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ABSTRACT

Electron impact collision strengths, energy levels, oscillator strengths and spontaneous radiative decay rates
are calculated for Ca IX. We include in the calculations the 33 lowest configurations in the n = 3,4,5
complexes, corresponding to 283 fine structure levels in the 3130’, 314]” and 341" configurations, where
LU =s,p,d,l"” = s,p,d, f and I" = s,p,d, f,g. Collision strengths are calculated at five incident energies
for all transitions: 5.8, 13.6, 24.2, 38.6 and 57.9 Ry above the threshold of each transition. An additional
energy, very close to the transition threshold, has been added, whose value is between 0.0055 Ry and
0.23 Ry depending on the levels involved. Calculations have been carried out using the Flexible Atomic
Code and the distorted wave approximation. Excitation rate coefficients are calculated as a function of
electron temperature by assuming a Maxwellian electron velocity distribution. Using the excitation rate
coefficients and the radiative transition rates calculated in the present work, statistical equilibrium equations
for level populations are solved at electron densities covering the 108-10'* cm™3 range and at an electron
temperature of log T, (K)=5.8, corresponding to the maximum abundance of Ca IX. Spectral line intensities
are calculated, and their diagnostic relevance is discussed.
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Introduction

In recent years, we have been pursuing a program to calculate atomic data and transition rates for ions whose
lines have been observed in astrophysical spectra, and yet have been neglected in the literature. There are two
types of such ions: those for which a large number of calculations are available for low-energy configurations,
but whose high-energy configurations have not been considered (i.e. C-like, N-like, O-like systems to name
a few); or ions that have never or only seldom been studied. In the present work we focus Mg-like Ca, or
Ca IX, which belongs to the second class of ions. This ion emits a number of allowed transitions in the
EUV and soft X-ray ranges, some of which have been observed over the years in Extreme Ultraviolet solar
spectra from quiet and active solar plasmas (Behring et al. [1], Dere [2], Vernazza & Reeves [3], Feldman
et al. [4], Curdt et al. [5,6,7], Parenti et al. [8]). Laboratory measurements of Ca IX lifetimes were carried
out by Trabert et al. [9], while energy levels were determined in several laboratory experiments by Parker
& Phillips [10], Fawcett [11], Ekberg [12], Litzen & Redfors [13], Redfors [14] and Churilov et al. [15].

Some of the Ca IX can be used to form strongly density and temperature sensitive intensity ratios that can
be applied to the measurement of the plasma parameters of solar and stellar plasmas. The strongest line in
the Ca IX spectrum can also be used for emission measure and element abundance studies. Configurations
with principal quantum number n = 4, 5 emit a number of lines in the soft X-rays between 45 and 80 A that
can also be used for plasma diagnostics.

Calculations of wavefunctions, level energies and radiative decay rates of Ca IX are relatively abundant in
the literature, both as part of larger-scope calculations of data along the Mg-like sequence, or specifically
dedicated to Ca IX. These calculations have been carried out by a number of authors using different tech-
niques and atomic model (Fawcett [16], Kastner et al. [17], Christensen et al. [18], Tayal [19], Godefroid
[20], Froese Fischer et al. [21], Stanek et al. [22], Zou & Froese Fischer [23], Tayal [24], Safronova et al. [25],
Aashamar [26], Karpuskiene et al. [27]). Most of the calculations provided data only for levels in the n =3
complex, but a few of them also included some n = 4 levels (Kastner et al. [17], Christensen et al. [18],
Froese Fischer et al. [21], Aashamar [26], Karpuskiene et al. [27] and Tayal [24]). None of these authors
provided data for n = 5 configurations.

Considerable attention has also been paid to the hyperfine-induced transitions from the 3s3p 3Py, and
several calculations have been devoted to determine their A values (Marques et al. [28], Brage et al. [29],
Kang et al. [30,31] and Andersson et al. [32]). One-photon radiative decays from the metastable >Pg
level can have consequences for the overall Ca IX level population and provide excellent density diagnostic
intensity ratios.

Contrarily to radiative rates, the available datasets of electron impact excitation rate coefficients for Ca IX
are surprisingly scarce. To our knowledge, the only complete dataset of collision strengths for 16 fine structure
levels has been published by Christensen et al. [18]. No collision data have ever been published for the entire
n = 4 complex, and none for any of the n = 5 levels. Furthermore, the available collision rate coefficients
for the n = 3 complex are not complete.

The aim of the present work is to provide a complete dataset of energy levels, A-values and electron collisional
excitation rates for Ca IX that allows to predict the spectrum of this ion and use it for plasma diagnostic
purposes. We include all levels in the n = 3,4,5 complexes. While the present results are redundant for
most of n = 3,4 A values, they provide the first complete and up-to-date dataset that allows the calculation
of spectral line intensities for all lines within the entire n = 3,4, 5 complexes. We also discuss the diagnostic
relevance of the strongest Ca IX lines.

Atomic data

To calculate a complete set of atomic data and transition rates and to assess its accuracy, we have used two
suite of codes: the Flexible Atomic Code (FAC) by Gu [33] and the University College London (UCL) suite
of codes (Eissner et al. [34]).



Acronym  Source

PP40 Parker & Phillips [10]
F70 Fawcett [11]

ET1 Ekberg [12]

EB76 Edlen & Boden [35]
F76 Fawcett [36]

LR87 Litzen & Redfors [13]
R88 Redfors [14]

C89 Churilov et al. [15]
Co4 Curdt et al. [7]

Table A. Literature sources where measured level energies are taken.

Lower Upper levels
Level E’=0.0055 E’=0.022 E'=0.10 FE’=0.23

1 2-4 5-45 46-283
2 3-4 ) 6-64 65-283
3 4 ) 6-64 65-283
4 ) 6-64 65-283

Table B. Values of the energy E’ used for the FAC electron-ion scattering calculations (in Ry).

FAC is a relativistic configuration interaction program. The radial wavefunctions for single-electron orbitals
are obtained with a self-consistent field method based on Dirac formulation. The Dirac-Coulomb Hamiltonian
is diagonalized to obtain energy levels and atomic state wavefunctions. The atomic model we used included
all 33 configurations for the n = 3,4, 5 complexes, for a total of 283 fine-structure levels. We did not attempt
to calculate hyperfine transitions between the ground and the 3s3p 3Pg 2 levels. We will refer to these results
as the “FAC” dataset.

Energy values and radiative decay rates have also been calculated using the SUPERSTRUCTURE program, a
part of the UCL suite, with the same atomic model used with FAC. In SUPERSTRUCTURE, wavefunctions
are of configuration interaction type and each configuration is expanded in terms of Slater orbitals. The radial
functions are calculated in a scaled Thomas-Fermi-Amaldi potential, which depends upon parameters A which
are determined variationally by optimizing the weighted sum of the term energies. The relativistic corrections
are included by using the Breit-Pauli Hamiltonian as a perturbation to the nonrelativistic Hamiltonian.
Energy levels, oscillator strengths, and radiative transition rates are calculated in intermediate coupling. We
will refer to this dataset as the “SST” dataset. Both the FAC and SST energies are given in Table I, together
with the observed values, where available. Table A lists the literature sources where the observed values are
taken from.

The FAC code solves the scattering problem in the distorted wave approximation, as described in Gu ([33]).
FAC calculations were carried out at six incident electron energies. The five highest energies were chosen to
be 5.8, 13.6, 24.2,38.6 and 57.9 Ry above the threshold of each transition. The lowest energy was chosen to
have a very small value E’ above threshold in order to capture the near-threshold behavior of the collision
strengths: the selected E’ values change from transition to transition and are listed in Table B. Memory
limitations prevented us from using the UCL code also to calculate the collision strengths.

The Ca IX collision strengths €;;, the transition rates Aj;, and g;fi;, the absorption oscillator strengths
multiplied by the statistical weight g; of the lower level, are given in Table II for all transitions involving the



lowest 4 levels. Transition rates A;; and g; f;; values for all other transitions are given in Table III; collision
strengths for these transitions are also available upon request.

The electron impact excitation rate coefficients (in cm®s~!) are obtained by averaging the collision strengths
over the Maxwellian electron velocity distribution

8.63x 1076 _amy [ _B E;
C%:We T /0 Qi (Ej) e kTed(k_T) (1)

where T is the electron temperature in K, AE;; is the transition energy of the ¢ — j transition, E; is the
incident energy with respect to the level j, and k is the Boltzmann constant. The de-excitation rates are
given by the principle of detailed balance:

cd = % e (2)
iy € ij

In order to carry out the integration in Eq. (1), it is necessary to know the collision strengths € across the
whole energy range, from threshold to infinity. However, the present theoretical calculations only provide
collision strengths at a few energy values, so that some interpolation/extrapolation technique is required in
order to properly take into account the energy dependence of collision strengths. In the present work we
have adopted the method described by Burgess and Tully [37] to extrapolate collision strengths to the high-
and low-energy limit. This method has been used by Bhatia et al. [38] and details are given there.

Assessment of results

Table I reports the level energies calculated by both FAC and SST together with the experimental values.
Theoretical energies obtained with the two calculations differ by less than 0.3% for all configurations except a
few levels in the 3s3d, 3p3d and 3d? where differences rise up to 0.7%, with the FAC calculations being closer
to observations than the SST ones. Table A reports the literature sources where the experimental energies
have been taken from. A comparison between the two theoretical calculations shows that results are rather
similar, except in a few cases where the FAC results are usually closer to the observations. Comparison of
the FAC energies with the observed values shows that n = 3 singlet levels are within 1% of the measured
values, whereas predicted triplet energies reproduce the latter to better than 0.2%. The only exception is the
lowest excited configuration (3s3p) where differences rise to 0.75% and for the 3P energies. FAC energies for
the n = 4 and n = 5 levels are within 0.2% of the observed values. The n = 5 predicted energies reproduce
the observed ones to better than 0.15%, with only one exception at 0.25%.

The only other possible direct comparisons of our calculations with observations are level lifetimes, which
were measured by Trabert et al. [9]. The comparison with our results is shown in Table C, along with with
several other calculations. With the only exception of levels 6 and 15, the present results agree with those of
the most recent calculations. The first thing to notice is that the lifetime of level 5, giving rise to the strong
resonance line at 466 A, is within experimental uncertainties for all calculations. Measured lifetimes for all
levels of the 3p? and 3s3d configurations (levels 6 to 14) are larger than predicted by all calculations, which
provide very similar results. The only exception is 3p? 'Dsy (level 6), for which only our SST calculation,
Karpuskiene et al. [27] and Froese Fischer et al. [21] provide results in agreement with observations. The
3p3d 3F triplet (levels 15-17) provides mixed results, with some levels and some calculations giving better
agreement. The FAC and SST results are largely the same, with the only exception of level 6 for which SST
is superior to FAC.

Table D compares A values for the n = 3 levels from different calculations. We have compared results for the
forbidden transitions from metastable levels in the 3s3p configuration, and allowed transitions giving rise to
the strongest lines in the Ca IX spectrum. The forbidden transitions from the 3s3p calculation to the ground
level show very good agreement (within 20%, mostly down to 5%) amongst all calculations, with the only



Level T8 FAC  SST F83 C86 S00 FFO06 K04  TO05
5 95+£10 878 914 89.7 87.7 101 949 940 921
6 840+60 1013 893 1332 9729 1060 848 872

9 134+£8 105 107.2 108.2 103.8 107 1123 112.2 106.1
10 150+£8 103.1 103.8 110.2 1014 112 109.2 109.6 105.2
12 10015 745 755 747 718 787 761 765  T74.2
13 11749  v63 773 769 730 806 779 781 76.0
14 7243 408 419 430 398 454 43.0 43.1 405
15 653+63 425 409 346 431 425 505 593
16 473121 460 443 303 476 469 468 923
17 513£18 444 428 284 459 452 452 433

Table C. Comparison of observed and calculated lifetimes. T96: Trabert et al. [9] (observed); F83: Fawcett

[16]; C86: Christensen et al. [18]; S00: Safronova et al. [25]; FF06: Froese Fischer et al. [21]; K04:
Karpuskiene et al. [27]; T05: Tayal [24].

Transition FAC SST F83 C86 T86 T05 ZFFO1 A10 T98 FFO06 K04 K10
3-4 4.380-1 4.564-1 4.539-1 4.570-1 4.564-1 4.539-1
5-6 6.475+8 7.360+-8 7.315+8 9.890+7 7.160+-8 7.1684-8 7.250+4-8

1-3 2.449+6 2.636+6 6.050+5 2.819+ 2.805+6 2.840+6 2.903+6

1-4 4.834-1 5.059-1 5.055- 5.060-1 5.100-1 4.965-1 4.902-1
4-6 2.287+8 2.600+8 2.500+8 3.139+8 2.880+8

3-6 1.108+8 1.242+8 9.890+7 1.493+8 1.340+4-8

4-8 3.839+9 3.775+9 3.946+9 3.910+9 4.030+9 3.795+9 3.635+9 3.640+9

3-8 2.431+9 2.389+9 2.420+9 2.430+9 2.520+9 2.400+9 2.302+9 2.300+9

4-9 7.045+9 6.899+9 6.870+9 7.150+9 7.350+9 7.001+9 6.582+9 6.590+9

2-8 3.315+9 3.262+9 3.334+9 3.310+9 3.430+9 3.277+9 3.144+9 3.130+9

3-9 2.434+9 2.386+9 2.366+9 2.4504-9 2.530+49 2.428+9 2.268+9 2.2704+9

1-5 1.138+10 1.094+10 1.1144-10 1.140410 1.170410 1.086410 1.060410 1.061410 1.053+10

5-14 2.448+10 2.382410 2.324+10 2.510+10 2.690+410 2.468410 2.325+10 2.320+10

4-13 1.310+10 1.294+410 1.299410 1.370410 1.4604-10 1.316410 1.284+10 1.280410

3-11 5.622+49 5.557+9 5.561+9 5.840+49 6.250+9 5.653+9 5.507+9 5.480+9

3-12 1.015+410 1.002+10 1.012410 1.012410 1.050+10 1.130+10 1.019+410 9.937+9 9.880+9

2-11 7.639+9 7.534+9 7.552+9 7.890+9 8.460+9 7.665+9 7.4814+9 7.420+9

Table D. Comparison of A values for transitions within the n = 3 complex giving rise to observable lines. FAC: this work, FAC calculation; SST: this work,
SUPERSTRUCTURE calculation; F83: Fawcett [16];

C86: Christensen et al. [18]; T86: Tayal [19];

TO05: Tayal [24];

Andersson et al. [32]; FF06: Froese Fischer et al. [21]; K04: Karpuskiene et al. [27]; K10: Kang et al. [31].

ZFFO01: Zou & Froese Fischer [23];

A10:



Transition FAC SST AR8 C86 K04 T05 FF06

4-27 3.840+10 3.607+10 3.720+10 3.490+10 3.720+10 3.673+10 3.801+10
5-28 4.400+10 4.258+10 4.139+10 4.100+10 4.180+10 4.233+10 4.245+10
1-35 3.7014+10  3.394+10 3.433410 3.750+10  3.385+10  3.536+10
6-35 1.081+10  9.785+9 9.6794+9 9.080+9  1.037+10  8.866+9
13-33 1.190+10 1.117410 1.094410 1.090+10 1.0724-10 1.103410
4-44 4.7594+10  4.304+10 4.630+10 4.453+10 4.571+10
5-45 2.202+10  2.040+10 2.170+10  2.261+10 2.153+10
11-49 1.055+11 1.034+411 1.020+11 1.002+11
12-50 1.117+11  1.094+411 1.080+11 1.061+11
13-51 1.257+11  1.232411 1.210+11 1.193+11
6-53 2.724410  2.509+10 2.350+10 2.885+10  2.459+10
14-53 9.092410  9.180+10 8.960+10 9.007+10 8.669+10

Table E. Comparison of A values for transitions within the n = 4 complex giving rise to the strongest lines. FAC: this
work, FAC calculation; SST: this work, SUPERSTRUCTURE calculation; A88: Aashamar [26]; C86: Christensen et
al. [18]; K04: Karpuskiene et al. [27]; T05: Tayal [24]; FF06: Froese Fischer et al. [21]

exception of Christensen et al. [18] which provide significant differences from all other calculations; such
differences are likely to affect level population calculations. Differences in A values for allowed transitions
are within 10% for all calculations, except in a few cases where our FAC calculations are lower than Froese
Fischer et al. [21] and Karpuskiene et al. [27] by 20-30%, while the SST results agree better with the more
recent earlier calculations. It is worth noting that Christensen et al. [18] underestimate by a factor 7 the A
value for transition 5-6, giving rise to the line at 821 A observed by SUMER in the solar spectrum (Curdt et
al. [7]); a factor 4 difference also separates the Christensen et al. [18] A value for the important 1-3 transition
(giving rise to the observed 691 A spectral line) from all other results. These differences seem to indicate
some problem in this data set. Table E reports the comparison between the A values forn =4 — n =3
transitions giving rise to the strongest lines, and shows that all calculations agree to within 10%.

The only calculations of collision strengths we are aware of were made by Christensen et al. ([18] — C85),
and Maxwellian-averaged collision strengths were provided by Pradhan [39]. They used the Distorted Wave
approximation but tried to compensate in an approximate way for resonance excitation, while in the present
work no effort has been made to account for resonances. The comparison shows very good agreement for
all the allowed transitions within the C85 model, as well as for several intercombination and forbidden
transitions. However, most of the forbidden transitions show significant differences from the present results:
sometimes the differences consist of larger C85 collision strengths at the lowest incident electron energies, as
expected from the neglect of resonances in the present calculation, but in many cases differences consist in
constant shifts at all energies. In many other cases C85 collision strengths are lower than ours. Differences
are particularly important for the 1-3 intercombination transition, giving rise to the observed 691.4 A line,
and for all transitions between the ground and the 3p? transitions. These differences are likely to have
significant effects on the overall level population and line intensity calculations.

Level Populations and Relative Line Intensities

In the absence of absorption of solar blackbody radiation and proton excitation, the level populations are
obtained by solving the equations

dN;
o= NN G5+ CE) Y ONA = Ni Y Aij+ Ne(D O N;CFf 4+ >N C) (3)

j>i j<i j>i j<i j>i j<i




dN;
dt

=0 for steady state (4)

where NV, is the number density of level j, N, is the electron density, and A;; (s™!) is the spontaneous radiative
transition rate from level j to level i. The equations have been solved at electron densities of logN.(cm™3)=8,
9,10, 11, 12, 13, and 14. Level populations and line intensities of various lines at log T.=5.8, the temperature
of maximum abundance of Ca IX (Bryans et al. [40]), are given in Tables IV and V, respectively. The intensity
of an optically thin line for a radiative transition from level j to level ¢ is given by I;; = n;A;; in photon
units. Line intensities have been calculated and the values for the brightest lines are listed in Table V as a
function of density.

Photoexcitation from background black-body radiation has negligible effects on Ca IX level populations at
densities larger than logN,(cm™=3)=8, for black-body temperatures of 6000 K, typical of the Sun and solar-
type stars, with a dilution factor of 0.35, typical of the innermost regions of stellar coronae. Below that
density, the 3s3p 3P level populations are affected by photoexcitation and this in turn alters the populations
of many excited levels that provide lines useful for plasma diagnostics. In Tables IV and V we have omitted
photoexcitation at all densities, but recommend the inclusion of photoexcitation in the analysis of Ca IX
lines emitted by low density plasmas.

Comparison with observations

Ca IX lines can be used in several ways to measure the physical properties of the emitting plasma. Electron
density measurements at densities typical of the lower corona or upper transition region (e.g. log N. ~ 8.0
at around log T ~ 5.7 —6.0) or more are possible only with the intensity ratio between the forbidden and the
intercombination lines from the first excited configuration to the ground configuration: 676.29A/ 691.42A,
or 3Py—1S0/3P1—1Sp. Such dependence is due to the metastable nature of the 3Py level which remains
populated at higher densities than the 3Py level, which has a larger A value to the ground. Comparison of
the predicted ratio with the SUMER off-limb observations of Curdt et al. [7] yields a density of log N, =
8.20 + 0.10 and 7.80 4+ 0.10 in quiet Sun and coronal hole areas, respectively, after taking into account the
effects of photoexcitation. These values are consistent with earlier estimates. Several other intensity ratios
are sensitive to the electron densities for log V. < 8.0.

Temperature-sensitive line intensity ratios can be formed using lines emitted by configurations with different
n, because the excitation energies of the levels are different. However, the observable n = 3 lines are emitted
at wavelengths longer than 200 A so that they are far from n = 4,5 lines: this makes it difficult for a single
instrument to combine one n = 3 line with one n = 4,5 line into a temperature-sensitive line intensity ratio.
On the contrary, several line pairs emitted by n = 4 and n = 5 levels can be found at around 200 A (e.g.
14-53/5-28: 178.57A /201.85A, potentially observable by the Hinode/EIS spectrometer, Culhane et al. [41]),
as well as in the soft X-ray (e.g. 1-35/6-101: 121.33A/120.15A, 14-101/4-27: 133.34A/163.23A).

The Ca IX spectrum is dominated by the strong singlet 3s2 'So-3s3p 'P; at 466.24 A. This line is very
close to the even brighter Ne VII line at 465.22 A, which is formed at similar temperatures (Bryans et al.
[40]). Both lines are sensitive to the electron density in a similar way, so that their ratio can be used to
determine the relative Ca/Ne abundance in solar coronal holes and quiet Sun. Such a ratio is important to
invesigate the abundance anomaly in the solar corona known as the FIP effect (Feldman & Laming [42] and
references therein). Also, the 466.24 A line can be used to estimate the total amount of emitting plasma
and in Differential Emission Measure studies.



Conclusions

In the present work we have calculated a complete set of energy levels, oscillator strengths, A values and
collision strengths for 33 configurations of Ca IX, corresponding to all 283 fine structure levels in the n =
3,4,5 complexes. Energy levels and radiative data were also calculated using SUPERSTRUCTURE. We
compared the radiative rates and level lifetimes we obtained with results from other calculations for a few
key transitions, and with laboratory measurements, where available. To our knowledge, this is the first
complete dataset that allows to calculate level populations and line intensities for n = 4,5 and many n = 3
configurations. Our results allow the calculation of line emissivities of lines in the visible, UV and soft
X-ray range, many of which for the first time, and to measure plasma parameters using line intensities and
intensity ratios. We discuss the diagnostic applications of our calculations. The main limitation of the
present calculations is the neglect of resonant excitation in the collision strengths; this process is expected to
provide significant contributions and thus we recommend that future calculations be carried out to include
it.

The present results will be distributed in the next release of the CHIANTT database (Dere et al. [43], Landi
et al. [44]). We hope that the present results will be useful for the analysis of laboratory and astrophysical
spectra.
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EXPLANATION OF TABLES

Table I. Calculated and Experimental Energy Levels for Ca IX

Level A number assigned to each level

Configuration The configuration, with 1522522p% truncated

Term The term designation of the level within the configuration

Eobs Measured energies, from laboratory and solar spectra (see Table A).
Ecate Calculated energy from FAC and SST, in cm™!

Source Literature sources used to determine the observed energy

(following Table A).

Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for
transitions involving the lowest four levels

Lower and Upper Level The lower and upper levels, where the numbers refer to
the Level listed in Table I

Oscillator Strength gf, the (dimensionless) product of the statistical weight g of the lower
level and the absorption oscillator strength f

Radiative Decay Rate The spontaneous radiative decay rate Aj; in units of g1

Collision Strength The dimensionless electron impact collision strength

at the energy above threshold (in Ry) given in the table heading.
The lowest energy (E’) changes depending on the lower level,
as listed in Table B.

Table III. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions from all other
levels

Lower and Upper Level The lower and upper levels, where the numbers refer to
the Level listed in Table I

Oscillator Strength gf, the (dimensionless) product of the statistical weight ¢ of the lower
level and the absorption oscillator strength f
Radiative Decay Rate The spontaneous radiative decay rate Aj; in units of s7!

Table IV. Ca IX Fractional Level Populations

Den. The electron density in cm ™3, in log values

Key A number assigned to each level as given in Table I

Population = The fractional level population n; as a function of electron density for
an electron temperature of log T.(K)=>5.8: the sum of all fractional level
populations is defined as unity.

Table V. Intensities of selected bright Ca IX lines

Den. The electron density in cm ™2, in log values

jand i The upper and lower levels, where numbers refer to the Level
listed in Table I

Wavelength The wavelengths in units of A calculated from observed energies (when
available) or theoretical energies.

Intensity The intensity (n;Aj; in units of photon/s) for the indicated density
given in the table heading and for an electron temperature of log T.(K)=5.8.
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Table I. Ca IX experimental and theoretical energy levels.

Level Configuration Term Eobs Erac Essr  Source
1 32 13, 0 0 0
2 3s3p 3Pg 143127 142044 141897 PP40, E71, LR87
3 3s3p 3p, 144630 143529 143420 C04
4  3s3p 3P,y 147866 146721 146692 C04
5 3s3p p, 214482 217647 217812 ET71, LR87
6 3p? D, 336253 335364 336180 C04, ET1, LR87
7 3p? 3P 339923 340352 340761 PP40, E71, LR87
8  3p? 3p, 341827 342319 342660 PP40, ET1, LR87
9 3p? 3P, 345429 345772 346237 PP40, ET1, LR87
10 3p? 15, 398895 402771 403589 F70, LR8&7
11 3s3d 3Dy 412020 412268 414706 PP40, ET1, LR87
12 3s3d 3Dy 412154 412382 414905 PP40, E71, LR87
13 3s3d 3D 412356 412565 415219 PP40, E71, LR87
14 3s3d D, 467633 472704 475158 ET71, LR&7
15  3p3d 3F, 563657 562509 565218 F70, LR&7
16  3p3d 3F, 565705 564474 567309 F70, LR&7
17 3p3d 3Fy 568146 566911 569813 F70, LR8&7
18  3p3d D, 571899 570907 573715 F70, LR8&7
19 3p3d 3p, 598281 598952 601812 LRS&7
20 3p3d 3p, 599315 600049 602735 LRS&7
21  3p3d 3P 601096 601764 604466 LRS&7
22 3p3d 3D,y 602058 602748 605445 LRS&7
23 3p3d 3Dy 602613 603272 606043 LRS&7
24 3p3d 3Dy 602657 603354 606222 F70, LR87
25  3p3d o O 644812 650100 653146 LRS&7
26  3p3d p, 654169 660181 663284 LRS&T7
27 3sds 38, 760494 758754 759002 PP40, E71, EB76
28  3sds 13, 774473 774337 774010 ET1, EB76
29  3sdp 3P, 820142 828745
30 3sdp 3p, 820426 829011
31  3d? 3F, 831162 830359 835666 LRS&7, C89
32 3d? 3F, 831385 830485 835985 LRA&7, R8S, C89
33 3sdp 3P,y 830741 830263
34 3d> 3Fy 831636 830772 836389 LRA&7, R88, C89
35 3sdp p, 832314 831823 831256 ET71, EB76
36 3d> Gy 848606 850656 856244 R88, C89
37 3d> D, 849262 850815 856244 R88, C89
38  3d? 3p, 853097 853692 859105 C89
39 3d? 3Py 853028 853698 858988 (89
40 3d> 3p, 853229 853834 859105 (89
41  3d> 13, 900061 908334 913820 (C89
42  3s4d 3Dy 917157 916261 916286 PP40, ET1, EB76
43  3s4d 3Dy 017264 916388 916438 PP40, E71, EB76
44  3s4d 3Dy 917481 916578 916666 ET1, EB76
45  3s4d Dy 021914 918207 918272 ET1, EB76
46  3pds 3Pg 041430 941132 940500 ET71, EB76
47 3pds 3p, 942617 942369 941714 E71, EB76
48  3pds 3P, 946336 945943 945235 E71, EB76
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Table I. Ca IX experimental and theoretical energy levels.

Level Configuration Term Eobs Ecaic Essr  Source
49  3sdf 3F, 054508 954150 953687 PP40, E71, EB76
50 3sdf 3F, 954531 954175 953724 PP40, E71, EB76
51 3sdf 3F, 954563 954213 953774 PP40, E71, EB76
52  3pds p, 955767 954659
53  3sdf o O 963058 964762 964248 ET1, EB76
54  3pdp Py 997630 996913
55  3pdp 3D,y 1003558 1002857
56  3pdp 3Dy 1004842 1004154
57  3pdp 3Ds 1008148 1007366
58  3pdp 3P 1010847 1012260 1010432 PP40, ET1
59  3pdp 3p, 1011980 1012962 1011405 PP40, ET1
60 3pdp 38, 1015597 1015457 1014617 PP40, ET1
61 3pdp 3p, 1014350 1015620 1013775 PP40, ET1
62 3pdp D, 1027107 1025219
63 3pdp 13, 1042482 1041137
64 3sbs 33, 1068775 1066981 1067544 PP40, ET1
65 3sbs 13, 1075141 1077817 1076503 PP40
66 3pdd 3D, 1090515 1090093
67 3pdd 3Dy 1090536 1090127
68 3pdd D, 1091499 1090959
69 3pdd 3Da 1091744 1091326
70  3s5p 3P, 1095263 1095609
71 3sbp 3P 1095350 1095761
72 3sbp 3P, 1095618 1096511
73 3shp p, 1097580 1096249 1096402 ET71, EB76
74 3pdd 3F, 1097086 1096402
75  3pdd 3F, 1097505 1096935
76 3pdd 3F, 1100116 1099419
77 3pdd 1Py 1100553 1100038
78 3pdd 3P, 1109709 1108520
79  3pdd 3P, 1110381 1109084
80 3pdd 3P 1110931 1109598
81 3pdd Py 1116248 1114914
82  3pdf 3G 1122638 1121719
83  3pdf 3Qy 1124517 1124842 1123786 F76
84  3pAf IFg 1125621 1125547 1124456 F76
85  3pdf 3Gs 1126958 1127168 1126205 F76
86  3pdf 3F, 1128676 1127649
87  3pAf 3F, 1129774 1128620
88  3pdf 3Fy 1130442 1130495 1129394 F76
89  3pdf 3Ds 1135437 1135093
90 3p4f 3Dy 1135141 1135982 1135696 PP40
91 3pdf 3D,y 1136718 1136360 1136109 PP40
92  3s5d D, 1139804 1138834 1139124 PP40, ET1
93  3pdf LGy 1139005 1141048 1140337 F76
94 3s5d 3Dy 1145711 1145367 1144806 ET71, EB76
95 3s5d 3Dy 1145220 1145924 1145263 ET71, EB76
96 3s5d 3Dy 1145181 1146491 1145711 ET71
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Table I. Ca IX experimental and theoretical energy levels.

Level Configuration Term Eobs Ecalc Essr Source
97  3p4f D, 1154812 1153745

98 3s5f 3F, 1159591 1158017 1158415 E71, EB76
99 3s5f 3P 1159633 1158031 1158433 E71, EB76
100  3s5f 3Fy 1159628 1158050 1158458 E71, EB76
101 3s5f IFy 1160425 1162188 1162356 ET71
102  3s5g e 1166171 1166589

103 3s5g e 1166346 1166744

104  3s5g 3Qs 1166569 1166962

105 3sbg 1G4 1174348 1174492

106  3d4s 3D, 1188245 1189040

107 3d4s 3Dy 1188381 1189261

108  3d4s 3Dg 1188602 1189618

109  3d4s D, 1196690 1197469

110  3p5s 3Py 1242001 1242011

111  3p5s 3p, 1242374 1242365

112 3ddp Dy 1245646 1246690

113 3p5s 3P, 1246316 1246147

114  3p5s Py 1247609 1247428

115  3ddp 3D,y 1249493 1250005

116 3ddp 3Dy 1249706 1250324

117 3ddp 3Dg 1250103 1250832

118  3ddp 3F, 1251557 1252275

119  3ddp 3p, 1252172 1252958

120 3ddp 3Fy 1252992 1253873

121  3ddp 3Py 1262128 1262259

122 3ddp 3p, 1262151 1262297

123 3ddp 3P,y 1262380 1262555

124 3ddp 1Fy 1265416 1265937

125  3p5p py 1271833 1271658

126  3p5p 3D, 1274626 1274077

127  3ddp p, 1274833 1274748

128  3p5p 3Dy 1275269 1274735

129  3p5p 3Py 1276692 1275334

130 3p5p 3py 1278295 1277286

131 3p5p 3Dg 1278756 1278246

132 3p5p 3P, 1280161 1278882

133 3p5p 39, 1281654 1280982

134 3p5p D, 1286498 1284416

135 3p5p 1S, 1291888 1289460

136 3p5d D, 1315361 1314771

137  3p5d 3Dy 1316322 1315574

138  3p5d D, 1316811 1315987

139 3p5d 3Ds 1317061 1316290

140  3p5d 3F, 1319896 1319123

141  3p5d 3F, 1320603 1319781

142 3p5d 3F, 1321658 1320817

143 3p5d 3P, 1323554 1322299

144  3dAd 1Fs 1324414 1326293
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Table I. Ca IX experimental and theoretical energy levels.

Level Configuration Term Egps Ecale Essr  Source
145 3p5d 3p, 1324456 1323083
146  3p5d 3P 1325046 1323637
147  3p5d 1Fs 1326871 1325158
148  3d4d 3D,y 1328477 1330214
149  3d4d 3D, 1328538 1330408
150 3d4d 3Dg 1328745 1330663
151  3d4d 3G, 1329606 1330259
152  3d4d 3Gy 1329982 1331128
153  3d4d 3Qs 1330488 1332172
154  3dAd p, 1330929 1332764
155 3p5f 1Fg 1331924 1332026
156  3p5d Py 1332129 1329428
157  3pb5g SHy 1332631 1332539
158 3p5f 3k 1332653 1333012
159  3p5f 3F, 1333075 1332800
160  3p5g 3Hs 1333102 1332933
161  3p5f 3Fy 1333204 1333504
162 3p5g 3@y 1334590 1334359
163  3p5g 3QGs 1334741 1334521
164 3p5f 3@ 1336067 1335940
165 3p5f 3Gy 1336606 1336501
166  3p5g 3He 1336838 1336682
167  3p5g 1Gy 1337242 1336934
168  3p5g 3Qs 1337286 1336998
169  3p5f 3Gs 1337465 1337417
170 3p5g THy 1338187 1337886
171  3d4d 33, 1339507 1341153
172 3p5f 3Ds 1339655 1339120
173 3p5f 3Dy 1340537 1339958
174 3p5f 3Dy 1341477 1340840
175  3pbg 3F, 1341551 1341382
176  3p5g 3Fg 1341832 1341639
177 3pby 3F, 1343392 1343175
178  3p5g 1R 1343700 1343481
179  3p5f 1Gy 1343815 1343308
180 3d4d 3k, 1344910 1345059
181 3d4d 3F, 1345070 1345543
182  3d4d 3Fy 1345298 1345912
183  3p5f Dy 1346113 1345607
184 3d4d 3p, 1357254 1357370
185 3d4d 3Py 1357276 1357275
186  3d4d 3P, 1357329 1357426
187  3d4d D, 1358147 1358015
188  3d4d 1Gy 1360352 1360215
189  3dAf Gy 1361724 1362240
190  3d4f 3Hy 1366667 1367097
191  3d4f 3F, 1366795 1367355
192 3d4f 3Fy 1366874 1367406
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Table I. Ca IX experimental and theoretical energy levels.

Level Configuration Term Egps Ecale Essr  Source
193 3d4f 3F, 1367007 1367479
194  3d4f 3Hs 1367325 1367550
195  3d4f SHg 1367588 1368120
196  3d4f Dy 1371021 1371756
197  3d4f 3G 1379366 1380391
198  3d4f 3Qs 1379707 1380804
199  3d4f 3G, 1379766 1380585
200 3d4f 3D, 1381370 1382328
201  3d4f 3Dg 1381483 1382345
202 3d4f 3Dy 1381558 1382385
203  3dAf 3p, 1384454 1385057
204  3d4f 3p, 1384563 1385248
205 3d4f 3P 1384776 1385344
206 3dAf 1P, 1387675 1388873
207 3d4d 13, 1388836 1387510
208  3d4f p, 1399796 1401146
209 3d4f 'H; 1403400 1404783
210 3d5s 3D, 1487714 1488918
211  3d5s 3Dy 1487839 1489111
212 3d5s 3Dg 1488053 1489472
213 3d5s D, 1490778 1491725
214 3d5p D, 1515712 1516927
215  3d5p 3D, 1516987 1517807
216  3d5p 3Dy 1517173 1518099
217  3d5p 3Ds 1517456 1518467
218  3d5p 3Py 1518474 1519423
219  3d5p 3F, 1518825 1519842
220  3d5p 3Fy 1519323 1520444
221  3dbp 3p, 1522395 1523077
222 3d5p 3p, 1522401 1522937
223 3d5p 3P 1522433 1522927
224 3dbp O 1525184 1525040
225  3d5p p, 1528409 1527952
226  3d5d o O 1553867 1555960
227 3d5d 3D, 1555529 1557356
228  3d5d 3Dy 1555607 1557521
229  3d5d 3Ds 1555751 1557735
230 3d5d 3Qs 1556540 1558290
231 3d5d 3Gy 1556678 1558534
232 3d5d 3Gs 1556905 1558864
233 3d5d Py 1556975 1558830
234  3d5d 33, 1560642 1562101
235  3d5d 31, 1561432 1561749
236 3d5d 3F, 1561527 1561963
237  3d5d 3Fy 1561682 1562216
238  3d5d D, 1567602 1566995
239  3d5d 3P 1567928 1567347
240 3d5d 3p, 1567945 1567431
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Table I. Ca IX experimental and theoretical energy levels.

Level Configuration Term Egps Ecale Essr  Source
241  3d5d 3P,y 1568042 1567630
242 3d5d 1G4 1568999 1568386
243 3d5f 1G4 1570694 1572511
244 3d5f 3H, 1571608 1573419
245  3d5f SHs 1571764 1573627
246 3d5f 3He 1571920 1573911
247  3d5f 3k, 1572555 1574224
248  3d5f 3Fs 1572633 1574329
249  3d5f 3Fy 1572705 1574473
250 3d5f D,y 1575112 1576725
251  3dbg THy 1577239 1578892
252 3d5f 3@ 1577762 1579012
253 3db5g 3Hy 1577853 1579536
254 3d5f 3@y 1577893 1579195
255  3dbg 3Hy 1577986 1579723
256 3d5f 3Gs 1578001 1579391
257  3dbg 3Hg 1578102 1579934
258  3dbg 3@ 1578149 1579838
259  3d5g 3G, 1578251 1579988
260 3d5g 3Qs 1578319 1580142
261  3dbg 1Fs 1579462 1581257
262 3d5f Dy 1579575 1580846
263 3d5f 3Dy 1579592 1580846
264  3d5f 3Dg 1579600 1580883
265  3db5g 1G4 1579651 1581444
266  3d5g 3 1579858 1581542
267  3d5g 4 O 1579910 1581731
268  3db5g 3F, 1579915 1581733
269 3d5g 3Fy 1579944 1581830
270  3d5g 316 1580014 1581744
271 3d5g 31, 1580163 1582016
272 3d5f 3Py 1580616 1581895
273 3d5f 3Py 1580738 1582068
274 3d5f 3P 1580813 1582153
275  3d5f 1Fs 1581431 1582571
276  3dbg g 1582484 1584516
277 3d5g 3Ds 1583222 1585112
278  3dbg 3Dy 1583336 1585291
279  3db5g 3D, 1583452 1585446
280 3db5g Dy 1584749 1586821
281  3d5d 1S, 1585494 1581886
282  3d5f 'Hy 1588382 1589105
283 3d5f p, 1589032 1589756
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.
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Upp.
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Eo

.294+00
.308+00
.337+00
.983+00
.056+00
.102+00
.119+00
.151+00
.670+00
.757+00
.758+00
.760+00
.308+00
.126+00
.144+00
.166+00
.202+00
.458+00
.468+00
.484+00
.493+00
.497+00
.498+00
.924+00
.016+00
.914+00
.056+00
.556+00
.558+00
.567+00
.568+00
.570+00
.571+00
.580+00
.752+00
.753+00
.779+00
.779+00
.781+00
.277+00
.350+00
.351+00
.352+00
.367+00
.576+00

O O O OO O OO OO ONOOOONOODONOODODODODODODODODODODODODOODOOOOO R OOUOo

Osc.
Str.

gf

.000+00
.347-04
.000+00
.081+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.834-03
.000+00
.000+00
.000+00
.943-02
.000+00
.000+00
.000+00
.000+00
.405-01
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
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.000+00

Rad. Dec.

Rate
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(1/s)

.000+00
.449+06
.834-01
.138+10
.125+04
.000+00
.000+00
.980+03
.000+00
.000+00
.000+00
.000+00
.622+05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.T47+08
.000+00
.000+00
.000+00
.501+09
.000+00
.000+00
.000+00
.000+00
.701+10
.000+00
.435+05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.161+07
.000+00

NN, N PN, P, O, NOOOOOFRNNOONNERE, R, OFRNE 00O WD WEDNONOWOWNO S WO

E

.917-03
.429-02
.922-02
.056+00
.103-01
.780-05
.494-04
.093-03
.046-04
.988-02
.315-02
.638-02
.336-01
.600-04
.503-04
.156-04
.355-04
.759-04
.473-04
.794-05
.182-04
.715-04
.100-04
.263-03
.088-04
.888-03
.169-01
.606-03
.583-03
.188-06
.409-06
.9568-03
.088-05
.112-02
.298-06
.552-03
.446-05
.948-06
.233-05
.745-04
.595-03
.637-03
.071-02
.512-02
.280-06

WP OO WNWNNNNDNNWDPDPWWOYSTONWERE, O, 00O WNFR,OOOPPWONPNONRP,PP,PERP,PPRPEPR,DRARNDNOOONDNDOO

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.784-03
.295-02
.867-02
.193+00
.447-01
.258-05
.136-04
.034-02
.984-04
.164-02
.938-02
.717-02
.061-01
.516-04
.606-04
.469-04
.5562-05
.480-04
.845-05
.145-05
.084-05
.562-05
.047-04
.714-03
.023-03
.994-03
.357-01
.125-04
.606-03
.034-06
.848-06
.519-03
.980-06
.543-02
.381-06
.270-03
.753-06
.692-06
.502-05
.135-04
.293-03
.819-03
.346-03
.021-02
.627-06

P ONNRFE,ONRFR,ONEFEONMNRPRRPROPPNDMNNRE, OO, NONPRPPR,PPRPRPRPORLFP,ONMNNNRRPRW

13.6

.120-03
.590-02
.546-02
.232+00
.678-01
.217-05
.267-05
.123-02
.944-04
.562-03
.093-02
.5631-02
.586-01
.342-04
.947-04
.386-04
.017-05
.656-05
.021-05
.646-05
.989-05
.079-05
.181-05
.790-03
.505-03
.157-03
.476-01
.710-04
.237-03
.562-06
.670-06
.332-03
.163-06
.786-02
.T77-06
.881-03
.874-06
.417-06
.185-05
.419-04
.206-03
.025-03
.813-03
.466-02
.700-06

OO, P, OO WNNEF, WNOOOFR,L NOFRLNMNNNENRPRNRL,PRPONWOWRFR,RP,ER,RN P00 WERLFANEDNDOWDODE=

24.2

.670-03
.237-02
.278-03
.202+00
.837-01
.298-05
.500-05
.187-02
.901-04
.5687-03
.981-03
.372-03
.969-01
.082-05
.063-04
.260-04
.358-05
.921-05
.083-05
.528-06
.465-05
.908-05
.746-05
.058-02
.046-03
.188-03
.547-01
.350-04
.111-02
.364-07
.026-07
.165-03
.107-07
.602-02
.190-06
.385-03
.856-06
.625-07
.121-05
.618-04
.312-04
.065-03
.473-03
.685-02
.056-07

W NN WWNPDPOOWNEFE,WOAONOFRP, FPNONRPRPPRP,ONPPRPNOODOOWOE WL RFRRFPRREPRONOPDERO

38.6

.002-04
.084-02
.463-03
.125+00
.947-01
.972-06
.235-05
.232-02
.808-04
.929-03
.207-03
.501-03
.242-01
.724-05
.818-05
.636-05
.105-06
.029-05
.109-05
.460-06
.273-06
.038-06
.697-05
.120-02
.597-03
.340-04
.587-01
.1568-04
.467-02
.904-07
.899-07
.754-04
.780-07
.175-01
.913-06
.773-03
.812-07
.615-07
.166-05
.760-04
.241-04
.476-04
.564-04
.721-02
.957-07

H 0O WNEFEF WNWPLEPLPWOFRLRFEPNP,PORFRONWWERLRRERPREONOFEPNWWEFE,ONRFRFRPRRPRRPRONWONRD

57.9

.843-04
.029-02
.401-03
.995+00
.021-01
.344-06
.754-06
.263-02
.793-04
.026-03
.709-03
.394-03
.424-01
.941-05
.348-05
.457-05
.886-06
.091-05
.452-06
.416-06
.914-06
.560-06
.301-05
.170-02
.175-03
.269-04
.606-01
.856-05
.869-02
.075-07
.223-07
.923-04
.591-07
.513-01
.495-06
.085-03
.3563-07
.389-07
.260-05
.853-04
.614-04
.836-04
.767-04
.607-02
.849-07



Low.
Lev.

PR R, R PR, R RrRPRrRRPRPRRPRPERPRPRRPRPEREPRPRRPREBERRPREBERPRRERPREBERRRERR,ERER,RPR B

Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91

Upp.
Lev.

B P, R R R R, R, R RERR,RRRRPRPRRPRRPR OO OO OO O OO O 00O OO0 OO OO OO0 00 00 0o o o

Eo

.587+00
.620+00
.695+00
.695+00
.695+00
.710+00
.792+00
.091+00
.145+00
.157+00
.187+00
.224+00
.231+00
.254+00
.255+00
.360+00
.500+00
.723+00
.822+00
.938+00
.938+00
.946+00
.949+00
.981+00
.982+00
.984+00
.990+00
.997+00
.000+01
.002+01
.003+01
.011+01
.012+01
.012+01
.017+01
.023+01
.025+01
.026+01
.027+01
.029+01
.030+01
.030+01
.035+01
.035+01
.036+01

O O O OO O OO OONOQUOVWOODODOONOOFHF OOODWOODODODOODODOOODOOONOOO O

Osc.
Str.

gf

.111-05
.000+00
.000+00
.000+00
.000+00
.766-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.625-03
.000+00
.000+00
.000+00
.747-02
.000+00
.000+00
.554-02
.000+00
.000+00
.000+00
.000+00
.000+00
.922-04
.000+00
.447-02
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O OO O OO P OO ODOIMONOOOOONOOIPODIODODUWVWOOOFRrHF OOODODODODOOOFHrH OOOOOoOOm®

(1/s)

.118+06
.000+00
.000+00
.000+00
.000+00
.577+08
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.560+04
.000+00
.000+00
.000+00
.586+08
.000+00
.000+00
.000+00
.658+09
.000+00
.000+00
.019+10
.000+00
.000+00
.000+00
.000+00
.000+00
.720+08
.000+00
.780+09
.000+00
.000+00
.000+00
.000+00
.410+04
.000+00
.000+00
.000+00
.656+04
.000+00

P NN, PP PRPNNOPRPPRP,PRPR, OO WONNEFEONOORNOFR, R, WONOOEFR OOOOOWONPPWNONRE P~ WD

.588-05
.416-05
.118-02
.551-02
.012-02
.259-04
.551-02
.419-05
.472-05
.463-05
.309-05
.977-05
.157-05
.897-05
.488-05
.294-04
.002-03
.867-03
.843-02
.833-04
.427-04
.199-05
.711-05
.924-03
.480-04
.376-03
.478-03
.429-04
.427-04
.885-04
.467-04
.897-04
.473-04
.549-04
.716-03
.683-04
.298-04
.262-04
.135-03
.037-04
.438-04
.486-04
.585-03
.142-03
.390-03

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.432-05
.704-05
.755-03
.066-03
.036-02
.977-04
.977-02
.543-05
.210-05
.766-05
.638-05
.525-05
.959-05
.897-05
.094-05
.129-04
.848-03
.436-03
.271-02
.983-04
.244-05
.815-05
.545-05
.054-03
.196-04
.387-03
.997-03
.216-05
.009-04
.667-04
.905-04
.428-04
.544-04
.422-05
.371-03
.075-04
.867-04
.876-05
.994-04
.573-05
.226-05
.258-05
.207-03
.081-03
.534-04

WO OOBNFRFNNPNOWBRNNDOR PR NRLNDAMRL,DAEDAEDNNORRBLNONRL,WOWNONNRENROODNDNN

13.6

.970-05
.995-06
.880-03
.020-03
.183-03
.076-04
.177-01
.374-06
.171-05
.082-05
.482-05
.382-05
.487-05
.543-05
.624-05
.171-04
.436-03
.734-04
.575-02
.900-04
.311-05
.472-05
.477-05
.694-03
.672-04
.259-04
.004-02
.566-05
.811-04
.299-05
.306-04
.720-04
.732-04
.199-05
.580-03
.656-05
.029-04
.497-05
.319-04
.047-04
.801-05
.182-05
.022-04
.160-04
.284-04

PP 0OWwWRr PPN, PP ONMNNMNEDPOFRNDERE, OWOWOPP NN PO, O, NWR,RFP,OODWRFR,ONRE, R WN

24.2

.920-05
.796-06
.418-03
.982-03
.5563-03
.356-04
.298-01
.817-06
.590-06
.268-05
.418-05
.346-05
.708-06
.343-05
.690-06
.203-04
.826-03
.300-04
.783-02
.568-04
.167-05
.559-06
.071-05
.824-03
.441-05
.669-04
.559-02
.493-05
.753-04
.092-05
.702-04
.355-04
.791-04
.087-05
.322-03
.679-05
.221-04
.148-05
.123-04
.215-04
.321-05
.005-05
.031-04
.103-04
.665-04

O WL NOF OO, ONNF,FWOOAONRFEFFEPNRER,PPOODWWERELRRER,PEAENEPERFPRPOOOOWWOLOWWNRER,NRFE, OO F W

38.6

.173-05
.866-06
.813-04
.534-04
.226-03
.025-04
.374-01
.044-06
.893-06
.120-06
.478-06
.331-05
.966-06
.942-06
.896-06
.373-04
.006-02
.330-04
.917-02
.071-03
.064-05
.901-06
.989-05
.254-03
.149-05
.806-04
.212-02
.340-05
.763-04
.744-05
.049-04
.805-05
.311-04
.051-05
.391-03
.208-05
.315-05
.020-05
.251-05
.370-04
.435-06
.606-05
.502-04
.083-04
.308-05

WNNNDNWERPELR NP, OO WOAOFR, P, NNOFRFROPENOORFR, O RFEREFEPROOWONDOWPEEONDRER, R NO P WOOLOW

57.9

.5562-05
.683-07
.146-04
.407-04
.663-04
.808-04
.419-01
.020-06
.129-06
.354-06
.684-06
.321-05
.039-06
.663-06
.429-06
.446-04
.020-02
.197-04
.003-02
.411-03
.094-06
.004-06
.044-05
.843-03
.995-05
.703-05
.912-02
.144-06
.810-04
.464-05
.3568-04
.448-05
.061-04
.350-06
.595-03
.000-05
.591-05
.837-06
.346-05
.513-04
.204-06
.477-05
.135-05
.675-04
.983-05



Low.
Lev.

PR R, R PR, R RrRPRrRRPRPRRPRPERPRPRRPRPEREPRPRRPREBERRPREBERPRRERPREBERRRERR,ERER,RPR B

Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREPRPRRPRERRERPRERPRPRRPRERRRERR,RERR,RRP B

Eo

.038+01
.040+01
.044+01
.044+01
.045+01
.062+01
.055+01
.055+01
.055+01
.069+01
.063+01
.063+01
.063+01
.070+01
.083+01
.083+01
.083+01
.091+01
.132+01
.132+01
.135+01
.136+01
.137+01
.139+01
.139+01
.139+01
.141+01
.141+01
.142+01
.150+01
.150+01
.150+01
.163+01
.159+01
.162+01
.162+01
.162+01
.163+01
.165+01
.165+01
.167+01
.168+01
.172+01
.177+01
.199+01

el eolNolNeolNolNolNeolNeolNo NeololNeolNolNolNeoNoNolNoNoNoNoNoNoNoNoNoNeoNoNo oo No oo No o oo No o oo Neo o]

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.308-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O ONOOOOOONOODODODODODODODODODODODODIODODODODWMOOOODODODOODOOONONOO

(1/s)

.224+07
.000+00
.000+00
.721+04
.000+00
.550+05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.143+05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.280+08
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.614+04
.000+00
.000+00

NONNNMNNRE NN, P WOOR,LREFPOOONPFEFERPEPEPNR,OPPOWONDMNMNDMNNENO®D D WORLNNDPRE

.114-02
.794-03
.750-03
.741-03
.291-04
.078-04
.665-03
.486-03
.388-03
.287-02
.751-03
.225-03
.670-03
.171-03
.329-05
.861-05
.314-05
.317-04
.237-06
.329-05
.800-06
.095-05
.928-05
.486-06
.930-06
.644-06
.344-06
.887-06
.197-05
.546-06
.041-06
.298-06
.836-05
.438-05
.482-05
.598-05
.285-05
.890-06
.637-05
.925-05
.603-05
.297-05
.278-05
.088-05
.243-05

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.719-02
.397-03
.391-03
.120-04
.748-04
.011-04
.560-03
.529-03
.603-03
.033-02
.636-04
.471-04
.010-03
.419-03
.179-05
.995-05
.694-05
.900-04
.682-06
.394-06
.427-06
.673-06
.831-05
.309-07
.645-07
.355-06
.498-06
.881-06
.613-06
.235-07
.753-06
.943-06
.296-05
.671-06
.139-06
.152-05
.150-05
.144-06
.504-06
.494-05
.183-05
.111-05
.106-05
.630-05
.206-05

DO O NWPOODOODWWOONE DD WNEFE,OPORLPNOONOORFR,LEP,OOWPWNWNDNE R, DANDOON OGN

13.6

.280-02
.210-03
.479-04
.193-04
.571-04
.990-04
.340-03
.873-03
.409-03
.573-02
.772-04
.679-04
.212-04
.932-03
.189-06
.079-05
.415-05
.541-04
.184-07
.352-06
.873-07
.754-06
.839-05
.483-07
.623-07
.999-07
.865-06
.626-06
.531-06
.102-07
.485-06
.455-06
.5637-05
.255-06
.617-06
.962-05
.135-06
.030-06
.600-06
.983-06
.647-06
.5563-06
.887-06
.970-05
.334-06

WO NN PRFRWOWWORLRPLPNRP,PORPRPPFPR,OWONOOREFP, WOWOWOPPRPANOODWPRREPPWORFE OOODOR WD OGN

24.2

.822-02
.754-03
.017-04
.134-04
.389-04
.025-04
.835-04
.553-04
.229-03
.981-02
.254-04
.695-04
.903-04
.256-03
.202-06
.071-06
.326-06
.210-03
.039-07
.231-06
.380-07
.363-06
.808-05
.124-07
.179-07
.810-07
.849-07
.394-06
.868-06
.982-07
.933-07
.187-06
.503-05
.702-06
.927-06
.127-05
.495-06
.583-06
.836-06
.445-06
.912-06
.826-06
.597-06
.145-05
.265-06

P OO, P NOWNRFERFP, OO ONOONFR, PPN, OONDNEFEWOWWRER PO PP WOONNDNOOW

38.6

.272-02
.467-03
.121-04
.007-04
.375-05
.944-04
.430-04
.760-04
.168-04
.285-02
.388-05
.477-05
.169-05
.745-03
.608-06
.497-06
.676-06
.434-03
.090-07
.748-06
.745-07
.097-07
.821-05
.687-07
.012-07
.309-07
.180-07
.375-07
.844-07
.459-08
.685-07
.694-07
.179-05
.465-07
.083-06
.224-04
.196-06
.368-06
.845-07
.596-06
.585-06
.425-06
.294-06
.166-05
.707-06

O OO0 ~NOF, OWERFELRFPLOOOODONODD AWNE D DPRPLWODOAORFRLFEPELPNNOWARNPDPONEPRLPNWERE, P, OOW

57.9

.658-02
.953-03
.086-04
.450-04
.800-05
.638-04
.675-04
.341-04
.012-04
.514-02
.270-05
.758-05
.440-05
.032-03
.823-07
.301-06
.789-06
.632-03
.042-07
.636-06
.627-08
.548-07
.871-05
.970-07
.662-08
.646-07
.646-07
.903-07
.031-07
.425-08
.239-07
.667-07
.619-05
.100-07
.019-07
.612-04
.475-06
.228-06
.019-07
.537-06
.138-07
.449-07
.220-06
.107-05
.064-07



Low.
Lev.

PR R, R PR, R RrRPRrRRPRPRRPRPERPRPRRPRPEREPRPRRPREBERRPREBERPRRERPREBERRRERR,ERER,RPR B

Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.200+01
.200+01
.200+01
.203+01
.203+01
.204+01
.206+01
.207+01
.207+01
.207+01
.209+01
.211+01
.211+01
.211+01
.212+01
.212+01
.212+01
.213+01
.214+01
.214+01
.214+01
.214+01
.215+01
.215+01
.215+01
.216+01
.216+01
.218+01
.218+01
.218+01
.219+01
.219+01
.219+01
.219+01
.221+01
.221+01
.222+01
.222+01
.223+01
.223+01
.224+01
.224+01
.225+01
.226+01
.226+01

e eoleolNolNeolNolNolNolNoNolNolNoNoNoNoNoNoNoNo oo NoNoNeo oo NeolNeolNeoNoNoNoNo oo NoNoNoNo oo ool o

Osc.
Str.

gf

.000+00
.535-05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.938-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O, OO OO OO OO ODO0ODO0ODOODODOODODODODODODOONOODODIODODODODODODODOOOOOO OO O U o

(1/s)

.000+00
.916+06
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.738+08
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.057+04
.000+00

WHRORRPRERRE D NOPRRRLPR,ONOOR OO RLNWR,RE,WNORNWNEREDORRNDNDNDWRN

.474-05
.195-05
.788-05
.688-05
.024-05
.002-05
.850-05
.860-06
.825-05
.939-06
.054-05
.567-06
.614-06
.695-06
.017-05
.530-05
.798-06
.769-06
.116-05
.008-04
.605-05
.732-05
.775-05
.921-05
.791-05
.201-06
.945-06
.305-05
.152-05
.411-05
.286-06
.354-05
.060-04
.868-05
.090-06
.223-05
.449-05
.326-05
.860-05
.680-05
.106-05
.902-05
.524-05
.684-05
.678-06

PO DR, NNEANNIOWR, WNOAONNDRPRNR NP PR D NR e NW0we NP WD e

22

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.340-05
.906-06
.159-05
.477-05
.244-05
.956-05
.604-05
.547-07
.084-05
.351-06
.507-05
.760-07
.295-06
.821-06
.019-05
.831-06
.708-06
.306-06
.508-05
.396-04
.199-06
.811-05
.183-05
.300-05
.668-05
.938-06
.253-06
.191-05
.204-05
.103-05
.272-06
.675-06
.738-05
.096-05
.139-06
.676-05
.517-05
.204-05
.270-06
.914-05
.346-06
.654-05
.204-05
.270-05
.764-06

ONEFE WFEF NN, ONPFPFNOWWERE PP, PR, ORPRPRPRNOWRLNOND OO WEREONONRENRO N

13.6

.092-06
.343-06
.273-05
.973-06
.229-05
.217-05
.852-06
.981-07
.851-06
.859-06
.766-05
.026-07
.763-07
.422-07
.076-06
.187-06
.259-06
.013-07
.168-06
.937-04
.198-06
.651-06
.159-05
.146-05
.678-05
.039-06
.764-06
.093-05
.658-05
.966-06
.300-06
.910-06
.010-05
.606-05
.101-06
.316-05
.256-05
.096-05
.776-06
.497-05
.664-06
.681-05
.244-04
.868-05
.042-07

WWEFE, POOWFRL ONEFE, WL, WON OO PRP P, P NPRLPNONMENNDNOOONDDERE DR PR, OP O0O0OOW

24.2

.717-06
.207-06
.272-06
.262-06
.790-06
.229-05
.871-06
.229-07
.864-06
.030-06
.363-05
.170-07
.691-07
.095-07
.573-06
.536-06
.110-06
.792-07
.477-06
.555-04
.364-06
.232-06
.342-05
.238-05
.273-05
.032-07
.665-06
.539-06
.094-06
.125-06
.281-07
.113-06
.586-05
.284-05
.602-07
.169-05
.694-05
.548-06
.117-06
.009-05
.720-07
.511-05
.518-04
.422-05
.581-07

WL, ONWPENDNDNOONWONNOOONNEFE,FFPRPEPNNMNNMNOOOFRLRPFP,OFRFRPNDNDNEDOOPRONDWNOO O -

38.6

.956-06
.892-06
.141-06
.277-06
.897-06
.735-06
.736-06
.107-08
.104-06
.8156-07
.959-05
.228-07
.128-07
.893-07
.302-06
.710-06
.382-07
.311-07
.7T77-06
.225-04
.091-07
.1562-06
.608-05
.315-05
.115-05
.878-07
.453-06
.876-06
.102-06
.380-07
.499-07
.869-06
.321-06
.685-05
.851-07
.799-06
.569-05
.751-06
.374-07
.402-05
.610-07
.128-05
.760-04
.927-05
.583-07

NEAENOODO WL FEPFNNEFE, OPEARNEREPRPORR, O, P FEPNEPRPNOOONEFPFOOORRFPOODOOWWWEREWONDREON-

57.9

.042-06
.981-06
.152-06
.210-06
.320-06
.610-06
.546-06
.409-08
.815-06
.304-07
.515-05
.763-08
.227-07
.600-07
.211-07
.363-06
.456-07
.946-08
.416-07
.930-04
.717-07
.130-06
.826-05
.357-05
.100-05
.028-07
.003-06
.475-06
.173-06
.087-07
.296-07
.762-06
.108-06
.894-05
.479-07
.793-06
.559-05
.316-06
.605-07
.669-05
.102-08
.544-05
.004-04
.293-05
.270-08



Low.
Lev.

