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ABSTRACT

Aims. The aim of this work is to present accurate and extensive results of energy spectra and transition data for the S II, CI III, and
Ar IV ions. These data are useful for understanding and probing physical processes and conditions in various types of astrophysical

plasmas.

Methods. The multiconfiguration Dirac—Hartree—Fock (MCDHF) and relativistic configuration interaction (RCI) methods, which
are implemented in the general-purpose relativistic atomic structure package GRASP2K, are used in the present work. In the RCI
calculations the transverse-photon (Breit) interaction, the vacuum polarization, and the self-energy corrections are included.

Results. Energy spectra are presented comprising the 134, 87, and 103 lowest states in S II, CI III, and Ar IV, respectively. Energy
levels are in very good agreement with NIST database recommended values and associated with smaller uncertainties than energies
from other theoretical computations. Electric dipole (E1), magnetic dipole (M1), and electric quadrupole (E2) transition data are
computed between the above states together with the corresponding lifetimes. Based on internal validation, transition rates for the
majority of the stronger transitions are estimated to have uncertainties of less than 3%.

Key words. atomic data

1. Introduction

Atomic data are of importance in the understanding of the
physical processes and conditions in various types of astro-
physical plasmas, for example in the determination of chem-
ical abundances of the elements and in the estimation of
radiative transfer through stellar plasmas. The quality of atomic
data have a large impact on the accuracy of chemical abun-
dances (Juan de Dios & Rodriguez 2017; Kisielius et al. 2014).
Juan de Dios & Rodriguez (2017) computed the ionic abun-
dances of O I, O III, N II, C1III, Ar III, Ar IV, Ne III, S II, and
S III, and the total abundances of the corresponding elements.
They observed that data for some of the studied ions need to
be improved in order to derive more reliable values of chemical
abundances in high-density nebulae.

The studied elements (S II, C1III, Ar IV) are in the astrophys-
ically important group of low-ionization ions which belongs to
the phosphorous isoelectronic sequence. Fritzsche et al. (1999)
used the multiconfiguration Dirac—Fock method to study forbid-
den transitions in the 3s?3p® configuration for phosphorus-like
ions with low nuclear charge Z. Fischer et al. (2006) computed
energy levels, lifetimes, and transition data for the sodium-like to
argon-like sequences using the multiconfiguration Hartree—Fock
(MCHF) and multiconfiguration Dirac—Hartree—Fock (MCDHF)
methods.

* Tables 5-7 are only available at the CDS via anonymous ftp to
cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.
u-strasbg.fr/viz-bin/qcat?J/A+A/623/A155
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Tayal & Zatsarinny (2010) used the B-spline Breit-Pauli R-
matrix method to compute energy levels of the 3s>3p3, 3s3p*,
3s23p?3d, 3s23p?4s, and 3s>3p?4p configurations and transitions
in S II. Kisielius et al. (2014) presented the energy levels and
transition data for S II using HF and quasirelativistic (QR) meth-
ods with transformed radial orbitals.

Sossah & Tayal (2012) used the MCHF and B-spline Breit—
Pauli R-matrix method to calculate transition probabilities and
effective collision strengths for CI III. Schectman et al. (2005)
measured lifetimes and branching fractions with beam-foil
techniques and derived oscillator strengths for transitions in
CIII and III.

Bredice et al. (1995) observed the spectra of Ar IV in the
280-5000 A wavelength range and reanalyzed the 3s23p?, 3s3p?,
3s23p2(3d + 4s) configurations. Djenize & Bukvi¢ (2001) and
Burger et al. (2012) studied transition probabilities in Ar IIT and
Ar IV ions. Raineri et al. (2018) used a pulsed discharge light
source to study the spectrum of Ar III and Ar IV in the 480—
6218 A region and predicted new levels using the Cowan code
(Cowan 1981).

In this work energy spectrum calculations were performed
for the 134 (72 even and 62 odd), 87 (52 even and 35 odd),
and 103 (44 even and 59 odd) lowest states in the S II, CI III,
and Ar IV ions, respectively. Electric dipole, magnetic dipole,
and electric quadrupole transition data were computed along
with the corresponding lifetimes of these states. The calculations
were done using the general-purpose relativistic atomic structure
package GRASP2K (Jonsson et al. 2013) with the modifications
that are included in the newest version of the GRASP2018 pack-
age (Fischer et al. 2019).
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Table 1. Summary of active space construction.

MR set Active space Ncsks
Even Odd Even Odd
SII
RCI
3s3p*, 3s23p?3d, 3s23p?, 3s?3p%4p, {9s,9p, 9d, 8f, 8g, 8h, 8i} 478170 873674
3s23p?ds, 3s*3p%4d, 3s3p*3d, 3s23p4f,
3s23p?5s 3s23p?5p
RCI(CV) additionally included configurations
3s23p?5d, 3p*3d, 3p°, 3s3p>3ddp, {9s,9p, 9d, 8f, 8¢, 8h, 8i} 6220422 9540812
3s3p?3d?, 3p*ds, 3s3p?3d5p, 3p*4p, {6s, 6p, 5d, 5f} for S from 2p
3p*4d, 3s3p?3d4d, 3p*Sp, 3p*4f,
3s3p?3dds, 3p*Ss, 3s3p?3d4f, 3s3p>5d,
3s3p*3d5s 3s3p>4d, 3s3p>4s
Clx
RCI
3s3p*, 3s23p?3d, 3s23p, 3s?3p?4p, {9s,9p, 9d, 8f, 8g, 8h, 8i} 492 140 583117
3s23p%ds, 3s23p*4d 3s3p*3d, 3p’
RCI(CV) additionally included configurations
3p*3d, 3s3p?3d>, 3s23p3d?, 3s3p’ds, {9s,9p, 9d, 8f, 8g, 8h, 8i} 6466816 4111005
3s3p?3dds, 3s3p?3d4d 3p*4p, 3s3p?3d4p {6s, 6p, 6d, 5t} for S from 2p
Ar IV
RCI
3s3p*, 3s23p?3d, 3s23p?, 3s?3p%4p, {9s, 8p, 84, 8f, 8g, 7h, 7i} 224651 431584
3s23p%4s 3s3p*3d, 3p’
RCI(CV) additionally included configurations
3s23p?4d, 3p*3d, 3s23p3d?, 3s3p’ds, {9s, 8p, 8, 8f, 8g, 7h, 7i} 4946496 7329546

3s3p?3d?, 3s3p*3dds,
3s3d24s, 3s23d>

3p*4p, 3s3p>3ddp,
3p33d?, 3s?3p24f

{7s, 6p, 6d, 6f, 5g} for S from 2p

Notes. RCI denotes CSF expansions from SD substitutions from the valence electrons of the configurations in the MR. RCI(CV) denotes CSF
expansions from SD substitutions from the valence electrons of the configurations in the extended MR along with CSFs obtained by allowing at
most one substitution (S) from the 2p shell to a smaller active orbital space. Ncggs is the number of CSFs.

2. Method
2.1. Computational procedure

The GRASP2K package used for the computations is based
on the MCDHF and relativistic configuration interaction (RCI)
methods. More details about these approaches can be found in
Fischer et al. (2016) and Grant (2007).

In the MCDHF approximation atomic state functions (ASFs)
are given as linear combinations of symmetry adapted configu-
ration state functions (CSFs)

Ncsrs
WPIM) = ) c(yiPIM),
i=1
where J and M are the angular quantum numbers and P is par-
ity. The CSFs ®(y;PJM) are built from products of one-electron
Dirac orbitals. In the relativistic self-consistent field procedure
both the radial parts of the Dirac orbitals and the expansion coef-
ficients were optimized to self-consistency.

In RCI computations the wave function is expanded in CSFs
and only the expansion coefficients are determined by diago-
nalizing the Hamiltonian matrix. The RCI method was used to
include the transverse-photon (Breit) interaction and quantum
electrodynamic (QED) corrections: the vacuum polarization and
the self-energy.

In this work ASFs were obtained as expansions over jj-
coupled CSFs. To transform these ASFs into an LS J-coupled

ey
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CSF basis the method provided by Gaigalas et al. (2003, 2017)
was used.

2.2. Computational scheme

For all three ions (S II, Cl I, Ar IV) similar computa-
tional schemes were used. As a starting point, MCDHF cal-
culations were performed in the extended optimal level (EOL)
scheme (Dyall et al. 1989) for the weighted average of the even
and odd parity states. For the construction of the ASFs the
multireference-single-double (MR-SD) method (Fischer et al.
2016) was used. In this approach the CSF expansions were
obtained by allowing SD substitutions from the configurations
in the MR to active orbital sets. Only CSFs that have non-zero
matrix elements with the CSFs belonging to the configurations
in the MR were retained. No substitutions were allowed from the
Is, 2s, 2p shells, which define an inactive closed core. The MR
and the active orbital sets for each of the ions are presented in
Table 1. The MCDHEF calculations were followed by RCI calcu-
lations, including the Breit interaction and leading QED effects.
The RCI calculations were done separately for even and odd
states.

At the last step, referred to as the RCI(CV) step in the
tables, the MR was extended to include additional important
configurations, and core-valence (CV) correlation effects were
accounted for by allowing at most one substitution also from
the 2p shell. The substitutions from the 2p shell increase the
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number of CSFs dramatically and for this reason these substi-
tutions were restricted to a smaller orbital set.

The large-scale calculations were performed with the MPI
version of the GRASP code.

3. Results

The accuracy of the wave functions from the present calcula-
tion and some previous calculations was evaluated by compar-
ing calculated energy levels with data from the NIST database
(Kramida et al. 2018). In Table 2 a summary of this evaluation
is presented: the number of computed energy levels (No. of lev-
els in Ref.) and the average percentage difference between NIST
and the different methods for the states covered by these methods
(Awv. difference).

