) and

N(1s) are shown in Figs. 6(a) and 6(b), respectively, while the
corresponding peak assignments are reported in Table I.

Depending on their position on the ring, the 1s binding ener-
gies of the carbon atoms present positive/negative shifts compared
to the benzene molecule, where the adiabatic ionization energy is
290.26 eV.76 The larger shift is expected in the substitution site, i.e.,
C4 in the present notation (Fig. 1). The negative inductive effect
(-I) exerted by the nitrogen lowers the electron density around C4,
resulting in higher binding energy. As a consequence, the C4 band
appears most blue-shifted at 290.88 eV in the XPS spectrum (cyan
peak in Fig. 6). While the effect of the electronegativity of the sub-
stituent atom decreases as the distance increases, the inductive effect
alone cannot explain the ordering of the binding energies of the four
carbon atoms. In fact, our calculations show that the binding energy
decreases in the order C2 > C1 > C3. This ordering can be rational-
ized by taking into consideration the nitrogen positive mesomeric
effect (+M), which restores electron density back in the phenyl ring
through the π-orbitals. The + M effect decreases in the order ortho
(C3) > para (C1) > meta (C2) with respect to the substituted atom,
thus resulting in the highest electron density and, conversely, lowest
binding energy for C3 (red peak in Fig. 6). A similar effect has been
reported for halopyrimidines.77

FIG. 6. (a) and (b) The nitrogen (top) and carbon (bottom) 1s XPS spectra of AB
(open dots) measured at 382 and 495 eV photon energy, respectively, experimen-
tal fits (full areas), and theoretical predictions (vertical bars). A shift of 0.35 eV has
been applied to the N(1s) theoretical results to match the experimental features.

In the N(1s) XPS spectrum, Fig. 6(b), the main band is found at
405.53 eV, in good agreement with the theoretically predicted ion-
ization energy of 405.18 eV. A second less intense feature appears
∼3.5 eV above the main band, i.e., at 408.58 eV. XPS measure-
ments on AB layers adsorbed on layered crystals have assigned a
similar feature to a satellite structure corresponding to a shake-up
π → π∗ transition.78,79 Our calculations demonstrate that the corre-
sponding shake-up π → π∗ feature should give rise to a less intense
satellite ∼2.0 eV above the main band (407.25 eV), which remains
experimentally unresolved. Instead, the satellite at 408.58 eV is due
to a shake-up n2 → π∗ transition accompanying the 1s ionization.
The 3.5 eV energy required for this shake-up with respect to the
bare N(1s) ionization is about 1 eV higher compared to the energy
required to excite the same transition in the neutral system (n2π∗ has
a maximum in the visible spectrum at ∼2.7 eV80). It is energetically
more demanding to excite an electron from the lone pair into the
aromatic system and, thus, to displace electron density away from
the nitrogen atoms when the density is simultaneously depleted
through ionization.

C. The core near-edge absorption
The experimental and theoretical NEXAFS spectra for C(1s)

and N(1s) are reported in Figs. 7 and 8, respectively, while the corre-
sponding peak assignments are reported in Table III. The carbon
spectrum exhibits a complex multi-peak pre-edge structure with
three well separated bands peaking at 285.3, 287.5, and 289.5 eV
superimposed on a linearly increasing ionization continuum. Each
of these three peaks arises due to excitations from multiple carbon
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FIG. 7. Molecular orbitals diagram (left) and carbon K-edge NEXAFS spectra (right) for AB. The experimental data are reported in the top panel as black dots with a
superimposed three-point smooth line in red, while the theoretical results, convoluted by Gaussian functions of FWHM = 0.7 eV, are depicted in the bottom panel. Individual
contributions from different carbon 1s orbitals are also shown with different colors. Labels a, b, c, and d indicate signals associated with transitions to different virtual orbitals.
The C(1s) ionization threshold is also highlighted with vertical lines.

centers distinguishable by the calculations. In particular, the low-
est band at 285.3 eV exhibits a fine splitting and a shoulder on the
low energy side at 284.5 eV. The shoulder forms due to transitions
from C1, C3, and C4 to the lowest virtual π∗1 orbital (Fig. 7).81 Inter-
estingly, the transition energy for the sites increases in the order
C3 > C1 > C4, which matches with the order of the XPS binding
energies [Fig. 6(a)]. Transitions to the second virtual π∗2 orbital give
rise to the main peak. Only C2 and C3 contribute to this peak due
to the shape of the virtual orbital having no coefficient on C1 and
C4 (Fig. 7). Notably, the transitions into the two π∗ orbitals appear
as distinct peaks in the calculations while they merge into a single
band in the experiment. The second band at 287.5 eV, which also
exhibits a shoulder on the low energy side, arises due to transitions
from all four carbon core orbitals to the virtual orbital labeled π∗7 . In
fact, orbitals π∗1 and π∗7 are formed through bonding (π∗1 ) and anti-
bonding (π∗7 ) interactions of the phenyl rings with the central N2
unit. The third band at 289.5 eV is dominated by shake-up features
due to transitions into orbital π∗3 , i.e., the completely anti-bonding
phenyl orbital (Tables SIX–SXII in the supplementary material). In
agreement with the above analysis, the peaks at 285 and 289.5 eV
arising due to core transitions into the weakly perturbed phenyl
orbitals π∗2 and π∗3 have been reported for bare benzene chemisorbed
on Cu(110).82

Overall, the calculations show that the core orbitals of the
four nonequivalent carbon atoms lie energetically close, as can be

also inferred from the XPS spectrum (Fig. 6). Hence, the multi-
peak nature of the NEXAFS spectrum reflects rather the energetic
structure of the virtual orbital manifold [Fig. 7(a)].

The nitrogen spectrum is characterized by one dominant pre-
edge band at 398.57 eV assigned to the 1s→ π∗1 transition. Notably,
no further intense transitions into the π-system are observed, and as
among the virtual π∗-orbitals, only π∗1 has a significant coefficient
on the nitrogens (Fig. S1 in the supplementary material), which is
a requirement for a finite dipolar coupling.31 A less intense feature
between 400.5 and 402.5 eV is due to a shake-up feature character-
ized by the simultaneous excitation of a 1s and a valence π electrons
in the virtual orbitals.

In the K-edge regions around the C and N thresholds whose
main NEXAFS features have been discussed above, several MS
spectra have been acquired at regular steps. These background-
subtracted mass spectra are shown in Fig. 9 where they are compared
to the mass spectra recorded at 60 eV (black curve), i.e., the photon
energy used for the PEPICO measurements.

In both cases where the mass spectra have been measured above
1s ionization thresholds, the contributions of the parent ion and
the m/z > 100 fragments are vanishing. These spectra are domi-
nated by the C6H+5 (m/z 77) and C4H+3 (m/z 51) observed also in
the mass spectrum measured at 60 eV and other fragments (C5H+4 ,
C3H+2 , and C2H+3 ) with a relative contribution enhanced with respect
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FIG. 8. The nitrogen K-edge NEXAFS spectrum of AB. The experimental data are
reported in the top panel as black dots with a superimposed three-point smooth
line in red, while the theoretical results convoluted by Gaussian functions of FWHM
= 0.7 eV are depicted in the bottom panel. The N(1s) ionization threshold is also
reported.

to the spectrum at 60 eV. All fragments are broader and accom-
panied by other minor contributions corresponding to H losses.
These observations, together with the low cross section for direct
photo-ionization of the valence shell, suggest that these fragments
are produced in the fragmentation of AB dication formed by the
radiationless Auger–Meitner decay following core ionization.

In Fig. 10, the branching ratio of the most representative frag-
ments is reported vs photon energy in the region of the N(1s)
excitation. A similar representation for all fragments is reported in
the supplementary material.

In the N(1s) near threshold region, all main fragments display
a clear enhancement at the 1s→ π∗1 transition and 51+, which is
characterized by the largest BR, also in the case of the other exci-
tations. Consistently with the observation in the 1s continuum, 51+

and 77+ have the largest BR. This observation can be rationalized in
the following way. Inner shell excitation can decay to cation states
via resonant Auger. In the case of participator decay, the excited
electron is involved in the process, and the final states correspond
to one-hole states, as the ones more likely populated in direct ion-
ization at lower photon energies. Vice versa, in the case of spectator
decay, the excited electron does not participate in the process, and
the final state is a singly charge ion with two holes and an excited
electron. These states are the ones that converge to double ioniza-
tion. Thus, participator decays are expected to produce mass spectra
similar to the one obtained in the valence ionization, i.e., with a dom-
inant contribution of 182+, 152–154+, 105+, while spectator decays
will produce mass spectra similar to the ones dominated by dications
fragmentation. The 77+ represents a peculiar case because, as also
observed in the PEPICO experiments (Fig. 2), it can be produced
via the fragmentation of either cations or dications. Looking at the

TABLE III. The experimental and calculated core excited states of AB. For the
numbering of the C atoms, see Fig. 1. For orbitals, see Figs. S1 and S3 of the sup-
plementary material. Only core excited states with ∣ TDM∣2 higher than 1 × 10−4 are
reported. A complete list of the core excited states, which give rise to the NEXAFS
spectra, can be found in Tables SII and SIX–SXII in the supplementary material. The
experimental positions refer to the features distinguishable in the spectra reported in
Figs. 7 and 8.

Theory (eV) Exp (eV) Configuration (weight %)

C3(1s) 284.15 285.72 1 s[1]π∗[1]1 (76%)
C1(1s) 284.40 1 s[1]π∗[1]1 (76%)
C4(1s) 284.80 1 s[1]π∗[1]1 (76%)

C2(1s) 285.31 285.12 1 s[1]π∗[1]2 (75%)
C3(1s) 285.41 285.48 1 s[1]π∗[1]2 (62%)

C1(1s) 286.33 286.63 1 s[1]π∗[1]7 (32%)
1 s[1]π∗[1]2 (30%)

C3(1s) 286.40 287.27 1 s[1]π∗[1]7 (34%)
C4(1s) 286.78 1 s[1]π∗[1]7 (48%)
C2(1s) 286.99 1 s[1]π∗[1]7 (24%)

C3(1s) 289.06 288.11 1 s[1]n[1]2 π∗[2]1 (17%)
1 s[1]π∗[1]3 (16%)

1 s[1]π∗[1]4 π∗[1]1 π∗[2]1 (11%)
C4(1s) 289.59 289.07 1 s[1]π∗[1]3 (12%)

1 s[1]π∗[1]4 π∗[1]1 π∗[2]1 (10%)
C4(1s) 289.63 ex.m.

N(1s) 398.57 398.67 1 s[1]π∗[1]1 (78%)

N(1s) 401.21 401.13 1 s[1]π[1]4 π∗[2]1 (27%)
N(1s) 401.70 401.75 1 s[1]π[1]7 π∗[1]1 π∗[1]5 (19%)

1 s[1]π[1]6 π∗[1]1 π∗[1]7 (19%)

variation of the BR in the resonance and at the width of the peak, one
can state that in this energy region, the contribution of direct ion-
ization is negligible. According to the different BRs, one can clearly
state that the radiationless decay of the N 1s→ π∗1 is dominated by
spectator decays.

FIG. 9. Mass spectra of AB measured at photon energies of 60 eV (black), 293 eV
(red), and 405 eV (green).
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FIG. 10. Total ion yield (TIY, gray shaded area) and branching ratios of the most representative fragments at the N(1s) excitation/ionization region (colored lines). Panel (a)
reports examples of fragments with a branching ratio increasing at the π∗ resonance. Panel (b) displays examples of fragments either decreasing or unaffected by the core
resonant excitation. The entire set of results is reported in Fig. IV of the supplementary material. The error bars represent the confidence of the fit.

As for the total ion yield at the C(1s) edge (see Fig. S4 in sup-
plementary material), it is clearly observed that on resonance, the
H-loss process is reduced in all channels, stays almost constant out-
side the resonance, and decreases in the continuum. Qualitatively,
one might ascribe this observation to the rapid dissociation of the
molecular ion, formed in highly excited states in the spectator decay,
that prevents the energy redistribution, leading to further H losses.
In the C(1s) near threshold region, the presence of excitations of
the four non-equivalent C atoms partially masks the effects clearly
detected in the case of the N(1s) strong isolated resonance. How-
ever, a similar trend in the region of the resonances, with increasing
BR dominated by fragments 77+ and 51+, is observed.

D. The excited state core ionization and near-edge
absorption

Well established valence-shell spectroscopy techniques probe
changes in electron density on a molecular scale by interrogating
transitions among generally delocalized frontier orbitals. Transient
UV/Vis and PES have been successfully applied to study the ultra-
fast non-adiabatic dynamics in AB.6,83 Core–shell spectroscopy, on
the other hand, addresses changes in electron density on the atomic
scale and acts as a sensor for the involvement of individual atoms
in the electronic structure of an excited state. Having demonstrated
the accuracy of our simulation protocol in the reproduction of
ground state NEXAFS and XPS features, we conclude by reporting
simulations of the corresponding spectra out of the nπ∗ and ππ∗
excited states (Fig. 11) and discuss the characteristic features, which
would facilitate studying photoinduced dynamics in AB by means
of transient core–shell spectroscopy techniques. Thereby, we omit
to couple between electronic and vibrational degrees of freedom and
discuss only the FC spectra (potentially obtainable with ultrashort
pulses at very short pump-probe delays).

Electronic transitions create vacancies in the occupied valence
orbitals, which could give rise to characteristic red-shifted absorp-
tion features in transient NEXAFS if the provided core and valence
orbitals exhibit finite overlap. In the case of AB, the excited state
NEXAFS shows peaks that have been red-shifted by several eV to a
background-free spectral region [Fig. 11(a) between 281 and 282 eV
in the ππ∗ carbon K edge and Fig. 11(c) at 396 eV in the nπ∗ nitro-
gen K edge]. They are associated with core-to-valence C(1s)→ π and
N(1s) → n transitions. The complementary signals C(1s) → n and
N(1s)→ π are weak due to the vanishing molecular orbital overlap.

Excitations are often associated with partial charge transfer
throughout the system. Depletion of electron density (detachment)
around an atom hampers, whereas accumulation (attachment) facil-
itates core ionization/excitation. In the case of AB, π → π∗ excitation
leads to a depletion in the aromatic rings accompanied by density
increase in the central NN fragment (Fig. 11, central panel). Density
flow in the opposite direction, albeit to a less extent, is observed in
the nπ∗ state. The consequences of this partial charge transfer are
best seen in the nitrogen NEXAFS and XPS [Figs. 11(c) and 11(d)]
where 1s→ π∗ transition (NEXAFS) and 1s ionization (XPS) exhibit
up to 1 eV red-shift in the ππ∗ state (due to the electron attach-
ment) or blue-shift in the nπ∗ state (due to the electron detachment).
The complementary detachment/attachment in the aromatic ring
depends on the position of the carbon (ortho, meta, para) with
respect to the NN fragment and gives rise to more complex pat-
terns, e.g., the broad absorption band between 289 and 291 eV in
the carbon XPS out of the ππ∗ state [Fig. 11(b)].

Finally, the nitrogen and carbon XPS [Figs. 11(b) and 11(d)] out
of the ππ∗ state show a weak signal red-shifted by about 3 eV associ-
ated with a shake-down feature, i.e., a core-ionization accompanied
by a π ← π∗ de-excitation. These features disappear following the
decay to the nπ∗.
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FIG. 11. Carbon 1s [(a) and (b)] and nitrogen 1s [(c) and (d)] NEXAFS [(a) and (c)] and XPS [(b) and (d)] signals from the ππ∗ (green), nπ∗ (yellow), and ground (gray)
electronic states calculated at the FC point. The central panel shows detachment (red)/attachment (blue) electron densities for the excited states, thus highlighting how the
electronic density is redistributed upon excitation.

In summary, both the carbon and the nitrogen K edges can
be utilized to follow the ππ∗ → nπ∗ → GS internal conversion by
means of transient NEXAFS and/or XPS owing to their pronounced
sensitivity to the electronic structure.

IV. CONCLUSIONS
The photo-ionization and photo-fragmentation of the valence

and core shells of azobenzene as well as of the NEXAFS in the carbon
and nitrogen K edge regions have been studied by a combination of
several experimental and theoretical methods, providing a compre-
hensive characterization of the electronic structure of this prototype
molecule for a class of molecular photo-switches.

In the valence shell, the lowest energy band has been attributed
to the π+7 state delocalized over the aromatic ring, thus explaining
the well known high sensitivity of the PES to the functional group
in the class of AB molecules as due to competing electron-donating
and -withdrawing role of the substituent. Then, guided by the theo-
retical simulations, the main features in the PES spectrum have also
been assigned, showing a dominance of π and lone pair orbitals in
the binding energy region below 11 eV and a dominance of σ orbitals
above that. The study of the fragmentation paths has allowed shed-
ding light on the subsequent fate of these valence and core shell
excited/ionized states of the molecule.

The valence shell photo-fragmentation of AB relies on two
primary and competing processes, namely the C6H5 loss and N2
extraction from the parent ion, with the branching ratio of the first
process dominating over the second. In both cases, the phenyl rings
are preserved, thanks to their high stability, and the first bond to
break in the AB molecular structure is(are) the C–N bond(s) in the
binding energy region >10 eV. Theoretical calculations propose that
fragment 77+, attributed to C6H+5 , is more easily produced by a two-
step mechanism from C6H5N+2 (105+) followed by N2 loss rather

than a single C–N bond breakage with a charge on C6H+5 rather
than on C6H5N+2 . The proposed mechanism for the formation of
fragment 154+, attributed to C12H+10, may involve a trans–cis iso-
merization of the molecular ion, which brings phenyl rings in closer
proximity, thus favoring the formation of a biphenyl structure with
the expulsion of the stable N2. Even though with the present theoret-
ical approach, it has not been possible to prove the “condensation”
of the two phenyl rings following trans–cis isomerization, and the
relatively low energy barrier calculated for this isomerization in the
molecular ion places this transition well below the calculated AE of
154+ as well as below its first onset in the PEPICO measurements,
making isomerization at least energetically possible as a preliminary
rearrangement preceding N2 loss.