PR R, R PR, R RrRPRrRRPRPRRPRPERPRPRRPRPEREPRPRRPREBERRPREBERPRRERPREBERRRERR,ERER,RPR B

Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.226+01
.227+401
.237+01
.237+01
.237+01
.238+01
.240+01
.241+01
.245+01
.246+01
.246+01
.246+01
.246+01
.246+01
.249+01
.257+01
.257+01
.257+01
.259+01
.259+01
.259+01
.262+01
.262+01
.262+01
.265+01
.266+01
.276+01
.279+01
.356+01
.356+01
.356+01
.3568+01
.381+01
.382+01
.383+01
.383+01
.384+01
.384+01
.385+01
.387+01
.387+01
.387+01
.390+01
.393+01
.416+01

el eolNolNeolNolNolNeolNeoNolNolNeoNeoNoNoNeoNeo Nl el eeololNolNolNolololNolololNolNolNololNolNeolNolNolNolNolNolNolNo o]

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.034-05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O O O OO O OO O OO OONOOOOFH OOODODODODODODODODODODODODOLODOODOOOCULMO OO O

(1/s)

.000+00
.597+05
.000+00
.000+00
.000+00
.509+04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.758+07
.000+00
.000+00
.000+00
.000+00
.109+04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

~NONNOFR, P, P, 00O WN WNRFR,OOP WO, WOAOFLNFRPPNRPRPRPRRPRPRPRPNDOFRRPRPNOROORP®NOOG

.400-06
.306-04
.584-06
.541-06
.095-06
.878-05
.501-06
.277-06
.205-05
.491-06
.243-06
.036-06
.578-05
.958-05
.535-06
.439-06
.080-06
.701-06
.037-06
.352-06
.681-06
.082-06
.070-06
.020-06
.916-05
.691-06
.470-06
.649-06
.298-06
.163-06
.010-06
.733-06
.655-07
.535-07
.821-07
.213-07
.492-07
.196-06
.555-06
.336-06
.151-07
.674-07
.266-06
.402-06
.840-07

WONEFE, P NOOOPPPNPRP,PPRP,POOORLRP,PANOWWRLROR, WORFRL, 01T N0O0ONN OO, EFE0O0OEFE,NDDNNDWW

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.680-06
.509-04
.284-06
.786-07
.606-06
.298-05
.206-05
.407-07
.159-06
.534-07
.830-06
.135-06
.174-06
.958-06
.520-07
.387-07
.954-07
.128-07
.140-07
.169-06
.309-07
.069-06
.831-06
.133-07
.068-04
.238-06
.521-06
.118-06
.293-07
.227-06
.691-06
.613-06
.241-07
.784-07
.867-07
.067-07
.723-07
.684-07
.671-07
.221-07
.482-07
.445-07
.651-06
.477-06
.415-07

R O WNNDWPDPWONRP, PP, OO N OO PRPERE, WWERE WORLREFE OWOAONDN WD WOPPWOO O WWERELNWWEREPdW

13.6

.187-06
.604-04
.098-06
.895-07
.005-06
.999-05
.669-05
.791-07
.025-06
.687-07
.919-07
.634-07
.935-06
.882-06
.441-07
.440-07
.526-07
.895-07
.378-07
.288-07
.808-07
.719-06
.036-06
.443-07
.280-04
.322-06
.352-06
.200-05
.032-07
.939-07
.344-07
.751-06
.668-08
.975-08
.354-07
.950-07
.585-07
.662-07
.757-07
.717-07
.404-07
.438-08
.476-06
.769-06
.434-07

GO W, P, NFR,PFPOOOPNFRLPONRL,POFRLPP,O0OOFRLRNRPRPRPPOFRNRPR,OOONEERPRNDONDNDOOOO®W

24.2

.192-06
.563-04
.213-07
.055-07
.427-06
.822-05
.119-05
.609-07
.398-06
.5635-07
.234-07
.597-07
.821-06
.245-06
.5683-07
.500-07
.540-07
.245-07
.123-07
.443-07
.T747-07
.350-07
.600-07
.874-07
.445-04
.738-06
.135-06
.5565-05
.146-07
.912-07
.969-07
.001-05
.637-08
.857-08
.310-08
.458-08
.414-07
.987-07
.604-07
.843-07
.299-07
.687-08
.475-06
.157-06
.974-08

NOO P, NOFR, P, NPENWOWOFRFFPEPNNR,PR,OPRRPRPRP OO0, OO0 WOORFOONNDEOOOONPNMNENOOOW

38.6

.412-06
.409-04
.442-07
.251-07
.299-06
.580-05
.510-05
.167-08
.371-07
.450-07
.906-07
.122-07
.378-07
.016-06
.219-08
.249-07
.038-08
.360-08
.177-08
.290-07
.961-08
.000-07
.104-07
.002-07
.5672-04
.311-06
.978-06
.805-05
.091-07
.180-07
.5256-07
.219-05
.257-08
.036-08
.924-08
.864-08
.702-08
.097-07
.421-07
.806-08
.448-08
.763-08
.332-06
.607-06
.617-08

P NP NOPNPFPNOOR PP OFRPOOPRPPOORPNNMNAONPP OO POFR,PPRP,PONMPNOAONORF,NW

57.9

.774-06
.010-04
.111-07
.435-08
.426-06
.409-05
.916-05
.536-08
.867-07
.043-08
.728-07
.458-07
.805-07
.510-07
.917-08
.185-07
.432-08
.507-08
.062-08
.892-08
.317-08
.705-07
.738-07
.415-08
.663-04
.900-06
.901-06
.939-05
.388-08
.390-07
.245-07
.466-05
.488-09
.348-08
.256-08
.667-08
.180-08
.076-08
.706-08
.125-08
.845-08
.295-09
.062-06
.109-06
.216-08



Low.
Lev.

PR R, R PR, R RrRPRrRRPRPRRPRPERPRPRRPRPEREPRPRRPREBERRPREBERPRRERPREBERRRERR,ERER,RPR B

Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.418+01
.418+01
.418+01
.418+01
.419+01
.419+01
.419+01
.422+01
.423+01
.423+01
.423+01
.429+01
.429+01
.429+01
.429+01
.430+01
.431+01
.432+01
.432+01
.432+01
.433+01
.433+01
.433+01
.435+01
.437+01
.438+01
.438+01
.438+01
.438+01
.438+01
.438+01
.438+01
.438+01
.438+01
.439+01
.439+01
.439+01
.439+01
.439+01
.440+01
.440+01
.440+01
.440+01
.440+01
.440+01

e eoleolNolNeolNolNolNolNoNolNolNoNoNoNoNoNoNoNo oo NoNoNoNoNo oo No oo NoNo oo No o oo No o oo Neo o]

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

el eolNolNeolNolNolNolNoNolNolNoNoNoNoNoNoNoNo oo NoNoNoNoNoNoNeoNoNoNoNoNo oo No o oo No o oo Neo N o]

(1/s)

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

OO P NNPANRL,PP,PONWONMNNRLRNRP,POR,PPRrOOOPPWRLRPPRPOFRNRER, OO, OONRENNRERRFESN

.354-07
.219-06
.703-06
.634-06
.115-06
.585-06
.160-06
.048-06
.683-07
.393-07
.211-06
.273-06
.646-07
.667-06
.809-06
.452-06
.442-07
.320-06
.633-06
.949-06
.540-07
.920-07
.364-07
.042-07
.279-07
.857-07
.149-07
.139-07
.429-07
.527-07
.489-07
.119-07
.617-07
.134-07
.501-07
.943-07
.162-06
.620-06
.141-07
.546-07
.033-07
.801-07
.239-07
.404-07
.301-07

NNNFOOFR OO WRLrRFR,RFP, OOWOAONDPENPPPNNRFR, OOOONEFEFFP,ONNDONRFE,ORE,R~RNOOW

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.571-07
.919-07
.261-07
.878-07
.020-06
.247-06
.544-07
.095-06
.953-07
.138-07
.354-07
.604-06
.832-07
.168-07
.449-06
.248-06
.308-07
.695-07
.263-07
.885-07
.515-07
.108-07
.698-07
.311-07
.610-08
.205-07
.709-08
.607-07
.454-08
.178-07
.454-08
.960-08
.261-07
.438-07
.086-07
.360-07
.635-07
.170-07
.744-07
.781-07
.805-08
.211-07
.936-07
.101-07
.466-07

P ON PO, PN, PO, P,PNNEREPNR,RPR,PPR,PRP,POOOOPR P WO, NWORLRNNEEREONOGR ODNER

13.6

.740-07
.886-07
.022-07
.784-07
.885-07
.991-07
.571-07
.805-07
.260-07
.754-07
.271-07
.439-06
.432-07
.860-07
.708-07
.430-06
.260-08
.319-07
.139-07
.904-07
.004-08
.611-08
.091-07
.921-07
.665-08
.049-07
.077-08
.046-07
.069-08
.287-07
.961-08
.573-08
.859-08
.596-08
.443-08
.524-07
.556-07
.081-07
.123-06
.829-08
.829-08
.897-08
.612-07
.440-08
.085-07

PR NN, WOFRNDNFR,OFRNNMNOOOOOE R, OONOPPWNNMNNRFR, WO, PP, NNONOOWRLNNRR~RR~O

24.2

.583-08
.425-07
.984-07
.833-07
.350-07
.905-07
.189-07
.051-07
.410-08
.344-08
.515-08
.406-06
.985-08
.807-07
.521-07
.602-06
.742-08
.613-07
.016-07
.387-07
.406-08
.484-08
.410-08
.374-08
.120-09
.046-08
.225-08
.233-08
.952-09
.185-08
.757-09
.020-08
.932-08
.927-08
.891-08
.742-08
.132-07
.247-07
.273-06
.589-08
.954-08
.115-08
.607-07
.497-08
.970-08

N, NP, RPRPrPRRPRRPR,OO0OO0WOFR,FP,OOPPNPDPFR,OPOWOWORRPR,RERRFE,ONRRFEWOOOVONDD WNEREOTEFEFO0OO-NPD

38.6

.303-08
.148-08
.932-08
.733-08
.129-07
.383-07
.567-08
.593-07
.518-08
.216-08
.217-08
.520-06
.619-08
.472-08
.110-07
.792-06
.690-08
.680-08
.459-08
.137-07
.057-08
.579-08
.905-08
.883-08
.590-09
.576-08
.190-09
.925-08
.406-09
.389-08
.831-09
.653-09
.584-08
.254-08
.481-09
.181-08
.278-08
.519-07
.394-06
.594-08
.334-08
.071-08
.727-07
.993-08
.200-08

O ON O F O, FEPNRFR, PO, ONEFENREPE,OPRPPNPFP, OO WOFRLNWONRERFRREONOOOP®OOWN

57.9

.178-08
.607-08
.024-08
.062-08
.288-08
.445-08
.558-08
.476-08
.268-08
.459-08
.943-08
.682-06
.151-08
.864-08
.532-07
.985-06
.168-09
.580-08
.434-08
.320-08
.807-09
.467-09
.054-08
.056-08
.814-09
.050-08
.146-09
.046-08
.167-09
.289-08
.464-09
.587-09
.067-08
.318-09
.918-09
.752-08
.785-08
.240-07
.529-06
.650-09
.062-08
.701-09
.923-07
.475-09
.119-09



Low.
Lev.
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

Upp.
Lev.

DO Ok DDA POWOOWLLOWWLONNDMNNNMNNEP,P P, P PRPOOPRRRP,PPRP,PRP,PRPRPRRPRPRPRRRRPRRRBR

Eo

.440+01
.440+01
.441+01
.441+01
.442+01
.443+01
.443+01
.443+01
.444+01
.445+01
.447+01
.448+01
.353-02
.262-02
.889-01
.762+00
.807+00
.825+00
.857+00
.376+00
.462+00
.463+00
.465+00
.013+00
.832+00
.849+00
.872+00
.908+00
.164+00
.174+00
.189+00
.198+00
.203+00
.204+00
.630+00
.722+00
.620+00
.762+00
.261+00
.264+00
.272+00
.274+00
.276+00
.276+00
.286+00

O O O O OO OO MO OODODODODODOODODODODOOOHPODIODWOODOOIONOODOOOOOOO OO

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.781-05
.000+00
.000+00
.000+00
.000+00
.000+00
.717-01
.000+00
.000+00
.705-01
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.978-02
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O O WO OO OONOOOPROOOFR,R P, OONOOONOOWODOOWOFRrHr OODODOODOOLOOOoOOo

(1/s)

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.562+07
.000+00
.336-05
.000+00
.000+00
.000+00
.315+09
.000+00
.000+00
.639+09
.000+00
.000+00
.000+00
.177+05
.000+00
.000+00
.391+04
.953+05
.000+00
.000+00
.000+00
.580+04
.000+00
.000+00
.000+00
.592+09
.000+00
.000+00
.000+00
.000+00
.000+00
.9956+05
.000+00
.000+00

aPERLPNOOPPRPPRPPRPPRLPNYNPNNNPR,POOOR,PR,PRPRPRPRPR,PRPRONEPEPRPNR,OONEENOODDONOWOOOROORFRN

E

.7T70-06
.676-06
.635-07
.153-06
.501-07
.881-07
.397-07
.799-07
L772-07
.842-06
.157-07
.418-06
.447-02
.820-01
.398-02
.873-02
.572-03
.992+00
.732-03
.405-03
.526+00
.205-02
.662-02
.031-02
.690-01
.355-02
.699-04
.295-02
.001-01
.172-03
.925-04
.989-04
.084-02
.094-03
.989-03
.960-03
.708-02
.180-03
.568-01
.425-03
.584-05
.440-04
.664-02
.932-05
.691-03

NNMNNNWOWONEFELOOOWRL PN, ORP,PPR,P NP, OO0WOFR,RP,O0OFRLRNOFR,RNNDNEEONONNNOPNE, WO

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.601-06
.700-07
.260-07
.342-05
.508-07
.884-07
.592-07
.086-07
.055-06
.0565-06
.894-07
.602-06
.400-02
.508-01
.016-03
.650-02
.220-03
.429+00
.558-03
.081-04
.895+00
.187-02
.463-02
.359-03
.974-01
.912-03
.214-04
.330-02
.180-01
.046-03
.969-04
.742-04
.505-02
.416-03
.616-03
.151-03
.164-02
.531-04
.677-01
.135-03
.452-05
.796-04
.009-02
.676-05
.747-03

F R, NWORr PP, OPPONEFENNERERPR,RPRRRPRNNNOOND ONE0WNNWREWWRENNDWRES= O

13.6

.711-07
.258-07
.776-07
.727-05
.376-07
.574-07
.052-07
.100-07
.192-06
.386-06
.060-06
.117-06
.368-02
.433-01
.591-03
.887-03
.733-03
.826+00
.307-04
.344-04
.238+00
.195-03
.535-02
.747-03
.177-01
.445-03
.114-04
.368-02
.310-01
.724-03
.981-04
.701-04
.810-02
.370-03
.570-03
.506-04
.865-02
.270-04
.739-01
.090-03
.756-05
.077-04
.445-02
.412-05
.410-03

N NN WO, P,OOWR, NWER, P, ORFRP P EPEPNNEFE,OWONMNPE OO PP, NNEPE,PNNERE,OOOR,R,BDNODNDS

24.2

.559-07
.786-07
.297-08
.032-05
.047-07
.263-07
.210-07
.390-08
.718-06
.802-06
.399-06
.706-06
.291-02
.415-01
.855-03
.743-03
.269-04
.196+00
.428-04
.314-04
.560+00
.213-03
.718-02
.411-03
.325-01
.425-03
.154-04
.408-02
.407-01
.453-04
.975-04
.487-04
.032-02
.515-04
.394-03
.571-04
.734-02
.596-04
.770-01
.613-04
.824-06
.292-04
.810-02
.348-06
.374-04

WWWWwW PPN, NOFR,NPWOORL OO, FPEPPNNMNNORNDNENOPENONNNDEDOOONOLCODNDEFEN

38.6

.321-07
.397-07
.738-08
.244-05
.473-07
.875-08
.374-08
.502-08
.638-06
.284-06
.776-06
.820-06
.024-03
.414-01
.641-04
.5356-03
.997-04
.547+00
.394-04
.237-04
.868+00
.670-03
.949-02
.312-04
.431-01
.301-03
.238-04
.443-02
.477-01
.096-04
.959-04
.039-05
.191-02
.053-04
.454-04
.933-04
.635-02
.635-05
.783-01
.848-04
.420-06
.467-04
.097-02
.792-06
.805-04

P P, WWOWNEFE,E P, OFRPFPONOPRPPNPRPPPONDOPPOWOWDOOR, WONEONONNDPEPOOFR,ONOGODNDN-AN—

57.9

.165-07
.213-08
.378-08
.389-05
.077-07
.723-08
.409-08
.159-08
.613-06
.788-06
.064-06
.653-06
.785-03
.422-01
.033-04
.351-03
.698-04
.876+00
.303-04
.602-05
.162+00
.728-04
.166-02
.839-04
.502-01
.891-04
.324-04
.471-02
.524-01
.724-04
.948-04
.304-05
.298-02
.166-04
.939-04
.048-04
.069-01
.625-05
.787-01
.467-04
.213-06
.608-04
.308-02
.923-06
.985-04



Low.
Lev.
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80

Upp.
Lev.

0 0 00 00 00 00 00 00 0 0 00 0 0 0 00 0 00 0 00 N NNV AV N AANTNANANANANANANANANANANNNNTNNOOOOOOO OO

Eo

.457+00
.459+00
.485+00
.485+00
.486+00
.983+00
.055+00
.056+00
.058+00
.073+00
.282+00
.293+00
.326+00
.400+00
.401+00
.401+00
.415+00
.497+00
.797+00
.851+00
.862+00
.893+00
.930+00
.936+00
.959+00
.961+00
.065+00
.205+00
.429+00
.527+00
.643+00
.643+00
.652+00
.654+00
.686+00
.687+00
.690+00
.695+00
.703+00
.707+00
.731+00
.735+00
.818+00
.824+00
.829+00

O O O OO O OO OO ODODO0ODOOOFH,HOOOOHPODODODUINODODODODODODODOODOOHOOOOoOOo

Osc.
Str.

gf

.000+00
.000+00
.971-04
.000+00
.000+00
.000+00
.987-01
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.806-03
.194-02
.000+00
.000+00
.000+00
.431-02
.000+00
.000+00
.000+00
.000+00
.590-02
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O O U1 OO O VWO F OOONEF OOWOODOONOOODIWUWIPROOOOWMODODOODOONOODONODO

(1/s)

.000+00
.000+00
.220+07
.000+00
.000+00
.000+00
.648+10
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.880+06
.000+00
.000+00
.000+00
.000+00
.568+08
.571+09
.000+00
.000+00
.000+00
.473+09
.000+00
.000+00
.000+00
.000+00
.024+09
.000+00
.000+00
.915+06
.175+06
.000+00
.000+00
.000+00
.049+06
.000+00
.162+05
.000+00
.000+00
.000+00
.126+04
.000+00
.000+00

O O, P NNNE,PEPNNELENNPPOOR, ONNDMNOOOOOND N, PP, OO0, P, N PN OO, EFE,NWOERN

.622-04
.655-04
.107-05
.456-06
.604-06
.205-05
.377-02
.249-03
.976-03
.899-03
.746-02
.573-03
.211-05
.927-02
.121-02
.108-02
.183-04
.199-03
.532-03
.913-03
.794-03
.128-04
.449-04
.513-03
.231-05
.741-04
.771-04
.688-04
.284-03
.205-04
.854-03
.683-03
.678-03
.826-03
.501-03
.386-02
.187-03
.657-03
.394-03
.142-03
.056-04
.685-04
.844-04
.556-04
.672-03

NN WO, WNPNNP,OOOOOF, WL, WWOOOWNONL, PN, OR PR, ONONWOO WR N 0~

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.401-04
.174-05
.428-05
.891-06
.906-06
.741-06
.083-02
.848-03
.919-03
.609-03
.545-02
.304-03
.176-05
.129-01
.119-03
.068-02
.595-04
.171-03
.133-03
.560-03
.988-04
.249-04
.105-04
.355-03
.359-05
.255-04
.736-04
.583-04
.400-03
.720-04
.397-04
.827-03
.636-03
.464-03
.332-04
.603-02
.727-03
.933-04
.085-03
.152-03
.016-05
.992-05
.645-04
.164-04
.285-03

NP, WA N W N WN0000CIOE 0L RORNOR,R,R,RRNDRDNRRRROWR R RS

13.6

.294-05
.012-05
.026-04
.031-06
.971-06
.519-06
.364-02
.474-03
.048-02
.348-03
.006-01
.041-04
.788-05
.418-01
.387-03
.137-02
.384-04
.934-03
.027-03
.197-02
.086-04
.439-04
.608-04
.770-03
.151-05
.682-04
.903-04
.288-05
.893-03
.436-05
.004-04
.381-03
.724-03
.896-04
.789-04
.750-02
.5637-03
.050-04
.918-03
.315-04
.5563-05
.768-05
.032-04
.112-04
.708-03

NONNNWPAENONEFE, PP, ONPOPRP OO0OWFRLONNRFR, P, ONRL,FR,PP,POOOWRLROORL,NOR,FROEFERFPRW

24.2

.748-05
.982-05
.359-04
.724-07
.003-06
.753-06
.052-02
.424-04
.088-02
.817-04
.038-01
.885-04
.409-05
.661-01
.143-03
.246-02
.548-05
.237-04
.160-03
.769-02
.540-04
.572-04
.076-05
.436-02
.434-05
.453-05
.533-05
.174-05
.729-03
.123-05
.637-04
.894-03
.066-02
.219-04
.973-04
.845-02
.475-03
.129-04
.643-03
.413-04
.910-05
.515-05
.876-04
.018-05
.985-03

O WWEOoWF OFE, NNONEFEFFRPEPRPNONDDPPOFRLDPNNENRL, PO, OO, ONEFE WO, WEFE 00WER O

38.6

.911-05
.870-06
.701-04
.251-07
.171-07
.264-07
.096-01
.673-04
.119-02
.383-04
.066-01
.077-04
.994-05
.840-01
.435-04
.377-02
.994-05
.363-04
.419-03
.412-02
.274-04
.670-04
.019-05
.965-02
.182-05
.220-05
.808-05
.068-05
.754-03
.033-05
.3563-04
.124-02
.217-02
.209-04
.997-05
.900-02
.300-03
.099-04
.329-03
.806-04
.712-05
.314-05
.219-04
.296-05
.146-03

O, WO O OO ANNPRPRPPFPOODOFRLREFEPNMNMNMNONMNMMNMDMNOWRERNEFNRORRPRRREREDDANDEDNDDO

57.9

.565-06
.908-06
.070-04
.945-07
.796-07
.125-07
.406-01
.794-04
.148-02
.657-04
.065-01
.065-04
.465-05
.980-01
.498-04
.475-02
.018-05
.991-04
.754-03
.108-02
.612-05
.737-04
.048-05
.544-02
.054-05
.160-05
.503-05
.040-05
.081-02
.454-06
.727-05
.245-02
.3568-02
.122-04
.995-05
.933-02
.943-03
.613-05
.907-03
.336-05
.550-05
.714-06
.360-04
.768-05
.241-03



Low.
Lev.
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

Upp.
Lev.

B P, R R, R R, R, R RERR,RRPRRRPRPRR OO OO OO OO0 00O 00O OO0 OO OO O OO0 0o 0o o o

Eo

.878+00
.936+00
.956+00
.962+00
.977+00
.991+00
.001+00
.007+00
.052+00
.057+00
.061+00
.083+00
.104+00
.143+00
.148+00
.1563+00
.229+00
.258+00
.258+00
.259+00
.296+00
.333+00
.334+00
.336+00
.407+00
.534+00
.535+00
.537+00
.611+00
.002+01
.003+01
.006+01
.006+01
.007+01
.009+01
.009+01
.010+01
.011+01
.012+01
.012+01
.021+01
.021+01
.021+01
.024+01
.030+01

O O O OO OO OO ODODODODOODOOOIODODODODODODODODODWOOODODUIODODODOOOOOOOOoOOo

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.225-02
.000+00
.000+00
.000+00
.000+00
.198-02
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.223-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.854-03

Rad. Dec.

Rate

P O O O OO0, OO OO0 O0ODO0OO0ODO0ODO0ODOFrHOOO0ODODOO0OOPONODOOOFrHROOOOODODOOOoOOo

(1/s)

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.149+10
.000+00
.000+00
.000+00
.000+00
.175+09
.000+00
.193+06
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.028+08
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.842+04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.378+09

COOORFRORBPRRLOONDMIRRERRONWNRER,RAWRNOOERLERERWNWR-NOW0NWWR 0N D

.962-04
.334-02
.342-03
.627-02
.474-04
.330-03
.244-03
.260-04
.323-03
.743-03
.011-03
.257-03
.223-03
.977-03
.237-03
.728-03
.416-04
.131-02
.513-03
.391-03
.366-03
.257-03
.080-03
.484-03
.610-04
.269-05
.450-05
.7T79-05
.493-04
.729-02
.194-03
.343-06
.092-06
.440-05
.537-06
.719-06
.137-06
.172-05
.101-05
.809-06
.T77-03
.065-04
.438-06
.420-06
.149-04

NP OO, OO0 OO0, WD O 0O, WWERE WFENNMNMNPPWORE PR OO0 NPDORENNDPDNDN

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.352-04
.667-02
.211-03
.131-02
.532-04
.716-03
.866-03
.333-04
.996-03
.849-04
.0566-03
.170-03
.522-03
.516-03
.962-04
.402-03
.570-04
.809-02
.211-03
.678-03
.137-03
.584-03
.945-04
.084-03
.177-04
.461-05
.294-05
.832-05
.308-05
.925-02
.998-04
.349-06
.697-06
.211-05
.664-06
.389-06
.740-07
.485-05
.316-06
.017-06
.986-03
.355-05
.566-06
.447-06
.843-04

O N NNDNDNDNNONIOINONOOOWPDPWNPFRPOPRPRPRPPRPRPRPRPNNR,ONMNOORNORFR, PPONEOONDNDNDDND-PR

13.6

.202-04
.971-02
.080-03
.509-02
.526-04
.585-04
.015-02
.198-04
.792-03
.378-04
.003-02
.910-04
.158-04
.340-03
.756-04
.667-03
.384-04
.414-02
.079-03
.674-03
.042-03
.993-03
.514-04
.097-03
.386-04
.7T77-05
.586-06
.113-04
.458-05
.066-02
.227-04
.184-06
.824-06
.418-06
.428-06
.717-06
.932-07
.754-05
.612-06
.186-06
.136-03
.891-05
.080-06
.250-06
.561-04

P R, NPFRPNORFR,OFREFRPEFRPOPPPPLPNONNNR, WONORLRONOONOOWERL ORRP,ONEFEFNORRPR,PAPNNMNDE WO

24.2

.503-05
.196-02
.015-03
.764-02
.774-04
.225-04
.110-02
.097-04
.482-03
.124-04
.486-02
.936-04
.361-04
.291-03
.979-04
.471-03
.220-04
.946-02
.362-04
.892-03
.177-04
.278-03
.094-05
.213-03
.274-05
.141-05
.261-06
.217-04
.344-05
.162-02
.790-04
.397-06
.111-06
.510-06
.316-06
.017-05
.523-07
.047-05
.326-06
.693-06
.242-03
.614-05
.624-06
.185-06
.112-03

P OO 000NN ONRL, N, PP ONPRPPFPPRPERPNNEPEPNMNNMNNONDMPPOORPRP,P R, RPRPPRPNRER,OOOOFRLRNDNNDNDDDOWW

38.6

.575-05
.345-02
.830-04
.926-02
.9562-04
.029-04
.173-02
.369-05
.982-03
.008-04
.017-02
.434-04
.547-04
.283-03
.031-04
.159-02
.115-05
.394-02
.685-04
.189-03
.585-04
.475-03
.557-05
.283-03
.943-05
.020-04
.596-06
.286-04
.211-05
.223-02
.701-05
.670-06
.3556-06
.891-06
.022-07
.092-05
.630-08
.128-05
.661-07
.451-06
.311-03
.818-06
.133-06
.103-07
.477-03

B WO PNOWODRDREFRLFWODMDPPPNNORNRFRPRERPEPENDNMNERLORRPMPOFE, OO, OONPELPDNDNE OWWNDWE

57.9

.917-05
.434-02
.201-04
.021-02
.065-04
.321-05
.212-02
.539-05
.025-02
.560-05
.581-02
.765-05
.785-05
.323-03
.327-05
.497-02
.031-05
.732-02
.309-04
.531-03
.256-04
.562-03
.112-05
.323-03
.420-05
.392-04
.664-07
.326-04
.068-06
.262-02
.993-05
.877-06
.571-06
.642-07
.548-07
.116-05
.019-08
.848-05
.234-07
.150-06
.356-03
.460-06
.605-06
.178-07
.892-03



Low.
Lev.
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.032+01
.032+01
.033+01
.034+01
.035+01
.036+01
.037+01
.038+01
.043+01
.048+01
.069+01
.070+01
.071+01
.071+01
.073+01
.074+01
.075+01
.077+01
.077+01
.077+01
.078+01
.080+01
.081+01
.081+01
.081+01
.082+01
.083+01
.083+01
.083+01
.084+01
.084+01
.085+01
.085+01
.085+01
.085+01
.085+01
.087+01
.087+01
.088+01
.089+01
.089+01
.089+01
.089+01
.089+01
.090+01

O O O OO O OO OO OO0 OO ODOODODODODODODODODODODODODODODODODODOODOWODOOLOKTOODOW

Osc.
Str.

gf

.673-02
.000+00
.000+00
.000+00
.640-03
.000+00
.000+00
.977-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O O O OO O OO OO ODODODOODODODODODODIODO0ODO0OLOOOOP+ODOOHPHOOUIKF OO, OOFr OOO

(1/s)

.047+10
.000+00
.000+00
.000+00
.906+09
.000+00
.000+00
.148+08
.000+00
.000+00
.648+05
.551+06
.000+00
.000+00
.097+05
.000+00
.000+00
.955+05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

WR P RPRONRNWNRNNR,R,NRRNRNNNOONONR,WNR, DR ERONNDR,ONDR R BNDR N~

.796-03
.926-05
.165-03
.695-04
.711-04
.560-05
.017-04
.731-05
.581-04
.322-05
.515-03
.220-03
.271-04
.035-03
.084-04
.711-04
.689-05
.392-04
.037-05
.017-04
.061-05
.998-04
.091-05
.087-06
.767-06
.349-03
.047-04
.542-07
.132-06
.058-03
.040-04
LT77-03
.500-03
.549-03
.680-03
.830-03
.277-03
.748-04
.187-04
.080-04
.696-06
.021-05
.089-05
.241-05
.088-05

H OO WRr P PNWOWFR R0 ONEFERFR R WWNDPDEWONNENOOOWOOBOREFEWOODOOWWR P OOE Ok OO0wN

28

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.901-03
.840-05
.627-04
.549-04
.830-04
.263-05
.817-05
.426-05
.444-04
.064-05
.706-04
.514-03
.555-04
.008-03
.749-04
.679-05
.939-06
.187-04
.277-05
.964-05
.304-05
.020-04
.357-06
.494-06
.902-06
.708-03
.375-04
.374-07
.073-06
.208-03
.007-04
.0565-03
.896-03
.569-04
.668-04
.560-03
.432-03
.030-04
.911-04
.118-04
.433-06
.185-05
.932-06
.767-06
.228-05

AP P,r PP, ONFP,FP,PONPRLPNOONOOOR, R, OPPPR,PNERP,PNDNNR,NOOPRER,OR, 000, NOTWER 0000 WR B

13.6

.752-03
.990-05
.409-04
.024-05
.556-04
.171-05
.010-05
.241-05
.389-05
.599-05
.998-04
.692-03
.860-04
.319-04
.782-04
.605-05
.595-06
.449-04
.267-05
.572-05
.538-05
.075-04
.650-06
.711-06
.701-06
.005-03
.797-04
.T747-07
.514-07
.350-04
.278-05
.227-03
.164-02
.513-04
.870-04
.200-04
.534-03
.288-04
.858-04
.783-05
.163-06
.258-05
.575-06
.931-06
.308-06

NS NP, P NNNOOFR,R PP NNRPRPNNNNPP O, OWP00AANRFROODOPPNEFENORFRDOWNRL,RFRRPR DR~

24.2

.337-03
.056-05
.715-04
.047-05
.283-03
.143-05
.521-05
.127-05
.719-05
.034-06
.916-04
.081-02
.7T77-05
.806-04
.973-04
.432-05
.652-06
.919-04
.974-06
.346-05
.760-05
.704-05
.089-06
.981-07
.810-06
.256-03
.313-05
.368-07
.303-07
.753-04
.802-05
.359-03
.296-02
.313-04
.327-04
.194-04
.617-03
.936-05
.905-04
.922-05
.144-06
.322-05
.298-07
.685-06
.427-06

PO WRRPRRONNNRNORPREPNRE,ONR, DO ONNNTWER,DREPNR,ORDSWRONRRBNDOO R

38.6

.041-02
.476-06
.538-05
.010-05
.809-03
.154-05
.595-06
.709-05
.867-05
.945-06
.492-04
.260-02
.078-05
.458-04
.193-04
.264-05
.537-06
.023-03
.937-06
.045-06
.957-05
.982-05
.983-06
.167-07
.979-06
.461-03
.743-05
.415-07
.400-07
.434-04
.492-05
.608-03
.3956-02
.167-04
.850-05
.110-04
.785-03
.608-05
.991-04
.449-05
.244-06
.458-05
.307-07
.108-06
.058-06

OO, PP OOOWRL PP NOFRDNNNDNEPRPRPRPNOOOO0OF, WOWONEFEPAPONNYINNDNERE R, OF, WEFEDNOPRNDRE

57.9

.367-02
.659-06
.227-05
.817-06
.387-03
.188-05
.708-06
.265-04
.419-06
.949-06
.454-04
.414-02
.548-05
.327-05
.414-04
.411-06
.930-06
.144-03
.381-06
.584-06
.121-05
.511-05
.818-06
.090-07
.154-06
.630-03
.362-05
.485-07
.916-07
.802-04
.667-06
LT77-03
.471-02
.733-05
.497-05
.032-04
.899-03
.112-05
.083-04
.955-06
.402-06
.5563-05
.472-07
.604-06
.498-07



Low.
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.091+01
.091+01
.092+01
.093+01
.093+01
.093+01
.095+01
.095+01
.095+01
.096+01
.096+01
.096+01
.097+01
.107+01
.107+01
.107+01
.108+01
.110+01
.111+01
.116+01
.116+01
.116+01
.116+01
.117+01
.117+01
.120+01
.128+01
.128+01
.128+01
.129+01
.129+01
.130+01
.132+01
.132+01
.132+01
.135+01
.136+01
.146+01
.149+01
.226+01
.226+01
.227+01
.229+01
.2562+01
.253+01

O O O OO O OO OO OO0 OO ODOODODODODODODODODODODOODOONOOODODOOOOO IO ok

Osc.
Str.

gf

.273-05
.000+00
.000+00
.200-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.127-05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

el eolNolNeolNolNolNolNoNolNolNoNoNoNoNoNoNoNo oo NoNoNoNoNoNoNeoNo o oo Neo oo lNo o oo No ol el

(1/s)

.362+07
.000+00
.000+00
.343+08
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.984+06
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

N, PP, PR, DBENNNDNNNEE, W0 WNE 00T W ONWWERRERRFEPOWNWNONNEFE,EFR,LNNWWWEO

.242-06
.458-03
.868-04
.169-05
.660-04
.276-04
.431-06
.201-05
.985-04
.313-05
.065-05
.223-06
.312-04
.707-05
.359-06
.871-06
.011-05
.009-04
.908-05
.139-04
.766-05
.331-05
.118-05
.500-05
.265-06
.816-06
.518-06
.949-06
.512-06
.904-06
.282-06
.219-06
.718-06
.667-06
.223-06
.875-05
.060-06
.073-06
.106-05
.762-06
.854-06
.527-06
.181-06
.746-06
.199-06

P ONRP,P OPNFR, WOWONWERRLREPRPPEPLWONMNONRERPAMPRLRNONPPEPRLPNRRPR,OOWDDOOITNOOWOONERELN

29

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.050-06
.595-03
.112-04
.189-05
.799-04
.717-05
.438-06
.303-06
.394-04
.967-05
.469-05
.081-06
.812-04
.424-05
.729-06
.515-06
.034-05
.378-05
.339-06
.237-04
.254-05
.902-05
.081-05
.324-05
.751-07
.164-06
.042-06
.972-06
.066-05
.055-06
.157-06
.998-06
.066-06
.217-07
.995-06
.285-06
.709-06
.162-06
.284-06
.289-06
.534-07
.761-06
.190-06
.124-07
.087-06

GO N PN PP OO, NP, P, O0OCO0O0O0O0P R, WONEFEFNONOOONNMNMNMNSEWWNR,RFRAN

13.6

.179-06
.733-03
.103-04
.609-05
.965-04
.641-05
.043-06
.460-06
.310-04
.048-05
.546-05
.187-07
.478-05
.333-05
.492-07
.212-06
.004-05
.743-05
.585-06
.306-04
.864-05
.460-05
.704-06
.233-06
.460-07
.339-06
.166-06
.296-07
.127-05
.773-07
.828-07
.581-06
.716-06
.152-07
.534-06
.636-06
.838-06
.522-07
.796-06
.023-06
.667-07
.168-06
.148-06
.181-07
.665-07

WWONNWEFEFWONPNOOOOEWWE WU WAL N, PP, PAENPNOFR,EFR,FP,OR, DR, OER, O

24.2

.039-06
.860-03
.610-05
.036-04
.132-04
.644-05
.314-06
.189-06
.182-04
.027-05
.360-05
.514-07
.829-05
.383-05
.366-07
.130-06
.977-06
.362-05
.121-06
.362-04
.431-05
.791-05
.087-06
.064-06
.699-07
.247-07
.106-07
.186-07
.189-05
.174-07
.031-07
.005-06
.935-06
.930-07
.905-06
.418-06
.106-07
.813-07
.203-06
.819-06
.260-07
.634-06
.131-07
.3563-07
.080-07

P NWWEFEWPAPNOPRP,P O, NOR, P RPRPRPRPNOOORLRRFEFOOORREFEFONONMNDNEOODOOGIOOONDFRNREBE

38.6

.187-05
.968-03
.798-05
.346-04
.544-04
.033-06
.698-06
.685-07
.939-05
.064-06
.961-05
.247-07
.411-05
.500-05
.403-07
.168-07
.516-06
.634-06
.720-06
.500-04
.031-05
.409-05
.628-06
.684-06
.517-07
.781-07
.317-07
.302-07
.317-05
.697-07
.607-07
.3556-06
.456-06
.655-07
.016-06
.234-06
.674-07
.296-07
.843-07
.772-06
.130-07
.037-06
.3563-07
.483-07
.742-07

ONF WO WEFFPFNOOOODONNOOFR, O, PP, OODOSTOORFRE FP WEFEF WEFELNRPFEPFOOONMNNMDMNNNDER,RERDNDRE

57.9

.510-05
.060-03
.357-05
.681-04
.810-04
.939-06
.477-06
.640-07
.900-05
.413-06
.416-05
.037-08
.171-05
.637-05
.371-07
.460-07
.245-06
.083-06
.568-06
.581-04
.266-05
.700-05
.496-07
.997-07
.074-06
.194-07
.206-07
.518-08
.373-05
.278-08
.255-08
.0568-06
.462-06
.184-08
.188-06
.264-07
.489-07
.503-07
.994-07
.942-06
.573-08
.342-06
.801-07
.093-07
.296-08
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.263+01
.253+01
.254+01
.255+01
.2565+01
.268+01
.258+01
.258+01
.260+01
.263+01
.287+01
.288+01
.288+01
.288+01
.289+01
.289+01
.289+01
.289+01
.293+01
.293+01
.294+01
.294+01
.299+01
.299+01
.299+01
.299+01
.300+01
.302+01
.303+01
.303+01
.303+01
.304+01
.304+01
.304+01
.306+01
.308+01
.308+01
.308+01
.308+01
.309+01
.309+01
.309+01
.309+01
.309+01
.309+01

O O O OO O OO OO OO0 OO ODOODODODUWOOODODODODODODODODODODODODODOOOOOOOOOOO

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.515-05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

e eoleolNolNeolNolNolNolNeoNolNolNeoNoNoNoNoNoNoNeo oI NeleNeololNolololNolololNolNolNololNolNeolNolNolNolNolNolNolNo o]

(1/s)

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.302+07
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

P DA P NPRPPRPNDNR,OFRPPRPPRPORP,PQOONPPOPRPPORPPEPNOCOPIOIOTPRLREPEPREOMONREPRERNDNDNDWEREN

.630-06
.267-06
.976-06
.470-06
.069-07
.082-06
.249-06
.119-06
.172-06
.191-06
.635-06
.583-06
.443-06
.252-06
.270-06
.912-06
.822-08
.361-07
.587-07
.026-06
.600-06
.002-06
.763-06
.610-07
.512-06
.030-07
.738-06
.854-06
.698-06
.538-06
.200-08
.016-05
.408-06
.702-06
.683-06
.042-06
.303-06
.152-06
.495-06
.013-06
.721-06
.572-07
.936-07
.154-07
.640-07

NP, NWOFRLRNOFR,PPOOREFEPFPL,ONNYNENDMNNONNMNOR P, OWRLNOR,RNFR, O, ONOOFR L, PON

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.644-06
.739-07
.549-06
.268-06
.427-07
.631-07
.113-07
.212-06
.083-06
.688-06
.117-07
.850-06
L1T72-07
.006-06
.416-06
.847-06
.005-07
.117-07
.961-07
.112-06
.174-06
.T72-07
.011-06
.336-07
.645-06
.636-07
.750-06
.458-06
.212-06
.926-06
.768-08
.399-05
.723-06
.500-06
.767-07
.891-07
.643-06
.137-07
.534-06
.096-06
.403-07
.709-07
.688-07
.801-07
.801-08

P NN, PP ONMNONPDPPFR,R O, OORFR, ONRPRRNRPRPR,ORFRROOFRNREROOOOPNDPDP ONMNWORL OO WW

13.6

.228-06
.723-07
.513-06
.683-07
.440-07
.941-07
.023-07
.312-06
.875-06
.202-07
.900-07
.740-06
.195-07
.268-07
.213-06
.615-06
.325-07
.108-07
.368-06
.902-07
.035-06
.262-07
.091-06
.219-07
.302-06
.367-07
.560-06
.452-07
.375-06
.501-06
.339-08
.798-05
.456-07
.524-06
.957-07
.256-07
.020-07
.237-07
.048-06
.327-06
.994-07
.744-07
.309-07
.995-08
.795-08

WWNNNEFP,WOWERELRNEFPL,LPEAENONOPONOOODOODRL R, WL, ERP,PPE, OOOONPENOORNRER,R,ERWOND®W

24.2

.918-06
.067-07
.769-06
.590-07
.842-07
.028-06
.519-07
.381-06
.624-06
.140-07
.609-07
.061-06
.311-07
.751-07
.334-06
.038-07
.674-07
.753-07
.864-06
.088-07
.048-06
.825-07
.113-07
.797-08
.435-06
.159-08
.734-07
.113-07
.466-06
.807-07
.527-08
.1563-05
.241-07
.632-06
.950-07
.124-07
.964-07
.535-08
.577-06
.665-06
.655-07
.652-08
.713-07
.860-08
.691-08

B R, OO, P, BB NMNONEFEFNNNPERE,PNDPPOR,R PO, RP,PPRPNDNRNDNPPOOOR,RPRP,OFRDNDONNRE,NR N =D

38.6

.518-06
.153-07
.943-06
.961-07
.329-07
.059-06
.762-08
.406-06
.221-07
.976-07
.408-07
.521-06
.323-07
.081-06
.607-06
.983-07
.1556-07
.768-07
.275-06
.623-07
.134-06
.009-07
.548-07
.115-08
.213-05
.848-08
.814-07
.396-07
.058-05
.044-07
.704-08
.474-05
.116-07
.805-06
.129-07
.553-08
.040-07
.411-08
.071-06
.888-06
.396-07
.404-08
.527-07
.901-08
.327-08

AR, WORPONPNNRE, PP NDMNPRPNNMNNPRP,RPRPRPNMNNMRNMNMNOORFR,ONMEFEFNMNNMOORNSNNRF,ONWEFENE OO

57.9

.157-06
.158-08
.602-06
.077-07
.823-07
.084-06
.801-08
.397-06
.051-07
.655-07
.608-08
.103-06
.751-08
.209-06
.982-06
.699-07
.303-07
.902-07
.566-06
.650-08
.259-06
.482-08
.067-07
.600-08
.552-05
.159-08
.608-07
.596-07
.185-05
.952-07
.435-08
.700-05
.037-07
.024-06
.744-07
.364-08
.086-07
.149-08
.596-06
.000-06
.918-08
.496-08
.972-07
.034-08
.181-08
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

Upp.
Lev.

AP DADMNPOOWDCOWWNMNNMNMNERERFRPRPPRPRPONRPRPRPRPRPRPREPEPEPREPEPPRPREPEPRPRRPEPREPRRERERPRE

Eo

.310+01
.310+01
.310+01
.310+01
.310+01
.310+01
.310+01
.310+01
.310+01
.310+01
.311+01
.311+01
.311+01
.311+01
.312+01
.313+01
.313+01
.313+01
.314+01
.315+01
.315+01
.318+01
.319+01
.909-02
.754-01
.748+00
.794+00
.812+00
.843+00
.362+00
.449+00
.450+00
.452+00
.000+00
.818+00
.836+00
.858+00
.895+00
.150+00
.160+00
.176+00
.185+00
.189+00
.190+00
.616+00

O O O OO O OO OOONOF WO PEPNWNOOOOOODOOODODOODODODOODOOOOOOOOO

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.257-02
.639-01
.767-01
.461-01
.625-04
.501-01
.0563+00
.000+00
.271-03
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O R, ONO P NNOWNWOF ONNNORFR,LROPPODOODODODODODIODODODODODOODOOOOOONODO

(1/s)

.000+00
.000+00
.405+04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.380-01
.000+00
.108+08
.404+09
.431+09
.434+09
.970+07
.622+09
.015+10
.000+00
.283+07
.095+05
.292+05
.000+00
.113+03
.590+05
.061+05
.000+00
.195+04
.000+00
.428+05
.000+00

NP, ONRFREPPRPEPLPPOFPLRWOFR,LOFRLRNINNEPEPENMNNNANP, OO0, WOR, OO DPDRARPRPNONNDREREOEN

E

.869-07
.115-06
.413-06
.576-06
.398-06
.289-06
.778-07
.086-07
.364-07
.853-06
.505-08
.556-06
.481-07
.734-07
.685-06
.319-06
.284-07
.196-07
.815-07
.315-07
.251-07
.260-06
.150-06
.413-01
.307-02
.086-01
.005+00
.521+00
.365+00
.178-03
.174+00
.482+00
.048-01
.626-02
.864-01
.534-01
.712-02
.550-02
.454-01
.244-01
.435-03
.433-02
.503-03
.032-01
.496-02

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.149-07
.429-07
.023-06
.304-07
.714-07
.045-06
.264-07
.075-07
.062-07
.987-07
.045-08
.738-06
.310-07
.276-06
.838-06
.388-07
.157-07
.695-07
.354-07
.637-07
.550-07
.934-06
.321-07
.189-01
.209-02
.027-01
.443+00
.841+00
.878+00
.670-03
.438+00
.311+00
.629-02
.280-02
.056-01
.141-01
.003-02
.977-03
.656-01
.470-01
.391-04
.667-02
.0562-03
.184-01
.445-02

ORNNPDPRLRPROAOBRNRL,NOFR,DWOWNNNR,OWRNNR, OO WERRERNDSDSD NN D WRND

13.6

.992-08
.562-07
.064-05
.279-07
.193-07
.156-06
.784-08
.083-07
.686-08
.295-07
.844-08
.093-06
.163-07
.845-06
.390-06
.0566-07
.680-07
.110-08
.807-07
.038-07
.234-07
.583-06
.468-07
.769-01
.177-02
.071-01
.840+00
.133+00
.346+00
.898-03
.688+00
.083+00
.9568-02
.625-02
.201-01
.573-01
.715-03
.566-03
.807-01
.634-01
.726-04
.8563-02
.901-03
.298-01
.086-03

PP, P, ONPEPPR,P PPN, NOOFR, PDPONONOOTOER, ORFR, R, WP, ONOOODOOOTEFE,NOONNNERFEELDN

24.2

.263-08
.245-07
.326-05
.514-07
.248-07
.539-06
.840-08
.789-07
.079-08
.899-07
.811-08
.272-06
.092-08
.871-06
.965-07
.351-07
.091-07
.931-08
.320-07
.119-07
.154-07
.517-07
.998-07
.595-01
.550-03
.193-01
.210+00
.408+00
.783+00
.688-03
.925+00
.809+00
.899-02
.345-02
.316-01
.890-01
.219-03
.579-03
.923-01
.756-01
.584-04
.003-02
.631-03
.384-01
.420-03

NP, O WRFRFEPNWFEONRFFOONPEPENWNWORLRPEOODOOOAONNOOOWPE WO ORF, P, NEFEO R O

38.6

.299-08
.718-08
.580-05
.913-08
.193-07
.825-06
.363-08
.033-06
.007-09
.521-08
.191-08
.347-06
.103-08
.394-06
.389-07
.054-08
.054-07
.588-08
.187-07
.004-08
.460-08
.549-07
.114-07
.520-01
.818-03
.3566-01
.561+00
.671+00
.199+00
.779-03
.154+00
.504+00
.138-02
.259-02
.402-01
.116-01
.843-03
.487-03
.010-01
.843-01
.391-04
.120-02
.193-04
.448-01
.397-03

B = O W N, NN ONEFEONNOERENONMNDOOONWWORLNNEFEPEORE, OO0 WP EFE,ENNOODWREDNRE

57.9

.019-08
.510-08
.791-05
.298-08
.399-08
.973-06
.356-09
.070-06
.111-09
.747-08
.793-08
.995-06
.545-08
.284-06
.554-07
.661-08
.493-07
.427-08
.404-07
.329-08
.717-08
.292-07
.426-08
.497-01
.425-03
.533-01
.890+00
.917+00
.589+00
.018-03
.372+00
.167+00
.458-02
.269-02
.462-01
.267-01
.102-03
.904-03
.069-01
.902-01
.436-05
.203-02
.323-04
.491-01
.305-03
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Upp.
Lev.

0 00 00 00 0 0 0 O0WOoWNNNNNTNANANNANANATAAAANTNANANANNANANANANNTNNTNODDOOODDOOOOOS OO OO O OO O

Eo

.708+00
.606+00
.748+00
.248+00
.250+00
.259+00
.260+00
.262+00
.263+00
.272+00
.444+00
.445+00
.471+00
.472+00
.473+00
.969+00
.042+00
.043+00
.045+00
.059+00
.268+00
.280+00
.312+00
.387+00
.387+00
.387+00
.402+00
.484+00
.783+00
.837+00
.849+00
.879+00
.916+00
.923+00
.946+00
.947+00
.052+00
.192+00
.415+00
.514+00
.630+00
.630+00
.639+00
.641+00
.673+00

O O O OO NPFRLPRFPWOHOITNWOEFRLRNRPOOOODOOOOOOHPFRPLPONRFPRP,LPOOODOOODODOOrNDO

Osc.
Str.

gf

.000+00
.714-01
.021-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.379-04
.772-04
.403-04
.000+00
.504-01
.473-01
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.030-02
.028-02
.168-01
.000+00
.994-02
.187-02
.778-03
.390-02
.044-03
.711-04
.744-02
.829-05
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O Wk, Pk, OOF, 0O, WFErFPNOF WRFRPRPLOOF,FOOFUODIODOOWRFR,R O, UKk OO, ONOOF,ONNDNDO

(1/s)

.000+00
.284+10
.710+07
.000+00
.089+06
.000+00
.000+00
.241+06
.000+00
.594+05
.000+00
.000+00
.547+07
.961+07
.618+07
.000+00
.997+10
.564+10
.000+00
.000+00
.000+00
.485+03
.010+04
.827+06
.262+07
.000+00
.000+00
.285+04
.670+09
.335+09
.146+10
.000+00
.011+10
.208+10
.146+09
.439+09
.088+08
.224+07
.996+09
.647+07
.456+06
.469+06
.768+04
.391+06
.866+05

GO =, 010 O© OWO ONUUTEFE 0WNEPRWNOWRFE ONNDNNENEREFE WO OO NOHE DN DOOTWwoo.

.240-03
.207-02
.538-03
.204-03
.446-01
.192-04
.155-04
.438-02
.374-04
.990-02
.933-04
.034-04
.403-05
.653-05
.005-05
.539-05
.758-02
.236-02
.740-02
.465-02
.308-03
.608-01
.594-03
.528-02
.729-01
.752-02
.527-03
.778-02
.896-03
.224-03
.309-02
.327-03
.909-03
.137-03
.494-03
.113-03
.489-03
.134-04
.902-03
.512-04
.731-03
.785-03
.080-03
.260-02
.948-02

ORLPNNPRP, O, OO, OO, PO R, PO, ONNMNERPRPNNMNERENNONNDOOODONDD OO DdDNELEDTDNEREL, OW

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.662-03
.639-02
.984-03
.499-03
.750-01
.349-04
.331-04
.874-02
.507-04
.599-02
.311-04
.588-04
.236-05
.667-05
.962-05
.001-05
.735-02
.033-02
.394-02
.826-03
.169-03
.831-01
.361-03
.204-01
.391-01
.7T71-02
.939-03
.278-02
.160-03
.263-03
.824-02
.505-03
.619-03
.083-02
.482-03
.800-03
.463-03
.527-04
.029-02
.104-04
.236-02
.585-03
.678-03
.576-02
.322-02

O R P NP NP, WONR,R,ORNOWOANNER,NNODNERE DR R ONERNDOD OO DR R RN

13.6

.076-03
.481-01
.020-03
.277-03
.940-01
.556-04
.923-05
.704-02
.692-04
.488-02
.301-04
.390-04
.790-05
.171-05
.296-04
.065-05
.285-02
.321-01
.315-02
.043-03
.313-04
.977-01
.923-04
.455-01
.975-01
.493-02
.748-03
.1568-03
.241-03
.376-03
.763-02
.023-03
.739-03
.620-02
.816-03
.944-03
.916-04
.129-04
.479-02
.553-04
.539-02
.786-03
.521-03
.979-02
.620-02

DAONOOOFR, P NFP,OFRLNNENPEPNOWWANWEFE OWWNNEF,OOORFREFP, OO O OO0 T 0N -

24.2

.140-03
.048-01
.487-04
.639-04
.049-01
.764-04
.724-05
.453-02
.886-04
.453-02
.249-04
.472-05
.905-05
.215-04
.680-04
.626-06
.230-02
.931-01
.292-02
.065-03
.481-04
.067-01
.000-04
.682-01
.474-01
.513-02
.681-03
.168-03
.967-03
.306-03
.016-02
.798-04
.291-02
.361-02
.437-03
.118-02
.617-04
.938-04
.031-02
.305-04
.815-02
.440-03
.982-04
.351-02
.839-02

ONOTONNNNDNEFE,OFR, WWF, OO, OONWEFEF WWEFERFEFNDNNOOWNRERFEPONOONOPDOOWWDNDO®

38.6

.180-04
.625-01
.131-04
.404-04
.106-01
.964-04
.685-05
.061-02
.077-04
.443-02
.046-05
.189-05
.218-04
.521-04
.086-04
.076-06
.384-02
.588-01
.301-02
.044-03
.861-04
.118-01
.380-04
.853-01
.847-01
.670-02
.652-03
.747-03
.043-03
.667-03
.438-02
.654-04
.769-02
.218-02
.207-03
.508-02
.156-04
.418-04
.640-02
.072-05
.057-02
.208-03
.692-04
.687-02
.979-02

NN WONPWFRLRORLPBPPRENOOOFPL O ONPEFEPNOWOONWOFRERFARNREREREPROPSOGOONOTOOoOEFE,NWW

57.9

.374-04
.218-01
.180-04
.770-04
.132-01
.139-04
.226-05
.517-02
.249-04
.441-02
.247-05
.423-05
.471-04
.853-04
.530-04
.938-06
.072-01
.291-01
.332-02
.342-04
.5556-05
.144-01
.507-04
.989-01
.138-01
.811-02
.638-03
.067-03
.336-03
.232-02
.987-02
.141-04
.293-02
.157-02
.073-03
.943-02
.669-04
.284-04
.257-02
.164-05
.270-02
.986-03
.957-04
.988-02
.066-02



Low.
Lev.

W WWwwwowwwwwwowowowowowwowowowowowowowowowwowowowowowowowwowowowowowowowowwow

Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

Upp.
Lev.

B R R R R O OO OO O O O O O OO IWIWIWIWO:IWO:IW:IWOOo O o 0 0 00 0 00 0 0 M 0 0 0 0 0 0

Eo

.674+00
.676+00
.682+00
.689+00
.693+00
.717+00
.721+00
.804+00
.811+00
.816+00
.864+00
.922+00
.942+00
.949+00
.964+00
.977+00
.987+00
.994+00
.039+00
.044+00
.047+00
.070+00
.090+00
.129+00
.134+00
.140+00
.215+00
.245+00
.245+00
.245+00
.283+00
.319+00
.321+00
.323+00
.394+00
.520+00
.521+00
.523+00
.597+00
.001+01
.001+01
.004+01
.005+01
.006+01
.008+01

O O O OO OO0 VWWOOODOODOOOFLNOWMOOUIWEFEr OOOFF OOODODOODODOOOOLOOOOoOOo

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.287-03
.000+00
.000+00
.000+00
.062-01
.931-02
.854-04
.000+00
.000+00
.151-02
.398-02
.206-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.321-04
.543-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O O OO OO OO WMOOOOOWOUIPFLIUOIkFOOYNOF,OOOFR,FOOOOFR,ORFR,NOWO-SNNOWWO

(1/s)

.000+00
.155+06
.396+05
.229+06
.746+05
.000+00
.116+05
.108+05
.093+05
.000+00
.435+04
.000+00
.000+00
.000+00
.000+00
.666+08
.000+00
.000+00
.000+00
.396+10
.615+09
.737+07
.000+00
.000+00
.093+10
.363+09
.645+07
.149+06
.930+06
.000+00
.079+03
.000+00
.000+00
.000+00
.000+00
.060+07
.390+08
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

» 00 N, POPPNFR,ONPPPAPNNRPRPPEAPERNONNTNOOOR,NOFRDNOFRLNOORFR,OOWRPB®NNWWOOF -

.903-03
.371-02
.938-02
.449-03
.897-03
.285-03
.807-03
.227-03
.237-02
.850-04
.652-03
.448-02
.468-02
.090-02
.493-03
.569-02
.571-02
.326-03
.184-02
.479-02
.205-03
.203-03
.185-02
.440-03
.087-03
.956-03
.101-03
.7T71-02
.701-02
.306-02
.318-02
.9563-03
.039-03
.270-03
.316-03
.891-05
.726-04
.145-04
.428-04
.904-04
.380-02
.698-04
.394-04
.627-03
.376-05

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.196-04
.458-02
.886-02
.669-03
.890-03
.797-03
.185-03
.368-03
.401-02
.301-04
.1568-04
.3568-02
.949-02
.949-03
.386-03
.116-02
.723-02
.282-03
.322-02
.082-02
.094-03
.967-03
.228-03
.830-03
.086-02
.511-03
.781-03
.125-02
.957-02
.311-03
.464-03
.266-03
.067-03
.532-03
.813-04
.475-05
.842-04
.200-04
.472-04
.472-04
.787-02
.541-05
.772-04
.402-03
.569-05

WONDDPOONEFEFNNDNDEPRPNNPAENOVCONWORE, PP, PP OWONONNNE,WONPD OWOAFRLNERE PR OO R R~ D

13.6

.732-04
.669-02
.920-02
.410-03
.947-03
.041-03
.947-03
.122-03
.525-02
.182-04
.988-04
.453-02
.148-02
.985-03
.384-03
.560-02
.882-02
.974-03
.514-02
.934-02
.367-03
.277-03
.588-03
.082-03
.645-02
.799-03
.047-03
.573-02
.153-02
.623-03
.215-03
.327-03
.772-03
.207-03
.356-04
.655-05
.260-04
.376-04
.328-04
.406-04
.093-02
.615-05
.094-04
.987-03
.341-05

W, P NOFRL NNNDONNOOAONEFE OO OODON WNE R, WNONWERE PP OWPLPIOINEFEOTOOOORE P F~N

24.2

.480-04
.928-02
.975-02
.103-02
.302-03
.330-04
.698-03
.053-03
.609-02
.375-05
.508-04
.579-02
.983-02
.050-03
.436-03
.886-02
.009-02
.024-03
.688-02
.967-02
.164-02
.463-03
.378-03
.780-03
.357-02
.681-03
.692-04
.027-02
.234-02
.223-03
.660-03
.490-03
.404-03
.284-03
.061-04
.078-05
.897-04
.541-04
.024-05
.334-04
.308-02
.596-05
.233-04
.039-02
.346-05

WHERE NP, OONWNWOFELNONODWOOD O POWWERERRELEFEOONONPOWERELWWWNEOPROEFENDNDE

38.6

.270-04
.163-02
.023-02
.257-02
.848-03
.192-04
.447-03
.139-03
.661-02
.456-05
.748-04
.681-02
.052-01
.608-03
.766-04
.108-02
.097-02
.163-03
.818-02
.091-02
.547-02
.099-03
.811-03
.662-03
.155-02
.907-03
.805-04
.437-02
.161-02
.386-03
.916-04
.646-03
.839-03
.358-03
.037-04
.274-05
.660-04
.657-04
.684-05
.226-05
.444-02
.451-05
.451-05
.064-02
.475-05

WHFR,r PO WEFEFNPAPPFPL,ONONOOOOO O WEFE PWRF OFONONMNPANWRLRWWERERNRPENWNRFRL,NNDNDDO®O

57.9

.420-05
.353-02
.064-02
.393-02
.389-03
.108-04
.117-03
.202-03
.691-02
.836-05
.335-04
.749-02
.083-01
.399-03
.533-04
.249-02
.150-02
.286-03
.890-02
.265-02
.964-02
.487-04
.543-03
.701-03
.023-02
.139-02
.944-04
.756-02
.872-02
.824-03
.075-04
.717-03
.041-03
.410-03
.620-05
.111-04
.543-04
.726-04
.896-05
.722-05
.531-02
.021-06
.684-05
.080-02
.499-05
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.008+01
.008+01
.010+01
.010+01
.011+01
.019+01
.019+01
.020+01
.022+01
.028+01
.031+01
.031+01
.031+01
.033+01
.034+01
.034+01
.036+01
.037+01
.042+01
.046+01
.068+01
.069+01
.069+01
.069+01
.072+01
.073+01
.074+01
.075+01
.076+01
.076+01
.077+01
.078+01
.080+01
.080+01
.080+01
.081+01
.081+01
.082+01
.082+01
.083+01
.083+01
.084+01
.084+01
.084+01
.084+01

O 0O O OO O OO O OO ODODODODODOODODODODODOO0OOCWNUODPPODWEFELANOWEFEOOOOOOOOoODOoO

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.328-02
.829-04
.000+00
.084-02
.837-02
.081-02
.000+00
.765-03
.079-03
.187-03
.113-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.200-05
.000+00

Rad. Dec.