The inclusion of the CV electron correlations and the exten-
sion of the MR set in the calculations improve the results. As
is seen from Table 2 the averaged difference of the computed
energy spectra (final RCI(CV) results) relative to the energies
from the NIST database is 0.22%, 0.18%, and 0.21%, respec-
tively, for the S II, Cl III, and Ar IV ions. Comparing the
present results with results from other theoretical computations
we obtain a better agreement with values given in the NIST
database, except for the S II ion. The averaged uncertainties of
energies presented in Tayal & Zatsarinny (2010) is only 0.06%,
but they cover fewer energy levels. For the first time, levels of
the 3s3p>3d configuration are presented for the S II, C1 III, and
Ar 1V ions.

The mean contribution of the Breit and QED corrections to
the final results is 0.05% for the studied ions. For the separate
state the contribution of these effects can reach 0.1%.

The uncertainty of electric transition data was evaluated
based on the quantity d7 (Ekman et al. 2014), which is defined
as

|A; — Ayl

T max(ALA,)’ @

Here, A; and A, are transition rates in length and velocity forms.
The mean dT for all presented E1 transitions is 12.00%, 5.95%,
and 6.47%, respectively for the S II, C1 III, and Ar IV ions. The
results for the different ions is discussed in more detail below.

3.1. 51l

In Table A.1 energy spectra and wave function composition in
LS -coupling for 72 even states of the 3s3p*, 3s>3p?3d, 3s>3p>4d,
3s23p4s, 3s23p?5s configurations and for 62 odd states of the
3s23p3, 3s23p24p, 3s3p33d, 3s?3p24f, 3s>3p?5p configurations
for S II are given. The states are given with unique labels
(Gaigalas et al. 2017). The contribution was marked in bold for
the states in which the labels were not assigned with largest con-
tribution to the composition. In Table A.1 lifetimes in length and
velocity gauges are also presented.

In Fig. 1 energy levels computed in this work and other
theoretical calculations are compared with data from NIST
(Kramida et al. 2018). From the figure we see that the relative
uncertainties of energy levels obtained in this work in most cases
are about 0.2%. Only for levels of the ground configuration the
disagreements are larger, about 1.8%.

Transition data such as wavelengths; weighted oscillator
strengths; transition rates of E1, M1, and E2 transitions; and the
accuracy indicator d7" are given in Table 5, and are available at
the CDS. Generally, the uncertainty of transition data is small for

Table 2. Comparison of computed energy levels in the present work and
other theoretical results with data from the NIST database for the S II,
C11II, and Ar IV ions.

Av. difference (in %)  No. of levels in Ref. Ref.
S1I
0.34 134(126) RCI
0.22 134(126) RCI(CV)
0.48 67(67) 1
0.06 70(70) 2
1.12 49(49) 3a
1.18 49(49) 3b
ClII
0.38 87(63) RCI
0.18 87(63) RCI(CV)
0.55 67(54) 1
1.01 68(51) 4a
1.81 68(51) 4b
ArIv
0.47 103(56) RCI
0.21 103(56) RCI(CV)
0.60 62(51) 1

Notes. The numbers in parentheses show the number of levels compared
with the NIST database.

References. (1) Fischer et al. (2006); (2) Tayal & Zatsarinny (2010);
(3) Kisielius et al. (2014) (a — HF data, b — quasirelativistic data); (4)
Sossah & Tayal (2012) (a — MCHF calculations with 2893 configura-
tions, b — MCHF calculations with 436 configurations).

the stronger transitions. To display this a scatterplot of dT ver-
sus the transition rate A for computed El transitions is given in
Fig. 2. For most of the transitions, d7 is well below 10%, and for
the strongest ones d7 is well below 3%. The weak transitions are
either intercombination transitions, where in relativistic calcula-
tions the low rates result from strong cancellation of several large
contributions to the transition moment (Ynnerman & Fischer
1995), or two-electron one-photon (TEOP) transitions, where the
rate is identically zero in the simplest approximation of the wave
function and where the transition results from inclusion of corre-
lation effects (Li et al. 2010). These types of transitions are still
extremely challenging for theory and improved methodology is
needed to further decrease the uncertainties.

3.2.Clll

In Table A.2 energy spectra, lifetimes, and wave function com-
position in LS -coupling are presented for 52 even states of the
3s3p*, 3s23p?3d, 3s23p?4s, 3s23p>4d configurations and for 35
odd states of the 3s23p?, 3s?3p?4p, 3s3p>3d, 3p° configurations
in the Cl III ion. Energy levels are compared with results from
NIST (Kramida et al. 2018). In the NIST database some levels
of the 3s%3p?4p, 3s>3p?4d, and 3p°> configurations are flagged
with question marks. Comparing these levels with present calcu-
lations and other computations there is a good agreement, except
for states of the 3p> configuration. Our energies for states of
the 3p° configuration are lower by 60000 cm™!. These levels in
NIST are marked as levels that were determined by interpolation
or extrapolation of known experimental values or by semiempir-
ical calculations.

The uncertainty of the computed energy levels comparing
with NIST data is less than 0.5%, and in most cases about
0.1%. Only for the first excited levels is the disagreement more
than 1%. The averaged uncertainty of computed energy spectra
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comparing with NIST data is 0.18% (Table 2). The present ener-
gies are in better agreement with NIST than energies from pre-
vious theoretical computations. In addition, in this work more
energy levels were studied, and for the first time levels of the
3s3p>3d configuration are presented.

Transition data for E1, M1, and E2 transitions are given
in Table 6, and are available at the CDS. In Fig. 3 the scat-
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terplot of dT versus the transition rate A is displayed for
all presented El transitions. The mean d7T for the transitions
is 5.95%. For most of the strongest transitions, d7" is well
below 2%. Table 3 gives the comparison of the theoretical and
experimental results of wavelengths and oscillator strengths
for the 3s? 3p3(gS) 4S§/2 — 3s 3p4(gP) 4P5/2,3/2,1/2 transitions
in Cl III. From the table we see a very good agreement of
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Table 3. Comparison of wavelengths and oscillator strengths for the

3s? 3p3(‘3‘S) 4Sg/2 — 3s 3p4(;P) 4P5/2’3/2,1/2 transitions in CI III.

Ji— Jyr Ref.
32—-5/2 32-3/2 32-1/2

A(in A)
1015.02 1008.78 1005.28 1 (Exp.)
1019.22 1013.05 100921  RCI (This work)
1015.14 1008.94 1005.41 RCI(CV) (This work)
1023.21 1017.96 1015.04 2
1024.48 1018.74 1015.46 3

fx1072
2.85+0.11 1.93+0.08 0.96+0.05 4 (Exp.)
3.14(2.6) 2.10(29) 1.04(3.8)  RCI (This work)
3.10(4.0) 2.07(3.7) 1.04(3.6) RCI(CV) (This work)
3.23 2.15 1.07 2
3.21 2.14 1.07 3

Notes. The oscillator strengths are given in the length gauge. The esti-
mated uncertainty in percentage of the oscillator strengths are given in
parentheses.

References. (1) Kramida et al. (2018); (2) Fischer et al. (2006); (3)
Sossah & Tayal (2012); (4) Schectman et al. (2005).

wavelengths with the experimental values. Oscillator strengths
are a little too large compared with experiment (Schectman et al.

2005).
3.3. ArlvV

Table A.3 displays energy spectra, lifetimes, and wave function
composition in LS -coupling for 44 even states of the 3s3p*,

Fig. 3. Scatterplot of dT vs. the transi-
tion rate A of El transitions for CI III.
The solid lines indicate the 2% and 10%
deviations.

10° 10° 10"

3s23p?3d, 3s>3p’4s configurations and for 59 odd states of the
3s23p?, 3s23p%4p, 3s3p>3d, 3p’ configurations in Ar IV. The
averaged uncertainty of energy levels obtained in this work com-
pared with the NIST data is 0.21%. The largest disagreement
(about 1%) is just for the first few excited levels.

Raineri et al. (2018) presented ten new energy levels of the
3s3p?3d and 3s>3p”4p configurations for Ar IV. In Table 4 a
comparison of these levels with this work and theoretical results
by Fischer et al. (2006) is made. There is very good agreement
between the new energy levels and the present calculations,
except for the 3s?3p(;S) 'S 3d 2Dsp7)> states for which the
relative difference is about 14%. Such a large difference sug-
gests that there is a misidentification and that further experimen-
tal analysis is needed.

Transition data for E1, M1, and E2 transitions are given in
Table 7, and are available at the CDS. In Fig. 4 a scatterplot of
dT versus the transition rate A is displayed for all presented E1
transitions. The mean dT for the transitions is 6.47%. Again, for
most of the strongest transitions, d7" is well below 2%.

4. Conclusions

Energy spectra and transition data of E1, M1, and E2 transitions
are presented for S II, Cl1 III, and Ar I'V using MCDHF and RCI
methods. The accuracy of the results is evaluated by comparing
energy levels with data from NIST database and by the agree-
ment of transition rates between length and velocity gauges. For
the first time levels of the 3s3p*3d configuration are presented
for the studied elements. The averaged uncertainty of computed
energy levels compared with NIST data is 0.22%, 0.18%, and
0.21%, respectively for S II, CI III, and Ar IV ions. The mean
dT for all presented E1 transitions is 12.00%, 5.95%, and 6.47%,
respectively, for the S II, CI III, and Ar IV ions.
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Raineri et al. (2018) This work Fischer et al. (2006)
Label Exp. Cal. RCI(CV) Dift. % Calc. Dift. %
3s?3p*(;D) 'D3d *Fs;,  185795.6 185870 187234 0.77 188521.63 1.47
3s’3p’(1D) 'D3d *F;, 186451.8 186591 189057 1.40 189467.32 1.62
3s?3p’(1D) 'D3d*Py, 2451752 245287 246701 0.62 248 938.85 1.54
3s?3p*(}S) 'S3d *Ds;,  261761.1 261946 226733  —13.38 227731.72  -13.00
3s?3p(;S) 'S3d ?Ds;,  262626.1 262735 225349  -14.19 22655048 -13.74
3s?3p°(GP) *P4p ZS]’/Z 282726.0 282596 280888 —-0.65 280500.33  -0.79
3s?3p*(3D) 'D4p ZP‘I’/2 311018.3 310973 312019 0.32
3s?3p’(3D) 'D4p 2P§/2 3112763 311201 312497 0.39
3s?3p*(}S) 'S4p ZP‘I’/2 3271134 327126 327235 0.04
3s?3p*(}S) 'S4p 2P§/2 3273889 327333 327351 -0.01

Notes. The Dift. columns give the relative difference of the theoretical results compared with the experimental ones.
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P. Rynkun et al.: Theoretical investigation of energy levels and transition data for S II, C1 III, Ar IV

Appendix A: Wave function composition in LS-coupling, energy levels, and lifetimes for the S I, Cl lll, and
Ar IV ions

Table A.1. Wave function composition (up to three LS components with a contribution >0.02 of the total wave function) in LS -coupling and
energy levels (in cm™") for S II.