The theoretical analysis of 154+ shows how the existence of this
fragment is extremely favorable from a purely energetic/structural
point of view, suggesting that ones formed, it should be stable. How-
ever, this is clearly in contrast with the PEPICO observation, where
this fragment contributes to just a few percent of the branching ratio.
Therefore, the most likely explanation for the low intensity of frag-
ment 154+ has to be found in dynamical aspects where from the
cis-state of the molecular ion, the breakage of two C–N bonds with
the rebound of the two phenyl rings makes this a quite unlikely
process to happen.

In the core region, apart from a rigid energy shift, an overall
excellent agreement has been observed between theory and experi-
ment. The NEXAFS exhibit features that reflect the energetic struc-
ture of the manifold of virtual orbitals. In particular, we attributed
each individual peak in the carbon K edge to a core transition to
a specific π∗ orbital. The NEXAFS, however, cannot resolve the
four types of carbon atoms present in AB as the chemical shifts
are smaller than the bandwidth. Comparison between the carbon
and nitrogen spectra highlights another trait of NEXAFS, namely
that virtual orbitals must exhibit contribution over the atoms whose
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core orbitals are interrogated to give rise to signals. In that regard,
the single-peak structure of the nitrogen K edge opposite to the
multi-peak structure of the carbon K edge is a consequence of the
localization of most π∗ orbitals on the aromatic rings.

The XPS exhibit generally less features as each non-equivalent
1s orbital contributes only with one intense peak. The N XPS
resolves a couple of satellites, one confirmed by the experiment.
The C XPS exhibits a non-trivial ordering of the binding energies
of the four non equivalent C atoms, a consequence of the interplay
of inductive and resonant effects in the aromatic ring. The chemical
shifts allow distinguishing spectroscopically of the carbon directly
bonded to the nitrogen.

Finally, we demonstrated that the carbon and nitrogen K edges
can be utilized to study the photoinduced dynamics in AB owing to
transient signals—core-transitions to vacant occupied orbitals and
shake-down features—appearing in background-free regions of the
NEXAFS and XPS. Moreover, core-excitation and ionization are
shown to be very sensitive to the unique distribution of electron
density in each excited state, which makes them excellent internal
observers of the participation of certain atoms in the excited state
deactivation.

SUPPLEMENTARY MATERIAL

See the supplementary material for figures of the full active
spaces used in the RASSCF/RASPT2 calculations of the PES, carbon
and nitrogen XPS and NEXAFS, as well as Tables reporting energies,
leading configurations, and transition intensities of the computed
PES, carbon and nitrogen XPS, and NEXAFS.
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⇡⇤
5

<latexit sha1_base64="2xWDeYi1UHUxkk4HcjC/ZMeQXz4=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OqgPKlW35uagi8QrSJUUaA4qX/1hxOMQFHLJrO15rkY/YQYFlzAr92MLmvEJG0MvpYqFYP0kjzujx7FlGFENhgpJcxF+byQstHYaBulkyPDBznuZ+J/Xi3F06SdC6RhB8ewQCgn5IcuNSHsAOhQGEFmWHKhQlDPDEMEIyjhPxTgtppz24c1/v0jaZzXvvFa/rVcbV0UzJXJIjsgJ8cgFaZAb0iQtwsmEPJFn8uIkzqvz5rz/jC45xc4B+QPn4xtO3JOe</latexit>

⇡⇤
4

<latexit sha1_base64="sw68kxIeKuLUuJGAyT79uvW65No=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2REAZQUMZJPKQEhOdL5twyvl8ulsjRVY+ghYqOkTL11DwL9gmBSRMNZrZ1c5OoKWw6LqfTmFpeWV1rbhe2tjc2t4p7+61bBQbDk0eych0AmZBCgVNFCihow2wMJDQDsbXmd9+BGNFpO5wosEP2UiJoeAMU6nd0+L+pH/WL1fcqpuDLhJvRipkhka//NUbRDwOQSGXzNqu52r0E2ZQcAnTUi+2oBkfsxF0U6pYCNZP8rhTehRbhhHVYKiQNBfh90bCQmsnYZBOhgwf7LyXif953RiHl34ilI4RFM8OoZCQH7LciLQHoANhAJFlyYEKRTkzDBGMoIzzVIzTYkppH97894ukdVr1zqu121qlfjVrpkgOyCE5Jh65IHVyQxqkSTgZkyfyTF6cxHl13pz3n9GCM9vZJ3/gfHwDTU2TnQ==</latexit>

⇡⇤
3

<latexit sha1_base64="JYYLU0wA5RXhh0ooaKQY9zsWQAE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUR2FAFlBA1lkMhDSkJ0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2AbF5Aw1WhmVzs7vpbCout+OoWV1bX1jeJmaWt7Z3evvH/QtmFkOLR4KEPT9ZkFKRS0UKCErjbAAl9Cx59ep37nEYwVobrDmYZBwCZKjAVnmEidvhb3Z8PasFxxq24Guky8nFRIjuaw/NUfhTwKQCGXzNqe52ocxMyg4BLmpX5kQTM+ZRPoJVSxAOwgzuLO6UlkGYZUg6FC0kyE3xsxC6ydBX4yGTB8sIteKv7n9SIcXw5ioXSEoHh6CIWE7JDlRiQ9AB0JA4gsTQ5UKMqZYYhgBGWcJ2KUFFNK+vAWv18m7VrVO6/Wb+uVxlXeTJEckWNySjxyQRrkhjRJi3AyJU/kmbw4sfPqvDnvP6MFJ985JH/gfHwDS76TnA==</latexit>

⇡⇤
2

<latexit sha1_base64="dNvvX9wqlJaVy+rIXoR1RcCWFeY=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OvAGlapbc3PQReIVpEoKNAeVr/4w4nEICrlk1vY8V6OfMIOCS5iV+7EFzfiEjaGXUsVCsH6Sx53R49gyjKgGQ4WkuQi/NxIWWjsNg3QyZPhg571M/M/rxTi69BOhdIygeHYIhYT8kOVGpD0AHQoDiCxLDlQoyplhiGAEZZynYpwWU0778Oa/XyTts5p3Xqvf1quNq6KZEjkkR+SEeOSCNMgNaZIW4WRCnsgzeXES59V5c95/RpecYueA/IHz8Q1KL5Ob</latexit>

⇡⇤
1

<latexit sha1_base64="D6XOTeUuUixkEx9+YxJP4m7Sx0Q=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzmfrbg2KrHwCLVR0iJbvoeBfcIILSJhqNLOrnZ0gVtKS6346haXlldW14nppY3Nre6e8u9e0UWIENkSkItMOwKKSGhskSWE7NghhoLAVjK6mfusBjZWRvqNxjH4IQy0HUgBl0q3ueb1yxa26M/BF4uWkwnLUe+Wvbj8SSYiahAJrO54bk5+CISkUTkrdxGIMYgRD7GRUQ4jWT2dRJ/wosUARj9FwqfhMxN8bKYTWjsMgmwyB7u28NxX/8zoJDS78VOo4IdRieoikwtkhK4zMOkDelwaJYJocudRcgAEiNJKDEJmYZKWUsj68+e8XSfOk6p1VT29OK7XLvJkiO2CH7Jh57JzV2DWrswYTbMie2DN7cR6dV+fNef8ZLTj5zj77A+fjG6V7kiQ=</latexit>n1

<latexit sha1_base64="xueu2TMoqPI0W9ZCgGCjOdfCYFs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxIneEqCXRxhKjfCRAyN4y4Ia9vcvunIZc+Am2WtkZW3+Phf/FO6RQ8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9C0YWwENkSoQtP2uUUlNTZIksJ2ZJAHvsKWP77K/NYDGitDfUeTCHsBH2k5lIJTKt3qfqVfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLOqUncSWU8giNEwqNhPx90bCA2sngZ9OBpzu7aKXif95nZiGF71E6igm1CI7RFLh7JAVRqYdIBtIg0Q8S45Maia44URoJONCpGKcllJI+/AWv18mzUrZOytXb6ql2uW8mTwcwTGcggfnUINrqEMDBIzgCZ7hxXl0Xp035/1nNOfMdw7hD5yPb6cKkiU=</latexit>n2

1s

<latexit sha1_base64="h+xq2DIz4ndSg75PaK85MAlDQ4s=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTaiksuu6HU1lZXVvfqG7WtrZ3dvfq+wddGyeGg89jGZt+yCxIocBHgRL62gCLQgm9cHad+70HMFbE6g7nGoKITZWYCM4wk/yhFiNvVG+4TbcA/Uu8kjRIic6o/jkcxzyJQCGXzNqB52oMUmZQcAmL2jCxoBmfsSkMMqpYBDZIi7ALepJYhjHVYKiQtBDh50bKImvnUZhNRgzv7bKXi/95gwQnl0EqlE4QFM8PoZBQHLLciKwFoGNhAJHlyYEKRTkzDBGMoIzzTEyyWmpZH97y939J96zpnTdbt61G+6pspkqOyDE5JR65IG1yQzrEJ5wI8kieyLMzd16cV+fte7TilDuH5Bec9y8oYJL/</latexit>⇡1
<latexit sha1_base64="YDJ8tUCwUvGLmyybrgOqZ/xfeVA=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSEqEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYaNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdBp176LevGvWWtdFM2VyQk7JOfHIJWmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDKe+TAA==</latexit>⇡2

<latexit sha1_base64="st32jNrP36mDYCwPHSqxFrDf/V8=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIhAsoIGsog4SRSEkXnyyaccj6f7tZIkZVvoIWKDtHyORT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wdtG8WGg88jGZluwCxIocBHgRK62gALAwmdYHqT+Z1HMFZE6h5nGgYhmygxFpxhKvl9LYbnw2rNrbs56DLxClIjBVrD6ld/FPE4BIVcMmt7nqtxkDCDgkuYV/qxBc34lE2gl1LFQrCDJA87pyexZRhRDYYKSXMRfm8kLLR2FgbpZMjwwS56mfif14txfDVIhNIxguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopxWksl7cNb/H6ZtM/q3kW9cdeoNa+LZsrkiByTU+KRS9Ikt6RFfMKJIE/kmbw4M+fVeXPef0ZLTrFzSP7A+fgGK36TAQ==</latexit>⇡3
<latexit sha1_base64="EXjAOu83IKtJbUr6rFabhNYFl/A=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTaiksuu6HU1lZXVvfqG7WtrZ3dvfq+wddGyeGg89jGZt+yCxIocBHgRL62gCLQgm9cHad+70HMFbE6g7nGoKITZWYCM4wk/yhFqPWqN5wm24B+pd4JWmQEp1R/XM4jnkSgUIumbUDz9UYpMyg4BIWtWFiQTM+Y1MYZFSxCGyQFmEX9CSxDGOqwVAhaSHCz42URdbOozCbjBje22UvF//zBglOLoNUKJ0gKJ4fQiGhOGS5EVkLQMfCACLLkwMVinJmGCIYQRnnmZhktdSyPrzl7/+S7lnTO2+2bluN9lXZTJUckWNySjxyQdrkhnSITzgR5JE8kWdn7rw4r87b92jFKXcOyS84718tDZMC</latexit>⇡4

<latexit sha1_base64="MIDG0yfceb3aFVr4gLWRZNjKVcM=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJReJQRNJRBwkmkJIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samcn0FJYdN1Pp7Syura+Ud6sbG3v7O5V9w/aNooNB59HMjLdgFmQQoGPAiV0tQEWBhI6wfQm8zuPYKyI1D3ONAxCNlFiLDjDVPL7WgzPh9WaW3dz0GXiFaRGCrSG1a/+KOJxCAq5ZNb2PFfjIGEGBZcwr/RjC5rxKZtAL6WKhWAHSR52Tk9iyzCiGgwVkuYi/N5IWGjtLAzSyZDhg130MvE/rxfj+GqQCKVjBMWzQygk5IcsNyJtAehIGEBkWXKgQlHODEMEIyjjPBXjtJZK2oe3+P0yaZ/VvYt6465Ra14XzZTJETkmp8Qjl6RJbkmL+IQTQZ7IM3lxZs6r8+a8/4yWnGLnkPyB8/ENLpyTAw==</latexit>⇡5
<latexit sha1_base64="p2xazQTK2OQ3ckYUNuZRkBUKwmI=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGoEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7qXrPeuGvUWtdFM2VyQk7JOfHIJWmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMCuTBA==</latexit>⇡6

<latexit sha1_base64="pOdKcDhBhOYDsi1/UFt9DYcb+DU=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGiEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7q3mW9cdeota6LZsrkhJySc+KRJmmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMbqTBQ==</latexit>⇡7

<latexit sha1_base64="NJoBdxV2D664lmzs0090ZcwkK+w=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2ighlBA1lkMhDSkx0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2CbFJAw1WhmVzs7gZbCout+OoWV1bX1jeJmaWt7Z3evvH/QtlFsOLR4JCPTDZgFKRS0UKCErjbAwkBCJ5hcZ37nEYwVkbrDqQY/ZGMlRoIzTKVOX4v7s0F9UK64VTcHXSbenFTIHM1B+as/jHgcgkIumbU9z9XoJ8yg4BJmpX5sQTM+YWPopVSxEKyf5HFn9CS2DCOqwVAhaS7C742EhdZOwyCdDBk+2EUvE//zejGOLv1EKB0jKJ4dQiEhP2S5EWkPQIfCACLLkgMVinJmGCIYQRnnqRinxZTSPrzF75dJ+7zqXVRrt7VK42reTJEckWNySjxSJw1yQ5qkRTiZkCfyTF6cxHl13pz3n9GCM985JH/gfHwDU4mToQ==</latexit>

⇡⇤
7

<latexit sha1_base64="qrUe+4EGAIYmN6S4QzZHuI0wjxU=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2igJlBA1lkMhDSkx0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2CbFJAw1WhmVzs7gZbCout+OoWV1bX1jeJmaWt7Z3evvH/QtlFsOLR4JCPTDZgFKRS0UKCErjbAwkBCJ5hcZ37nEYwVkbrDqQY/ZGMlRoIzTKVOX4v7s0F9UK64VTcHXSbenFTIHM1B+as/jHgcgkIumbU9z9XoJ8yg4BJmpX5sQTM+YWPopVSxEKyf5HFn9CS2DCOqwVAhaS7C742EhdZOwyCdDBk+2EUvE//zejGOLv1EKB0jKJ4dQiEhP2S5EWkPQIfCACLLkgMVinJmGCIYQRnnqRinxZTSPrzF75dJ+7zq1au121qlcTVvpkiOyDE5JR65IA1yQ5qkRTiZkCfyTF6cxHl13pz3n9GCM985JH/gfHwDUfqToA==</latexit>

⇡⇤
6

<latexit sha1_base64="AD5Te4D8Z5AeHt6GgPdwtNdy4oA=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2Co8ygoYySOQhJSY6XzbhlPP5dLdGiqx8BC1UdIiWr6HgX7BNCkiYajSzq52dQEth0XU/ncLS8srqWnG9tLG5tb1T3t1r2Sg2HJo8kpHpBMyCFAqaKFBCRxtgYSChHYyvM7/9CMaKSN3hRIMfspESQ8EZplK7p8X9Sf+sX664VTcHXSTejFTIDI1++as3iHgcgkIumbVdz9XoJ8yg4BKmpV5sQTM+ZiPoplSxEKyf5HGn9Ci2DCOqwVAhaS7C742EhdZOwiCdDBk+2HkvE//zujEOL/1EKB0jKJ4dQiEhP2S5EWkPQAfCACLLkgMVinJmGCIYQRnnqRinxZTSPrz57xdJ67TqnVdrt7VK/WrWTJEckENyTDxyQerkhjRIk3AyJk/kmbw4ifPqvDnvP6MFZ7azT/7A+fgGUGuTnw==</latexit>

⇡⇤
5

<latexit sha1_base64="2xWDeYi1UHUxkk4HcjC/ZMeQXz4=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OqgPKlW35uagi8QrSJUUaA4qX/1hxOMQFHLJrO15rkY/YQYFlzAr92MLmvEJG0MvpYqFYP0kjzujx7FlGFENhgpJcxF+byQstHYaBulkyPDBznuZ+J/Xi3F06SdC6RhB8ewQCgn5IcuNSHsAOhQGEFmWHKhQlDPDEMEIyjhPxTgtppz24c1/v0jaZzXvvFa/rVcbV0UzJXJIjsgJ8cgFaZAb0iQtwsmEPJFn8uIkzqvz5rz/jC45xc4B+QPn4xtO3JOe</latexit>

⇡⇤
4

<latexit sha1_base64="sw68kxIeKuLUuJGAyT79uvW65No=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2REAZQUMZJPKQEhOdL5twyvl8ulsjRVY+ghYqOkTL11DwL9gmBSRMNZrZ1c5OoKWw6LqfTmFpeWV1rbhe2tjc2t4p7+61bBQbDk0eych0AmZBCgVNFCihow2wMJDQDsbXmd9+BGNFpO5wosEP2UiJoeAMU6nd0+L+pH/WL1fcqpuDLhJvRipkhka//NUbRDwOQSGXzNqu52r0E2ZQcAnTUi+2oBkfsxF0U6pYCNZP8rhTehRbhhHVYKiQNBfh90bCQmsnYZBOhgwf7LyXif953RiHl34ilI4RFM8OoZCQH7LciLQHoANhAJFlyYEKRTkzDBGMoIzzVIzTYkppH97894ukdVr1zqu121qlfjVrpkgOyCE5Jh65IHVyQxqkSTgZkyfyTF6cxHl13pz3n9GCM9vZJ3/gfHwDTU2TnQ==</latexit>