Rate

OFPr OO F,R OO OO0 OQOO0OONOGHOFR,HOWNOIUOFFEPNWFLOODWORF F,PFORF, WOOOOONEKEODO

(1/s)

.000+00
.000+00
.512+04
.5637+04
.000+00
.000+00
.000+00
.000+00
.000+00
.760+09
.089+08
.000+00
.210+10
.573+10
.821+09
.000+00
.212+08
.463+09
.812+08
.738+08
.811+06
.619+04
.576+06
.601+06
.704+06
.259+05
.000+00
.964+06
.000+00
.749+05
.000+00
.605+05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.027+05
.000+00
.000+00
.170+07
.000+00

BN O WO O ONNWNWENEFRORFRNEFEERERNOOWWWNRER,OR, OFRLR L PBEBNEFELNWEOONOWOWPDEFEDN

.568-05
.464-05
.623-05
.923-05
.652-05
.791-05
.353-03
.982-04
.003-05
.054-03
.610-03
.801-04
.717-03
.098-03
.774-03
.575-04
.056-03
.998-04
.193-03
.323-04
.981-03
.398-03
.415-03
.127-03
.306-03
.525-03
.566-03
.234-03
.096-04
.852-04
.693-04
.056-03
.849-05
.223-05
.048-05
.303-03
.932-03
.493-04
.753-06
.824-03
.338-04
.133-03
.165-03
.535-03
.294-03

BONNONPBD P WL, WNRNRR,RONONNR,WE DR WR N0 0ONRORORR RN R D e

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.872-05
.249-05
.614-05
.121-04
.787-05
.925-05
.041-03
.079-04
.893-05
.860-03
.457-04
.566-04
.364-03
.542-03
.544-03
.509-04
.269-04
.783-04
.852-04
.491-04
.365-03
.697-03
.478-03
.026-02
.231-03
.056-03
.825-04
.564-03
.933-05
.627-04
.265-05
.316-03
.132-05
.431-05
.108-05
.935-03
.392-03
.399-04
.338-06
.871-03
.636-04
.144-03
.884-03
.666-03
.220-03

» O R, P OPPFR,LNWNONOORFR, NP WP O PP, OOWRLONONWNOF,ONMEFEONNRERO -

13.6

.621-05
.196-05
.115-05
.359-04
.477-05
.658-05
.546-03
.686-05
.471-05
.150-03
.315-04
.013-04
.639-03
.400-03
.985-03
.930-04
.243-04
.063-04
.011-04
.045-04
.442-03
.161-04
.660-03
.283-02
.190-03
.206-04
.156-04
.085-03
.585-05
.847-04
.292-05
.031-03
.203-06
.179-05
.220-06
.789-03
.765-03
.515-05
.652-06
.418-03
.014-04
.820-03
.561-03
.604-03
.316-03

B, O RPN O WPERENWNNTONOOWWNOIOEFEOODIDWOOHODOR,LF,FOWRLNWNDNRL, PN, RP,RPR,OER -

24.2

.570-05
.200-05
.876-05
.609-04
.408-05
.485-05
.897-03
.626-05
.377-05
.887-03
.310-04
.459-05
.449-02
.658-03
.079-03
.577-04
.027-03
.771-04
.033-04
.353-05
.799-03
.134-04
.890-03
.556-02
.162-03
.224-04
.226-04
.689-03
.334-05
.655-04
.247-05
.421-04
.381-06
.261-05
.995-06
.778-03
.083-03
.939-05
.336-07
.280-03
.307-04
.729-03
.444-04
.040-02
.471-03

PR P, PP PRPONPEPNONANOF, ONPERP, OO, NNPEPRP NP P O0OO0OONOON WE WOWOEFF O - =

38.6

.599-05
.266-05
.574-05
.823-04
.467-05
.117-06
.123-03
.491-05
.378-05
.896-03
.487-04
.011-05
.035-02
.174-03
.600-03
.9563-05
.351-03
.339-03
.105-04
.018-04
.198-03
.994-04
.946-03
.794-02
.992-03
.724-04
.196-04
.226-03
.706-05
.544-04
.171-05
.338-04
.562-06
.475-05
.037-06
.830-03
.343-03
.036-05
.352-07
.296-03
.992-04
.810-03
.731-04
.106-02
.892-03

O, NP, P, DAL DPNONNMNNNMNOOOFRLRNPORFRLONOOR, D EPLOOFRRFE OO ONOGONOEREDNODOD PP NP -

57.9

.605-05
.287-05
.084-05
.968-04
.554-05
.106-06
.267-03
.863-05
.436-05
.030-03
.263-04
.259-05
.663-02
.810-03
.131-02
.598-05
.742-03
.746-03
.681-04
.209-04
.601-03
.881-04
.872-03
.003-02
.716-03
.043-03
.508-05
.719-03
.410-05
.045-03
.914-06
.672-04
.917-06
.689-05
.520-06
.905-03
.5556-03
.040-05
.931-07
.376-03
.888-04
.884-03
.837-04
.160-02
.187-03
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.084+01
.085+01
.086+01
.087+01
.087+01
.087+01
.088+01
.088+01
.088+01
.089+01
.090+01
.090+01
.091+01
.092+01
.092+01
.092+01
.093+01
.094+01
.094+01
.095+01
.095+01
.095+01
.096+01
.106+01
.106+01
.106+01
.107+01
.109+01
.110+01
.115+01
.115+01
.115+01
.115+01
.115+01
.115+01
.119+01
.126+01
.126+01
.127+01
.128+01
.128+01
.128+01
.131+01
.131+01
.131+01

O O O OO O OO OO ODODODOODODOOONNEFOOODODOODODOOWUWOFRrHOOOOOOOOOoOOo

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.411-04
.000+00
.935-04
.239-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.787-05
.579-05
.654-05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O O O OO O OO OO OO ODOODODOOODUINUTINITOOODODODOOOOFH,r P, OPPODODOOOOOO OO

(1/s)

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.488+07
.000+00
.708+08
.033+08
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.854+06
.534+07
.216+06
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

P RPN NOONNMNERL,EPLPNNERL,NNNNOOOWOERE OONWOERNONWOOWOERENNONENSNN00OND®NDNDER

.322-02
.303-03
.206-03
.211-03
.516-03
.930-04
.555-04
.626-04
.294-03
.031-03
.857-05
.182-03
.462-03
.069-04
.311-03
.443-04
.248-04
.648-04
.644-03
.456-04
.290-05
.539-04
.802-03
.386-05
.647-05
.541-05
.372-04
.461-04
.732-05
.603-04
.314-05
.830-05
.062-04
.569-04
.289-04
.250-05
.596-05
.667-05
.525-05
.366-06
.245-06
.267-06
.316-05
.842-05
.883-06

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.515-02
.164-03
.401-03
.165-03
.900-03
.571-04
.017-04
.147-04
.260-03
.016-03
.195-05
.633-03
.240-03
.145-04
.347-03
.856-04
.275-04
.322-04
.285-03
.571-04
.250-05
.784-04
.215-03
.507-05
.348-05
.202-05
.121-05
.882-04
.013-05
.618-04
.015-05
.740-05
.146-04
.021-04
.795-05
.211-06
.347-05
.238-05
.714-06
.890-06
.820-06
.655-06
.809-05
.899-05
.030-06

GOONEFP, WNNPNMNNPAEPNOFRARNDNONANTNPP, OWOONNOWONE P, OONFEFNMNNMNONMNEFE DR, ORFRFRONN-

13.6

.678-02
.531-04
.545-03
.900-03
.582-03
.552-04
.449-04
.510-04
.636-04
.038-03
.269-05
.091-03
.193-03
.548-04
.401-03
.226-04
.662-05
.360-04
.524-03
.100-04
.961-05
.022-04
.020-04
.085-05
.257-05
.565-05
.696-05
.007-04
.831-06
.677-04
.802-05
.188-05
.260-04
.248-04
.027-05
.259-06
.253-05
.107-05
.500-06
.466-06
.505-06
.292-06
.641-05
.009-05
.736-07

WNEFEFNOOWONNNDNOWERLREFP,LONWOAONWONEFRL,NWFRLOFR,ONEFPEFRPEFPEPNONREWOOOONERFEO®OONOO =

24.2

.815-02
.008-04
.674-03
.482-03
.443-03
.276-05
.864-04
.385-05
.429-04
.075-03
.894-05
.519-03
.254-03
.798-04
.459-03
.611-04
.918-05
.504-04
.124-03
.578-05
.759-05
.237-04
.434-04
.965-05
.321-05
.377-05
.000-05
.436-05
.486-06
.757-04
.935-05
.524-05
.378-04
.416-04
.888-06
.653-06
.278-05
.114-05
.747-06
.392-06
.872-06
.904-06
.657-05
.131-05
.252-07

P NFEFNOFRLNNMNNNRFR,OWOFRRFPROOWRFR WL WONDFPODWRLNOOOR,FRPRFEPEFEPNOWRREOOWEREONO

38.6

.928-02
.632-04
.947-03
.936-03
.398-03
.336-05
.755-04
.476-05
.771-04
.176-03
.833-05
.891-03
.365-03
.536-04
.602-03
.409-04
.690-05
.013-04
.302-04
.483-05
.160-05
.419-04
.731-04
.984-05
.459-05
.401-05
.198-05
.108-05
.545-06
.016-04
.311-05
.290-05
.522-04
.766-04
.183-06
.776-06
.491-05
.307-05
.092-06
.000-05
.088-06
.592-06
.751-05
.209-05
.840-07

P NP, NOFRPFPNNNMNRFE,OOFRPFPROWNPFR,OWONDNODWONOOOFR, R, EFEPEPEPNNPP,OPRPRPRPRPRPERNOWOODN

57.9

.021-02
.559-04
.133-03
.293-03
.396-03
.575-05
.037-03
.219-05
.198-05
.247-03
.902-05
.208-03
.495-03
.5637-04
.698-03
.339-04
.163-05
.359-04
.433-04
.081-05
.647-06
.570-04
.484-04
.058-05
.622-05
.509-05
.011-06
.9562-05
.385-07
.164-04
.420-05
.164-05
.580-04
.968-04
.353-06
.325-06
.589-05
.394-05
.843-06
.106-05
.885-06
.561-06
.751-05
.277-05
.023-07
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.134+01
.135+01
.145+01
.148+01
.225+01
.225+01
.225+01
.228+01
.250+01
.2562+01
.2562+01
.2562+01
.253+01
.253+01
.254+01
.257+01
.257+01
.257+01
.259+01
.262+01
.285+01
.287+01
.287+01
.287+01
.288+01
.288+01
.288+01
.288+01
.291+01
.292+01
.292+01
.292+01
.298+01
.298+01
.298+01
.298+01
.299+01
.301+01
.301+01
.302+01
.302+01
.302+01
.302+01
.302+01
.305+01

O O O OO O OO0, NOUOUOOODODODODODODOONOODODODODODIODODODODODOODOOOOOOOOO

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.249-05
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.229-05
.079-05
.045-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O O O OO O OOONWEFOOODODODODODODOOQUIOOOOOU©OOIPODOODODOOOOOOOOoOOo

(1/s)

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.244+03
.000+00
.109+03
.046+03
.000+00
.000+00
.000+00
.000+00
.000+00
.982+06
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.249+08
.194+07
.829+07
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

O NN, OFR,R RPN, PPN, D OOWOWPAPEE,NRP,OO0OWWOON0OOSO®IE OITFEOOOONOOM

.716-05
.167-05
.991-06
.788-05
.0568-06
.307-05
.262-06
.274-05
.888-06
.024-06
.445-06
.031-06
.179-06
.916-06
.215-06
.772-06
.573-06
.250-06
.807-05
.006-05
.645-06
.252-06
.299-06
.358-06
.500-05
.299-05
.251-06
.661-06
.921-06
.761-06
.307-06
.0569-06
.1563-05
.579-06
.398-06
.632-06
.461-05
.757-06
.711-05
.392-05
.633-06
.545-05
.284-05
.557-06
.224-06

N WL, W, P, PO NOOODOOONNWNOWERLREFE,ENONMNNOORFR, OOONEFE ONOOWPAENPEPEFE PN EDN

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.791-05
.143-05
.115-06
.380-05
.473-06
.184-05
.648-06
.690-06
.533-06
.624-06
.360-06
.131-06
.117-06
.548-06
.714-06
.913-06
.098-06
.088-07
.557-05
.415-06
.590-06
.419-06
.530-06
.924-06
.074-05
.100-05
.720-06
.014-07
.997-06
.065-06
.979-06
.727-06
.820-06
.658-06
.252-06
.133-06
.503-06
.036-06
.328-05
.409-05
.534-06
.663-05
.011-05
.992-06
.721-06

P WWRrPPPRPNDMNPPOONPEPNRPRPNNDPONEFE,ONNNNRER,WONOONRFERE,NOR PR, WPRER,WODNDOG R

13.6

.411-05
.684-06
.780-06
.697-06
.609-06
.142-05
.850-06
.511-06
.422-06
.671-06
.971-06
.528-06
.406-06
.122-05
.028-06
.720-06
.093-06
.999-07
.839-06
.052-06
.409-06
.497-06
.403-06
.242-06
.555-06
.046-05
.245-06
.064-07
.074-06
.254-06
.660-06
.097-06
.551-06
.292-06
.990-06
.587-06
.843-06
.170-06
.220-05
.581-05
.872-06
.926-05
.798-05
.877-06
.448-06

OWBANR,R R, R,ERERNR,NOWROROWRRNNR,WNROIRONNR 00 CIOR O R WD NN

24.2

.194-06
.850-06
.140-06
.373-06
.132-06
.132-05
.459-06
.895-06
.000-07
.186-06
.303-06
.324-06
.439-06
.362-05
.480-07
.672-06
.162-06
.503-07
.030-06
.826-06
.691-07
.140-06
.044-05
.045-06
.577-06
.062-05
.423-06
.103-07
.513-06
.947-06
.5632-07
.865-06
.618-06
.400-06
.328-06
.077-05
.739-06
.298-06
.224-05
.759-05
.040-06
.211-05
.518-05
.511-06
.462-07

O WOaoONOVTF PO, P OF WL OFONEFEFRPRNNDNEPAAPPLPNNONODE ON OO, O NNNDREW

38.6

.824-06
.489-06
.030-06
.333-06
.950-06
.157-05
.101-06
.073-06
.462-07
.844-06
.739-07
.108-06
.565-06
.591-05
.529-07
.678-06
.167-06
.652-08
.892-06
.174-06
.349-07
.015-06
.387-05
.087-06
.256-06
.113-05
.004-06
.183-07
.691-06
.907-06
.917-07
.846-06
.444-06
.206-05
.200-06
.366-05
.548-06
.946-07
.288-05
.955-05
.147-07
.496-05
.175-05
.543-06
.567-07

W OoOONWNEFE,ENOFR, PP O, PNNANPRP,P AN, NN, ONNRFE, WONOORFR, P N0 R W NN

57.9

.037-06
.193-07
.132-06
.553-06
.017-06
.225-05
.619-06
.045-07
.104-07
.701-06
.295-07
.988-06
.025-05
.721-05
.443-07
.695-06
.101-06
.769-08
.629-06
.887-07
.607-07
.035-06
.764-05
.238-06
.326-06
.183-05
.460-07
.694-07
.525-06
.008-06
.136-07
.943-06
.681-06
.541-05
.165-05
.739-05
.756-07
.159-07
.399-05
.180-05
.624-07
.703-05
.647-05
.792-06
.184-07
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

Upp.
Lev.

WWNNMNMNNMNNNRRPRPRPORRPRRPRPRREREPRRPRRPRPRREREPRREBRRRERRPRRERRREREBRBR B &

Eo

.306+01
.307+01
.307+01
.307+01
.307+01
.307+01
.307+01
.307+01
.307+01
.307+01
.309+01
.309+01
.309+01
.309+01
.309+01
.309+01
.309+01
.309+01
.309+01
.309+01
.309+01
.310+01
.310+01
.310+01
.310+01
.311+01
.312+01
.312+01
.312+01
.313+01
.314+01
.317+01
.317+01
.463-01
.719+00
.764+00
.782+00
.814+00
.333+00
.420+00
.421+00
.423+00
.971+00
.789+00
.807+00

O OO F WNOF PO PODODODODODODODODODODODIODIODODODIODIODODODIODODODIODOODOOOOOOOOOO

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.816-02
.000+00
.513-01
.333+00
.000+00
.304-02
.464-01
.946+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

H NORFP WWONWONOOOODODODODOODODODODODODODODOODOONOUMWMODOODOOOOOOOOOoO

(1/s)

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.491+04
.000+00
.443+04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.287+08
.000+00
.839+09
.045+09
.000+00
.612+08
.262+09
.310+10
.000+00
.428+04
.390+05

P NOOOOR, PR NNDNOOOONPPP,PNONNNPPR,PNDNPAPR, PP PNONPRPRPR, ONOOPD OO0 OCOF,EFEFNO®ONOODNOON

E

.867-06
.093-06
.795-06
.150-06
.904-06
.601-06
.492-06
.393-06
.254-06
.742-07
.437-07
.024-06
.212-06
.167-06
.036-06
.919-06
.378-07
.392-07
.145-06
.703-06
.193-06
.258-05
.123-05
.216-07
.761-05
.232-06
.113-06
.450-06
.779-07
.004-06
.836-06
.610-05
.297-06
.243-02
.942-01
.508-03
.525+00
.265+00
.007-02
.525-01
.264+00
.570+00
.154-02
.416-02
.772-01

P NDNNOOFR,EFELOOITOWWLPWNOFREPNEPFEPNONRERRE,WOPPOPNRELELOE WOOOONOOEREDNO®OER

37

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.348-06
.012-06
.093-06
.252-06
.389-06
.389-06
.032-06
.280-07
.733-07
.323-07
.932-07
.106-05
.147-06
.041-05
.348-06
.136-06
.816-07
.652-07
.412-07
.957-06
.095-06
.5565-05
.403-05
.163-07
.769-06
.064-06
.474-06
.046-06
.843-07
.155-06
.430-06
.039-06
.899-06
.678-02
.083-01
.178-03
.067+00
.823+00
.799-03
.630-01
.521+00
.104+00
.695-02
.577-02
.946-01

NNF, OFR,PFPWFRLRWFRRPPLPNDMNPAPNONDNRP P OPRPRPPRPPRPOPPONREFE, OWORP,OOORFRRFPOOWONOOONDNDOOOO

13.6

.297-07
.715-06
.032-06
.264-06
.735-07
.421-06
.049-06
.699-07
.212-07
.868-07
.691-07
.437-05
.138-06
.261-05
.444-06
.556-06
.130-06
.802-07
.410-07
.052-06
.728-07
.907-05
.859-05
.083-07
.314-06
.824-07
.267-06
.037-06
.350-07
.823-07
.504-07
.951-06
.379-06
.915-02
.346-01
.708-03
.560+00
.024+01
.119-03
.789-01
.771+00
.539+00
.402-02
.714-02
.079-01

NN NP NNPR,PRPRPRPRPDPOPPRPNNMNNNPOOFR,PRPNMNONNNOPPEP,PNRP, OO, OO0, 0WO0OWNDOWRDNOOW

24.2

.127-07
.007-06
.324-06
.312-06
.619-07
.830-06
.353-06
.177-07
.615-07
.678-07
.649-08
.7T79-05
.655-06
.526-05
.480-07
.706-06
.367-06
.238-07
.014-06
.676-06
.163-07
.230-05
.546-05
.665-08
.162-06
.436-07
.307-06
.388-06
.050-07
.925-07
.492-07
.7T75-06
.329-06
.017-02
.703-01
.141-04
.021+00
.157+01
.664-03
.971-01
.012+00
.089+01
.430-03
.832-02
.185-01

NN, NDNNOORFR, PPN, OONPEFPRPPNNPERPNONMNDNOOORDNE, OO, ONOOWOWNWNOONOONOO -

38.6

.887-07
.513-06
.560-06
.625-07
.376-07
.344-06
.584-06
.577-07
.076-07
.896-07
.265-08
.125-05
.352-06
.808-05
.944-07
.926-06
.597-06
.141-07
.123-06
.165-06
.0356-07
.526-05
.538-05
.872-08
.052-06
.030-07
.481-06
.878-06
.236-07
.322-07
.327-07
.571-06
.744-06
.530-03
.108-01
.934-04
.458+00
.284+01
.914-04
.160-01
.245+00
.219+01
.120-03
.926-02
.265-01

NNMNNENMNNDNPR,PEPNOOOOONRE, ONRPEP, O, PN, OFRPNDNE D OONON P ONONNEFE,ONDANPR-

57.9

.325-07
.197-06
.685-06
.561-07
.827-07
.011-06
.702-06
.899-07
.810-07
.963-07
.206-08
.423-05
.972-06
.057-05
.529-07
.050-06
.652-06
.067-07
.132-06
.426-06
.594-07
.711-05
.712-05
.428-08
.898-07
.268-08
.5556-06
.175-06
.076-07
.538-07
.881-07
.156-07
.397-06
.123-03
.519-01
.668-04
.869+00
.402+01
.764-04
.342-01
.469+00
.343+01
.458-03
.994-02
.321-01
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61

Upp.
Lev.

NN NN AN NANANANANNANANANANANNANATOOODDDDOOODDOHDODO T OTA DD DD NN DN WW

Eo

.829+00
.865+00
.121+00
.131+00
.147+00
.156+00
.160+00
.161+00
.587+00
.679+00
.577+00
.719+00
.219+00
.221+00
.230+00
.231+00
.233+00
.234+00
.243+00
.415+00
.416+00
.442+00
.442+00
.444+00
.940+00
.013+00
.014+00
.015+00
.030+00
.239+00
.250+00
.283+00
.358+00
.358+00
.358+00
.373+00
.455+00
.754+00
.808+00
.820+00
.850+00
.887+00
.894+00
.916+00
.918+00

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.610-01
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.983-04
.000+00
.520-04
.000+00
.024-02
.522-01
.426-01
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.816-03
.314-02
.944-01
.000+00
.531-03
.259-01
.600-01

Rad. Dec.

Rate

P NP OFRPNMNNODODOFRFR O NP NOPRPRPLPPFPLOPONOODWOFRLROOWIPROWOOWRE PO ELEFE B

(1/s)

.708+05
.762+03
.796+04
.953+04
.719+05
.040+05
.317+05
.368+05
.000+00
.000+00
.840+10
.000+00
.967+06
.344+06
.000+00
.000+00
.732+06
.000+00
.767+05
.000+00
.000+00
.204+07
.000+00
.349+07
.000+00
.348+09
.203+10
.759+10
.000+00
.303+04
.643+04
.482+03
.249+06
.246+06
.874+07
.000+00
.000+00
.000+00
.965+08
.273+09
.374+10
.000+00
.223+08
.113+10
.612+10

P P NPNOONDND OO, PP, PEPNOPRPNOONNNOR,NOOOINPDPFP, OO, PDNNREOONNDWO

.817-01
.070-02
.011-02
.955-02
.201-02
.316-01
.297-01
.528-01
.518-02
.175-02
.997-02
.881-03
.737-02
.525-02
.780-04
.0562-04
.396-01
.753-04
.389-02
.310-03
.328-04
.042-05
.531-06
.145-04
.839-05
.127-02
.017-02
.571-02
.421-02
.476-05
.873-03
.478-01
.354-02
.226-01
.478-01
.651-03
.626-02
.210-03
.133-03
.088-03
.554-02
.560-04
.035-03
.310-02
.861-02

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.831-01
.886-02
.813-02
.088-02
.003-02
.514-01
.652-01
.895-01
.614-02
.907-03
.664-01
.253-03
.105-02
.728-02
.540-04
.989-04
.914-01
.217-04
.439-02
.027-04
.113-04
.484-05
.874-06
.725-04
.253-05
.105-02
.927-02
.528-01
.288-02
.498-05
.952-04
.838-01
.317-02
.443-01
.638-01
.851-03
.097-02
.288-03
.553-03
.255-03
.269-02
.576-04
.375-03
.836-02
.427-02

WNEFR,P P, PORLNORFR,L OO, DT ONOONEFE, WRLR EPNWRL OOONTONEFENWEFE WNE O WR -~ 0

13.6

.565-01
.153-02
.712-02
.216-02
.600-02
.662-01
.915-01
.170-01
.460-02
.910-03
.551-01
.627-03
.560-02
.405-02
.458-04
.108-04
.263-01
.133-04
.065-02
.652-04
.016-04
.088-04
.958-06
.566-04
.698-05
.267-02
.577-02
.478-01
.619-03
.192-05
.954-04
.077-01
.689-02
.696-01
.706-01
.534-03
.722-03
.034-04
.307-03
.635-03
.752-02
.328-04
.080-03
.812-02
.601-02

O P P, OO 0O, WP OO EL CITOTWOUWWwOoOoNOWOWPRPRREPERE ORFR, OWOWOWONONNWNNYWWE,ENWERNO©O

24.2

.112-01
.237-03
.673-02
.338-02
.0561-02
.773-01
.113-01
.378-01
.939-03
.146-03
.524-01
.930-04
.940-02
.051-02
.462-04
.296-04
.472-01
.258-04
.074-03
.879-04
.947-05
.405-04
.003-06
.626-04
.468-06
.448-02
.613-02
.614-01
.357-03
.884-05
.921-04
.224-01
.187-02
.939-01
.633-01
.447-04
.636-03
.957-04
.307-03
.913-03
.808-02
.670-05
.070-03
.137-02
.230-02

~NO P, WO R, P NNPENNOOOOINOOOFE, RPN, D OO0 OOTNOWWPrEL,EPWWENWR PO

38.6

.508-01
.858-03
.667-02
.443-02
.381-02
.8566-01
.258-01
.532-01
.262-03
.162-03
.511-01
.790-04
.238-02
.587-02
.508-04
.513-04
.589-01
.481-04
.469-03
.589-05
.978-05
.741-04
.298-07
.737-04
.998-06
.639-02
.086-01
.849-01
.661-03
.523-05
.816-04
.308-01
.687-02
.133-01
.329-01
.514-04
.194-03
.413-04
.437-03
.166-02
.173-02
.326-05
.235-03
.652-02
.127-02

O NP, P PP PFPRFPNNNDOOOONNTNO0OODFEDNNONNDNPDOOOOOTNODWEFL, OOONWWENWR WO

57.9

.776-01
.581-03
.672-02
.520-02
.606-02
.912-01
.358-01
.638-01
.276-03
.295-04
.526-01
.795-04
.456-02
.994-02
.567-04
.719-04
.647-01
.721-04
.320-03
.821-05
.494-05
.111-04
.986-07
.956-04
.002-06
.843-02
.328-01
.174-01
.177-04
.039-05
.237-04
.3561-01
.079-02
.287-01
.874-01
.312-04
.000-03
.683-04
.640-03
.472-02
.176-01
.699-05
.500-03
.307-02
.215-02
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

Upp.
Lev.

O O © © © © © O OV OV OV © W O W O OW<WOo W O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Eo

.023+00
.163+00
.386+00
.485+00
.600+00
.601+00
.609+00
.612+00
.644+00
.645+00
.647+00
.653+00
.660+00
.664+00
.688+00
.692+00
.775+00
.782+00
.787+00
.835+00
.893+00
.913+00
.920+00
.934+00
.948+00
.958+00
.965+00
.010+00
.015+00
.018+00
.041+00
.061+00
.100+00
.105+00
.111+00
.186+00
.216+00
.216+00
.216+00
.254+00
.290+00
.292+00
.294+00
.364+00
.491+00

O O OO OO OO O0OO P NFOPEPNWFOWPOPFRLROODODOODODODOODODOOODODOOODOONO -

Osc.
Str.

gf

.112-03
.000+00
.864-02
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.254-03
.000+00
.230-04
.024-03
.000+00
.756-01
.541-02
.653-03
.628-04
.000+00
.755-01
.718-02
.600-03
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O O OO OO WONUUTOWWFOOLDUNIPEFLFONOUOGIORF,OONRFOOWWPENOFEPOOONOOWOODPEEOEFL O

(1/s)

.150+08
.000+00
.481+10
.000+00
.790+05
.429+05
.956+05
.341+06
.620+06
.818+06
.551+06
.037+06
.830+05
.911+06
.427+06
.185+05
.883+05
.313+05
.099+06
.424+03
.000+00
.000+00
.144+08
.000+00
.441+07
.785+08
.000+00
.636+10
.623+09
LTT77+08
.077+07
.000+00
.668+10
.620+09
.556+08
.000+00
.815+05
.904+06
.720+06
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

E D NP NO WP, OO, P NERENOPDAONOFR,EFE,LNNMNNMNONPENR,ORRFP,OOR, O NR,PEP, RO

.752-03
.849-03
.172-02
.544-03
.490-03
.364-03
.685-03
.695-03
.760-02
.750-03
.279-01
.188-02
.555-03
.223-02
.483-02
.317-02
.655-02
.760-03
.332-04
.446-03
.248-03
.125-02
.166-02
.100-01
.225-03
.907-02
.851-02
.126-02
.407-02
.224-02
.280-02
.500-02
.804-02
.041-02
.611-03
.884-03
.364-02
.641-02
.715-02
.194-02
.775-03
.046-03
.416-03
.017-03
.878-04

N, O®OP WL P, WL WOFRLRNEFEFONWOOOWNTNFP,LONMNNRERNNMNPAPNNNR,ONRP, NP, RP, PPN, O, W

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.312-03
.086-03
.754-02
.249-04
.268-03
.738-03
.198-03
.160-02
.846-02
.843-03
.368-01
.533-03
.154-03
.422-02
.847-02
.877-03
.888-02
.038-03
.188-04
.176-03
.287-03
.010-02
.224-03
.272-01
.798-03
.032-02
.667-02
.208-02
.847-02
.439-02
.547-03
.205-02
.563-02
.060-02
.239-03
.734-03
.141-02
.756-02
.172-01
.069-02
.247-03
.227-03
.419-03
.737-03
.041-04

N NN WO, PP, PO, W0WOOWONPOONWNFP, WONDNNOONNOOOOOOWERL, DO, ONE PO BN

13.6

.865-03
.677-04
.517-02
.026-04
.327-03
.360-03
.465-03
.428-02
.104-02
.313-03
.454-01
.816-03
.931-03
.730-02
.438-02
.395-03
.103-02
.002-03
.904-04
.129-04
.485-03
.048-02
.399-03
.428-01
.849-03
.236-02
.409-02
.741-02
.419-02
.691-02
.336-03
.747-03
.742-02
.209-02
.332-03
.963-03
.147-02
.150-02
.380-01
.224-03
.141-03
.130-03
.078-03
.836-04
.278-04

NWNPONRLRPDPP, PO, ONPFPFNOOOONWOORFRLNNNWONOPPPNOOTORLEE,NREPORRFP,WNR

24.2

.179-03
.861-04
.446-02
.963-04
.450-03
.928-03
.928-03
.688-02
.423-02
.092-02
.528-01
.213-03
.087-03
.027-02
.001-02
.132-03
.257-02
.106-03
.791-04
.433-04
.673-03
.116-02
.049-03
.542-01
.070-03
.433-02
.970-02
.568-02
.011-02
.916-02
.747-03
.744-03
.272-02
.441-02
.596-03
.029-03
.231-02
.621-02
.574-01
.588-03
.391-03
.420-03
.842-03
.687-04
.481-04

N O PPWFRL, PO, OO, O, OWOF 0WOOFFEFNNNENOOWANOOORFR,FP,PNRE OO OB~ O

38.6

.104-04
.421-04
.467-02
.674-05
.601-03
.429-03
.430-03
.919-02
.712-02
.232-02
.584-01
.079-03
.435-03
.306-02
.546-02
.575-03
.358-02
.359-03
.012-03
.030-04
.804-03
.172-02
.441-03
.616-01
.298-03
.590-02
.351-02
.062-01
.567-02
.088-02
.872-04
.287-03
.997-02
.711-02
.879-03
.445-04
.340-02
.076-02
.744-01
.292-03
.563-03
.668-03
.452-03
.795-04
.626-04

N OO PP WOOhEF, OF, WNNOWOUOOO®WOF 00WORFFEFNNEFEFRFEPNOWONDOORFRFP,NDNDOORDONO©

57.9

.564-04
.181-05
.500-02
.471-05
.759-03
.872-03
.941-03
.130-02
.956-02
.345-02
.625-01
.148-03
.849-03
.556-02
.029-02
.382-03
.420-02
.593-03
.128-03
.221-04
.885-03
.209-02
.210-03
.660-01
.488-03
.706-02
.586-02
.2562-01
.062-02
.197-02
.293-04
.802-04
.875-02
.015-02
.223-03
.025-04
.453-02
.452-02
.874-01
.287-04
.664-03
.796-03
.728-03
.160-05
.722-04
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRPRRPRPERPRPRPRPEREPRPRRPREPRRPRERRPRER,RRRERREOOOOO

Eo

.492+00
.494+00
.568+00
.981+00
.984+00
.001+01
.002+01
.003+01
.005+01
.005+01
.005+01
.007+01
.007+01
.008+01
.016+01
.016+01
.017+01
.019+01
.025+01
.028+01
.028+01
.028+01
.030+01
.031+01
.032+01
.033+01
.034+01
.039+01
.044+01
.065+01
.066+01
.066+01
.066+01
.069+01
.070+01
.071+01
.072+01
.073+01
.073+01
.074+01
.075+01
.077+01
.077+01
.077+01
.078+01

O U1l OO OO OO OO OO0 OOO0OOCUOF, NONOOPRPOOOOODODOOODOLODOODODOLOLOO W

Osc.
Str.

gf

.520-04
.874-03
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.463-05
.000+00
.000+00
.785-03
.000+00
.819-03
.023-01
.468-02
.579-02
.896-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.658-05
.000+00

Rad. Dec.

Rate

O NO OO PO EF WOUuOdeLOoORrEFP,rFPEFPNOPODOFPLROODODODWWOWOOODOOOODOOO WM

(1/s)

.096+07
.938+08
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.627+03
.441+04
.000+00
.000+00
.000+00
.000+00
.256+07
.000+00
.000+00
.731+08
.000+00
.226+09
.249+10
.451+10
.311+10
.022+08
.000+00
.690+04
.642+05
.650+05
.483+05
.751+06
.834+06
.220+06
.064+06
.000+00
.150+06
.900+06
.000+00
.000+00
.000+00
.533+06
.000+00

= 00 WK O, DEFRL, OO, OPMFRLOONTNOODWWOOHROOR PO DWWRRLNRFP,OONNNDSRNMOR PR DN WND

.637-04
.307-04
.259-04
.946-06
.138-04
.494-02
.740-02
.719-03
.132-05
.480-04
.557-05
.306-05
.128-05
.601-04
.356-06
.718-04
.5563-02
.854-05
.274-04
.690-04
.691-04
.934-04
.611-04
.911-03
.255-03
.244-03
.320-03
.298-03
.080-04
.085-04
.238-04
.416-04
.497-03
.851-03
.792-03
.300-02
.694-03
.029-04
.160-03
.528-03
.835-03
.320-05
.371-05
.809-05
.288-04

P ONONMRFE PPOOTORLREFP,PWORLRNOWWERELR PN, P, OONNMNREP PR, ONRL, PP, NONRENREOODDWN

40

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.682-04
.215-04
.039-04
.069-06
.946-05
.630-02
.357-02
.367-03
.426-05
.147-04
.260-05
.872-05
.619-05
.849-04
.883-06
.587-05
.696-02
.923-05
.921-04
.696-04
.297-04
.700-04
.195-05
.497-03
.006-02
.813-03
.108-03
.893-03
.502-04
.870-04
.440-04
.694-04
.226-03
.843-03
.142-02
.495-02
.046-03
.798-05
.870-03
.798-03
.934-03
.626-06
.257-05
.379-05
.088-04

P O, 0O, NOOWNR, P, WL NRE,PNNR,RP,PORRPR,P R, PRPOORR RO O00ND R N0, NNFE WHNWN

13.6

.965-04
.803-04
.168-04
.029-06
.483-05
.734-02
.824-02
.367-04
.651-05
.689-04
.480-05
.822-05
.887-05
.185-04
.683-06
.175-05
.805-02
.747-06
.066-04
.429-04
.203-04
.181-04
.738-05
.482-03
.441-02
.146-02
.977-03
.022-03
.824-04
.533-04
.130-03
.658-04
.218-03
.733-03
.383-02
.802-02
.019-03
.155-05
.908-03
.184-03
.557-03
.031-06
.780-05
.479-05
.011-04

O©C Ok, NONNNEF,ONRFELE PP OORPFE,OOOOOFRLRNEFNNYNONTNOOOE PP ONOOEFENORFRDOFRLNDdELDPW®

24.2

.332-04
.913-04
.142-04
.270-06
.254-05
.806-02
.151-02
.106-04
.273-05
.100-04
.931-05
.929-05
.505-05
.572-04
.441-06
.483-05
.883-02
.317-06
.397-05
.649-05
.493-05
.156-04
.394-05
.827-03
.122-02
.709-02
.896-03
.896-04
.180-05
.948-04
.341-03
.314-04
.317-03
.000-03
.655-02
.155-02
.239-03
.685-05
.084-03
.622-03
.325-04
.527-06
.665-05
.507-05
.995-05

O, NP W00 O ONRFE PP, ORFRPFPRPPRPRWRFRLRNDMNNDMDNEOWPRPPENEFE, OFRNONOOORFRLNOORRFEDRDOOOOOW

38.6

.711-04
.336-04
.910-05
.497-06
.578-05
.8562-02
.359-02
.245-04
.094-05
.402-04
.520-05
.115-05
.155-05
.907-04
.012-05
.566-05
.932-02
.831-06
.462-05
.271-05
.416-05
.004-04
.197-05
.383-03
.959-02
.400-02
.249-02
.937-04
.531-05
.699-04
.529-03
.085-04
.435-03
.348-03
.896-02
.472-02
.359-03
.036-06
.125-03
.009-03
.370-04
.449-06
.706-05
.923-05
.016-04

P OFR, NNWOPRPRPFRPNNMNPAPRPR OFPPNWRFRWWWOAOFRPFPNWRERRWRFEWOONNOWWOWOR 0W0EF F BN OWD

57.9

.098-04
.032-04
.969-05
.704-06
.215-05
.881-02
.490-02
.176-04
.726-06
.597-04
.720-05
.308-05
.690-05
.141-04
.071-05
.068-05
.964-02
.597-06
.727-05
.616-05
.680-05
.124-03
.846-06
.046-03
.859-02
.149-02
.642-02
.259-04
.237-05
.623-04
.695-03
.881-04
.556-03
.725-03
.112-02
.756-02
.039-02
.975-06
.071-03
.361-03
.294-04
.535-06
.787-05
.385-05
.043-04
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.078+01
.079+01
.079+01
.080+01
.080+01
.081+01
.081+01
.081+01
.081+01
.081+01
.082+01
.083+01
.084+01
.084+01
.085+01
.085+01
.085+01
.085+01
.086+01
.087+01
.087+01
.088+01
.089+01
.089+01
.089+01
.090+01
.091+01
.091+01
.092+01
.092+01
.092+01
.093+01
.103+01
.103+01
.103+01
.104+01
.106+01
.107+01
.112+01
.112+01
.112+01
.112+01
.112+01
.113+01
.116+01

O O O OO O OO OOFHFH OWOOODODODODODODOODWEFENOODODOOODODOOODOOHrH OO WwOoOoo

Osc.
Str.

gf

.000+00
.000+00
.000+00
.396-05
.000+00
.000+00
.713-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.806-04
.683-03
.118-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.919-05
.000+00
.100-04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

O O O OO O OO OONOF OOODODODODODOWOUININMOOODOOODODODOODOONOF, T OODO

(1/s)

.000+00
.000+00
.000+00
.258+07
.431+04
.000+00
.295+07
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.878+07
.283+08
.929+07
.000+00
.889+03
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
L277+07
.000+00
.151+07
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

NOWEFRLNORFR, ONNEFEDDPOODOTDONNDNNNOOOFRL P PERENPWAOFL,L ONONMNNRFRL,EAERNRERRDNO

.199-04
.406-03
.289-05
.161-03
.078-03
.871-05
.637-03
.029-03
.361-05
.175-03
.709-04
.240-04
.110-03
.718-02
.980-03
.555-03
.945-03
.312-02
.352-03
.992-05
.003-02
.243-03
.712-03
.804-03
.281-03
.144-03
.608-03
.493-03
.900-04
.427-04
.646-04
.015-03
.421-05
.680-06
.292-04
.957-04
.288-04
.769-05
.553-04
.434-05
.314-04
.448-04
.881-04
.150-04
.572-05

R 00 WHF,NOWOOWWWFLEFELNWNOOOO OGO, NNMNNYNOOWRLRNPNMNOFRL,NOOR PR, RPRREPRRPROOND-N

41

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.851-04
.562-03
.285-06
.831-04
.029-03
.299-05
.695-03
.774-03
.051-05
.733-03
.354-04
.761-04
.570-03
.854-02
.067-03
.397-03
.863-03
.506-02
.871-03
.888-05
.781-03
.975-03
.256-03
.270-03
.030-03
.149-03
.462-03
.247-03
.524-04
.971-04
.614-04
.765-03
.504-05
.399-06
.038-04
.536-04
.902-04
.507-05
.731-05
.700-05
.263-04
.250-04
.149-04
.106-04
.481-05

VO NEFEFNOOOOGFL NNOFR,L WL OONONEFEFNRLRNANERE, OPONMPNOFROOOFRLNRERROOPD WD

13.6

.225-04
.727-03
.003-06
.099-04
.452-04
.178-05
L7T77-03
.666-03
.966-05
.510-03
.612-04
.335-04
.843-03
.987-02
.291-03
.015-03
.969-03
.699-02
.529-04
.156-05
.943-03
.073-02
.818-03
.131-03
.990-03
.214-03
.065-03
.806-03
.458-04
.518-04
.253-04
.471-03
.116-05
.175-06
.298-05
.856-05
.012-04
.425-05
.661-05
.486-05
.366-04
.199-04
.964-04
.292-04
.916-06

GO NEFEFNOOOOOOOEFL D OOUTWNWWOIIEF, ONNNOOEFRLEFE,OOTONOOFR,LONOOOOOAOFLNEFEEFP,EFE,NDNEDND-AN

24.2

.0568-04
.896-03
.579-06
.647-04
.970-04
.178-05
.876-03
.646-03
.605-05
.421-03
.455-04
.292-04
.602-03
.118-02
.5562-03
.904-03
.150-03
.883-02
.814-04
.461-05
.036-02
.146-02
.353-03
.132-03
.024-03
.297-03
.278-04
.471-03
.572-04
.038-04
.266-04
.699-04
.096-05
.987-07
.222-05
.144-05
.003-04
.529-06
.020-05
.537-05
.514-04
.211-04
.963-04
.550-04
.623-06

B O WP NOOOGOWPERNOWWPEP 0O NONNMNNOOFRFENPDPWOAOFRLNNODODOAOFRLNER,EPERPRREROW-N

38.6

.113-04
.049-03
.559-07
.945-04
.658-04
.275-05
.977-03
.670-03
.611-05
.404-03
LT77-04
.664-04
.610-03
.235-02
.186-03
.988-03
.633-03
.044-02
.253-04
.362-05
.086-02
.212-02
.822-03
.295-03
.198-03
.519-03
.247-04
.733-04
.750-04
.487-04
.443-04
.064-04
.256-05
.260-07
.644-05
.352-05
.893-05
.332-06
.159-05
.226-05
.737-04
.293-04
.192-04
.359-04
.079-06

WO WFENOOCFE NP RFRPRFPWNOOOOOPE ONNNORFRLEFE,OWWOAOAONDNNNOOODOOODOOFELRNFELNEFE OF, O W-N

57.9

.260-04
.182-03
.218-07
.637-04
.511-05
.363-05
.071-03
.713-03
.669-05
.420-03
.051-04
.959-04
.728-03
.334-02
.628-03
.068-03
.974-03
.180-02
.611-04
.517-05
.137-02
.269-02
.225-03
.414-03
.320-03
.667-03
.406-04
.163-04
.940-04
.865-04
.674-04
.213-04
.479-05
.834-07
.026-04
.438-05
.300-05
.998-06
.308-05
.542-05
.821-04
.325-04
.338-04
.844-04
.440-06
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241

Upp.
Lev.

PR PR PR, PR RrRPRrRRPRPRRPRPERPRPRPREREPRPRRPRERRERPRERPRPRRPRERRRPRR,RERR,RRB B

Eo

.123+01
.124+01
.124+01
.125+01
.125+01
.125+01
.128+01
.128+01
.128+01
.131+01
.132+01
.142+01
.145+01
.222+01
.222+401
.222+401
.225+01
.248+01
.249+01
.249+01
.249+01
.250+01
.250+01
.251+01
.254+01
.254+01
.254+01
.256+01
.259+01
.282+01
.284+01
.284+01
.284+01
.285+01
.285+01
.285+01
.285+01
.288+01
.289+01
.289+01
.289+01
.295+01
.295+01
.295+01
.295+01

WHF ONOOONOODODODWOODODOODODODODODODODODODODODODODODODODODOODOOOOOOOOOO

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.963-05
.000+00
.000+00
.000+00
.000+00
.512-05
.000+00
.000+00
.000+00
.382-05
.000+00
.168-04
.376-04

Rad. Dec.

Rate

O 01 O OO OO, OO OO NOOOOOFFr P, UIODOODODODODODODODODODODODODOOOOOOOOO

(1/s)

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.207+03
.898+03
.381+04
.975+04
.000+00
.000+00
.000+00
.000+00
.000+00
.497+06
.000+00
.000+00
.000+00
.000+00
.117+07
.000+00
.000+00
.000+00
.414+06
.000+00
.246+07
.097+07

N NN, NWPLPWWFRLOFR,LONOR, PP, WRLRNOWROWNNMNOWRRP,WORLNPRPR,RPEOONW

.363-05
.541-05
.366-05
.577-06
.990-05
.237-05
.659-05
.578-05
.004-05
.956-05
.772-05
.248-05
.298-04
.812-06
.577-06
.724-05
.196-05
.030-06
.138-06
.770-06
.719-05
.497-06
.563-06
.215-05
.537-05
.948-06
.203-06
.887-05
.787-05
.549-06
.908-06
.219-06
.231-05
.055-06
.669-05
.499-05
.146-06
.739-06
.672-06
.496-06
.306-05
.691-05
.913-07
.469-06
.211-05

N NP OO PN, NRFR,WORLPNWONRFEWRNONEREOONWERENOODOWDDOODEFEDOONPREE WD ON

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.368-05
.593-05
.436-05
.710-06
.709-05
.068-05
.465-05
.038-05
.156-06
.754-05
.987-05
.906-06
.494-05
.818-06
.306-06
.308-05
.148-05
.850-06
.028-06
.871-06
.0569-05
.651-06
.487-06
.215-05
.293-05
.086-06
.083-06
.705-05
.428-06
.633-06
.154-06
.603-06
.130-05
.993-06
.179-05
.713-05
.691-06
.617-06
.322-06
.821-06
.043-06
.889-06
.012-07
.872-06
.326-05

N ONIIOWFOOONONRFEPPRFRLRPFP,OFRLEFEPNFEPNONOOOOERLNONOGDPDEFEWONNREPEFEFENDDD AN

13.6

.0568-05
.938-05
.144-05
.941-06
.596-05
.024-05
.556-05
.871-05
.754-06
.381-05
.862-06
.884-06
.748-05
.314-06
.154-06
.111-05
.992-06
.490-06
.686-06
.214-06
.554-06
.524-06
.043-06
.520-05
.206-05
.919-06
.128-06
.530-05
.128-06
.973-06
.853-06
.320-06
.392-05
.879-06
.274-06
.367-05
.199-07
.126-06
.610-06
.495-06
.452-06
.398-06
.0564-07
.432-06
.776-05

WP, PPN, OOOONOONRFREPP L, EP,PNOORFRNPE,EWRLRDNDNOOORFRLNOWNOOOGNNDPEEFELOR,DEFRERFRNDDPS-

24.2

.993-05
.840-05
.162-05
.966-06
.842-05
.198-05
.793-05
.906-05
.010-06
.207-05
.895-06
.245-06
.111-06
.022-06
.546-06
.015-05
.201-06
.051-06
.638-06
.347-06
.178-06
.786-06
.047-05
.013-05
.168-05
.895-06
.170-06
.638-06
.864-06
.086-06
.877-06
.910-06
.899-05
.328-06
.127-06
.258-05
.184-07
.207-06
.273-06
.934-06
.271-06
.845-06
.094-07
.182-05
.472-05

PR, WONEFE, O WNNNDNDNONOOFR PP NPFP, O, WO, NENOOONEFEFNOOONPEEPL,EDNDPON

38.6

.137-05
.198-05
.515-05
.885-06
.861-05
.240-05
.990-05
.024-05
.618-06
.304-06
.520-06
.359-06
.921-06
.682-06
.133-06
.017-05
.775-06
.240-06
.697-06
.747-06
.403-06
.227-06
.198-05
.495-05
.135-05
.907-06
.202-06
.891-06
.651-06
.354-07
.0562-06
.875-06
.491-05
.121-06
.751-06
.276-05
.202-07
.880-06
.143-06
.787-06
.863-06
.396-06
.267-08
.504-05
.405-05

O, WP WONEFEFFEPNDNNNDNDOENNDNPE ONENRP, O, OO, NONOOOODFE, 0, WOONOOEDNWPD ON

57.9

.210-05
.381-05
.689-05
.071-06
.003-05
.353-05
.154-05
.039-05
.725-06
.173-06
.346-06
.611-07
.228-06
.204-06
.786-06
.116-05
.668-07
.758-06
.856-06
.456-06
.207-06
.683-06
.300-05
.785-05
.104-05
.922-06
.226-06
.691-06
.156-07
.135-07
.295-06
.049-06
.152-05
.021-06
.771-06
.369-05
.098-07
.102-05
.127-06
.866-06
.866-06
.565-06
.806-08
.918-05
.607-05
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Table II. Ca IX Oscillator Strengths, Radiative Decay Rates, and Collision Strengths for transitions
involving the lowest 4 levels.

242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283

Upp.
Lev.

PR R, R PR, R RPRrRRPRRPRRPRPERPRPRRPRPEBRRRPRERRPRPRRPREBRRERERRERRRRRRPB &

Eo

.296+01
.298+01
.298+01
.299+01
.299+01
.299+01
.299+01
.299+01
.302+01
.304+01
.304+01
.304+01
.304+01
.304+01
.304+01
.304+01
.304+01
.305+01
.305+01
.306+01
.306+01
.306+01
.306+01
.306+01
.306+01
.306+01
.306+01
.306+01
.306+01
.306+01
.307+01
.307+01
.307+01
.307+01
.308+01
.309+01
.309+01
.309+01
.310+01
.311+01
.314+01
.314+01

el eolNolNeolNolNolNoloNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNo oo NeoNo oo NoNeo oo Neo oo No oo Nel

Osc.
Str.

gf

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

Rad. Dec.

Rate

(1/s)

.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.319+03
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.883+04
.395+04
.006+04
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00
.000+00

O OO OO O OO O OO ODODODODOOOCOOUTIPF,F OOODODODODODODOODODOOO”OOOOOOoOOo

OAONPDP WL NDNNOWAOFRLRNRFP,OOWRE, OWOOFE, OWRF, WNRF,OF, WFLDNOODWOPPL,NWROOON

.576-05
.307-06
.468-06
.925-05
.752-05
.207-06
.929-05
.844-05
.763-06
.471-06
.906-06
.0562-06
.246-05
.283-06
.940-05
.349-06
.333-06
.559-06
.994-06
.819-06
.887-06
.702-06
.883-05
.047-06
.098-06
.853-07
.540-06
.577-06
.530-06
.226-05
.755-05
.481-05
.883-06
.166-05
.282-06
.747-06
.266-06
.712-06
.845-06
.645-06
.776-05
.124-06

WEFEr NN, PR PP AP, OO PNFR,OR, ONRFP, ONNERE,NWORLRNOR, P, OO FR,O WO =

43

Collision Strength
Impact Electron Energy - Eo (Ry)

5.8

.495-05
.674-06
.416-06
.456-05
.304-05
.193-06
.954-05
.886-05
.222-06
.637-06
.891-06
.333-06
.162-06
.226-06
.292-05
.395-06
.775-07
.448-06
.207-06
.345-07
.165-06
.097-05
.250-05
.528-06
.901-06
.757-07
.385-06
.523-06
.557-06
.460-06
.373-05
.868-05
.570-06
.575-05
.040-06
.864-06
.598-06
.236-06
.201-06
.280-06
.547-05
.341-06

P ORFRr P RPPPERP,PNONPDPOONRPRPORNNME ONRFPRFPRPONMRPER,ORFR, P NYNWENNOOOWERE WN

13.6

.466-06
.384-06
.996-06
.306-05
.381-05
.215-06
.182-05
.192-05
.031-06
.583-07
.239-06
.066-06
.466-06
.9563-06
.078-05
.771-06
.074-07
.104-06
.674-06
.995-07
.200-06
.323-05
.762-05
.117-06
.411-06
.515-07
.555-06
.232-06
.961-06
.021-06
.349-05
.310-05
.442-06
.785-06
.918-06
.766-06
.436-06
.120-06
.244-06
.120-06
.330-06
.832-06

R D OO, P NOWERLRNOOFR, PNNRLPNRFRPPWOFR,RWORRPRPRPRPONMPENORFREPD WONDOONOODWE WE D

24.2

.735-06
.321-06
.416-06
.291-05
.601-05
.648-06
.467-05
.445-05
.067-06
.632-07
.155-06
.0562-06
.685-06
.095-06
.044-05
.851-06
.167-07
.116-06
.722-06
.327-07
.604-06
.606-05
.358-05
.349-06
.302-06
.042-07
.803-06
.250-06
.135-06
.003-05
.729-05
.715-05
.109-05
.897-06
.605-07
.342-06
.613-06
.198-06
.874-07
.814-07
.508-06
.038-06

GOONWWEFE, P WWFP,WONP,PAPNDMNNMNATNPRP, OWRL PO, FPOWERLRNORFR,PRNMFE, ONNWRF WOWLN

38.6

.614-06
.178-07
.250-06
.349-05
.912-05
.342-06
.770-05
.620-05
.840-06
.019-07
.308-06
.090-06
.288-06
.264-06
.086-05
.015-06
.741-07
.221-06
.975-06
.747-08
.195-06
.912-05
.974-05
.597-07
.293-06
.846-07
.065-06
.413-06
.383-06
.091-05
.618-05
.086-05
.260-05
.947-06
.901-07
.188-06
.957-06
.389-06
.762-07
.275-07
.383-06
.826-07

WHFRPrFPNMNEPLPNWOPFP, OF WO, PNNMNOERLNPPNPSEPPNFPFOWRLRNRLPR,DPPLPEPRPREROWOODEFE WO

57.9

.416-06
.764-07
.301-06
.456-05
.318-05
.079-06
.008-05
.046-04
.969-06
.306-07
.644-06
.111-06
.018-05
.3556-06
.176-05
.105-06
.992-07
.283-06
.124-06
.304-08
.792-06
.190-05
.512-05
.3556-07
.307-06
.013-07
.123-06
.408-06
.531-06
.138-05
.758-05
.325-05
.356-05
.328-07
.746-07
.706-06
.137-06
.472-06
.173-07
.890-07
.203-06
.327-07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

DO OO OO O OO OoOO O OrLoror 10101 OoyOo1 OOl O1 OOl OO OO OO OO OO OO0 OO o1 OO O o1 Ol

Upp.
Lev.

10
14
19
27
33
40
43
54
58
61
64
67
70
74
78
86
95
109
125
128
132
135
138
141
147
159
180
187
207
225
241
283
18
22
25
30
37
a7
53
56
60
65
68

P O OO NPONRF,F OFRPORFRPOFRLPNWFLOOONNWPPOIORFRLRPLPOOOOWPErPFRL,LREFP,PNP,OWONPW

Osc.
Str.

gf

.503e-01
.228e-01
.820e+00
.000e+00
.268e-04
.000e+00
.239e-04
.890e-04
.627e-01
.164e-04
.156e-03
.966e-05
.000e+00
.000e+00
.000e+00
.000e+00
.010e-03
.870e-04
.045e-03
.597e-02
.569e-03
.126e-03
.364e-02
.000e+00
.000e+00
.000e+00
.988e-04
.742e-04
.328e-03
.223e-04
.000e+00
.208e-04
.000e+00
.323e+00
.164e-03
.811e+00
.214e-02
.000e+00
.320e-02
.215e-01
.000e+00
.000e+00
.000e+00
.179e-01

O, OFPNWWFRLRFRP,RFP, OONRPFPRPRPRPROOODWOOWNRE, WOAORFRLONRFEFWNONOOWPERNEFEFORFRLRNENDOO®

Rad.
Rate

(1/8)

.475e+08
.666e+09
.448e+10
.831e+03
.128e+07
.710e+03
.689e+06
.882e+07
.201e+10
.901e+07
.531e+08
.361e+06
.655e+06
.719e+03
.028e+05
.906e+04
.119e+08
.150e+07
.451e+08
.136e+10
.326e+08
.202e+08
.820e+10
.593e+04
.608e+04
.208e+06
.299e+07
.344e+07
.040e+08
.119e+08
.297e+05
.939e+07
.525e+05
.791e+09
.457e+08
.709e+10
.202e+09
.492e+05
.539e+09
.724e+10
.283e+05
.899e+04
.160e+05
.990e+09

Low.
Lev.

.

DO OO OO O OO OoO OO 000101 01001 01 OrOo1 OO 01 01 O OO0 OO oo O OO0 OO0 OO o1 Ol

than 4.

Upp. Osc.
Lev. Str.

i ef

7 5.584e-04
11 2.207e-04
15 0.000e+00
25 0.000e+00
28 2.129%e-01
35 0.000e+00
41 3.460e-04
45 3.362e-01
55 1.997e-02
59 3.497e-03
62 2.948e-01
65 8.612e-02
68 0.000e+00
72 0.000e+00
75 0.000e+00
79 0.000e+00
90 8.057e-04
97 2.084e-03
112 0.000e+00
126 1.530e-02
129 5.769e-04
133 1.192e-03
136 0.000e+00
139 0.000e+00
143 0.000e+00
154 3.061e-04
163 0.000e+00
183 5.892e-03
196 0.000e+00
208 0.000e+00
233 4.396e-05
275 0.000e+00
15 5.103e-02
19 1.300e-03
23 4.155e-02
26 1.200e-02
35 1.973e-01
41 0.000e+00
48 2.316e-02
54 0.000e+00
57 0.000e+00
62 0.000e+00
66 1.202e-03
69 1.574e-01

44

O, NOPF,LOOFRLDNWRFE, WOWNPFP,P PN, PRPOONOWOEEOFRLRDNORFRPFEPNOPANMPENMNNNMNENPPERO RO

Rad.
Rate

(1/8)

.608e+06
.859e+06
.888e+03
.608e+05
.400e+10
.031e+06
.101e+08
.202e+10
.742e+09
.918e+08
.577e+10
.250e+10
.020e+06
.402e+05
.616e+06
.548e+05
.065e+07
.442e+08
.395e+04
.800e+09
.316e+08
.002e+08
.370e+06
.448e+05
.122e+05
.434e+07
.527e+03
.001e+09
.260e+05
.923e+05
.753e+07
.829%e+04
.512e+08
.205e+07
.979e+08
.815e+08
.081e+10
.144e+04
.152e+09
.266e+06
.811e+04
.038e+06
.524e+08
.583e+09

Low.
Lev.

.

DO OO OO O OO OoOO OO 000101 01001 01 O1Oo1 OO 01 01 O O o1 OO oo O OO0 OOl o1 OO o1 Ol

Upp.
Lev.

12
18
26
30
37
42
53
56
60
63
66
69
73
77
81
92
101
124
127
130
134
137
140
145
156
173
186
206
213
238
281
16
20
24
28
36
45
52
55
58
63
67
70

H OO OO P OO0, WENFEFUWIO W, OOOOFRF OOONOODODOOFR,RO®”MPORFEEFEOOO OO -

Osc.
Str.

gf

.653e-02
.256e-04
.000e+00
.000e+00
.000e+00
.960e-02
.337e-04
.000e+00
.860e-04
.654e-04
.023e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.695e-01
.000e+00
.000e+00
.000e+00
.134e-02
.417e-01
.000e+00
.000e+00
.000e+00
.000e+00
.563e-04
.673e-05
.000e+00
.319e-05
.576e-03
.707e-03
.409e-03
.732e-03
.346e-01
.000e+00
.000e+00
.000e+00
.710e-01
.000e+00
.000e+00
.000e+00
.180e-02
.092e-02

D ONNDD T OO NWWEFEFNEFEFNDNOPNNMENNDMOODWOWNOF WO O PEFEEFEPEPLNDOONDDNDW

Rad.
Rate

(1/s)

.620e+07
.659e+06
.127e+05
.197e+05
.654e+05
.048e+09
.451e+07
.384e+07
.018e+07
.417e+07
.643e+09
.317e+03
.079e+05
.468e+04
.330e+06
.852e+06
.051e+10
.578e+06
.069e+05
.081e+04
.837e+09
.160e+10
.300e+05
.043e+06
.192e+04
.390e+06
.629e+07
.503e+07
.942e+04
.150e+07
.832e+08
.379e+09
.046e+06
.813e+07
.210e+08
.147e+05
.810e+05
.995e+05
.031e+10
.879e+05
.620e+05
.425e+06
.702e+09
.402e+09



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

N NANAAAANANNANTNOODODDOODODOO OO OO OO OO O OO O OO O O OO O ) O O O OO O

Upp.
Lev.

73

77

81

84

89

92

95
101
112
115
118
125
128
131
135
138
141
145
151
155
161
165
176
180
183
188
214
222
226
233
242
265
281

26

a7

61

79

90

97
114
127
134
156
180

O, ONUTO O WOFrRrRFP,P OOOOONF OOOWWMOOOONEFEF IMIOOOONFFP,LNOOOOWOON

Osc.
Str.

gf

.097e-02
.214e-01
.627e-03
.000e+00
.000e+00
.000e+00
.000e+00
.740e-01
.816e-02
.957e-03
.578e-04
.000e+00
.000e+00
.000e+00
.000e+00
.989e-05
.364e-03
.938e-03
.000e+00
.000e+00
.000e+00
.000e+00
.597e-04
.000e+00
.000e+00
.000e+00
.626e-02
.717e-05
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.499e-03
.724e-01
.000e+00
.5563e-02
.000e+00
.000e+00
.084e-03
.347e-04
.000e+00
.206e-03
.000e+00

OONNPP O WL PN, WO, OFRLFPFROOWPRRPEPFPLPONEFEFNNORRFENONWDNDWNEDNDONOWN

Rad.
Rate

(1/8)

.700e+09
.467e+10
.918e+08
.274e+06
.721e+04
.402e+05
.258e+05
.785e+10
.008e+09
.635e+08
.887e+07
.182e+06
.398e+05
.761e+04
.277e+06
.497e+07
.262e+08
.390e+08
.061e+05
.833e+06
.278e+06
.735e+04
.299e+07
.154e+04
.654e+05
.730e+06
.023e+09
.513e+06
.082e+06
.629e+06
.455e+06
.596e+03
.433e+06
.410e+07
.389e+10
.735e+05
.684e+09
.063e+06
.048e+04
.305e+08
.557e+07
.530e+04
.637e+08
.494e+04

Low.
Lev.