No. State LS -composition ERrcicv) EnisT T Ty

1 3s23p’(39) *S3, 0.93 +0.02 35 28 3p*(3D) *D 3d *S° 0 0

2 3s*3p°(3D) °D5 0.92 15122 1485294  1.06e+03  1.06e+03
3 3s?3p°(GD) *Dg 0.92 15152 14884.73  3.52¢+03  3.78¢+03
4 3s23p°(1P) P}, 0.90 + 0.02 3p° 2P° 24978 2452483  3.0le+00  3.10e+00
5 3s23p°(1P) 3 , 0.90 + 0.02 3p° 2P° 25016 24571.54  1.83e+00  1.86e+00
6 3528 3p*(P) *Ps 2 0.79 + 0.14 352 3p?(3P) 3P 3d *P 78971 7939539  2.22e-08  2.12e-08
7 35 2S 3p*(P) “P3 2 0.79 + 0.14 352 3p>(3P) P 3d *P 79326  79756.83  221e—08 2.11e—08
8 3528 3p*(P) Py 2 0.79 + 0.14 35> 3p>(3P) >P3d *P 79539 79962.61  2.20e-08 2.11e-08
9 3528 3p*(ID) 2D3)2 0.60 + 0.25 3s% 3p*(}D) 'D 3d 2D + 0.03 35> 3p>(}S) 'S 3d 2D 97765 97890.74  1.84e-08  1.70e—08
10 3528 3p*(ID) 2Ds 2 0.60 + 0.25 3s* 3p*(JD) 'D 3d 2D + 0.03 35> 3p*(}S) 1S 3d °D 97796 97918.86  1.91e—08  1.75e—08
11 3s?3p?(CP) 3P3d %P3, 0.66 + 0.16 3s 2S 3p*(3P) 2P + 0.08 3s? 3p*(\D) 'D 3d 2P 105506  105599.06  2.05e-08  2.04e—08
12 3s?3p?(GP) 3P3d 2Py 0.66 + 0.17 3s 2S 3p*(3P) 2P + 0.07 3s? 3p?(1D) 'D 3d 2P 105961 10604424 1.98e-08 1.97e-08
13 3s23p?(3P) P 4s “Py)n 0.92 109364  109560.69  9.64e—10  9.62e—10
14 352 3p?(3P) 3P 4s “P3)n 0.92 109627  109831.59  9.53e—10  9.50e—10
15 35?2 3p?(CP) 3P 3d *F3)2 0.91 110025  110177.02  3.73e-06  3.62e—06
16 3s2 3p?(3P) 3P 4s *Ps)y 0.92 110059  110268.6  9.38e—10  9.35e-10
17 3s?3p?(3P) *P3d *Fs 2 0.91 110161 1103134  2.52e-06 2.55e-06
18 3s?3p?(3P) 3P 3d *Fq 2 0.91 110362  110508.71 3.47e-06  3.62e-06
19 352 3p2(5P) *P3d *Fy)p 0.91 110636 110766.56  1.41e+00  1.34e+00
20 352 3p?(3P) P 4s 2Py p 0.91 112815  112937.57 4.75e-10  4.72e-10
21 3s23p?(3P) *P4s 2P3)n 0.90 113327  113461.54 4.75e—10 4.72e—10
22 3s?3p?(CP) *P3d “Dy ), 0.91 114002 1141623  1.48e-06 1.49e-06
23 3s?3p?(3P) °P3d *Dj3, 0.91 114034  114200.54 7.91e-07 7.98e—07

24 3s?3p?(3P) *°P3d “Ds), 0.87 + 0.02 3s% 3p*(}D) 'D 3d 2F + 0.02 35> 3p>(3P) *P3d °F 114069  114231.04 3.30e-07  3.37e-07
25 3s?3p?(3P) °P3d Dy, 0.84 + 0.04 3s% 3p*(}D) 'D 3d 2F + 0.03 3s? 3p*(;P) *P3d °F 114126 11427933  5.86e—07 5.97e—07
26 3s?3p*(ID) 'D3d *Fs), 0.44 + 0.42 352 3p2(3P) P 3d 2F + 0.05 352 3p>(3P) ’P3d “D 114721 11480437 2.42e-08 2.48¢e-08
27 3s?3p*(JD) 'D3d?F;2 043 +0.403s?3p?(;P) *P3d °F + 0.07 3s? 3p>GP) *P3d“D 115202 115285.61  2.97e-08  3.03e-08

28 3528 3p*(1S) 2812 0.54 + 0.38 35 3p*(}D) 'D 3d S 119994 11978377 6.89e-09  6.32e—09
29 3s?3p*(ID) 'D4s 2D3)n 0.90 121508 12152872  7.15e-10  7.13e-10
30 3s?3p’(ID) 'D4s *Ds)p 0.90 121511 121530.02 7.04e—10  7.02e-10
31 3s°3p°(GP) *Pdp°’s], 0.92 125286 12548529  1.54e-08  1.57e—08
32 3s23p’(D) 'D3d %Gy 0.92 127207  127127.1  4.73e-07  4.79e-07
33 3s23p*(ID) 'D3d %Gy, 0.92 127243 12712835 4.78e-01  4.87e-01
34 3?3p’GP)°P4p“D; ), 0.92 127613 127825.08  8.82¢-09  8.99¢—09
35 3s23p’GP) *P4p ‘D5, 0.92 127757  127976.34  8.78¢—-09  8.94e—09
36 3s23p’GP) *Pdp ‘D3, 0.92 128009 1282332 8.73e-09  8.89¢—09
37 3s*3p’GP)°P4p“Ds 0.92 128374 128599.16  8.69¢-09  8.85¢—09
38 3s23p>GP) *P4p P}, 0.92 129555  129787.83  7.14e-09  7.25¢—-09
39 3s73p’GP) ‘P4p iP5, 0.86 +0.04 35> 3p’3P) *P4p 4S° 129617  129858.18  7.01e=09  7.11e-09
40 3s°3p°GP) Pdp *Pg 0.88 + 0.03 3s% 3p>(3P) *P4p 2D° 129892 130134.16  7.23e-09  7.33e—09
41 3s23p’GP) *P4p *D5 0.81 + 0.09 3s% 3p*(}D) 'D4p ?D° 130468  130641.11  1.13e-08  1.13e-08
42 352 3p2(P) *P3d *Ps)» 0.76 + 0.10 3s 2S 3p*GP) *P + 0.03 3s* 3p>(3P) *P4d “P 130728  130602.21  1.10e-10  1.11e—10
43 373p°GP)P4pts]), 0.86 + 0.05 3s* 3p”GP) *P4p *P° 130749 131028.85 5.04e-09  5.16e—09
44 3s?3p’CP)3P3d4Psp 0.76 + 0.11 3s 28 3p*GP) *P + 0.03 352 3p*(3P) 3P 4d *P 130942 130818.85 1.10e-10  1.10e-10
45 3s23p°GP) *P4p?Dg,  0.79 +0.08 35> 3p°(3D) 'D4p °D° + 0.04 35> 3p>GP) *P4p “P° 131005  131187.19  1.11e-08  1.11e~08
46 3s?3p?CP) 3P3d *Py 0.76 + 0.11 3s S 3p*GP) *P + 0.03 3s* 3p*(3P) *P4d *P 131092  130948.94  1.09e-10  1.10e-10
47 3s°3p°GP)P4p Py, 0.83 + 0.06 3s* 3p*(}D) 'D 4p 2P° 133125 133268.68 8.01e—09  8.04e—09
48 3s73p’GP)P4p°P;, 0.82 + 0.08 3s% 3p*(;D) 'D 4p 2P° 133245 133399.97  8.00e-09  8.02¢—09

49 3s23p’(P)3P3d ’D;)y 0.72 + 0.11 352 3p?(AS) 'S 3d 2D + 0.04 35> 3p>(CP) *P4d *D 133387  133360.86 4.00e—-10  4.05e—10
50 3s?3p?(3P) °P3d 2Ds), 0.74 + 0.10 3 3p*(}S) 'S 3d D + 0.04 3s% 3p*(;P) *P4d D 133832 133814.84 3.72e—10 3.76e—10
51 3s23p?(}S) 'S 4s 28 )n 0.84 + 0.04 352 3p*(}D) 'D 3d 2S + 0.04 3p*(}S) 'S 4s 28 136386  136328.79 3.33e—-10  3.33e-10
52 3s? 3p?(3P) 3P 3d %Fs)» 0.41 +0.37 3> 3p*(}D) 'D 3d 2F + 0.11 3s* 3p°GP) *P4d °F 138586  138509.17 1.3le-10  1.32e-10
53 3s?3p?CCP) 3P3d %Fy )2 0.42 + 0.37 3s% 3p*(}D) 'D 3d 2F + 0.10 35> 3p>(3P) *P4d °F 138609  138527.98 1.29e-10  1.31e-10
54 3s23p*(ID) 'D3d %Py 0.79 + 0.07 3s% 3p*(3P) >P3d 2P + 0.03 3s? 3p?(;P) *P4d *P 140134 13984499  224e-10 231e-10
55 3s23p*(JD) 'D4p°F2 " 0.90 140197  140230.1  9.05e-09  9.11e—09