⇡⇤
3

<latexit sha1_base64="JYYLU0wA5RXhh0ooaKQY9zsWQAE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUR2FAFlBA1lkMhDSkJ0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2AbF5Aw1WhmVzs7vpbCout+OoWV1bX1jeJmaWt7Z3evvH/QtmFkOLR4KEPT9ZkFKRS0UKCErjbAAl9Cx59ep37nEYwVobrDmYZBwCZKjAVnmEidvhb3Z8PasFxxq24Guky8nFRIjuaw/NUfhTwKQCGXzNqe52ocxMyg4BLmpX5kQTM+ZRPoJVSxAOwgzuLO6UlkGYZUg6FC0kyE3xsxC6ydBX4yGTB8sIteKv7n9SIcXw5ioXSEoHh6CIWE7JDlRiQ9AB0JA4gsTQ5UKMqZYYhgBGWcJ2KUFFNK+vAWv18m7VrVO6/Wb+uVxlXeTJEckWNySjxyQRrkhjRJi3AyJU/kmbw4sfPqvDnvP6MFJ985JH/gfHwDS76TnA==</latexit>

⇡⇤
2

<latexit sha1_base64="dNvvX9wqlJaVy+rIXoR1RcCWFeY=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OvAGlapbc3PQReIVpEoKNAeVr/4w4nEICrlk1vY8V6OfMIOCS5iV+7EFzfiEjaGXUsVCsH6Sx53R49gyjKgGQ4WkuQi/NxIWWjsNg3QyZPhg571M/M/rxTi69BOhdIygeHYIhYT8kOVGpD0AHQoDiCxLDlQoyplhiGAEZZynYpwWU0778Oa/XyTts5p3Xqvf1quNq6KZEjkkR+SEeOSCNMgNaZIW4WRCnsgzeXES59V5c95/RpecYueA/IHz8Q1KL5Ob</latexit>

⇡⇤
1

<latexit sha1_base64="D6XOTeUuUixkEx9+YxJP4m7Sx0Q=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzmfrbg2KrHwCLVR0iJbvoeBfcIILSJhqNLOrnZ0gVtKS6346haXlldW14nppY3Nre6e8u9e0UWIENkSkItMOwKKSGhskSWE7NghhoLAVjK6mfusBjZWRvqNxjH4IQy0HUgBl0q3ueb1yxa26M/BF4uWkwnLUe+Wvbj8SSYiahAJrO54bk5+CISkUTkrdxGIMYgRD7GRUQ4jWT2dRJ/wosUARj9FwqfhMxN8bKYTWjsMgmwyB7u28NxX/8zoJDS78VOo4IdRieoikwtkhK4zMOkDelwaJYJocudRcgAEiNJKDEJmYZKWUsj68+e8XSfOk6p1VT29OK7XLvJkiO2CH7Jh57JzV2DWrswYTbMie2DN7cR6dV+fNef8ZLTj5zj77A+fjG6V7kiQ=</latexit>n1

<latexit sha1_base64="xueu2TMoqPI0W9ZCgGCjOdfCYFs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxIneEqCXRxhKjfCRAyN4y4Ia9vcvunIZc+Am2WtkZW3+Phf/FO6RQ8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9C0YWwENkSoQtP2uUUlNTZIksJ2ZJAHvsKWP77K/NYDGitDfUeTCHsBH2k5lIJTKt3qfqVfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLOqUncSWU8giNEwqNhPx90bCA2sngZ9OBpzu7aKXif95nZiGF71E6igm1CI7RFLh7JAVRqYdIBtIg0Q8S45Maia44URoJONCpGKcllJI+/AWv18mzUrZOytXb6ql2uW8mTwcwTGcggfnUINrqEMDBIzgCZ7hxXl0Xp035/1nNOfMdw7hD5yPb6cKkiU=</latexit>n2

NEXAFS
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RA
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FIG. 1: Active spaces used for the computation of the N K-edge XPS (left) and NEXAFS (right).
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Root BE (eV) Dyson (a.u.) CSF (weight)

1 405.180 0.487E+00 1s[1](↑) (68%)

2 406.953 0.507E-02 1s[1](↑)π [1]
7 (↓)π∗[1]1 (↑) (56%)

3 407.246 0.397E-01 1s[1](↑)π [1]
7 (↑)π∗[1]1 (↓) (46%)

9 407.985 0.514E-02 1s[1](↑)n[1]2 (↓)π∗[1]1 (↑) (57%)

11 408.582 0.593E-01 1s[1](↑)n[1]2 (↑)π∗[1]1 (↓) (35%)

TABLE I: Main core ionized states, with their leading configurations, that give rise to the XPS

spectra reported in Fig. 6.a of the main text. Up and Down arrows are used to highlight the

electronic spin. The orbitals involved in the ionization process are highlighted in the left side of

fig. 1.

Root ∆E (eV) |T DM|2 CSF Weight

1 398.57 4.51e-03 1s[1]π∗1
[1] 0.78

2 401.21 2.25e-04 1s[1]π∗4
[1] 0.14

1s[1]π4
[1]π∗1

[2] 0.27

1s[1]π4
[1]π∗1

[1]π∗4
[1] 0.11

1s[1]π4
[1]π∗1

[1]π∗4
[1] 0.05

7 401.70 1.60e-04 1s[1]π7
[1]π∗1

[1]π∗5
[1] 0.18

1s[1]π7
[1]π∗1

[1]π∗5
[1] 0.19

1s[1]π6
[1]π∗1

[2] 0.07

1s[1]π6
[1]π∗1

[1]π∗7
[1] 0.19

TABLE II: Main core excited states, with their leading configurations, that give rise to the

NEXAFS spectra. Only roots with |TDM|2 grater than 10−4 a.u. are reported in the table. The

orbitals involved in the excitation process are highlighted in the right side of figure 1.
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II. PES

<latexit sha1_base64="h+xq2DIz4ndSg75PaK85MAlDQ4s=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTaiksuu6HU1lZXVvfqG7WtrZ3dvfq+wddGyeGg89jGZt+yCxIocBHgRL62gCLQgm9cHad+70HMFbE6g7nGoKITZWYCM4wk/yhFiNvVG+4TbcA/Uu8kjRIic6o/jkcxzyJQCGXzNqB52oMUmZQcAmL2jCxoBmfsSkMMqpYBDZIi7ALepJYhjHVYKiQtBDh50bKImvnUZhNRgzv7bKXi/95gwQnl0EqlE4QFM8PoZBQHLLciKwFoGNhAJHlyYEKRTkzDBGMoIzzTEyyWmpZH97y939J96zpnTdbt61G+6pspkqOyDE5JR65IG1yQzrEJ5wI8kieyLMzd16cV+fte7TilDuH5Bec9y8oYJL/</latexit>⇡1

<latexit sha1_base64="YDJ8tUCwUvGLmyybrgOqZ/xfeVA=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSEqEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYaNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdBp176LevGvWWtdFM2VyQk7JOfHIJWmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDKe+TAA==</latexit>⇡2
<latexit sha1_base64="st32jNrP36mDYCwPHSqxFrDf/V8=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIhAsoIGsog4SRSEkXnyyaccj6f7tZIkZVvoIWKDtHyORT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wdtG8WGg88jGZluwCxIocBHgRK62gALAwmdYHqT+Z1HMFZE6h5nGgYhmygxFpxhKvl9LYbnw2rNrbs56DLxClIjBVrD6ld/FPE4BIVcMmt7nqtxkDCDgkuYV/qxBc34lE2gl1LFQrCDJA87pyexZRhRDYYKSXMRfm8kLLR2FgbpZMjwwS56mfif14txfDVIhNIxguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopxWksl7cNb/H6ZtM/q3kW9cdeoNa+LZsrkiByTU+KRS9Ikt6RFfMKJIE/kmbw4M+fVeXPef0ZLTrFzSP7A+fgGK36TAQ==</latexit>⇡3

<latexit sha1_base64="EXjAOu83IKtJbUr6rFabhNYFl/A=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTaiksuu6HU1lZXVvfqG7WtrZ3dvfq+wddGyeGg89jGZt+yCxIocBHgRL62gCLQgm9cHad+70HMFbE6g7nGoKITZWYCM4wk/yhFqPWqN5wm24B+pd4JWmQEp1R/XM4jnkSgUIumbUDz9UYpMyg4BIWtWFiQTM+Y1MYZFSxCGyQFmEX9CSxDGOqwVAhaSHCz42URdbOozCbjBje22UvF//zBglOLoNUKJ0gKJ4fQiGhOGS5EVkLQMfCACLLkwMVinJmGCIYQRnnmZhktdSyPrzl7/+S7lnTO2+2bluN9lXZTJUckWNySjxyQdrkhnSITzgR5JE8kWdn7rw4r87b92jFKXcOyS84718tDZMC</latexit>⇡4

<latexit sha1_base64="MIDG0yfceb3aFVr4gLWRZNjKVcM=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJReJQRNJRBwkmkJIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samcn0FJYdN1Pp7Syura+Ud6sbG3v7O5V9w/aNooNB59HMjLdgFmQQoGPAiV0tQEWBhI6wfQm8zuPYKyI1D3ONAxCNlFiLDjDVPL7WgzPh9WaW3dz0GXiFaRGCrSG1a/+KOJxCAq5ZNb2PFfjIGEGBZcwr/RjC5rxKZtAL6WKhWAHSR52Tk9iyzCiGgwVkuYi/N5IWGjtLAzSyZDhg130MvE/rxfj+GqQCKVjBMWzQygk5IcsNyJtAehIGEBkWXKgQlHODEMEIyjjPBXjtJZK2oe3+P0yaZ/VvYt6465Ra14XzZTJETkmp8Qjl6RJbkmL+IQTQZ7IM3lxZs6r8+a8/4yWnGLnkPyB8/ENLpyTAw==</latexit>⇡5
<latexit sha1_base64="p2xazQTK2OQ3ckYUNuZRkBUKwmI=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGoEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7qXrPeuGvUWtdFM2VyQk7JOfHIJWmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMCuTBA==</latexit>⇡6

<latexit sha1_base64="pOdKcDhBhOYDsi1/UFt9DYcb+DU=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGiEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7q3mW9cdeota6LZsrkhJySc+KRJmmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMbqTBQ==</latexit>⇡7

<latexit sha1_base64="NJoBdxV2D664lmzs0090ZcwkK+w=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2ighlBA1lkMhDSkx0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2CbFJAw1WhmVzs7gZbCout+OoWV1bX1jeJmaWt7Z3evvH/QtlFsOLR4JCPTDZgFKRS0UKCErjbAwkBCJ5hcZ37nEYwVkbrDqQY/ZGMlRoIzTKVOX4v7s0F9UK64VTcHXSbenFTIHM1B+as/jHgcgkIumbU9z9XoJ8yg4BJmpX5sQTM+YWPopVSxEKyf5HFn9CS2DCOqwVAhaS7C742EhdZOwyCdDBk+2EUvE//zejGOLv1EKB0jKJ4dQiEhP2S5EWkPQIfCACLLkgMVinJmGCIYQRnnqRinxZTSPrzF75dJ+7zqXVRrt7VK42reTJEckWNySjxSJw1yQ5qkRTiZkCfyTF6cxHl13pz3n9GCM985JH/gfHwDU4mToQ==</latexit>

⇡⇤
7

<latexit sha1_base64="qrUe+4EGAIYmN6S4QzZHuI0wjxU=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2igJlBA1lkMhDSkx0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2CbFJAw1WhmVzs7gZbCout+OoWV1bX1jeJmaWt7Z3evvH/QtlFsOLR4JCPTDZgFKRS0UKCErjbAwkBCJ5hcZ37nEYwVkbrDqQY/ZGMlRoIzTKVOX4v7s0F9UK64VTcHXSbenFTIHM1B+as/jHgcgkIumbU9z9XoJ8yg4BJmpX5sQTM+YWPopVSxEKyf5HFn9CS2DCOqwVAhaS7C742EhdZOwyCdDBk+2EUvE//zejGOLv1EKB0jKJ4dQiEhP2S5EWkPQIfCACLLkgMVinJmGCIYQRnnqRinxZTSPrzF75dJ+7zq1au121qlcTVvpkiOyDE5JR65IA1yQ5qkRTiZkCfyTF6cxHl13pz3n9GCM985JH/gfHwDUfqToA==</latexit>

⇡⇤
6

<latexit sha1_base64="AD5Te4D8Z5AeHt6GgPdwtNdy4oA=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2Co8ygoYySOQhJSY6XzbhlPP5dLdGiqx8BC1UdIiWr6HgX7BNCkiYajSzq52dQEth0XU/ncLS8srqWnG9tLG5tb1T3t1r2Sg2HJo8kpHpBMyCFAqaKFBCRxtgYSChHYyvM7/9CMaKSN3hRIMfspESQ8EZplK7p8X9Sf+sX664VTcHXSTejFTIDI1++as3iHgcgkIumbVdz9XoJ8yg4BKmpV5sQTM+ZiPoplSxEKyf5HGn9Ci2DCOqwVAhaS7C742EhdZOwiCdDBk+2HkvE//zujEOL/1EKB0jKJ4dQiEhP2S5EWkPQAfCACLLkgMVinJmGCIYQRnnqRinxZTSPrz57xdJ67TqnVdrt7VK/WrWTJEckENyTDxyQerkhjRIk3AyJk/kmbw4ifPqvDnvP6MFZ7azT/7A+fgGUGuTnw==</latexit>

⇡⇤
5

<latexit sha1_base64="2xWDeYi1UHUxkk4HcjC/ZMeQXz4=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OqgPKlW35uagi8QrSJUUaA4qX/1hxOMQFHLJrO15rkY/YQYFlzAr92MLmvEJG0MvpYqFYP0kjzujx7FlGFENhgpJcxF+byQstHYaBulkyPDBznuZ+J/Xi3F06SdC6RhB8ewQCgn5IcuNSHsAOhQGEFmWHKhQlDPDEMEIyjhPxTgtppz24c1/v0jaZzXvvFa/rVcbV0UzJXJIjsgJ8cgFaZAb0iQtwsmEPJFn8uIkzqvz5rz/jC45xc4B+QPn4xtO3JOe</latexit>

⇡⇤
4

<latexit sha1_base64="sw68kxIeKuLUuJGAyT79uvW65No=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2REAZQUMZJPKQEhOdL5twyvl8ulsjRVY+ghYqOkTL11DwL9gmBSRMNZrZ1c5OoKWw6LqfTmFpeWV1rbhe2tjc2t4p7+61bBQbDk0eych0AmZBCgVNFCihow2wMJDQDsbXmd9+BGNFpO5wosEP2UiJoeAMU6nd0+L+pH/WL1fcqpuDLhJvRipkhka//NUbRDwOQSGXzNqu52r0E2ZQcAnTUi+2oBkfsxF0U6pYCNZP8rhTehRbhhHVYKiQNBfh90bCQmsnYZBOhgwf7LyXif953RiHl34ilI4RFM8OoZCQH7LciLQHoANhAJFlyYEKRTkzDBGMoIzzVIzTYkppH97894ukdVr1zqu121qlfjVrpkgOyCE5Jh65IHVyQxqkSTgZkyfyTF6cxHl13pz3n9GCM9vZJ3/gfHwDTU2TnQ==</latexit>

⇡⇤
3

<latexit sha1_base64="JYYLU0wA5RXhh0ooaKQY9zsWQAE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUR2FAFlBA1lkMhDSkJ0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2AbF5Aw1WhmVzs7vpbCout+OoWV1bX1jeJmaWt7Z3evvH/QtmFkOLR4KEPT9ZkFKRS0UKCErjbAAl9Cx59ep37nEYwVobrDmYZBwCZKjAVnmEidvhb3Z8PasFxxq24Guky8nFRIjuaw/NUfhTwKQCGXzNqe52ocxMyg4BLmpX5kQTM+ZRPoJVSxAOwgzuLO6UlkGYZUg6FC0kyE3xsxC6ydBX4yGTB8sIteKv7n9SIcXw5ioXSEoHh6CIWE7JDlRiQ9AB0JA4gsTQ5UKMqZYYhgBGWcJ2KUFFNK+vAWv18m7VrVO6/Wb+uVxlXeTJEckWNySjxyQRrkhjRJi3AyJU/kmbw4sfPqvDnvP6MFJ985JH/gfHwDS76TnA==</latexit>

⇡⇤
2

<latexit sha1_base64="dNvvX9wqlJaVy+rIXoR1RcCWFeY=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OvAGlapbc3PQReIVpEoKNAeVr/4w4nEICrlk1vY8V6OfMIOCS5iV+7EFzfiEjaGXUsVCsH6Sx53R49gyjKgGQ4WkuQi/NxIWWjsNg3QyZPhg571M/M/rxTi69BOhdIygeHYIhYT8kOVGpD0AHQoDiCxLDlQoyplhiGAEZZynYpwWU0778Oa/XyTts5p3Xqvf1quNq6KZEjkkR+SEeOSCNMgNaZIW4WRCnsgzeXES59V5c95/RpecYueA/IHz8Q1KL5Ob</latexit>