.

N NANAAAANANANTNANTNODDODODDOOOOODDO OO O OO OO O OO OO OO OO OO O O O O

than 4.
Upp. Osc.
Lev. Str.

i ef

74 2.241e-02
78 3.037e-03
82 0.000e+00
87 0.000e+00
90 0.000e+00
93 0.000e+00
96 0.000e+00
105 0.000e+00
113 1.963e-02
116 5.255e-05
123 5.501e-04
126 0.000e+00
129 0.000e+00
133 0.000e+00
136 7.684e-02
139 6.383e-02
143 7.879e-04
147 4.046e-01
152 0.000e+00
156 8.952e-03
163 6.936e-04
173 0.000e+00
178 1.063e-03
181 0.000e+00
186 0.000e+00
207 0.000e+00
215 2.005e-05
224 1.047e-02
227 0.000e+00
238 0.000e+00
250 3.479e-04
275 1.045e-03
20 8.239%e-01
31 0.000e+00
52 2.408e-03
66 2.660e-01
81 1.017e-03
92 0.000e+00
107 0.000e+00
115 3.071e-05
128 0.000e+00
138 1.518e-01
159 0.000e+00
183 0.000e+00

45

P OO Wk, OF, PP, ONRPRPPRPPNPRPNNMNRPORRDDMRPPOORFRLNWRL OO, OOITOOO OTND®OONWRFEDNNRE

Rad.
Rate

(1/8)

.735e+09
.429e+08
.935e+06
.133e+06
.064e+05
.098e+07
.091e+04
.350e+06
.173e+09
.861e+06
.307e+07
.730e+05
.421e+05
.313e+05
.845e+09
.862e+09
.026e+08
.790e+10
.647e+04
.978e+09
.601e+07
.216e+05
.029e+08
.455e+04
.661e+04
.216e+04
.226e+06
.413e+09
.284e+04
.263e+06
.132e+07
.546e+08
.235e+10
.165e+04
.028e+08
.328e+10
.361e+08
.837e+04
.603e+04
.644e+06
.412e+06
.218e+10
.893e+06
.862e+05

Low.
Lev.

.

N NANAAAANANANTNATNODDODODDOOOOOOO OO O OO OO O OO OO OO OO O O O O

Upp.
Lev.

75

79

83

88

91

94

97
111
114
117
124
127
130
134
137
140
144
148
154
158
164
174
179
182
187
208
218
225
229
241
264
280

22

43

56

73

86

95
111
122
132
145
173
186

OO P OWWOOFrRrR OO, OWOO N, 0O OOODODODODOOWNOOPOLONRFRL,IPOOOOONH

Osc.
Str.

gf

.514e-01
.869e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.501e-02
.063e-01
.039e-04
.177e-02
.705e-04
.000e+00
.000e+00
.022e-04
.279e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.202e-05
.824e-04
.897e-03
.000e+00
.000e+00
.811e-05
.000e+00
.321e-01
.000e+00
.000e+00
.189e-02
.000e+00
.000e+00
.028e-02
.898e-03
.000e+00
.485e-02
.000e+00
.000e+00

P, WO NP, PR, ONRPRFP, OONWNOOOR, NP, ORFR OO PENMNNDNOO - - 00000 o0 wo

Rad.
Rate

(1/s)

.379e+09
.832e+08
.877e+05
.421e+06
.756e+04
.740e+04
.899e+05
.234e+09
.968e+10
.626e+07
.092e+09
.233e+07
.906e+05
.531e+06
.595e+07
.240e+09
.829e+05
.889e+03
.031e+06
.485e+04
.335e+06
.342e+04
.026e+07
.145e+04
.042e+05
.066e+07
.406e+07
.499e+09
.993e+03
.780e+04
.447e+07
.179e+04
.022e+09
.615e+03
.420e+06
.510e+09
.264e+07
.840e+06
L477e+09
.364e+08
.212e+04
.198e+09
.050e+06
.761e+03



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

O O O © O O O © O 00 00 0 0 0 0 0 00 00 00 0 0 0 0 0 0 00 00 0 00 0 0 0 0 0 00 00 0 0 0 0 0 0 N

Upp.
Lev.

215
273
19
22
29
42
a7
54
57
61
67
71
79
82
87
91
95
106
111
114
122
126
131
134
138
145
155
159
173
181
186
215
229
263
274
18
22
25
30
35
42
45
52
56

O P OO NP, OONWKFRPFPORFPOODODODOUINOOOWUINOOOOOPMFHrH WOOOFrOFRr NFF -

Osc.
Str.

gf

.708e-04
.048e-04
.091e+00
.087e-01
.419e-05
.000e+00
.289e-01
.000e+00
.000e+00
.000e+00
.600e-01
.789e-02
.778e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.129e-02
.133e-03
.037e-03
.000e+00
.000e+00
.000e+00
.085e-02
.479e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.262e-04
.000e+00
.029e-03
.428e-04
.682e-02
.279e-01
.658e-02
.079e-03
.563e-03
.000e+00
.000e+00
.5568e-02
.000e+00

F WONNWOAONWNEFENOOWOONEF WNRFRLRPFP,OFRLRNOOOWEPRRRP,OFRLPFPOONMNEFEPNFENNREOWOO

Rad.
Rate

(1/8)

.258e+07
.587e+07
.589e+09
.069e+10
.243e+06
.431e+04
.032e+10
.912e+05
.306e+06
.848e+05
.689e+10
.767e+09
.268e+09
.117e+05
.546e+07
.370e+06
.079e+06
.028e+04
.835e+09
.353e+08
.714e+08
.152e+06
.130e+06
.610e+04
.496e+10
.175e+10
.785e+05
.424e+06
.605e+06
.343e+05
.554e+03
.872e+07
.671e+03
.102e+08
.461e+08
.490e+08
.347e+09
.641e+08
.610e+07
.973e+08
.197e+03
.278e+04
.771e+09
.876e+06

Low.
Lev.

.

O O O © O O © © O O 00 0 0 0 0 0 00 00 0 0 0 0 0 0 0 00 00 0 00 0 0 0 0 0 00 0 0 0 0 0 0 6 00

than 4.

Upp. Osc.
Lev. Str.

i ef
228 0.000e+00
15 7.920e-04
20 8.877e-03
23 7.930e-01
31 0.000e+00
44 0.000e+00
48 2.185e-01
55 0.000e+00
59 0.000e+00
62 0.000e+00
68 2.206e-01
74 3.199e-02
80 5.103e-02
84 0.000e+00
89 0.000e+00
92 0.000e+00
96 0.000e+00
108 0.000e+00
112 7.694e-03
116 1.074e-04
123 7.268e-03
128 0.000e+00
132 0.000e+00
136 1.254e-02
140 8.860e-02
146 4.026e-02
156 2.033e-04
164 0.000e+00
174 0.000e+00
183 0.000e+00
205 4.550e-05
216 3.824e-04
241 0.000e+00
272 1.005e-04
15 3.839e-04
19 3.115e-01
23 1.108e+00
26 5.922e-04
32 0.000e+00
36 0.000e+00
43 0.000e+00
47 1.900e-01
53 3.273e-02
57 0.000e+00

46

NP, PP ONF, ONMNMNMNDMNOONWOOAONPENRFR, PR, OO0, OO ONNMNNMNENNMNNRFENRERNRFE OO

Rad.
Rate

(1/8)

.335e+03
.123e+06
.311e+08
.204e+09
.127e+04
.934e+03
.062e+10
.766e+06
.089e+05
.215e+04
.652e+10
.431e+09
.011e+10
.334e+06
.688e+05
.910e+04
.401e+06
.400e+04
.376e+08
.179e+07
.207e+08
.839e+05
.577e+05
.584e+09
.130e+10
.594e+10
.428e+07
.050e+06
.652e+06
.365e+04
.298e+07
.041e+07
.364e+03
.0566e+07
.406e+06
.663e+09
.802e+09
.302e+07
.544e+03
.354e+04
.630e+04
.503e+10
.195e+09
.485e+06

Low.
Lev.

.

O O O © O O © O O O 00 0 0 0 0 0 00 00 0 0 0 0 0 0 0 00 00 0 00 0 0 0 0 0 00 0 0 0 0 0 0 6 00

Upp.
Lev.

262
18
21
26
32
46
52
56
60
66
70
78
81
86
90
94
97

110

113

121

125

130

133

137

143

151

158

172

180

184

210

227

262

273
16
20
24
28
34
37
44
48
55
58

OO MO O OONF WEFNOOODOOOOWNOOODWWWOOOOQUWPLrEFL,r OO WK ONDNWP

Osc.
Str.

gf

.595e-04
.684e-03
.513e-01
.479e-04
.000e+00
.780e-01
.327e-03
.000e+00
.000e+00
.430e-01
.477e-02
.272e-02
.466e-05
.000e+00
.000e+00
.000e+00
.000e+00
.611e-02
.449e-02
.327e-03
.000e+00
.000e+00
.000e+00
.345e-01
.131e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.755e-04
.412e-04
.012e-03
.047e-01
.796e+00
.000e+00
.000e+00
.000e+00
.000e+00
.408e-01
.000e+00
.000e+00

H 0O WFRFrFPNNRLRFPRPPR,RPPORLNPNTONPNOODOOR, WL RFERRPERRPL,ONNMORFRR,DNDGEOOEDNDRE

Rad.
Rate

(1/s)

.569e+08
.568e+07
.128e+10
.568e+06
.649e+04
.258e+10
.784e+08
.199e+05
.202e+05
.780e+10
.644e+09
.571e+09
.280e+06
.792e+06
.846e+06
.396e+06
.113e+04
.950e+10
.760e+09
.877e+09
.943e+05
.486e+03
.158e+04
.967e+10
.022e+08
.826e+04
.818e+06
.663e+05
.378e+05
.939e+03
.003e+03
.459e+04
.376e+07
.814e+07
.373e+07
.505e+09
.768e+10
.354e+04
.260e+04
.436e+04
.595e+04
.079e+10
.465e+05
.798e+06



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

O © © © © © © © © O O O © ©W W W WWWYWWWOWWOWWOWOWOWOWWOWOW O OO WO OO O Oo

e e
O O O O O o

Upp.
Lev.

59
62
66
69
73
77
81
84
88
91
94
97
106
111
114
118
124
127
130
133
136
139
143
147
154
159
164
173
178
181
184
188
216
225
229
239
263
273
26
37
61
70
81
95

ONPFP OOFRFPLPNOOWRFRFROOODUWOOOOPNNOOOFRLRNPNNOOOOOONWNNOGOO

Osc.
Str.

gf

.000e+00
.000e+00
.147e-03
.996e-01
.323e-03
.949e-02
.106e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.294e-02
.515e-02
.951e-05
.116e-03
.142e-04
.000e+00
.000e+00
.301e-05
.564e-01
.101e-01
.303e-02
.000e+00
.000e+00
.000e+00
.000e+00
.179e-05
.000e+00
.000e+00
.000e+00
.496e-04
.65be-04
.000e+00
.000e+00
.133e-04
.808e-04
.041e+00
.000e+00
.000e+00
.360e-02
.486e-01
.000e+00

WNNEFE O, FPFOPFEFLOFRNMNNENNDNDdPOFRLPONNNYENDNNDRE, OO PDPEPR, R, ORFRFP,ONNDODOOO =

Rad.
Rate

(1/8)

.300e+06
.169e+04
.347e+08
.240e+10
.170e+08
.144e+09
.779e+08
.716e+05
.891e+07
.711e+06
.092e+06
.510e+05
.201e+04
.101e+09
.548e+09
.420e+06
.705e+08
.192e+07
.009e+06
.808e+05
.902e+06
.305e+10
.680e+10
.947e+09
.490e+04
.021e+05
.673e+05
.341e+06
.914e+06
.948e+05
.548e+04
.356e+05
.739e+07
.136e+08
.121e+03
.365e+04
.333e+07
.130e+07
.534e+10
.132e+04
.134e+03
.450e+09
.814e+10
.544e+04

Low.
Lev.

.

©O© ©O© © © © © © © © O O O O OW W W WWWYWWWWOWOWOWOWOWWOWO O WO WO OO oo

e
O O O O O o

than 4.
Upp. Osc.
Lev. Str.

i ef

60 0.000e+00
63 0.000e+00
67 5.305e-02
70 2.154e-02
74 5.386e-03
78 2.015e-01
82 0.000e+00
86 0.000e+00
89 0.000e+00
92 0.000e+00
95 0.000e+00
101 1.227e-02
107 0.000e+00
112 3.361e-02
115 8.372e-05
122 5.203e-03
125 0.000e+00
128 0.000e+00
131 0.000e+00
134 0.000e+00
137 2.210e-02
140 1.012e-02
144 0.000e+00
151 0.000e+00
156 1.345e-03
161 0.000e+00
165 0.000e+00
174 0.000e+00
179 0.000e+00
182 0.000e+00
185 0.000e+00
203 1.390e-04
217 7.405e-04
226 0.000e+00
233 0.000e+00
240 0.000e+00
264 1.692e-03
281 0.000e+00
30 8.325e-04
47 5.659e-04
62 0.000e+00
73 6.474e-02
90 0.000e+00
97 0.000e+00

47

P R, O, WWNNPFE,NOOONNOONRL, WPENDNWENENOOORF, WNNPDPOOODODPdEFE P, PNWWD

Rad.
Rate

(1/8)

.073e+05
.873e+05
.925e+09
.690e+09
.056e+08
.569e+10
.591e+04
.987e+05
.531e+06
.118e+04
.503e+06
.791e+08
.750e+04
.630e+09
.520e+07
.714e+08
.541e+04
.351e+05
.099e+06
.190e+05
.778e+09
.281e+09
.881e+04
.098e+04
.909e+08
.474e+06
.854e+06
.766e+06
.119e+05
.518e+05
.021e+04
.001e+07
.687e+07
.302e+04
.099e+04
.007e+04
.455e+08
.018e+04
.370e+07
.663e+07
.197e+06
.922e+09
.105e+04
.233e+07

Low.
Lev.

© © © © © © © © O O O © ©W OV W W W YW WOWWOWWOWWOWWOWOWOYWWOWOW O OO OO OO OO -

e e e
O O O O O O o

Upp.
Lev.

61
65
68
72
75
79
83
87
90
93
96
105
108
113
116
123
126
129
132
135
138
141
145
152
158
163
172
176
180
183
187
214
224
228
238
242
272
20
35
52
66
79
92
109

OQOONWEF OUITOHOOOOP NOOOUOPOOUINEFRLOOOONREFWNWMOOOOOOOOONEIPMOO

Osc.
Str.

gf

.000e+00
.000e+00
.113e-02
.404e-01
.056e-01
.241e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.819e-02
.165e-03
.131e-02
.000e+00
.000e+00
.000e+00
.000e+00
.252e-03
.369e-01
.284e-02
.000e+00
.000e+00
.998e-05
.000e+00
.259e-05
.000e+00
.000e+00
.000e+00
.172e-04
.785e-04
.000e+00
.000e+00
.000e+00
.315e-04
.422e-04
.464e-03
.133e-01
.375e-03
.616e-03
.000e+00
.000e+00

N NNDNWNWPRArRP,P OO, OO, OO, P PAPOPRPOFR,PPEPNNOOOR, RPN, OWONMNNDFE, OO OORFRRFPWAN O

Rad.
Rate

(1/s)

.913e+05
.734e+03
.052e+09
.053e+10
.107e+10
.113e+09
.470e+06
.090e+06
.009e+06
.737e+06
.031e+06
.153e+05
.035e+04
.542e+09
.270e+08
.388e+09
.018e+05
.628e+06
.537e+06
.928e+05
.624e+08
.145e+10
.125e+10
.203e+05
.982e+05
.658e+06
.602e+06
.972e+06
.941e+05
.263e+05
.510e+04
.310e+08
.342e+07
.043e+04
.831e+04
.609e+04
.285e+08
.692e+06
.464e+08
.707e+09
.550e+08
.912e+08
.581e+05
.525e+04



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

10
10
10
10
10
10
10
10
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

Upp.
Lev.

111
122
132
145
173
186
225
283
19
22
27
31
35
42
46
55
64
68
72
78
81
87
91
96
110
113
116
122
128
133
138
146
150
155
164
177
183
187
215
221
227
230
235
240

OO OO, PP OO WOOOUTWMOONOWWOWIUMNOOOWRFREFE, OOONOWOWOOUINDP®WOORO O

Osc.
Str.

gf

.969e-03
.386e-05
.000e+00
.090e-03
.000e+00
.000e+00
.087e-04
.511e-03
.053e-03
.791e-01
.000e+00
.000e+00
.149e-03
.000e+00
.100e-03
.000e+00
.000e+00
.271e-03
.227e-03
.914e-04
.285e-05
.000e+00
.000e+00
.000e+00
.995e-03
.338e-04
.299e-03
.815e-02
.000e+00
.000e+00
.551e-05
.745e-04
.000e+00
.000e+00
.000e+00
.679e-04
.000e+00
.000e+00
.468e-02
.246e-03
.000e+00
.000e+00
.000e+00
.000e+00

WA BRNNR,REFRE,ANDNNWR, ORBRMOONNR WR RN ERNDWWWEREFRRDWERO®ORNR RN

Rad.
Rate

(1/8)

.788e+08
.541e+07
.709e+04
.059e+08
.523e+05
.369e+03
.698e+07
.411e+09
.279e+07
.672e+09
.260e+05
.094e+05
.581e+08
.240e+05
.917e+08
.629e+04
.485e+05
.706e+08
.642e+07
.242e+07
.023e+07
.093e+04
.939e+05
.342e+05
.753e+09
.666e+07
.700e+08
.521e+09
.363e+04
.031e+04
.556e+07
.193e+08
.136e+05
.003e+05
.119e+05
.256e+07
.620e+05
.390e+04
.212e+10
.048e+08
.054e+06
.893e+06
.239e+06
.792e+06

Low.
Lev.

10
10

10
10
10
10
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

than 4.

Upp. Osc.
Lev. Str.

i ef
114 2.746e-02
127 3.442e-05
134 0.000e+00
156 2.094e-01
180 0.000e+00
187 0.000e+00
238 0.000e+00
15 5.427e-01
20 5.675e-03
23 1.661e-01
29 1.235e-01
32 0.000e+00
38 0.000e+00
43 0.000e+00
47 1.527e-03
56 0.000e+00
66 1.361e-03
70 1.538e-02
73 2.548e-03
79 2.950e-03
82 0.000e+00
89 0.000e+00
94 0.000e+00
98 6.237e-01
111 2.393e-03
114 5.255e-03
118 1.850e-01
123 2.076e-03
130 0.000e+00
136 8.163e-04
140 1.620e-03
148 0.000e+00
151 0.000e+00
158 0.000e+00
171  0.000e+00
180 0.000e+00
184 0.000e+00
191 4.010e-04
216 8.285e-03
222 1.626e-02
228 0.000e+00
233 0.000e+00
236 0.000e+00
241 0.000e+00

48

AP, WNPEPFPELPNOEFELNONEP,ORFRPNPFP,OWOPEPNENONEFEFPERPNOWPER,PR,OPRFE O, WD~ O

Rad.
Rate

(1/8)

.357e+09
.819e+06
.486e+06
.021e+10
.829e+05
.782e+05
.147e+04
.634e+09
.449e+07
.085e+08
.431e+10
.463e+05
.241e+05
.248e+05
.542e+07
.456e+04
.392e+08
.595e+09
.651e+08
.197e+08
.409e+05
.437e+04
.218e+04
.628e+10
.666e+08
.153e+08
.739e+10
.002e+08
.097e+05
.882e+07
.780e+08
.057e+06
.372e+06
.323e+05
.247e+06
.363e+06
.360e+06
.874e+07
.349e+09
.455e+09
.132e+06
.692e+04
.463e+06
.905e+05

Low.
Lev.

10
10
10
10
10
10

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

Upp.
Lev.

115
128
138
159
183
208
280
18
21
26
30
33
40
44
49
59
67
71
74
80
84
90
95
102
112
115
121
126
132
137
145
149
154
159
174
181
186
214
218
223
229
234
238
258

O O OO, 0NV OOOOOOPOHTOOWUOWEFR,HROOOOPRNNEFONOOOGO®MNNNOOWOOR O

Osc.
Str.

gf

.322e-04
.000e+00
.205e-03
.000e+00
.000e+00
.877e-04
.000e+00
.147e-02
.135e-01
.163e-04
.277e-02
.037e-03
.000e+00
.000e+00
.694e+00
.000e+00
.023e-04
.135e-02
.979e-02
.173e-03
.000e+00
.000e+00
.000e+00
.000e+00
.297e-03
.652e-02
.468e-02
.000e+00
.000e+00
.515e-04
.043e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.693e-04
.614e-02
.969e-02
.000e+00
.000e+00
.000e+00
.000e+00

OO, NP, PP, PP, PPOFRLPNNNNTINNOR, PR, PNNRPRPPRPRPRPOONEFEFNOORFRE, WNOONNDEEOOONMDDNDOO

Rad.
Rate

(1/s)

.889e+07
.374e+04
.238e+08
.764e+04
.920e+06
.962e+08
.591e+04
.209e+07
.115e+09
.956e+06
.203e+09
.410e+08
.394e+04
.668e+04
.055e+11
.472e+04
.281e+06
.644e+09
.864e+09
.359e+09
.067e+05
.696e+05
.529e+05
.452e+06
.202e+08
.504e+10
.671e+10
.438e+04
.454e+04
.104e+07
.480e+07
.068e+06
.560e+04
.982e+04
.150e+04
.214e+06
.529e+05
.412e+08
.406e+10
.618e+10
.067e+05
.086e+06
.516e+04
.507e+03



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

11
11
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

Upp.
Lev.

273
279
18
23
27
32
35
40
44
49
54
57
61
67
70
74
78
82
87
90
95
99
105
113
116
119
125
128
131
134
137
141
145
149
152
158
165
174
178
181
184
187
214
217

D NO OONOODODOOFLRNUMOOOONEFEPLEF, O OWOOOOWOOWWOUOOO P OONOONPOW

Osc.
Str.

gf

.532e-05
.000e+00
.062e-03
.992e-01
.000e+00
.000e+00
.721e-02
.000e+00
.000e+00
.987e-01
.000e+00
.000e+00
.000e+00
.910e-04
.291e-02
.819e-03
.517e-03
.000e+00
.000e+00
.000e+00
.000e+00
.235e-01
.000e+00
.374e-03
.795e-01
.671e-01
.000e+00
.000e+00
.000e+00
.000e+00
.730e-04
.681e-03
.224e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.159e-04
.000e+00
.000e+00
.000e+00
.659e-04
.140e-03

N 00O P W, ONNMNERPRPNMNNMNOOONMNORFRP PP RPRPNPEPRPRPPNNNNOOOOR,FR,OOFRLRNDNOFR,ONDWRANF

Rad.
Rate

(1/8)

.072e+07
.109e+03
.362e+07
.885e+09
.096e+05
.653e+05
.064e+09
.295e+05
.663e+05
.953e+10
.902e+03
.760e+04
.659e+04
.626e+07
.413e+09
.515e+08
.281e+08
.058e+04
.096e+04
.214e+05
.819e+05
.893e+10
.478e+03
.274e+08
.679e+10
.795e+10
.238e+04
.036e+04
.149e+04
.949e+03
.247e+07
.107e+08
.263e+08
.463e+06
.329e+06
.820e+05
.495e+05
.826e+04
.785e+07
.133e+06
.386e+05
.057e+04
.244e+08
.145e+08

Low.
Lev.

than 4.

Upp. Osc.
Lev. Str.

i ef
274 3.830e-05
15 1.170e-01
20 5.988e-01
24 1.801e-01
30 2.492e-01
33 9.083e-02
38 0.000e+00
42 0.000e+00
47 4.545e-03
50 3.994e+00
55 0.000e+00
58 0.000e+00
64 0.000e+00
68 1.075e-04
72 1.811e-02
75 3.072e-02
79 1.078e-02
83 0.000e+00
88 0.000e+00
91 0.000e+00
96 0.000e+00
102 0.000e+00
111 1.349e-02
114 1.774e-03
117 5.089e-03
122 7.364e-02
126 0.000e+00
129 0.000e+00
132 0.000e+00
135 0.000e+00
139 1.561e-03
143 3.627e-04
147 2.413e-04
150 0.000e+00
154 0.000e+00
159 0.000e+00
171  0.000e+00
176 2.986e-04
179 0.000e+00
182 0.000e+00
185 0.000e+00
191 7.187e-05
215 1.745e-02
218 8.503e-03

49

D 0O O NNEFE, ORR DR EPPER PO ONDMNNE OOWPPOFRLRP,PRPRPONOONENOOSNDNDO DWW

Rad.
Rate

(1/8)

.489e+07
.516e+08
.689e+09
.259e+08
.635e+09
.121e+09
.832e+04
.405e+05
.838e+08
.117e+11
.993e+04
.593e+04
.463e+05
.613e+06
.128e+09
.374e+09
.168e+09
.935e+05
.775e+04
.229e+05
.881e+05
.239e+06
.066e+09
.751e+08
.403e+08
.182e+10
.335e+03
.989e+05
.338e+05
.930e+04
.217e+08
.017e+07
.923e+07
.605e+06
.642e+03
.812e+04
.088e+06
.458e+07
.232e+04
.879e+05
.322e+06
.734e+06
.734e+09
.388e+09

Low.
Lev.

Upp.
Lev.

278
16
22
26
31
34
39
43
48
52
56
59
66
69
73
77
81
84
89
94
98

103

112

115

118

123

127

130

133

136

140

144

148

151

155

161

173

177

180

183

186

193

216

219

P N0 OO0 MO OOOO0OO0OFH,H WOOFRLRNWOWWFOFROOOFR,RFP,P P, OWOORFR,EFP,OOOO W WwOo

Osc.
Str.

gf

.000e+00
.433e-01
.508e-02
.271e-04
.000e+00
.000e+00
.000e+00
.000e+00
.528e-03
.532e-04
.000e+00
.000e+00
.811e-03
.582e-03
.076e-02
.711e-02
.065e-04
.000e+00
.000e+00
.000e+00
.153e-01
.000e+00
.652e-03
.912e-02
.572e-03
.812e-02
.987e-04
.000e+00
.000e+00
.429e-05
.637e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.496e-05
.000e+00
.000e+00
.000e+00
.922e-04
.469e-02
.274e-01

PR, OFRPPFPNDMNANFP, O, OO WL PONODIDRPPONR PPN, POFR,RP,PPR,PONOFRNRRFREO®

Rad.
Rate

(1/s)

.T47e+03
.8569e+09
.215e+08
.129e+07
.911e+05
.222e+05
.409e+05
.316e+05
.802e+07
.006e+07
.928e+04
.358e+04
.896e+08
.214e+08
.119e+09
.722e+08
.173e+07
.940e+04
.127e+05
.301e+05
.554e+09
.768e+06
.530e+08
.095e+09
.054e+08
.711e+09
.286e+07
.7T71e+04
.838e+04
.730e+06
.798e+07
.168e+03
.390e+06
.787e+05
.239e+05
.427e+05
.217e+05
.512e+06
.275e+06
.631e+05
.778e+06
.142e+07
.216e+10
.486e+10



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

12
12
12
12
12
12
12
12
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

Upp.
Lev.

221
226
229
233
236
239
259
278
16
19
25
32
37
42
48
51
59
64
69
75
78
89
94
98
102
112
117
120
125
131
134
139
142
149
152
155
162
171
174
180
183
187
214
218

DN O OO OO PR OOO0OOMPPOOOWWHFRLR OWOONF WOODUIOOOr P, P, OOOOOOOoOR

Osc.
Str.

gf

.734e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.330e-01
.013e+00
.686e-03
.000e+00
.000e+00
.000e+00
.601e-03
.780e+00
.000e+00
.000e+00
.985e-03
.026e-02
.486e-02
.000e+00
.000e+00
.286e-03
.000e+00
.135e-02
.110e-01
.390e-01
.000e+00
.000e+00
.000e+00
.955e-04
.471e-03
.000e+00
.000e+00
.000e+00
.163e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.411e-05
.511e-05

P R, P NN NN NWOONWWOOOOFNEFEONONEFE PP, WOORF WONDNOPENOOOOOWEREEF, NN

Rad.
Rate

(1/8)

.850e+09
.107e+04
.684e+06
.965e+04
.818e+06
.654e+06
.572e+03
.319e+03
.925e+08
.695e+09
.066e+06
.187e+05
.769e+03
.187e+04
.264e+08
.257e+11
.269e+03
.435e+05
.752e+08
.586e+08
.612e+09
.829e+05
.474e+05
.436e+08
.257e+04
.050e+09
.079e+10
.775e+10
.072e+03
.067e+04
.160e+03
.863e+07
.964e+08
.323e+06
.011e+05
.304e+04
.330e+06
.842e+06
.985e+03
.164e+05
.153e+04
.037e+05
.203e+07
.062e+07

Low.
Lev.

than 4.

Upp. Osc.
Lev. Str.

i ef
222 4.300e-02
227 0.000e+00
230 0.000e+00
234 0.000e+00
237 0.000e+00
240 0.000e+00
273 8.000e-05
279 0.000e+00
17 1.276e+00
23 4.736e-03
27 0.000e+00
33 5.103e-01
38 0.000e+00
43 0.000e+00
49 1.424e-02
56 0.000e+00
60 0.000e+00
67 7.598e-03
72 7.432e-02
76 8.101e-02
83 0.000e+00
90 0.000e+00
95 0.000e+00
99 1.152e-01
103 0.000e+00
113 3.447e-02
118 8.323e-05
123 1.312e-01
126 0.000e+00
132 0.000e+00
136 1.195e-04
140 2.614e-05
143 2.148e-03
150 0.000e+00
153 0.000e+00
158 0.000e+00
165 0.000e+00
172 0.000e+00
175 7.002e-04
181 0.000e+00
184 0.000e+00
190 4.860e-05
216 2.028e-02
219 5.669e-03

50

O WWNE DR EL, P, OOOWNNE WWERENWOOONEFE NN PRNMNMAOWAEFELENNMNMNENANRE PP W

Rad.
Rate

(1/8)

.178e+10
.352e+06
.335e+06
.768e+06
.214e+06
.024e+05
.428e+07
.177e+04
.253e+09
.298e+07
.930e+05
.190e+10
.382e+05
.719e+05
.573e+08
.045e+04
.853e+04
.659e+08
.626e+09
.838e+09
.535e+04
.934e+05
.870e+05
.103e+09
.549e+05
.197e+09
.816e+06
.264e+10
.235e+04
.257e+05
.300e+07
.871e+06
.378e+08
.997e+06
.593e+06
.733e+03
.476e+04
.716e+05
.479e+07
.826e+06
.519e+06
.279e+06
.301e+09
.611e+08

Low.
Lev.

Upp.
Lev.

225
228
231
235
238
241
277
15
18
24
31
34
40
44
50
57
61
68
74
77
85
91
96
100
104
116
119
124
130
133
137
141
148
151
154
161
169
173
179
182
186
192
217
220

P P, NOOO0OOO0OO0OO0OO0OO0OF, POOWNWOFROOOF OMDMWOOPOOOOHFH IPWOOOOOO

Osc.
Str.

gf

.685e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.311e-03
.505e-03
.143e+00
.000e+00
.000e+00
.000e+00
.000e+00
.992e-01
.000e+00
.000e+00
.591e-04
.341e-04
.796e-03
.000e+00
.000e+00
.000e+00
.334e+00
.000e+00
.736e-02
.941e-03
.744e-04
.000e+00
.000e+00
.989e-05
.794e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.905e-04
.375e-01
.686e-01

R, OONOFR, NNDDNDOWWFRLOFRNDNNDRE OWOOTE WO WNWPErFP,rOODOOONWE O ONEFE WO - b

Rad.
Rate

(1/s)

.667e+07
.446e+06
.307e+06
.120e+06
.815e+05
.810e+06
.772e+03
.932e+06
.507e+07
.966e+09
.934e+04
.096e+05
.235e+05
.379e+05
.395e+10
.174e+04
.694e+04
.208e+07
.963e+07
.100e+07
.854e+05
.687e+04
.422e+04
.494e+10
.687e+06
.493e+09
.976e+08
.595e+07
.055e+05
.565e+04
.436e+06
.410e+07
.885e+05
.042e+04
.599e+03
.477e+05
.434e+05
.197e+04
.245e+05
.079e+06
.882e+06
.336e+07
.599e+10
.530e+10



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

13
13
13
13
13
13
13
13
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

Upp.
Lev.

221
227
230
233
236
240
264
278
18
26
35
40
a7
54
61
65
68
72
75
79
83
89
97
105
113
117
122
125
130
135
138
141
147
151
155
161
165
178
182
187
206
213
216
219

N, OO OO MO OOOWNOWOOOWPDIPOOOONEFEFNWOODOOMOFR,r OMEFE, O WOOOOO W

Osc.
Str.

gf

.117e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.936e-05
.000e+00
.878e-01
.071e-01
.207e-01
.000e+00
.386e-03
.000e+00
.000e+00
.000e+00
.815e-02
.929e-03
.042e-01
.335e-04
.000e+00
.000e+00
.000e+00
.000e+00
.928e-02
.470e-04
.608e-04
.000e+00
.000e+00
.000e+00
.645e-05
.859e-03
.068e-01
.000e+00
.000e+00
.000e+00
.000e+00
.929e-03
.000e+00
.000e+00
.368e-04
.000e+00
.652e-04
.221e-05

NN OO, R, RPN PPN ONOMOONEFE,RFRPNORFRRPR, OO0 WONWOWONOFRPBPNRFEO W

Rad.
Rate

(1/8)

.334e+10
.688e+05
.656e+04
.191e+04
.398e+06
.150e+06
.290e+07
.334e+03
.417e+08
.308e+09
.462e+09
.8569e+03
.132e+08
.970e+05
.546e+03
.838e+05
.949e+09
.516e+08
.874e+09
.111e+07
.251e+04
.945e+04
.409e+05
.667e+06
.935e+09
.574e+07
.000e+07
.054e+06
.418e+05
.185e+05
.528e+07
.959e+08
.133e+10
.067e+04
.937e+05
.281e+05
.780e+04
.009e+08
.982e+04
.746e+06
.080e+07
.059e+04
.405e+07
.530e+06

Low.
Lev.

than 4.

Upp. Osc.
Lev. Str.

i ef
224 1.461e-04
228 0.000e+00
231 0.000e+00
234 0.000e+00
237 0.000e+00
241 0.000e+00
272 1.455e-04
15 6.448e-03
20 5.409e-04
28 0.000e+00
36 0.000e+00
41 0.000e+00
52 2.299e-01
55 0.000e+00
62 0.000e+00
66 1.410e-03
69 2.015e-02
73 3.119e-02
77 3.023e-01
81 7.240e-03
84 0.000e+00
92 0.000e+00
101 9.662e-01
111 1.720e-03
114 4.694e-03
118 2.389e-03
123 1.246e-04
126 0.000e+00
133 0.000e+00
136 3.581e-02
139 1.702e-02
143 2.117e-03
148 0.000e+00
152 0.000e+00
156 3.717e-04
163 1.823e-03
172  0.000e+00
179 0.000e+00
183 0.000e+00
188 0.000e+00
207 0.000e+00
214 1.030e-01
217 2.544e-04
221 1.899e-04

o1

NNEFEF NN, PPOOFRPORPFEPNNRP, ONOFRPPONPRP, OOFRLRNNEPEPNNEPE,ONMNEONDPPOND ONRE

Rad.
Rate

(1/8)

.723e+07
.257e+06
.863e+05
.301e+06
.463e+06
.527e+06
.649e+07
.938e+06
.950e+06
.524e+05
.338e+05
.240e+05
.193e+10
.550e+04
.988e+05
.197e+08
.357e+08
.696e+09
.136e+10
.667e+08
.864e+05
.883e+05
.377e+10
.266e+08
.267e+08
.933e+08
.037e+07
.525e+05
.603e+04
.392e+09
.156e+09
.045e+08
.856e+04
.189e+04
.104e+07
.291e+08
.239e+04
.361e+06
.474e+05
.236e+06
.590e+06
.495e+10
.647e+07
.792e+07

Low.
Lev.

Upp.
Lev.

226
229
232
235
238
260
277
16
25
30
37
45
53
59
63
67
70
74
78
82
87
93
103
112
115
119
124
127
134
137
140
144
150
154
158
164
176
180
186
196
208
215
218
222

B P, NP, PP OO POODODO0OOF,H OO, L NUOINOOOOUITNNWOOWOOFL,NOUIO OOOOOOo

Osc.
Str.

gf

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.791e-04
.567e+00
.453e-02
.000e+00
.000e+00
.941e+00
.000e+00
.000e+00
.721e-02
.332e-03
.648e-03
.890e-04
.000e+00
.000e+00
.000e+00
.000e+00
.051e-01
.663e-04
.333e-04
.774e-01
.490e-01
.000e+00
.337e-04
.196e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.908e-03
.000e+00
.000e+00
.196e-03
.346e-04
.410e-05
.174e-03
.349e-04

W, P NPLPEDPDPONDNPP OO, O0OWNEFEFRPR,NRFRPPEPNNPDPOCOORLNE, ONOODDNDPEPENWWO WO

Rad.
Rate

(1/s)

.379e+03
.916e+06
.284e+06
.310e+05
.613e+05
.331e+03
.422e+04
.648e+05
.699e+09
.111e+08
.098e+05
.651e+05
.092e+10
.135e+04
.393e+05
.895e+09
.319e+08
.978e+08
.188e+07
.570e+05
.602e+04
.761e+05
.371e+04
.635e+10
.597e+07
.351e+07
.062e+10
.132e+10
.516e+04
.865e+07
.146e+09
.504e+06
.120e+03
.111e+06
.875e+04
.258e+05
.533e+08
.658e+03
.825e+05
.518e+08
.573e+07
.797e+07
.713e+08
.304e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

14
14
14
14
14
14
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

Upp.
Lev.

224
227
233
242
265
283

32

42

46

54

57

62

68

73

76

82

87

96
102
108
111
114
117
120
123
126
131
134
138
141
145
149
155
158
163
172
177
183
189
192
197
201
205
210

DO O O OO MO VO WOULINOOONDNNOODOOOHFH,H WMWWWOOOR,rEF, MO WOWMOOWwWOOOO

Osc.
Str.

gf

.655e-01
.000e+00
.000e+00
.000e+00
.000e+00
.416e-04
.874e-02
.543e-02
.000e+00
.613e-02
.510e-03
.911e-03
.000e+00
.000e+00
.000e+00
.236e+00
.474e-02
.391e-04
.418e-01
.641e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.420e-02
.179e-04
.304e-04
.000e+00
.000e+00
.000e+00
.421e-03
.911e-01
.862e-01
.000e+00
.033e-04
.000e+00
.552e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.469e-02

B ONPPOAODLPAWPLPEPE,PNOFRLOOOONRFEPERPNONR,RE, DO, OO OOOND®ONDWPDPOOONDONDNDE

Rad.
Rate

(1/8)

.746e+10
.636e+04
.534e+06
.688e+06
.062e+03
.332e+08
.072e+08
.859e+08
.711e+05
.626e+09
.857e+07
.504e+07
.034e+05
.080e+03
.832e+03
.673e+10
.065e+09
.362e+07
.187e+10
.128e+07
.094e+05
.012e+05
.460e+04
.778e+03
.713e+04
.728e+09
.065e+07
.611e+07
.742e+05
.816e+04
.254e+04
.896e+08
.334e+10
.183e+10
.848e+06
.623e+07
.055e+05
.367e+08
.899e+05
.965e+05
.872e+06
.233e+04
.016e+04
.231e+10

Low.
Lev.

than 4.
Upp. Osc.
Lev. Str.

i ef
225 4.770e-02
229 0.000e+00
238 0.000e+00
250 4.156e-03
275 5.204e-03
29 0.000e+00
37 6.720e-02
43 6.222e-03
47 0.000e+00
55 2.664e-01
59 8.525e-04
66 0.000e+00
69 0.000e+00
74 0.000e+00
77 0.000e+00
84 4.868e-01
91 2.034e-02
97 2.882e-03
106 2.586e-01
109 1.548e-02
112 0.000e+00
115 0.000e+00
118 0.000e+00
121  0.000e+00
124 0.000e+00
128 8.197e-03
132 7.447e-04
136 0.000e+00
139 0.000e+00
142 0.000e+00
146 0.000e+00
151 3.483e-03
156 0.000e+00
159 3.394e-02
164 3.590e-01
173 9.016e-04
180 1.395e-01
186 5.124e-04
190 0.000e+00
193 0.000e+00
199 0.000e+00
202 0.000e+00
206 0.000e+00
211 1.487e-02

92

P NP, OO0, NNDNNREPPRPNNPE,ENOOOOOOFR, N, DPONRERRPRR,OOOPPOR,RRPR,ERERN PPN

Rad.
Rate

(1/8)

.182e+10
.068e+04
.908e+06
.738e+08
.096e+08
.049e+03
.452e+08
.039e+08
.637e+05
.152e+10
.846e+07
.262e+05
.936e+04
.357e+05
.326e+04
.471e+10
.489e+09
.349e+08
.251e+10
.307e+08
.655e+04
.198e+06
.897e+05
.998e+06
.612e+04
.555e+08
.117e+07
.351e+05
.421e+05
.495e+03
.940e+05
.953e+08
.447e+04
.688e+09
.047e+10
.281e+07
.139%e+10
.318e+07
.766e+06
.049e+05
.517e+05
.326e+05
.547e+05
.699e+09

Low.
Lev.

Upp.
Lev.

226
230
241
261
281

31

38

45

48

56

60

67

71

75

80

86

92

98
107
110
113
116
119
122
125
130
133
137
140
144
148
154
157
162
167
174
181
187
191
196
200
204
208
212

P O OO OO ONOOORFR,RKF VOO P WWOOOOODUOPNOOOODOWOLHLOUIkr ©O OO OoOOo

Osc.
Str.

gf

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.398e-01
.637e-04
.547e-04
.000e+00
.013e-02
.663e-05
.000e+00
.000e+00
.000e+00
.000e+00
.818e-01
.050e-04
.000e+00
.726e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.021e-02
.147e-03
.310e-05
.000e+00
.000e+00
.090e-03
.980e-02
.575e-03
.000e+00
.000e+00
.000e+00
.984e-03
.355e-03
.671e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.094e-04

WANPP, PP, OO, NFEPNDNNPRPP,OPRPOOENTINOODORR,PNDNR,RPR,PRPRPRPRPRPOPRPERP,PE,OWONRFROO O

Rad.
Rate

(1/s)

.165e+06
.044e+03
.237e+05
.947e+04
.987e+06
.995e+09
.086e+06
.363e+06
.133e+04
.570e+09
.408e+06
.890e+04
.168e+04
.259e+05
.391e+04
.205e+10
.795e+07
.857e+04
.992e+09
.365e+06
.596e+03
.779e+05
.324e+05
.387e+05
.380e+09
.585e+08
.956e+06
.222e+05
.656e+05
.475e+08
.583e+09
.068e+08
.233e+07
.115e+04
.314e+06
.026e+08
.460e+08
.634e+08
.827e+06
.786e+05
.533e+05
.449e+04
.977e+04
.342e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

15
15
15
15
15
15
15
15
15
15
15
15
15
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Upp.
Lev.

213
216
219
222
225
228
233
238
244
249
254
273
283

32

37

44

48

57

66

69

75

79

84

88

93

98
103
108
112
115
118
122
128
134
139
142
145
150
155
160
163
167
173
177

O P OO O P PR OOOFR,r NOOOOOWMUMONRFE,POOOODUOIMWHFHOOODOOWOWNOOOON

Osc.
Str.

gf

.999e-03
.000e+00
.000e+00
.000e+00
.000e+00
.181e-03
.288e-04
.391e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.284e+00
.721e-04
.212e-03
.000e+00
.832e-02
.000e+00
.000e+00
.000e+00
.000e+00
.293e-03
.298e-01
.041e-02
.000e+00
.091e-01
.342e-02
.000e+00
.000e+00
.000e+00
.000e+00
.767e-02
.272e-03
.000e+00
.000e+00
.000e+00
.584e-03
.750e-02
.000e+00
.000e+00
.000e+00
.697e-03
.000e+00

H WNWOONONEOILO O 0 ~NONEFE OO WE P P, WEFE P, 0N 000N WOWOO ™ EFENWEDNWW

Rad.
Rate

(1/8)

.448e+08
.381e+05
.634e+05
.326e+06
.792e+04
.869e+08
.823e+08
.570e+08
.315e+06
.820e+03
.065e+05
.794e+04
.639e+04
.656e+09
.070e+06
.339e+07
.797e+04
.094e+09
.462e+05
.151e+05
.910e+05
.599e+04
.288e+08
.081e+09
.028e+08
.404e+03
.367e+10
.354e+09
.320e+04
.507e+05
.238e+04
.231e+06
.235e+09
.847e+07
.291e+05
.901e+05
.595e+05
.819e+07
.666e+09
.572e+06
.130e+05
.236e+06
.774e+08
.390e+05

Low.
Lev.

than 4.
Upp. Osc.
Lev. Str.

i ef
214 0.000e+00
217 0.000e+00
220 0.000e+00
223 0.000e+00
226 1.032e-02
229 2.363e-04
235 6.801e-02
241 1.240e-04
247 0.000e+00
250 0.000e+00
262 0.000e+00
274 0.000e+00
30 0.000e+00
34 7.715e-02
40 1.118e-03
45 1.643e-04
52 0.000e+00
61 2.689e-03
67 0.000e+00
70 0.000e+00
76 0.000e+00
82 1.728e-01
86 2.337e-02
89 2.649e-03
94 4.200e-04
99 0.000e+00
105 2.874e-03
109 5.159e-04
113 0.000e+00
116 0.000e+00
119 0.000e+00
123 0.000e+00
131 8.830e-03
136 0.000e+00
140 0.000e+00
143 0.000e+00
147 0.000e+00
151 3.529e-03
157 0.000e+00
161 8.708e-01
164 9.762e-02
168 0.000e+00
175 0.000e+00
178 0.000e+00

93

O, PO WO R, PP, P,PPAEAPORLPFP,PNANRP,PRP,OO0OOCOOFR,RFPNNOONEFERERNEWOOREFE ONOWONRE

Rad.
Rate

(1/8)

.765e+04
.008e+04
.1568e+03
.594e+06
.662e+08
.222e+07
.063e+09
.673e+07
.098e+06
.371e+04
.589e+05
.285e+05
.277e+03
.055e+08
.249e+07
.743e+06
.345e+03
.302e+07
.024e+05
.014e+05
.420e+05
.129e+09
.923e+08
.229e+07
.350e+07
.576e+04
.922e+07
.751e+07
.993e+05
.172e+06
.442e+05
.399e+05
.293e+08
.599e+05
.168e+05
.779e+04
.273e+04
.969e+08
.8563e+05
.814e+10
.538e+09
.827e+06
.274e+04
.974e+04

Low.
Lev.

15
15
15
15
15
15
15
15
15
15
15
15
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Upp.
Lev.

215
218
221
224
227
230
236
243
248
252
263
275

31

36

43

47

56

62

68

74

77

83

87

90

95
102
107
111
114
117
120
127
132
138
141
144
149
152
159
162
165
170
176
179

WO O NONONRFOOIMOOODOOWWERLr PP OOODOWUNOCUUKF,LKEF,FOOOOOUINRF, OOOO

Osc.
Str.

gf

.000e+00
.000e+00
.000e+00
.000e+00
.655e-02
.451e-01
.437e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.192e-01
.728e-03
.250e-02
.000e+00
.233e-01
.931e-04
.000e+00
.000e+00
.000e+00
.726e+00
.096e-01
.279e-02
.679e-03
.457e-02
.992e-01
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.959e-03
.000e+00
.000e+00
.059e-04
.936e-02
.503e-02
.159e-03
.000e+00
.776e-01
.000e+00
.000e+00
.212e-02

P WFR,r WNF, PAPNDNONNMPDPPDPORLPNDNEFR,ONRPRP NP, R, RPRPRPROFRPNNMNERE,OWOR,RERRERRENDNNDDOONWOOE- 00O

Rad.
Rate

(1/s)

.904e+05
.022e+05
.170e+05
.276e+04
.628e+09
.308e+10
.171e+08
.372e+05
.875e+05
.685e+06
.050e+05
.533e+05
.124e+09
.049e+07
.674e+08
.216e+05
.354e+10
.835e+07
.764e+04
.743e+05
.529e+05
.100e+11
.552e+10
.864e+09
.573e+07
.192e+09
.073e+10
.354e+05
.603e+05
.879e+05
.858e+05
.020e+03
.756e+08
.774e+04
.073e+05
.829e+06
.287e+09
.127e+09
.701e+08
.070e+05
.436e+10
.275e+06
.779e+05
.446e+09



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

Upp.
Lev.

180
183
190
193
198
201
211
214
217
220
225
230
236
242
245
249
256
264

33

48

68

74

7

83

88

94
103
112
117
123
141
150
153
161
164
167
170
176
179
190
193
197
201
212

P O O OO WOOONIMWWOOOOWR,R NP, OOODODODOODOOPUOUNOOOODWOOOONN

Osc.
Str.

gf

.034e-02
.900e-04
.000e+00
.000e+00
.000e+00
.000e+00
.898e-02
.000e+00
.000e+00
.000e+00
.000e+00
.171e-02
.477e-02
.004e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.064e-01
.750e-01
.697e-03
.857e-02
.000e+00
.000e+00
.000e+00
.000e+00
.936e-02
.114e-01
.463e-04
.774e-03
.000e+00
.000e+00
.000e+00
.989e-03
.000e+00
.000e+00
.000e+00
.000e+00
.492e-01

B> OOONPPOFRLRNELPNRFRPNOOFRPPFPOFROORPNDPEOWOWWWPENDNE,ODNONMNNDNNOREPSMPEREORF

Rad.
Rate

(1/8)

.653e+09
.439e+07
.176e+06
.476e+06
.145e+05
.188e+04
.126e+10
.456e+03
.832e+05
.202e+05
.064e+04
.036e+09
.977e+09
.994e+07
.951e+06
.983e+05
.232e+05
.965e+04
.027e+03
.681e+05
.218e+04
.628e+04
.433e+04
.454e+09
.824e+10
.412e+07
.027e+09
.167e+05
.730e+06
.323e+06
.084e+05
.177e+09
.101e+10
.813e+07
.564e+08
.656e+05
.624e+05
.000e+04
.469e+08
.909e+04
.245e+05
.038e+04
.591e+05
.206e+10

Low.
Lev.

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

than 4.
Upp. Osc.
Lev. Str.

i ef
181 2.145e-01
186 9.373e-05
191 0.000e+00
194 0.000e+00
199 0.000e+00
202 0.000e+00
212 1.591e-02
215 0.000e+00
218 0.000e+00
221 0.000e+00
228 2.418e-02
231 3.386e-01
237 4.162e-03
243 0.000e+00
247 0.000e+00
252 0.000e+00
262 0.000e+00
273 0.000e+00
34 1.769e+00
57 7.532e-01
69 0.000e+00
75 0.000e+00
78 0.000e+00
85 6.198e+00
89 6.863e-02
100 0.000e+00
104 7.359e-01
113 0.000e+00
119 0.000e+00
131 1.226e-01
142 0.000e+00
151 6.225e-05
155 1.754e-04
162 0.000e+00
165 1.470e-01
168 0.000e+00
172 8.375e-03
177 0.000e+00
181 2.204e-02
191 0.000e+00
194 0.000e+00
198 0.000e+00
202 0.000e+00
216 0.000e+00

o4

P, OONWRFR,OOPWOOTO WL, ONFFEFERPNMNNNMR R ONDMRER OFR PO NOWNDWOLONOGERE WD NNAN -

Rad.
Rate

(1/8)

.246e+10
.861e+06
.495e+05
.694e+06
.670e+06
.782e+05
.294e+09
.728e+05
.009e+05
.326e+05
.169e+09
.470e+10
.068e+08
.797e+03
.453e+05
.180e+05
.415e+05
.239e+05
.128e+09
.397e+10
.592e+05
.690e+05
.780e+04
.180e+11
.114e+09
.294e+04
.605e+10
.155e+06
.133e+04
.919e+09
.008e+06
.451e+06
.779e+06
.100e+04
.453e+09
.635e+06
.765e+08
.552e+03
.272e+09
.172e+04
.246e+05
.621e+06
.195e+05
.328e+05

Low.
Lev.

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

Upp.
Lev.

182
188
192
197
200
204
213
216
219
222
229
235
241
244
248
254
263

32

44

67

72

76

82

87

93
102
108
116
120
140
143
1562
160
163
166
169
175
178
182
192
195
199
203
217

O O O OO WOOFrH OOOFR,R OODODOOHOMMNNANOOO N, OOOOWUOWFHr OOOO®Mm®”OOOOoORrV

Osc.
Str.

gf

.917e-03
.264e-03
.000e+00
.000e+00
.000e+00
.000e+00
.243e-04
.000e+00
.000e+00
.000e+00
.454e-03
.065e-03
.555e-05
.000e+00
.000e+00
.000e+00
.000e+00
.177e-01
.279e-02
.000e+00
.000e+00
.000e+00
.615e-04
.344e-02
.476e-04
.277e-04
.013e-01
.000e+00
.000e+00
.000e+00
.000e+00
.451e-02
.000e+00
.000e+00
.000e+00
.994e+00
.000e+00
.000e+00
.021e-01
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

P O R, N, PR, PPN, NP, OOWWOOOWNNENNANPEPENOONNNOO PR, P, NOONN O - O

Rad.
Rate

(1/s)

.481e+08
.934e+07
.023e+05
.498e+06
.942e+05
.801e+04
.147e+07
.566e+05
.595e+05
.371e+06
.361e+08
.202e+09
.7T77e+06
.939e+05
.870e+05
.548e+06
.975e+05
.790e+08
.481e+08
.954e+04
.151e+05
.331e+05
.241e+07
.078e+08
.826e+07
.148e+07
.215e+10
.930e+05
.901e+05
.540e+04
.045e+05
.260e+08
.928e+04
.255e+03
.658e+07
.180e+10
.486e+05
.174e+04
.356e+10
.941e+06
.803e+06
.129e+06
.794e+04
.319e+06



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

17
17
17
17
17
17
17
17
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

Upp.
Lev.

219
226
231
237
246
249
256
272

37

42

52

56

61

68

71

74

79

84

89

92

96
102
108
111
114
119
122
125
128
134
138
144
147
150
155
158
163
171
174
177
183
187
191
197

OQONUTTORFRLRNORFRLPUIUITONOFRLRNNOOOORREPLE ORFRPL WOODOONOBOMOR,EP,OOOOHRrRN WO

Osc.
Str.

gf

.000e+00
.167e-05
.137e-02
.318e-01
.000e+00
.000e+00
.000e+00
.000e+00
.816e+00
.169e-03
.000e+00
.469e-04
.572e-03
.000e+00
.000e+00
.000e+00
.000e+00
.177e+00
.365e-02
.495e-02
.204e-04
.957e-02
.593e-03
.000e+00
.000e+00
.000e+00
.000e+00
.866e-02
.934e-04
.258e-04
.000e+00
.634e-01
.000e+00
.664e-04
.509e-01
.286e-01
.000e+00
.238e-04
.909e-04
.000e+00
.198e-02
.235e-01
.000e+00
.000e+00

P NP, PP NDNNPENINDNOOFR,OO0F, WL, PO 0ITO00 WP OPPO0OWOOOOFEF WWRERFEFWREANORF -

Rad.
Rate

(1/8)

.074e+05
.509e+06
.552e+09
.669e+09
.580e+06
.131e+06
.099e+06
.230e+05
.898e+10
.100e+07
.863e+05
.625e+07
.786e+07
.533e+04
.912e+03
.307e+04
.851e+03
.313e+10
.146e+08
.656e+09
.867e+06
.606e+08
.791e+07
.889e+04
.429e+05
.271e+04
.683e+04
.131e+09
.942e+07
.593e+06
.543e+03
.425e+10
.278e+04
.100e+07
.489e+10
.108e+09
.798e+04
.940e+07
.520e+07
.830e+04
.167e+09
.848e+10
.917e+04
.065e+05

Low.
Lev.

17
17
17
17
17
17
17
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

than 4.
Upp. Osc.
Lev. Str.

i ef
220 0.000e+00
229 3.250e-02
232 4.434e-01
244 0.000e+00
247 0.000e+00
2562 0.000e+00
263 0.000e+00
31 3.431e-02
38 3.853e-03
45 1.240e-02
54 2.129e-01
59 1.737e-03
62 8.910e-02
69 0.000e+00
72 0.000e+00
75 0.000e+00
81 0.000e+00
86 6.014e-04
90 3.610e-03
94 6.137e-04
97 2.308e-01
106 9.881e-03
109 4.584e-01
112 0.000e+00
115 0.000e+00
120 0.000e+00
123 0.000e+00
126 2.367e-02
130 9.276e-03
136 0.000e+00
140 0.000e+00
145 0.000e+00
148 2.350e-04
151 4.929e-02
156 0.000e+00
159 4.775e-04
164 3.488e-01
172  2.430e-02
175 0.000e+00
178 0.000e+00
184 3.522e-04
189 0.000e+00
192 0.000e+00
200 0.000e+00

95

DO, WO, R, WOFRLRNMNNMORNEPFNOORPFFNOOFRPFEPFRERPNNMNNMYNYNOFRRNNOR,OOWSN®EFEWNWO

Rad.
Rate

(1/8)

.349e+05
.028e+09
.635e+10
.406e+04
.868e+04
.119e+04
.528e+04
.081e+08
.851e+07
.996e+08
.622e+09
.548e+07
.474e+09
.686e+04
.401e+03
.434e+04
.126e+05
.496e+07
.538e+08
.930e+07
.050e+10
.373e+08
.395e+10
.130e+06
.469e+04
.619e+03
.097e+03
.606e+09
.032e+09
.102e+05
.577e+05
.404e+03
.999e+07
.703e+09
.184e+06
.701e+07
.946e+10
.369e+09
.515e+05
.811e+06
.842e+07
.323e+06
.895e+04
.920e+04

Low.
Lev.

17
17
17
17
17
17
17
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

Upp.
Lev.

221
230
236
245
248
254
264

32

40

46

55

60

67

70

73

77

82

87

91

95
101
107
110
113
116
121
124
127
133
137
143
146
149
154
157
162
167
173
176
180
186
190
196
201

OO O, PONOODOIMNMOOODWOOOOOOD WO WR,rEF, UMIOOODOWWO WNOOOO WwWN O

Osc.
Str.

gf

.000e+00
.443e-04
.278e-03
.000e+00
.000e+00
.000e+00
.000e+00
.492e-04
.683e-04
.000e+00
.099e-02
.459e-04
.000e+00
.000e+00
.000e+00
.000e+00
.827e-01
.993e-01
.002e-03
.329e-03
.000e+00
.264e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.787e-04
.000e+00
.000e+00
.000e+00
.315e-05
.721e-02
.000e+00
.000e+00
.000e+00
.635e-03
.000e+00
.528e-04
.344e-02
.000e+00
.000e+00
.000e+00

NOWRFR, WFEFNPEPPNOOONNNPPOOIF,LORP, WO PO, NOFR, W, WL P, OWONE D WO WNO00NDDN

Rad.
Rate

(1/s)

.757e+06
.280e+07
.746e+08
.204e+05
.023e+05
.365e+05
.527e+05
.810e+06
.034e+07
.625e+04
.371e+09
.520e+07
.883e+05
.469e+04
.644e+05
.780e+05
.690e+10
.931e+09
.123e+07
.469e+08
.253e+04
.712e+07
.312e+04
.219e+05
.386e+04
.419e+04
.326e+06
.887e+04
.254e+07
.004e+04
.436e+03
.241e+04
.367e+06
.632e+09
.568e+05
.335e+06
.433e+06
.082e+08
.355e+06
.619e+07
.109e+09
.637e+05
.430e+06
.558e+04



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

18
18
18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

Upp.
Lev.

204
208
213
216
221
224
227
233
238
243
250
262
274
283

38

47

55

60

64

68

72

76

79

82

87

91

95
102
108
111
114
117
121
125
130
134
139
143
146
149
155
158
163
171

H O WWFR,ROOOMPP WNOOOONPFRLP P EFPLPNOOOOWWWOWOOOOOFHI®UIOO O OO

Osc.
Str.

gf

.000e+00
.000e+00
.010e-01
.000e+00
.000e+00
.000e+00
.655e-05
.714e-02
.025e-01
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.379e-01
.000e+00
.528e-03
.245e-02
.658e-03
.000e+00
.000e+00
.000e+00
.000e+00
.320e-03
.271e+00
.445e-03
.135e-01
.522e-04
.961e-01
.000e+00
.000e+00
.000e+00
.000e+00
.017e-04
.034e-02
.184e-04
.000e+00
.000e+00
.000e+00
.466e-01
.492e-02
.323e-01
.000e+00
.190e-01

H WE PP ONDNMNONMNMNOOPSNOR, P OWORFEF WFEF PR FPOFRPNDNNNDOWWORRRPRRPRRFRRFRRFRND®

Rad.
Rate

(1/8)

.807e+04
.162e+06
.140e+10
.930e+04
.924e+04
.507e+06
.219e+07
.019e+10
.358e+10
.869e+06
.048e+06
.547e+04
.232e+04
.279e+06
.353e+10
.039e+05
.104e+08
.252e+09
.782e+08
.499e+05
.851e+04
.090e+03
.107e+05
.062e+07
.412e+10
.280e+07
.530e+09
.386e+07
.810e+09
.458e+04
.023e+04
.278e+05
.255e+05
.030e+07
.113e+09
.639e+07
.657e+05
.722e+05
.451e+05
.041e+10
.788e+09
.704e+10
.305e+05
.451e+10

Low.
Lev.

18
18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

than 4.
Upp. Osc.
Lev. Str.

i ef
205 0.000e+00
210 2.424e-03
214 0.000e+00
219 0.000e+00
222 0.000e+00
225 0.000e+00
229 8.689e-05
234 1.249e-04
240 2.205e-04
244 0.000e+00
252 0.000e+00
264 0.000e+00
275 0.000e+00
31 4.004e-02
40 1.083e+00
48 0.000e+00
56 2.237e-02
61 2.563e-02
66 0.000e+00
69 0.000e+00
73 0.000e+00
77 0.000e+00
80 0.000e+00
84 1.825e-01
89 1.424e+00
92 2.750e-03
96 3.822e-03
106 5.191e-03
109 1.808e-03
112 0.000e+00
115 0.000e+00
118 0.000e+00
122 0.000e+00
126 1.689e-02
132 6.663e-04
137 0.000e+00
140 0.000e+00
144 1.399e-03
147 0.000e+00
150 1.178e-01
156 0.000e+00
159 4.142e-02
164 1.148e-01
172 5.152e-01

o6

NONWOAOFRL N, D PDPEPLPNDNNEPLPNNOPRPNNEPE, O NONDNERERP,OPDPOND PO PNOOREFE O OD O

Rad.
Rate

(1/8)

.390e+04
.530e+08
.082e+05
.515e+03
.634e+04
.237e+06
.031e+06
.721e+07
.874e+07
.821e+05
.431e+04
.514e+04
.821e+06
.860e+08
.390e+09
.962e+03
.917e+08
.935e+08
.999e+05
.064e+05
.275e+04
.137e+04
.054e+04
.823e+09
.904e+10
.069e+08
.548e+08
.008e+08
.620e+07
.685e+04
.435e+04
.327e+04
.431e+04
.714e+09
.125e+07
.250e+05
.682e+04
.016e+07
.422e+04
.979e+09
.338e+04
.978e+09
.943e+09
.693e+10

Low.
Lev.