56 3s’3p’( D) 'D4p°F; ), 0.92 140289 14031923 9.01e-09  9.05e—09

Notes. Energy levels are given relative to the ground state. The states 65, 102, and 107 are indicated in bold. The labels for these levels were not
assigned with largest contribution to the composition.
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Table A.1. continued.
57 3s23p’(3D) 'D3d*P3p  0.79 +0.06 352 3p*(GP) *P3d *P + 0.02 3s* 3p’GP) *P4d P 140298  140016.77 222¢e-10  2.29e-10
58 3s23p’(;D) 'D4p DS, 0.80 + 0.08 3s* 3p>3P) P 4p °D° 140642  140708.89  6.76e—09  6.90e—09
59 3s*3p*(D) 'D4p*D5), 0.81 + 0.08 3s% 3p*(3P) 3P 4p 2D° 140688  140750.34  6.73e—09  6.88e—09
60 3s’3p°(D) 'D4p P}, 0.83 +0.053s>3p°GP) *Pdp *P° +0.02 35> 3p’GP) *P5p 2P° 143493 14348895  5.79e-09  5.86e-09
61 3s*3p*(}D) 'D4p°P;,  0.81 +0.07 35> 3p°GP) *P4p *P° +0.02 35> 3p’GP) P5p*P° 143613 14362356  5.79e-09  5.87e~09
62  3s?3p?’(ID) 'D3d 2Ds), 0.51 +0.19 352 3p%(!S) 'S 3d 2D + 0.10 3s S 3p*(!D) 2D 144308 14400942  2.02e-10 2.04e—10
63 3s23p’(ID) 'D3d D3 0.52 +0.16 3s2 3p(}S) 1S 3d 2D + 0.11 35 2S 3p*(ID) *D 144459 14414216 1.89e-10  1.90e—10
64 352 3p*(3P) *P4d ?P3 2 0.36 + 0.33 35 2S 3p*(3P) 2P + 0.13 3s% 3p?(CP) 3P 3d 2P 146144 14550574 1.71e-10  1.70e—10
65 3528 3p*(P) 2Py 2 0.33 + 0.35 3> 3p”(3P) "P4d 2P + 0.13 3s? 3p°GP) *P3d 2P 146549  145877.66  1.69e—10  1.69e—10
66 3s23p%(}S) 'S3d D3, 0.48 +0.15 352 3p?(GP) *P4d *D + 0.10 3s* 3p*()D) 'D3d?D 149188  148900.91  1.68e—10  1.69e—10
67 3s23p%([S) 1S3d2Ds;; 048 +0.133s? 3p*(GP) SP4d 2D + 0.11 362 3p?({D) 'D3d 2D 149194 14888657 1.6le-10  1.62e-10
68 3s?3p?(3P) P 5s 4Py n 0.91 149987  150258.51  2.36e-09  2.38e—09
69 3s2 3p?(3P) 3P 55 “P3)n 0.91 150251  150531.31  2.29e-09  2.32e-09
70 3s?3p?(3P) P 5s *Ps)n 0.92 150712 150996.41  2.24e-09  2.26e—09
71 352 3p?(3P) 3P 55 2Py 0.87 + 0.03 352 3p%(3P) 3P 4d 2P 151111 151383.81  1.16e-09  1.16e—09
72 3s?3p?(3P) 3P 5s 2P 0 0.87 + 0.03 3s% 3p*(3P) >P4d 2P 151623  151910.83  1.13e-09  1.13e—09
73 352 3p2(P) *P4d *F3), 0.89 151784  151959.69  4.28e-09  4.38e-09
74 3s?3p?(3P) 3P4d *Fs s 0.87 + 0.03 352 3p>(3P) 3P 4d *D 151917  152094.64  4.27e-09  4.37e—09
75 352 3p?CP) 3P4d *Fy 2 0.87 + 0.04 35> 3p>(3P) *P4d *D 152129 152305 428e-09  4.38e—09
76 3s?3p*(ID) 'D3d %S, 0.44 +0.25 3s 28 3p*([S) 28 + 0.13 352 3p?(}D) 'D4d %S 152302  151651.72  2.11e-10  2.12e-10
77 3s? 3p°CCP) 3P4d *Fo 2 0.91 152446 15261546  4.36e-09  4.46e—09
78 3s23p>(3P)3P4d ‘D n 091 152932 1531539  4.22¢e-09 4.27e-09
79 3s23p>(CP)3P4d “Ds)y 0.89 152974 153201.95 4.09e-09  4.14e-09
80 3s?3p?(GP) *P4d “Ds ), 0.87 + 0.03 352 3p*>(3P) P 4d *F 153054  153283.07 4.01e-09  4.06e—09
81 3s?3p?CCP) 3P4d Dy, 0.87 + 0.04 3s% 3p?(3P) *P4d “F 153185 15341374  4.53e—09  4.59¢—09
82 3s?3p?(3P) 3P4d *Ps )y 0.88 155684  155818.71 3.41le-10 3.4le-10
83 3s? 3p?CCP) 3P4d *P3)2 0.88 155893  156029.54 3.37e~10  3.37e-10
84 3s23p*GP) *P4d ?Fs;; 072 +0.12 35 3p?(ID) 'D4d *F + 0.06 35 3p>(1D) 'D3d?F 156019  156121.7  4.68e—10  4.73e-10
85 352 3p?CCP) 3P4d *Py 2 0.89 156022 156148.48 3.33e-10  3.33e-10
86 3s23p”GP) *P5p2S;, 078 +0.08 35> 3p()S) 'S4p *P° +0.03 35 3p’GP) *PSp °P° 156 104 1.50e-08  1.89e-08
87 3s23p*(jS) 'S4p 2Py, 0.69 +0.11 35> 3p*GP) *P5p *S° + 0.07 35* 3p>GP) *P5p *P° 156355  156167.04  8.90e-09  9.27e~09
88 352 3p*(;S) 'S4p 7P, 0.80 + 0.08 35> 3p*(3P) *P 5p 2P° + 0.04 3p*(}S) 'S 4p 2P° 156391  156276.83  8.29¢—09  8.42e—09
89 3s23p*GP) *P4d ?Fy;; 072 +0.11 35 3p?(ID) 'D4d ’F + 0.06 35 3p>(}D) 'D3d ?F 156502  156604.17 4.77e-10  4.82e—10
90 3s23p’GP) *P5p ‘D, 0.90 156588  156829.75 2.43e-08 3.21e-08
91 3s*3p’GP)°PSp D], 0.86 + 0.06 35> 3p>GP) *P 5p “P° 156687  156939.5  241e—08  3.23e-08
92 3s*3p’GP)°P5pDg), 0.86 + 0.06 35> 3p*(3P) *P 5p *P° 156917  157173.69  2.42¢e-08  3.27¢-08
93 3s23p°GP) *P5p P, 047 +0.39 357 3p°GP) *PSp *S° +0.053s*3p>GP) *P5p *D° 157274 157579.68  1.11e=08  1.40e-08
94 3s?3p’GP)’P5p ‘D5, 0.93 157303 15755877 2.46e—08  3.33e-08
95 3s°3p°GP)P5p Py, 0.89 + 0.02 3s? 3p*(3P) *P5p 28° 157388  157677.32  1.85e-08  2.46e—08
96 3s%3p”(3P) *P5p “P2 5, 0844007 3s23p*GP) *P5p “D° +0.02 352 3p?(GP) *P5p *D° 157738 158038.6  1.89e-08  2.52¢-08
97 3s23p”GP) *P5p S5, 0.50 +0.37 357 3p°GP) *PSp *P° + 0.03 35 3p”GP) *P5p*D° 157801  158118.75  9.94e—09  1.23e-08
98  3s?3p’GP)°P5p D3, 0.85 + 0.04 3s% 3p*(3P) *P 5p *P° 157947 158215.59  1.91e-08  2.60e—08
99 3s>3p>GP) *P5p *Dg 0.87 + 0.03 3s% 3p*(P) *P 5p *P° 158442 15871546  1.89e-08  2.56e—08
100 3s*3p*GP)°PSp?P},  0.79 +0.09 35 3p*(§S) ' S4p P° + 0.02 3s* 3p’GP) *P4p 2P° 159333 1.15e-08  1.51e—08
101 3s*3p>GP)°P5p°P;,,  0.80+0.08 35° 3p*(§S) 'S4p °P° +0.02 35° 3p°3P) *Pdp *P° 159504 1.18e-08  1.56e—08
102 3528 3p*(P) 2P3)2 0.18 + 0.31 38> 3p>(3P) *P4d 2P + 0.23 35 3p(GP) *P4d D 159564  158828.31  1.56e—10  1.56e—10
103 3s23p’GP)"P4f 'G5, 049 +0.26 35° 3p°(GP) *P4f °D° + 0.08 35> 3p’GP) *P4f *D° 159793 160104.11  3.24e-09  3.25e-09
104 3s5*3p’GP)°P4f*D5,  0.50 +0.19 35> 3p°GP) *P4f *G° +0.13 35° 3p°GP) P4 °G° 159818 1601289  3.29e-09  3.34e—09
105 3s23p>(3P)3P4d ’Ds), 0.71 + 0.08 3s? 3p*(}S) 1S3d 2D + 0.07 3s* 3p>GP) °P3d°D 159843  159492.83 2.90e-10  2.96e—10
106 3s23p(3P) 3P4d ?Ds)n 0.47 + 0.16 3s* 3p*(GP) *P4d 2P + 0.09 3s 2S 3p*GP) 2P 159935 15949594  2.11e-10 2.12e—-10
107 3s?3p’(;P) *P4f 2Dg o 040+041 3s?3p”(P) 'P4f 4G° + 0.12 35 3p’GP) *P4f “D° 159946  160258.03  3.24e-09  3.26e—09
108 3s*3p’GP)°P4f*G5, 040 +0.36 35> 3p°GP) *P4f *D° +0.17 35 3p°GP) P4f °G° 159975 16028424  3.26e-09  3.30e—09
109 3s23p?(P) 3P4d 2Py, 0.48 + 0.27 3s 2S 3p*(P) 2P + 0.05 35> 3p?CP) P 3d *P 160132 159283.66  1.29e-10  1.28e~10
110 3s?3p>GP)*P4f*Gj,, 070 +0.15 35> 3p>GP) *P4f 2G° + 0.08 35> 3p”GP) *P4f ‘F° 160134 160442.67  3.23e-09  3.21e-09
111 3823p’GP)°P4f*D3,, 041 +0.403s>3p>GP) *P4f °D° +0.12 35> 3p”GP) *P4f ‘F° 160149 16046224  3.30e-09  3.35¢-09
112 3?3p’GP)°P4f“Dg,,  0.62 +0.20 35> 3p>(JP) *P4f *D° + 0.05 35> 3p”GP) *P4f 2F° 160155  160467.51  3.29e-09  3.37e-09
113 3?3p’GP)°P4f G5, 0.58 +0.28 35> 3p>(G3P) *P4f *G° + 0.06 35> 3p”GP) *P4f *F° 160173 160483.16  3.50e-09  3.58¢—09
114 35*3p’GP) °P4f °Dg 0.47 + 0.46 3s% 3p>(3P) >P 4f “D° 160425 160733.68  3.28¢—09  3.36e—09
115 3s*3p*GP) °P4f “D; 0.93 160428  160733.68  3.22¢-09  3.30e-09
116 3s*3p°GP) *P4f UGy, ) 0.93 160522 160828.69  3.14e-09  3.10e—09
117 3s*3p*GP) *P4f °Gg , 0.75 +0.18 3s* 3p’GP) *P4f G° 160612 16092095 3.56e—09  3.67e—09
118 3s23p’GP)SP4f*F;,  0.81 +0.06 3s> 3p>(GP) *P4f 2D° + 0.06 352 3p(GP) *P4f “D° 160888  161221.05 3.33e-09  3.28¢—09
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Table A.1. continued.