⇡⇤
1

<latexit sha1_base64="D6XOTeUuUixkEx9+YxJP4m7Sx0Q=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzmfrbg2KrHwCLVR0iJbvoeBfcIILSJhqNLOrnZ0gVtKS6346haXlldW14nppY3Nre6e8u9e0UWIENkSkItMOwKKSGhskSWE7NghhoLAVjK6mfusBjZWRvqNxjH4IQy0HUgBl0q3ueb1yxa26M/BF4uWkwnLUe+Wvbj8SSYiahAJrO54bk5+CISkUTkrdxGIMYgRD7GRUQ4jWT2dRJ/wosUARj9FwqfhMxN8bKYTWjsMgmwyB7u28NxX/8zoJDS78VOo4IdRieoikwtkhK4zMOkDelwaJYJocudRcgAEiNJKDEJmYZKWUsj68+e8XSfOk6p1VT29OK7XLvJkiO2CH7Jh57JzV2DWrswYTbMie2DN7cR6dV+fNef8ZLTj5zj77A+fjG6V7kiQ=</latexit>n1
<latexit sha1_base64="xueu2TMoqPI0W9ZCgGCjOdfCYFs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxIneEqCXRxhKjfCRAyN4y4Ia9vcvunIZc+Am2WtkZW3+Phf/FO6RQ8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9C0YWwENkSoQtP2uUUlNTZIksJ2ZJAHvsKWP77K/NYDGitDfUeTCHsBH2k5lIJTKt3qfqVfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLOqUncSWU8giNEwqNhPx90bCA2sngZ9OBpzu7aKXif95nZiGF71E6igm1CI7RFLh7JAVRqYdIBtIg0Q8S45Maia44URoJONCpGKcllJI+/AWv18mzUrZOytXb6ql2uW8mTwcwTGcggfnUINrqEMDBIzgCZ7hxXl0Xp035/1nNOfMdw7hD5yPb6cKkiU=</latexit>n2

<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)

<latexit sha1_base64="9kmHNrtbJOf3Usu+uF9y69fk5xk=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPNDd3tIkZVvoIWKDtHyORT8C7ZxAQlTjWZ2tbPjx1JotO1Pq7Syura+Ud6sbG3v7O5V9w86OjKKg8sjGamezzRIEYKLAiX0YgUs8CV0/elN5ncfQWkRhfc4i8EL2CQUY8EZppJbvxqa02G1ZjfsHHSZOAWpkQLtYfVrMIq4CSBELpnWfceO0UuYQsElzCsDoyFmfMom0E9pyALQXpKHndMToxlGNAZFhaS5CL83EhZoPQv8dDJg+KAXvUz8z+sbHF96iQhjgxDy7BAKCfkhzZVIWwA6EgoQWZYcqAgpZ4ohghKUcZ6KJq2lkvbhLH6/TDpnDee80bxr1lrXRTNlckSOSZ045IK0yC1pE5dwIsgTeSYv1sx6td6s95/RklXsHJI/sD6+AZLlkqA=</latexit>

(Au)

<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)
<latexit sha1_base64="YmXg4msIfI228kCoVEmyvVn1RYA=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h5Nz0fVmt2wc9BV4hSkRgp0RtWv4TjkcQAKuWTGDBw7Qi9hGgWXsKgMYwMR4zM2hUFKFQvAeEkedkHPYsMwpBFoKiTNRfi9kbDAmHngp5MBwwez7GXif94gxsm1lwgVxQiKZ4dQSMgPGa5F2gLQsdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/n7VdK9aDiXjeZds9ZqF82UyQk5JXXikCvSIrekQ1zCiSBP5Jm8WHPr1Xqz3n9GS1axc0z+wPr4Bn6XkpM=</latexit>

(Bg)

<latexit sha1_base64="YmXg4msIfI228kCoVEmyvVn1RYA=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h5Nz0fVmt2wc9BV4hSkRgp0RtWv4TjkcQAKuWTGDBw7Qi9hGgWXsKgMYwMR4zM2hUFKFQvAeEkedkHPYsMwpBFoKiTNRfi9kbDAmHngp5MBwwez7GXif94gxsm1lwgVxQiKZ4dQSMgPGa5F2gLQsdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/n7VdK9aDiXjeZds9ZqF82UyQk5JXXikCvSIrekQ1zCiSBP5Jm8WHPr1Xqz3n9GS1axc0z+wPr4Bn6XkpM=</latexit>

(Bg)
<latexit sha1_base64="YmXg4msIfI228kCoVEmyvVn1RYA=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h5Nz0fVmt2wc9BV4hSkRgp0RtWv4TjkcQAKuWTGDBw7Qi9hGgWXsKgMYwMR4zM2hUFKFQvAeEkedkHPYsMwpBFoKiTNRfi9kbDAmHngp5MBwwez7GXif94gxsm1lwgVxQiKZ4dQSMgPGa5F2gLQsdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/n7VdK9aDiXjeZds9ZqF82UyQk5JXXikCvSIrekQ1zCiSBP5Jm8WHPr1Xqz3n9GS1axc0z+wPr4Bn6XkpM=</latexit>

(Bg)

<latexit sha1_base64="YmXg4msIfI228kCoVEmyvVn1RYA=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h5Nz0fVmt2wc9BV4hSkRgp0RtWv4TjkcQAKuWTGDBw7Qi9hGgWXsKgMYwMR4zM2hUFKFQvAeEkedkHPYsMwpBFoKiTNRfi9kbDAmHngp5MBwwez7GXif94gxsm1lwgVxQiKZ4dQSMgPGa5F2gLQsdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/n7VdK9aDiXjeZds9ZqF82UyQk5JXXikCvSIrekQ1zCiSBP5Jm8WHPr1Xqz3n9GS1axc0z+wPr4Bn6XkpM=</latexit>

(Bg)
<latexit sha1_base64="YmXg4msIfI228kCoVEmyvVn1RYA=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h5Nz0fVmt2wc9BV4hSkRgp0RtWv4TjkcQAKuWTGDBw7Qi9hGgWXsKgMYwMR4zM2hUFKFQvAeEkedkHPYsMwpBFoKiTNRfi9kbDAmHngp5MBwwez7GXif94gxsm1lwgVxQiKZ4dQSMgPGa5F2gLQsdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/n7VdK9aDiXjeZds9ZqF82UyQk5JXXikCvSIrekQ1zCiSBP5Jm8WHPr1Xqz3n9GS1axc0z+wPr4Bn6XkpM=</latexit>

(Bg)
<latexit sha1_base64="YmXg4msIfI228kCoVEmyvVn1RYA=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h5Nz0fVmt2wc9BV4hSkRgp0RtWv4TjkcQAKuWTGDBw7Qi9hGgWXsKgMYwMR4zM2hUFKFQvAeEkedkHPYsMwpBFoKiTNRfi9kbDAmHngp5MBwwez7GXif94gxsm1lwgVxQiKZ4dQSMgPGa5F2gLQsdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/n7VdK9aDiXjeZds9ZqF82UyQk5JXXikCvSIrekQ1zCiSBP5Jm8WHPr1Xqz3n9GS1axc0z+wPr4Bn6XkpM=</latexit>

(Bg)

<latexit sha1_base64="YmXg4msIfI228kCoVEmyvVn1RYA=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h5Nz0fVmt2wc9BV4hSkRgp0RtWv4TjkcQAKuWTGDBw7Qi9hGgWXsKgMYwMR4zM2hUFKFQvAeEkedkHPYsMwpBFoKiTNRfi9kbDAmHngp5MBwwez7GXif94gxsm1lwgVxQiKZ4dQSMgPGa5F2gLQsdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/n7VdK9aDiXjeZds9ZqF82UyQk5JXXikCvSIrekQ1zCiSBP5Jm8WHPr1Xqz3n9GS1axc0z+wPr4Bn6XkpM=</latexit>

(Bg)

<latexit sha1_base64="9kmHNrtbJOf3Usu+uF9y69fk5xk=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPNDd3tIkZVvoIWKDtHyORT8C7ZxAQlTjWZ2tbPjx1JotO1Pq7Syura+Ud6sbG3v7O5V9w86OjKKg8sjGamezzRIEYKLAiX0YgUs8CV0/elN5ncfQWkRhfc4i8EL2CQUY8EZppJbvxqa02G1ZjfsHHSZOAWpkQLtYfVrMIq4CSBELpnWfceO0UuYQsElzCsDoyFmfMom0E9pyALQXpKHndMToxlGNAZFhaS5CL83EhZoPQv8dDJg+KAXvUz8z+sbHF96iQhjgxDy7BAKCfkhzZVIWwA6EgoQWZYcqAgpZ4ohghKUcZ6KJq2lkvbhLH6/TDpnDee80bxr1lrXRTNlckSOSZ045IK0yC1pE5dwIsgTeSYv1sx6td6s95/RklXsHJI/sD6+AZLlkqA=</latexit>

(Au)
<latexit sha1_base64="9kmHNrtbJOf3Usu+uF9y69fk5xk=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPNDd3tIkZVvoIWKDtHyORT8C7ZxAQlTjWZ2tbPjx1JotO1Pq7Syura+Ud6sbG3v7O5V9w86OjKKg8sjGamezzRIEYKLAiX0YgUs8CV0/elN5ncfQWkRhfc4i8EL2CQUY8EZppJbvxqa02G1ZjfsHHSZOAWpkQLtYfVrMIq4CSBELpnWfceO0UuYQsElzCsDoyFmfMom0E9pyALQXpKHndMToxlGNAZFhaS5CL83EhZoPQv8dDJg+KAXvUz8z+sbHF96iQhjgxDy7BAKCfkhzZVIWwA6EgoQWZYcqAgpZ4ohghKUcZ6KJq2lkvbhLH6/TDpnDee80bxr1lrXRTNlckSOSZ045IK0yC1pE5dwIsgTeSYv1sx6td6s95/RklXsHJI/sD6+AZLlkqA=</latexit>

(Au)
<latexit sha1_base64="9kmHNrtbJOf3Usu+uF9y69fk5xk=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPNDd3tIkZVvoIWKDtHyORT8C7ZxAQlTjWZ2tbPjx1JotO1Pq7Syura+Ud6sbG3v7O5V9w86OjKKg8sjGamezzRIEYKLAiX0YgUs8CV0/elN5ncfQWkRhfc4i8EL2CQUY8EZppJbvxqa02G1ZjfsHHSZOAWpkQLtYfVrMIq4CSBELpnWfceO0UuYQsElzCsDoyFmfMom0E9pyALQXpKHndMToxlGNAZFhaS5CL83EhZoPQv8dDJg+KAXvUz8z+sbHF96iQhjgxDy7BAKCfkhzZVIWwA6EgoQWZYcqAgpZ4ohghKUcZ6KJq2lkvbhLH6/TDpnDee80bxr1lrXRTNlckSOSZ045IK0yC1pE5dwIsgTeSYv1sx6td6s95/RklXsHJI/sD6+AZLlkqA=</latexit>

(Au)

<latexit sha1_base64="9kmHNrtbJOf3Usu+uF9y69fk5xk=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPNDd3tIkZVvoIWKDtHyORT8C7ZxAQlTjWZ2tbPjx1JotO1Pq7Syura+Ud6sbG3v7O5V9w86OjKKg8sjGamezzRIEYKLAiX0YgUs8CV0/elN5ncfQWkRhfc4i8EL2CQUY8EZppJbvxqa02G1ZjfsHHSZOAWpkQLtYfVrMIq4CSBELpnWfceO0UuYQsElzCsDoyFmfMom0E9pyALQXpKHndMToxlGNAZFhaS5CL83EhZoPQv8dDJg+KAXvUz8z+sbHF96iQhjgxDy7BAKCfkhzZVIWwA6EgoQWZYcqAgpZ4ohghKUcZ6KJq2lkvbhLH6/TDpnDee80bxr1lrXRTNlckSOSZ045IK0yC1pE5dwIsgTeSYv1sx6td6s95/RklXsHJI/sD6+AZLlkqA=</latexit>

(Au)
<latexit sha1_base64="9kmHNrtbJOf3Usu+uF9y69fk5xk=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPNDd3tIkZVvoIWKDtHyORT8C7ZxAQlTjWZ2tbPjx1JotO1Pq7Syura+Ud6sbG3v7O5V9w86OjKKg8sjGamezzRIEYKLAiX0YgUs8CV0/elN5ncfQWkRhfc4i8EL2CQUY8EZppJbvxqa02G1ZjfsHHSZOAWpkQLtYfVrMIq4CSBELpnWfceO0UuYQsElzCsDoyFmfMom0E9pyALQXpKHndMToxlGNAZFhaS5CL83EhZoPQv8dDJg+KAXvUz8z+sbHF96iQhjgxDy7BAKCfkhzZVIWwA6EgoQWZYcqAgpZ4ohghKUcZ6KJq2lkvbhLH6/TDpnDee80bxr1lrXRTNlckSOSZ045IK0yC1pE5dwIsgTeSYv1sx6td6s95/RklXsHJI/sD6+AZLlkqA=</latexit>

(Au)

<latexit sha1_base64="9kmHNrtbJOf3Usu+uF9y69fk5xk=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPNDd3tIkZVvoIWKDtHyORT8C7ZxAQlTjWZ2tbPjx1JotO1Pq7Syura+Ud6sbG3v7O5V9w86OjKKg8sjGamezzRIEYKLAiX0YgUs8CV0/elN5ncfQWkRhfc4i8EL2CQUY8EZppJbvxqa02G1ZjfsHHSZOAWpkQLtYfVrMIq4CSBELpnWfceO0UuYQsElzCsDoyFmfMom0E9pyALQXpKHndMToxlGNAZFhaS5CL83EhZoPQv8dDJg+KAXvUz8z+sbHF96iQhjgxDy7BAKCfkhzZVIWwA6EgoQWZYcqAgpZ4ohghKUcZ6KJq2lkvbhLH6/TDpnDee80bxr1lrXRTNlckSOSZ045IK0yC1pE5dwIsgTeSYv1sx6td6s95/RklXsHJI/sD6+AZLlkqA=</latexit>

(Au)

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="5lFNzRPct0tYyO1kmsuouTi+rf0=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUEDWWQyENKrGh92YRTzg/drZEik5+ghYoO0fIzFPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pteZ331AbWQY3NEsQteHSSDHUgClUm9g5MSHYX1Yqdo1OwdfJk5BqqxAa1j5GoxCEfsYkFBgTN+xI3IT0CSFwnl5EBuMQExhgv2UBuCjcZM875yfxgYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mnPbhLH6/TDr1mnNea9w2qs2ropkSO2Yn7Iw57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GV6xi54j9gfXxDYaWlFY=</latexit>�2

<latexit sha1_base64="yeDGkRXY3NEfKJmQpBbciQqwxfA=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQBlBQxkk8pASK1pfNuGU80N3a6TI5CdooaJDtPwMBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0bOfZhcDaoVO2anYMvEqcgVVagOah89YehiH0MSCgwpufYEbkJaJJC4azcjw1GICYwxl5KA/DRuEmed8aPYwMU8gg1l4rnIv7eSMA3Zup76aQPdG/mvUz8z+vFNLp0ExlEMWEgskMkFeaHjNAyLQL5UGokgiw5chlwARqIUEsOQqRinDZTTvtw5r9fJO3TmnNeq9/Wq42ropkSO2RH7IQ57II12A1rshYTTLEn9sxerEfr1Xqz3n9Gl6xi54D9gfXxDYgllFc=</latexit>�3
<latexit sha1_base64="gzokNDLLjrApm1DnGxilifYMXP0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPw8awWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ53jk/iQ1QyCPUXCqei/h7IwHfmJnvpZM+0L1Z9DLxP68f0/jSTWQQxYSByA6RVJgfMkLLtAjkI6mRCLLkyGXABWggQi05CJGKcdpMJe3DWfx+mXTO6s55vXHbqDWvimbK7Igds1PmsAvWZDesxdpMMMWe2DN7sR6tV+vNev8ZLVnFziH7A+vjG4m0lFg=</latexit>�4

<latexit sha1_base64="Ee5MahqZdR3D7GXsRzsrtwB4pAM=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjJI5CElVrS+bMIp54fu1kiRyU/QQkWHaPkZCv4F27iAhKlGM7va2fEiJQ3Z9qdVWlpeWV0rr1c2Nre2d6q7e20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0bOfZhcDao1uy6nYMvEqcgNVagOah+9YehiH0MSCgwpufYEbkJaJJC4azSjw1GICYwxl5KA/DRuEmed8aPYgMU8gg1l4rnIv7eSMA3Zup76aQPdG/mvUz8z+vFNLp0ExlEMWEgskMkFeaHjNAyLQL5UGokgiw5chlwARqIUEsOQqRinDZTSftw5r9fJO2TunNeP709rTWuimbK7IAdsmPmsAvWYDesyVpMMMWe2DN7sR6tV+vNev8ZLVnFzj77A+vjG4tDlFk=</latexit>�5
<latexit sha1_base64="ofxC9+QWpPgUeA8V/94eE3Y9YTs=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgjaCiDREKkxIrWl0045fzQ3RopMvkJWqjoEC0/Q8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BrwlgL7IhQhbrngUElA+yQJIW9SCP4nsI7b3qV+XcPqI0Mg1uaRej6MAnkWAqgVOoNjJz4MGwOqzW7bufgy8QpSI0VaA+rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6S553zk9gAhTxCzaXiuYi/NxLwjZn5XjrpA92bRS8T//P6MY0v3EQGUUwYiOwQSYX5ISO0TItAPpIaiSBLjlwGXIAGItSSgxCpGKfNVNI+nMXvl0n3rO40642bRq11WTRTZkfsmJ0yh52zFrtmbdZhgin2xJ7Zi/VovVpv1vvPaMkqdg7ZH1gf34zSlFo=</latexit>�6