18
18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

Upp.
Lev.

206
212
215
220
223
226
230
235
241
247
261
273
280
32
46
52
59
62
67
71
75
78
81
86
90
94
97
107
110
113
116
120
123
128
133
138
142
145
148
151
157
162
167
173

WO OO PR OOONEFEFOOOOONOUKFER NF, OOOOONNOOWNONOPNEEL,OOOINKM™O

Osc.
Str.

gf

.000e+00
.353e-04
.000e+00
.000e+00
.000e+00
.973e-01
.261e-02
.387e-03
.889e-03
.000e+00
.232e-04
.000e+00
.031e-04
.732e-01
.000e+00
.000e+00
.631e-01
.223e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.395e-01
.004e-02
.378e+00
.133e-03
.407e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.130e-02
.872e-02
.000e+00
.000e+00
.000e+00
.913e-02
.624e-03
.000e+00
.000e+00
.000e+00
.174e-02

N WF, WONDNWONMNNMNONEFEFNRFRPRRFERRFPRWOWWONMOR,EFE OO OO, ONFFNNDMNDMNOOWRERFRRFRRDPDWO®

Rad.
Rate

(1/s)

.586e+06
.489e+07
.367e+04
.005e+04
.547e+05
.816e+10
.168e+09
.124e+08
.485e+08
.345e+04
.163e+07
.442e+04
.785e+07
.907e+09
.421e+05
.105e+03
.003e+10
.436e+07
.786e+05
.245e+03
.292e+03
.515e+05
.160e+04
.221e+09
.695e+09
.922e+10
.765e+08
.116e+08
.661e+05
.639e+04
.088e+04
.47T7e+06
.973e+04
.893e+08
.976e+09
.038e+05
.490e+03
.456e+05
.264e+09
.353e+08
.314e+04
.285e+06
.887e+05
.329e+09



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

Upp.
Lev.

174
177
181
186
191
197
201
204
210
213
217
220
223
227
230
235
240
244
249
262
267
273
277

38

41

54

58

61

66

69

73

86

92

97
111
114
118
123
128
132
136
139
143
149

NOOONWOWOOOOR,r NP, OOOF,H W0 NWWOOEFE OPOOODOHMIUINFR, OOOWRFR,ROOOOFr O OK

Osc.
Str.

gf

.279e-03
.000e+00
.147e-02
.340e-01
.000e+00
.000e+00
.000e+00
.000e+00
.136e-03
.465e-04
.000e+00
.000e+00
.000e+00
.087e-02
.361e-04
.485e-03
.016e-02
.000e+00
.000e+00
.000e+00
.177e-05
.000e+00
.066e-03
.207e-02
.718e-04
.815e-03
.952e-02
.042e-02
.000e+00
.000e+00
.000e+00
.345e+00
.784e-03
.T77e-02
.000e+00
.000e+00
.000e+00
.000e+00
.455e-04
.857e-04
.000e+00
.000e+00
.000e+00
.289e-02

P WP, PO, PO NOWOOO0O0WNNDNENOOOO OO, 0WRFONMNDNRERFEOOWEREREFEDNDWRERFRWNDRE

Rad.
Rate

(1/8)

.568e+08
.434e+05
.261e+09
.028e+10
.313e+06
.350e+05
.783e+06
.024e+07
.995e+08
.676e+07
.352e+05
.537e+06
.707e+05
.211e+09
.063e+07
.778e+08
.256e+10
.056e+03
.769e+05
.337e+06
.363e+06
.269e+06
.845e+07
.879e+08
.527e+07
.T4T7e+08
.015e+10
.401e+08
.882e+05
.824e+04
.358e+03
.014e+10
.015e+08
.294e+08
.050e+04
.831e+03
.658e+04
.848e+04
.751e+07
.849e+07
.268e+05
.721e+04
.638e+05
.621e+09

Low.
Lev.

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

than 4.
Upp. Osc.
Lev. Str.

i ef
175 0.000e+00
178 0.000e+00
183 3.362e-03
187 1.191e-02
192 0.000e+00
199 0.000e+00
202 0.000e+00
205 0.000e+00
211 2.991e-04
214 0.000e+00
218 0.000e+00
221 0.000e+00
225 0.000e+00
228 8.382e-02
233 4.945e-05
236 4.671e-02
241 8.089e-02
247 0.000e+00
2562 0.000e+00
263 0.000e+00
268 3.609e-04
274 0.000e+00
31 4.821e-01
39 6.454e-01
47 0.000e+00
55 1.196e-02
59 3.729e-02
63 2.731e-04
67 0.000e+00
70 0.000e+00
74 0.000e+00
90 ©5.545e-01
95 7.036e-01
106 1.082e-02
112 0.000e+00
116 0.000e+00
119 0.000e+00
125 7.412e-03
129 1.400e-02
133 1.947e-02
137 0.000e+00
140 0.000e+00
145 0.000e+00
159 4.060e-01

o7

NP PNNPENPRLPDNOOONNORFRNWOWRFR, PP ONWOWNRE,OR, PR POFRDPDOOOWEREORFOO ON D

Rad.
Rate

(1/8)

.207e+06
.172e+05
.504e+08
.155e+08
.085e+05
.722e+06
.959e+06
.574e+07
.152e+07
.088e+03
.479e+03
.861e+05
.064e+03
.023e+10
.009e+07
.124e+09
.013e+10
.658e+05
.480e+05
.138e+06
.310e+07
.719e+06
.412e+09
.770e+10
.876e+04
.330e+08
.414e+09
.566e+07
.418e+04
.289%e+04
.210e+04
.125e+10
.797e+10
.327e+08
.387e+03
.923e+05
.275e+06
.438e+08
.277e+09
.011e+09
.832e+04
.104e+05
.755e+04
.910e+10

Low.
Lev.

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

Upp.
Lev.

176
180
184
190
193
200
203
206
212
215
219
222
226
229
234
238
243
248
254
264
272
275

37

40

48

56

60

64

68

72

78

91

96
107
113
117
122
126
130
135
138
141
148
163

O, OONOWWWMODOOFH, 0UTO OO, UM EF, OWMPPOODODODODOWWOWONOOOWOOOOORr ©VOo

Osc.
Str.

gf

.000e+00
.927e-03
.177e-01
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.477e-02
.000e+00
.000e+00
.000e+00
.036e-04
.323e-02
.481e-02
.563e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.468e-03
.024e-01
.000e+00
.781e-03
.138e-02
.771e-03
.000e+00
.000e+00
.000e+00
.133e-02
.697e-02
.887e-01
.000e+00
.000e+00
.000e+00
.133e-04
.108e-03
.036e-04
.000e+00
.000e+00
.497e-01
.000e+00

P P, P NOOOOOFR,NEF OO WERFE WOOWORF WEFEFNWNDNOOONP®S PRPRPFPLOEFRPLNMNNDMOOGOONDNDWNOF N B

Rad.
Rate

(1/s)

.611e+05
.369e+08
.505e+10
.550e+04
.956e+06
.854e+06
.464e+06
.169e+04
.385e+09
.331e+04
.164e+04
.430e+05
.769e+07
.516e+09
.950e+10
.460e+08
.836e+03
.130e+06
.153e+05
.700e+05
.459e+06
.402e+04
.749e+07
.599e+09
.116e+04
.894e+07
.972e+09
.587e+07
.135e+03
.577e+04
.457e+05
.283e+09
.774e+09
.715e+09
.595e+04
.206e+04
.610e+05
.229e+07
.316e+08
.501e+07
.029e+05
.781e+04
.766e+10
.567e+06



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
22
22
22
22
22
22
22
22
22
22

171
176
180
185
191
201
204
211
216
221
228
235
240
248
264
273
38
59
67
74
96
116
130
140
154
177
202
214
221
234
263
31
39
a7
55
59
62
67
70
74
78
22 90
22 95
22 112

Upp.
Lev.

O WP OO OO NEFRL PP OOMOWMONOOOOPOPOUNOONPOODOOHOOFL, OO0 OO O WO,

Osc.
Str.

gf

.736e-02
.000e+00
.162e-02
.060e-02
.000e+00
.000e+00
.000e+00
.278e-02
.000e+00
.000e+00
.201e-02
.003e-02
.419e-03
.000e+00
.000e+00
.000e+00
.685e-01
.557e-04
.000e+00
.000e+00
.097e-01
.000e+00
.951e-04
.000e+00
.173e-04
.000e+00
.000e+00
.000e+00
.000e+00
.483e-02
.000e+00
.237e-01
.120e-03
.000e+00
.460e-02
.616e-02
.205e-04
.000e+00
.000e+00
.000e+00
.000e+00
.225e-01
.191e-01
.000e+00

WrFRr P, PO, NOORE, OO PEPWWPOOOOOPWWONNMNOR, W, P, NP, PWOWERE D WO OO

Rad.
Rate

(1/8)

.973e+09
.719e+05
.782e+09
.083e+10
.928e+06
.092e+06
.438e+06
.549e+09
.802e+05
.923e+05
.463e+09
.402e+09
.337e+09
.231e+05
.940e+05
.633e+06
.612e+09
.841e+07
.611e+04
.122e+04
.363e+10
.290e+04
.039e+07
.956e+04
.933e+07
.032e+06
.139e+06
.543e+03
.106e+04
.075e+09
.338e+06
.693e+09
.571e+08
.623e+04
.215e+08
.046e+08
.296e+06
.907e+04
.600e+04
.509e+04
.488e+04
.603e+10
.256e+10
.714e+04

than 4.

Low. Upp. Osc.

Lev. Lev. Str.

i j gf
20 173 2.064e-01
20 177 0.000e+00
20 183 6.650e-03
20 186 4.121e-02
20 197 0.000e+00
20 202 0.000e+00
20 207 2.384e-05
20 214 0.000e+00
20 217 0.000e+00
20 222 0.000e+00
20 233 7.066e-05
20 238 2.092e-03
20 241 2.079e-02
20 252 0.000e+00
20 267 4.591e-04
20 278 5.837e-04
21 48 0.000e+00
21 60 7.236e-02
21 68 0.000e+00
21 78 0.000e+00
21 106 5.529e-02
21 118 0.000e+00
21 133 1.733e-02
21 143 0.000e+00
21 171 3.046e-02
21 184 6.236e-02
21 203 0.000e+00
21 216 0.000e+00
21 227 3.153e-02
21 240 3.276e-02
21 272 0.000e+00
22 37 1.170e-03
22 40 2.883e-01
22 48 0.000e+00
22 56 1.153e-02
22 60 1.173e-01
22 63 b5.160e-05
22 68 0.000e+00
22 72 0.000e+00
22 75 0.000e+00
22 79 0.000e+00
22 91 3.785e-01
22 96 3.994e-01
22 113 0.000e+00

o8

FNNNOFRFPOPRNONOFR, OO WNNWNEFELOPENNMNNNDMNNNYNOFRLNNNE PO ONWWDD - =

Rad.
Rate

(1/8)

.510e+10
.547e+06
.938e+08
.153e+09
.237e+06
.661e+04
.893e+06
.080e+03
.701e+04
.285e+04
.439e+07
.613e+08
.599e+09
.058e+06
.881e+07
.529e+07
.430e+04
.754e+09
.264e+04
.200e+04
.229e+09
.300e+05
.782e+09
.545e+05
.686e+09
.914e+09
.498e+06
.852e+04
.378e+09
.799e+09
.388e+06
.606e+06
.425e+09
.102e+04
.487e+08
.444e+09
.655e+06
.273e+04
.173e+04
.107e+04
.155e+05
.396e+10
.626e+10
.505e+04

Low.
Lev.

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
22
22
22
22
22
22
22
22
22

174
178
184
187
200
203
210
215
219
227
234
239
247
262
272
281
55
64
72
91
113
126
137
148
174
191
210
218
233
247
279
38
41
54
58
61
64
69
73
77
22 86
22 92
22 106
22 114

Upp.
Lev.

ONPFPPOOOFRLRNRFRFPFPPLPNODUUDOFL ONOGIO WO PO OWWFr OO0 WP MOOHFHrH OO WWOoOWw

Osc.
Str.

gf

.335e-02
.000e+00
.392e-03
.896e-04
.000e+00
.000e+00
.994e-03
.000e+00
.000e+00
.708e-02
.625e-02
.920e-02
.000e+00
.000e+00
.000e+00
.142e-05
.819e-04
.845e-04
.000e+00
.082e-01
.000e+00
.544e-04
.000e+00
.524e-02
.148e-01
.000e+00
.651e-02
.000e+00
.917e-04
.000e+00
.569e-04
.229e-01
.936e-04
.429e-03
.534e-02
.886e-02
.120e-03
.000e+00
.000e+00
.000e+00
.256e+00
.542e-03
.254e-01
.000e+00

P P, O PP NOOOOR PR, OO0, FFONONMNOOOOWNDNNWEWENDNDNWWNOFRFEFEPNWNEDNDEFE P D

Rad.
Rate

(1/s)

.076e+09
.291e+06
.197e+09
.987e+07
.010e+07
.612e+06
.494e+08
.791e+04
.210e+06
.768e+10
.489e+09
.449e+10
.398e+06
.944e+06
.090e+06
.394e+06
.166e+07
.737e+07
.674e+04
.594e+10
.985e+04
.567e+07
.797e+03
.486e+09
.613e+10
.188e+05
.881e+09
.371e+05
.200e+08
.052e+06
.506e+07
.922e+09
.206e+07
.9565e+07
.716e+09
.564e+08
.366e+07
.689e+04
.063e+04
.571e+04
.634e+10
.912e+07
.718e+10
.530e+04



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

Upp.
Lev.

115
119
125
129
133
137
140
145
154
171
176
180
185
191
200
203
211
216
221
228
235
240
248
263
272
279

37

46

55

59

62

68

71

75

78

82

87

91

96
106
109
115
119
123

OO O WNUWONWOOOORFR,r P, OONPOOONEF NVDOONOODOHFH OO WE, OOONWNOO

Osc.
Str.

gf

.000e+00
.000e+00
.270e-03
.247e-03
.518e-02
.000e+00
.000e+00
.000e+00
.029e-04
.381e-02
.000e+00
.720e-02
.544e-03
.000e+00
.000e+00
.000e+00
.574e-04
.000e+00
.000e+00
.906e-02
.010e-01
.341e-02
.000e+00
.000e+00
.000e+00
.658e-04
.787e-03
.000e+00
.069e-03
.836e-02
.101e-03
.000e+00
.000e+00
.000e+00
.000e+00
.007e-02
.203e+00
.191e-02
.694e-02
.166e-02
.036e-04
.000e+00
.000e+00
.000e+00

N, OOF OOWWOAOAONFRFPFEPRFPRPNOOWONOFRFPNERPPNNMNNDMDNNOR,RPR,OREPEPSPEPERPRERFPR,ONDONDOGIO

Rad.
Rate

(1/8)

.885e+05
.379e+03
.259e+08
.836e+08
.580e+09
.322e+03
.003e+05
.434e+05
.213e+07
.080e+09
.353e+06
.938e+09
.864e+08
.761e+06
.553e+05
.342e+06
.690e+07
.113e+05
.563e+04
.079e+10
.239e+10
.849e+09
.445e+06
.598e+06
.468e+06
.961e+07
.278e+07
.124e+04
.231e+08
.851e+08
.639e+07
.415e+04
.619e+05
.528e+05
.946e+04
.728e+08
.820e+10
.912e+09
.736e+09
.452e+09
.426e+07
.879e+05
.339e+06
.928e+05

Low.
Lev.

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

than 4.
Upp. Osc.
Lev. Str.

i ef
116 0.000e+00
122 0.000e+00
126 2.661e-03
130 7.545e-03
135 6.279e-05
138 0.000e+00
141 0.000e+00
148 3.125e-02
159 3.260e-01
173 2.464e-01
177 0.000e+00
183 3.820e-03
186 3.616e-02
193 0.000e+00
201 0.000e+00
204 0.000e+00
214 0.000e+00
218 0.000e+00
222 0.000e+00
233 2.125e-04
238 1.307e-03
241 1.768e-02
2562 0.000e+00
264 0.000e+00
273 0.000e+00
31 1.740e-01
38 5.757e-02
48 0.000e+00
56 3.419e-02
60 1.119e-01
64 9.596e-04
69 0.000e+00
72 0.000e+00
76 0.000e+00
79 0.000e+00
84 1.901e-01
89 6.201e-01
94 2.895e-01
97 2.154e-03
107 3.325e-01
111  0.000e+00
116 0.000e+00
121  0.000e+00
125 1.742e-03

99

P OO R, P, 00O, PFOODOOPRPPNFP,LOFRLRNORPNRFEPRPRPPEPRPONMONNDMERPRPNNOFR,OOORSNNDNDDN

Rad.
Rate

(1/8)

.044e+04
.449e+05
.671e+08
.656e+08
.989e+07
.925e+03
.975e+05
.660e+09
.320e+10
.790e+10
.545e+06
.816e+08
.T747e+09
.475e+06
.258e+06
.224e+04
.208e+04
.472e+06
.719e+05
.302e+07
.623e+08
.198e+09
.655e+06
.994e+05
.466e+05
.197e+09
.027e+08
.069e+05
.356e+08
.226e+09
.588e+07
.892e+04
.685e+03
.663e+04
.342e+05
.942e+09
.674e+10
.108e+09
.740e+07
.518e+10
.240e+04
.865e+05
.931e+05
.731e+08

Low.
Lev.

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

Upp.
Lev.

118
123
128
132
136
139
143
149
163
174
178
184
187
197
202
210
215
219
227
234
239
247
262
267
278

32

40

54

57

61

66

70

74

77

80

86

90

95
102
108
113
118
122
126

DO OO U, PO NODODOOOFR,rR K, FPOFROOADNOOFR,LRNF,LOOUMTOOR,r IO, O OO OXNKOOo

Osc.
Str.

gf

.000e+00
.000e+00
.081e-03
.116e-03
.000e+00
.000e+00
.000e+00
.497e-01
.000e+00
.782e-01
.000e+00
.272e-02
.760e-03
.000e+00
.000e+00
.879e-02
.000e+00
.000e+00
.831e-02
.740e-02
.918e-03
.000e+00
.000e+00
.139e-04
.609e-05
.584e+00
.150e-01
.325e-03
.850e-02
.382e-01
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.127e-01
.691e-01
.022e-01
.380e-03
.705e-04
.000e+00
.000e+00
.000e+00
.056e-03

ONOOO L, PP P,PNNOOR, AP WONPEOONOONOORFR, OOOWNOORE WHE P, OOONNEFE 0O PNENDANR-

Rad.
Rate

(1/s)

.685e+06
.691e+04
.462e+08
.357e+08
.115e+04
.521e+03
.201e+04
.062e+10
.075e+05
.163e+10
.315e+05
.673e+09
.340e+08
.885e+06
.127e+06
.024e+10
.431e+05
.022e+04
.695e+09
.590e+09
.192e+09
.359e+05
.583e+04
.094e+07
.478e+06
.792e+09
.826e+09
.583e+07
.890e+08
.136e+09
.234e+04
.837e+04
.766e+04
.769e+04
.750e+05
.834e+09
.154e+10
.580e+10
.168e+07
.863e+07
.350e+04
.530e+05
.547e+04
.069e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
24
24
24
24
24
24
24
24
24
24
24
24

Upp.
Lev.

128
132
137
141
144
148
151
157
162
167
173
176
180
184
190
193
200
203
211
215
218
222
227
230
235
240
244
249
262
267
273
277

31

36

a7

57

67

70

75

78

83

87

90

95

WONWOOOORFR O, ONMIPOFRLROOOONNEFEFOOOWMOOOOPPIMONOOOHFH,HNEOOWV

Osc.
Str.

gf

.770e-03
.220e-02
.000e+00
.000e+00
.853e-04
.858e-02
.041e-02
.000e+00
.000e+00
.000e+00
.495e-01
.000e+00
.850e-03
.984e-03
.000e+00
.000e+00
.000e+00
.000e+00
.458e-02
.000e+00
.000e+00
.000e+00
.640e-02
.257e-04
.316e-02
.292e-04
.000e+00
.000e+00
.000e+00
.537e-04
.000e+00
.637e-05
.088e-03
.299e-03
.000e+00
.153e-01
.000e+00
.000e+00
.000e+00
.000e+00
.412e-01
.591e-01
.725e-02
.491e-02

FNOOF WO P NOWPPOORLNNANYNEPEPNDNPFP, ONOFR,LO0OWERELRNPFPOODONRFP,OODWEREOWONDEFE PO

Rad.
Rate

(1/8)

.886e+08
.968e+09
.814e+04
.635e+05
.185e+06
.342e+09
.233e+08
.099e+05
.749e+05
.656e+05
.809e+10
.190e+05
.026e+08
.300e+08
.268e+05
.816e+06
.370e+06
.199e+06
.829e+09
.241e+06
.064e+05
.450e+04
.306e+09
.9564e+07
.837e+09
.302e+08
.464e+03
.221e+06
.670e+05
.956e+07
.829e+05
.243e+06
.498e+07
.888e+06
.601e+04
.801e+09
.292e+04
.858e+04
.211e+03
.785e+05
.877e+09
.841e+09
.167e+09
.371e+09

Low.
Lev.

23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
24
24
24
24
24
24
24
24
24
24
24
24

than 4.
Upp. Osc.
Lev. Str.

i ef
130 2.701e-03
133 2.373e-02
138 0.000e+00
142 0.000e+00
145 0.000e+00
149 1.128e-01
154 9.331e-05
158 3.863e-01
163 0.000e+00
171 2.898e-02
174 2.673e-02
177 0.000e+00
181 1.424e-01
186 9.983e-02
191 0.000e+00
197 0.000e+00
201 0.000e+00
204 0.000e+00
213 3.544e-04
216 0.000e+00
219 0.000e+00
223 0.000e+00
228 6.545e-02
233 8.654e-05
236 1.945e-01
241 4.606e-02
247 0.000e+00
2562 0.000e+00
263 0.000e+00
268 1.363e-03
274 0.000e+00
278 6.097e-04
32 2.030e-01
37 6.138e-03
48 0.000e+00
61 3.108e-01
68 0.000e+00
72 0.000e+00
76 0.000e+00
79 0.000e+00
84 5.390e-03
88 4.929e+00
93 2.163e-02
97 3.951e-04

60

PP PPN OOOON, OO NDdR,FP,OR, OO, P, NP, NOOOONNNNDNDOWONERERERNNDEREOONDN

Rad.
Rate

(1/8)

.737e+08
.429e+09
.642e+03
.528e+05
.638e+05
.917e+09
.099e+07
.958e+10
.070e+05
.493e+09
.239e+09
.290e+05
.467e+09
.572e+09
.650e+06
.122e+06
.021e+06
.816e+05
.724e+07
.509e+05
.149e+06
.130e+05
.918e+09
.750e+07
.702e+10
.719e+09
.167e+06
.064e+05
.210e+05
.239e+08
.097e+05
.812e+07
.978e+08
.015e+07
.155e+05
.048e+09
.043e+04
.686e+04
.239e+05
.500e+05
.401e+08
.015e+11
.634e+08
.603e+07

Low.
Lev.

23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
24
24
24
24
24
24
24
24
24
24 89
24 94
24 102

131
136
140
143
146
150
155
159
164
172
175
178
183
187
192
199
202
210
214
217
220
226
229
234
238
243
248
254
264
272
275
279

34

40

56

62

69

73

77

82

86

Upp.
Lev.

NN, OO0 WL, NNRP, OODOOOONNOUPOOOFH,H OOOPPPOOWNPEPL,E,OOOOOV

Osc.
Str.

gf

.526e-03
.000e+00
.000e+00
.000e+00
.000e+00
.678e-01
.824e-03
.767e-02
.530e-01
.227e-01
.000e+00
.000e+00
.793e-03
.818e-03
.000e+00
.000e+00
.000e+00
.795e-02
.000e+00
.000e+00
.000e+00
.710e-04
.976e-02
.297e-02
.769e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.024e-04
.826e+00
.436e-01
.963e-02
.722e-03
.000e+00
.000e+00
.000e+00
.174e-02
.779e-03
.826e-01
.592e-01
.578e-04

NN, WO, ONOPOFRLRNERP,PRPNNNRFR, OO0 POFR,P,O0OONWOWMWWONREREPWOOOWORFRFE OND

Rad.
Rate

(1/s)

.142e+08
.678e+04
.357e+04
.551e+04
.029e+06
.413e+09
.228e+07
.387e+09
.295e+10
.668e+10
.551e+06
.779e+05
.529e+08
.663e+08
.156e+06
.392e+06
.171e+04
.123e+09
.210e+04
.335e+05
.971e+03
.055e+07
.624e+09
.682e+09
.435e+08
.255e+03
.151e+06
.367e+06
.057e+06
.176e+06
.734e+04
.187e+07
.083e+10
.224e+09
.221e+08
.916e+07
.007e+05
.439e+03
.841e+04
.016e+08
.760e+08
.571e+10
.255e+09
.782e+06



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
25
25
25
25
25
25
25
25

Upp.
Lev.

103
115
118
122
131
136
142
145
151
157
160
163
167
172
176
179
183
188
191
194
199
202
211
215
218
221
226
230
236
241
245
249
256
264
269
277

36

45

62

69

73

7

83

87

WWOOONNWNFL,L OOOONNMNRFEFR P, OOONOOOO P NNONOOOO P OOOUTIOOOW

Osc.
Str.

gf

.502e-03
.000e+00
.000e+00
.000e+00
.599e-02
.000e+00
.000e+00
.000e+00
.661e-03
.000e+00
.000e+00
.000e+00
.000e+00
.148e-01
.000e+00
.672e-02
.761e-04
.339e-04
.000e+00
.000e+00
.000e+00
.000e+00
.023e-02
.000e+00
.000e+00
.000e+00
.497e-03
.824e-04
.836e-02
.899e-02
.000e+00
.000e+00
.000e+00
.000e+00
.951e-03
.645e-04
.335e+00
.007e-01
.492e-01
.000e+00
.000e+00
.000e+00
.266e-02
.607e-02

NP, NOPRRP, OO NWPERFP, OWONEFEP P OFRPPNNNNRPRPOFRPNEPE,OFRNEOOOWONDNNDNENNDNDEER,R~>2 OO

Rad.
Rate

(1/8)

.226e+07
.176e+05
.442e+04
.355e+05
.434e+09
.267e+04
.882e+05
.102e+05
.343e+08
.334e+04
.136e+05
.962e+04
.040e+05
.110e+10
.526e+04
.086e+09
.032e+07
.843e+07
.314e+05
.224e+04
.700e+06
.521e+06
.111e+09
.602e+05
.942e+04
.744e+04
.289e+08
.579e+07
.481e+09
.600e+09
.224e+04
.128e+06
.632e+06
.140e+06
.379e+08
.994e+07
.942e+09
.925e+09
.725e+09
.249e+03
.512e+04
.973e+05
.456e+08
.908e+08

Low.
Lev.

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
25
25
25
25
25
25
25
25

than 4.
Upp. Osc.
Lev. Str.

i ef
107 8.218e-02
116 0.000e+00
119 0.000e+00
123 0.000e+00
132 4.173e-02
139 0.000e+00
143 0.000e+00
149 4.597e-02
152 3.100e-02
158 2.803e-02
161 7.844e-01
164 3.704e-02
168 0.000e+00
173 2.161e-02
177 0.000e+00
181 1.286e-02
186 8.391e-02
189 0.000e+00
192 0.000e+00
197 0.000e+00
200 0.000e+00
203 0.000e+00
212 1.304e-01
216 0.000e+00
219 0.000e+00
222 0.000e+00
228 2.596e-02
231 9.447e-04
237 3.529e-01
242 1.552e-04
247 0.000e+00
252 0.000e+00
262 0.000e+00
265 5.182e-04
272 0.000e+00
278 9.770e-05
37 3.083e-01
52 0.000e+00
67 0.000e+00
70 0.000e+00
74 0.000e+00
81 0.000e+00
84 4.314e-01
88 8.872e-03

61

P ONNF ORFRPRFPFPPOFRLRPEPPPNDMNODONNOOFR,WONANTNRFP,OODOOORRERPEWRFRLRFEFWONDENENDOOW

Rad.
Rate

(1/8)

.752e+09
.812e+05
.859e+05
.135e+05
.550e+09
.250e+05
.308e+05
.225e+09
.213e+09
.421e+09
.097e+10
.895e+09
.554e+06
.567e+09
.410e+03
.744e+08
.364e+09
.603e+04
.866e+06
.864e+04
.097e+05
.628e+06
.723e+09
.095e+05
.513e+05
.715e+04
.141e+09
.363e+07
.402e+10
.073e+07
.640e+05
.285e+04
.497e+05
.661e+07
.223e+05
.252e+07
.657e+09
.081e+05
.234e+04
.588e+04
.523e+04
.800e+04
.293e+09
.518e+08

Low.
Lev.

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
25
25
25
25
25
25
25
25
25

Upp.
Lev.

108
117
120
128
134
141
144
150
155
159
162
165
170
175
178
182
187
190
193
198
201
204
214
217
220
224
229
235
238
243
248
254
263
268
273

32

40

61

68

72

75

82

86

89

O PP OOONWWMORFR, OO OONTNNOODOOOODOOONNOOONOCWONWFHORFR,EFL,OOOWM

Osc.
Str.

gf

.264e-01
.000e+00
.000e+00
.876e-02
.681e-03
.000e+00
.404e-03
.904e-01
.815e-03
.088e-04
.000e+00
.248e-01
.000e+00
.000e+00
.000e+00
.694e-01
.700e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.259e-01
.643e-04
.513e-03
.000e+00
.000e+00
.000e+00
.000e+00
.830e-04
.000e+00
.627e-04
.821e-03
.242e-03
.000e+00
.000e+00
.000e+00
.932e-01
.727e-04
.666e-03

N, PO, WONNMNNRE,RFROFRNWORFRLROREFEP, OFRPRPRLRNOONEFEFEFERNDMPAPNNOOOREFEFOODWRERFRRFR P &

Rad.
Rate

(1/s)

.718e+10
.123e+06
.457e+06
.130e+09
.047e+08
.235e+04
.968e+07
.9568e+10
.424e+08
.746e+07
.636e+04
.888e+10
.762e+05
.585e+05
.437e+04
.099e+10
.0562e+08
.515e+05
.828e+06
.105e+07
.687e+06
.359e+06
.611e+03
.512e+06
.100e+06
.487e+03
.953e+10
.359e+07
.117e+08
.342e+04
.352e+06
.748e+05
.030e+06
.663e+07
.543e+05
.675e+06
.116e+07
.996e+07
.021e+05
.118e+03
.741e+04
.111e+09
.444e+07
.170e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
26
26
26
26
26
26
26
26
26
26 81
26 92
26 106

90

94
101
108
112
118
127
134
139
143
147
151
156
159
162
167
172
180
183
188
196
209
213
218
224
228
231
242
245
253
265
280

28

39

45

54

59

63

67

72

75

Upp.
Lev.

B WO OOO N, NP, WOWONFROOOVTPP OODOOFR,H OOWNNIUMOOPOFrHrOOOFroOOoOONONMO

Osc.
Str.

gf

.601e-04
.726e-03
.000e+00
.436e-04
.000e+00
.000e+00
.000e+00
.062e-01
.000e+00
.000e+00
.000e+00
.301e-03
.000e+00
.671e-04
.000e+00
.000e+00
.660e-03
.661e-04
.039e-02
.324e-01
.000e+00
.000e+00
.593e-01
.000e+00
.000e+00
.445e-05
.037e-04
.405e-01
.000e+00
.264e-04
.179e-02
.194e-04
.179e-03
.755e-04
.859e-03
.045e-02
.885e-03
.229e-02
.000e+00
.000e+00
.000e+00
.000e+00
.274e-01
.539%e-04

O FRLr NP WP NOORFR,PFP, ONRFR, P, OWPAPNYNYNOPFRLEFRL,ORFREFEDBRNNWNMNOOOO P WOAONEFEEFELNNODN

Rad.
Rate

(1/8)

.079e+07
.372e+07
.896e+04
.055e+07
.422e+06
.818e+04
.070e+06
.736e+09
.275e+04
.224e+03
.959e+05
.726e+07
.399e+05
.906e+07
.663e+04
.657e+04
.565e+08
.934e+07
.318e+09
.243e+10
.136e+05
.564e+07
.502e+10
.340e+04
.120e+05
.050e+06
.459e+07
.008e+10
.238e+03
.061e+06
.395e+09
.071e+08
.979e+07
.380e+06
.651e+07
.784e+09
.215e+07
.048e+09
.261e+04
.875e+03
.502e+03
.787e+05
.001e+10
.542e+06

than 4.

Low. Upp. Osc.

Lev. Lev. Str.

i j gf
25 92 1.376e-01
25 95 4.857e-04
25 105 1.456e+00
25 109 5.275e-01
25 113 0.000e+00
25 122 0.000e+00
25 128 2.839e-03
25 136 0.000e+00
25 140 0.000e+00
25 144 3.775e-01
25 149 1.262e-04
25 152 9.053e-03
25 157 0.000e+00
25 160 0.000e+00
25 164 2.013e-02
25 168 0.000e+00
25 173 3.930e-04
25 181 2.170e-04
25 186 6.304e-04
25 189 0.000e+00
25 206 0.000e+00
25 211 6.791e-04
25 214 0.000e+00
25 221 0.000e+00
25 225 0.000e+00
25 229 1.521e-03
25 238 5.906e-03
25 243 0.000e+00
25 249 0.000e+00
25 259 9.271e-05
25 269 4.114e-03
25 282 0.000e+00
26 31 6.203e-04
26 40 ©5.564e-03
26 52 0.000e+00
26 55 9.861e-03
26 60 4.685e-04
26 65 1.055e-02
26 68 0.000e+00
26 73 0.000e+00
26 77 0.000e+00
26 86 1.122e-02
26 95 8.457e-03
26 109 3.426e-01

62

PN WRFROPRPLPRPLPNOONMNNDMONOORFR WO NOOWOOERE NP ONOWOWERE WNEFENORFE 0 WNNEF D

Rad.
Rate

(1/8)

.384e+09
.593e+07
.967e+10
.103e+10
.240e+05
.989e+03
.480e+08
.204e+04
.324e+04
.636e+10
.752e+06
.102e+08
.382e+04
.301e+05
.026e+08
.379e+04
.499e+07
.985e+06
.207e+07
.730e+06
.954e+06
.358e+07
.435e+06
.114e+03
.148e+06
.189e+08
.633e+08
.827e+06
.845e+04
.920e+06
.636e+08
.924e+06
.397e+06
.784e+07
.789e+04
.585e+08
.315e+07
.227e+09
.981e+04
.352e+04
.459e+04
.285e+08
.662e+08
.316e+10

Low.
Lev.

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
26
26
26
26
26
26
26
26
26

93
97
107
111
114
124
132
138
141
145
150
155
158
161
165
170
179
182
187
190
208
212
216
222
226
230
241
244
250
261
275
283
37
41
53
58
62
66
70
74
79
26 90
26 97
26 112

Upp.
Lev.

ONUTOOOO R, P, OWNOOFR,ROOOOEFE P OO, OOWMPERNOOWUIUIINWIPrEF, OOOEFE, OOO U i

Osc.
Str.

gf

.128e+00
.842e-03
.335e-04
.000e+00
.000e+00
.000e+00
.436e-03
.000e+00
.000e+00
.000e+00
.863e-03
.207e-02
.094e-03
.671e-02
.369e-03
.000e+00
.245e+00
.162e-02
.146e-02
.000e+00
.000e+00
.574e-04
.000e+00
.000e+00
.859e-01
.215e-04
.964e-04
.000e+00
.000e+00
.438e-04
.000e+00
.000e+00
.696e-01
.135e-01
.000e+00
.748e-04
.169e-02
.000e+00
.000e+00
.000e+00
.000e+00
.587e-03
.329e+00
.000e+00

R NP, R, P, ONEFEFNOONOOOR, D WONOFR, 0O OB NEFEOOFR WRERFFONWNNNONDND RSN

Rad.
Rate

(1/s)

.375e+10
.646e+08
.062e+07
.115e+04
.542e+04
.538e+05
.607e+07
.067e+04
.690e+03
.901e+03
.175e+07
.864e+09
.374e+08
.961e+09
.273e+08
.273e+06
.006e+10
.491e+09
.104e+09
.723e+04
.060e+04
.053e+07
.029e+03
.084e+03
.447e+10
.515e+06
.829e+07
.692e+04
.631e+04
.183e+07
.271e+05
.825e+04
.731e+09
.341e+10
.086e+04
.445e+07
.099e+08
.856e+03
.437e+04
.359e+04
.123e+03
.687e+08
.602e+10
.384e+05



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
27
27
27
27
27
27
27
27
27
27
27
27
27
28
28
28
28
28
28
28
29
29
29
29
29

Upp.
Lev.

113
125
128
132
135
138
143
154
163
176
183
187
207
214
225
234
239
250
280
29
35
44
48
56
67
72
79
89
94
106
110
121
35
52
73
92
114
208
283
55
64
78
98
118

OO O, WNNNONOP WL OOONEF OO, ONNNONPOONNNDOONOOR, L WOO

Osc.
Str.

gf

.000e+00
.155e-03
.663e-04
.484e-04
.343e-02
.000e+00
.000e+00
.905e-01
.000e+00
.000e+00
.178e-01
.720e-02
.100e-02
.000e+00
.000e+00
.169e-04
.872e-05
.000e+00
.748e-03
.443e-01
.691e-02
.000e+00
.002e+00
.000e+00
.717e-03
.371e-01
.633e-02
.000e+00
.000e+00
.000e+00
.324e-04
.225e-05
.392e-01
.454e-01
.249e-02
.000e+00
.410e-04
.278e-03
.576e-04
.597e-01
.260e-01
.000e+00
.000e+00
.000e+00

OCOoOP PPN, PP OFRLOOWOAONWNENNOD D PO, N, ONOOOORFLNREOOWNRENW

Rad.
Rate

(1/8)

.372e+04
.615e+08
.849e+07
.610e+06
.574e+09
.405e+03
.131e+04
.906e+10
.631e+05
.968e+05
.134e+10
.017e+09
.515e+10
.981e+05
.702e+05
.517e+07
.579e+07
.039e+06
.836e+08
.073e+08
.130e+07
.685e+04
.683e+09
.823e+03
.864e+07
.076e+09
.238e+08
.424e+05
.644e+05
.710e+05
.063e+07
.452e+06
.228e+08
.188e+09
.670e+09
.47T7e+05
.200e+07
.982e+08
.118e+08
.433e+09
.585e+09
.192e+04
.258e+05
.987e+04

Low.
Lev.

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
27
27
27
27
27
27
27
27
27
27
27
27
27
28
28
28
28
28
28
29
29
29
29
29
29

than 4.
Upp. Osc.
Lev. Str.

i ef
114 0.000e+00
126 3.609e-03
129 2.965e-04
133 3.718e-04
136 0.000e+00
139 0.000e+00
147 0.000e+00
156 0.000e+00
171 2.894e-04
178 0.000e+00
185 8.902e-05
196 0.000e+00
208 0.000e+00
218 0.000e+00
227 1.073e-03
235 6.666e-05
241 9.034e-03
275 0.000e+00
281 2.981e-02
30 6.621e-01
42 0.000e+00
46 1.957e-01
52 1.693e-02
57 0.000e+00
70 7.316e-02
73 1.955e-02
80 8.311e-03
90 0.000e+00
95 0.000e+00
107 0.000e+00
111 3.208e-04
122 7.288e-05
45 0.000e+00
66 3.459e-03
79 1.081e-03
97 0.000e+00
127 1.252e-04
225 1.332e-04
42 5.767e-01
59 8.310e-02
72 0.000e+00
91 ©5.961e-02
113 0.000e+00
123 0.000e+00

63

TP P OO, ORLRNNNDR,WNR,OE R, DS, SN NR, OONR,OR,NNDRP,RODWE O W W

Rad.
Rate

(1/8)

.123e+04
.030e+08
.518e+07
.193e+07
.434e+05
.202e+03
.093e+05
.370e+05
.970e+07
.625e+06
.885e+07
.454e+06
.167e+07
.600e+03
.912e+08
.223e+06
.934e+08
.778e+05
.702e+10
.353e+08
.625e+04
.341e+09
.461e+08
.583e+03
.842e+09
.950e+08
.875e+08
.670e+05
.381e+05
.711e+05
.668e+07
.106e+06
.944e+04
.687e+07
.714e+07
.345e+05
.971e+06
.684e+07
.732e+08
.244e+08
.305e+04
.251e+09
.825e+04
.488e+04

Low.
Lev.

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
27
27
27
27
27
27
27
27
27
27
27
27
28
28
28
28
28
28
28
29
29
29
29
29
29

Upp.
Lev.

124
127
130
134
137
140
148
159
173
180
186
206
213
224
233
238
247
278
283
33
43
47
55
66
71
78
81
91
96
108
113
30
47
70
81
109
187
280
54
60
74
96
116
126

P O P ONPOOONEFELNPPOOODWUIUIIWRFLROUMORFRLOPORLREFP,LOOOONOUNEWOOO®NOO

Osc.
Str.

gf

.000e+00
.000e+00
.801e-03
.851e-03
.000e+00
.000e+00
.636e-04
.506e-02
.042e-02
.353e-02
.219e-03
.000e+00
.947e-02
.000e+00
.947e-01
.119e-01
.000e+00
.687e-05
.000e+00
.254e+00
.000e+00
.748e-01
.000e+00
.820e-03
.285e-02
.060e-02
.399e-04
.000e+00
.000e+00
.000e+00
.887e-04
.816e-02
.331e-02
.729e-02
.763e-02
.000e+00
.000e+00
.000e+00
.576e-02
.312e-01
.000e+00
.414e-02
.000e+00
.798e-04

N, ONEFEPFNNPRPNNDNNWOEFE, WO, WO, OO0ONDDdNDDDPMOPPOOTOERE, WL OOPE, WE, OWOD WNER O

Rad.
Rate

(1/s)

.928e+05
.107e+05
.380e+08
.585e+08
.376e+03
.267e+04
.611e+07
.096e+08
.261e+09
.348e+09
.439e+08
.664e+06
.393e+09
.460e+06
.482e+10
.229e+10
.182e+03
.329e+06
.674e+06
.666e+08
.649e+04
.309e+09
.435e+03
.454e+07
.482e+09
.314e+08
.658e+06
.907e+05
.194e+05
.722e+05
.550e+07
.250e+07
.463e+08
.9569e+08
.181e+08
.374e+05
.696e+04
.257e+03
.889e+08
.785e+09
.300e+03
.884e+08
.658e+05
.933e+06



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

29
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

Upp.
Lev.

174
43
55
59
62
65
72
77
81
91
96
99

111

116

119

124

130

177

233
67
73

107

112

115

118

126

136

139

148

151

158

164

178

184

191

197

202

210

214

217

222

229

235

240

OO O N OWWOWONIIMIEFOFRFOOODOWFRONWEFEFOWNRFRPLOFROOOOOWI OOONOWPDEFLEFLE=

Osc.
Str.

gf

.849e-04
.181e+00
.803e-01
.508e-03
.282e-02
.475e-02
.000e+00
.000e+00
.000e+00
.047e-02
.014e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.411e-04
.000e+00
.582e-04
.236e-03
.685e-04
.000e+00
.663e-03
.962e-01
.129e-01
.000e+00
.203e-03
.488e-04
.000e+00
.000e+00
.000e+00
.000e+00
.225e-02
.000e+00
.718e+00
.835e+00
.259e-02
.000e+00
.237e-04
.354e-04
.991e-05
.000e+00
.000e+00
.000e+00

OO, 0P N OFONWDNDOOWOAONWOOAOF, WK, OONEFE OONEFE, OF, 000 BN, PP W P =

Rad.
Rate

(1/8)

.079e+07
.191e+09
.215e+09
.376e+07
.318e+08
.019e+09
.251e+05
.635e+03
.599e+04
.478e+08
.736e+08
.031e+05
.758e+04
.886e+03
.359e+05
.138e+04
.323e+06
.930e+03
.862e+07
.019e+07
.792e+06
.206e+05
.827e+07
.548e+10
.039e+09
.467e+03
.T77e+07
.873e+06
.021e+05
.521e+05
.156e+04
.552e+04
.076e+08
.471e+05
.596e+10
.676e+11
.156e+08
.819e+05
.788e+07
.208e+07
.510e+06
.175e+04
.719e+04
.071e+05

Low.
Lev.

29
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

than 4.
Upp. Osc.
Lev. Str.

i ef
177 0.000e+00
45 1.694e-01
56 7.766e-01
60 2.952e-01
63 1.629e-02
67 0.000e+00
73 0.000e+00
78 0.000e+00
86 1.452e-03
92 1.159e-02
97 4.414e-03
101 0.000e+00
112 0.000e+00
117 0.000e+00
122 0.000e+00
127 0.000e+00
173 3.184e-04
185 6.365e-05
234 8.876e-05
68 9.707e-04
74 1.597e-03
108 0.000e+00
113 2.434e-03
116 1.397e-01
119 2.954e-02
129 0.000e+00
137 2.281e-03
140 2.388e-03
149 0.000e+00
152  0.000e+00
161 0.000e+00
176 1.786e-02
180 0.000e+00
185 0.000e+00
193 2.609e-01
200 1.508e-01
204 1.071e-03
211 0.000e+00
215 7.974e-02
218 3.965e-02
227 0.000e+00
230 0.000e+00
236 0.000e+00
241 0.000e+00

64

WNOAOAPNOFRL NP, N NOAOPPPLPONNNTNWOWOAOOORF OF R EFERFPROFRNRFROOR P 0 N0 ®NWR -

Rad.
Rate

(1/8)

.096e+04
.781e+08
.188e+09
.271e+09
.934e+08
.755e+03
.577e+04
.530e+04
.735e+07
.480e+08
.235e+07
.228e+05
.740e+04
.722e+05
.884e+04
.110e+04
.110e+07
.183e+07
.055e+07
.831e+06
.515e+07
.716e+03
.619e+07
.278e+09
.009e+08
.640e+04
.187e+07
.635e+07
.171e+05
.581e+04
.023e+04
.451e+08
.129e+04
.429e+05
.161e+09
.018e+10
.315e+07
.209e+05
.358e+09
.504e+09
.543e+05
.692e+05
.383e+04
.084e+04

Low.
Lev.

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

Upp.
Lev.

42

54

58

61

64

70

74

79

90

95

98
109
115
118
123
128
176
207

66

70
106
111
114
117
122
130
138
141
150
155
163
177
181
186
196
201
206
212
216
219
228
231
239
247

WO OOUNOPNWOORFRFR WOOPUNNOWNIUUONOFLNNOWOOOWORFRLR P OOOWWFELNMOW

Osc.
Str.

gf

.854e-01
.348e-01
.842e-01
.585e-01
.433e-01
.000e+00
.000e+00
.000e+00
.137e-01
.070e-01
.000e+00
.112e-03
.000e+00
.000e+00
.000e+00
.296e-04
.000e+00
.312e-05
.125e-02
.480e-03
.000e+00
.067e-04
.363e-03
.586e-03
.723e-04
.000e+00
.524e-04
.170e-04
.000e+00
.000e+00
.106e-01
.435e-01
.000e+00
.000e+00
.804e-03
.012e-02
.587e-03
.000e+00
.058e-02
.295e-03
.000e+00
.000e+00
.000e+00
.744e-01

N, OOFRLRNFRFOOFRFORFRRPREFONOF ONOFRFREFEPNNMNMNWOWPAPRLROFRRFPRPNOOORFREPRPNDNRER, O,

Rad.
Rate

(1/s)

.462e+08
.477e+09
.107e+09
.658e+09
.307e+09
.239e+04
.975e+03
.867e+04
.426e+09
.430e+09
.615e+05
.600e+07
.269e+05
.425e+05
.155e+05
.740e+06
.422e+04
.826e+06
.198e+08
.309e+07
.819e+05
.667e+07
.076e+08
.274e+08
.543e+07
.470e+03
.906e+07
.561e+06
.155e+04
.152e+04
.529e+09
.039e+09
.909e+04
.995e+04
.484e+08
.824e+08
.358e+08
.760e+03
.295e+09
.392e+08
.986e+05
.878e+04
.235e+06
.751e+10



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

31
31
31
31
31
31
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
33
33

Upp.
Lev.

248
253
262
265
273
279

69

75
107
113
118
123
132
140
143
149
152
157
162
167
177
181
186
190
193
199
206
212
218
221
229
232
237
241
247
250
253
258
261
266
269
277

42

51

ONOOOOOOFHr POOOOFR,LR LR OWOWNNPODOFR,LRFP,LPNWOORLRFP,LONRL, P, ONNMNOPDODMOOM

Osc.
Str.

gf

.724e-02
.000e+00
.887e-02
.000e+00
.384e-04
.000e+00
.821e-03
.230e-03
.000e+00
.431e-03
.129e-01
.421e-04
.000e+00
.415e-03
.429e-04
.000e+00
.000e+00
.415e-02
.222e-01
.748e-01
.780e-02
.000e+00
.000e+00
.607e-03
.251e+00
.716e+00
.048e-04
.000e+00
.257e-02
.751e-04
.000e+00
.000e+00
.000e+00
.000e+00
.477e-02
.533e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.829e-02
.000e+00

P S NP RPRPRFP ONPFFOWONNMNNYNP,PRPRPANONPFPOOODORFRLPOOWPOOTWWPRLRPOEFELDNWNERFE OOOODNDOOOW

Rad.
Rate

(1/8)

.005e+09
.399e+06
.099e+09
.972e+04
.489e+07
.713e+04
.835e+07
.515e+07
.113e+05
.302e+07
.671e+09
.847e+07
.457e+03
.520e+07
.636e+06
.776e+05
.890e+05
.382e+08
.185e+09
.328e+09
.246e+08
.427e+04
.414e+05
.816e+07
.173e+10
.725e+11
.381e+07
.088e+04
.940e+08
.118e+07
.518e+05
.483e+04
.006e+04
.264e+05
.289e+09
.134e+07
.655e+05
.342e+05
.699e+04
.631e+04
.241e+05
.114e+04
.600e+07
.496e+04

Low.
Lev.

31
31
31
31
31
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
33
33

than 4.
Upp. Osc.
Lev. Str.

i ef
250 7.438e-04
2568 0.000e+00
263 7.239e-03
267 0.000e+00
275 9.357e-04
67 1.695e-02
72 1.586e-03
78 2.501e-04
108 0.000e+00
116 5.119e-01
119 2.842e-01
124 6.287e-04
136 2.453e-04
141 3.763e-03
147 6.246e-04
150 0.000e+00
153 0.000e+00
158 0.000e+00
163 5.941e-03
175 7.862e-03
178 T7.767e-02
182 0.000e+00
187 0.000e+00
191 2.084e-01
196 7.656e-04
201 1.596e-02
210 0.000e+00
216 1.109e-01
219 5.253e-02
227 0.000e+00
230 0.000e+00
235 0.000e+00
238 0.000e+00
243 8.251e-04
248 4.861e-01
251 0.000e+00
254 2.130e+00
2569 0.000e+00
263 7.372e-02
267 0.000e+00
272 1.039e-03
278 0.000e+00
43 4.278e-01
55 4.927e-02

65

WP O NWOAOAPOFRLRNWEFE WEFELNMNNMOR,PNNMNNOR,RPRPRPRPRPRPRRPRPORRPEROONREDRRE,E ONEREFEOIOOOWOOM

Rad.
Rate

(1/8)

.504e+07
.738e+06
.421e+08
.839e+05
.030e+07
.530e+08
.487e+07
.602e+06
.078e+04
.200e+10
.816e+09
.133e+07
.692e+06
.613e+07
.467e+07
.693e+05
.183e+04
.805e+04
.440e+08
.522e+08
.949e+09
.543e+04
.953e+03
.997e+09
.984e+07
.618e+08
.397e+05
.976e+09
.372e+09
.186e+05
.632e+05
.270e+04
.487e+04
.351e+07
.551e+10
.933e+05
.819%e+10
.296e+06
.519e+09
.695e+05
.801e+07
.453e+04
.186e+08
.272e+08

Low.
Lev.

31
31
31
31
31
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
33
33

Upp.
Lev.

252
261
264
268
278

68

74
106
112
117
120
130
139
142
148
151
155
161
165
176
180
184
189
192
197
202
211
217
220
228
231
236
240
244
249
252
255
260
264
268
275
279

44

56

BNO T OO, T OOOOUINONOUINOODOORFR, OOODOODNMWOWFELNORE,EFEL,OOOWUOR

Osc.
Str.

gf

.621e+00
.000e+00
.921e-04
.000e+00
.000e+00
.430e-02
.395e-03
.000e+00
.659e-03
.614e-01
.516e-02
.000e+00
.935e-03
.449e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.277e-01
.000e+00
.000e+00
.261e-04
.559e-01
.568e-01
.304e-01
.000e+00
.337e-02
.874e-03
.000e+00
.000e+00
.000e+00
.000e+00
.142e-04
.939%e-02
.529e-01
.000e+00
.000e+00
.369e-03
.000e+00
.064e-04
.000e+00
.424e+00
.200e-01

P R, P NOOWPHPOOONEFE OO WNENORFR, O PNWOWONON ONPF,F O, PNIOOFEPEPNDNREWWO®

Rad.
Rate

(1/s)

.629e+10
.407e+04
.168e+07
.554e+05
.789e+04
.300e+08
.323e+07
.409e+05
.113e+07
.708e+09
.652e+08
.934e+04
.877e+07
.511e+07
.485e+05
.354e+04
.586e+04
.024e+04
.577e+04
.183e+09
.586e+04
.973e+05
.310e+07
.457e+09
.598e+10
.333e+09
.096e+05
.051e+09
.066e+08
.402e+05
.211e+05
.166e+04
.273e+05
.686e+07
.425e+09
.136e+09
.327e+06
.070e+04
.406e+08
.404e+05
.721e+07
.822e+04
.702e+09
.698e+09



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
35
35

Upp.
Lev.

57

61

70

73

79

89

92

96
100
113
116
119
122
133
175
186
234

76
117
132
149
152
160
167
170
178
186
190
194
199
212
220
230
236
241
248
252
256
259
265
269
278

43

54

Ok, OO OONNPOOOWMOUNNWNONRFL,OOFOOONFLEFEFNONOOOOONIUOUINOOOOG =

Osc.
Str.

gf

.854e+00
.301e-01
.000e+00
.000e+00
.000e+00
.022e-01
.779e-04
.345e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.385e-04
.000e+00
.390e-04
.781e-04
.209e-03
.428e-01
.000e+00
.000e+00
.000e+00
.429e-01
.323e-03
.322e-01
.600e-03
.000e+00
.048e-01
.588e-03
.378e-01
.000e+00
.752e-02
.000e+00
.000e+00
.000e+00
.439e-02
.401e-03
.793e+00
.000e+00
.000e+00
.000e+00
.000e+00
.195e-01
.479e-01

WHFEF WONNOFRLRDNONEFEFWWFROPPOEFELDNEFEPNOFRPRNEFEFONONEFEFNRERERRER,REPEONRE,RFRONDNDOO

Rad.
Rate

(1/8)

.559e+09
.873e+09
.078e+05
.769e+04
.316e+05
.789e+09
.318e+06
.198e+07
.333e+06
.085e+04
.597e+05
.848e+05
.501e+05
.078e+07
.053e+04
.842e+06
.110e+07
.501e+06
.245e+10
.937e+04
.595e+05
.643e+04
.186e+09
.582e+08
.064e+09
.905e+08
.540e+05
.358e+09
.264e+07
.201e+10
.212e+05
.075e+09
.038e+04
.527e+04
.799e+05
.328e+09
.276e+08
.455e+10
.398e+05
.287e+05
.595e+05
.241e+04
.140e+08
.349e+09

Low.
Lev.

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
35
35
35

than 4.
Upp. Osc.
Lev. Str.

i ef

59 5.102e-01
62 1.993e-02
71 0.000e+00
76 0.000e+00
80 0.000e+00
90 4.148e-02
94 2.422e-01
98 0.000e+00
110 0.000e+00
114 0.000e+00
117 0.000e+00
120 0.000e+00
123 0.000e+00
142 0.000e+00
176 0.000e+00
223 0.000e+00
69 4.443e-02
107 0.000e+00
119 1.496e-01
141 2.469e-03
150 0.000e+00
153 0.000e+00
161 0.000e+00
168 3.046e-01
175 2.534e-01
181 0.000e+00
187 0.000e+00
192 3.061e+00
197 4.924e-03
201 3.326e-01
217 1.591e-01
228 0.000e+00
231 0.000e+00
237 0.000e+00
243 1.716e-03
249 6.935e-01
254 1.550e-01
257 0.000e+00
260 0.000e+00
267 0.000e+00
270 0.000e+00
41 1.748e-03
45 1.557e+00
556 2.087e-01

66

P P, O, PP OO00ONOONRFR, PR, NOFONNDMEEPREP,OODOOOONONOOOWERERER,WRERRFPFWONDORE O WRE W

Rad.
Rate

(1/8)

.767e+09
.025e+08
.706e+05
.038e+03
.670e+05
.156e+08
.284e+09
.892e+04
.362e+04
.525e+04
.501e+05
.341e+05
.182e+05
.889e+03
.995e+03
.024e+03
.884e+08
.047e+04
.531e+09
.646e+07
.715e+05
.560e+05
.649e+04
.739e+09
.900e+09
.033e+04
.003e+04
.521e+10
.412e+08
.612e+09
.151e+09
.385e+05
.327e+05
.952e+04
.963e+07
.829%e+10
.412e+09
.982e+06
.100e+06
.656e+04
.716e+04
.825e+06
.550e+09
.369e+09

Low.
Lev.

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
35
35
35

Upp.
Lev.

60

64

72

78

87

91

95

99
111
115
118
121
131
172
184
229

75
108
120
142
151
157
162
169
176
182
189
193
198
211
219
229
232
238
245
251
255
258
264
268
277

42

53

56

P O P OO R OO0OO P ODOOFR,ROFRLRNWOOWOWWOFHr OUMOUTF, ©WNNOODOODOWWWwOoOOoOoLOOo,

Osc.
Str.

gf

.304e-02
.543e-01
.000e+00
.000e+00
.258e-03
.116e-03
.860e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.677e-04
.454e-04
.846e-05
.373e-04
.324e-03
.000e+00
.284e-01
.331e-02
.000e+00
.057e-03
.518e-04
.000e+00
.643e-03
.000e+00
.080e-03
.146e-01
.008e+01
.000e+00
.670e-02
.000e+00
.000e+00
.000e+00
.152e-04
.000e+00
.000e+00
.000e+00
.078e-01
.000e+00
.000e+00
.425e-02
.000e+00
.217e-01

PR, NP NOOOWORFR, P, NOOONOFR, OTOOOONOEE O0OONOOOWWOORFRFEF WOMNRFE & OTOONNF- 0

Rad.
Rate

(1/s)

.783e+08
.119e+09
.124e+05
.149e+04
.776e+07
.471e+07
.116e+08
.444e+05
.885e+04
.119e+04
.427e+04
.287e+05
.468e+07
.840e+07
.069e+06
.877e+06
.610e+07
.232e+05
.981e+09
.377e+08
.577e+03
.706e+07
.602e+07
.399e+04
.400e+08
.646e+04
.435e+07
.881e+09
.842e+11
.905e+04
.534e+08
.076e+05
.679e+05
.130e+04
.382e+07
.252e+04
.679e+04
.772e+04
.762e+09
.862e+05
.238e+05
.016e+07
.946e+04
.860e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
37
37
37
37
37

Upp.
Lev.

58

61

64

68

73

78

90

95

98
109
114
118
124
127
135
154
178
196
213
238
283

75
109
124
147
157
163
170
178
187
190
209
224
241
244
251
261
269
276

52

69

79
101
111

ONWHFHEH NOOOOPONOEFRLRONEFEFNNNRFR,OUOR,L P, OO NNOOODOWOUINOOO W-AN =

Osc.
Str.

gf

.154e-02
.442e-03
.948e-02
.000e+00
.000e+00
.000e+00
.672e-03
.353e-03
.000e+00
.300e-02
.000e+00
.000e+00
.000e+00
.000e+00
.150e-04
.366e-04
.000e+00
.000e+00
.389e-04
.111e-04
.000e+00
.705e-02
.000e+00
.190e+00
.166e-04
.959e-02
.186e-04
.177e+00
.898e-03
.000e+00
.118e-02
.464e+00
.625e-01
.000e+00
.577e-03
.000e+00
.000e+00
.000e+00
.000e+00
.243e-03
.895e-03
.784e-04
.338e-02
.336e-03

WNORFR, P PP, PN, PPRPRPRPNOMNNNMNOR PR, OWWOWRFRLOOONNPPPOFRLRNOWDPOOTOON OO0 O WN

Rad.
Rate

(1/8)

.507e+08
.354e+07
.855e+08
.553e+03
.374e+05
.320e+03
.469e+07
.045e+07
.329e+04
.861e+08
.145e+04
.567e+04
.585e+05
.568e+05
.036e+07
.080e+07
.402e+04
.130e+04
.047e+06
.021e+06
.176e+04
.313e+08
.943e+05
.950e+10
.549e+07
.094e+08
.881e+06
.697e+10
.713e+07
.648e+05
.207e+08
.753e+11
.138e+10
.946e+04
.763e+08
.971e+06
.532e+04
.183e+05
.133e+07
.T74e+07
.048e+07
.668e+06
.160e+08
.183e+08

Low.
Lev.