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

3s>3p>GP) *P4f *Fg
352 3p>GP) *P4f °F5
3s>3p>GP) *P4f °F5
35> 3p>GP) *P4f °Fg
352 3p*3P) *P4f °F5
3s23p?(ID) 'D 55 2Ds»
3s23p*(D) 'D 55 D3y,
3528 3p(35) ’S 3d °D3
3528 3p’(35) 7S 3d °D5
3528 3p’(39) 7S 3d °D5
3528 3p*(35) ’$ 3d °Df
3528 3p’(35) 7S 3d °D5
3s?3p*(1D) 'D4d %Gy 2
3s23p?(ID) 'D 4d 2Gy >
3s23p*(ID) 'D4d °F;»
3s*3p*(UD) 'D 4d ?Fs)p

0.70 + 0.12 3s? 3p>3P) *P4f 2F° + 0.10 3s* 3p*(3P) 3P 4f D°
0.82 + 0.06 35> 3p?3P) P 4f “D° + 0.04 352 3p>(3P) P4f *G°
0.84 + 0.05 3s% 3p>3P) >P4f *G° + 0.04 352 3p?GP) *P4f 2G°
0.72 + 0.12 3s? 3p>(3P) *P4f “F° + 0.07 3s* 3p*(3P) 3P 4f D°
0.85 + 0.05 35 3p?GP) *P4f 2G°
091
091
0.94
0.94
0.94
0.94
0.94
091
0.92
0.75 + 0.09 3s2 3p2(3P) P 4d 2F + 0.03 352 3p>(3P) P 5d °F
0.76 + 0.10 3s* 3p*3P) 3P 4d °F + 0.03 3s? 3p*(;P) *P5d *F

160919
160992
161024
161059
161127
161595
161603
164076
164077
164 080
164 083
164 088
164185
164210
165008
165 084

161253.47
161329.65
161360.19
161386.45
161454.96
161733.1
161737.99

164 181.17
164268.79
164 337.61
164 232.36

3.40e-09  3.38e—09
3.32e-09 3.27e-09
3.34e—-09  3.29e-09
3.86e—09  4.03e-09
4.00e—09  4.23e—09
1.52e-09  1.53e-09
1.39e—09  1.40e-09
1.43e—-05  1.46e-05
1.08e-05 1.05e-05
2.13e-05  2.26e-05
9.17e—06  8.52¢—06
2.66e—05  2.30e—05
4.17e-09  4.23e-09
4.56e—09  4.62e—09
4.36e—10 4.43e-10
4.31e-10  4.38e—10

Table A.2. Wave function composition (up to three LS components with a contribution >0.02 of the total wave function) in LS -coupling and
energy levels (in cm™") for C1 IIL.

No. State LS -composition ERrciccv) ENisT T Ty

1 3523p°(39) *S3, 0.94 +0.03 35 28 3p*(3D) *D 3d *S° 0 0

2 3s>3p°(GD) °D3 0.93 18286 18052.46  1.82¢+02  1.83e+02
3 3s?3p°GD) *D3 0.93 18345 1811843  1.27e+03  1.35e+03
4 3s23p°(1P) *P} , 0.92 + 0.02 3p° 2P° 30117 29813.92  1.38e+00  1.41e+00
5 352 3p°(GP) °P5 0.91 +0.02 3p° 2P° 30200 2990645 6.91e-01  6.96e-01
6 35 28 3p*(CP) *Ps )2 0.83 + 0.12 352 3p*>(P) 3P 3d *P 98508 9852034  7.47e-09  7.17e—09
7 3528 3p*CCP) P30 0.83 + 0.13 3s2 3p(P) *P3d *P 99114 991314  7.37e-09  7.10e-09
8 3528 3p*GGP) 4Py 2 0.83 +0.13 3s? 3p>(3P) >P3d *P 99462 9947522  7.31e-09  7.05e—09
9 3s283p*(ID) *D3)2 0.67 + 0.23 35 3p>(1D) 'D3d 2D + 0.03 3s? 3p*(}S) !S3d*D 122392  122131.66 4.37e-09  4.21e—09
10 3s 28 3p*(ID) ?Ds)» 0.67 +0.23 35 3p>(1D) 'D3d 2D + 0.03 352 3p?(;S) 'S3d*D 122443 122179.8  448e-09  4.32e—09
11 3s23p?(CP) °P3d %P3, 0.60 + 0.26 3s 28 3p*GP) 2P + 0.07 3s? 3p?(AD) 'D 3d 2P 137180 2.62e—09  2.55¢—09
12 3s23p?(3P) *P3d 2P 2 0.60 + 0.26 3s 2S 3p*(3P) 2P + 0.07 3s? 3p*(JD) 'D 3d 2P 137920 2.52e-09  2.46e—09
13 352 3p?(CP) 3P 3d *F3 2 0.94 146611  146521.72  1.12¢e-06  1.08e—06
14 3s23p’GP)3P3d *Fs) 0.94 146835  146746.99  1.28e-06  1.29e-06
15 3s23p?(CP) 3P 3d *Fy )2 0.94 147165  147069.57 1.94e-06  1.99e-06
16 3s?3p’(GP) °P3d *Fon 0.94 147600 14749454 3.10e-01  2.98e—01
17 3528 3p*(}S) 2812 0.67 + 0.27 35 3p*(}D) 'D 3d S 150041 1.27e-09  1.23e-09
18 3s23p*(GP) *P3d*Ds;, 058 +0.20 352 3p?(AD) 'D3d °F + 0.15 35 3p’GP) *P3d 2F 151972 1518464  1.55e-07  1.54e—07
19 3s?3p*GP)3P3d*Dy) 0.93 151979  151944.55 4.10e-07  4.03e—07
20 3s23p’(3P)3P3d*Dj) 0.93 152038  151878.06  2.62e—07  2.59e—07
21 3s23p°(GP)3P3d*D7, 071 +0.13 352 3p2(ID) 'D3d 2F + 0.09 35> 3p(GP) *P3d 2F 152072 151951.64  1.22¢-06  1.16e—06
22 3s23p*(;D) 'D3d2Fspp 0.33 +0.353s% 3p>(GP) *P3d “D + 0.25 3s? 3p>GP) *P3d °F 152458 9.59e-08  9.52e-08
23 3s23p’(JD) 'D3d?F7, 041 +0.30 352 3p>(GP) *P3d °F + 0.22 352 3p>GP) *P3d *D 153210 1.57e-07  1.53e-07
24 3$23p’(JD) 'D3d %Gy 0.93 169 142 3.48e-07  3.50e-07
25 3s?3p*(D) 'D3d %Gy, 0.93 169202 2.05e-01  2.06e—01
26 352 3p?(3P) 3P 4s “Py)n 0.84 + 0.08 352 3p*>(P) *P3d *P 173576 17373528 1.42e—-10 1.4le-10
27 352 3p?(3P) P 4s “P3)n 0.82 + 0.10 352 3p?(3P) P 3d *P 173935  174093.02  1.28¢—10  1.28e—10
28 352 3p?(3P) P 4s “Ps)n 0.78 + 0.13 35> 3p*>(3P) °P3d *P 174478 17461176 1.08e—10  1.08e—10
29 352 3p?(3P) P 4s 2Py )p 0.87 + 0.02 3s 2S 3p*(CP) 2P + 0.02 3s? 3p*(!D) 'D 3d 2P 178291  178369.14  1.14e—10  1.12e—10
30 3s? 3p?(3P) 3P 4s P30 0.84 + 0.04 35 2S 3p*(3P) 2P + 0.03 3s? 3p?(1D) 'D 3d 2P 179006 1790752  1.05e—-10  1.04e-10
31 352 3p?(P) *P3d *Ps )2 0.67 + 0.15 352 3p?(CP) 3P 4s *P + 0.10 3s 2S 3p*(3P) *P 179918 179493.96 7.06e—11  7.02e—11
32 3s23p?(3P) 3P3d *P3)2 0.70 + 0.11 3s% 3p>(3P) *P4s *P + 0.10 35 2S 3p*GP) *P 180105  179662.15 6.38e—11  6.34e—11
33 3s23p’(3P) *P3d *Py 2 0.72 + 0.11 3s 2S 3p*GP) “P + 0.09 352 3p?(GP) *P4s *P 180253  179780.84 6.05e—11 6.0le—11
34 3s?3p?(3P) 3P 3d 2D3 ), 0.50 + 0.38 3s% 3p*(}S) 'S3d 2D 182507  182075.74  4.32e—10  4.29e-10
35 3s?3p?(3P) °P3d 2Ds ), 0.51 +0.38 3s% 3p2(}S) 'S3d 2D + 0.02 3s 2S 3p*(AD) D 183470 18304191 3.77e-10  3.73e-10
36 3s23p*(;D) 'D3d 2P32 0.49 + 0.33 35 2S 3p*CP) 2P + 0.07 352 3p>(CP) *P4s 2P 186809  185837.68 1.03e—10  1.0le-10
37 3s*3p*(ID) 'D3d ?Pip 0.54 + 0.32 3s S 3p*GP) 2P + 0.05 35> 3p*(P) *P4s *P 187208 186219.67 1.00e-10  9.9le-11