<latexit sha1_base64="qw/vK9QyiBfVehQstnzgBV/xPAs=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRRCgjaCiDREKkxIrWl0045fzQ3RopMvkJWqjoEC0/Q8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BrwlgL7IhQhbrngUElA+yQJIW9SCP4nsI7b3qV+XcPqI0Mg1uaRej6MAnkWAqgVOoNjJz4MGwOqzW7bufgy8QpSI0VaA+rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6S553zk9gAhTxCzaXiuYi/NxLwjZn5XjrpA92bRS8T//P6MY0v3EQGUUwYiOwQSYX5ISO0TItAPpIaiSBLjlwGXIAGItSSgxCpGKfNVNI+nMXvl0n3rO6c1xs3jVrrsmimzI7YMTtlDmuyFrtmbdZhgin2xJ7Zi/VovVpv1vvPaMkqdg7ZH1gf345hlFs=</latexit>�7

<latexit sha1_base64="1KZs2lH8pOaMz86KTgmkxP2RACk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBCkjaCiDREKkxIrWl0045fzQ3RopMvkJWqjoEC0/Q8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BrwlgL7IhQhbrngUElA+yQJIW9SCP4nsI7b3qV+XcPqI0Mg1uaRej6MAnkWAqgVOoNjJz4MGwOqzW7bufgy8QpSI0VaA+rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6S553zk9gAhTxCzaXiuYi/NxLwjZn5XjrpA92bRS8T//P6MY2bbiKDKCYMRHaIpML8kBFapkUgH0mNRJAlRy4DLkADEWrJQYhUjNNmKmkfzuL3y6R7VnfO642bRq11WTRTZkfsmJ0yh12wFrtmbdZhgin2xJ7Zi/VovVpv1vvPaMkqdg7ZH1gf34/wlFw=</latexit>�8

<latexit sha1_base64="Y0tL9okJDnC2k8jLRTO3C4erLG8=">AAAB/3icbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETryyaccn5wt0aKrBR8BS1UdIiWT6HgX3CMC0iYajSzq50dL1LSkG1/WguLS8srq4W14vrG5tZ2aWe3acJYC2yIUIW67YFBJQNskCSF7Ugj+J7Clje6nPqtB9RGhsENjSN0fRgGciAFUCq5XSOHPvQSx57cHvdKZbtiZ+DzxMlJmeWo90pf3X4oYh8DEgqM6Th2RG4CmqRQOCl2Y4MRiBEMsZPSAHw0bpKFnvDD2ACFPELNpeKZiL83EvCNGfteOukD3ZlZbyr+53ViGpy7iQyimDAQ00MkFWaHjNAybQN5X2okgmly5DLgAjQQoZYchEjFOK2nmPbhzH4/T5onFee0Ur2ulmsXeTMFts8O2BFz2BmrsStWZw0m2D17Ys/sxXq0Xq036/1ndMHKd/bYH1gf3/KYljc=</latexit>

�⇤
10

<latexit sha1_base64="ioEGm8mulvLn50rQhscMTGnBKBA=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgHsKuBB+3oBePEcwDsjH0TjpxyOyDmV4hLAG/wquevIlXf8WD/+LumoNG61RUddPV5UVKGrLtD6uwsLi0vFJcLa2tb2xulbd3WiaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvjy8xv36M2MgxuaBJhz4dRIIdSAKWS6xo58qGfnE9vj/rlil21c/C/xJmRCpuh0S9/uoNQxD4GJBQY03XsiHoJaJJC4bTkxgYjEGMYYTelAfhoekmeecoPYgMU8gg1l4rnIv7cSMA3ZuJ76aQPdGfmvUz8z+vGNDzrJTKIYsJAZIdIKswPGaFlWgbygdRIBFly5DLgAjQQoZYchEjFOG2nlPbhzH//l7SOq85JtXZdq9QvZs0U2R7bZ4fMYaeszq5YgzWZYBF7ZE/s2XqwXqxX6+17tGDNdnbZL1jvX4tLlgU=</latexit>

�⇤
9

<latexit sha1_base64="QZtFihEN2EbBeuyR3CKInyabDFc=">AAAB/nicbVDLSgNBEJz1GeMr6tHLYBDEQ9iVoDkGvXiMYB6QXUPvpBOHzD6Y6RXCEvArvOrJm3j1Vzz4L27WHDSxTkVVN11dfqykIdv+tJaWV1bX1gsbxc2t7Z3d0t5+y0SJFtgUkYp0xweDSobYJEkKO7FGCHyFbX90NfXbD6iNjMJbGsfoBTAM5UAKoExyXSOHAfTS2uTutFcq2xU7B18kzoyU2QyNXunL7UciCTAkocCYrmPH5KWgSQqFk6KbGIxBjGCI3YyGEKDx0jzzhB8nBijiMWouFc9F/L2RQmDMOPCzyQDo3sx7U/E/r5vQoOalMowTwlBMD5FUmB8yQsusDOR9qZEIpsmRy5AL0ECEWnIQIhOTrJ1i1ocz//0iaZ1VnPNK9aZarl/OmimwQ3bETpjDLlidXbMGazLBYvbEntmL9Wi9Wm/W+8/okjXbOWB/YH18A4m5lgQ=</latexit>

�⇤
8

<latexit sha1_base64="Xu2jJnNeUsTQZP5YtHRY5VXu4Qo=">AAAB/nicbVDLSgNBEJz1GeMr6tHLYBDEQ9iVYDwGvXiMYB6QjaF30olDZh/M9AphCfgVXvXkTbz6Kx78F3fXHDSxTkVVN11dXqSkIdv+tJaWV1bX1gsbxc2t7Z3d0t5+y4SxFtgUoQp1xwODSgbYJEkKO5FG8D2FbW98lfntB9RGhsEtTSLs+TAK5FAKoFRyXSNHPvST2vTutF8q2xU7B18kzoyU2QyNfunLHYQi9jEgocCYrmNH1EtAkxQKp0U3NhiBGMMIuykNwEfTS/LMU34cG6CQR6i5VDwX8fdGAr4xE99LJ32gezPvZeJ/Xjem4UUvkUEUEwYiO0RSYX7ICC3TMpAPpEYiyJIjlwEXoIEIteQgRCrGaTvFtA9n/vtF0jqrOOeV6k21XL+cNVNgh+yInTCH1VidXbMGazLBIvbEntmL9Wi9Wm/W+8/okjXbOWB/YH18A4gnlgM=</latexit>

�⇤
7

<latexit sha1_base64="aoZR3x0uVOk4GMA7XN+0vsNHZ+8=">AAAB/nicbVDLSgNBEJz1GeMr6tHLYBDEQ9iVED0GvXiMYB6QjaF30olDZh/M9AphCfgVXvXkTbz6Kx78F3fXHDSxTkVVN11dXqSkIdv+tJaWV1bX1gsbxc2t7Z3d0t5+y4SxFtgUoQp1xwODSgbYJEkKO5FG8D2FbW98lfntB9RGhsEtTSLs+TAK5FAKoFRyXSNHPvST2vTutF8q2xU7B18kzoyU2QyNfunLHYQi9jEgocCYrmNH1EtAkxQKp0U3NhiBGMMIuykNwEfTS/LMU34cG6CQR6i5VDwX8fdGAr4xE99LJ32gezPvZeJ/Xjem4UUvkUEUEwYiO0RSYX7ICC3TMpAPpEYiyJIjlwEXoIEIteQgRCrGaTvFtA9n/vtF0jqrOLVK9aZarl/OmimwQ3bETpjDzlmdXbMGazLBIvbEntmL9Wi9Wm/W+8/okjXbOWB/YH18A4aVlgI=</latexit>

�⇤
6

<latexit sha1_base64="CN/aRCGRQFDIDz0jTV9+4aveq/w=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgJUUQ2Co8ygoYySOQhxSFaXzbhlPNDd2ukyIrEV9BCRYdo+RUK/gXbpIDAVKOZXe3seJGShmz7wyosLC4trxRXS2vrG5tb5e2dlgljLbApQhXqjgcGlQywSZIUdiKN4HsK2974MvPb96iNDIMbmkTY82EUyKEUQKnkukaOfOgnJ9Pbo365YlftHPwvcWakwmZo9Muf7iAUsY8BCQXGdB07ol4CmqRQOC25scEIxBhG2E1pAD6aXpJnnvKD2ACFPELNpeK5iD83EvCNmfheOukD3Zl5LxP/87oxDc97iQyimDAQ2SGSCvNDRmiZloF8IDUSQZYcuQy4AA1EqCUHIVIxTtsppX0489//Ja3jqnNarV3XKvWLWTNFtsf22SFz2BmrsyvWYE0mWMQe2RN7th6sF+vVevseLViznV32C9b7F4UDlgE=</latexit>

�⇤
5

<latexit sha1_base64="zY8JEyMcnb+Qy4FE9pIHT4j3xqw=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgHsKuBPUY9OIxgnlAsobeSScOmX0w0yuEJeBXeNWTN/Hqr3jwX9yNe9DEOhVV3XR1eZGShmz70yosLa+srhXXSxubW9s75d29lgljLbApQhXqjgcGlQywSZIUdiKN4HsK2974KvPbD6iNDINbmkTo+jAK5FAKoFTq9Ywc+dBPatO7k365YlftGfgicXJSYTka/fJXbxCK2MeAhAJjuo4dkZuAJikUTku92GAEYgwj7KY0AB+Nm8wyT/lRbIBCHqHmUvGZiL83EvCNmfheOukD3Zt5LxP/87oxDS/cRAZRTBiI7BBJhbNDRmiZloF8IDUSQZYcuQy4AA1EqCUHIVIxTtsppX04898vktZp1Tmr1m5qlfpl3kyRHbBDdswcds7q7Jo1WJMJFrEn9sxerEfr1Xqz3n9GC1a+s8/+wPr4BoNxlgA=</latexit>

�⇤
4

<latexit sha1_base64="OF4RiLsachdM67ksG6EDNcm4Ag8=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgJUUQ2REAZQUMZJPKQ4hCtL5twyvmhuzVSZEXiK2ihokO0/AoF/4JtUkBgqtHMrnZ2vEhJQ7b9YRUWFpeWV4qrpbX1jc2t8vZOy4SxFtgUoQp1xwODSgbYJEkKO5FG8D2FbW98mfnte9RGhsENTSLs+TAK5FAKoFRyXSNHPvSTk+ntUb9csat2Dv6XODNSYTM0+uVPdxCK2MeAhAJjuo4dUS8BTVIonJbc2GAEYgwj7KY0AB9NL8kzT/lBbIBCHqHmUvFcxJ8bCfjGTHwvnfSB7sy8l4n/ed2Yhue9RAZRTBiI7BBJhfkhI7RMy0A+kBqJIEuOXAZcgAYi1JKDEKkYp+2U0j6c+e//ktZx1Tmt1q5rlfrFrJki22P77JA57IzV2RVrsCYTLGKP7Ik9Ww/Wi/VqvX2PFqzZzi77Bev9C4Hflf8=</latexit>

�⇤
3

<latexit sha1_base64="kX6pnMNM80HeD/0Lig6VA7pRrUA=">AAAB/nicbVDLSgNBEJz1GeMr6tHLYBDEQ9gNQT0GvXiMYB6QrKF30olDZh/M9AphCfgVXvXkTbz6Kx78F3fXHDSxTkVVN11dXqSkIdv+tJaWV1bX1gsbxc2t7Z3d0t5+y4SxFtgUoQp1xwODSgbYJEkKO5FG8D2FbW98lfntB9RGhsEtTSJ0fRgFcigFUCr1ekaOfOgn1endab9Utit2Dr5InBkpsxka/dJXbxCK2MeAhAJjuo4dkZuAJikUTou92GAEYgwj7KY0AB+Nm+SZp/w4NkAhj1BzqXgu4u+NBHxjJr6XTvpA92bey8T/vG5Mwws3kUEUEwYiO0RSYX7ICC3TMpAPpEYiyJIjlwEXoIEIteQgRCrGaTvFtA9n/vtF0qpWnLNK7aZWrl/OmimwQ3bETpjDzlmdXbMGazLBIvbEntmL9Wi9Wm/W+8/okjXbOWB/YH18A4BNlf4=</latexit>

�⇤
2

<latexit sha1_base64="vXN0GwHkwB4Zw7zqAQVxjq2vjpc=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgHsKuBPUY9OIxgnlANobeSScOmX0w0yuEJeBXeNWTN/Hqr3jwX9xdc9DEOhVV3XR1eZGShmz70yosLa+srhXXSxubW9s75d29lgljLbApQhXqjgcGlQywSZIUdiKN4HsK2974KvPbD6iNDINbmkTY82EUyKEUQKnkukaOfOgnzvTupF+u2FU7B18kzoxU2AyNfvnLHYQi9jEgocCYrmNH1EtAkxQKpyU3NhiBGMMIuykNwEfTS/LMU34UG6CQR6i5VDwX8fdGAr4xE99LJ32gezPvZeJ/Xjem4UUvkUEUEwYiO0RSYX7ICC3TMpAPpEYiyJIjlwEXoIEIteQgRCrGaTultA9n/vtF0jqtOmfV2k2tUr+cNVNkB+yQHTOHnbM6u2YN1mSCReyJPbMX69F6td6s95/RgjXb2Wd/YH18A367lf0=</latexit>

�⇤
1

<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)
<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)
<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)
<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)

<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)

<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)

<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)
<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)
<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)

<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)

<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)

<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)
<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)

<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)

<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)

<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)

<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)

<latexit sha1_base64="xueu2TMoqPI0W9ZCgGCjOdfCYFs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxIneEqCXRxhKjfCRAyN4y4Ia9vcvunIZc+Am2WtkZW3+Phf/FO6RQ8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9C0YWwENkSoQtP2uUUlNTZIksJ2ZJAHvsKWP77K/NYDGitDfUeTCHsBH2k5lIJTKt3qfqVfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLOqUncSWU8giNEwqNhPx90bCA2sngZ9OBpzu7aKXif95nZiGF71E6igm1CI7RFLh7JAVRqYdIBtIg0Q8S45Maia44URoJONCpGKcllJI+/AWv18mzUrZOytXb6ql2uW8mTwcwTGcggfnUINrqEMDBIzgCZ7hxXl0Xp035/1nNOfMdw7hD5yPb6cKkiU=</latexit>n2
<latexit sha1_base64="hbapMh91XPlGE91WxNbIF3GCpdc=">AAAB93icbVC7TsNAEDyHVwivACXNiQgpNJGNIqAM0FAGCSeREis6XzbhlPPZulsjRVa+gRYqOkTL51DwL9jGBSRMNZrZ1c6OH0lh0LY/rdLK6tr6RnmzsrW9s7tX3T/omDDWHFweylD3fGZACgUuCpTQizSwwJfQ9ac3md99BG1EqO5xFoEXsIkSY8EZppJbvxpOTofVmt2wc9Bl4hSkRgq0h9WvwSjkcQAKuWTG9B07Qi9hGgWXMK8MYgMR41M2gX5KFQvAeEkedk5PYsMwpBFoKiTNRfi9kbDAmFngp5MBwwez6GXif14/xvGllwgVxQiKZ4dQSMgPGa5F2gLQkdCAyLLkQIWinGmGCFpQxnkqxmktlbQPZ/H7ZdI5azjnjeZds9a6LpopkyNyTOrEIRekRW5Jm7iEE0GeyDN5sWbWq/Vmvf+Mlqxi55D8gfXxDX0FkpI=</latexit>

(Ag)
<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)

<latexit sha1_base64="j3MXIijagHoSWxsnYDZ3ZMbjIOk=">AAAB93icbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh4JXjxiYoEEGrJdHrhhu212X01Iw2/wqidvxqs/x4P/xbb2oOCcJjPv5c0bP5LCoG1/WqW19Y3NrfJ2ZWd3b/+genjUNWGsObg8lKHu+8yAFApcFCihH2lggS+h589uMr/3CNqIUN3jPAIvYFMlJoIzTCW33h7F56NqzW7YOegqcQpSIwU6o+rXcBzyOACFXDJjBo4doZcwjYJLWFSGsYGI8RmbwiCligVgvCQPu6BnsWEY0gg0FZLmIvzeSFhgzDzw08mA4YNZ9jLxP28Q4+TaS4SKYgTFs0MoJOSHDNcibQHoWGhAZFlyoEJRzjRDBC0o4zwV47SWStqHs/z9KuleNJzLRvOuWWu1i2bK5ISckjpxyBVpkVvSIS7hRJAn8kxerLn1ar1Z7z+jJavYOSZ/YH18A5R3kqE=</latexit>

(Bu)

RA
S2

RA
S3

SuCations Cations<latexit sha1_base64="zlb/Jwe9EVuTkidSEuhmM9EiSg4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrOh82YRTzufT3RoUWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOzuBlsKi6346paXlldW18nplY3Nre6e6u9e2UWw4tHgkI9MNmAUpFLRQoISuNsDCQEInmFxlfucBjBWRusOpBj9kYyVGgjNMpdu+FoNqza27Oegi8QpSIwWag+pXfxjxOASFXDJre56r0U+YQcElzCr92IJmfMLG0EupYiFYP8mjzuhRbBlGVIOhQtJchN8bCQutnYZBOhkyvLfzXib+5/ViHF34iVA6RlA8O4RCQn7IciPSDoAOhQFEliUHKhTlzDBEMIIyzlMxTkuppH14898vkvZJ3Turn96c1hqXRTNlckAOyTHxyDlpkGvSJC3CyZg8kWfy4jw6r86b8/4zWnKKnX3yB87HN/shkls=</latexit>⇡ <latexit sha1_base64="pX6/T0hEprCo6ROQ4KchTZvCOV8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6mtRtWaW3dz0FXiFaRGCrRG1a/hOOI2BIVcMmMGnhujnzCNgktYVIbWQMz4jE1hkFLFQjB+kgdd0DNrGEY0Bk2FpLkIvzcSFhozD4N0MmT4YJa9TPzPG1icXPuJULFFUDw7hEJCfshwLdIGgI6FBkSWJQcqFOVMM0TQgjLOU9GmlVTSPrzl71dJ96LuXdYb7UateVM0UyYn5JScE49ckSa5Iy3SIZwAeSLP5MWxzqvz5rz/jJacYueY/IHz8Q154ZGA</latexit>n Cations <latexit sha1_base64="kxBxhjHrLJoumXbveXV53Uc7teo=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqd03cuzDoFqz63YOvkicgtRYgeag+tUfhiL2MSChwJieY0fkJqBJCoWzSj82GIGYwBh7KQ3AR+MmedoZP4oNUMgj1Fwqnov4eyMB35ip76WTPtCdmfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QG5EOpkQiy5MhlwAVoIEItOQiRinHaSyXtw5n/fpG0T+rOWf305rTWuCyaKbMDdsiOmcPOWYNdsyZrMcHu2RN7Zi/Wo/VqvVnvP6Mlq9jZZ39gfXwDVVuTsQ==</latexit>� Cations