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
37
37
37
37
37

than 4.
Upp. Osc.
Lev. Str.

i ef

59 8.425e-03
62 7.642e-01
65 2.031e-01
70 0.000e+00
75 0.000e+00
79 0.000e+00
91 4.941e-03
96 3.619e-03
99 0.000e+00
112 0.000e+00
115 0.000e+00
119 0.000e+00
125 6.609e-04
129 2.812e-05
136 0.000e+00
156 0.000e+00
183 4.981e-04
207 1.529e-04
225 0.000e+00
250 0.000e+00
62 0.000e+00
77 1.767e-01
117 1.620e-03
134 0.000e+00
151 0.000e+00
160 3.286e-01
167 8.971e-02
175 1.843e-02
179 0.000e+00
188 0.000e+00
194 2.792e-03
213 0.000e+00
226 0.000e+00
242 0.000e+00
245 2.362e-04
255 0.000e+00
265 0.000e+00
270 0.000e+00
280 0.000e+00
53 2.189e-02
75 6.798e-03
81 1.816e-02
105 0.000e+00
112 3.871e-01

67

D WNWNF,F WOOTOONPFP, O PP PO, PPOWLCONEFEENEFE,OFRLRNOOWONE,E WL ONFE,NRENOOWOO

Rad.
Rate

(1/8)

.146e+07
.888e+09
.199e+09
.782e+04
.238e+04
.554e+04
.019e+08
.967e+07
.904e+04
.943e+05
.207e+04
.248e+04
.845e+07
.712e+06
.622e+03
.435e+04
.758e+07
.165e+07
.218e+04
.544e+04
.145e+03
.051e+09
.463e+07
.415e+04
.329e+03
.637e+09
.574e+09
.291e+08
.117e+04
.094e+06
.520e+07
.110e+05
.303e+05
.308e+06
.447e+06
.973e+04
.083e+05
.655e+04
.832e+04
.708e+07
.942e+07
.846e+08
.278e+04
.051e+09

Low.
Lev.

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
37
37
37
37
37

Upp.
Lev.

60

63

66

72

77

81

92

97
101
113
117
123
126
134
147
176
187
208
233
281

69
101
119
144
155
162
168
176
186
189
206
217
238
243
249
260
266
275
282

65

77

92
109
113

~NO O PP O WOOOOFR, PONEFELNORFRLNOMOOONEF, WHFLHOOHKBDOOUFF OO OOOONOOOONMmM

Osc.
Str.

gf

.928e-02
.602e-01
.000e+00
.000e+00
.000e+00
.000e+00
.107e-01
.550e-02
.000e+00
.000e+00
.000e+00
.000e+00
.075e-04
.255e-04
.000e+00
.000e+00
.366e-04
.000e+00
.492e-03
.117e-05
.220e-02
.032e-02
.542e-04
.000e+00
.000e+00
.483e-02
.072e-02
.562e-03
.000e+00
.192e+00
.263e-01
.422e-04
.000e+00
.168e-01
.480e-03
.000e+00
.000e+00
.099e-02
.774e+00
.000e+00
.965e-02
.000e+00
.000e+00
.833e-02

P NOFR, OO, WPAREPL, OO, OFR, WD OWREFPNORFRP PO EWONMOOWRERDDERL,RNRFP, ONDWNDROO NP

Rad.
Rate

(1/s)

.444e+08
.703e+09
.653e+03
.885e+04
.611e+04
.063e+05
.649e+09
.116e+08
.080e+06
.570e+04
.384e+04
.780e+04
.687e+06
.449e+07
.024e+04
.489e+03
.3563e+07
.187e+04
.744e+08
.181e+07
.759e+07
.880e+08
.312e+07
.935e+05
.181e+04
.472e+09
.016e+09
.591e+07
.230e+03
.244e+10
.472e+09
.026e+07
.1567e+05
.601e+10
.718e+07
.686e+04
.578e+03
.104e+09
.246e+11
.839e+03
.168e+08
.639e+03
.423e+05
.635e+09



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

Upp.
Lev.

114
118
124
134
140
151
163
179
188
197
203
207
214
221
225
233
242
252
259
264
272
277
280

67
107
111
114
118
123
140
146
150
184
200
204
211
216
222
228
236
241
262
268
274

P ORFR, OOONNOUNOONNE PO NONOOFLRNOFRLROONFR, OO, UITOO R, OFRr OFR Olw

Osc.
Str.

gf

.559e-02
.902e-03
.435e-01
.000e+00
.321e-04
.000e+00
.965e-02
.000e+00
.000e+00
.664e-03
.028e-02
.000e+00
.969e-02
.187e-04
.615e-02
.000e+00
.000e+00
.077e-03
.000e+00
.441e-02
.880e-03
.000e+00
.000e+00
.212e-04
.000e+00
.259e-03
.069e-03
.680e-03
.483e-01
.553e-04
.261e-03
.000e+00
.000e+00
.908e-01
.615e-01
.000e+00
.228e-02
.022e-02
.000e+00
.000e+00
.000e+00
.995e-01
.000e+00
.556e-01

GO WNWNDNDMNRFERFP,WOWPAPFP,OWNTWONNPFPORFRF, OFREFPNOOOOODWNNPEPPRP,WOFRLRNDNNDEWWONRFE =

Rad.
Rate

(1/8)

.246e+09
.264e+08
.351e+09
.338e+03
.878e+06
.166e+03
.386e+08
.750e+04
.457e+05
.508e+08
.905e+08
.773e+06
.110e+09
.140e+06
.773e+09
.967e+05
.575e+04
.425e+07
.430e+04
.235e+09
.336e+08
.693e+03
.426e+06
.145e+06
.031e+04
.438e+08
.094e+08
.884e+07
.303e+09
.402e+06
.351e+08
.844e+04
.614e+05
.896e+10
.519e+10
.154e+04
.308e+09
.011e+09
.869e+04
.129e+05
.704e+05
.338e+10
.482e+06
.487e+10

Low.
Lev.

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

than 4.
Upp. Osc.
Lev. Str.

i ef
115 2.730e-04
122 4.281e-03
127 2.603e-01
135 0.000e+00
144 0.000e+00
154 0.000e+00
176 1.398e-01
182 0.000e+00
191 7.986e-03
201 2.996e-02
204 4.522e-03
208 2.002e-01
217 4.469e-04
222 7.561e-04
226 0.000e+00
238 0.000e+00
247 1.503e-03
2563 0.000e+00
261 0.000e+00
265 0.000e+00
273 1.293e-03
278 0.000e+00
281 0.000e+00
68 5.132e-04
108 0.000e+00
112 9.914e-03
115 3.187e-02
121 1.361e-01
136 9.180e-05
143 1.467e-03
148 0.000e+00
180 0.000e+00
186 0.000e+00
202 2.755e+00
205 6.071e-01
212 0.000e+00
218 2.241e-04
223 2.603e-02
229 0.000e+00
238 0.000e+00
247 1.444e-04
263 7.698e-01
272 1.160e-01
277 0.000e+00

68

H 0 0 ONONRFL, PP EPNNMNEREPNMNPAENRPLPEPNDNPPODPOOR, OO0, FENPEPNEPL,PR,PNONDDOPPDPNRER, = O

Rad.
Rate

(1/8)

.647e+06
.611e+08
.041e+10
.285e+05
.485e+05
.428e+05
.212e+09
.654e+03
.837e+08
.040e+08
.865e+08
.342e+10
.893e+07
.583e+07
.194e+05
.633e+04
.045e+08
.615e+04
.305e+06
.856e+06
.532e+08
.259e+04
.516e+06
.872e+06
.125e+04
.032e+08
.110e+09
.515e+10
.610e+06
.320e+07
.005e+05
.210e+05
.803e+05
.024e+11
.142e+11
.647e+04
.321e+07
.766e+09
.982e+04
.977e+04
.953e+06
.411e+10
.175e+09
.643e+06

Low.
Lev.

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

Upp.
Lev.

117
123
129
136
147
155
178
183
196
202
206
213
218
224
227
239
250
258
263
269
275
279
283
106
110
113
116
122
137
145
149
181
187
203
210
215
221
227
235
240
258
267
273
278

OFRPr OO OO0 WOLHOIMOOOFrHrUNFEFL,PNPFPLOOMOF,OWWMOUIOOWRFrOUWNONOSNROOWN

Osc.
Str.

gf

.310e-03
.982e-04
.000e+00
.297e-04
.621e-04
.000e+00
.315e-01
.000e+00
.871e+00
.902e-03
.145e+00
.000e+00
.014e-03
.602e-02
.000e+00
.000e+00
.923e-01
.000e+00
.067e-04
.000e+00
.551e+00
.000e+00
.928e-02
.000e+00
.296e-02
.752e-02
.088e-01
.039e-01
.590e-04
.883e-03
.000e+00
.000e+00
.000e+00
.980e-01
.000e+00
.044e-03
.052e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.477e-01
.000e+00

OO, NP NFEPNFP,OFRNEFEFRPRPNOFR,WONOOFR, OR,RNNYNYNODOPPOODOFLRONEFEFRFRLREPNOR,RFEWOONDW

Rad.
Rate

(1/s)

.509e+07
.030e+07
.791e+03
.733e+06
.646e+07
.978e+04
.359e+09
.067e+04
.037e+11
.466e+08
.413e+11
.703e+05
.029e+07
.561e+09
.568e+03
.288e+03
.145e+10
.894e+04
.716e+07
.463e+05
.890e+10
.579e+03
.082e+10
.266e+04
.303e+09
.660e+08
.276e+09
.8563e+09
.596e+07
.279e+07
.301e+04
.824e+05
.033e+04
.623e+10
.035e+05
.913e+08
.820e+09
.318e+05
.448e+05
.201e+05
.520e+04
.250e+06
.736e+10
.284e+05



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

38
39
39
39
39
39
39
39
39
39
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
41
41
41
41

Upp.
Lev.

279
111
122
145
186
204
222
235
262
278
106
111
114
117
122
127
141
148
165
179
182
186
196
201
204
208
212
217
222
227
235
238
241
258
262
265
269
275
279
283

79
109
122
156

B, ONIOMDONODOIHMOOOOOWWORLRNPPFP,LOOODOODUWERL,REFP,LOF,ROOWONPORL,E~L,EL,O

Osc.
Str.

gf

.000e+00
.362e-02
.279e-01
.688e-03
.000e+00
.732e-01
.508e-02
.000e+00
.460e-01
.000e+00
.000e+00
.233e-02
.496e-03
.949e-01
.642e-01
.003e-03
.137e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.303e-02
.983e+00
.842e-01
.331e-03
.000e+00
.670e-02
.209e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.848e-03
.000e+00
.000e+00
.478e-02
.000e+00
.474e-04
.798e-04
.000e+00
.073e-03
.104e-03

P NNNMNNNEEPERE D DPOCOONRP R, NWORE, OO0 PP, DBNNORFRLOOOFREEFPLONDNDPEWOWOEREPENNDE DD D

Rad.
Rate

(1/8)

.080e+06
.573e+08
.745e+09
.318e+07
.247e+05
.965e+10
.494e+09
.487e+05
.053e+10
.652e+06
.041e+04
.140e+08
.929e+08
.916e+09
.088e+09
.183e+08
.066e+07
.432e+04
.235e+04
.722e+03
.618e+05
.184e+05
.649e+08
.322e+11
.911e+10
.821e+07
.237e+04
.540e+09
.190e+09
.167e+04
.913e+04
.919e+04
.963e+05
.969e+03
.020e+08
.879e+05
.481e+06
.250e+09
.352e+06
.780e+07
.539e+06
.171e+04
.986e+07
.639e+08

Low.
Lev.

39
39
39
39
39
39
39
39
39
39
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
41
41
41
41
41

than 4.
Upp. Osc.
Lev. Str.

i ef

66 5.814e-04
114 1.503e-03
127 3.914e-04
149 0.000e+00
187 0.000e+00
211 0.000e+00
225 9.515e-05
238 0.000e+00
267 0.000e+00
280 0.000e+00
107 0.000e+00
112 9.032e-03
115 9.315e-04
118 9.886e-04
123 4.845e-01
136 1.432e-04
143 7.752e-03
149 0.000e+00
176 7.945e-04
180 0.000e+00
184 0.000e+00
187 0.000e+00
197 1.025e-02
202 8.301e-01
206 3.174e-02
210 0.000e+00
215 2.521e-04
219 6.649e-04
224 4.029e-04
228 0.000e+00
236 0.000e+00
239 0.000e+00
248 3.231e-04
2569 0.000e+00
263 1.494e-01
267 0.000e+00
272 6.611e-01
277 0.000e+00
280 0.000e+00
70 5.924e-04
81 1.314e-02
111 8.929e-03
127 2.306e-01
186 0.000e+00

69

H ONRFE AP OPEARPNFEFNEFE,OOFRFEFNNWOWNOPRRFPEPRERNPEPPLPNOFRRNNDNDNE O PO O1TN

Rad.
Rate

(1/8)

.250e+06
.187e+07
.543e+07
.926e+04
.957e+03
.625e+04
.631e+06
.107e+04
.466e+06
.119e+04
.139e+04
.850e+08
.242e+07
.086e+07
.079e+10
.068e+06
.282e+08
.540e+05
.803e+07
.651e+04
.834e+05
.073e+03
.697e+08
.084e+10
.621e+08
.382e+04
.465e+07
.802e+07
.730e+07
.775e+05
.997e+04
.852e+05
.591e+07
.460e+04
.050e+10
.631e+05
.659e+10
.797e+06
.993e+04
.603e+06
.263e+08
.215e+08
.886e+09
.007e+04

Low.
Lev.

39
39
39
39
39
39
39
39
39
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
41
41
41
41
41

Upp.
Lev.

107
115
138
180
200
215
228
241
273

69
108
113
116
119
124
139
145
150
178
181
185
191
200
203
207
211
216
221
225
229
237
240
250
261
264
268
273
278
281

73

97
114
138
187

O WP ONOONOFR,R O, OOODWWP OONNNOOFR,LRONWFERF,RWOLORL,Lr P, OOR,EFE,OWOWOBVDO

Osc.
Str.

gf

.000e+00
.607e-02
.692e-04
.000e+00
.330e+00
.001e-02
.000e+00
.000e+00
.168e-01
.944e-03
.000e+00
.773e-02
.332e-02
.046e-02
.794e-03
.749e-04
.709e-03
.000e+00
.184e-03
.000e+00
.000e+00
.548e-04
.973e-02
.330e+00
.000e+00
.000e+00
.716e-03
.956e-02
.170e-04
.000e+00
.000e+00
.000e+00
.610e-03
.000e+00
.267e+00
.000e+00
.014e-01
.000e+00
.000e+00
.537e-03
.000e+00
.293e-02
.746e-04
.000e+00

NR P ERERRNDWONPOONRP,OWNOOANNR0R0ODWONR, R NNREOR ORP B ROOWRR BB

Rad.
Rate

(1/s)

.118e+04
.9563e+09
.761e+07
.223e+05
.231e+10
.793e+08
.029e+05
.658e+05
.373e+10
.049e+07
.193e+04
.392e+09
.967e+08
.581e+08
.895e+07
.666e+06
.334e+08
.795e+05
.706e+07
.841e+04
.462e+05
.943e+06
.839e+09
.752e+10
.043e+04
.917e+04
.768e+08
.937e+09
.266e+07
.123e+05
.099e+05
.659e+05
.117e+08
.181e+03
.358e+10
.485e+06
.366e+10
.181e+06
.548e+04
.992e+07
.094e+04
.099e+09
.390e+07
.695e+05



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

41
41
41
41
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43

Upp.
Lev.

208
222
241
283
66
70
73
79
84
95
102
113
118
130
145
149
155
177
183
191
273
50
67
70
75
79
89
94
98
103
113
116
119
129
139
145
150
163
174
178
182
186
227
273

NOOOFR,R ONOWWOFRrOF OWOO WP UINOWOWWOWNONOODOWORF WOOOFL,NDPDWOULORFF~

Osc.
Str.

gf

.829e+00
.383e-04
.000e+00
.566e-01
.521e-01
.647e-01
.793e-02
.609e-02
.000e+00
.000e+00
.000e+00
.978e-04
.051e-02
.000e+00
.526e-04
.000e+00
.000e+00
.443e-03
.000e+00
.751e-04
.354e-05
.507e-01
.100e-01
.824e-01
.949e-01
.583e-03
.000e+00
.000e+00
.479e-01
.000e+00
.728e-03
.999e-04
.421e-02
.000e+00
.890e-04
.242e-03
.000e+00
.331e-04
.000e+00
.615e-03
.000e+00
.000e+00
.000e+00
.247e-04

NOOFR, PAPNOWORFORFRLEFEFPFEPNNNDWONOFRPSPOF ONREFEOR,RFP, WO, ONPSEFPRPEFEPNDONDOOORERO

Rad.
Rate

(1/8)

.825e+10
.160e+07
.540e+04
.734e+10
.377e+09
.311e+09
.011e+08
.348e+08
.957e+04
.276e+04
.286e+05
.782e+06
.577e+08
.459e+03
.529e+07
.252e+05
.8568e+04
.945e+07
.137e+04
.099e+07
.183e+06
.1567e+08
.497e+08
.143e+09
.547e+09
.018e+07
.313e+04
.858e+04
.710e+09
.792e+05
.509e+07
.334e+07
.526e+08
.306e+04
.950e+06
.200e+08
.606e+04
.888e+06
.675e+03
.810e+07
.703e+04
.078e+05
.852e+03
.205e+07

Low.
Lev.

41
41
41
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
44

than 4.
Upp. Osc.
Lev. Str.

i ef
213 0.000e+00
225 5.943e-02
278 0.000e+00
49 5.750e-01
67 7.000e-02
71 4.319e-01
74 3.834e-01
80 1.105e-02
90 0.000e+00
96 0.000e+00
110 3.400e-03
115 1.362e-03
121 1.195e-04
137 3.232e-04
146 1.464e-03
150 0.000e+00
171  0.000e+00
180 0.000e+00
184 0.000e+00
215 1.338e-04
274 1.058e-04
64 0.000e+00
68 4.327e-01
72 5.433e-01
77 1.308e-01
81 3.459e-03
90 0.000e+00
95 0.000e+00
99 2.796e+00
111 5.630e-03
114 1.558e-03
117 1.949e-03
122  3.349e-04
132 0.000e+00
140 1.918e-04
148 0.000e+00
151 0.000e+00
171  0.000e+00
176 1.874e-03
180 0.000e+00
184 0.000e+00
193 1.085e-03
231 0.000e+00
50 1.057e-01

70

P NNDNNEFE, O, RPN PDPOONWORPE,ONDNOPNNNPR, OO, P, R NRPR,RPRPOOOWONOWONE ONEFEDNOW

Rad.
Rate

(1/8)

.140e+04
.081e+09
.432e+04
.101e+08
.836e+08
.240e+09
.673e+09
.794e+08
.156e+04
.999e+04
.407e+08
.362e+07
.535e+06
.902e+06
.632e+08
.386e+04
.070e+04
.441e+05
.433e+05
.074e+07
.117e+07
.169e+04
.770e+09
.328e+09
.228e+08
.072e+07
.058e+04
.170e+04
.556e+10
.330e+08
.801e+07
.069e+07
.901e+06
.759e+03
.166e+06
.099e+05
.075e+05
.210e+05
.233e+07
.100e+05
.656e+04
.100e+07
.247e+03
.424e+07

Low.
Lev.

41
41
41
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
44

Upp.
Lev.

215
238
280
64
68
72
78
82
91
98
111
116
122
138
148
151
173
181
186
230
49
66
69
73
78
83
91
96
102
112
115
118
123
136
143
149
152
172
177
181
185
216
234
51

HFONOOPOOOWFRLRNNPIINOODOORLRNPWRPLR OODOOOONEREPLNRFEF,OONOGNOOOO

Osc.
Str.

gf

.419e-05
.000e+00
.000e+00
.000e+00
.560e-03
.683e-02
.134e-03
.000e+00
.000e+00
.880e+00
.211e-03
.552e-03
.532e-04
.714e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.061e-01
.301e-01
.137e-02
.391e-01
.437e-02
.000e+00
.000e+00
.000e+00
.000e+00
.311e-04
.388e-04
.835e-03
.715e-04
.776e-04
.181e-04
.000e+00
.000e+00
.000e+00
.486e-04
.000e+00
.000e+00
.038e-04
.000e+00
.228e+00

H 0O O WrFr FP,OOP OF WPERPEPPFPLPONMNODONNFPF,FEPNNMONOORFR, WO, OPPNOOFR, WOWOPRRFRNEOWWNDOO

Rad.
Rate

(1/s)

.287e+06
.040e+05
.732e+06
.108e+04
.049e+07
.439e+08
.065e+07
.764e+04
.440e+04
.466e+10
.229e+07
.302e+07
.075e+06
.683e+06
.257e+05
.664e+05
.152e+04
.501e+04
.789e+04
.806e+03
.018e+07
.226e+09
.212e+08
.720e+09
.163e+07
.579e+04
.744e+04
.646e+04
.023e+05
.127e+06
.083e+07
.249e+07
.336e+06
.772e+06
.809e+07
.029e+04
.159e+05
.368e+03
.091e+07
.411e+05
.145e+05
.815e+06
.153e+03
.289e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
46
46
46
46
46
46

Upp.
Lev.

64
69
75
78
89
95
100
104
116
120
133
141
148
151
162
176
182
187
229
272
65
68
72
75
81
97
109
113
125
144
1562
156
183
188
207
225
261
280
55
68
91
126
136
143

OO O WO P OONOODODIMNODOORRLR OO EFEF WUIOPOOONNTNOONORLNOPMOOPMOODELO

Osc.
Str.

gf

.000e+00
.408e+00
.161e-02
.942e-03
.000e+00
.000e+00
.065e+00
.000e+00
.961e-04
.966e-02
.000e+00
.089e-04
.000e+00
.000e+00
.634e-04
.402e-04
.000e+00
.000e+00
.000e+00
.417e-04
.000e+00
.262e-01
.828e-02
.214e-01
.359e-02
.000e+00
.000e+00
.462e-03
.000e+00
.000e+00
.000e+00
.773e-03
.000e+00
.000e+00
.000e+00
.610e-04
.000e+00
.000e+00
.417e-01
.000e+00
.968e-03
.457e-02
.000e+00
.000e+00

NF,FNWF WFLFNNMNREPE R ONRPWOONNWREWEFEFNMNEFEFNDMNOONDPPOPNWNTR,RPEP,ORFR,PDDBPMNDE BN

Rad.
Rate

(1/8)

.217e+04
.118e+09
.922e+08
.459e+07
.841e+04
.962e+04
.757e+10
.299e+05
.179e+07
.649e+08
.943e+03
.250e+06
.428e+04
.367e+03
.887e+06
.139e+06
.336e+05
.811e+03
.725e+03
.598e+07
.771e+05
.108e+09
.607e+08
.718e+08
.185e+08
.243e+04
.395e+04
.099e+07
.514e+03
.168e+05
.202e+03
.580e+08
.007e+04
.724e+05
.763e+05
.161e+07
.595e+04
.390e+04
.827e+08
.528e+04
.363e+07
.339e+09
.404e+04
.704e+04

Low.
Lev.

44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
46
46
46
46
46
46

than 4.
Upp. Osc.
Lev. Str.

i ef

67 4.558e-01
72 1.460e+00
76 7.243e-01
83 0.000e+00
90 0.000e+00
98 9.913e-03
102 0.000e+00
112 1.967e-03
117 1.875e-03
123 1.052e-03
136 2.512e-04
142 6.505e-04
149 0.000e+00
152  0.000e+00
171 0.000e+00
180 0.000e+00
184 0.000e+00
192 1.397e-03
232 0.000e+00
53 1.199e+00
66 6.665e-02
69 2.203e-02
73 1.058e+00
77 3.669e-01
92 0.000e+00
101 3.020e+00
111 3.088e-03
114 9.871e-03
127 6.673e-04
147 5.750e-04
154 0.000e+00
179 0.000e+00
186 0.000e+00
196 1.679e-02
208 1.470e-03
233 0.000e+00
265 0.000e+00
281 0.000e+00
59 3.007e-01
74 0.000e+00
106 5.071e-01
130 1.426e-02
137 0.000e+00
148 2.443e-04

71

o woOTOWO R, PdPNPAPINDPPOFRL NN, RPPRPNOPMNMNONMNRPRPRPPOFR,NOFRFPNR,NWRRFRORE

Rad.
Rate

(1/8)

.840e+09
.243e+09
.808e+09
.282e+04
.409e+04
.709e+07
.347e+04
.841e+07
.987e+07
.679e+07
.330e+06
.911e+06
.451e+05
.241e+04
.701e+05
.266e+04
.450e+05
.099e+07
.515e+03
.477e+08
.400e+08
.322e+07
.460e+09
.162e+09
.645e+05
.713e+10
.216e+07
.381e+08
.887e+07
.151e+06
.563e+05
.143e+05
.544e+03
.592e+08
.580e+07
.460e+04
.151e+04
.045e+03
.449e+08
.949e+03
.885e+09
.605e+08
.212e+05
.149e+06

Low.
Lev.

44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
46
46
46
46
46
46
46

Upp.
Lev.

68
74
77
85
94
99
103
113
119
132
137
143
150
153
175
181
186
217
234
63
67
70
74
78
93
105
112
124
135
151
155
182
187
206
224
250
275
54
67
78
125
133
140
171

OO0, OONP®»PUUIWOOOODOWOLHOOOIMFRLRNPOOWOOPOOUIWONWOWOWOOWOH,

Osc.
Str.

gf

.036e-02
.592e-03
.367e-02
.000e+00
.000e+00
.494e-01
.000e+00
.110e-03
.910e-03
.000e+00
.162e-04
.745e-03
.000e+00
.000e+00
.776e-03
.000e+00
.000e+00
.716e-04
.000e+00
.000e+00
.958e-01
.279e-01
.135e-01
.008e-03
.000e+00
.000e+00
.262e-03
.828e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.895e-02
.208e-03
.729e-03
.931e-03
.448e-02
.000e+00
.000e+00
.396e-02
.953e-04
.000e+00
.972e-04

N ONWOAOOFRLRNNMNRFEONMPFRLRNOPOOODWNDPERL,PRPORLREPPLOOPNFOODOODWERERL,EFE,ORFR,RFRDNDW

Rad.
Rate

(1/s)

.688e+08
.866e+07
.086e+08
.098e+05
.526e+04
.941e+09
.560e+05
.321e+08
.123e+07
.766e+03
.741e+06
.269e+08
.497e+05
.977e+05
.393e+07
.803e+04
.692e+05
.278e+07
.147e+04
.509e+03
.964e+09
.588e+09
.843e+08
.939e+07
.330e+05
.638e+05
.957e+07
.397e+08
.261e+03
.603e+03
.704e+04
.538e+03
.164e+05
.180e+08
.828e+08
.723e+08
.067e+08
.737e+07
.541e+03
.757e+03
.396e+08
.308e+07
.366e+03
.107e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

46
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
49
49
49
49
49
49
49
49
49

Upp.
Lev.

174
55
59
62
67
74
79
92

106

115

127

130

134

139

143

149

174

211
57
61
67
70
74
78
89

106

116

130

133

137

140

143

149

172

212
79
86
90
96

102

128

146

158

173

WNOWNFR,LNIMOMODOF WOOOFR,R P ONRPOOOORFR,FE, PWOUMOOWOHOOWWOOO NP+

Osc.
Str.

gf

.486e-04
.544e-01
.684e-01
.930e-03
.000e+00
.000e+00
.000e+00
.467e-03
.685e-01
.000e+00
.000e+00
.348e-02
.341e-04
.000e+00
.000e+00
.714e-04
.266e-04
.486e-04
.697e+00
.066e+00
.000e+00
.000e+00
.000e+00
.000e+00
.345e-02
.499e-02
.000e+00
.964e-02
.083e-01
.000e+00
.000e+00
.000e+00
.036e-04
.665e-03
.765e-04
.000e+00
.544e-01
.544e-01
.125e-01
.520e+00
.884e-04
.000e+00
.489e-03
.260e-03

D WNTAOWOEFRLRNWNNOAONEFE ONPOOWPFRLRORFR,L OOOOORL,EFEFERDRERREL,OIOPE NP 0N O - =

Rad.
Rate

(1/8)

.599e+07
.285e+08
.190e+08
.597e+06
.798e+03
.707e+04
.426e+03
.785e+07
.953e+09
.619e+03
.159e+03
.593e+09
.318e+07
.468e+05
.032e+05
.137e+07
.167e+07
.781e+07
.258e+08
.905e+08
.233e+03
.145e+04
.779e+03
.529e+04
.604e+07
.262e+08
.810e+03
.822e+08
.714e+09
.038e+04
.397e+05
.721e+05
.928e+06
.460e+07
.455e+07
.775e+03
.659e+09
.122e+09
.254e+08
.221e+10
.343e+06
.240e+04
.399e+07
.493e+07

Low.
Lev.

46
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
49
49
49
49
49
49
49
49
49
49

than 4.
Upp. Osc.
Lev. Str.

i ef
210 1.964e-04
56 9.981e-01
60 4.547e-02
63 3.924e-03
69 0.000e+00
75 0.000e+00
90 8.425e-03
95 2.188e-03
107 1.116e+00
125 5.179e-02
128 1.890e-01
132 1.034e-02
136 0.000e+00
140 0.000e+00
145 0.000e+00
171 1.831e-03
207 8.614e-05
55 1.423e-02
59 1.392e-02
62 1.024e-02
68 0.000e+00
71 0.000e+00
75 0.000e+00
79 0.000e+00
90 2.713e-03
107 3.750e-01
117 0.000e+00
131 2.789e-01
134 1.070e-03
138 0.000e+00
141 0.000e+00
145 0.000e+00
150 1.414e-03
205 0.000e+00
70 0.000e+00
80 0.000e+00
87 8.172e-02
91 6.485e-01
98 0.000e+00
125 8.534e-04
130 2.351e-04
155 2.235e-03
164 3.693e-03
174 1.975e-02

72

O WA, OO, PP P OPOOERLPNDNNNDNEPE,ONERE,E DO, PP OWRPE,ERPRPNNRE, O, DEPLNDNDOOO -

Rad.
Rate

(1/8)

.305e+07
.197e+08
.400e+07
.623e+07
.364e+04
.042e+04
.213e+07
.209e+07
.012e+09
.250e+09
.795e+09
.573e+08
.947e+05
.589e+05
.852e+04
.422e+07
.145e+07
.061e+07
.390e+07
.000e+06
.741e+03
.124e+04
.234e+04
.051e+04
.307e+07
.940e+09
.685e+03
.944e+09
.656e+07
.101e+04
.538e+05
.933e+05
.974e+07
.277e+04
.694e+03
.073e+04
.402e+08
.787e+09
.032e+04
.915e+07
.493e+06
.039e+07
.133e+07
.587e+08

Low.
Lev.

47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
49
49
49
49
49
49
49
49
49
49

Upp.
Lev.

54
58
61
66
72
78
91
97
109
126
129
133
138
141
148
173
210
56
60
64
69
72
76
80
94
108
128
132
136
139
142
146
171
211
71
82
89
95
99
126
145
157
167
176

OO OO LR O WRRFPLPOF WOOOONUONWOOOOF,HOONEFEF ONOORFRPWWWNOOONNE

Osc.
Str.

gf

.207e-01
.597e-01
.428e-01
.000e+00
.000e+00
.000e+00
.894e-03
.646e-03
.585e-02
.043e-04
.490e-02
.001e-02
.000e+00
.000e+00
.117e-04
.055e-04
.454e-04
.009e-01
.158e-01
.760e-03
.000e+00
.000e+00
.000e+00
.000e+00
.971e-03
.106e+00
.237e-03
.072e-01
.000e+00
.000e+00
.000e+00
.000e+00
.612e-03
.562e-04
.000e+00
.064e-02
.594e-02
.714e-02
.000e+00
.332e-03
.000e+00
.000e+00
.000e+00
.000e+00

P W NNWEEPE,E PN, OR PN PPOFR,RPRP,PP, OO, 010 OO, NNDPENMONTONDNE WWRE 00

Rad.
Rate

(1/s)

.197e+07
.462e+08
.738e+08
.156e+04
.213e+03
.424e+04
.422e+07
.195e+07
.093e+08
.469e+06
.347e+09
.561e+08
.298e+05
.514e+04
.019e+06
.915e+07
.613e+06
.300e+07
.765e+08
.734e+06
.223e+04
.576e+03
.076e+04
.984e+04
.505e+07
.181e+10
.337e+08
.088e+09
.786e+03
.897e+04
.735e+05
.309e+05
.244e+08
.120e+06
.918e+04
.880e+07
.992e+07
.822e+08
.885e+04
.042e+07
.767e+03
.298e+04
.583e+04
.180e+04



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

49
49
49
49
49
49
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
52
52
52

Upp.
Lev.

177
190
193
200
204
244

70

79

86

89

93

97
100
105
132
155
160
165
172
176
180
191
194
199
202
231

57

83

87

93
100
104
143
158
166
172
178
193
198
202
246

54

60

65

NOWOOOOODWOWORFROFRLRNRFPRPL,LNOOOOWOWULIONWEFEOOUPWNOOOOOOOOo

Osc.
Str.

gf

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.457e-01
.296e-01
.388e-03
.870e-03
.000e+00
.889e-02
.094e-04
.505e-04
.000e+00
.953e-03
.145e-03
.000e+00
.427e-04
.000e+00
.000e+00
.000e+00
.000e+00
.321e-04
.435e-02
.485e-01
.843e-01
.120e-02
.000e+00
.291e+01
.000e+00
.729e-03
.000e+00
.682e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.217e-01
.384e-03
.617e-03

NOOO R, WOWOanddokrFkr OOFrr WNNOWWFRPFPRNONOOOPPPOOPEPPR,L, PO, OOR, P ONONREDNDPSOOW

Rad.
Rate

(1/8)

.451e+04
.024e+04
.675e+04
.418e+05
.657e+05
.674e+03
.5565e+03
.461e+03
.982e+08
.032e+09
.136e+07
.300e+07
.526e+04
.787e+07
.386e+06
.020e+07
.696e+04
.453e+07
.453e+07
.018e+03
.981e+06
.370e+04
.322e+04
.720e+05
.959e+05
.970e+07
.977e+06
.204e+08
.349e+08
.898e+07
.192e+04
.530e+10
.453e+04
.089e+07
.308e+05
.212e+08
.996e+03
.484e+04
.461e+05
.438e+04
.107e+03
.253e+08
.058e+06
.600e+07

Low.
Lev.

49
49
49
49
49
49
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
52
52
52

than 4.
Upp. Osc.
Lev. Str.

i ef
178 0.000e+00
191 0.000e+00
197 0.000e+00
202 0.000e+00
205 0.000e+00
268 1.159e-04
72 0.000e+00
82 3.001e-02
87 7.604e-01
90 8.473e-01
94 3.181e-02
98 0.000e+00
102 6.331e-01
128 3.067e-03
143 0.000e+00
157 0.000e+00
161 4.320e-03
168 0.000e+00
173 2.640e-02
177 0.000e+00
183 9.203e-04
192 0.000e+00
197 0.000e+00
200 0.000e+00
203 0.000e+00
245 0.000e+00
72 0.000e+00
84 8.386e-02
88 1.394e+00
94 9.883e-02
102 9.626e-03
105 3.561e-03
153 3.800e-04
160 0.000e+00
169 1.285e-02
175 0.000e+00
190 0.000e+00
194 0.000e+00
199 0.000e+00
203 0.000e+00
260 1.750e-04
55 8.172e-02
62 1.463e+00
67 0.000e+00

73

0O PDPWOFRFRONREFEPEFEPRWRFEPWWNEFEPFNOOF ONFRPFPROOODOPDEPDRDBPRNNE WNOOWHRD»ENERED

Rad.
Rate

(1/8)

.073e+03
.571e+05
.917e+05
.196e+05
.014e+05
.301e+06
.292e+03
.115e+07
.234e+09
.736e+09
.108e+08
.638e+04
.711e+09
.218e+07
.597e+03
.650e+04
.599e+07
.468e+04
.257e+08
.525e+04
.886e+07
.612e+04
.039e+04
.673e+05
.453e+04
.806e+03
.283e+04
.346e+08
.210e+09
.441e+08
.121e+07
.279e+07
.263e+06
.510e+04
.145e+08
.772e+04
.680e+03
.282e+04
.639e+04
.002e+05
.134e+06
.150e+07
.931e+08
.204e+03

Low.
Lev.

49
49
49
49
49
49
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
52
52
52

Upp.
Lev.

180
192
199
203
230
279

78

84

88

92

95

99
103
131
145
159
163
170
175
178
190
193
198
201
204
278

78

85

89

99
103
131
155
162
170
176
192
195
201
232
277

59

63

68

O P WP OWOODODODOORFRr PO P OWOODOOODOOOOHHr O OWOr WMWNONUGLMIOOON

Osc.
Str.

gf

.741e-04
.000e+00
.000e+00
.000e+00
.501e-04
.647e-04
.000e+00
.772e-02
.523e-02
.883e-03
.045e-01
.000e+00
.877e+00
.018e-04
.000e+00
.583e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.623e-04
.000e+00
.336e-02
.238e+00
.000e+00
.255e-01
.651e-03
.730e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.686e-04
.999e-04
.751e-02
.163e-01
.000e+00

P NDNNEFENORLRPREPPPONNDNENRE,ONDNPRPRPNOOOFRNREREP RO, PO OPENDNNDMNNDNRE RSP, O

Rad.
Rate

(1/s)

.583e+06
.306e+04
.775e+04
.379e+04
.902e+07
.331e+07
.628e+03
.175e+08
.194e+08
.041e+07
.127e+08
.946e+04
.295e+10
.033e+06
.345e+04
.031e+07
.942e+03
.012e+03
.224e+04
.282e+04
.849e+04
.372e+05
.971e+04
.102e+04
.344e+05
.914e+07
.000e+04
.424e+07
.874e+09
.962e+04
.086e+09
.669e+07
.352e+07
.865e+03
.691e+03
.594e+03
.946e+05
.006e+05
.149e+05
.134e+07
.885e+07
.728e+07
.088e+09
.101e+04



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

52
52
52
52
52
52
52
52
52
52
52
52
52
52
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
54
54
54
54
54
54
54
54
54
54
54
54

Upp.
Lev.

70

75

92
106
112
126
132
135
140
156
178
206
213
238

73

84

89

93
101
109
1562
157
161
168
176
180
187
196
209
226
243
280

67

71

74

97
111
114
121
125
128
136
140
145

NP NOOP WNOPRFPLIOIITITOIHINODOFRLRNOOWOWFHRLROUFE, NOF,ODOOOOWRr WO O oo

Osc.
Str.

gf

.000e+00
.000e+00
.637e-01
.932e-03
.000e+00
.387e-02
.159e-03
.467e-02
.000e+00
.000e+00
.000e+00
.000e+00
.792e-04
.045e-04
.000e+00
.054e-01
.111e-02
.124e-01
.000e+00
.351e-02
.219e-04
.000e+00
.505e-03
.000e+00
.000e+00
.555e-03
.901e-03
.000e+00
.000e+00
.915e-03
.000e+00
.840e-04
.561e-01
.789e-03
.003e-03
.000e+00
.682e-01
.246e-01
.077e-03
.000e+00
.000e+00
.438e-01
.549e-02
.508e-03

OAON WD NFE, DWW, OO, NNDNPAPNNDOOPRPPRP, OONWOOF, WL P, ONWNWERNRENORF,OWW

Rad.
Rate

(1/8)

.682e+03
.746e+03
.873e+08
.194e+08
.354e+03
.658e+08
.627e+07
.613e+09
.856e+05
.290e+05
.293e+04
.169e+04
.594e+07
.221e+06
.296e+04
.738e+09
.084e+07
.180e+09
.472e+04
.692e+07
.182e+06
.519e+03
.527e+07
.380e+03
.692e+04
.925e+07
.924e+07
.013e+05
.431e+05
.287e+08
.240e+04
.995e+07
.5565e+08
.140e+07
.282e+06
.617e+04
.572e+09
.511e+09
.903e+08
.573e+04
.506e+04
.283e+09
.146e+08
.966e+07

Low.
Lev.

52
52
52
52
52
52
52
52
52
52
52
52
52
52
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
54
54
54
54
54
54
54
54
54
54
54
54

than 4.
Upp. Osc.
Lev. Str.

i ef

73 0.000e+00
77 0.000e+00
97 1.121e-01
107 2.116e-02
124 0.000e+00
127 0.000e+00
133 3.899e-03
136 0.000e+00
143 0.000e+00
163 0.000e+00
187 6.677e-04
207 3.580e-03
224 0.000e+00
281 1.665e-05
81 0.000e+00
86 1.280e-02
90 8.100e-03
94 2.935e-03
103 2.291e-02
134 5.843e-03
155 1.104e-03
159 1.440e-03
162 0.000e+00
170 0.000e+00
178 0.000e+00
182 1.580e-03
188 3.694e-03
206 0.000e+00
213 3.051e-03
238 6.396e-04
261 1.287e-04
282 0.000e+00
68 1.114e+00
72 1.955e-02
79 2.633e-02
98 2.016e-02
112 6.946e-01
116 2.805e-02
122 2.031e-03
126 0.000e+00
132 0.000e+00
137 1.398e-03
143 1.353e-03
151 0.000e+00

74

B = 2 000 WNOOOODNNEFE R PDPORFRLWOPPEPNOAONNE OO OWPRrERL,PERE, PR, OOOWWORRFRERFRONDRS

Rad.
Rate

(1/8)

.894e+04
.172e+04
.923e+08
.528e+08
.032e+05
.266e+05
.207e+07
.015e+05
.589e+04
.334e+03
.442e+07
.479e+08
.169e+04
.404e+06
.352e+04
.587e+07
.168e+07
.122e+06
.900e+07
.069e+07
.418e+07
.606e+07
.344e+03
.432e+04
.793e+04
.696e+07
.284e+07
.554e+05
.126e+08
.101e+07
.633e+06
.770e+04
.310e+09
.504e+07
.443e+07
.919e+07
.700e+09
.378e+08
.169e+07
.706e+04
.135e+03
.895e+07
.918e+07
.001e+05

Low.
Lev.

52
52
52
52
52
52
52
52
52
52
52
52
52
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
54
54
54
54
54
54
54
54
54
54
54
54
54

Upp.
Lev.

74

81
101
109
125
130
134
137
147
176
196
208
233

62

82

87

92

97
105
144
156
160
167
173
179
183
189
208
214
242
265

66

70

73

81
110
113
118
123
127
134
138
144
155

OO P O P OPFRP,LR OWFR,ROFEL NNOOOPPIOFROOORFR,R P, OUITOOUWWPOODODOOHFH WOOWH OO O

Osc.
Str.

gf

.000e+00
.000e+00
.000e+00
.585e+00
.146e-02
.657e-02
.589e-01
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.201e-04
.209e-02
.285e-01
.986e-02
.192e-01
.385e-01
.078e+01
.881e-02
.000e+00
.000e+00
.000e+00
.310e-03
.440e-02
.276e-02
.000e+00
.000e+00
.000e+00
.608e-03
.740e-04
.045e-01
.931e-02
.056e-01
.306e-01
.705e-03
.525e-01
.918e-02
.854e-04
.670e-03
.000e+00
.546e-02
.000e+00
.000e+00

N, WP, NOPP,P WOWORNEPENMNNNNE PR, O0OONNENNONMNOR,R NP, OO, P, WONDOOR PP WREO

Rad.
Rate

(1/s)

.248e+03
.309e+04
.805e+04
.227e+10
.809e+09
.459e+08
.318e+09
.076e+03
.854e+05
.788e+04
.858e+04
.499e+04
.376e+07
.664e+07
.802e+08
.553e+08
.311e+09
.595e+09
.511e+10
.319e+08
.588e+04
.571e+04
.909e+03
.469e+07
.987e+08
.295e+08
.325e+05
.206e+05
.674e+04
.059e+08
.679e+06
.005e+08
.257e+08
.283e+08
.034e+09
.866e+08
.258e+09
.230e+08
.214e+06
.979e+07
.969e+05
.501e+08
.108e+04
.143e+05



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

54
54
54
54
54
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56

Upp.
Lev.

156
172
180
187
250

67

73

79

98
111
115
121
125
128
133
137
145
156
164
180
187
205
247

67

72

75

79
102
112
115
118
123
128
131
134
137
140
147
155
161
165
176
179
186

OO NOOOF, NWOOONNPENONRFONWNOOOFRLR NP, OOONFEFNRFEFRFE,ONWOOOO®

Osc.
Str.

gf

.307e-02
.000e+00
.000e+00
.000e+00
.632e-04
.654e-01
.887e-02
.043e-03
.481e-01
.606e-02
.716e-01
.683e-03
.000e+00
.000e+00
.000e+00
.826e-01
.938e-04
.332e-02
.000e+00
.000e+00
.000e+00
.536e-04
.383e-04
.013e-01
.990e-03
.717e+00
.533e-02
.000e+00
.030e-02
.587e-02
.757e-01
.683e-02
.000e+00
.000e+00
.000e+00
.969e-03
.829e-02
.476e-02
.000e+00
.000e+00
.000e+00
.148e-03
.000e+00
.000e+00

P NDNNNANPFR, PP RPRPPRPOFRNDMNNOFR, OO, NP, PN, P OOONEFE, WOFRLRDNOPENENEOIN O

Rad.
Rate

(1/8)

.569e+09
.433e+03
.120e+04
.854e+04
.616e+07
.678e+08
.125e+08
.647e+06
.713e+08
.304e+08
.307e+09
.197e+08
.362e+04
.822e+04
.554e+04
.384e+09
.726e+06
.197e+08
.185e+05
.692e+03
.150e+04
.459e+07
.461e+07
.972e+08
.684e+06
.405e+09
.274e+07
.536e+03
.570e+08
.104e+08
.239e+09
.374e+08
.073e+05
.073e+04
.248e+03
.161e+08
.037e+09
.459e+08
.019e+05
.122e+05
.736e+05
.324e+07
.356e+04
.618e+04

Low.
Lev.

54
54
54
54
54
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56

than 4.
Upp. Osc.
Lev. Str.

i ef
159 0.000e+00
173 0.000e+00
183 0.000e+00
214 1.795e-04
283 2.920e-04
68 2.061e-01
74 1.717e+00
80 1.306e-02
102 0.000e+00
112 5.364e-02
116 7.663e-02
122 2.331e-02
126 0.000e+00
130 0.000e+00
134 0.000e+00
138 2.813e-02
146 1.978e-03
158 0.000e+00
174 0.000e+00
183 0.000e+00
191 5.602e-04
218 6.771e-04
274 7.567e-05
69 7.749e-01
73 1.219e-02
77 7.548e-01
98 3.020e-02
103 0.000e+00
113 8.383e-02
116 1.313e-01
119 1.394e+00
124 2.187e-02
129 0.000e+00
132 0.000e+00
135 0.000e+00
138 1.090e-02
141 1.333e-01
151 0.000e+00
158 0.000e+00
163 3.669e-04
173 0.000e+00
177 4.044e-04
184 0.000e+00
193 9.790e-04

75

B O WWWwWWwELNOOOOOGPERFP,LOOFRFONOONOOEFRELNOOORF, OF OO PP WOPEEFEPEFEFDNDNNNDNOWWE

Rad.
Rate

(1/8)

.062e+05
.233e+04
.388e+05
.427e+06
.271e+07
.127e+08
.003e+09
.004e+08
.818e+04
.194e+08
.194e+08
.465e+08
.582e+05
.343e+05
.544e+04
.138e+08
.364e+08
.998e+05
.866e+04
.369e+04
.860e+06
.395e+07
.682e+07
.576e+08
.265e+07
.589e+08
.454e+07
.146e+04
.521e+08
.050e+09
.124e+09
.415e+08
.182e+05
.397e+04
.138e+03
.359e+08
.267e+09
.357e+04
.010e+04
.805e+06
.081e+04
.184e+06
.848e+03
.224e+07

Low.
Lev.

54
54
54
54
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56

Upp.
Lev.

164
177
186
225

66

71

78

81
110
114
118
123
127
132
136
140
151
159
177
184
204
223

66

70

74

78

99
111
114
117
122
125
130
133
136
139
145
152
159
164
174
178
185
203

OO R, OO O0OOOONWOOOR,R P, O PNEFE P NWWOORONOORFRL, PO P NOMONOIUIWWELNONO

Osc.
Str.

gf

.000e+00
.480e-04
.000e+00
.660e-04
.004e-01
.303e-02
.625e-03
.798e-02
.547e-01
.684e-02
.947e-01
.361e-04
.906e-04
.000e+00
.448e-03
.159e-01
.000e+00
.000e+00
.015e-03
.000e+00
.845e-04
.655e-05
.189e-02
.890e-02
.674e-01
.360e-02
.425e-01
.605e-01
.128e-02
.172e-01
.784e-02
.000e+00
.000e+00
.000e+00
.003e-02
.975e-01
.485e-03
.000e+00
.000e+00
.000e+00
.000e+00
.144e-03
.000e+00
.246e-04

P O, NWOFRFRFPFPNONF,ONMNOFR OOTORFR, O, OO0OOFRNMNWERERRPR,OOODWOONRFR, OF O, R FEOTWO

Rad.
Rate

(1/s)

.087e+04
.956e+06
.645e+03
.666e+07
.688e+08
.856e+08
.449e+06
.637e+08
.659e+09
.282e+09
.341e+09
.579e+06
.028e+06
.817e+03
.769e+07
.548e+09
.463e+05
.458e+05
.104e+07
.108e+04
.887e+07
.563e+06
.205e+07
.434e+08
.305e+08
.994e+07
.422e+08
.T77e+09
.196e+09
.718e+08
.626e+08
.816e+04
.409e+05
.123e+04
.863e+08
.764e+09
.473e+08
.322e+05
.338e+05
.097e+05
.965e+04
.252e+07
.259e+04
.778e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

56
56
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
58
58
58
58
58
58
58
58
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59

Upp.
Lev.

204
222

68

74

7
100
113
118
123
131
137
141
152
161
165
172
184
203
237

66

81
115
128
145
173
200
262

66

72

78

81
112
115
121
125
130
134
138
145
151
158
172
183
203

NOOOONPOOOORFRLRNFOFLNMNNPONOPEPNPONOODOOOFLNONRFEO®WONROW-N

Osc.
Str.

gf

.823e-04
.612e-05
.283e-02
.391e-02
.045e-02
.450e-01
.830e-01
.405e-02
.944e-02
.000e+00
.794e-03
.688e-01
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.517e-03
.000e+00
.960e-01
.637e-03
.676e-01
.000e+00
.147e-03
.000e+00
.217e-03
.158e-04
.600e-01
.981e-01
.262e-01
.550e-02
.325e-02
.871e-01
.468e-02
.000e+00
.000e+00
.000e+00
.690e-02
.080e-03
.000e+00
.000e+00
.000e+00
.000e+00
.854e-03

O WPNPPOFRLRNOODWNRFR, WORFRF WFPFPOFRPFPOODOODOPRNDNRE, O WEREL WRFEORF OGOONNDRERON

Rad.
Rate

(1/8)

.508e+07
.129e+06
.189e+07
.523e+07
.360e+07
.746e+08
.169e+09
.110e+08
.850e+08
.120e+05
.539e+07
.570e+09
.996e+03
.038e+04
.289e+05
.010e+05
.310e+04
.755e+07
.105e+03
.753e+08
.341e+06
.851e+09
.104e+05
.549e+08
.142e+04
.278e+08
.544e+07
.477e+08
.806e+08
.571e+08
.676e+07
.679e+08
.328e+09
.921e+09
.339e+04
.998e+03
.824e+04
.628e+08
.488e+07
.790e+03
.190e+05
.334e+05
.602e+04
.255e+07

Low.
Lev.

56
56
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
58
58
58
58
58
58
58
58
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59

than 4.
Upp. Osc.
Lev. Str.

i ef
218 1.181e-04
248 5.835e-04
69 2.458e-01
75 5.781e-01
78 6.039e-02
104 0.000e+00
116 7.056e-02
119 3.073e-01
128 0.000e+00
132 0.000e+00
139 1.508e-02
142 6.202e-01
153 0.000e+00
162 8.681e-04
169 0.000e+00
173 0.000e+00
186 0.000e+00
220 1.586e-03
249 8.650e-04
73 1.464e-02
111 2.592e-01
122 2.857e-02
132 0.000e+00
156 6.464e-04
180 0.000e+00
204 2.180e-03
267 0.000e+00
67 5.318e-01
73 3.576e-02
79 4.852e-03
110 3.260e-01
113 4.373e-03
116 7.504e-01
122 1.264e-01
126 0.000e+00
131 0.000e+00
136 7.894e-03
140 6.635e-02
146 1.385e-04
155 0.000e+00
159 0.000e+00
174 0.000e+00
200 1.657e-03
204 1.184e-03

76

WO WWNOOWOOWORFR P, P UOITWEREFP,OPRPEFPLOOODOORE, WWWNNWNWEODDELNREEREONOOD = B

Rad.
Rate

(1/8)

.1567e+06
.793e+07
.637e+08
.398e+08
.310e+07
.422e+04
.493e+08
.744e+09
.146e+04
.665e+05
.372e+08
.518e+09
.908e+04
.857e+06
.177e+06
.961e+04
.664e+04
.071e+07
.043e+07
.297e+07
.052e+09
.967e+08
.9562e+03
.471e+07
.380e+03
.719e+07
.218e+04
.269e+08
.515e+07
.024e+07
.141e+10
.177e+07
.611e+09
.746e+09
.968e+05
.231e+04
.630e+07
.339e+08
.995e+06
.449e+04
.511e+05
.129e+04
.001e+07
.636e+07

Low.
Lev.

56
56
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
58
58
58
58
58
58
58
58
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59

Upp.
Lev.

219
273

72

76

99
112
117
120
130
133
140
143
158
164
171
175
192
221
272

79
114
127
138
159
183
208
278

68

74

80
111
114
118
123
128
132
137
143
148
156
164
181
202
205

H OO OO N, OONNNWOF WOONHNOONF O0OONRFEFEFE,POOOFRL NOONNENDRERER-

Osc.
Str.

gf

.073e-03
.450e-04
.867e-01
.486e+00
.968e-02
.455e-01
.231e-01
.195e+00
.000e+00
.000e+00
.402e-03
.831e-02
.000e+00
.000e+00
.000e+00
.669e-03
.658e-03
.748e-04
.093e-04
.944e-02
.229e-03
.209e-03
.895e-02
.000e+00
.000e+00
.690e-04
.000e+00
.346e-01
.281e-01
.893e-03
.428e-01
.205e-01
.477e-03
.187e-02
.000e+00
.000e+00
.055e-01
.905e-02
.000e+00
.385e-03
.000e+00
.000e+00
.266e-03
.840e-03

P P, ONOOORFR,rFPRFEPRRFRPLPOONDPOFRPNNNDNFP,ORFRRFRPRNOOOODEF WP NNMNDNOWOOOFRL P, ONDRE PN

Rad.
Rate

(1/s)

.702e+07
.069e+07
.906e+08
.812e+09
.353e+07
.095e+09
.245e+09
.754e+09
.061e+04
.406e+05
.597e+07
.430e+08
.675e+04
.205e+04
.393e+03
.847e+07
.581e+07
.167e+06
.152e+06
.129e+08
.013e+08
.854e+07
.628e+09
.254e+05
.345e+04
.234e+07
.670e+03
.753e+08
.209e+08
.334e+07
.011e+09
.700e+09
.678e+07
.815e+08
.079e+05
.197e+04
.295e+09
.017e+09
.423e+03
.931e+07
.291e+05
.246e+03
.136e+08
.697e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

59
59
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61

Upp.
Lev.

263
273

66

70

73

79
110
113
116
122
128
132
140
146
158
172
180
200
205
212
273
279

68

72

7
111
114
117
122
125
129
132
137
140
145
152
159
165
174
182
203
265
272
279

O WO WOOOOOWNEFELOOOURLRNNPNFRLONOFRL, OODOOOO®MMUITOOONOREUIOO WN PN

Osc.
Str.

gf

.815e-04
.145e-04
.509e-02
.462e-01
.271e-02
.938e-01
.437e-03
.340e-01
.313e-01
.164e-02
.000e+00
.000e+00
.211e-03
.627e-02
.000e+00
.000e+00
.000e+00
.039e-04
.111e-03
.000e+00
.320e-04
.000e+00
.551e-01
.666e-01
.100e-02
.317e-01
.459e-02
.964e+00
.103e-02
.000e+00
.000e+00
.000e+00
.219e-02
.066e-02
.207e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.647e-03
.000e+00
.384e-04
.000e+00

O, O, PR, PP, OONEFEEFE, OPOFRLRNNMNMNMNENNMNRNRFREPRERNDNNNOPPOOOFRO0OFR, OO RO WNRE

Rad.
Rate

(1/8)

.206e+07
.971e+07
.143e+07
.903e+08
.102e+07
.190e+09
.919e+07
.641e+09
.694e+09
.341e+08
.069e+04
.190e+04
.443e+07
.237e+09
.953e+04
.592e+05
.929e+04
.798e+07
.011e+08
.075e+03
.648e+07
.798e+04
.192e+08
.276e+08
.818e+07
.649e+09
.943e+08
.029e+10
.896e+08
.185e+04
.397e+04
.191e+05
.471e+08
.552e+08
.802e+08
.506e+03
.617e+04
.028e+05
.643e+05
.099e+04
.751e+08
.867e+03
.441e+07
.286e+03

Low.
Lev.

59
59
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
62

than 4.
Upp. Osc.
Lev. Str.

i ef
267 0.000e+00
274 2.081e-04
67 4.546e-02
71 1.565e-01
74 1.518e-02
80 3.047e-01
111 5.763e-02
114 2.120e-02
118 9.099e-03
123 2.196e-01
130 0.000e+00
137 5.575e-03
143 1.358e-01
151 0.000e+00
159 0.000e+00
173 0.000e+00
181 0.000e+00
202 2.320e-03
210 0.000e+00
268 0.000e+00
274 5.117e-05
66 6.559e-03
69 1.455e+00
74 4.927e-02
78 4.921e-01
112 2.667e-01
115 1.612e-02
118 6.512e-03
123 8.580e-02
127 7.980e-04
130 0.000e+00
133 0.000e+00
138 1.054e-03
141 1.508e-01
150 0.000e+00
155 0.000e+00
161 0.000e+00
172 0.000e+00
180 0.000e+00
201 1.542e-02
204 3.880e-03
268 0.000e+00
277 0.000e+00
66 7.620e-03

7

O, NP, PP, OPFRPOFRLRDNMNMDNYNPRP,POPPRLPPRPOPPOCOR,PAOPRPPLPONMNFEPER,OOODFE, ONODREEFEO WD O

Rad.
Rate

(1/8)

.809e+03
.475e+07
.419e+07
.663e+08
.349e+07
.8563e+09
.598e+08
.540e+08
.767e+07
.786e+09
.633e+03
.733e+07
.720e+09
.148e+03
.778e+04
.508e+05
.441e+04
.148e+07
.855e+03
.188e+03
.091e+07
.180e+06
.032e+08
.362e+07
.811e+08
.883e+09
.960e+08
.836e+07
.970e+08
.192e+07
.539e+04
.542e+04
.127e+07
.337e+09
.8563e+03
.400e+04
.044e+05
.080e+05
.327e+04
.967e+08
.174e+08
.602e+03
.512e+04
.812e+06

Low.
Lev.

59
59
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
62

Upp.
Lev.

268
277

68

72

78

81
112
115
121
127
131
138
145
156
164
174
183
204
211
272
278

67

70

75

79
113
116
119
124
128
131
136
139
143
151
158
164
173
181
202
264
269
278

67

P OO NNOOOOOFR,R P NOONWWNFRLNOOPONWMOHFHrH OOONFRNOPORFR,RFEL,E, WO OO

Osc.
Str.

gf

.000e+00
.000e+00
.423e-02
.183e-01
.256e-01
.977e-02
.840e-01
.057e-01
.853e-03
.358e-04
.000e+00
.079e-03
.542e-01
.356e-03
.000e+00
.000e+00
.000e+00
.227e-03
.000e+00
.753e-04
.000e+00
.569e-02
.265e-02
.754e-01
.826e-01
.252e-01
.642e-01
.660e-02
.152e-02
.000e+00
.000e+00
.089e-03
.273e-01
.036e-01
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.337e-03
.402e-04
.000e+00
.000e+00
.059e-01

AR, P NP PRPOPPRP PPN, OFRPRPNOOWOR,RERE, O, OOOWOFRLRERPNOOOORPREFREROWERER, DO P

Rad.
Rate

(1/s)

.205e+04
.713e+04
.955e+07
.586e+08
.859e+08
.466e+07
.300e+09
.287e+09
.999e+08
.520e+06
.601e+05
.197e+07
.273e+09
.253e+07
.874e+04
.031e+06
.302e+04
.715e+07
.236e+03
.730e+07
.472e+04
.421e+07
.166e+08
.759e+08
.646e+08
.149e+09
.662e+09
.952e+08
.280e+08
.016e+04
.926e+05
.504e+07
.102e+09
.311e+09
.096e+03
.010e+04
.159e+05
.128e+05
.837e+04
.175e+07
.244e+07
.646e+04
.437e+04
.684e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
63
63
63
63
63
63
63
64
64
64
64
64
64
64
64
64
65
65
65
65
65

Upp.
Lev.

68

72

75

81
111
114
117
123
126
132
135
138
143
151
156
165
180
188
207
224
250
269
281

73
111
122
145
180
213
280

71

78

81
112
116
123
145
173
211

79
114
134
183
238

QOO P OOFRLRNOKFR NNNOOONRFRPRFP,LPOOFR,R WMOOOOF,H OWOWPOOOILO®”OOWOOO N

Osc.
Str.

gf

.219e-02
.308e-02
.490e-01
.866e-02
.289e-02
.228e-01
.099e-03
.385e-03
.000e+00
.000e+00
.000e+00
.025e-04
.485e-03
.000e+00
.521e-02
.000e+00
.000e+00
.000e+00
.000e+00
.237e-04
.745e-03
.000e+00
.000e+00
.649e-01
.212e-01
.587e-03
.381e-04
.000e+00
.000e+00
.000e+00
.106e-01
.871e-01
.734e-03
.105e-01
.419e-03
.045e-01
.300e-03
.000e+00
.000e+00
.114e-02
.128e-01
.000e+00
.000e+00
.000e+00

OO0 O NNWORFRr PPN, PP,PONPRPRPPNNNOOODRE, O OO, WL RN OTOOWNO®ORFNRFE O

Rad.
Rate

(1/8)

.100e+07
.445e+07
.593e+08
.566e+08
.540e+08
.733e+09
.890e+07
.238e+07
.056e+04
.410e+03
.100e+05
.512e+06
.112e+08
.025e+04
.147e+08
.213e+04
.942e+03
.456e+04
.027e+04
.947e+07
.993e+07
.900e+03
.560e+04
.988e+08
.077e+09
.703e+07
.209e+06
.539%e+04
.652e+04
.379e+05
.130e+08
.917e+08
.174e+06
.705e+08
.8569e+07
.042e+09
.916e+07
.271e+03
.019e+05
.626e+06
.234e+08
.343e+03
.637e+04
.468e+03

Low.
Lev.