Notes. Energy levels are given relative to the ground state. (Level in NIST column flagged “?”” means that level/line may not be real; “[]” means
that level was determined by interpolation or extrapolation of known experimental values or by semiempirical calculation.). The states 45 and 46
are indicated in bold. The labels for these levels were not assigned with largest contribution to the composition.
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Table A.2. continued.
38 3s?3p*(ID) 'D4s *Ds)pn 0.83 + 0.07 3s* 3p*(}D) 'D 3d °D 188428  188389.53 1.25e-10 1.24e-10
39 3s?3p*(ID) 'D4s 2D3p2 0.82 + 0.06 35 3p*({D) 'D 3d ?D 188490 188447.52 1.27e-10 1.27e-10
40 3s?3p*(ID) 'D3d *Ds)n 0.49 +0.13 3s 28 3p*(1D) D + 0.09 3s* 3p*(D) 'D 4s D 195683 19495879 8.4le-11 8.33e-11
41 3s*3p*(ID) 'D3d 2D3)» 0.54 + 0.15 3s 28 3p*(ID) 2D + 0.09 352 3p*(!D) 'D 4s 2D 196011 19526776  8.02e—11  7.94e-11
42 3s?3p?(CP) °P3d ?Fs), 0.48 + 0.36 3s* 3p*(}D) 'D 3d 2F + 0.03 35> 3p>GP) *P4d °F 196688 19613722 4.24e-11 4.23e-11
43 3s23p’(3P)3P3d %Fqpn 0.50 + 0.37 3s* 3p*(1D) 'D 3d 2F + 0.03 3s? 3p>(;P) *P4d °F 196724 196153.36  4.18e—11 4.18e—11
44 3s23p’GP)’P4p sy, 0.92 197580 2.85¢-09  2.87e-09
45 3s283p*(CP) 2Py 2 0.27 + 0.30 3s% 3p>(3P) *P3d 2P + 0.27 3s? 3p*(1D) ' D 3d ?P 199748 19883525 5.00e—11 4.94e—11
46 3s 28 3p*3P) 2P3)2 0.25 + 0.31 3s% 3p*(}D) 'D 3d 2P + 0.30 35> 3p*(3P) *P3d *P 199855 198983.79 5.08e—11 5.02e—11
47 3s23p*GP) *P4p DS 2 0.92 200890 20107241 1.77e-09  1.80e—09
48 3s*3p’GP)*P4p D3, 0.92 201139 20133092 1.77e-09  1.79e-09
49 3s23p%(ID) 'D3d %Sy, 0.45 + 0.26 35 3p(}S) 'S 4s 28 + 0.15 3s 28 3p*(}S) S 201480 529e—11 5.24e-11
50 3s*3p°(P) *P4p ‘D), 0.92 201568 201763.86 1.76e-09 1.78e—09
51 3s23p’GP) *P4p ‘D3, 0.92 202176 20236662 1.75e-09 1.78¢-09
52 3s*3p’GP)°P4p Py, 0.92 203807 204021.26  1.67¢-09  1.69e-09
53 3s?3p*GP)*P4p P, 0.85 +0.04 3s? 3p?3P) *P4p *S° + 0.03 3s* 3p’GP) *P4p °D° 203902 204124.04 1.68¢-09 1.70e—09
54 3s23p’GP) Pdp *Pg, 0.84 + 0.06 35> 3p>GP) *P4p 2D° 204320  204540.95 1.72e-09  1.74e—09
55 3s23p’GP) *P4p D5, 0.76 + 0.14 35 3p*(}D) 'D4p 2D° + 0.03 3s? 3p>GP) *P4p *P> 204903  205036.99 2.59e—09  2.59e—09
56 3s*3p*GP)°P4p’s; , 0.87 + 0.05 3> 3p>(3P) *P4p *P° 205705 205938.06 1.49e-09 1.51e—09
57 3s*3p’(GP) *P4p D, 0.72 +0.12 35> 3p?(JD) 'D4p 2D° + 0.08 352 3p>GP) *P4p “P° 205802 205946.9? 2.52¢-09 2.53e—09
58 3s?3p2(}S) 'S3d %Ds), 0.40 + 0.28 35> 3p*(3P) *P3d 2D + 0.09 35> 3p*(}D) 'D 3d °D 206010 4.67e-11  4.65e—11
59 3s%3p%(}S) 'S3d %Dy, 0.42 +0.29 3s% 3p?(;P) *P3d 2D + 0.08 35> 3p>(1D) 'D 3d *D 206251 473e—11 4.7le-11
60 3s*3p*GGP) *P4p °P] 0.80 +0.10 3s* 3p*(;D) 'D 4p 2P° 208929 20904287 2.18¢-09 2.19e-09
61  3s?3p°(P) *P4p 2P} 12 0.78 + 0.12 35 3p*(}D) 'D 4p 2P° 209054 20918287 2.18e-09 2.19e-09
62 3s23p(}S) 1S4s %Sy 0.65 +0.17 35 3p?(JD) 'D 3d 2S + 0.09 3s 2S 3p*(}S) S 210651 1.81e-09  1.75¢-09
63 3s2S3p*(3S)°S3d °D; P 0.97 212608 3.79e—06  3.63e—06
64 35°S3p’(39)°S3d DS, 0.97 212608 5.48¢-06  5.56e—06
65 3s2S3p’(35)°S3d°Df 0.97 212616 3.24e-06  3.06e—06
66 3s2S3p’(39) ’S3d °D5 0.97 212620 1.07e-05  1.14e-05
67 3s2S3p’(39) ’S3d °Dj 0.97 212654 3.05¢-05 2.52¢-05
68  3s’3p’(}D) 'D4p °Fg 0.91 +0.02 3s 2S 3p>GP) >P3d 'D 4p °F° 216534 216524.6? 1.96e-09 1.98e—09
69  3s*3p’(D) 'D4p °F5 , 0.92 +0.02 3s S 3p>GP) *P3d 'D4p °F° 216726 21671047 1.95¢-09 1.96e-09
70  3s?3p’(}D) 'D4p *Dg 12 0.77 + 0.14 3s? 3p°3P) *P4p °D° 217852 21785022 2.04e-09 2.06e—09
71 3s*3p’(3D) 'Ddp D3, 0.77 + 0.14 3s? 3p*3P) *P4p 2D° 217923 217913.12 2.04e-09  2.06e-09
72 3s*3p’(D) 'D4p ’P} , 0.79 + 0.10 3s* 3p>GP) *P4p P° 221952 22186297 1.86e-09 1.88¢-09
73 3s?3p*(D) 'D4p *P5), 0.75 + 0.12 35> 3p*(3P) *P4p *P° 222175 222100.7? 1.93e-09 1.96e—09
74 3p° %P5, 0.40 + 0.35 3s 28 3p*(3D) *D3d P° + 0.06 35 2S3p>(GP) P3d 2P° 230878  292470[] 1.71e=09  1.66e—09
75 Il 0.39 +0.35 3s 2S 3p> (D) *D 3d 2P° + 0.06 35 2S 3p>(*P) P3d 2P° 231746  293540[] 1.86e—09 1.81e-09
76 3s2S3p’(39)’S3d D5,  0.45+0.403s >S3p°(GD) *D3d *D° +0.04 35* 3p *P3d°GF) “D° 233460 8.10e-09  7.93e-09
77 3s°S3p’(39)°S3d“DZ,  0.45+0.40 35 >S3p’(3D) *D3d “D° + 0.04 35> 3p *P3d°(F) *D° 233478 7.76e-09  7.61e—09
78 3s2S3p’(39)°S3d D5,  0.45+0.403sS3p’(3D) *D3d *D° +0.04 35° 3p °P3d°GF) *D° 233522 7.57e=09  7.45¢-09
79 3s2S3p’(39)’S3d*Df,  0.45+0.403s*S3p’(3D) *D3d *D° +0.04 35° 3p °P3d’°GF) *D° 233578 7.45e-09  7.35¢-09
80  3s23p>(P)3P4d *F;), 0.91 239418 239506372 1.49e-09 1.58e-09
81  3s23p>(3P) 3P4d *Fs)» 0.90 + 0.03 352 3p>(3P) 3P4d “D 239640 239729.9? 1.49e-09 1.58e—09
82 3s23p>(P)3P4d *Fy)p 0.89 +0.03 3s* 3p>(;P) *P4d “D 239991 24007527 1.50e-09 1.58e—09
83 3s23p>(P) 3P4d *Fy, 0.93 240490 240568.4? 1.51e—09 1.60e—09
84  3s23p’(3P)3P4d “Dyp 0.88 + 0.04 3s* 3p’3P) *P4d °P 241426 24155947 1.33e-09 1.38¢—09
85  3s23p’(3P)3P4d “Ds)n 0.80 + 0.06 3s2 3p>(3P) P 4d 2P + 0.06 3s2 3p>(3P) P 4d *P 241445 24157247 1.17e-09 1.21e-09
86  3s23p’(3P)3P4d “Ds), 0.76 + 0.14 35> 3p?GP) *P4d *P + 0.03 3s? 3p?;P) *P4d *F 241557 241685.1?7 1.13e-09 1.16e—09
87  3s?3p°GP)°P4d *Dyp 0.88 + 0.03 3s* 3p*P) *P4d *F 241904 24204622 1.50e-09 1.57e-09
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Table A.3. Wave function composition (up to three LS components with a contribution >0.02 of the total wave function) in LS -coupling and
energy levels (in cm™") for Ar IV.