<latexit sha1_base64="D6XOTeUuUixkEx9+YxJP4m7Sx0Q=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzmfrbg2KrHwCLVR0iJbvoeBfcIILSJhqNLOrnZ0gVtKS6346haXlldW14nppY3Nre6e8u9e0UWIENkSkItMOwKKSGhskSWE7NghhoLAVjK6mfusBjZWRvqNxjH4IQy0HUgBl0q3ueb1yxa26M/BF4uWkwnLUe+Wvbj8SSYiahAJrO54bk5+CISkUTkrdxGIMYgRD7GRUQ4jWT2dRJ/wosUARj9FwqfhMxN8bKYTWjsMgmwyB7u28NxX/8zoJDS78VOo4IdRieoikwtkhK4zMOkDelwaJYJocudRcgAEiNJKDEJmYZKWUsj68+e8XSfOk6p1VT29OK7XLvJkiO2CH7Jh57JzV2DWrswYTbMie2DN7cR6dV+fNef8ZLTj5zj77A+fjG6V7kiQ=</latexit>n1

FIG. 2: Active spaces used for the computation of the π&n ionized states (left) and σ ionized

states (right).
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Root ∆E (eV) Dyson (a.u) Configuration Weight

1 8.23 7.83e-01 n2
[1](↑) 0.72

2 10.79 5.27e-04 n2
[1](↑)π3

[1](↓)π∗1 [1](↑) 0.58

n2
[1](↑)π3

[1](↑)π∗1 [1](↓) 0.05

4 11.53 2.18e-02 n2
[1](↑)π2

[1](↓)π∗1 [1](↑) 0.56

5 11.84 2.98e-02 n2
[1](↑)π7

[1](↓)π∗6 [1](↑) 0.07

n2
[1](↑)π2

[1](↑)π∗1 [1](↓) 0.44

n2
[1](↑)π7

[0]π∗1
[2] 0.10

6 12.46 1.13e-04 n2
[1](↑)π3

[1](↓)π∗2 [1](↑) 0.22

n2
[1](↑)π6

[1](↓)π∗5 [1](↑) 0.24

n2
[1](↑)π3

[1](↓)π∗2 [1](↑) 0.07

n2
[1](↑)π6

[1](↑)π∗5 [1](↓) 0.08

7 13.02 1.44e-02 n2
[1](↑)π7

[1](↑)π∗5 [1](↓) 0.05

n2
[1](↑)π7

[0]π∗1
[2] 0.23

TABLE III: Main valence ionized states of Ag symmetry, with their leading configurations, that

give rise to PES spectra reported in Fig. 2.a of the main text. The orbitals involved in the

ionization process are highlighted in the left side of figure 2. Up and Down arrows are used to

highlight the electronic spin.
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Root ∆E (eV) Dyson (a.u.) Configuration Weight

1 8.91 8.34e-01 π3
[1](↑) 0.71

2 9.29 8.09e-01 π2
[1](↑) 0.69

3 10.74 5.91e-02 π7
[0]π∗1

[1](↑) 0.58

π2
[0]π∗1

[1](↑) 0.06

4 11.30 8.18e-03 π6
[1](↑)π7

[1](↓)π∗1 [1](↑) 0.36

π2
[1](↑)π3

[1](↓)π∗1 [1](↑) 0.12

π6
[1](↑)π7

[1](↑)π∗1 [1](↓) 0.11

5 11.54 5.76e-01 π1
[1](↑) 0.49

π6
[1](↑)π7

[1](↓)π∗2 [1](↑) 0.05

6 11.93 1.15e-04 π6
[0]π∗1

[1](↑) 0.30

π3
[0]π∗1

[1](↑) 0.29

7 12.02 3.58e-02 π7
[0]π∗2

[1](↑) 0.13

π6
[1](↑)π7

[1](↓)π∗1 [1](↑) 0.05

π2
[1](↑)π3

[1](↓)π∗1 [1](↑) 0.06

π6
[1](↑)π7

[1](↓)π∗1 [1](↓) 0.22

π2
[1](↑)π3

[1](↑)π∗1 [1](↓) 0.08

π3
[1](↑)π7

[1](↑)π∗6 [1](↓) 0.06

8 12.66 1.75e-02 π6
[1](↑)π7

[1](↓)π∗2 [1](↑) 0.15

π2
[1](↑)π3

[1](↓)π∗2 [1](↑) 0.06

π3
[1](↑)π7

[1](↓)π∗5 [1](↑) 0.14

π2
[1](↑)π6

[1](↓)π∗5 [1](↑) 0.05

π6
[1](↑)π7

[1](↑)π∗2 [1](↓) 0.07

π3
[1](↑)π7

[1](↑)π∗5 [1](↓) 0.06

9 12.92 9.02e-03 π7
[0]π∗3

[1](↑) 0.07

π5
[1](↑)π7

[1](↓)π∗1 [1](↑) 0.20

π2
[0]π∗1

[1](↑) 0.19

π2
[1](↑)π7

[1](↑)π∗6 [1](↓) 0.07

TABLE IV: Main valence ionized states of Bg symmetry, with their leading configurations, that

give rise to PES spectra reported in Fig. 2.a of the main text. The orbitals involved in the

ionization process are highlighted in the left side of figure 2. Up and Down arrows are used to

highlight the electronic spin.
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Root ∆E (eV) Dyson (a.u.) Configuration Weight

1 8.01 8.20e-01 π7
[1](↑) 0.74

2 8.91 8.34e-01 π6
[1](↑) 0.71

3 10.98 6.07e-01 π5
[1](↑) 0.47

π4
[1](↑) 0.05

π2
[1](↑)π7

[1](↓)π∗1 [1](↑) 0.06

4 11.30 2.57e-03 π3
[1](↑)π7

[1](↓)π∗1 [1](↑) 0.38

π2
[1](↑)π6

[1](↓)π∗1 [1](↑) 0.13

π3
[1](↑)π7

[1](↑)π∗1 [1](↓) 0.12

5 11.99 3.38e-02 π7
[0]π∗5

[1](↑) 0.08

π7
[0]π∗6

[1](↑) 0.10

π3
[1](↑)π7

[1](↑)π∗1 [1](↓) 0.12

π2
[1](↑)π7

[1](↑)π∗1 [1](↓) 0.14

6 12.12 4.82e-02 π7
[0]π∗5

[1](↑) 0.06

π7
[0]π∗6

[1](↑) 0.11

π3
[1](↑)π7

[1](↑)π∗1 [1](↓) 0.09

π2
[1](↑)π7

[1](↑)π∗1 [1](↓) 0.22

7 12.13 7.07e-03 π3
[1](↑)π6

[1](↑)π∗1 [1](↓) 0.52

8 12.41 2.41e-01 π4
[1](↑) 0.20

π3
[1](↑)π7

[1](↓)π∗2 [1](↑) 0.08

π2
[1](↑)π7

[1](↓)π∗1 [1](↑) 0.11

π2
[1](↑)π5

[1](↓)π∗1 [1](↑) 0.06

π6
[1](↑)π7

[1](↓)π∗5 [1](↑) 0.10

9 12.89 8.09e-02 π4
[1](↑) 0.06

π3
[1](↑)π7

[1](↓)π∗2 [1](↑) 0.07

π2
[1](↑)π6

[1](↓)π∗2 [1](↑) 0.09

π6
[1](↑)π7

[1](↓)π∗5 [1](↑) 0.07

π2
[1](↑)π3

[1](↓)π∗5 [1](↑) 0.09

10 13.04 1.84e-03 π6
[0]π
∗[1]
5 (↑) 0.21

π3
[0]π
∗[1]
5 (↑) 0.13

π3
[1](↑)π [1]

6 (↑)π∗[1]2 (↓) 0.13

TABLE V: Main valence ionized states of Au symmetry, with their leading configurations, that

give rise to PES spectra reported in Fig. 2.a of the main text. The orbitals involved in the

ionization process are highlighted in the left side of figure 2. Up and Down arrows are used to

highlight the electronic spin.
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Root ∆E (eV) Dyson (a.u) Configuration Weight

1 10.08 2.59e-02 n2
[1](↑)π7

[1](↓)π∗1 [1](↑) 0.66

2 10.80 7.42e-03 n2
[1](↑)π6

[1](↓)π∗1 [1](↑) 0.49

n2
[1](↑)π7

[1](↑)π∗1 [1](↓) 0.07

3 10.84 3.21e-02 n2
[1](↑)π6

[1](↓)π∗1 [1](↑) 0.07

n2
[1](↑)π7

[1](↑)π∗1 [1](↓) 0.53

4 11.27 3.31e-04 n2
[1](↑)π6

[1](↓)π∗1 [1](↑) 0.06

n2
[1](↑)π6

[1](↑)π∗1 [1](↓) 0.51

5 12.17 5.17e-01 n1
[1](↑) 0.43

n2
[1](↑)π5

[1](↓)π∗1 [1](↑) 0.11

6 12.44 2.46e-02 n2
[1](↑)π6

[1](↓)π∗2 [1](↑) 0.23

n2
[1](↑)π3

[1](↓)π∗5 [1](↑) 0.22

n2
[1](↑)π6

[1](↑)π∗2 [1](↓) 0.07

n2
[1](↑)π3

[1](↑)π∗5 [1](↓) 0.07

7 13.01 2.34e-02 n2
[1](↑)π7

[1](↓)π∗3 [1](↑) 0.14

n2
[1](↑)π5

[1](↓)π∗1 [1](↑) 0.16

n2
[1](↑)π2

[1](↓)π∗6 [1](↑) 0.08

n2
[1](↑)π5

[1](↑)π∗1 [1](↓) 0.08

TABLE VI: Main valence ionized states of Bu symmetry, with their leading configurations, that

give rise to PES spectra reported in Fig. 2.a of the main text. The orbitals involved in the

ionization process are highlighted in the left side of figure 2. Up and Down arrows are used to

highlight the electronic spin.
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Root ∆E (eV) Dyson (a.u) Configuration Weight

2 11.36 9.10e-01 σ
[1]
2 (↑) 0.68

σ
[1]
1 (↑) 0.11

3 12.43 9.02e-01 σ
[1]
1 (↑) 0.36

σ
[1]
4 (↑) 0.29

σ
[1]
3 (↑) 0.22

4 14.04 9.00e-01 σ
[1]
3 (↑) 0.58

σ
[1]
1 (↑) 0.34

5 14.52 9.05e-01 σ
[1]
4 (↑) 0.57

σ
[1]
2 (↑) 0.19

σ
[1]
1 (↑) 0.11

TABLE VII: Additional σ ionized states belonging to Ag symmetry, with their leading

configurations, that give rise to PES spectra reported in Fig. 2.a of the main text. The orbitals

involved in the ionization process are highlighted in the right side of figure 2 and the up arrow are

used to highlight the electronic spin.
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Root ∆E (eV) Dyson (a.u) Configuration Weight

1 11.33 9.18e-01 σ
[1]
6 (↑) 0.48

σ
[1]
8 (↑) 0.40

3 13.17 9.07e-01 σ
[1]
7 (↑) 0.41

n[1]1 (↑) 0.40

4 13.89 9.17e-01 σ
[1]
8 (↑) 0.41

σ
[1]
6 (↑) 0.29

n[1]1 (↑) 0.11

5 14.80 9.16e-01 σ
[1]
5 (↑) 0.46

σ
[1]
7 (↑) 0.31

TABLE VIII: Additional σ ionized states belonging to Bu symmetry, with their leading

configurations, that give rise to PES spectra reported in Fig. 2.a of the main text. The orbitals

involved in the ionization process are highlighted in the right side of figure 2 and the up arrow are

used to highlight the electronic spin.
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III. CARBON XPS AND NEXAFS
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<latexit sha1_base64="st32jNrP36mDYCwPHSqxFrDf/V8=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIhAsoIGsog4SRSEkXnyyaccj6f7tZIkZVvoIWKDtHyORT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wdtG8WGg88jGZluwCxIocBHgRK62gALAwmdYHqT+Z1HMFZE6h5nGgYhmygxFpxhKvl9LYbnw2rNrbs56DLxClIjBVrD6ld/FPE4BIVcMmt7nqtxkDCDgkuYV/qxBc34lE2gl1LFQrCDJA87pyexZRhRDYYKSXMRfm8kLLR2FgbpZMjwwS56mfif14txfDVIhNIxguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopxWksl7cNb/H6ZtM/q3kW9cdeoNa+LZsrkiByTU+KRS9Ikt6RFfMKJIE/kmbw4M+fVeXPef0ZLTrFzSP7A+fgGK36TAQ==</latexit>⇡3

<latexit sha1_base64="EXjAOu83IKtJbUr6rFabhNYFl/A=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTaiksuu6HU1lZXVvfqG7WtrZ3dvfq+wddGyeGg89jGZt+yCxIocBHgRL62gCLQgm9cHad+70HMFbE6g7nGoKITZWYCM4wk/yhFqPWqN5wm24B+pd4JWmQEp1R/XM4jnkSgUIumbUDz9UYpMyg4BIWtWFiQTM+Y1MYZFSxCGyQFmEX9CSxDGOqwVAhaSHCz42URdbOozCbjBje22UvF//zBglOLoNUKJ0gKJ4fQiGhOGS5EVkLQMfCACLLkwMVinJmGCIYQRnnmZhktdSyPrzl7/+S7lnTO2+2bluN9lXZTJUckWNySjxyQdrkhnSITzgR5JE8kWdn7rw4r87b92jFKXcOyS84718tDZMC</latexit>⇡4
<latexit sha1_base64="xueu2TMoqPI0W9ZCgGCjOdfCYFs=">AAAB9XicbVA9TwJBEJ3DL8Qv1NJmIzGxIneEqCXRxhKjfCRAyN4y4Ia9vcvunIZc+Am2WtkZW3+Phf/FO6RQ8FUv781k3jw/UtKS6346uZXVtfWN/GZha3tnd6+4f9C0YWwENkSoQtP2uUUlNTZIksJ2ZJAHvsKWP77K/NYDGitDfUeTCHsBH2k5lIJTKt3qfqVfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLOqUncSWU8giNEwqNhPx90bCA2sngZ9OBpzu7aKXif95nZiGF71E6igm1CI7RFLh7JAVRqYdIBtIg0Q8S45Maia44URoJONCpGKcllJI+/AWv18mzUrZOytXb6ql2uW8mTwcwTGcggfnUINrqEMDBIzgCZ7hxXl0Xp035/1nNOfMdw7hD5yPb6cKkiU=</latexit>n2

<latexit sha1_base64="EXjAOu83IKtJbUr6rFabhNYFl/A=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTaiksuu6HU1lZXVvfqG7WtrZ3dvfq+wddGyeGg89jGZt+yCxIocBHgRL62gCLQgm9cHad+70HMFbE6g7nGoKITZWYCM4wk/yhFqPWqN5wm24B+pd4JWmQEp1R/XM4jnkSgUIumbUDz9UYpMyg4BIWtWFiQTM+Y1MYZFSxCGyQFmEX9CSxDGOqwVAhaSHCz42URdbOozCbjBje22UvF//zBglOLoNUKJ0gKJ4fQiGhOGS5EVkLQMfCACLLkwMVinJmGCIYQRnnmZhktdSyPrzl7/+S7lnTO2+2bluN9lXZTJUckWNySjxyQdrkhnSITzgR5JE8kWdn7rw4r87b92jFKXcOyS84718tDZMC</latexit>⇡4
<latexit sha1_base64="EXjAOu83IKtJbUr6rFabhNYFl/A=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTaiksuu6HU1lZXVvfqG7WtrZ3dvfq+wddGyeGg89jGZt+yCxIocBHgRL62gCLQgm9cHad+70HMFbE6g7nGoKITZWYCM4wk/yhFqPWqN5wm24B+pd4JWmQEp1R/XM4jnkSgUIumbUDz9UYpMyg4BIWtWFiQTM+Y1MYZFSxCGyQFmEX9CSxDGOqwVAhaSHCz42URdbOozCbjBje22UvF//zBglOLoNUKJ0gKJ4fQiGhOGS5EVkLQMfCACLLkwMVinJmGCIYQRnnmZhktdSyPrzl7/+S7lnTO2+2bluN9lXZTJUckWNySjxyQdrkhnSITzgR5JE8kWdn7rw4r87b92jFKXcOyS84718tDZMC</latexit>⇡4