62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
63
63
63
63
63
63
63
63
64
64
64
64
64
64
64
64
64
65
65
65
65
65

than 4.
Upp. Osc.
Lev. Str.

i ef

69 2.517e-02
73 7.931e-02
77 1.869e+00
101 2.308e-01
112 3.612e-01
115 6.120e-03
118 1.254e-03
124 2.644e+00
127 6.653e-02
133 0.000e+00
136 6.222e-02
140 2.279e-02
144 0.000e+00
154 0.000e+00
158 0.000e+00
172  0.000e+00
182 0.000e+00
196 1.740e-02
208 3.968e-03
226 0.000e+00
261 0.000e+00
275 2.762e-03
66 1.696e-02
81 9.232e-02
114 6.621e-01
127 1.922e-01
156 7.389e-02
183 0.000e+00
225 5.310e-04
283 6.719e-03
72 9.199e-01
79 4.063e-01
110 1.354e-01
113 5.052e-01
121 2.668e-02
127 9.037e-04
146 4.955e-04
174 0.000e+00
212 0.000e+00
81 4.881e-01
115 2.736e-03
156 1.232e-03
208 1.301e-02
280 0.000e+00

78

P NP PP WOFRLRNOONNRFE R, PEAENMNPEPRPNOFR, OO0OONNNEFEFNNOONDOOOPENOOO OF 00N> O -

Rad.
Rate

(1/8)

.002e+07
.430e+07
.609e+08
.012e+08
.301e+09
.730e+07
.425e+06
.431e+10
.078e+08
.441e+03
.897e+08
.606e+08
.267e+04
.835e+04
.184e+04
.236e+04
.797e+04
.745e+08
.226e+08
.137e+03
.810e+04
.087e+07
.698e+06
.117e+08
.194e+09
.307e+09
.378e+09
.880e+05
.788e+07
.463e+08
.006e+08
.702e+08
.767e+09
.168e+09
.779e+08
.681e+06
.201e+07
.056e+04
.041e+05
.603e+08
.793e+07
.772e+07
.998e+08
.932e+04

Low.
Lev.

62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
63
63
63
63
63
63
63
64
64
64
64
64
64
64
64
64
65
65
65
65
65
65

Upp.
Lev.

70

74

78
105
113
116
119
125
130
134
137
141
147
155
164
179
183
206
214
242
265
280

70

92
115
134
173
208
238

70

73

80
111
114
122
143
172
210

73
111
127
180
213
283

P OO WWrRrOORF, ONWEFFP,LPOIHMNODONOOWOOOUIP OODOONPNOOOR,r P, P, O, WK

Osc.
Str.

gf

.364e-02
.059e-02
.549e-02
.000e+00
.649e-01
.002e-02
.701e-02
.000e+00
.000e+00
.000e+00
.519e-03
.239e-03
.482e-01
.000e+00
.000e+00
.000e+00
.000e+00
.278e-02
.108e-04
.000e+00
.000e+00
.000e+00
.808e-02
.000e+00
.332e-02
.000e+00
.000e+00
.099e-02
.000e+00
.690e-01
.365e-01
.295e-01
.197e-01
.693e-02
.190e-02
.822e-03
.000e+00
.000e+00
.884e-01
.541e-02
.630e-01
.000e+00
.000e+00
.329e-03

~NW A WONPFP, WO, NONEFEFNOFRFP,OONNOOOFEF WOORF OONF FEPNNWNDEFEORFR 00O W - =

Rad.
Rate

(1/s)

.409e+07
.999e+07
.410e+07
.273e+04
.057e+09
.625e+07
.212e+07
.947e+05
.067e+04
.585e+05
.811e+07
.479e+07
.126e+09
.383e+05
.026e+05
.049e+06
.855e+04
.300e+08
.627e+07
.495e+03
.305e+04
.744e+04
.075e+07
.826e+03
.222e+08
.544e+04
.703e+03
.731e+09
.001e+04
.342e+07
.600e+07
.668e+08
.186e+09
.581e+08
.784e+08
.600e+07
.648e+03
.022e+05
.423e+07
.132e+08
.133e+09
.868e+03
.269e+05
.720e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
68
68
68

Upp.
Lev.

86

96
111
126
130
136
141
148
159
173
178
184
187
210
225
240
279

87

97
111
125
128
132
136
139
142
146
149
154
157
162
172
177
181
186
211
217
222
233
241
277

87
102
111

ONWWWUNOoOO N, OO P OO POOOODODONEFELOONEFEFOUITOOOUIE, OB EFL,POORFRPDOPdM

Osc.
Str.

gf

.949e-01
.566e-02
.000e+00
.450e-03
.208e-01
.000e+00
.000e+00
.681e-01
.301e+00
.296e-02
.000e+00
.389e-02
.572e-03
.T74e-04
.000e+00
.890e-04
.017e-04
.926e-01
.000e-02
.000e+00
.796e-01
.293e-01
.390e-03
.000e+00
.000e+00
.000e+00
.000e+00
.397e-01
.940e-02
.000e+00
.000e+00
.031e-03
.000e+00
.592e-01
.833e-02
.233e-04
.000e+00
.000e+00
.865e-04
.516e-04
.T72e-04
.888e-01
.369e-02
.000e+00

O, OO0, NOOOOOFR,F,PBPBNDNNMNOOODFE WNNOFRL PEFRP PP PP ONEFENONE W OOONOWNDWE

Rad.
Rate

(1/8)

.156e+08
.181e+07
.392e+04
.354e+07
.471e+08
.894e+04
.978e+03
.894e+09
.021e+10
.583e+08
.415e+04
.198e+08
.324e+07
.376e+07
.093e+04
.985e+07
.496e+06
.293e+07
.409e+07
.853e+04
.312e+09
.044e+09
.504e+07
.523e+04
.T77e+03
.517e+03
.702e+04
.323e+09
.149e+09
.434e+03
.108e+05
.384e+07
.833e+04
.069e+09
.741e+08
.523e+07
.954e+03
.542e+03
.837e+07
.070e+07
.725e+06
.428e+07
.259e+07
.972e+03

Low.
Lev.

66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
68
68
68

than 4.
Upp. Osc.
Lev. Str.

i ef

90 3.380e-02
106 3.714e-03
122 0.000e+00
128 1.512e-02
134 2.779e-02
138 0.000e+00
143 0.000e+00
149 7.246e-02
163 0.000e+00
174 6.706e-02
180 7.665e-01
185 5.848e-02
197 0.000e+00
214 0.000e+00
227 5.654e-04
267 5.774e-04
281 5.536e-05
89 7.597e-02
108 1.304e-02
114 0.000e+00
126 4.815e-01
130 1.310e-01
133 1.718e-03
137 0.000e+00
140 0.000e+00
143 0.000e+00
147 0.000e+00
150 4.007e-03
155 1.340e+00
158 1.228e+00
163 0.000e+00
173 2.340e-02
178 0.000e+00
183 1.150e-01
187 1.724e-01
213 7.742e-04
220 0.000e+00
223 0.000e+00
238 1.254e-03
261 5.859e-04
280 4.131e-04
95 4.402e-02
107 5.955e-03
114 0.000e+00

79

P NP, PP, O, R, R, RPROR,PRP,PONNOR, R, R, ONR, R, OFRNONNDOOO ONOOIOWE O N O

Rad.
Rate

(1/8)

.321e+06
.887e+06
.787e+03
.887e+07
.424e+08
.857e+04
.246e+03
.477e+08
.135e+05
.391e+08
.618e+09
.7T76e+09
.110e+04
.062e+03
.719e+07
.845e+07
.047e+06
.459e+07
.195e+07
.153e+03
.628e+09
.027e+09
.395e+07
.741e+04
.016e+03
.234e+04
.023e+03
.167e+07
.438e+09
.860e+09
.221e+05
.951e+08
.715e+04
.002e+09
.647e+09
.655e+07
.160e+04
.T77e+03
.808e+07
.335e+07
.346e+07
.740e+07
.457e+06
.547e+04

Low.
Lev.

66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
68
68
68
68

Upp.
Lev.

92
107
125
129
135
140
145
154
171
177
183
186
207
224
239
278

84

95
110
121
127
131
134
138
141
144
148
151
156
159
171
174
180
184
189
216
221
228
240
268

82

97
110
121

QO NdPdPFRLrPOOODORLRFPLPFPLPPFPLPOFPLOODWOOWOHOOOWUINFRFOR,EFE,POPFLOONWNDNOWO

Osc.
Str.

gf

.356e-02
.156e-03
.093e-01
.025e-01
.254e-03
.000e+00
.000e+00
.237e-02
.137e-03
.000e+00
.296e-02
.107e-03
.657e-03
.000e+00
.214e-03
.138e-04
.081e-01
.860e-02
.000e+00
.000e+00
.000e+00
.773e-03
.918e-02
.000e+00
.000e+00
.706e-01
.968e-02
.643e-02
.000e+00
.321e-01
.893e-02
.209e-02
.427e-01
.521e-02
.000e+00
.000e+00
.000e+00
.887e-04
.684e-03
.926e-04
.303e-01
.708e-02
.000e+00
.000e+00

B O WL, 0O, OO0 PR, PP NEREPNOOFR,REFEPNBAENFR,OODWRLOOOOOR,OODORFL, WNOOFLNWEREOR O

Rad.
Rate

(1/s)

.668e+07
.144e+06
.530e+09
.993e+09
.962e+08
.012e+04
.561e+04
.589e+08
.703e+07
.213e+04
.744e+08
.061e+07
.839e+07
.030e+03
.846e+08
.926e+06
.935e+07
.580e+07
.661e+04
.296e+03
.986e+04
.286e+07
.569e+08
.902e+04
.908e+04
.932e+09
.772e+08
.950e+07
.431e+04
.037e+09
.609e+08
.693e+08
.232e+09
.506e+09
.021e+04
.731e+03
.999e+03
.410e+07
.536e+07
.124e+07
.976e+07
.122e+07
.660e+04
.068e+04



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
70
70
70
70

Upp.
Lev.

125
130
133
137
142
145
148
151
156
159
167
174
177
181
186
190
213
238
258
278

88
103
111
128
136
143
149
152
158
161
168
173
177
180
186
190
211
229
245
269

91

96
109
128

N, OWNOR,L NORFR,LEFP,LOWONIOUONFR,OOUMMOEF, OF WEF,F OOWMPEPOHFH,HOWOUEFEr OO OO - i

Osc.
Str.

gf

.559e-01
.729e-01
.214e-03
.000e+00
.000e+00
.000e+00
.099e-01
.903e-02
.000e+00
.481e-03
.000e+00
.578e-02
.000e+00
.335e-01
.380e-02
.000e+00
.629e-04
.932e-03
.693e-04
.865e-04
.590e-01
.887e-02
.000e+00
.881e-01
.000e+00
.000e+00
.812e-01
.890e-04
.973e-03
.862e+00
.000e+00
.246e-02
.000e+00
.978e-02
.372e-01
.000e+00
.283e-04
.109e-03
.000e+00
.830e-04
.982e-01
.070e-02
.426e-02
.437e-01

P P, WO PN PR, P ONDNERE OO, OONDNDPENOODO0TONEFE WNNNDNWOOSGWWEFE ONOd P, W

Rad.
Rate

(1/8)

.297e+09
.342e+09
.996e+07
.609e+04
.422e+03
.078e+03
.372e+09
.189e+08
.010e+04
.603e+07
.390e+05
.192e+08
.514e+04
.656e+09
.187e+08
.877e+04
.048e+07
.842e+07
.335e+06
.019e+06
.560e+07
.782e+06
.054e+04
.642e+09
.205e+04
.576e+04
.356e+09
.319e+06
.303e+07
.237e+10
.782e+05
.681e+08
.578e+03
.692e+08
.291e+09
.529e+03
.524e+07
.275e+07
.564e+03
.383e+07
.495e+08
.542e+07
.958e+07
.053e+09

Low.
Lev.

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
70
70
70
70

than 4.
Upp. Osc.
Lev. Str.

i ef
126 8.311e-02
131 1.078e-02
134 1.305e-01
139 0.000e+00
143 0.000e+00
146 0.000e+00
149 2.292e-01
154 7.004e-02
157 0.000e+00
162 0.000e+00
172 3.139e-02
175 0.000e+00
178 0.000e+00
183 2.633e-01
187 1.736e-01
206 0.000e+00
227 4.285e-04
240 9.618e-04
261 5.859e-04
280 3.970e-04
89 1.096e-01
105 3.995e-02
113 0.000e+00
131 2.348e-01
139 0.000e+00
144 8.043e-02
150 9.468e-01
155 9.933e-02
159 1.504e-03
165 1.860e-01
170 0.000e+00
175 0.000e+00
178 0.000e+00
181 3.530e-01
187 1.860e-03
194 0.000e+00
212 1.342e-03
238 8.775e-04
2566 0.000e+00
277 5.428e-04
92 2.672e-01
106 1.536e-02
125 2.980e-01
129 1.431e-01

80

WNNOF P NNFEFPFRPNEFEFNOOF OO ONFEFNRRPRPERPANNRPRPRPNNNERRREROOPPOFRLRNEDDPOOWOD

Rad.
Rate

(1/8)

.197e+08
.603e+07
.619e+08
.954e+03
.360e+04
.830e+04
.718e+09
.928e+08
.953e+05
.580e+03
.842e+08
.035e+04
.154e+04
.277e+09
.647e+09
.870e+04
.052e+07
.854e+07
.329e+07
.288e+07
.993e+07
.021e+07
.145e+04
.825e+08
.285e+04
.149e+08
.068e+09
.460e+08
.169e+07
.265e+08
.667e+04
.036e+05
.759e+04
.159e+09
.761e+07
.552e+04
.008e+07
.651e+07
.237e+04
.249e+07
.766e+07
.952e+07
.065e+09
.143e+09

Low.
Lev.

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
70
70
70
70
70

Upp.
Lev.

127
132
136
141
144
147
150
155
158
164
173
176
180
184
189
210
233
244
268

83

94
108
122
132
142
145
151
157
160
167
172
176
179
182
188
198
228
241
265

90

95
107
126
130

NP, NWFR, WWP OO, WONODODOWOOPPROH OWWO P POWHFRHROONORPDMPOPDPOOHO

Osc.
Str.

gf

.000e+00
.013e-01
.000e+00
.000e+00
.328e-01
.000e+00
.662e-02
.740e+00
.304e-01
.885e-01
.843e-02
.000e+00
.468e-01
.543e-02
.000e+00
.933e-04
.662e-04
.000e+00
.530e-04
.369e-01
.486e-02
.980e-02
.000e+00
.7T75e-01
.000e+00
.000e+00
.100e-03
.000e+00
.000e+00
.000e+00
.928e-01
.000e+00
.670e-02
.566e+00
.857e-02
.000e+00
.944e-04
.209e-03
.932e-04
.062e+00
.612e-01
.729e-02
.547e-02
.981e-02

O, WEFENOODOFRLRNONRFEF WEFERLNOOWRFEL WOWONDNDNOOFENNOOWNEOORFREFEORFOOONDENOOWPREDN

Rad.
Rate

(1/s)

.238e+04
.809e+08
.668e+04
.128e+03
.237e+09
.705e+04
.500e+08
.584e+09
.156e+09
.644e+09
.144e+08
.734e+05
.258e+09
.564e+08
.142e+04
.722e+07
.246e+07
.817e+03
.024e+06
.735e+07
.599e+07
.770e+07
.263e+03
.261e+09
.722e+04
.546e+04
.672e+07
.888e+04
.610e+05
.312e+04
.715e+09
.667e+04
.728e+08
.464e+09
.271e+08
.924e+04
.419e+07
.714e+07
.937e+06
.349e+08
.237e+08
.157e+07
.107e+08
.945e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
71
71
71
71
71
71
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
73
73
73
73

Upp.
Lev.

132
135
141
148
156
171
176
183
186
207
215
218
222
240
279

96
126
143
174
216
240

90

95
126
131
134
141
145
150
155
171
174
177
181
186
193
216
219
222
241

90

95
109
126

WO, P, OOOOFr OOFRFROOFR,RFPOORFRFPPFPLPOPPFPOFRPLPONRFPNWODOOF, WNONOOOUOPO

Osc.
Str.

gf

.197e-01
.759e-02
.000e+00
.076e-04
.000e+00
.457e-02
.000e+00
.768e-02
.689e-02
.195e-03
.000e+00
.000e+00
.000e+00
.284e-04
.436e-04
.635e-01
.315e-02
.000e+00
.552e-01
.000e+00
.931e-04
.510e-01
.634e-02
.257e-01
.201e+00
.029e-01
.000e+00
.000e+00
.923e-01
.533e-02
.338e-02
.920e-02
.000e+00
.664e-02
.148e-01
.000e+00
.000e+00
.000e+00
.000e+00
.262e-03
.638e-01
.505e-02
.669e-02
.372e-01

NONWWFRFRLRFPOF OTWNOWOOWONEFEFOOIWOLONOORFRLRNOGDOOOORF,F,OOOF OOWOF WO OoONF~N

Rad.
Rate

(1/8)

.827e+09
.227e+09
.157e+03
.139e+06
.527e+03
.259e+08
.454e+05
.521e+08
.380e+08
.867e+07
.574e+05
.727e+04
.240e+04
.631e+07
.291e+07
.506e+07
.228e+08
.997e+03
.090e+09
.159e+05
.589e+06
.802e+07
.915e+07
.956e+08
.837e+09
.001e+08
.134e+04
.009e+04
.960e+08
.159e+07
.382e+08
.580e+08
.336e+04
.730e+08
.049e+09
.792e+03
.126e+05
.090e+05
.803e+05
.757e+07
.449e+07
.142e+07
.976e+07
.386e+09

Low.
Lev.

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
71
71
71
71
71
71
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
73
73
73
73

than 4.
Upp. Osc.
Lev. Str.

i ef
133 4.564e-01
136 0.000e+00
143 0.000e+00
149 9.739e-02
159 1.176e-02
173 3.074e-01
177 0.000e+00
184 2.823e-02
187 6.567e-03
211 3.383e-04
216 0.000e+00
219 0.000e+00
224 0.000e+00
241 2.921e-04
280 1.384e-04
106 1.795e-02
130 2.389e-01
148 2.553e-02
177 0.000e+00
218 0.000e+00
279 2.303e-04
91 3.491e-02
107 1.820e-02
128 3.576e-01
132 7.660e-01
139 0.000e+00
142 0.000e+00
146 0.000e+00
151 9.722e-04
158 2.353e-03
172 7.675e-01
175 0.000e+00
178 0.000e+00
183 2.387e-02
187 3.055e-02
212 5.542e-04
217 0.000e+00
220 0.000e+00
223 0.000e+00
277 9.817e-04
91 8.085e-02
96 3.412e-02
114 0.000e+00
128 1.500e-01

81

OO L NDNNNNEFE,ONRFELNNDNPEPP,POOOONOOOWOWFRERNERERFR OO0WRL WPPRONERFR,OOOPEFEFNO-SN®DSWW

Rad.
Rate

(1/8)

.526e+09
.071e+03
.393e+03
.070e+08
.872e+07
.467e+09
.265e+05
.308e+08
.055e+07
.955e+06
.341e+04
.067e+05
.832e+04
.710e+06
.424e+06
.444e+07
.778e+09
.085e+08
.504e+04
.924e+04
.220e+07
.288e+07
.089e+07
.540e+09
.480e+09
.553e+03
.647e+03
.247e+04
.072e+06
.260e+07
.355e+09
.138e+05
.756e+04
.998e+08
.809e+08
.133e+06
.230e+05
.275e+05
.363e+05
.224e+07
.892e+07
.915e+07
.759e+03
.414e+08

Low.
Lev.

70
70
70
70
70
70
70
70
70
70
70
70
70
70
71
71
71
71
71
71
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
73
73
73
73

Upp.
Lev.

134
140
145
154
163
174
180
185
191
214
217
221
225
278

91
125
133
171
184
221

89

94
108
130
133
140
144
148
154
162
173
176
180
184
192
215
218
221
234
278

92
107
125
129

WNOOF WWOOOOFRLRNOFRFROPFRLNOPWOOEZEOONONOWWWOOOWOOOOOWUIr OWOOoX

Osc.
Str.

gf

.435e-01
.000e+00
.000e+00
.323e-02
.000e+00
.615e-01
.057e-02
.509e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.911e-04
.061e-01
.623e-02
.154e-01
.746e-03
.509e-02
.000e+00
.046e+00
.280e-01
.350e-02
.701e-01
.176e-01
.000e+00
.526e-02
.075e-03
.691e-03
.000e+00
.919e-01
.000e+00
.549e-02
.671e-02
.000e+00
.000e+00
.000e+00
.000e+00
.518e-04
.027e-04
.799e+00
.397e-03
.405e-01
.548e-02

N, O OF ONOOFRLNNMNPRPRLRODORLRPFPOWONMOORFR, OOMOFRNDNOONNRFREPMPRNYNOOOR,BDBDMNDOODDE NN

Rad.
Rate

(1/s)

.003e+08
.798e+03
.627e+04
.103e+08
.803e+03
.176e+09
.205e+08
.354e+08
.052e+04
.852e+04
.449e+04
.912e+04
.848e+04
.243e+07
.267e+08
.972e+08
.434e+09
.292e+08
.826e+08
.742e+04
.092e+08
.9563e+08
.232e+07
.746e+09
.213e+09
.216e+03
.260e+08
.296e+07
.775e+07
.664e+03
.536e+09
.796e+04
.113e+08
.543e+08
.363e+04
.023e+04
.761e+04
.548e+04
.691e+07
.605e+06
.351e+08
.509e+06
.649e+09
.706e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

73
73
73
73
73
73
73
73
73
73
73
73
73
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
75
75
75
75
75
75

Upp.
Lev.

130
134
140
149
159
174
178
184
207
217
221
225
239

82

96
106
114
125
128
132
136
139
142
146
149
154
157
162
167
174
177
181
186
192
227
238
247
267

93
105
113
131
136
139

OQOONONNMNFROPWODUIUNOPOOOFR,LR NOOOOUF,H MO WNFR,OOO PP, O, OWOOWL

Osc.
Str.

gf

.347e-01
.895e-01
.000e+00
.878e-03
.872e-03
.173e-02
.000e+00
.697e-03
.705e-03
.000e+00
.000e+00
.000e+00
.076e-04
.022e-01
.T72e-02
.075e-03
.000e+00
.652e-02
.397e-01
.978e-02
.000e+00
.000e+00
.000e+00
.000e+00
.224e-02
.779e-02
.000e+00
.000e+00
.000e+00
.731e-03
.000e+00
.544e-01
.450e-03
.000e+00
.307e-04
.034e-04
.000e+00
.880e-04
.186e-01
.083e-01
.000e+00
.701e-01
.000e+00
.000e+00

WP O, O WOk F OPRFEPNOODWNNNOONWEDNDNNOOWERE ONFFEFERNWOWNDNNDMNDMNDENDNDEDNO

Rad.
Rate

(1/8)

.923e+08
.846e+09
.118e+04
.791e+07
.386e+07
.569e+08
.013e+05
.571e+07
.686e+08
.115e+04
.131e+04
.843e+05
.596e+07
.258e+07
.047e+07
.377e+06
.495e+04
.838e+08
.918e+08
.673e+08
.832e+03
.450e+04
.061e+03
.860e+04
.163e+08
.163e+08
.940e+05
.725e+04
.457e+05
.283e+07
.376e+04
.491e+09
.924e+07
.139e+03
.546e+07
.192e+07
.987e+03
.846e+06
.072e+07
.115e+07
.726e+04
.457e+08
.016e+04
.240e+04

Low.
Lev.

73
73
73
73
73
73
73
73
73
73
73
73
73
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
75
75
75
75
75
75
75

than 4.
Upp. Osc.
Lev. Str.

i ef
132 6.319e-02
135 4.061e-01
143 0.000e+00
154 1.420e-01
171 7.048e-03
176 0.000e+00
180 3.912e-03
185 8.978e-03
214 0.000e+00
218 0.000e+00
222 0.000e+00
233 4.656e-04
280 8.632e-04
84 2.821e-01
97 2.250e-02
110 0.000e+00
121  0.000e+00
126 3.394e-01
130 2.255e-01
133 1.517e-03
137 0.000e+00
140 0.000e+00
143 0.000e+00
147 0.000e+00
150 1.116e-02
155 4.316e-01
158 1.013e+00
163 0.000e+00
172 2.494e-02
175 0.000e+00
178 0.000e+00
183 2.967e-02
187 3.434e-02
210 7.165e-04
228 2.731e-04
240 1.482e-04
258 1.216e-03
83 4.414e-01
95 4.329e-02
107 6.902e-03
123 0.000e+00
132 2.436e-01
137 0.000e+00
140 0.000e+00

82

P O FPFP ONF NNNNNWONDPFP, OO, P, ONOFR, ONOOFRPFPNONEFEFNNMNNNOOPE PR PDPONORFR,NERDN

Rad.
Rate

(1/8)

.851e+08
.037e+10
.064e+03
.739e+09
.273e+07
.620e+04
.227e+07
.080e+08
.548e+05
.389e+04
.561e+03
.197e+07
.748e+07
.177e+07
.000e+07
.691e+04
.665e+03
.378e+09
.647e+09
.149e+07
.035e+04
.115e+04
.598e+03
.243e+04
.707e+07
.268e+09
.354e+09
.254e+05
.398e+08
.665e+03
.195e+04
.454e+08
.122e+08
.431e+07
.661e+06
.304e+06
.681e+07
.445e+07
.354e+07
.604e+06
.140e+03
.084e+09
.304e+03
.978e+04

Low.
Lev.

73
73
73
73
73
73
73
73
73
73
73
73
73
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
75
75
75
75
75
75
75

Upp.
Lev.

133
136
148
156
173
177
183
187
215
219
224
238
281

87
102
111
122
127
131
134
138
141
144
148
151
156
159
164
173
176
180
184
190
211
233
244
261

88
103
111
128
134
138
141

OQOONPOFLRNNOFL, POPFRLPOFRLRNWORLPOOOPOOOORFRLR L PBPBNOOOOMPONOROH

Osc.
Str.

gf

.947e-01
.000e+00
.384e-02
.000e+00
.408e-02
.000e+00
.369e-01
.857e-02
.000e+00
.000e+00
.000e+00
.715e-04
.337e-05
.605e-01
.569e-01
.000e+00
.000e+00
.000e+00
.424e-03
.786e-02
.000e+00
.000e+00
.489e-02
.349e-03
.479e-01
.000e+00
.981e-01
.430e+00
.183e-01
.000e+00
.721e-01
.938e-03
.000e+00
.496e-04
.658e-04
.000e+00
.581e-04
.415e-01
.690e-01
.000e+00
.711e-01
.041e-01
.000e+00
.000e+00

R R, ORFR, PO, ONNORFR, NP, NORNRENORFRLONMNNDOPR ONFEOOOFLNWOOWNRFRNRE ==

Rad.
Rate

(1/s)

.488e+09
.177e+04
.660e+08
.185e+04
.917e+08
.441e+03
.639e+09
.274e+08
.558e+04
.821e+04
.566e+05
.048e+06
.925e+06
.634e+07
.135e+07
.217e+03
.805e+03
.000e+03
.964e+07
.291e+08
.225e+04
.888e+04
.673e+08
.177e+07
.622e+08
.331e+04
.958e+09
.323e+10
.353e+08
.448e+04
.410e+09
.431e+07
.950e+05
.159e+06
.796e+06
.480e+04
.723e+06
.948e+07
.935e+07
.867e+04
.986e+09
.724e+08
.766e+04
.349e+04



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
76
76
76
76
76
76
76
76
76
76
76
76
76
76
77
77
77
77
77
77
77
77
77
77
77
77
77

Upp.
Lev.

142
145
150
155
158
161
164
168
173
177
180
186
190
212
229
245
269

94
108
123
140
143
152
158
164
167
170
179
194
229
249

93
105
127
132
139
144
149
152
159
163
167
173
179

P P, OOFR,RRFP P, NOMONWMOFR,R O WOOWFRrRWMOODODWOHOH WOUWOFL,rEF, ONOWRELEFENNDOO

Osc.
Str.

gf

.000e+00
.000e+00
.260e-01
.529e-01
.077e-01
.128e+00
.451e-01
.000e+00
.538e-02
.000e+00
.208e-02
.633e-02
.000e+00
.304e-04
.252e-04
.000e+00
.245e-04
.964e-02
.733e-03
.000e+00
.000e+00
.000e+00
.223e-02
.752e-02
.172e-02
.000e+00
.000e+00
.610e-03
.000e+00
.337e-03
.000e+00
.094e-01
.470e-01
.000e+00
.189e-02
.000e+00
.991e-01
.615e-02
.632e-01
.284e-02
.000e+00
.000e+00
.680e-03
.785e+00

N, P, 00O, WNNDNERE, WONNMNMPPRPPRPPRP,POWRL, OFP O, R P EPFRPREROONNDE P OORERERDNDD

Rad.
Rate

(1/8)

.272e+04
.833e+04
.151e+09
.324e+09
.676e+08
.643e+09
.872e+09
.602e+05
.000e+08
.649e+03
.862e+07
.471e+08
.673e+04
.207e+07
.051e+07
.893e+04
.598e+06
.359e+07
.516e+06
.425e+04
.039e+03
.475e+04
.220e+08
.029e+07
.683e+08
.728e+04
.452e+04
.230e+07
.944e+04
.645e+07
.445e+03
.838e+07
.015e+08
.440e+04
.664e+08
.432e+03
.816e+09
.120e+08
.365e+08
.263e+07
.604e+03
.579e+05
.291e+07
.829e+09

Low.
Lev.

75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
76
76
76
76
76
76
76
76
76
76
76
76
76
76
77
77
77
77
77
77
77
77
77
77
77
77
77

than 4.
Upp. Osc.
Lev. Str.

i ef
143 0.000e+00
147 0.000e+00
151 1.765e-02
156 0.000e+00
159 3.258e-02
162 0.000e+00
165 2.670e+00
170 0.000e+00
175 0.000e+00
178 0.000e+00
181 7.978e-02
187 7.672e-03
194 0.000e+00
213 1.515e-03
238 4.841e-04
259 1.240e-03
282 0.000e+00
103 1.724e-02
112 0.000e+00
131 1.534e+00
141 0.000e+00
150 6.637e-02
153 1.187e+00
161 7.386e-02
165 1.111e+00
168 0.000e+00
172 1.124e-02
181 3.016e-02
195 0.000e+00
245 0.000e+00
260 2.562e-03
97 2.628e-02
109 9.427e-03
128 1.449e-01
134 9.015e-01
140 0.000e+00
145 0.000e+00
150 1.715e-03
155 2.427e-02
161 4.953e-01
164 4.552e-01
168 0.000e+00
175 0.000e+00
180 9.116e-03

83

NP RPN PO OO, R, WOONEFPEFONPENOWOPRP NONNEFE,F WO P, NRFRE,RFREPERNOORNDN

Rad.
Rate

(1/8)

.040e+04
.913e+04
.060e+07
.593e+03
.412e+08
.168e+05
.131e+10
.255e+05
.858e+04
.643e+04
.659e+08
.953e+07
.521e+05
.126e+07
.427e+07
.124e+07
.417e+04
.603e+06
.036e+03
.665e+09
.016e+04
.306e+08
.820e+09
.974e+08
.607e+09
.123e+05
.144e+07
.724e+08
.948e+05
.254e+03
.552e+07
.032e+07
.162e+07
.901e+08
.158e+09
.387e+04
.148e+03
.512e+06
.238e+08
.987e+09
.406e+09
.561e+05
.665e+03
.262e+07

Low.
Lev.

75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
77
77
77
77
77
77
77
77
77
77
77
77
77

Upp.
Lev.

144
149
152
157
160
163
167
172
176
179
182
188
211
228
241
268

85
104
113
139
142
151
155
162
166
169
175
182
212
246
269
103
114
131
136
142
147
151
156
162
165
170
176
181

P OO PP OONOOONOIUINONPOINMNOOWWMOOOWHRLNE, WOWOUOWONOOOONRN

Osc.
Str.

gf

.539e-01
.258e-03
.998e-01
.000e+00
.000e+00
.000e+00
.000e+00
.666e-01
.000e+00
.390e-02
.020e-01
.576e-01
.258e-04
.650e-04
.024e-03
.534e-04
.075e+00
.335e-01
.000e+00
.000e+00
.000e+00
.907e-04
.452e-03
.000e+00
.000e+00
.425e+00
.000e+00
.450e-01
.441e-03
.000e+00
.706e-04
.805e-02
.000e+00
.824e-02
.000e+00
.000e+00
.000e+00
.364e-02
.000e+00
.000e+00
.863e-01
.000e+00
.000e+00
.018e-01

OO NNNF,r PP POFRLOPPFR,LPOCORLRPNNNOR, PP OWOPLOOTWEFEFEFELNNDNONEFEONWNDE O

Rad.
Rate

(1/s)

.246e+09
.955e+06
.201e+09
.985e+04
.386e+05
.250e+04
.071e+04
.489e+09
.544e+04
.773e+08
.739e+09
.855e+09
.679e+07
.022e+07
.024e+07
.620e+06
.772e+07
.930e+07
.256e+04
.065e+03
.132e+05
.470e+06
.767e+07
.107e+03
.710e+05
.195e+10
.890e+04
.983e+09
.500e+07
.313e+04
.617e+06
.862e+07
.462e+04
.545e+07
.695e+04
.355e+03
.221e+05
.182e+08
.988e+04
.144e+04
.008e+09
.020e+05
.361e+03
.801e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

77
77
77
77
77
77
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
80
80
80

Upp.
Lev.

182
190
211
238
259
282
110
130
133
139
142
145
149
155
162
172
175
178
183
187
215
218
221
234
249
278
125
132
135
141
148
159
173
177
184
191
214
218
222
240
279
125
133
148

P P NONOOOOFH,H OOVWWWOWORr PP OONOOONEF OO, ONNOOOR,r P, OOPMNWO-XN

Osc.
Str.

gf

.850e-03
.000e+00
.207e-04
.438e-03
.948e-04
.000e+00
.000e+00
.279e-02
.451e-01
.000e+00
.000e+00
.000e+00
.631e-02
.621e-02
.000e+00
.711e+00
.000e+00
.000e+00
.893e-02
.958e-02
.000e+00
.000e+00
.000e+00
.058e-03
.000e+00
.508e-04
.087e-02
.236e-03
.212e-03
.000e+00
.321e-02
.153e-02
.993e-01
.000e+00
.043e-01
.000e+00
.000e+00
.000e+00
.000e+00
.936e-04
.714e-04
.007e-02
.120e-02
.641e-01

P NP, OFRLRNPENINNDNPFPEPNNDNOFRPNPFP,POROOOOCOFRLNDNNE OPONEFE PR WOFRLNOOOOWOWMNONO - W

Rad.
Rate

(1/8)

.485e+07
.105e+04
.417e+06
.096e+07
.368e+06
.921e+04
.102e+03
.079e+07
.541e+08
.058e+04
.145e+04
.882e+04
.875e+08
.233e+08
.353e+04
.619e+09
.330e+05
.143e+04
.412e+08
.436e+08
.034e+04
.149e+04
.080e+04
.306e+07
.374e+03
.948e+07
.303e+07
.629e+07
.663e+07
.933e+04
.858e+08
.086e+08
.062e+09
.5563e+05
.414e+09
.860e+04
.106e+03
.038e+04
.536e+04
.367e+07
.341e+07
.156e+08
.670e+08
.727e+09

Low.
Lev.

77
77
77
77
77
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
80
80
80

than 4.
Upp. Osc.
Lev. Str.

i ef
187 9.988e-03
194 0.000e+00
213 5.455e-03
241 2.741e-04
265 8.276e-04
94 1.581e+00
125 2.595e-03
131 2.320e-01
137 0.000e+00
140 0.000e+00
143 0.000e+00
146 0.000e+00
150 7.167e-01
158 6.844e-02
164 8.069e-03
173 3.425e-01
176 0.000e+00
180 1.441e-02
184 1.360e-01
192 0.000e+00
216 0.000e+00
219 0.000e+00
222 0.000e+00
240 1.591e-04
274 0.000e+00
95 7.837e-01
126 3.623e-02
133 1.125e-01
136 0.000e+00
143 0.000e+00
149 3.898e-01
163 0.000e+00
174 3.872e-01
178 0.000e+00
185 1.195e-01
193 0.000e+00
215 0.000e+00
219 0.000e+00
234 1.240e-03
241 3.225e-04
281 1.324e-04
126 1.474e-02
140 0.000e+00
154 1.177e-03

84

OO OO RAWDOBRRLPNONNWNNR,ONR,AEDRERARRL,ONWRWWNNONOR PR NP

Rad.
Rate

(1/8)

.841e+07
.645e+04
.108e+08
.993e+06
.408e+07
.915e+08
.517e+07
.318e+08
.088e+04
.340e+03
.402e+03
.501e+04
.276e+09
.241e+08
.940e+07
.435e+09
.605e+04
.064e+08
.8562e+09
.146e+04
.519e+04
.754e+04
.003e+05
.428e+06
.103e+03
.321e+08
.173e+08
.335e+08
.793e+03
.867e+04
.475e+09
.049e+04
.597e+09
.246e+04
.8568e+09
.301e+04
.990e+04
.970e+04
.589e+07
.011e+06
.994e+07
.783e+07
.821e+03
.266e+07

Low.
Lev.

77
77
77
77
77
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
80
80
80
80

Upp.
Lev.

188
209
228
245
275

95
128
132
138
141
144
148
151
159
171
174
177
181
186
193
217
220
223
241
277

96
128
134
138
145
154
171
176
180
186
207
217
221
239
278

96
130
143
171

DO NWHFENOOFR P NONOWOOF,R WONWFOOOO P WONWOWIUIIWNOOF, OUINOONO-

Osc.
Str.

gf

.859e+00
.000e+00
.598e-04
.000e+00
.000e+00
.968e-01
.204e-02
.118e-02
.000e+00
.000e+00
.804e-03
.605e-03
.935e-04
.220e-03
.306e-01
.793e-02
.000e+00
.398e-02
.550e-01
.000e+00
.000e+00
.000e+00
.000e+00
.102e-03
.191e-03
.703e-01
.186e-02
.017e-02
.000e+00
.000e+00
.840e-03
.001e-01
.000e+00
.732e-02
.713e-01
.459e-03
.000e+00
.000e+00
.004e-04
.825e-03
.376e-01
.783e-03
.000e+00
.932e-02

ONPDPOOAONPWNTFRLNMNNMNNENNE PN, R, DR, O, POVOON W, OO, DEFR, O 0N OO

Rad.
Rate

(1/s)

.302e+09
.276e+04
.176e+06
.287e+03
.274e+04
.193e+07
.903e+08
.335e+07
.431e+04
.023e+03
.232e+07
.836e+07
.735e+06
.137e+07
.881e+09
.336e+08
.038e+04
.794e+08
.722e+09
.833e+04
.843e+04
.092e+05
.281e+05
.088e+07
.817e+07
.836e+07
.969e+08
.208e+07
.723e+04
.850e+04
.064e+08
.336e+09
.205e+05
.005e+08
.394e+09
.545e+07
.641e+04
.764e+04
.799e+07
.445e+07
.492e+07
.848e+07
.079e+04
.053e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

80
80
80
80
81
81
81
81
81
81
81
81
81
81
81
81
81
81
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
83
83
83
83
83
83
83
83
83
83

Upp.
Lev.

174
191
221
279
109
126
133
136
148
156
171
178
184
187
208
224
238
281
124
137
141
155
159
167
177
190
196
202
214
247
251
258
267
278
128
142
152
161
164
168
176
192
197
201

GOONONOOVODOOFRH OOOOOWNWEFEFNNNOOFRLRNPNANNOOPRPFP,LPONONORFR,PNWOWOOM

Osc.
Str.

gf

.017e-01
.000e+00
.000e+00
.817e-04
.768e-02
.487e-03
.251e-03
.000e+00
.966e-04
.000e+00
.339e-03
.000e+00
.405e-03
.716e-01
.000e+00
.000e+00
.379e-04
.580e-03
.750e-03
.975e-02
.507e-03
.000e+00
.000e+00
.457e-01
.607e-02
.774e+00
.286e-01
.095e-03
.302e-04
.992e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.807e-03
.000e+00
.000e+00
.000e+00
.406e-02
.945e-02
.333e-02
.176e-02
.751e-02

WEFEr PRPEPNDNFR, DO, N, DO, PDRNER,RPR,POFRNOOR, ORFR,OOOWWEREWOWONOONNDNDDENDO

Rad.
Rate

(1/8)

.929e+09
.797e+04
.886e+04
.377e+07
.390e+07
.502e+07
.609e+06
.548e+03
.978e+06
.568e+04
.134e+07
.021e+05
.815e+07
.681e+09
.816e+04
.049e+04
.466e+06
.113e+09
.227e+06
.489e+08
.628e+06
.921e+04
.115e+04
.385e+08
.945e+08
.224e+10
.059e+09
.768e+07
.744e+06
.078e+08
.925e+03
.240e+04
.372e+04
.246e+03
.788e+04
.188e+06
.951e+03
.290e+04
.185e+04
.301e+08
.321e+08
.052e+08
.343e+08
.610e+08

Low.
Lev.

80
80
80
81
81
81
81
81
81
81
81
81
81
81
81
81
81
81
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
83
83
83
83
83
83
83
83
83
83

than 4.
Upp. Osc.
Lev. Str.

i ef
177 0.000e+00
216 0.000e+00
234 4.357e-04
92 2.048e-01
114 0.000e+00
128 6.941e-03
134 4.701e-02
140 0.000e+00
149 4.575e-03
159 5.983e-03
174 5.133e-03
180 4.380e-02
185 3.972e-03
206 0.000e+00
213 4.758e-04
225 0.000e+00
275 0.000e+00
283 0.000e+00
125 0.000e+00
139 9.097e-03
151 0.000e+00
157 3.804e+00
162 2.230e-01
175 3.772e-03
178 1.071e-01
191 7.702e-02
197 3.374e-01
203 1.920e-03
218 1.279e-03
248 3.773e-04
252 1.347e-03
259 0.000e+00
268 0.000e+00
279 0.000e+00
139 1.686e-01
147 2.316e-03
157 8.183e-03
162 6.375e-01
165 0.000e+00
170 5.062e-01
178 9.992e-02
193 1.393e-01
198 1.676e-01
209 5.420e-02

85

NONPFRP,P P NNNOOONPEPPRLPNNNMNENOPRPR,PNR,RP,OR,RRERPAPP,PONEOWOONDNOORFRNOORRFEWN

Rad.
Rate

(1/8)

.443e+05
.162e+04
.959e+07
.394e+07
.956e+03
.342e+07
.818e+08
.176e+03
.751e+07
.753e+07
.789e+07
.055e+08
.539e+08
.468e+04
.904e+06
.357e+05
.217e+04
.452e+04
.624e+04
.277e+07
.616e+04
.243e+10
.424e+08
.340e+07
.986e+08
.125e+08
.119e+09
.756e+07
.674e+07
.280e+06
.659e+07
.173e+04
.341e+03
.760e+04
.937e+08
.008e+06
.618e+07
.079e+09
.078e+04
.397e+09
.561e+08
.783e+08
.602e+08
.550e+08

Low.
Lev.

80
80
80
81
81
81
81
81
81
81
81
81
81
81
81
81
81
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
83
83
83
83
83
83
83
83
83
83
83

Upp.
Lev.

184
218
240

97
125
129
135
147
154
163
176
183
186
207
214
233
280

98
136
140
1562
158
163
176
189
192
201
206
227
250
253
266
275

99
141
151
160
163
167
175
190
194
199
219

NOOOFR,r P, OWODUONNOOWONNREFRFP,OUOIOOOWOR,F,EFEOIOWUIOWOONORF,OOWOWWwWO -

Osc.
Str.

gf

.363e-01
.000e+00
.139e-04
.368e-01
.832e-03
.001e-04
.185e-01
.000e+00
.273e-01
.000e+00
.000e+00
.886e-01
.995e-03
.603e-02
.000e+00
.148e-04
.442e-03
.146e-01
.373e-01
.353e-03
.000e+00
.000e+00
.507e-01
.521e-03
.331e+00
.370e-01
.565e-03
.330e-01
.000e+00
.256e-03
.000e+00
.000e+00
.293e-03
.063e-01
.720e-02
.000e+00
.808e+00
.606e-02
.817e-01
.176e-02
.928e-01
.332e+00
.741e-01
.518e-03

WNNEFE, O, DAL, NNMNNNPPRP,PRP, O, RPRPRPOOONWOWFREERE,DPOR PNODNDOOFL,ONPNNEDER P, W

Rad.
Rate

(1/s)

.839e+09
.165e+04
.458e+07
.660e+08
.753e+07
.030e+07
.438e+09
.996e+04
.453e+09
.926e+03
.086e+05
.969e+09
.648e+07
.264e+09
.224e+04
.223e+07
.223e+07
.914e+07
.802e+08
.336e+07
.073e+03
.234e+04
.647e+09
.528e+07
.638e+09
.059e+08
.638e+07
.560e+09
.103e+04
.893e+07
.059e+04
.248e+05
.598e+07
.1565e+07
.089e+08
.081e+03
.001e+10
.033e+08
.611e+09
.093e+07
.356e+08
.901e+10
.765e+09
.725e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

83
83
83
83
83
83
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
85
85
85
85
85
85
85
85
85
85
85
86
86
86
86
86
86
86
86
86

Upp.
Lev.

228
253
256
260
267
270
112
126
137
142
155
162
167
177
183
191
196
201
206
233
251
254
263
275
131
157
165
168
175
194
199
249
257
268
271
127
136
145
159
174
178
200
204
215

O WP, OO0, WK, OOOWONNORFRONOUINF,OOUIF, WWOd O PO, ONOOOR OO

Osc.
Str.

gf

.000e+00
.000e+00
.274e-03
.000e+00
.000e+00
.000e+00
.771e-03
.000e+00
.080e-01
.357e-03
.000e+00
.566e+00
.804e-01
.839e-02
.000e+00
.336e-02
.056e-01
.102e-02
.366e-01
.000e+00
.000e+00
.426e-03
.666e-03
.409e-03
.000e+00
.207e-03
.000e+00
.549e+00
.201e-02
.823e-01
.250e-02
.769e-03
.000e+00
.000e+00
.000e+00
.973e-03
.029e-02
.022e-03
.000e+00
.000e+00
.136e-01
.774e-01
.825e-03
.280e-04

= 00 U1l O 0O, ONPDPWEREEFEFOWPNORPRENNRFERFR,WONMNNRE WWERE R RFEP O O1F 02 P 2

Rad.
Rate

(1/8)

.156e+04
.470e+04
.586e+07
.388e+04
.182e+03
.764e+05
.331e+06
.823e+04
.245e+08
.527e+07
.083e+04
.479e+10
.256e+09
.064e+08
.305e+04
.590e+08
.457e+09
.876e+07
.513e+09
.417e+04
.168e+04
.163e+07
.333e+07
.071e+08
.591e+04
.907e+06
.252e+04
.147e+09
.134e+08
.875e+08
.064e+08
.290e+08
.388e+04
.744e+03
.129e+05
.373e+06
.408e+08
.710e+06
.355e+04
.996e+03
.004e+08
.358e+09
.481e+07
.435e+07

Low.
Lev.

83
83
83
83
83
83
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
85
85
85
85
85
85
85
85
85
85
85
86
86
86
86
86
86
86
86
86

than 4.
Upp. Osc.
Lev. Str.

i ef
248 6.169e-03
264 2.419e-03
2568 0.000e+00
264 2.455e-03
268 0.000e+00
277 0.000e+00
116 4.217e-03
134 0.000e+00
139 4.334e-03
147 6.568e-03
157 4.030e-02
163 2.120e-02
175 5.044e-02
178 4.691e-01
189 2.037e+00
192 1.391e-01
197 1.599e-01
202 7.270e-02
218 6.832e-04
247 8.926e-04
262 7.076e-04
2568 0.000e+00
266 0.000e+00
279 0.000e+00
142 2.640e-01
160 2.107e-01
166 3.666e+00
169 0.000e+00
190 1.066e-03
195 7.394e+00
220 3.180e-03
255 0.000e+00
2569 0.000e+00
269 0.000e+00
277 0.000e+00
129 0.000e+00
138 1.737e-01
147 1.426e-02
163 4.977e+00
176 2.314e-02
191 4.396e-01
202 1.274e-02
206 3.054e-03
218 3.542e-04

86

NP, P, OFRLPNOFRDNDNENEREPPRP,ONPPOOO0OONE, PP PRPNEREOOOOOOO0ONEFEOOFRNRE D OO0 B F, W

Rad.
Rate

(1/8)

.179e+08
.679e+07
.460e+04
.839e+07
.676e+04
.032e+03
.672e+06
.852e+03
.515e+07
.537e+07
.281e+08
.840e+07
.744e+08
.127e+09
.421e+09
.005e+08
.818e+08
.357e+08
.407e+07
.379e+07
.379e+07
.690e+04
.879e+04
.090e+04
.401e+08
.419e+08
.270e+09
.676e+04
.530e+06
.193e+10
.624e+07
.942e+04
.280e+04
.141e+04
.433e+04
.441e+04
.367e+09
.337e+07
.014e+10
.002e+08
.326e+09
.087e+08
.952e+07
.180e+06

Low.
Lev.

83
83
83
83
83
83
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
85
85
85
85
85
85
85
85
85
85
85
86
86
86
86
86
86
86
86
86
86

Upp.
Lev.

249
255
259
266
269
278
124
136
140
151
158
164
176
179
190
193
199
203
224
250
253
261
267
100
153
162
167
170
192
198
229
256
260
270
115
130
140
151
164
177
197
203
208
239

OO P NPOONONOONOUUIF, WPRFPLOWOOODWOWPENNOFLFONOOOUIOWOWOOOOOoOOW,m

Osc.
Str.

gf

.906e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.670e-03
.707e-02
.239e-02
.000e+00
.000e+00
.000e+00
.598e-01
.000e+00
.322e+00
.937e-02
.108e-01
.138e-02
.945e-04
.163e-03
.000e+00
.000e+00
.000e+00
.090e-01
.000e+00
.079e-01
.468e-02
.544e-01
.343e-01
.308e-01
.000e+00
.069e-03
.000e+00
.000e+00
.569e-02
.000e+00
.312e-02
.000e+00
.000e+00
.104e-01
.409e+00
.220e-03
.296e-03
.000e+00

B R, WOFRPLNRPR, PR N0, OONONOOOFRF WWNNOOONNRFR, R, WO PR OEFRNDNNDE O PP DR OO

Rad.
Rate

(1/s)

.780e+06
.575e+04
.331e+04
.329e+04
.805e+03
.102e+04
.803e+07
.743e+08
.640e+08
.666e+03
.124e+04
.609e+04
.1568e+09
.001e+04
.697e+09
.298e+08
.010e+09
.912e+08
.526e+06
.201e+08
.967e+03
.725e+03
.503e+03
.184e+07
.484e+03
.441e+08
.461e+08
.571e+08
.719e+08
.053e+09
.746e+03
.550e+07
.755e+04
.224e+04
.338e+07
.443e+03
.128e+08
.593e+03
.279e+04
.524e+09
.442e+10
.683e+07
.029e+08
.868e+04



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

86
86
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
88
88
88
88
88
88
88
88
88
88
88
88
88
89
89
89
89
89
89
89
89
89
89
89
89
89

Upp.
Lev.

240
262
116
137
141
147
159
164
173
177
190
193
199
206
240
250
259
266
131
141
160
163
168
172
178
192
198
209
229
256
264
100
117
132
137
141
147
167
175
178
190
196
201
206

N WO WWEFE,L NN, ONEFELNNMONP O, OUR,EFP,P P, OOOOMOWNOWEOOOOWWE WKk Oo

Osc.
Str.

gf

.000e+00
.524e-02
.220e-02
.333e-01
.993e-02
.083e-03
.000e+00
.000e+00
.000e+00
.931e-02
.752e-01
.423e-01
.933e+00
.734e-02
.000e+00
.877e-04
.000e+00
.000e+00
.000e+00
.515e-01
.171e+00
.651e-02
.009e+00
.000e+00
.331e-02
.894e-01
.165e+00
.230e-02
.000e+00
.263e-02
.820e-02
.227e+00
.631e-02
.000e+00
.874e-01
.114e-01
.682e-02
.462e-02
.666e+00
.117e-01
.433e-02
.454e-03
.876e-01
.807e-03

B WONNE R, PO PP OPPOOONOFLEFEPNOONEFEFONMOOORFROFRLRFEPNEPNR,RPRPEPRPERRFERNEOOODO®O

Rad.
Rate

(1/8)

.236e+03
.887e+08
.179e+07
.190e+08
.386e+08
.992e+07
.377e+04
.257e+04
.169e+04
.175e+08
.561e+09
.908e+09
.359e+10
.367e+08
.034e+04
.819e+07
.8568e+03
.564e+04
.649e+03
.218e+08
.914e+09
.565e+07
.299e+10
.411e+04
.764e+07
.441e+09
.569e+10
.007e+08
.744e+03
.749e+08
.419e+08
.652e+07
.561e+07
.689e+03
.182e+08
.908e+08
.367e+07
.412e+07
.154e+10
.288e+09
.153e+08
.557e+07
.390e+09
.733e+07

Low.
Lev.

86
86
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
88
88
88
88
88
88
88
88
88
88
88
88
88
89
89
89
89
89
89
89
89
89
89
89
89
89

than 4.
Upp. Osc.
Lev. Str.

i ef
262 1.343e-02
263 1.684e-03
130 0.000e+00
139 1.857e-02
142 3.716e-03
157 2.637e-01
162 1.877e+00
165 0.000e+00
175 3.372e-02
178 7.080e-02
191 2.430e-02
196 2.094e-02
202 4.699e-01
216 5.722e-04
241 0.000e+00
254 1.602e-02
263 2.000e-02
279 0.000e+00
132 0.000e+00
142 7.292e-02
161 0.000e+00
165 0.000e+00
169 0.000e+00
175 1.516e+00
189 4.475e-03
193 1.538e-02
199 7.065e-02
217 1.000e-03
241 0.000e+00
257 0.000e+00
270 0.000e+00
112 3.526e-03
120 5.670e-02
133 0.000e+00
139 6.301e-01
142 7.284e-01
157 5.048e-03
172 0.000e+00
176 2.809e-01
182 0.000e+00
192 9.392e-01
197 1.757e-02
202 1.641e-02
220 3.137e-03

87

WFk,r OWOokrEPErRFRPrEFEPE,PMMPOODORL, PP, P, OWORFR, OO RFPRREREPEPRPR,NOONOORE, WOR,RFPRWREFEROOOOERFR O DN

Rad.
Rate

(1/8)

.580e+08
.569e+07
.248e+04
.207e+07
.014e+07
.042e+08
.835e+09
.640e+04
.121e+08
.088e+08
.821e+08
.625e+08
.974e+09
.146e+07
.712e+03
.384e+08
.399e+08
.380e+03
.290e+04
.975e+08
.570e+04
.392e+04
.873e+04
.006e+09
.773e+07
.199e+07
.254e+08
.427e+07
.560e+04
.788e+03
.845e+04
.713e+06
.807e+07
.549e+03
.981e+09
.872e+09
.455e+07
.594e+04
.140e+09
.312e+03
.728e+09
.963e+07
.326e+08
.426e+07

Low.
Lev.

86
86
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
88
88
88
88
88
88
88
88
88
88
88
88
88
88
89
89
89
89
89
89
89
89
89
89
89
89
89

Upp.
Lev.

258
283
132
140
143
158
163
167
176
189
192
197
203
219
247
255
264
117
139
157
162
167
170
176
190
194
201
220
248
260
278
113
123
136
140
143
162
173
177
189
193
199
203
221

O PP P WONONNWWWFRLROOONOUUOEFELNFR,PODORLPRLOWOAONNRFR,EFP, OWWONEREOWO

Osc.
Str.

gf

.000e+00
.364e-04
.000e+00
.089e-01
.000e-03
.000e+00
.900e-01
.768e+00
.089e-01
.639e-01
.216e-02
.873e-02
.782e-02
.836e-04
.804e-04
.000e+00
.116e-03
.224e-02
.169e-01
.310e-02
.261e-02
.542e-01
.077e+00
.014e-02
.219e-01
.125e-01
.959e-01
.930e-04
.334e-04
.000e+00
.000e+00
.510e-02
.774e-02
.060e-02
.421e-02
.563e-01
.187e-02
.000e+00
.166e-02
.982e-02
.983e-02
.733e-01
.630e-01
.970e-04

P WNRFP, PP POWRRP,ONYNYOF,0WEFE OOOONEFERREPWONDWOOOLONDDOOOWERFLFEFE O - D

Rad.
Rate

(1/s)

.688e+03
.585e+07
.539e+03
.252e+08
.002e+07
.712e+04
.561e+09
.202e+10
.895e+09
.537e+08
.068e+07
.673e+08
.407e+08
.417e+06
.950e+06
.749e+03
.151e+07
.758e+07
.877e+08
.911e+08
.933e+08
.439e+09
.817e+09
.572e+07
.037e+08
.743e+09
.577e+09
.886e+06
.180e+07
.833e+03
.979e+03
.476e+07
.114e+07
.321e+08
.5563e+08
.571e+09
.428e+07
.749e+04
.250e+08
.511e+08
.013e+08
.666e+08
.831e+09
.193e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

89
89
89
89
89
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
91
91
91
91
91
91
91
91
91
91
91
91
91
92
92
92
92
92
92
92
92

Upp.
Lev.

227
231
235
240
272

98
115
122
133
138
141
147
174
178
197
202
206
222
229
234
237
240
272

98
116
122
137
143
173
191
203
218
228
235
241
274
113
127
137
140
147
178
188
197

DO WONWFRFL,LNOOORFR, UITWO P OO WNNOOOOWPNIOMNODWOF,LONOEKERFE,OOODO

Osc.
Str.

gf

.000e+00
.000e+00
.000e+00
.000e+00
.317e-02
.167e-01
.219e-03
.230e-02
.000e+00
.605e-01
.875e-01
.745e-02
.000e+00
.099e-01
.091e-02
.950e-01
.347e-03
.381e-04
.000e+00
.000e+00
.000e+00
.000e+00
.577e-03
.032e-01
.142e-03
.421e-03
.227e-03
.573e-02
.000e+00
.809e-01
.513e-03
.938e-03
.000e+00
.000e+00
.000e+00
.478e-03
.411e-02
.513e-01
.784e-02
.466e-01
.607e-01
.462e-01
.000e+00
.922e-03

WO NP, FP,PONWFRFRPR, PR OPARPNNENODNOOPRPOONONNNENNMNENMNNRERER, PR, OOONRFR,NOWOOO - OO

Rad.
Rate

(1/8)

.177e+03
.7T71e+04
.845e+03
.962e+04
.482e+08
.568e+06
.495e+07
.893e+07
.593e+03
.167e+09
.908e+09
.300e+08
.409e+04
.919e+09
.567e+08
.374e+09
.624e+07
.123e+07
.947e+04
.021e+04
.203e+04
.903e+03
.796e+07
.400e+07
.385e+06
.963e+07
.987e+07
.138e+08
.189e+04
.698e+09
.527e+07
.T74e+07
.509e+04
.174e+05
.268e+04
.265e+08
.175e+07
.222e+08
.590e+08
.079e+09
.226e+09
.384e+09
.675e+03
.816e+07

Low.
Lev.

89
89
89
89
89
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
91
91
91
91
91
91
91
91
91
91
91
91
92
92
92
92
92
92
92
92
92

than 4.
Upp. Osc.
Lev. Str.

i ef
228 0.000e+00
232 0.000e+00
236 0.000e+00
241 0.000e+00
277 0.000e+00
99 9.464e-01
116 4.673e-02
123 8.031e-03
136 3.017e-02
139 4.179e-02
143 3.536e-01
156 2.267e-03
176 1.550e+00
191 3.433e-02
200 3.250e-02
203 7.855e-02
208 1.612e-03
227 0.000e+00
230 0.000e+00
235 0.000e+00
238 0.000e+00
241 0.000e+00
273 6.089e-03
110 3.648e-03
118 3.443e-02
133 0.000e+00
138 2.270e-01
145 3.061e-01
174 0.000e+00
200 1.396e-01
204 8.381e-02
223 1.575e-04
230 0.000e+00
236 0.000e+00
262 9.130e-04
101 1.891e+00
114 6.774e-03
135 0.000e+00
138 1.137e-03
141 2.094e-02
156 6.930e-01
179 0.000e+00
191 1.341e-03
200 1.638e-03

88

N O, 00000 NF, OWPhOFR, PP ONRFEPPRONNWONNNNOOPENOOFERFREFE,RFERFEOOPD OO OD

Rad.
Rate

(1/8)

.603e+04
.595e+04
.989e+04
.600e+04
.702e+03
.384e+07
.064e+07
.712e+07
.295e+08
.306e+08
.660e+09
.939e+07
.257e+09
.440e+08
.351e+08
.470e+08
.495e+07
.574e+04
.580e+04
.648e+04
.250e+03
.700e+04
.678e+08
.716e+07
.095e+07
.382e+03
.643e+09
.408e+09
.980e+03
.864e+09
.148e+09
.566e+07
.569e+04
.320e+04
.988e+07
.826e+07
.782e+07
.0569e+03
.007e+06
.593e+07
.757e+09
.378e+04
.295e+06
.142e+07

Low.
Lev.

89
89
89
89
89
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
91
91
91
91
91
91
91
91
91
91
91
91
92
92
92
92
92
92
92
92
92

Upp.
Lev.

229
234
237
264
278
111
119
127
137
140
145
172
177
193
201
204
219
228
231
236
239
263
279
115
121
136
140
146
177
202
205
227
234
240
273
112
124
136
139
143
176
187
196
206

~NNOFP, OOWOHOWOUMNOOOWWUUINFNWORFRNONOOOONNOOP® O OWEH»NO OO OoOo

Osc.
Str.

gf

.000e+00
.000e+00
.000e+00
.065e-03
.000e+00
.072e-03
.751e-02
.407e-03
.175e-01
.229e-02
.498e-01
.000e+00
.378e-01
.318e-01
.990e-02
.075e-01
.582e-03
.000e+00
.000e+00
.000e+00
.000e+00
.181e-03
.000e+00
.436e-02
.045e-02
.843e-02
.602e-01
.578e-01
.416e+00
.419e-02
.937e-02
.000e+00
.000e+00
.000e+00
.110e-03
.480e-02
.754e-01
.896e-01
.678e-02
.135e-02
.469e-01
.000e+00
.869e-02
.814e-02

NP ONEFE N0 O NEDWDDOORL, PP OO, O ONWNDPDPWONEFE WOWNREPR,OOOR D OFLNO®O

Rad.
Rate

(1/s)

.268e+04
.116e+04
.298e+05
.523e+07
.467e+03
.780e+07
.112e+07
.033e+06
.378e+09
.360e+08
.553e+09
.061e+04
.513e+09
.213e+09
.014e+08
.851e+09
.607e+07
.641e+04
.112e+04
.054e+04
.489e+05
.726e+07
.093e+03
.933e+07
.103e+08
.207e+08
.619e+09
.123e+09
.094e+09
.347e+08
.679e+09
.598e+04
.477e+04
.061e+04
.265e+07
.341e+07
.731e+08
.867e+09
.113e+08
.793e+08
.767e+08
.434e+03
.064e+08
.611e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

92
92
92
92
93
93
93
93
93
93
93
93
93
93
93
93
93
93
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
95
95
95
95
95
95
95
95
95

Upp.
Lev.