No. State LS -composition Ercicv) ENisT T Ty

1 3s23p°(39) *s3, 0.95 +0.03 3s 28 3p*(3D) *D 3d *S° 0 0

2 3s23p°GD) *D5 0.93 21309 21090.6 4.27¢+01 4.28¢+01
3 3s>3p°(3D) *D3 0.94 21433 21219.8  5.13e+02  5.30e+02
4 3s23p°(1P) °P} , 0.93 35210 348546 6.08¢-01  6.09e—01
5 352 3p°(1P) *P3, 0.92 35372 350324 273e-01 2.73e-01
6 35 28 3p*(P) *Ps)n 0.85 + 0.12 352 3p?(3P) P 3d *P 118023  117563.4  4.09e—09  3.80e—09
7 3528 3p*GP) P32 0.84 + 0.12 352 3p*>(3P) P 3d *P 118971 1185157 4.02e-09 3.75e-09
8 35 2S3p*GGP) “Pi 2 0.84 +0.12 3s? 3p*(3P) >°P3d *P 119508  119043.1 3.98e-09 3.71e—09
9 3s 28 3p*()D) *D3)2 0.70 + 0.21 3s* 3p*(}D) 'D 3d 2D + 0.03 3s? 3p*(}S) 'S 3d 2D 146525 1459212 2.17e-09 2.02e—-09
10 3s 28 3p*(ID) 2Ds)» 0.70 + 0.21 3s* 3p*(}D) 'D 3d 2D + 0.03 3s* 3p*(}S) 'S 3d °D 146603  145999.4  2.23e-09 2.07e—09
11 3s23p?(CP) *P3d ?P3)2 0.55 + 0.32 3s 2S 3p*(3P) 2P + 0.07 3s? 3p>(\D) 'D 3d *P 166719  166356.4 1.01e-09 9.54e-10
12 3s23p?GP)°P3d Py, 0.55 + 0.32 35 2S 3p*(3P) 2P + 0.06 3s? 3p*(}D) 'D 3d ?P 167826 1674446  9.85e-10 9.27e-10
13 3528 3p*(}S) 2812 0.72 + 0.23 3s* 3p*(}D) 'D 3d 2S 178782 1778325  6.65¢—10 6.30e—10
14 3s?3p?(CP) °P3d *F3 2 0.95 180820  180682.5 4.56e—-07 4.37e—07
15 352 3p?(3P) 3P 3d *Fs), 0.94 181169  181031.8 6.05e-07 6.00e—07
16 3s23p?(3P) *P3d *Fy)n 0.94 181686 1815333  1.07e-06 1.11e-06
17 352 3p?(3P) 3P 3d *Fy 2 0.95 182360  182195.6  1.40e-01 1.36e-01
18 3s23p%(iD) 'D3d %Fs, 0.38 + 0.30 35 3p*(3P) *P3d *D + 0.26 3s* 3p*(3P) *P3d °F 187234 1.91e-07  1.92e-07
19 3s23p?(3P) 3P3d “Dy 2 0.94 187477  187290.4  1.54e-07 1.48e-07
20 3s23p?(3P) *P3d D72 0.59 + 0.21 3> 3p*(}D) 'D 3d 2F + 0.14 3s? 3p?(GP) *P3d °F 187506  188824.5 5.55e—05 4.31e—05
21 3s23p?(3P) 3P3d “Ds )2 0.94 187575 1873975 1.19e-07 1.17e-07
22 35 3p*(;P) *P3d “Ds), 0.64 + 0.18 352 3p>(ID) 'D 3d °F + 0.13 3s? 3p>(CP) 3P 3d °F 188019  187821.3 1.18e—07 1.18e—07
23 3s?3p*(ID) 'D3d 2y, 0.35 + 0.35 3> 3p?(;P) *P3d “D + 0.24 3s* 3p’(;P) *P3d °F 189057 7.89e—-07  7.76e—07
24 3s23p%(ID) 'D3d 2Gypn 0.94 208246  207760.7 1.93e-07 1.94e-07
25 3s*3p*( D) 'D3d %Gy, 0.94 208374  207859.3 1.26e-01 1.24e-01
26 3s23p?(3P) *P3d *Ps)» 0.81 +0.11 3s 28 3p*(3P) *P 221139  220786.8 3.07e-11 3.05e—11
27 3s23p?(CP) 3P 3d *P3), 0.80 + 0.11 3s 28 3p*(CP) *P 221654 2213009 3.05e-11 3.03e—11
28 3s23p’GP)*P3d 4Py, 0.81 +0.11 3s 2S 3p*(;P) “P 222001 2216274 3.03e-11 3.0le-11
29 3528 3p*(CP) 2P32 0.4 + 0.36 35 3p*(1D) 'D3d 2P + 0.09 352 3p>3P) *P 3d 2P 223805  222956.1 4.46e—11 4.36e—11
30 3s 28 3p*GGP) 2P12 0.43 + 0.41 3> 3p*(JD) 'D 3d 2P + 0.08 35> 3p>(;P) *P3d *P 224891 2240193 44le-11 4.32e-11
31 3s23p?(}S) 1S 3d 2D3 s 0.46 + 0.41 32 3p(3P) 3P 3d 2D + 0.02 3s 28 3p*({ D) 2D 225349 2.73e-10  2.69e—10
32 352 3p%(}S) 'S3d D5, 0.47 + 0.42 35 3p*(3P) *P3d ?D + 0.03 3s 2S 3p*(}D) *D 226733 2.65e-10 2.61e—10
33 3s?3p*( D) 'D3d ?Ds, 0.64 + 0.16 3s 2S 3p*(1D) 2D + 0.06 352 3p*(}S) 'S 3d *D 239358 238674  3.84e—11 3.80e—11
34 3s*3p*( D) 'D3d2Dsp, 0.65 + 0.17 3s 2S 3p*(ID) 2D + 0.05 352 3p>(;P) *P3d *D 239738 239050  3.69e—11 3.65e-11
35 3s?3p*(ID) 'D3d 2Py, 0.44 + 0.30 352 3p?(CP) 3P 3d 2P + 0.15 3s 2S 3p*(3P) 2P 246701 3.64e—11 3.59-11
36 3s?3p*(ID) 'D3d %P5, 0.47 + 0.30 3s% 3p*(3P) *P3d 2P + 0.14 3s 2S 3p*(;P) 2P 247150 3.66e—11 3.6le—11
37 3s?3p*GP) *P3d %Fsp, 0.53 + 0.37 352 3p*(D) 'D3d °F 247182 246628  2.6le—11 2.6le-11
38 3s23p’GP) *P3d *Fyp 0.54 + 0.37 3s* 3p*(D) 'D 3d °F 247316 246737.6  2.6le-11 2.6le-11
39 3s?3p*(ID) 'D3d %Sy, 0.48 + 0.27 35> 3p(3P) *P4s *P + 0.14 35 2S 3p*(}S) %S 250005 53le—11 5.26e-11
40 3s?3p?(3P) 3P 4s *Py 2 0.66 + 0.20 3s” 3p*(JD) 'D 3d 2S + 0.06 3s 2S 3p*(}S) S 250061 2502152 1.14e-10 1.13e-10
41 3s% 3p°(CP) 3P 4s *P3)5 0.92 250721  250902.16 4.87e-10 4.81e-10
42 3s23p2(3P) *P4s *Ps), 0.93 251782  251967.35 4.85e-10 4.79e-10
43 3s% 3p°(CP) 3P 4s 2Py 5 0.91 255973  256087.8 1.19e—10 1.18e—10
44 3s23p2(3P) *P4s 2P3), 0.91 257213 25734358 1.17e-10 1.16e-10
45 352 3p2(3P) 3P 3d ’Ds)» 0.43 + 0.35 352 3p2(}S) 'S 3d 2D + 0.07 3s* 3p*(}D) 'D 3d 2D 257224 29le-11  2.90e-11
46 352 3p*(3P) *P3d *Ds, 0.43 + 0.37 3s% 3p*(}S) 'S3d 2D + 0.05 35> 3p*(JD) 'D 3d °D 257667 2.93e—11 2.92e-11
47 3s283p’(45)°S3d D3, 0.98 259721 1.72e-06  1.65¢—06
48 3s°S3p’(§S)°S3d°D; , 0.98 259730 1.47e-06  1.38¢-06
49 3s283p*(3S)>S3d °DS 1 0.98 259731 2.42e-06 2.41e-06
50 3s2S3p’(39)°S3d°Dsg ), 0.98 259755 4.51e-06  4.67e—06
51 3s°S3p’(§S)°S3d °Dj ), 0.98 259799 1.12e-05  9.38¢-06
52 3s?3p’(ID) 'D4s ’Ds), 0.92 + 0.02 3s 2S 3p*(3P) 2P 3d 'D 4s 2D 267750 2677413 2.31le-10 2.29e-10
53 3s?3p*(ID) 'D4s 2Ds), 0.92 +0.02 3s 28 3p>(;P) >P3d 'D4s °D 267774 267762  2.29e—10 2.26e—10
54 3p° %P5, 0.48 +0.34 35 S 3p*(3D) D 3d >P° + 0.06 3s S 3p>}P) "P3d 2P° 275778 1.01e-09  9.51e-10
55 3p° 2PS, 0.47 +0.35 3s S 3p*(3D) *D 3d *P° + 0.06 3s S 3p>GP) *P3d ?P° 277251 1.04e-09 9.78e—10