<latexit sha1_base64="EXjAOu83IKtJbUr6rFabhNYFl/A=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTaiksuu6HU1lZXVvfqG7WtrZ3dvfq+wddGyeGg89jGZt+yCxIocBHgRL62gCLQgm9cHad+70HMFbE6g7nGoKITZWYCM4wk/yhFqPWqN5wm24B+pd4JWmQEp1R/XM4jnkSgUIumbUDz9UYpMyg4BIWtWFiQTM+Y1MYZFSxCGyQFmEX9CSxDGOqwVAhaSHCz42URdbOozCbjBje22UvF//zBglOLoNUKJ0gKJ4fQiGhOGS5EVkLQMfCACLLkwMVinJmGCIYQRnnmZhktdSyPrzl7/+S7lnTO2+2bluN9lXZTJUckWNySjxyQdrkhnSITzgR5JE8kWdn7rw4r87b92jFKXcOyS84718tDZMC</latexit>⇡4

<latexit sha1_base64="MIDG0yfceb3aFVr4gLWRZNjKVcM=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJReJQRNJRBwkmkJIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samcn0FJYdN1Pp7Syura+Ud6sbG3v7O5V9w/aNooNB59HMjLdgFmQQoGPAiV0tQEWBhI6wfQm8zuPYKyI1D3ONAxCNlFiLDjDVPL7WgzPh9WaW3dz0GXiFaRGCrSG1a/+KOJxCAq5ZNb2PFfjIGEGBZcwr/RjC5rxKZtAL6WKhWAHSR52Tk9iyzCiGgwVkuYi/N5IWGjtLAzSyZDhg130MvE/rxfj+GqQCKVjBMWzQygk5IcsNyJtAehIGEBkWXKgQlHODEMEIyjjPBXjtJZK2oe3+P0yaZ/VvYt6465Ra14XzZTJETkmp8Qjl6RJbkmL+IQTQZ7IM3lxZs6r8+a8/4yWnGLnkPyB8/ENLpyTAw==</latexit>⇡5
<latexit sha1_base64="MIDG0yfceb3aFVr4gLWRZNjKVcM=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJReJQRNJRBwkmkJIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samcn0FJYdN1Pp7Syura+Ud6sbG3v7O5V9w/aNooNB59HMjLdgFmQQoGPAiV0tQEWBhI6wfQm8zuPYKyI1D3ONAxCNlFiLDjDVPL7WgzPh9WaW3dz0GXiFaRGCrSG1a/+KOJxCAq5ZNb2PFfjIGEGBZcwr/RjC5rxKZtAL6WKhWAHSR52Tk9iyzCiGgwVkuYi/N5IWGjtLAzSyZDhg130MvE/rxfj+GqQCKVjBMWzQygk5IcsNyJtAehIGEBkWXKgQlHODEMEIyjjPBXjtJZK2oe3+P0yaZ/VvYt6465Ra14XzZTJETkmp8Qjl6RJbkmL+IQTQZ7IM3lxZs6r8+a8/4yWnGLnkPyB8/ENLpyTAw==</latexit>⇡5

<latexit sha1_base64="MIDG0yfceb3aFVr4gLWRZNjKVcM=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJReJQRNJRBwkmkJIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samcn0FJYdN1Pp7Syura+Ud6sbG3v7O5V9w/aNooNB59HMjLdgFmQQoGPAiV0tQEWBhI6wfQm8zuPYKyI1D3ONAxCNlFiLDjDVPL7WgzPh9WaW3dz0GXiFaRGCrSG1a/+KOJxCAq5ZNb2PFfjIGEGBZcwr/RjC5rxKZtAL6WKhWAHSR52Tk9iyzCiGgwVkuYi/N5IWGjtLAzSyZDhg130MvE/rxfj+GqQCKVjBMWzQygk5IcsNyJtAehIGEBkWXKgQlHODEMEIyjjPBXjtJZK2oe3+P0yaZ/VvYt6465Ra14XzZTJETkmp8Qjl6RJbkmL+IQTQZ7IM3lxZs6r8+a8/4yWnGLnkPyB8/ENLpyTAw==</latexit>⇡5
<latexit sha1_base64="MIDG0yfceb3aFVr4gLWRZNjKVcM=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJReJQRNJRBwkmkJIrOl0045Xw+3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samcn0FJYdN1Pp7Syura+Ud6sbG3v7O5V9w/aNooNB59HMjLdgFmQQoGPAiV0tQEWBhI6wfQm8zuPYKyI1D3ONAxCNlFiLDjDVPL7WgzPh9WaW3dz0GXiFaRGCrSG1a/+KOJxCAq5ZNb2PFfjIGEGBZcwr/RjC5rxKZtAL6WKhWAHSR52Tk9iyzCiGgwVkuYi/N5IWGjtLAzSyZDhg130MvE/rxfj+GqQCKVjBMWzQygk5IcsNyJtAehIGEBkWXKgQlHODEMEIyjjPBXjtJZK2oe3+P0yaZ/VvYt6465Ra14XzZTJETkmp8Qjl6RJbkmL+IQTQZ7IM3lxZs6r8+a8/4yWnGLnkPyB8/ENLpyTAw==</latexit>⇡5

<latexit sha1_base64="p2xazQTK2OQ3ckYUNuZRkBUKwmI=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGoEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7qXrPeuGvUWtdFM2VyQk7JOfHIJWmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMCuTBA==</latexit>⇡6
<latexit sha1_base64="p2xazQTK2OQ3ckYUNuZRkBUKwmI=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGoEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7qXrPeuGvUWtdFM2VyQk7JOfHIJWmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMCuTBA==</latexit>⇡6

<latexit sha1_base64="p2xazQTK2OQ3ckYUNuZRkBUKwmI=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGoEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7qXrPeuGvUWtdFM2VyQk7JOfHIJWmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMCuTBA==</latexit>⇡6
<latexit sha1_base64="pOdKcDhBhOYDsi1/UFt9DYcb+DU=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGiEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7q3mW9cdeota6LZsrkhJySc+KRJmmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMbqTBQ==</latexit>⇡7

<latexit sha1_base64="pOdKcDhBhOYDsi1/UFt9DYcb+DU=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGiEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7q3mW9cdeota6LZsrkhJySc+KRJmmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMbqTBQ==</latexit>⇡7
<latexit sha1_base64="pOdKcDhBhOYDsi1/UFt9DYcb+DU=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGiEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7q3mW9cdeota6LZsrkhJySc+KRJmmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMbqTBQ==</latexit>⇡7

<latexit sha1_base64="pOdKcDhBhOYDsi1/UFt9DYcb+DU=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGiEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7q3mW9cdeota6LZsrkhJySc+KRJmmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMbqTBQ==</latexit>⇡7
<latexit sha1_base64="p2xazQTK2OQ3ckYUNuZRkBUKwmI=">AAAB93icbVBNT8JAFNziF+IX6tHLRmLiibSGoEeiF4+YWCCBhmyXB27Ybje7ryaE8Bu86smb8erP8eB/sa09KDinycx7efMm1FJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486Nk4MB5/HMja9kFmQQoGPAiX0tAEWhRK64fQm87uPYKyI1T3ONAQRmygxFpxhKvkDLYbNYbXm1t0cdJV4BamRAu1h9WswinkSgUIumbV9z9UYzJlBwSUsKoPEgmZ8yibQT6liEdhgnodd0LPEMoypBkOFpLkIvzfmLLJ2FoXpZMTwwS57mfif109wfBXMhdIJguLZIRQS8kOWG5G2AHQkDCCyLDlQoShnhiGCEZRxnopJWksl7cNb/n6VdC7qXrPeuGvUWtdFM2VyQk7JOfHIJWmRW9ImPuFEkCfyTF6cmfPqvDnvP6Mlp9g5Jn/gfHwDMCuTBA==</latexit>⇡6

<latexit sha1_base64="dNvvX9wqlJaVy+rIXoR1RcCWFeY=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OvAGlapbc3PQReIVpEoKNAeVr/4w4nEICrlk1vY8V6OfMIOCS5iV+7EFzfiEjaGXUsVCsH6Sx53R49gyjKgGQ4WkuQi/NxIWWjsNg3QyZPhg571M/M/rxTi69BOhdIygeHYIhYT8kOVGpD0AHQoDiCxLDlQoyplhiGAEZZynYpwWU0778Oa/XyTts5p3Xqvf1quNq6KZEjkkR+SEeOSCNMgNaZIW4WRCnsgzeXES59V5c95/RpecYueA/IHz8Q1KL5Ob</latexit>

⇡⇤
1

<latexit sha1_base64="dNvvX9wqlJaVy+rIXoR1RcCWFeY=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OvAGlapbc3PQReIVpEoKNAeVr/4w4nEICrlk1vY8V6OfMIOCS5iV+7EFzfiEjaGXUsVCsH6Sx53R49gyjKgGQ4WkuQi/NxIWWjsNg3QyZPhg571M/M/rxTi69BOhdIygeHYIhYT8kOVGpD0AHQoDiCxLDlQoyplhiGAEZZynYpwWU0778Oa/XyTts5p3Xqvf1quNq6KZEjkkR+SEeOSCNMgNaZIW4WRCnsgzeXES59V5c95/RpecYueA/IHz8Q1KL5Ob</latexit>

⇡⇤
1

<latexit sha1_base64="dNvvX9wqlJaVy+rIXoR1RcCWFeY=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OvAGlapbc3PQReIVpEoKNAeVr/4w4nEICrlk1vY8V6OfMIOCS5iV+7EFzfiEjaGXUsVCsH6Sx53R49gyjKgGQ4WkuQi/NxIWWjsNg3QyZPhg571M/M/rxTi69BOhdIygeHYIhYT8kOVGpD0AHQoDiCxLDlQoyplhiGAEZZynYpwWU0778Oa/XyTts5p3Xqvf1quNq6KZEjkkR+SEeOSCNMgNaZIW4WRCnsgzeXES59V5c95/RpecYueA/IHz8Q1KL5Ob</latexit>

⇡⇤
1

<latexit sha1_base64="dNvvX9wqlJaVy+rIXoR1RcCWFeY=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OvAGlapbc3PQReIVpEoKNAeVr/4w4nEICrlk1vY8V6OfMIOCS5iV+7EFzfiEjaGXUsVCsH6Sx53R49gyjKgGQ4WkuQi/NxIWWjsNg3QyZPhg571M/M/rxTi69BOhdIygeHYIhYT8kOVGpD0AHQoDiCxLDlQoyplhiGAEZZynYpwWU0778Oa/XyTts5p3Xqvf1quNq6KZEjkkR+SEeOSCNMgNaZIW4WRCnsgzeXES59V5c95/RpecYueA/IHz8Q1KL5Ob</latexit>

⇡⇤
1

<latexit sha1_base64="JYYLU0wA5RXhh0ooaKQY9zsWQAE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUR2FAFlBA1lkMhDSkJ0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2AbF5Aw1WhmVzs7vpbCout+OoWV1bX1jeJmaWt7Z3evvH/QtmFkOLR4KEPT9ZkFKRS0UKCErjbAAl9Cx59ep37nEYwVobrDmYZBwCZKjAVnmEidvhb3Z8PasFxxq24Guky8nFRIjuaw/NUfhTwKQCGXzNqe52ocxMyg4BLmpX5kQTM+ZRPoJVSxAOwgzuLO6UlkGYZUg6FC0kyE3xsxC6ydBX4yGTB8sIteKv7n9SIcXw5ioXSEoHh6CIWE7JDlRiQ9AB0JA4gsTQ5UKMqZYYhgBGWcJ2KUFFNK+vAWv18m7VrVO6/Wb+uVxlXeTJEckWNySjxyQRrkhjRJi3AyJU/kmbw4sfPqvDnvP6MFJ985JH/gfHwDS76TnA==</latexit>

⇡⇤
2

<latexit sha1_base64="JYYLU0wA5RXhh0ooaKQY9zsWQAE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUR2FAFlBA1lkMhDSkJ0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2AbF5Aw1WhmVzs7vpbCout+OoWV1bX1jeJmaWt7Z3evvH/QtmFkOLR4KEPT9ZkFKRS0UKCErjbAAl9Cx59ep37nEYwVobrDmYZBwCZKjAVnmEidvhb3Z8PasFxxq24Guky8nFRIjuaw/NUfhTwKQCGXzNqe52ocxMyg4BLmpX5kQTM+ZRPoJVSxAOwgzuLO6UlkGYZUg6FC0kyE3xsxC6ydBX4yGTB8sIteKv7n9SIcXw5ioXSEoHh6CIWE7JDlRiQ9AB0JA4gsTQ5UKMqZYYhgBGWcJ2KUFFNK+vAWv18m7VrVO6/Wb+uVxlXeTJEckWNySjxyQRrkhjRJi3AyJU/kmbw4sfPqvDnvP6MFJ985JH/gfHwDS76TnA==</latexit>

⇡⇤
2

<latexit sha1_base64="JYYLU0wA5RXhh0ooaKQY9zsWQAE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUR2FAFlBA1lkMhDSkJ0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2AbF5Aw1WhmVzs7vpbCout+OoWV1bX1jeJmaWt7Z3evvH/QtmFkOLR4KEPT9ZkFKRS0UKCErjbAAl9Cx59ep37nEYwVobrDmYZBwCZKjAVnmEidvhb3Z8PasFxxq24Guky8nFRIjuaw/NUfhTwKQCGXzNqe52ocxMyg4BLmpX5kQTM+ZRPoJVSxAOwgzuLO6UlkGYZUg6FC0kyE3xsxC6ydBX4yGTB8sIteKv7n9SIcXw5ioXSEoHh6CIWE7JDlRiQ9AB0JA4gsTQ5UKMqZYYhgBGWcJ2KUFFNK+vAWv18m7VrVO6/Wb+uVxlXeTJEckWNySjxyQRrkhjRJi3AyJU/kmbw4sfPqvDnvP6MFJ985JH/gfHwDS76TnA==</latexit>

⇡⇤
2

<latexit sha1_base64="JYYLU0wA5RXhh0ooaKQY9zsWQAE=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUR2FAFlBA1lkMhDSkJ0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2AbF5Aw1WhmVzs7vpbCout+OoWV1bX1jeJmaWt7Z3evvH/QtmFkOLR4KEPT9ZkFKRS0UKCErjbAAl9Cx59ep37nEYwVobrDmYZBwCZKjAVnmEidvhb3Z8PasFxxq24Guky8nFRIjuaw/NUfhTwKQCGXzNqe52ocxMyg4BLmpX5kQTM+ZRPoJVSxAOwgzuLO6UlkGYZUg6FC0kyE3xsxC6ydBX4yGTB8sIteKv7n9SIcXw5ioXSEoHh6CIWE7JDlRiQ9AB0JA4gsTQ5UKMqZYYhgBGWcJ2KUFFNK+vAWv18m7VrVO6/Wb+uVxlXeTJEckWNySjxyQRrkhjRJi3AyJU/kmbw4sfPqvDnvP6MFJ985JH/gfHwDS76TnA==</latexit>

⇡⇤
2

<latexit sha1_base64="sw68kxIeKuLUuJGAyT79uvW65No=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2REAZQUMZJPKQEhOdL5twyvl8ulsjRVY+ghYqOkTL11DwL9gmBSRMNZrZ1c5OoKWw6LqfTmFpeWV1rbhe2tjc2t4p7+61bBQbDk0eych0AmZBCgVNFCihow2wMJDQDsbXmd9+BGNFpO5wosEP2UiJoeAMU6nd0+L+pH/WL1fcqpuDLhJvRipkhka//NUbRDwOQSGXzNqu52r0E2ZQcAnTUi+2oBkfsxF0U6pYCNZP8rhTehRbhhHVYKiQNBfh90bCQmsnYZBOhgwf7LyXif953RiHl34ilI4RFM8OoZCQH7LciLQHoANhAJFlyYEKRTkzDBGMoIzzVIzTYkppH97894ukdVr1zqu121qlfjVrpkgOyCE5Jh65IHVyQxqkSTgZkyfyTF6cxHl13pz3n9GCM9vZJ3/gfHwDTU2TnQ==</latexit>

⇡⇤
3

<latexit sha1_base64="sw68kxIeKuLUuJGAyT79uvW65No=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2REAZQUMZJPKQEhOdL5twyvl8ulsjRVY+ghYqOkTL11DwL9gmBSRMNZrZ1c5OoKWw6LqfTmFpeWV1rbhe2tjc2t4p7+61bBQbDk0eych0AmZBCgVNFCihow2wMJDQDsbXmd9+BGNFpO5wosEP2UiJoeAMU6nd0+L+pH/WL1fcqpuDLhJvRipkhka//NUbRDwOQSGXzNqu52r0E2ZQcAnTUi+2oBkfsxF0U6pYCNZP8rhTehRbhhHVYKiQNBfh90bCQmsnYZBOhgwf7LyXif953RiHl34ilI4RFM8OoZCQH7LciLQHoANhAJFlyYEKRTkzDBGMoIzzVIzTYkppH97894ukdVr1zqu121qlfjVrpkgOyCE5Jh65IHVyQxqkSTgZkyfyTF6cxHl13pz3n9GCM9vZJ3/gfHwDTU2TnQ==</latexit>

⇡⇤
3

<latexit sha1_base64="sw68kxIeKuLUuJGAyT79uvW65No=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2REAZQUMZJPKQEhOdL5twyvl8ulsjRVY+ghYqOkTL11DwL9gmBSRMNZrZ1c5OoKWw6LqfTmFpeWV1rbhe2tjc2t4p7+61bBQbDk0eych0AmZBCgVNFCihow2wMJDQDsbXmd9+BGNFpO5wosEP2UiJoeAMU6nd0+L+pH/WL1fcqpuDLhJvRipkhka//NUbRDwOQSGXzNqu52r0E2ZQcAnTUi+2oBkfsxF0U6pYCNZP8rhTehRbhhHVYKiQNBfh90bCQmsnYZBOhgwf7LyXif953RiHl34ilI4RFM8OoZCQH7LciLQHoANhAJFlyYEKRTkzDBGMoIzzVIzTYkppH97894ukdVr1zqu121qlfjVrpkgOyCE5Jh65IHVyQxqkSTgZkyfyTF6cxHl13pz3n9GCM9vZJ3/gfHwDTU2TnQ==</latexit>

⇡⇤
3

<latexit sha1_base64="sw68kxIeKuLUuJGAyT79uvW65No=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2REAZQUMZJPKQEhOdL5twyvl8ulsjRVY+ghYqOkTL11DwL9gmBSRMNZrZ1c5OoKWw6LqfTmFpeWV1rbhe2tjc2t4p7+61bBQbDk0eych0AmZBCgVNFCihow2wMJDQDsbXmd9+BGNFpO5wosEP2UiJoeAMU6nd0+L+pH/WL1fcqpuDLhJvRipkhka//NUbRDwOQSGXzNqu52r0E2ZQcAnTUi+2oBkfsxF0U6pYCNZP8rhTehRbhhHVYKiQNBfh90bCQmsnYZBOhgwf7LyXif953RiHl34ilI4RFM8OoZCQH7LciLQHoANhAJFlyYEKRTkzDBGMoIzzVIzTYkppH97894ukdVr1zqu121qlfjVrpkgOyCE5Jh65IHVyQxqkSTgZkyfyTF6cxHl13pz3n9GCM9vZJ3/gfHwDTU2TnQ==</latexit>

⇡⇤
3

<latexit sha1_base64="2xWDeYi1UHUxkk4HcjC/ZMeQXz4=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OqgPKlW35uagi8QrSJUUaA4qX/1hxOMQFHLJrO15rkY/YQYFlzAr92MLmvEJG0MvpYqFYP0kjzujx7FlGFENhgpJcxF+byQstHYaBulkyPDBznuZ+J/Xi3F06SdC6RhB8ewQCgn5IcuNSHsAOhQGEFmWHKhQlDPDEMEIyjhPxTgtppz24c1/v0jaZzXvvFa/rVcbV0UzJXJIjsgJ8cgFaZAb0iQtwsmEPJFn8uIkzqvz5rz/jC45xc4B+QPn4xtO3JOe</latexit>

⇡⇤
4

<latexit sha1_base64="2xWDeYi1UHUxkk4HcjC/ZMeQXz4=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OqgPKlW35uagi8QrSJUUaA4qX/1hxOMQFHLJrO15rkY/YQYFlzAr92MLmvEJG0MvpYqFYP0kjzujx7FlGFENhgpJcxF+byQstHYaBulkyPDBznuZ+J/Xi3F06SdC6RhB8ewQCgn5IcuNSHsAOhQGEFmWHKhQlDPDEMEIyjhPxTgtppz24c1/v0jaZzXvvFa/rVcbV0UzJXJIjsgJ8cgFaZAb0iQtwsmEPJFn8uIkzqvz5rz/jC45xc4B+QPn4xtO3JOe</latexit>

⇡⇤
4

<latexit sha1_base64="2xWDeYi1UHUxkk4HcjC/ZMeQXz4=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OqgPKlW35uagi8QrSJUUaA4qX/1hxOMQFHLJrO15rkY/YQYFlzAr92MLmvEJG0MvpYqFYP0kjzujx7FlGFENhgpJcxF+byQstHYaBulkyPDBznuZ+J/Xi3F06SdC6RhB8ewQCgn5IcuNSHsAOhQGEFmWHKhQlDPDEMEIyjhPxTgtppz24c1/v0jaZzXvvFa/rVcbV0UzJXJIjsgJ8cgFaZAb0iQtwsmEPJFn8uIkzqvz5rz/jC45xc4B+QPn4xtO3JOe</latexit>

⇡⇤
4

<latexit sha1_base64="2xWDeYi1UHUxkk4HcjC/ZMeQXz4=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESEhishGEVBG0FAGiTykxETnyyaccj6f7tZIkZWPoIWKDtHyNRT8C7ZxAQlTjWZ2tbMTaCksuu6ns7S8srq2Xtoob25t7+xW9vbbNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBJPrzO88grEiUnc41eCHbKzESHCGqdTpa3F/OqgPKlW35uagi8QrSJUUaA4qX/1hxOMQFHLJrO15rkY/YQYFlzAr92MLmvEJG0MvpYqFYP0kjzujx7FlGFENhgpJcxF+byQstHYaBulkyPDBznuZ+J/Xi3F06SdC6RhB8ewQCgn5IcuNSHsAOhQGEFmWHKhQlDPDEMEIyjhPxTgtppz24c1/v0jaZzXvvFa/rVcbV0UzJXJIjsgJ8cgFaZAb0iQtwsmEPJFn8uIkzqvz5rz/jC45xc4B+QPn4xtO3JOe</latexit>

⇡⇤
4

<latexit sha1_base64="AD5Te4D8Z5AeHt6GgPdwtNdy4oA=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2Co8ygoYySOQhJSY6XzbhlPP5dLdGiqx8BC1UdIiWr6HgX7BNCkiYajSzq52dQEth0XU/ncLS8srqWnG9tLG5tb1T3t1r2Sg2HJo8kpHpBMyCFAqaKFBCRxtgYSChHYyvM7/9CMaKSN3hRIMfspESQ8EZplK7p8X9Sf+sX664VTcHXSTejFTIDI1++as3iHgcgkIumbVdz9XoJ8yg4BKmpV5sQTM+ZiPoplSxEKyf5HGn9Ci2DCOqwVAhaS7C742EhdZOwiCdDBk+2HkvE//zujEOL/1EKB0jKJ4dQiEhP2S5EWkPQAfCACLLkgMVinJmGCIYQRnnqRinxZTSPrz57xdJ67TqnVdrt7VK/WrWTJEckENyTDxyQerkhjRIk3AyJk/kmbw4ifPqvDnvP6MFZ7azT/7A+fgGUGuTnw==</latexit>

⇡⇤
5

<latexit sha1_base64="AD5Te4D8Z5AeHt6GgPdwtNdy4oA=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2Co8ygoYySOQhJSY6XzbhlPP5dLdGiqx8BC1UdIiWr6HgX7BNCkiYajSzq52dQEth0XU/ncLS8srqWnG9tLG5tb1T3t1r2Sg2HJo8kpHpBMyCFAqaKFBCRxtgYSChHYyvM7/9CMaKSN3hRIMfspESQ8EZplK7p8X9Sf+sX664VTcHXSTejFTIDI1++as3iHgcgkIumbVdz9XoJ8yg4BKmpV5sQTM+ZiPoplSxEKyf5HGn9Ci2DCOqwVAhaS7C742EhdZOwiCdDBk+2HkvE//zujEOL/1EKB0jKJ4dQiEhP2S5EWkPQAfCACLLkgMVinJmGCIYQRnnqRinxZTSPrz57xdJ67TqnVdrt7VK/WrWTJEckENyTDxyQerkhjRIk3AyJk/kmbw4ifPqvDnvP6MFZ7azT/7A+fgGUGuTnw==</latexit>

⇡⇤
5

<latexit sha1_base64="AD5Te4D8Z5AeHt6GgPdwtNdy4oA=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2Co8ygoYySOQhJSY6XzbhlPP5dLdGiqx8BC1UdIiWr6HgX7BNCkiYajSzq52dQEth0XU/ncLS8srqWnG9tLG5tb1T3t1r2Sg2HJo8kpHpBMyCFAqaKFBCRxtgYSChHYyvM7/9CMaKSN3hRIMfspESQ8EZplK7p8X9Sf+sX664VTcHXSTejFTIDI1++as3iHgcgkIumbVdz9XoJ8yg4BKmpV5sQTM+ZiPoplSxEKyf5HGn9Ci2DCOqwVAhaS7C742EhdZOwiCdDBk+2HkvE//zujEOL/1EKB0jKJ4dQiEhP2S5EWkPQAfCACLLkgMVinJmGCIYQRnnqRinxZTSPrz57xdJ67TqnVdrt7VK/WrWTJEckENyTDxyQerkhjRIk3AyJk/kmbw4ifPqvDnvP6MFZ7azT/7A+fgGUGuTnw==</latexit>

⇡⇤
5

<latexit sha1_base64="AD5Te4D8Z5AeHt6GgPdwtNdy4oA=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2Co8ygoYySOQhJSY6XzbhlPP5dLdGiqx8BC1UdIiWr6HgX7BNCkiYajSzq52dQEth0XU/ncLS8srqWnG9tLG5tb1T3t1r2Sg2HJo8kpHpBMyCFAqaKFBCRxtgYSChHYyvM7/9CMaKSN3hRIMfspESQ8EZplK7p8X9Sf+sX664VTcHXSTejFTIDI1++as3iHgcgkIumbVdz9XoJ8yg4BKmpV5sQTM+ZiPoplSxEKyf5HGn9Ci2DCOqwVAhaS7C742EhdZOwiCdDBk+2HkvE//zujEOL/1EKB0jKJ4dQiEhP2S5EWkPQAfCACLLkgMVinJmGCIYQRnnqRinxZTSPrz57xdJ67TqnVdrt7VK/WrWTJEckENyTDxyQerkhjRIk3AyJk/kmbw4ifPqvDnvP6MFZ7azT/7A+fgGUGuTnw==</latexit>

⇡⇤
5

<latexit sha1_base64="qrUe+4EGAIYmN6S4QzZHuI0wjxU=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2igJlBA1lkMhDSkx0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2CbFJAw1WhmVzs7gZbCout+OoWV1bX1jeJmaWt7Z3evvH/QtlFsOLR4JCPTDZgFKRS0UKCErjbAwkBCJ5hcZ37nEYwVkbrDqQY/ZGMlRoIzTKVOX4v7s0F9UK64VTcHXSbenFTIHM1B+as/jHgcgkIumbU9z9XoJ8yg4BJmpX5sQTM+YWPopVSxEKyf5HFn9CS2DCOqwVAhaS7C742EhdZOwyCdDBk+2EUvE//zejGOLv1EKB0jKJ4dQiEhP2S5EWkPQIfCACLLkgMVinJmGCIYQRnnqRinxZTSPrzF75dJ+7zq1au121qlcTVvpkiOyDE5JR65IA1yQ5qkRTiZkCfyTF6cxHl13pz3n9GCM985JH/gfHwDUfqToA==</latexit>

⇡⇤
6

<latexit sha1_base64="qrUe+4EGAIYmN6S4QzZHuI0wjxU=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2igJlBA1lkMhDSkx0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2CbFJAw1WhmVzs7gZbCout+OoWV1bX1jeJmaWt7Z3evvH/QtlFsOLR4JCPTDZgFKRS0UKCErjbAwkBCJ5hcZ37nEYwVkbrDqQY/ZGMlRoIzTKVOX4v7s0F9UK64VTcHXSbenFTIHM1B+as/jHgcgkIumbU9z9XoJ8yg4BJmpX5sQTM+YWPopVSxEKyf5HFn9CS2DCOqwVAhaS7C742EhdZOwyCdDBk+2EUvE//zejGOLv1EKB0jKJ4dQiEhP2S5EWkPQIfCACLLkgMVinJmGCIYQRnnqRinxZTSPrzF75dJ+7zq1au121qlcTVvpkiOyDE5JR65IA1yQ5qkRTiZkCfyTF6cxHl13pz3n9GCM985JH/gfHwDUfqToA==</latexit>

⇡⇤
6

<latexit sha1_base64="qrUe+4EGAIYmN6S4QzZHuI0wjxU=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2igJlBA1lkMhDSkx0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2CbFJAw1WhmVzs7gZbCout+OoWV1bX1jeJmaWt7Z3evvH/QtlFsOLR4JCPTDZgFKRS0UKCErjbAwkBCJ5hcZ37nEYwVkbrDqQY/ZGMlRoIzTKVOX4v7s0F9UK64VTcHXSbenFTIHM1B+as/jHgcgkIumbU9z9XoJ8yg4BJmpX5sQTM+YWPopVSxEKyf5HFn9CS2DCOqwVAhaS7C742EhdZOwyCdDBk+2EUvE//zejGOLv1EKB0jKJ4dQiEhP2S5EWkPQIfCACLLkgMVinJmGCIYQRnnqRinxZTSPrzF75dJ+7zq1au121qlcTVvpkiOyDE5JR65IA1yQ5qkRTiZkCfyTF6cxHl13pz3n9GCM985JH/gfHwDUfqToA==</latexit>

⇡⇤
6

<latexit sha1_base64="qrUe+4EGAIYmN6S4QzZHuI0wjxU=">AAAB+XicbVC7TsNAEDyHVwivACXNiQgJUUQ2igJlBA1lkMhDSkx0vmzCKefz6W6NFFn5CFqo6BAtX0PBv2CbFJAw1WhmVzs7gZbCout+OoWV1bX1jeJmaWt7Z3evvH/QtlFsOLR4JCPTDZgFKRS0UKCErjbAwkBCJ5hcZ37nEYwVkbrDqQY/ZGMlRoIzTKVOX4v7s0F9UK64VTcHXSbenFTIHM1B+as/jHgcgkIumbU9z9XoJ8yg4BJmpX5sQTM+YWPopVSxEKyf5HFn9CS2DCOqwVAhaS7C742EhdZOwyCdDBk+2EUvE//zejGOLv1EKB0jKJ4dQiEhP2S5EWkPQIfCACLLkgMVinJmGCIYQRnnqRinxZTSPrzF75dJ+7zq1au121qlcTVvpkiOyDE5JR65IA1yQ5qkRTiZkCfyTF6cxHl13pz3n9GCM985JH/gfHwDUfqToA==</latexit>

⇡⇤
6
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FIG. 3: Active spaces used for the computation of the C K-edge NEXAFS.

Root ∆E (eV) |TDM|2 (a.u) Configuration Weight

1 284.385 3.8799e-03 1s[1]π∗[1]1 76

2 285.815 1.8243e-04 1s[1]π∗[1]2 0.44

1s[1]π∗[1]7 0.30

4 286.332 2.3916e-03 1s[1]π∗[1]7 0.32

1s[1]π∗[1]2 0.30

1s[1]π [1]
7 π

∗[2]
1 0.11

5 287.334 3.8315e-04 1s[1]π [1]
7 π

∗[2]
1 0.37

14 289.228 3.6046e-04 1s[1]π∗[1]3 0.15

1s[1]π [1]
7 π

∗[1]
1 π

∗[1]
2 0.12

TABLE IX: Main core excited states, with their leading configurations, for C1. Only roots with

|TDM|2 grater than 10−4 a.u. are reported in the table. The orbitals involved in the excitation

process are highlighted in figure 3
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Root ∆E (eV) |TDM|2 (a.u) Configuration Weight

2 285.308 6.4060e-03 1s[1]π∗[1]2 0.75

5 286.988 3.0434e-04 1s[1]π∗[1]7 0.24

1s[1]π∗[1]5 0.18

10 288.685 1.4805e-04 1s[1]π [1]
6 π

∗[2]
1 0.13

13 289.299 1.5833e-04 1s[1]π [1]
4 π

∗[1]
2 π

∗[1]
5 0.16

1s[1]π [1]
4 π

∗[1]
2 π

∗[1]
7 0.11

15 289.720 2.3497e-04 1s[1]π [1]
7 π

∗[1]
2 π

∗[1]
4 0.16

TABLE X: Main core excited states, with their leading configurations, for C2. Only roots with

|TDM|2 grater than 10−4 a.u. are reported in the table. The orbitals involved in the excitation

process are highlighted in figure 3.

Root ∆E (eV) |TDM|2 (a.u) Configuration Weight

1 284.151 3.5406e-03 1s[1]π∗[1]1 0.76

2 285.407 2.2593e-03 1s[1]π∗[1]2 0.62

4 286.397 2.4017e-04 1s[1]π∗[1]7 0.34

1s[1]π [1]
4 π

∗[2]
1 0.15

5 287.008 1.0395e-04 1s[1]π [1]
4 π

∗[2]
1 0.35

14 289.059 9.9427e-04 1s[1]n[1]2 π
∗[2]
1 0.17

1s[1]π∗[1]3 0.16

1s[1]π [1]
4 π

∗[1]
1 π

∗[1]
2 0.11

TABLE XI: Main core excited states, with their leading configurations, for C3. Only roots with

|TDM|2 grater than 10−4 a.u. are reported in the table. The orbitals involved in the excitation

process are highlighted in figure 3.
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Root ∆E (eV) |TDM|2 (a.u) Configuration Weight

1 284.813 1.9960e-03 1s[1]π∗[1]1 0.76

2 286.415 7.9207e-04 1s[1]π∗[1]2 0.57

1s[1]π∗[1]7 0.16

3 286.781 3.3496e-03 1s[1]π∗[1]7 0.48

1s[1]π∗[1]2 0.16

5 287.870 1.6187e-04 1s[1]π [1]
7 π

∗[2]
1 0.34

10 289.079 1.0812e-04 1s[1]π [1]
5 π

∗[2]
1 0.20

13 289.593 7.7559e-04 1s[1]π∗[1]3 0.12

1s[1]π [1]
4 π

∗[1]
1 π

∗[1]
2 0.10

14 289.633 4.6756e-04 ex.m.

TABLE XII: Main core excited states, with their leading configurations, for C4. Only roots with

|TDM|2 grater than 10−4 a.u. are reported in the table. The orbitals involved in the excitation

process are highlighted in figure 3.
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IV. TOTAL ION YIELD AND BRANCHING RATIOS OF ALL FRAGMENTS AT THE

N(1S) AND THE C(1S) EXCITATION/IONIZATION REGIONS

14



FIG. 4: Total ion yield (TYI, grey shaded area) and branching ratios of all fragments at the N(1s)

and C(1s) excitation/ionization regions (coloured lines). Fragments that show a similar behaviour

versus photon energy have been displayed in different panels. The error bars represent the

confidence of the fit.
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