Notes. Energy levels are given relative to the ground state. The states 57 and 58 are indicated in bold. The labels for these levels were not assigned
with largest contribution to the composition.
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Table A.3. continued.
56 3s23p°GP) *P4p 7S] 0.92 280888 9.69¢-10  9.64e—10
57 35283p’(39)’S3d *Dy,,  0.24 +0.45 35> 3p>(GP) *P4p *D° + 0.20 35 S 3p°(GD) *D3d “D° 283959 1.17e-09  1.17e—09
58 3s?S3p’(39)7S3d*D3,  0.28 +0.36 35> 3p>(GP) *P4p *D° +0.25 35 >S3p°(GD) *D3d *D° 284080 1.46e-09  1.47e-09
59 3s°S3p’(39)7°S3d*Dg,  0.33+0313sS3p’°(GD)*D3d “D° +0.23 35> 3p’JP) *P4p “D° 284232 2.15e-09  2.16e—09
60 3s2S3p’(3S)S3d*D3,  0.37+0.363s 2S3p’°(GD) *D3d “D° + 0.14 35> 3p>(3P) *P4p *D° 284368 3.40e-09  3.39e—09
61 3s?3p*GP) *P4p*D;,,  0.47+0.2535S3p*(3D) *D3d *D° + 0.18 35 S 3p>(3S) S 3d *D° 286149  285956.2 9.93e-10  9.90e-10
62 3s?3p’GP) *P4p*D3,  0.56+0.20 35 °S3p’(3D) *D3d *D° + 0.14 35 S 3p>(35) S 3d *D° 286336 286224.5 8.45e-10 8.43e-10
63 3s?3p°GP) *P4p ‘D3,  0.68 +0.14 35 >S3p°(3D) *D3d *D° +0.08 35 °S3p’(§S) °S3d “D° 286778  286747.8 7T.lde-10 7.14e-10
64 3s23p°GP) *P4p D5, 079 +0.09 35 7S 3p*(3D) *D3d *D° + 0.04 35 2S3p*(§S) °S3d “D° 287525 287550.8 6.38e-10 6.38e-10
65 352 3p?(CP) 3P4p P° 0.92 289025 2891223 542e-10 5.43e-10
66 3s? 3p2ép) 3p4p 4P‘31’Z 0.80 + 0.06 3s% 3p>(3P) *P4p 2D° + 0.04 352 3p?(GP) 3P4p *S° 289132 2892339 5.58e—10 5.58e—10
67 3s%3p>()S) 'S4s 281 0.90 + 0.03 3p*(}S) 'S4s 28 289489 2.27e-10  2.25e-10
68 3s>3p°,P) *P4p ‘PY 0.78 + 0.10 3s% 3p*(3P) *P4p 2D° + 0.04 352 3p?(}D) 'D 4p D° 289727 2898305 5.70e—10 5.70e—10
69 352 3p>(GP) *P4p *D3 0.68 + 0.17 3s% 3p*(}D) 'D4p 2D° + 0.07 35 3p>CP) 3P 4p *P° 290224 290251.5 8.10e-10 8.02e-10
70 3s2S3p’GD)°D3dF;, 070 +0.153s >S3p*(}P) *P3d *F° + 0.1 3s? 3p *P3d*GF) “F° 291322 5.69¢—09  5.36e-09
71 3s°S3p’GD)°D3d*F;,  0.69 +0.14 35 >S3p’(}P) *P3d *F° +0.11 3s* 3p *P3d*GF) “F° 291519 5.02e—09  4.76e—-09
72 352 3p’(GP) *P4p *Dg 0.62 + 0.14 35 3p*(JD) 'D4p 2D° + 0.14 35> 3p>CP) 3P 4p *P° 291628 291663.1 7.95e-10 7.88e—10
73 3s*3p°GP) *P4p S5, 0.86 + 0.05 35 3pGP) *P4p “P° + 0.02 35 2S3p>(4S) 5S4s #S° 291667 291744  5.64e-10 5.60e—10
74 3s?S3p’GD)°D3d'F;,  0.71+0.143sS3p’(7P) *P3d *F° + 0.1 35 3p *P3d*GF) “F° 291804 5.87e—09  5.52e—09
75 3s 28 3p*(GD) *D 3d *F; P 0.72 + 0.14 3s 2S 3p>(3P) *P 3d *F° + 0.11 35> 3p 2P 3d*CF) *F° 292173 6.02e—09  5.66e—09
76 352 3p°GP) *P4p P} 0.75 +0.14 3s* 3p?(3D) 'D 4p 2P° + 0.02 3s* 3p>(}S) 'S 4p 2P° 295743 2956702 6.98¢—10 6.89¢—10
77 3s>3p°GP) *P4p °P3 0.73 +0.17 3s* 3p*(}D) 'D 4p 2P° 295849 2958022 7.03e-10 6.94e-10
78 352 3p>()D) 'D4p °F5 0.91 +0.02 3s 2S 3p?(3P) 2P 3d 'D 4p 2F° 303802 3036654 6.34e—10 6.32e—10
79 3s23p’(D) 'D4p°F; ), 0.92 + 0.02 3s S 3p>(GP) >P3d 'D4p °F° 304125 303989.1 6.29e-10 6.28e-10
80 3s°S3p’(GD)’D3d?S{,  0.61+0.183s*3p *P3d°(3P) °S° +0.17 3s >S3p°(3D) 'D3d *S° 304259 2.52e-09  2.40e-09
81 3s>3p°(,D) 'D4p °Dg 0.71 +0.18 3s? 3p*(3P) 3P 4p 2D° 306032 305827.4 7.72e—10 7.52e—10
82 3s°3p’(3D)'D4p D3, 0.72 +0.17 3s* 3p>3P) *P4p °D° 306112 305899.6  7.65¢—10  7.46e-10
83 3s°S3p’(GD)’D3d*Gg, 0.88 +0.07 3s% 3p 2P 3d*GF) *G° 306552 2.17e-09  2.04e-09
84  3s283p°(GD)*D3d*GS P 0.88 + 0.07 3s* 3p 2P3d°CGF) “G° 306623 2.19e-09  2.06e—09
85  3s2S3p’°(GD)’D3d*Gj), 0.88 + 0.07 3s* 3p 2P 3d*3F) “G° 306732 221e-09  2.08e-09
86  3s2S3p’(GD)’D3d ‘G, , 0.88 +0.07 3s% 3p 2P 3d*GF) *G° 306871 2.23e-09  2.09e—09
87 3s?3p>()D) 'D4p °P] 0.76 + 0.14 35> 3p*3P) *P4p 2P° 312019 4.92e-10 4.85e-10
88 3s*3p>(3D) 'D4p *P5 0.71 +0.17 3s* 3p*P) *P4p 2P° 312497 4.95e-10 4.88e-10
89 3s2S3p’°(GD)’D3d’G;), 0.80 + 0.15 352 3p 2P 3d(}G) 2G° 317986 5.06e—09  4.74e—09
90  3s?S3p’°(3D)°D3d°Gg ), 0.80 + 0.14 3s% 3p 2P 3d*(1G) *G® 318047 5.29¢-09  4.93e-09
91 3s°S3p’(GP)’P3d D],  0.37+0.303s2S3p’°(GD)*D3d *D° +0.18 35 °S3p’(§5) °S3d “D° 324720 3.76e-10  3.72e-10
92 3s283p*(3P) *P3d 4Dg/2 0.35 +0.29 3s 28 3p°(3D) *D3d *D° + 0.18 35 2S 3p*(4S) 35S 3d *D° 324958 3.72e—-10  3.68e-10
93 3s’S3p’(GP)°P3d*DZ, 033 +0.283s2S3p’(3D) *D3d “D° +0.17 35 S 3p’(35) S 3d *D° 325417 3.66e—10  3.61e-10
94 3s2S3p’(GP)°P3d*P],  0.73+0.1235°3p °P3d°(GP) *P° +0.11 35 2S3p°(GD) *D3d *P° 326067 7.89e-10  7.72e-10
95 3s283p*(3P) °P3d “Ds n  036+0303s 283p°(GD) *D3d *D° + 0.19 35 28 3p*(4S) 35S 3d *D° 326249 3.40e-10 3.36e—10
96 35 28 3p°(1P) *P3d P, 0.69 +0.11 3s? 3p 2P3d*(3P) “P° + 0.08 3s S 3p°(D) *D3d *P° 326277 5.84e—10 5.73e-10
97 3s?S3p’(GP)°P3d*Py,  0.48+0.143s >S3p’((P) *P3d *D° + 0.08 35> 3p *P3d°(}P) *P° 326678 5.25¢-10 5.16e—10
98 3s283p*(3P) °P3d ZDg/z 0.41 +0.13 35 3p 2P3d*CGF) 2D° + 0.11 35 2S3p*(D) 'D3d 2D° 326881 7.97e-10  7.78e-10
99 352 3p*()S) 'S 4p P}, 0.87 +0.03 3p*(}S) 'S 4p 2P° 327235 6.24e-10 6.21e-10
100 3s73p°(;S) 'S4p °P5 0.87 + 0.03 3p*(}S) 'S 4p 2P° + 0.02 3s? 3p*(}D) 'D 4p 2P° 327351 6.18e—10 6.14e—10
101 3s°S3p°(jP)°P3d°Dg,  0.30+0.28 35S 3p°(GP) *P3d *P° +0.09 35> 3p *P3d°GF) *D° 327371 5.88e—10 5.76e—10
102 3s2S3p’(GP)*P3d*F;, 077 +0.153s2S3p°(GD) *D3d “F° + 0.03 3s* 3p’GP) *P4f “F° 329302 7.89e-10  7.52e-10
103 3s’S3p’(GP)*P3d*F;,,  0.76+0.16 35 S 3p°(3D) *D3d *F° + 0.03 35> 3p’GP) *P4f *F° 329535 7.53e-10  7.19¢-10
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