208
226
241
280
101
139
157
163
170
178
189
193
199
209
243
261
275
282
120
136
140
143
163
173
177
190
193
201
220
229
234
237
241
263
277
133
138
141
147
156
174
178
196
201

CONNONNNMNNOOPOODOODWUIOHOOEFL ONWHF OOOOF OWPONPSNRFE P WROIOO O

Osc.
Str.

gf

.398e-02
.000e+00
.000e+00
.000e+00
.215e-01
.831e-03
.407e-01
.942e-02
.890e+00
.417e-01
.216e-02
.085e-03
.593e-03
.537e+00
.309e-03
.000e+00
.988e-02
.337e-02
.379e-03
.090e-03
.809e-02
.916e-02
.553e-03
.000e+00
.115e-02
.724e-02
.603e-02
.998e-01
.477e-04
.000e+00
.000e+00
.000e+00
.000e+00
.684e-04
.000e+00
.000e+00
.569e-02
.683e-01
.692e-03
.0563e-03
.000e+00
.452e-01
.469e-03
.955e-02

PP NODMNNEPEPNDNN PO, PP PRPNRP,POOWOWONOFRNERE,PNOPPNOR,RP,PEPRPNNR,RPR, O PR, OCO0ONDOPEFEO®

Rad.
Rate

(1/8)

.659e+08
.934e+05
.136e+04
.809e+03
.220e+07
.404e+06
.267e+08
.767e+08
.455e+09
.458e+08
.522e+08
.014e+07
.784e+07
.894e+10
.137e+08
.118e+05
.675e+08
.689e+08
.618e+06
.504e+07
.352e+07
.659e+08
.581e+07
.080e+04
.836e+07
.441e+08
.091e+08
.187e+09
.786e+06
.T4T7e+05
.187e+05
.565e+05
.758e+05
.178e+07
.402e+03
.279e+03
.915e+08
.801e+08
.400e+07
.583e+07
.026e+04
.778e+09
.669e+07
.735e+08

Low.
Lev.

92
92
92
92
93
93
93
93
93
93
93
93
93
93
93
93
93
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
95
95
95
95
95
95
95
95
95
95

than 4.
Upp. Osc.
Lev. Str.

i ef
214 4.477e-03
233 0.000e+00
242 0.000e+00
281 0.000e+00
124 1.242e-01
141 1.773e-03
160 2.296e-01
167 9.390e-01
175 1.633e-01
179 0.000e+00
190 1.183e-03
194 2.873e-02
201 4.962e-03
224 1.434e-03
251 0.000e+00
265 0.000e+00
276 0.000e+00
100 8.370e-01
123 3.896e-03
137 1.028e-01
141 9.192e-02
147 1.333e-02
169 0.000e+00
175 2.891e+00
178 1.681e-01
191 1.383e-03
197 5.631e-03
202 b5.614e-02
227 0.000e+00
231 0.000e+00
235 0.000e+00
238 0.000e+00
249 8.695e-04
264 2.577e-03
111 3.488e-03
136 7.784e-03
139 1.967e-02
143 4.869e-02
151 0.000e+00
163 7.567e-02
176 1.599e+00
191 8.848e-02
197 1.553e-02
202 3.695e-01

89

NO O ONNNDNONNPPPRP,PPONEREPNOTORR, PN NOFRLEFP,PEPDNNOOPDGOT PN OWER OO

Rad.
Rate

(1/8)

.483e+07
.883e+05
.056e+05
.490e+05
.831e+08
.446e+06
.135e+08
.679e+09
.865e+08
.413e+04
.465e+06
.920e+07
.733e+07
.017e+07
.869e+05
.425e+05
.495e+05
.980e+06
.117e+06
.008e+08
.690e+08
.184e+07
.051e+04
.247e+09
.301e+08
.044e+06
.938e+07
.178e+08
.588e+04
.840e+04
.637e+03
.202e+04
.177e+07
.630e+07
.215e+06
.981e+07
.489e+07
.050e+08
.329e+02
.571e+08
.848e+09
.759e+08
.067e+07
.737e+09

Low.
Lev.

92
92
92
92
93
93
93
93
93
93
93
93
93
93
93
93
93
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
95
95
95
95
95
95
95
95
95
95

Upp.
Lev.

225
238
275
283
134
147
162
168
176
188
192
198
206
238
255
269
280
113
133
139
142
162
172
176
189
192
199
203
228
232
236
240
260
272
122
137
140
145
152
172
177
193
200
203

B 0 0 WOORFRrEFPEFEPFNRPLOOODOQOQUINRFPFEPLPPFPLPORLDPMDPONOOOOWMWPMPONWOOWNOWWOWO-N

Osc.
Str.

gf

.053e-03
.000e+00
.578e-04
.017e-03
.000e+00
.043e-01
.112e-01
.290e-02
.264e-01
.000e+00
.787e-03
.039e-02
.111e-02
.000e+00
.000e+00
.000e+00
.000e+00
.380e-03
.000e+00
.125e-01
.336e-01
.897e-01
.000e+00
.656e-01
.072e-02
.004e+00
.392e-02
.927e-01
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.885e-02
.630e-03
.912e-01
.626e-02
.308e-02
.000e+00
.000e+00
.633e-01
.527e-01
.242e-02
.288e-01

OFRr WP, OROONNDR, RO, OBDOWWORLRNORLOARLPL,NNNNNER,P,P,ONNOOR PP WN

Rad.
Rate

(1/s)

.380e+08
.916e+05
.788e+07
.360e+08
.391e+04
.722e+08
.252e+09
.682e+07
.698e+08
.098e+04
.809e+07
.050e+08
.701e+08
.259e+04
.707e+03
.405e+04
.312e+05
.003e+07
.008e+03
.159e+09
.988e+08
.034e+08
.412e+04
.090e+08
.720e+07
.652e+09
.742e+07
.520e+09
.825e+04
.634e+05
.221e+04
.413e+05
.336e+04
.765e+08
.900e+06
.405e+08
.566e+07
.267e+07
.037e+03
.014e+03
.890e+09
.971e+09
.016e+09
.775e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

95
95
95
95
95
95
95
95
95
96
96
96
96
96
96
96
96
96
96
96
96
97
97
97
97
97
97
97
97
97
97
97
98
98
98
98
98
98
98
98
98
99
99
99

Upp.
Lev.

204
219
229
234
237
240
259
272
281
136
140
146
173
191
202
205
228
234
240
258
273
124
136
163
183
200
204
208
225
238
250
280
125
155
164
174
183
247
254
263
274
1562
159
165

P NWOOOOOWNNNFPRORFRPLPOONWPPROFRLRNIOPOOOOFH,H OOOONRFEPPOPOOOOO W

Osc.
Str.

gf

.330e-01
.988e-04
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.443e-03
.000e+00
.032e-02
.361e-01
.669e-03
.000e+00
.417e-01
.095e-02
.758e-01
.000e+00
.000e+00
.000e+00
.000e+00
.635e-03
.125e-02
.250e-03
.678e-01
.000e+00
.045e-03
.879e-03
.925e-01
.479e-03
.000e+00
.639e-03
.000e+00
.560e-03
.177e-01
.385e-01
.080e-01
.198e-03
.000e+00
.000e+00
.000e+00
.000e+00
.671e-02
.773e-01
.191e+00

N, O, BN POAONOOPPOWFRNNRL,AMNOOOAONNPR,PRPPRP,PONOOOORRPRPER, OO, OO RFEFNDNNDREOO D

Rad.
Rate

(1/8)

.216e+09
.609e+06
.069e+04
.426e+05
.913e+04
.880e+04
.160e+04
.120e+08
.090e+03
.534e+08
.461e+08
.631e+08
.289e+04
.155e+09
.704e+08
.656e+09
.100e+04
.062e+04
.327e+05
.135e+04
.944e+08
.140e+07
.736e+06
.177e+08
.422e+04
.617e+07
.552e+07
.058e+10
.011e+08
.028e+05
.863e+07
.383e+03
.492e+06
.273e+08
.231e+09
.298e+09
.341e+07
.311e+05
.201e+04
.042e+05
.022e+05
.044e+07
.133e+09
.814e+09

Low.
Lev.

95
95
95
95
95
95
95
95
96
96
96
96
96
96
96
96
96
96
96
96
96
97
97
97
97
97
97
97
97
97
97
97
98
98
98
98
98
98
98
98
99
99
99
99

than 4.
Upp. Osc.
Lev. Str.

i ef
206 1.181e-02
227 0.000e+00
230 0.000e+00
235 0.000e+00
238 0.000e+00
241 0.000e+00
262 3.437e-04
273 1.128e-02
110 1.624e-03
137 1.934e-03
143 7.011e-03
151 0.000e+00
174 0.000e+00
196 2.112e-03
203 1.099e-02
218 3.114e-04
229 0.000e+00
235 0.000e+00
241 0.000e+00
262 7.468e-04
274 5.687e-03
127 3.758e-02
147 9.954e-03
176 1.591e+00
193 1.732e-02
202 3.691e-03
206 1.964e+00
214 1.432e-03
226 0.000e+00
241 0.000e+00
261 0.000e+00
281 0.000e+00
126 2.440e-03
158 5.906e-02
172 2.206e-02
180 5.345e-02
230 2.770e-03
248 0.000e+00
2568 1.598e-03
272 0.000e+00
128 5.549e-03
155 1.582e-02
161 2.075e-01
172 3.756e-01

90

PSP EFPNNMNNNMNOPNMNORL,NWRLRPFPPFPNNMNPRPNNMNYNYNONMPEPNWNOOOODOOTORRFRPEPNNORMPE OFOOWREO

Rad.
Rate

(1/8)

.576e+07
.294e+05
.271e+04
.286e+04
.831e+04
.337e+04
.437e+07
.743e+08
.883e+06
.443e+06
.932e+07
.603e+03
.194e+04
.420e+07
.302e+07
.748e+06
.336e+03
.356e+04
.386e+04
.114e+07
.156e+08
.204e+08
.808e+07
.303e+09
.430e+07
.531e+07
.015e+10
.489e+07
.381e+04
.148e+04
.997e+04
.241e+05
.377e+06
.716e+08
.935e+07
.491e+08
.192e+07
.876e+04
.688e+07
.138e+04
.018e+07
.557e+07
.718e+08
.181e+09

Low.
Lev.

95
95
95
95
95
95
95
95
96
96
96
96
96
96
96
96
96
96
96
96
97
97
97
97
97
97
97
97
97
97
97
97
98
98
98
98
98
98
98
98
99
99
99
99

Upp.
Lev.

208
228
231
236
239
248
263
279
121
138
145
156
177
200
204
227
230
236
247
272
112
135
156
178
196
203
207
224
233
242
275
283
151
159
173
181
244
252
262
273
151
158
164
173

VOO PPOOOOF, WU PNOONONOOWNOF,R WWOOORLRNF,EFPL,PNRPLP,LOROUIOOOOW

Osc.
Str.

gf

.859e-03
.000e+00
.000e+00
.000e+00
.000e+00
.612e-04
.214e-03
.000e+00
.510e-03
.086e-01
.260e-02
.058e-03
.814e+00
.292e-01
.633e-01
.000e+00
.000e+00
.000e+00
.896e-04
.644e-04
.268e-02
.000e+00
.701e-02
.436e+00
.124e-01
.378e-03
.000e+00
.046e-03
.000e+00
.000e+00
.273e-02
.310e-02
.984e-02
.T747e-01
.065e-01
.363e-02
.000e+00
.000e+00
.000e+00
.000e+00
.915e-02
.818e-01
.220e-02
.024e-01

WNPFP P FEPNNMNNNMNPAEPRLPNNNNR,OPPONRP,PPRP, O, ONRFP, OOWRLNNDMNOOFRNRFROWONOORF OO

Rad.
Rate

(1/s)

.531e+07
.800e+04
.198e+05
.402e+04
.924e+05
.738e+06
.047e+07
.965e+03
.347e+07
.002e+08
.591e+08
.108e+06
.384e+09
.812e+09
.057e+09
.148e+04
.008e+05
.087e+04
.436e+06
.163e+06
.396e+07
.800e+04
.384e+08
.168e+10
.819e+09
.673e+07
.514e+04
.675e+07
.042e+04
.472e+04
.943e+08
.807e+09
.521e+08
.350e+09
.362e+09
.545e+07
.420e+05
.557e+05
.191e+05
.691e+05
.379e+08
.981e+09
.785e+08
.565e+09



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

99

99

99

99

99

99

99
100
100
100
100
100
100
100
100
101
101
101
101
101
101
101
101
101
101
101
102
102
102
102
102
102
102
102
102
102
103
103
103
103
103
103
103
103

Upp.
Lev.

179
182
244
248
254
262
272
151
155
164
172
232
248
256
264
134
155
159
165
179
183
188
242
250
269
283
140
163
176
190
193
218
253
259
266
278
141
160
167
175
190
197
219
251

O VW O NNOFHNODODODOOOMKF FPEPFNPFRLONOWRRFEFELPWOFRKLOOOPRPFRL PO, OOOOO LW

Osc.
Str.

gf

.886e-02
.095e-02
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.430e-03
.712e-02
.482e-02
.114e+00
.456e-03
.000e+00
.000e+00
.000e+00
.891e-02
.216e-01
.166e-02
.829e-03
.097e+00
.098e+00
.104e-01
.918e-03
.000e+00
.268e-03
.000e+00
.546e-02
.216e-01
.165e-01
.204e+00
.279e-02
.724e-04
.000e+00
.000e+00
.000e+00
.000e+00
.454e-02
.491e+00
.865e-02
.509e-01
.611e-02
.898e-03
.146e-04
.000e+00

B, DN OFRERP N, P NNEREPDPOORL D WONODPWOPEPNEP,EPEPNONDNNNOO PO, DRPREPE,RPR,PNDE WND O

Rad.
Rate

(1/8)

.941e+07
.846e+07
.581e+04
.945e+05
.345e+05
.614e+05
.102e+05
.011e+06
.934e+08
.353e+08
.502e+09
.299e+07
.244e+04
.948e+05
.852e+05
.899e+07
.256e+09
.233e+08
.089e+07
.683e+09
.956e+09
.214e+08
.806e+07
.831e+05
.934e+07
.816e+05
.875e+07
.142e+09
.367e+08
.586e+09
.918e+07
.113e+07
.011e+05
.001e+05
.342e+05
.141e+04
.565e+07
.514e+09
.919e+08
.709e+08
.264e+08
.280e+07
.083e+07
.322e+03

Low.
Lev.

99

99

99

99

99

99

99
100
100
100
100
100
100
100
100
101
101
101
101
101
101
101
101
101
101
102
102
102
102
102
102
102
102
102
102
102
103
103
103
103
103
103
103
103

than 4.
Upp. Osc.
Lev. Str.

i ef
180 4.532e-03
183 5.369e-02
245 0.000e+00
249 0.000e+00
256 0.000e+00
263 0.000e+00
273 0.000e+00
152 4.652e-02
158 3.628e-01
165 2.897e-01
179 2.295e-02
245 0.000e+00
249 0.000e+00
260 2.510e-03
272 0.000e+00
151 4.766e-02
156 0.000e+00
161 4.070e-02
172 5.976e-02
180 6.443e-02
186 1.399e-03
213 9.439%e-04
243 0.000e+00
261 3.904e-04
275 0.000e+00
136 6.327e-03
141 1.679e-03
167 8.868e-01
177 9.867e-01
191 1.284e-01
197 1.943e-01
244 2.779e-03
2565 0.000e+00
260 0.000e+00
267 0.000e+00
279 0.000e+00
142 3.018e-03
162 2.692e-01
168 1.813e+00
176 5.019e-01
193 1.580e-01
198 3.115e-02
245 3.441e-03
2563 0.000e+00

91

O WO OO, WO O WN PP, WO, WL, PO WRLNNEFE OO NNDNNWOOOODEFEFENREWONDNDNDN

Rad.
Rate

(1/8)

.111e+07
.534e+08
.526e+05
.600e+04
.539e+04
.562e+05
.324e+05
.019e+08
.054e+09
.846e+08
.870e+07
.042e+04
.867e+05
.688e+07
.687e+05
.273e+08
.268e+03
.823e+07
.794e+08
.870e+08
.108e+06
.360e+07
.250e+05
.478e+06
.043e+05
.879e+07
.816e+06
.924e+09
.134e+09
.893e+08
.414e+08
.386e+07
.467e+04
.719e+03
.741e+05
.121e+05
.396e+06
.647e+08
.212e+09
.473e+09
.063e+08
.599e+07
.430e+07
.793e+04

Low.
Lev.

99

99

99

99

99

99
100
100
100
100
100
100
100
100
101
101
101
101
101
101
101
101
101
101
101
102
102
102
102
102
102
102
102
102
102
103
103
103
103
103
103
103
103
103

Upp.
Lev.

181
231
247
252
259
264
131
153
161
169
182
246
254
263
109
1562
158
164
173
182
187
226
244
265
282
137
157
175
178
192
199
247
258
265
268
139
157
163
170
178
194
199
248
255

ONNFPFOPFP,LRWFLROOOFRLRNWONRF P, NOFRPLPOF,RWNWWOAOPPLPOOOR,r P, PP, OO, OOW-XN

Osc.
Str.

gf

.732e-02
.537e-03
.000e+00
.000e+00
.978e-03
.000e+00
.417e-03
.162e-02
.159e+00
.817e+00
.047e-01
.000e+00
.000e+00
.000e+00
.154e-01
.073e-03
.235e-02
.154e-01
.150e-02
.152e-02
.020e-02
.921e-03
.000e+00
.233e-02
.000e+00
.903e-03
.794e+00
.013e-02
.646e-02
.534e-02
.694e-02
.928e-03
.000e+00
.000e+00
.000e+00
.556e-02
.119e-01
.914e-01
.916e-02
.321e-01
.728e+00
.419e-01
.665e-03
.000e+00

=D O PP, 00O WNPAPEPDONNNWONMNE ONRPR O, O 0F, P OONNWNMNNDE ONOO R BN

Rad.
Rate

(1/s)

.578e+08
.166e+07
.076e+05
.995e+04
.589e+07
.454e+04
.169e+07
.095e+07
.635e+09
.546e+09
.720e+08
.834e+05
.302e+04
.201e+05
.833e+07
.498e+06
.450e+08
.088e+08
.337e+08
.347e+07
.547e+08
.809e+07
.645e+03
.593e+08
.458e+05
.377e+07
.684e+09
.309e+07
.948e+07
.548e+08
.109e+07
.248e+07
.989e+05
.744e+03
.338e+04
.368e+07
.391e+08
.171e+08
.804e+07
.895e+09
.233e+09
.166e+08
.193e+07
.802e+05



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

103
103
103
103
103
104
104
104
104
104
104
104
104
104
104
105
105
105
105
105
105
105
105
105
105
106
106
106
106
106
106
106
106
106
106
106
106
106
106
106
107
107
107
107

Upp.
Lev.

257
260
267
270
280
160
167
175
194
199
249
255
260
269
277
139
160
167
175
179
190
209
251
265
276
110
115
121
136
140
146
151
180
186
214
218
223
229
235
241
113
116
119
136

NP, OFR, OOOWNWOOOFRLRNONOUODPKPTOOOWEFROWOLOEFE ©OOOOO0OWFRrOFENOUOOOOO

Osc.
Str.

gf

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.758e-01
.303e-02
.318e+00
.851e-02
.020e-02
.652e-03
.000e+00
.000e+00
.000e+00
.000e+00
.855e-03
.301e+00
.840e-02
.217e-03
.000e+00
.429e-03
.939e+00
.000e+00
.000e+00
.000e+00
.577e-02
.241e-01
.498e-01
.271e-03
.835e-02
.377e-02
.000e+00
.000e+00
.000e+00
.452e-03
.954e-01
.941e-02
.000e+00
.000e+00
.000e+00
.208e-02
.996e-01
.893e+00
.724e-03

A NOO A WNEFENdPPPONNDNER,P PO, OPPOFR,R PP RFRPROFRLROFREFEPRERPNDMNNEREREDORNDD OCEFREO R

Rad.
Rate

(1/8)

.622e+04
.019e+05
.390e+04
.328e+05
.787e+03
.683e+08
.971e+07
.991e+09
.674e+08
.436e+07
.464e+07
.008e+05
.574e+05
.297e+05
.579e+05
.913e+07
.988e+09
.345e+08
.666e+06
.180e+04
.917e+06
.2563e+10
.462e+05
.576e+05
.206e+05
.823e+07
.372e+08
.097e+08
.998e+07
.554e+07
.719e+08
.134e+04
.439e+04
.498e+03
.939e+07
.298e+09
.936e+09
.971e+04
.437e+05
.060e+04
.409e+06
.015e+08
.339e+08
.859e+06

Low.
Lev.

103
103
103
103
104
104
104
104
104
104
104
104
104
104
105
105
105
105
105
105
105
105
105
105
105
106
106
106
106
106
106
106
106
106
106
106
106
106
106
107
107
107
107
107

than 4.
Upp. Osc.
Lev. Str.

i ef
2568 0.000e+00
265 0.000e+00
268 0.000e+00
277 0.000e+00
142 5.821e-02
162 3.440e-01
168 1.809e-01
190 7.339e-03
195 2.403e+00
220 1.287e-03
251 0.000e+00
257 0.000e+00
265 0.000e+00
270 0.000e+00
124 1.192e-01
147 3.151e-01
162 7.222e-02
168 3.641e-01
176 3.825e-01
188 0.000e+00
194 2.003e-02
224 4.547e-03
255 0.000e+00
269 0.000e+00
280 0.000e+00
111 2.058e-02
116 4.420e-02
122 2.052e-01
137 2.906e-03
143 2.265e-03
148 0.000e+00
171  0.000e+00
181 0.000e+00
191 4.568e-03
215 1.008e-01
221 2.418e-03
227 0.000e+00
230 0.000e+00
236 0.000e+00
111 1.012e-01
114 1.347e-02
117 2.129e-02
122 5.207e-01
137 1.904e-02

92

O NP, OO0 P, WNEFE, 00O OOONNMNENNMOOOPD WL, OOF OO WNOOFR, PNDOWNRFE NGO

Rad.
Rate

(1/8)

.944e+04
.385e+03
.161e+05
.407e+04
.038e+08
.198e+08
.198e+08
.178e+07
.981e+09
.187e+07
.418e+03
.928e+05
.932e+04
.823e+03
.424e+07
.985e+08
.374e+08
.861e+08
.022e+09
.775e+03
.523e+07
.333e+07
.586e+03
.590e+04
.031e+05
.340e+07
.227e+07
.492e+08
.359e+06
.532e+06
.366e+03
.301e+03
.986e+03
.943e+07
.423e+09
.602e+07
.987e+05
.347e+05
.339e+04
.560e+07
.051e+07
.728e+06
.301e+08
.168e+07

Low.
Lev.

103
103
103
103
104
104
104
104
104
104
104
104
104
104
105
105
105
105
105
105
105
105
105
105
105
106
106
106
106
106
106
106
106
106
106
106
106
106
106
107
107
107
107
107

Upp.
Lev.

259
266
269
278
157
166
170
192
198
246
253
259
268
271
134
157
163
170
178
189
206
243
261
275
282
114
118
123
138
145
149
177
184
205
216
222
228
234
240
112
115
118
123
138

P NONRFPRLOOOWREFP,LPORFRPROFR,ROFRPLRRFPLWOFKLOOWONWOUOUIOOWOOOOO M WENPLPOUGIOOOOo

Osc.
Str.

gf

.000e+00
.000e+00
.000e+00
.000e+00
.550e-03
.080e+00
.813e-01
.879e-01
.335e-01
.218e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.924e-02
.423e-02
.089e+00
.170e-01
.341e-01
.063e-01
.731e-03
.000e+00
.699e-02
.745e-02
.367e-02
.282e+00
.535e-02
.946e-03
.561e-02
.000e+00
.822e-02
.000e+00
.463e-03
.572e-02
.233e-02
.000e+00
.000e+00
.000e+00
.701e-02
.066e-01
.605e-02
.021e-01
.119e-02

B, WO, NP, PNONONOOOOODWRFRFONNNDNNE 00O, O0OFR,NOFE B POWOOHoOoFDNDO O -

Rad.
Rate

(1/s)

.214e+05
.479e+03
.498e+04
.432e+05
.134e+07
.069e+09
.024e+08
.588e+08
.187e+08
.556e+07
.274e+03
.504e+04
.701e+04
.329e+05
.292e+03
.287e+07
.575e+08
.284e+09
.413e+09
.694e+08
.948e+08
.017e+08
.467e+05
.683e+08
.012e+08
.638e+07
.853e+08
.125e+07
.655e+07
.439e+07
.467e+03
.849e+07
.845e+04
.768e+07
.269e+08
.027e+08
.053e+05
.062e+05
.685e+05
.442e+06
.715e+08
.517e+07
.476e+08
.104e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

107
107
107
107
107
107
107
107
107
107
107
107
107
107
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
109
109
109
109
109
109
109
109
109
109
109
109
109
109

Upp.
Lev.

139
145
150
171
178
182
186
214
217
221
228
231
236
239
112
117
123
139
142
150
162
181
186
203
218
221
229
232
236
240
112
118
136
140
145
156
187
207
216
219
225
238
261
275

WO O WO OO, PPPLPNOODOOFR,R WUMOOPPONPORFR,LR NOOODOWHFH,H WOOFK,OONO

Osc.
Str.

gf

.782e-03
.459e-02
.000e+00
.000e+00
.258e-02
.000e+00
.000e+00
.135e-03
.035e-02
.432e-02
.000e+00
.000e+00
.000e+00
.000e+00
.290e-02
.723e+00
.044e-01
.143e-02
.972e-02
.000e+00
.769e-03
.000e+00
.000e+00
.753e-03
.790e-04
.632e-01
.000e+00
.000e+00
.000e+00
.000e+00
.828e-01
.307e-02
.391e-01
.596e-02
.388e-03
.670e-01
.000e+00
.000e+00
.018e-03
.409e-04
.996e-02
.000e+00
.000e+00
.547e-03

OO, NDNNOFL, NOOOOTONOONEFEFEFEROWNOON WL NP FPROODOODOOWWNPEFR,OFRLPAENDNNNREANRP -

Rad.
Rate

(1/8)

.386e+07
.012e+08
.443e+03
.048e+04
.893e+07
.496e+03
.167e+04
.481e+07
.068e+08
.109e+08
.405e+05
.715e+05
.200e+05
.893e+05
.165e+07
.210e+08
.568e+08
.515e+07
.046e+08
.825e+04
.533e+06
.465e+04
.427e+04
.944e+07
.502e+06
.426e+09
.830e+05
.598e+05
.408e+05
.896e+05
.503e+08
.250e+06
.614e+08
.307e+07
.039e+06
.811e+08
.111e+04
.896e+04
.394e+07
.338e+06
.446e+09
.873e+05
.205e+04
.003e+07

Low.
Lev.

107
107
107
107
107
107
107
107
107
107
107
107
107
107
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
109
109
109
109
109
109
109
109
109
109
109
109
109
109

than 4.
Upp. Osc.
Lev. Str.

i ef
141 4.908e-02
148 0.000e+00
151 0.000e+00
176 1.292e-02
180 0.000e+00
184 0.000e+00
193 6.321e-03
215 3.975e-02
218 3.339e-02
222 8.646e-02
229 0.000e+00
234 0.000e+00
237 0.000e+00
240 0.000e+00
113 2.528e-01
119 2.874e-02
136 2.852e-03
140 2.100e-03
143 4.198e-02
152 0.000e+00
171 0.000e+00
182 0.000e+00
192 7.899e-03
216 4.670e-02
219 2.478e-02
227 0.000e+00
230 0.000e+00
234 0.000e+00
237 0.000e+00
241 0.000e+00
113 1.918e-01
124 2.153e+00
137 3.639e-03
143 6.759e-03
147 1.739e-02
176 7.961e-03
188 0.000e+00
213 0.000e+00
217 1.036e-03
221 5.773e-04
226 0.000e+00
241 0.000e+00
265 0.000e+00
280 0.000e+00

93

B NOODOFRFR P OFRPNRFEPOODOOODNWNOOGWNOF, WFRLRNE PO, P WO FPEPNPPOFR,OOOFRLDNDWREO©

Rad.
Rate

(1/8)

.176e+07
.542e+04
.211e+03
.899e+07
.825e+04
.248e+03
.922e+07
.543e+08
.854e+08
.145e+09
.615e+05
.T747e+05
.930e+04
.132e+04
.123e+08
.107e+07
.114e+06
.830e+06
.020e+08
.978e+03
.413e+04
.904e+04
.860e+07
.726e+08
.575e+08
.645e+04
.048e+03
.331e+05
.750e+05
.050e+05
.302e+07
.690e+08
.948e+06
.451e+07
.808e+07
.598e+07
.857e+04
.161e+04
.015e+07
.170e+06
.726e+05
.407e+04
.299e+04
.764e+04

Low.
Lev.

107
107
107
107
107
107
107
107
107
107
107
107
107
107
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109

Upp.
Lev.

143
149
152
177
181
185
204
216
219
227
230
235
238
241
116
120
137
141
149
1563
175
184
201
217
220
228
231
235
238
111
114
127
138
144
154
178
196
214
218
224
233
242
269
281

QOO O OONNRFREFP,LPOOPPNOIUIOOOOUITWUIO WOOUEFE NP, OOOOO PP, NOOWOOHR

Osc.
Str.

gf

.857e-02
.000e+00
.000e+00
.338e-03
.000e+00
.000e+00
.959e-03
.725e-01
.333e-01
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.892e-01
.511e+00
.665e-02
.047e-03
.000e+00
.000e+00
.383e-02
.000e+00
.408e-03
.191e-01
.805e-01
.000e+00
.000e+00
.000e+00
.000e+00
.371e-02
.641e-01
.819e-01
.220e-03
.000e+00
.000e+00
.167e-02
.457e-02
.266e-01
.623e-03
.308e-01
.000e+00
.000e+00
.000e+00
.000e+00

NNWOOHEOOWWOaONEFE R, EFEPORNER,ONPWOERERNONRPEOOWNOF, ORFREFEPWPNDMNNONDE RO D

Rad.
Rate

(1/s)

.527e+07
.650e+03
.631e+04
.070e+07
.360e+04
.366e+04
.533e+07
.488e+09
.509e+09
.295e+05
.195e+05
.815e+05
.832e+03
.242e+05
.423e+07
.716e+08
.623e+07
.380e+06
.048e+04
.305e+04
.865e+07
.983e+04
.917e+07
.288e+09
.706e+09
.223e+05
.891e+04
.946e+04
.672e+04
.492e+07
.522e+08
.543e+08
.354e+07
.519e+04
.673e+04
.402e+07
.908e+07
.077e+09
.624e+07
.486e+09
.613e+05
.241e+05
.977e+03
.039e+05



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

109
110
110
110
110
110
111
111
111
111
111
111
111
111
111
111
111
111
111
111
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
113
113
113
113
113
113
113
113

Upp.
Lev.

283
130
171
218
240
272
129
133
136
148
171
186
210
218
227
234
239
247
262
273
130
133
144
154
183
187
213
220
226
229
234
238
248
263
273
280
130
133
142
146
150
171
184
210

WP WP OOOER,L NO OO ONNMNNOOOGMWNNEFEFEPLPNOOOOOGWULIOWNREE,OUI WOO O WER -

Osc.
Str.

gf

.563e-03
.272e-01
.589e-03
.000e+00
.438e-03
.000e+00
.370e-01
.690e-02
.000e+00
.162e-02
.013e-02
.272e-02
.268e-01
.000e+00
.795e-03
.080e-03
.448e-03
.000e+00
.000e+00
.000e+00
.691e-02
.544e-01
.514e+00
.706e-01
.096e-02
.713e-01
.728e-01
.000e+00
.884e-01
.982e-03
.132e-03
.536e-02
.000e+00
.000e+00
.000e+00
.756e-04
.217e-01
.715e-01
.000e+00
.000e+00
.780e-02
.376e-02
.890e-02
.034e-02

W, OWOOOUEFE NN, PdPPRLrEP,PPR,PAPOMNOCOOR, OO POOTFRLONDDPPOORL DD PAPNNRL, PPN, ERE,RPR,RNOWO

Rad.
Rate

(1/8)

.351e+07
.725e+07
.588e+06
.064e+04
.521e+08
.524e+04
.647e+08
.952e+07
.350e+03
.916e+07
.124e+07
.005e+07
.373e+09
.898e+03
.264e+08
.937e+07
.558e+08
.172e+04
.604e+04
.971e+04
.377e+06
.450e+07
.952e+08
.376e+08
.556e+07
.471e+09
.393e+09
.253e+03
.611e+09
.733e+07
.703e+07
.319e+09
.178e+04
.995e+04
.150e+04
.190e+07
.768e+07
.864e+08
.603e+03
.711e+03
.095e+07
.519e+07
.338e+08
.931e+08

Low.
Lev.

110
110
110
110
110
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
113
113
113
113
113
113
113
113

than 4.
Upp. Osc.
Lev. Str.

i ef
125 9.623e-02
137 0.000e+00
184 1.713e-02
227 5.775e-03
247 0.000e+00
125 5.428e-01
130 3.100e-01
134 1.208e-01
138 0.000e+00
149 1.184e-02
184 9.127e-03
187 2.853e-03
211 1.157e+00
219 0.000e+00
228 1.030e-02
235 5.182e-04
240 3.690e-03
248 0.000e+00
264 0.000e+00
281 1.222e-03
131 3.742e-01
134 3.343e-02
149 1.154e-02
171 1.159e-02
184 2.027e-02
211 1.145e-01
214 0.000e+00
224 0.000e+00
227 2.770e-04
230 2.312e-03
235 3.919e-04
240 4.184e-03
250 0.000e+00
264 0.000e+00
274 0.000e+00
283 0.000e+00
131 1.659e+00
134 4.752e-02
144 3.458e-01
148 7.088e-03
151 2.513e-03
181 5.255e-03
186 3.972e-02
211 2.631e-01

94

NOP PPN, R, PN OCOOONOIR,EFE,OOONRFENWORLREFER,ONR,EFEOOONREOOWOOREFERFE OO -

Rad.
Rate

(1/8)

.904e+07
.441e+03
.061e+07
.262e+08
.518e+04
.047e+08
.895e+07
.138e+07
.093e+03
.173e+07
.678e+07
.101e+06
.304e+09
.498e+04
.348e+08
.038e+06
.697e+07
.504e+04
.782e+04
.598e+07
.909e+07
.442e+06
.058e+07
.270e+07
.613e+07
.963e+08
.606e+05
.868e+05
.914e+06
.130e+07
.213e+06
.663e+07
.162e+05
.759e+04
.851e+04
.574e+05
.664e+08
.024e+07
.010e+08
.064e+07
.662e+06
.883e+06
.530e+07
.047e+09

Low.
Lev.

110
110
110
110
110
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
113
113
113
113
113
113
113
113
113

Upp.
Lev.

126
148
210
234
263
128
132
135
139
154
185
207
213
224
233
238
241
250
272
283
132
142
151
181
186
212
218
225
228
233
236
243
261
272
275
128
132
141
145
149
154
183
187
212

NNMNNOOFP, OO, O OORFR,ROF,F WNOO PP IONOWOOONRFRLRPOWRLRNFRL,OPRP,LP,OROINAN

Osc.
Str.

gf

.477e-01
.393e-03
.874e-01
.276e-03
.000e+00
.392e+00
.131e-01
.317e-02
.000e+00
.309e-02
.058e-02
.765e-03
.023e-01
.000e+00
.032e-03
.527e-02
.701e-03
.000e+00
.000e+00
.000e+00
.189e-01
.000e+00
.132e-03
.790e-03
.387e-01
.957e-01
.000e+00
.000e+00
.989e-03
.820e-02
.829e-03
.000e+00
.683e-03
.000e+00
.000e+00
.249e-02
.242e+00
.000e+00
.000e+00
.924e-02
.902e-02
.225e-02
.765e-01
.085e+00

SN O, OO, 000, PO 0WOaPENNOOPREFE, ONWEFEFWNOOFRNNENOONDNDNMNNDMNDANRE- -

Rad.
Rate

(1/s)

.769e+08
.229e+07
.886e+09
.880e+07
.483e+04
.009e+08
.154e+07
.060e+07
.418e+03
.283e+07
.812e+08
.525e+07
.489e+09
.301e+04
.872e+07
.154e+08
.821e+07
.720e+04
.367e+04
.397e+04
.068e+07
.291e+03
.791e+06
.280e+06
.308e+08
.T76e+09
.331e+03
.979e+04
.831e+07
.232e+08
.739e+07
.172e+05
.787e+07
.355e+04
.160e+05
.870e+06
.899e+08
.248e+03
.797e+03
.735e+07
.395e+07
.956e+07
.613e+08
.161e+10



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

113
113
113
113
113
113
113
113
113
113
113
114
114
114
114
114
114
114
114
114
114
114
114
114
114
115
115
115
115
115
115
115
115
115
115
115
115
116
116
116
116
116
116
116

Upp.
Lev.

213
220
226
229
234
238
243
249
263
273
283
128
133
140
154
180
186
210
218
228
235
240
250
275
283
135
159
180
185
211
216
221
228
238
247
262
267
148
151
180
184
210
213
217

QW WWPL O M OONNOOFR,RFP,R PP, OOODONWOOHLOFL,r WNOO®OUIF, OO OO OWWwWOoO O+

Osc.
Str.

gf

.942e-01
.000e+00
.399e-02
.186e-02
.735e-03
.479e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.008e-01
.431e-02
.000e+00
.456e-02
.278e-02
.436e-03
.345e-01
.000e+00
.445e-03
.686e-03
.605e-03
.000e+00
.000e+00
.000e+00
.568e-03
.123e-02
.449e+00
.699e-01
.268e-01
.000e+00
.000e+00
.005e-02
.979e-04
.000e+00
.000e+00
.438e-04
.954e-01
.575e-02
.853e-01
.403e-01
.946e-02
.039e-03
.000e+00

WNPOATOAONNNDNPEPLPNODDPOFR, R RPRPRPRPRDMOODORLEFE,OOONOWRERERWEREPDPOERLEFPREFERNDOONDR

Rad.
Rate

(1/8)

.548e+09
.939%e+04
.767e+08
.907e+08
.919e+08
.168e+08
.391e+05
.974e+04
.457e+04
.087e+05
.788e+04
.029e+07
.400e+07
.283e+03
.966e+07
.877e+07
.518e+06
.724e+09
.021e+04
.156e+07
.842e+07
.943e+07
.008e+04
.080e+04
.293e+05
.147e+07
.047e+07
.759e+09
.316e+09
.612e+08
.671e+04
.027e+03
.507e+08
.077e+07
.561e+05
.260e+05
.920e+06
.695e+08
.825e+07
.868e+08
.751e+08
.970e+08
.356e+07
.677e+04

Low.
Lev.

113
113
113
113
113
113
113
113
113
113
114
114
114
114
114
114
114
114
114
114
114
114
114
114
115
115
115
115
115
115
115
115
115
115
115
115
115
116
116
116
116
116
116
116

than 4.
Upp. Osc.
Lev. Str.

i ef
214 0.000e+00
224 0.000e+00
227 1.888e-03
230 8.199e-04
235 1.100e-03
240 1.296e-02
247 0.000e+00
250 0.000e+00
264 0.000e+00
274 0.000e+00
125 1.510e-01
129 2.068e-02
134 1.535e+00
147 0.000e+00
156 0.000e+00
184 1.198e-02
187 4.898e-02
211 1.701e-01
224 0.000e+00
233 2.377e-02
238 4.350e-02
241 1.265e-02
263 0.000e+00
280 8.403e-04
129 1.190e-02
148 4.565e-01
173 2.306e-02
183 1.047e-01
186 3.141e-03
213 3.249e-02
218 0.000e+00
222 0.000e+00
233 1.910e-03
239 1.607e-02
248 0.000e+00
263 0.000e+00
273 0.000e+00
149 6.164e-01
155 2.565e-02
181 2.071e+00
186 9.008e-02
211 7.047e-01
215 0.000e+00
218 0.000e+00

95

SO, R, R, OO0, R, R, DPPORPNDNRERPRPNOOOOR, R, R, OO0, NWONWRE R R WORNRE N W

Rad.
Rate

(1/8)

.628e+04
.198e+04
.013e+07
.520e+06
.457e+07
.980e+08
.469e+04
.124e+04
.684e+04
.525e+05
.970e+07
.167e+07
.096e+08
.205e+03
.955e+03
.203e+07
.985e+07
.309e+09
.664e+04
.059e+08
.943e+08
.733e+08
.095e+04
.274e+07
.871e+06
.332e+08
.550e+07
.303e+08
.873e+06
.523e+08
.428e+05
.834e+04
.015e+07
.087e+09
.506e+05
.680e+05
.657e+04
.110e+08
.652e+07
.795e+09
.392e+08
.331e+09
.788e+04
.595e+04

Low.
Lev.

113
113
113
113
113
113
113
113
113
113
114
114
114
114
114
114
114
114
114
114
114
114
114
114
115
115
115
115
115
115
115
115
115
115
115
115
116
116
116
116
116
116
116
116

Upp.
Lev.

217
225
228
233
236
241
248
262
272
275
126
130
135
149
171
185
207
213
225
234
239
248
272
281
134
149
174
184
210
215
219
227
235
240
252
264
132
150
172
183
187
212
216
219

QO U U NEFEF EFE,LPOOIONIIIODODWOFREFLNOWOORLRFPLPORELP,LOUOODKRELPPPLPOOOOPEL,ONOO

Osc.
Str.

gf

.000e+00
.000e+00
.371e-03
.032e-03
.127e-03
.051e-02
.000e+00
.000e+00
.000e+00
.000e+00
.543e-01
.130e-01
.217e-01
.552e-02
.464e-03
.390e-03
.305e-02
.528e+00
.000e+00
.824e-03
.067e-03
.000e+00
.000e+00
.281e-03
.328e-02
.281e-01
.097e-02
.758e-02
.381e-01
.000e+00
.000e+00
.549e-02
.748e-01
.626e-03
.000e+00
.000e+00
.141e-02
.265e-01
.560e-02
.196e-02
.991e-03
.745e-02
.000e+00
.000e+00

H 0 W ONEFEFNOOF OO, WEFEL OOOOdNDNNDNEPPPMPPPNOR,RPRRERPRPRREPEROOODONREOONEOTEFE P OB

Rad.
Rate

(1/s)

.363e+04
.447e+04
.407e+07
.723e+08
.067e+07
.594e+08
.979e+04
.573e+04
.321e+04
.564e+05
.505e+07
.646e+07
.515e+08
.356e+07
.026e+07
.115e+07
.736e+08
.205e+10
.480e+04
.973e+07
.301e+07
.669e+04
.692e+04
.783e+08
.252e+06
.067e+08
.063e+07
.519e+08
.266e+09
.916e+04
.751e+04
.364e+09
.567e+09
.945e+08
.133e+05
.034e+04
.124e+06
.531e+07
.203e+07
.723e+07
.399e+06
.110e+08
.366e+04
.586e+05



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

116
116
116
116
116
116
116
116
116
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
119
119
119

Upp.
Lev.

220
223
229
236
244
249
262
268
274
150
172
181
187
212
219
222
229
235
238
244
248
254
263
272
148
151
158
173
183
187
211
215
219
223
228
233
238
247
250
258
267
150
155
165

NWFR,r WOOOFRr PP, OOONFRFRLREFPLPNPLUOUOITOOOODOUPPRPLPROOR,RF OO, P, ONOOOWNODO

Osc.
Str.

gf

.000e+00
.000e+00
.364e-02
.688e-01
.000e+00
.000e+00
.000e+00
.692e-04
.000e+00
.091e+00
.254e-02
.754e-01
.617e-02
.093e+00
.000e+00
.000e+00
.591e-01
.020e-03
.282e-03
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.788e-02
.793e+00
.572e-01
.033e-02
.723e-02
.091e-02
.565e-02
.000e+00
.000e+00
.000e+00
.636e-02
.229e-03
.987e-03
.000e+00
.000e+00
.071e-03
.668e-04
.396e-01
.158e-02
.189e-01

P P, N0 OO NONNMMNDPENNPRP PN, PPN, RPRPNDNMOONOOR,PENOONDED OO, NWRE B WNDND

Rad.
Rate

(1/8)

.115e+04
.111e+04
.110e+08
.417e+09
.217e+04
.244e+05
.152e+05
.992e+06
.901e+05
.432e+08
.585e+06
.945e+08
.519e+07
.897e+09
.274e+04
.977e+03
.417e+09
.198e+07
.104e+07
.128e+03
.868e+05
.410e+05
.954e+05
.240e+05
.614e+07
.041e+09
.612e+08
.091e+07
.065e+07
.653e+07
.910e+08
.408e+05
.245e+03
.827e+05
.018e+08
.550e+07
.648e+07
.773e+04
.992e+03
.203e+07
.276e+06
.799e+07
.914e+07
.1567e+08

Low.
Lev.

116
116
116
116
116
116
116
116
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
119
119
119

than 4.
Upp. Osc.
Lev. Str.

i ef
221 0.000e+00
227 2.866e-02
230 2.090e-02
240 3.048e-02
247 0.000e+00
2562 0.000e+00
263 0.000e+00
272 0.000e+00
132 5.386e-02
151 4.792e-03
179 6.100e-02
182 2.981e+00
188 6.981e-03
216 0.000e+00
220 0.000e+00
226 8.858e-04
230 1.639e-03
236 9.323e-02
241 5.179e-02
245 0.000e+00
249 0.000e+00
266 0.000e+00
264 0.000e+00
273 0.000e+00
149 9.428e-02
154 5.724e-03
159 1.507e-02
180 4.749e-01
184 1.388e-02
190 0.000e+00
213 1.201e-02
216 0.000e+00
221 0.000e+00
226 2.069e-03
229 2.574e-03
235 5.866e-02
240 1.365e-03
248 0.000e+00
2562 0.000e+00
263 0.000e+00
279 3.509e-04
151 1.540e-01
158 6.948e-02
172 1.366e-02

96

O P> 000 WWEF WNNRFE, NP OOOODWOF, 0O0NOWWOOOdo R, NNWOGNWNOOOGWEFEFNWOF OWw

Rad.
Rate

(1/8)

.932e+04
.961e+08
.875e+08
.864e+08
.812e+05
.757e+05
.337e+05
.795e+04
.492e+06
.886e+06
.970e+07
.002e+09
.289e+06
.947e+04
.187e+05
.789e+06
.467e+07
.616e+08
.985e+08
.413e+04
.341e+05
.758e+05
.217e+05
.899e+04
.454e+07
.018e+06
.336e+07
.521e+08
.448e+07
.799e+03
.169e+07
.106e+04
.226e+03
.802e+07
.269e+07
.514e+08
.038e+07
.208e+05
.287e+05
.621e+04
.594e+06
.802e+07
.288e+07
.963e+06

Low.
Lev.

116
116
116
116
116
116
116
116
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
119
119
119
119

Upp.
Lev.

222
228
235
241
248
254
264
273
149
152
180
186
211
217
221
228
231
237
242
247
252
262
269
144
150
155
164
181
186
210
214
218
222
227
230
236
244
249
254
264
149
152
161
173

P PN OODODOO UMUK OO NWRE PP PLNOOOFRL UITWWOONOUINEFEFNOOOOWOWO®WO®WO

Osc.
Str.

gf

.000e+00
.660e-02
.175e-02
.493e-03
.000e+00
.000e+00
.000e+00
.000e+00
.192e-01
.709e-01
.551e-02
.917e-01
.023e-02
.000e+00
.000e+00
.295e-02
.188e-02
.395e-01
.327e-03
.000e+00
.000e+00
.000e+00
.795e-04
.280e-02
.781e-02
.440e-01
.491e-01
.357e-01
.005e-03
.698e-01
.000e+00
.000e+00
.000e+00
.108e-02
.758e-01
.134e-02
.000e+00
.000e+00
.000e+00
.000e+00
.281e-02
.827e+00
.144e-01
.194e-02

P NP, NP, PR, R, PDPONERER, OO, NENRPR,OOOOWWDAREE,ONPPANR,E, OWORLRNEDDWERE P RN

Rad.
Rate

(1/s)

.208e+04
.081e+09
.060e+09
.283e+08
.190e+05
.663e+05
.207e+05
.766e+04
.799e+08
.084e+07
.060e+07
.075e+08
.526e+08
.860e+05
.056e+04
.103e+08
.221e+08
.882e+09
.000e+07
.832e+04
.367e+04
.260e+04
.285e+06
.474e+06
.011e+07
.733e+08
.014e+08
.798e+08
.046e+07
.305e+09
.485e+03
.215e+05
.338e+05
.277e+08
.103e+09
.701e+08
.112e+06
.286e+04
.577e+05
.229e+04
.221e+07
.269e+09
.017e+08
.244e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

119
119
119
119
119
119
119
119
119
119
119
119
119
119
120
120
120
120
120
120
120
120
120
120
120
121
121
121
121
121
122
122
122
122
122
122
122
122
122
122
122
122
123
123

Upp.
Lev.

180
186
211
215
218
222
230
236
242
247
252
256
264
278
1563
172
182
216
220
230
236
245
249
256
264
148
184
218
234
263
148
173
185
207
213
218
228
239
247
263
273
281
133
150

O NP, OO0OO P FRPLPRORFR,LR P WFRFREFPLONOWNOOOOFR,R ODOORFR L, PPUIO OOO WOWIPOOOOVWNO®

Osc.
Str.

gf

.269e-02
.848e-02
.798e-01
.000e+00
.000e+00
.000e+00
.993e-02
.204e-02
.292e-04
.000e+00
.000e+00
.000e+00
.000e+00
.752e-04
.313e+00
.199e-02
.284e+00
.000e+00
.000e+00
.474e-04
.253e-02
.000e+00
.000e+00
.000e+00
.000e+00
.187e-01
.977e-01
.000e+00
.335e-02
.000e+00
.457e-01
.855e-02
.803e-01
.705e-03
.358e-03
.000e+00
.144e-01
.440e-02
.000e+00
.000e+00
.000e+00
.895e-04
.478e-02
.131e-01

WO R P FPFEPNFPOODOFRLRNMNEFEFEFERLPNMNAENONMNWORL,RFERRFEROODON0ORF,OPPEEFE,PPONDOWONDERENPN

Rad.
Rate

(1/8)

.193e+07
.201e+07
.260e+09
.216e+05
.259e+04
.040e+05
.407e+08
.481e+08
.913e+06
.286e+04
.156e+05
.679e+05
.983e+04
.415e+06
.571e+09
.578e+06
.111e+08
.804e+04
.033e+04
.684e+06
.136e+08
.248e+05
.697e+05
.459e+05
.884e+04
.141e+08
.001e+08
.341e+04
.627e+08
.645e+05
.426e+08
.520e+07
.295e+09
.825e+07
.473e+06
.761e+04
.314e+09
.769e+09
.227e+05
.075e+05
.759e+05
.322e+07
.176e+06
.832e+08

Low.
Lev.

119
119
119
119
119
119
119
119
119
119
119
119
119
120
120
120
120
120
120
120
120
120
120
120
120
121
121
121
121
121
122
122
122
122
122
122
122
122
122
122
122
123
123
123

than 4.
Upp. Osc.
Lev. Str.

i ef
181 6.598e-01
188 5.866e-03
212 9.431e-03
216 0.000e+00
219 0.000e+00
228 1.802e-02
231 7.600e-01
237 7.332e-02
244 0.000e+00
248 0.000e+00
2563 8.305e-04
268 6.615e-04
268 5.752e-04
150 2.305e-01
161 8.831e-02
179 3.597e-02
195 0.000e+00
217 0.000e+00
221 0.000e+00
231 5.118e-02
237 1.791e-01
246 0.000e+00
2564 0.000e+00
269 6.373e-04
269 8.347e-04
171 1.413e-01
210 2.525e-02
227 4.996e-02
240 4.611e-02
272 0.000e+00
149 5.045e-01
174 7.016e-03
186 4.952e-01
210 1.930e-02
215 0.000e+00
219 0.000e+00
234 6.725e-02
240 3.486e-02
248 0.000e+00
264 0.000e+00
278 2.337e-03
131 2.036e-01
148 8.016e-03
171 6.685e-01

97

O ~NO WNNNFE, ONNOIOONEFE O ONRFEFOPR PP EFE,WWNDOONPEOOITOOOOEOLOONERFROOo

Rad.
Rate

(1/8)

.426e+08
.088e+06
.001e+07
.982e+05
.039e+05
.214e+08
.223e+09
.206e+08
.451e+05
.275e+04
.528e+06
.698e+06
.887e+06
.260e+08
.211e+07
.199e+07
.668e+03
.428e+05
.164e+05
.498e+08
.265e+09
.312e+06
.118e+05
.997e+06
.613e+06
.882e+08
.858e+08
.562e+08
.587e+08
.514e+05
.966e+08
.816e+06
.984e+08
.183e+08
.996e+04
.781e+04
.332e+09
.248e+08
.173e+05
.142e+05
.217e+07
.201e+06
.786e+06
.842e+08

Low.
Lev.

119
119
119
119
119
119
119
119
119
119
119
119
119
120
120
120
120
120
120
120
120
120
120
120
120
121
121
121
121
121
122
122
122
122
122
122
122
122
122
122
122
123
123
123

Upp.
Lev.

182
194
213
217
221
229
235
241
245
249
254
259
272
152
169
181
212
219
229
232
244
248
255
260
277
174
216
233
247
279
171
184
187
211
216
227
238
241
262
272
279
132
149
172

N, O NOOPDPWMWOWPLPWPRLROWMOOOREFPLROOR,PORLROWERERORLOOOWWOWNOOOU O

Osc.
Str.

gf

.600e-01
.000e+00
.661e-03
.000e+00
.000e+00
.489e-02
.359e-03
.021e-03
.000e+00
.000e+00
.000e+00
.012e-02
.000e+00
.802e-01
.811e-01
.505e-02
.278e+00
.000e+00
.348e-02
.042e+00
.000e+00
.000e+00
.331e-03
.384e-02
.600e-04
.092e-03
.000e+00
.384e-04
.000e+00
.083e-03
.185e-01
.046e-01
.905e-03
.706e-02
.000e+00
.233e-02
.880e-03
.896e-02
.000e+00
.000e+00
.844e-04
.070e-02
.330e-01
.952e-02

P NWEFE, WO, OO NOODOOS”TONEFE, P, O OO0 wouwookr Nk, NWEFE, P PRERPFEPNORFRSNDN

Rad.
Rate

(1/s)

.957e+08
.806e+03
.300e+07
.550e+04
.575e+04
.185e+08
.194e+08
.021e+07
.136e+06
.425e+05
.096e+05
.978e+07
.037e+04
.918e+07
.649e+08
.871e+07
.731e+09
.666e+03
.798e+08
.839e+09
.905e+03
.568e+04
.523e+06
.885e+07
.976e+06
.273e+07
.924e+03
.621e+07
.465e+05
.487e+07
.569e+08
.126e+08
.031e+06
.518e+08
.414e+03
.187e+08
.105e+08
.112e+08
.285e+05
.970e+05
.801e+07
.826e+06
.765e+07
.680e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

123
123
123
123
123
123
123
123
123
123
123
124
124
124
124
124
124
124
124
124
124
125
125
125
125
125
125
126
126
126
126
126
126
127
127
127
127
127
127
128
128
128
128
128

Upp.
Lev.

184
205
212
216
219
228
238
247
262
272
277
144
164
187
211
214
226
238
243
265
280
137
156
216
222
247
283
140
214
218
225
262
283
183
187
213
233
241
280
136
139
143
215
219

B NP WWOWNNOOONEFP,LNODOOONOOR O, WWOOWERELNWOPRrEF,OONNPEPRROOOWOWNOONO D

Osc.
Str.

gf

.561e-01
.000e+00
.356e-02
.000e+00
.000e+00
.773e-02
.432e-03
.000e+00
.000e+00
.000e+00
.259e-03
.974e-01
.525e-02
.773e-01
.718e-03
.000e+00
.058e-01
.059e-02
.000e+00
.173e-02
.741e-03
.278e-01
.421e-01
.137e-02
.730e-02
.297e-03
.662e-03
.200e-01
.386e-01
.715e-01
.165e-02
.846e-04
.353e-04
.382e-01
.315e+00
.173e-03
.406e-02
.133e-02
.981e-03
.003e-01
.275e+00
.029e-02
.054e-02
.342e+00

~NO R, OO0 WNRLr PP R EPRPPRRP,OFR P, OOWAORNDNOWONDOODDONWWER D DO EFE WPDNRE = O

Rad.
Rate

(1/8)

.127e+08
.289e+04
.143e+08
.563e+04
.178e+04
.181e+08
.172e+08
.149e+04
.728e+04
.141e+05
.178e+07
.650e+08
.201e+07
.182e+08
.T74e+07
.609e+05
.392e+08
.944e+08
.097e+05
.322e+08
.729e+07
.375e+07
.765e+08
.928e+08
.207e+08
.978e+07
.719e+07
.422e+08
.075e+09
.327e+09
.026e+09
.209e+07
.396e+07
.615e+08
.218e+09
.463e+07
.134e+09
.446e+08
.819e+07
.440e+07
.450e+08
.253e+07
.163e+08
.585e+09

Low.
Lev.

123
123
123
123
123
123
123
123
123
123
123
124
124
124
124
124
124
124
124
124
124
125
125
125
125
125
126
126
126
126
126
126
127
127
127
127
127
127
127
128
128
128
128
128

than 4.
Upp. Osc.
Lev. Str.

i ef
186 1.400e+00
210 1.069e-03
213 1.407e-03
217 0.000e+00
220 0.000e+00
229 1.977e-01
240 5.253e-02
248 0.000e+00
263 0.000e+00
273 0.000e+00
278 7.512e-04
151 6.258e-03
179 9.007e-02
188 6.122e+00
212 2.514e-03
224 0.000e+00
229 1.748e-03
241 3.759e-03
244 0.000e+00
269 5.889e-03
282 0.000e+00
138 2.515e-01
214 7.511e-01
218 2.168e-01
223 1.489e-03
250 4.358e-03
136 4.194e-02
143 3.302e-02
215 2.893e-01
222 7.089e-02
247 4.908e-03
263 2.998e-03
154 5.017e-01
185 1.354e-03
207 5.867e-01
214 0.000e+00
234 7.549e-04
250 0.000e+00
281 7.581e-02
137 2.069e-02
140 4.382e-01
145 1.150e-02
216 3.639e-01
221 2.453e-02

98

P NORFR DO, WOAOOOWWOUOWEREr OO OFFEBDDMPMRPRPERPEDMDBDNNEL,NNNRE,RFR,RFERNORR

Rad.
Rate

(1/8)

.684e+09
.207e+07
.793e+06
.900e+04
.294e+05
.621e+09
.090e+09
.437e+04
.681e+05
.375e+05
.032e+07
.457e+06
.103e+07
.089e+09
.187e+07
.185e+05
.404e+07
.593e+07
.018e+03
.318e+07
.064e+06
.131e+08
.960e+09
.760e+09
.238e+07
.347e+07
.285e+06
.065e+07
.778e+09
.676e+08
.812e+07
.720e+07
.510e+08
.138e+06
.086e+09
.410e+04
.371e+07
.840e+05
.880e+09
.652e+06
.164e+08
.185e+06
.841e+09
.999e+08

Low.
Lev.

123
123
123
123
123
123
123
123
123
123
124
124
124
124
124
124
124
124
124
124
125
125
125
125
125
125
126
126
126
126
126
126
127
127
127
127
127
127
127
128
128
128
128
128

Upp.
Lev.

187
211
215
218
227
234
241
249
264
274
134
155
186
209
213
225
231
242
250
275
136
145
215
221
225
262
137
156
216
223
250
272
180
186
210
224
238
275
283
138
141
214
218
222

AN, NOHODOONO”TWEFR P NFRPEPEPLPNEPLPP,WAONNOOFR, WO OWODUIOF, OOORFr,r P, EFL, OORKR-XN

Osc.
Str.

gf

.126e-02
.021e-02
.000e+00
.000e+00
.579e-03
.027e-01
.565e-01
.000e+00
.000e+00
.000e+00
.245e-01
.321e-02
.779e-03
.000e+00
.770e-01
.000e+00
.241e-03
.343e+00
.000e+00
.000e+00
.230e+00
.833e-02
.191e-02
.871e-03
.949e-01
.253e-03
.162e+00
.549e-01
.296e-02
.021e-01
.105e-03
.046e-03
.052e-02
.7T76e-02
.058e-04
.000e+00
.550e-01
.000e+00
.000e+00
.298e-02
.416e-01
.521e-02
.417e-01
.911e-02

O R, P P NNNNPFP,OOWORNPEPER,FP,ONMNNDOWOOFE ONWONPOOOTEWOOWNOOPRPRNEFENWOOREO®®O®

Rad.
Rate

(1/s)

.719e+07
.921e+07
.098e+04
.117e+03
.017e+07
.030e+09
.950e+09
.980e+05
.344e+05
.943e+05
.383e+06
.507e+07
.514e+06
.966e+04
.620e+09
.059e+05
.038e+07
.176e+09
.452e+04
.033e+05
.636e+08
.744e+07
.937e+08
.242e+07
.853e+09
.639e+07
.015e+08
.139e+08
.017e+08
.183e+09
.536e+07
.307e+07
.893e+06
.428e+07
.105e+06
.064e+05
.916e+09
.010e+05
.884e+05
.417e+07
.452e+08
.173e+08
.907e+09
.385e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

128
128
128
129
129
130
130
130
130
130
130
130
131
131
131
131
131
131
132
132
132
132
132
132
132
133
133
133
133
133
133
134
134
134
134
134
134
134
134
134
135
135
136
136

Upp.
Lev.

224
248
263
145
225
138
145
214
218
223
250
272
140
143
217
220
248
263
138
141
214
217
221
248
272
145
214
218
223
273
278
140
156
213
216
221
225
242
265
280
156
238
151
187

N, OO OOWNWOFRRFRPROFRRPRLRNRPRPPFRPLRORPRNMNPEPFNNMNRPPEPNMPPRPONMRPRPPRPNOWPMPR, OWRLO

Osc.
Str.

gf

.535e-02
.254e-02
.295e-03
.385e-02
.064e-02
.779e-01
.665e-02
.693e-02
.328e-02
.571e-01
.272e-03
.982e-03
.408e-02
.509e-01
.280e-01
.161e+00
.564e-03
.392e-03
.044e-02
.927e+00
.393e-02
.761e+00
.259e-01
.372e-03
.982e-03
.221e+00
.836e-03
.153e-03
.973e-02
.257e-02
.000e+00
.570e-01
.593e-01
.000e+00
.207e-02
.418e-02
.857e-02
.000e+00
.000e+00
.000e+00
.148e-01
.000e+00
.930e-01
.627e-02

O WOAONOOAOF, NOFLNONNOONEOOAOPDdNE D OFR, WORLREFE ONPRPRLWRFRLROONRER,E D DdEW

Rad.
Rate

(1/8)

.889e+08
.057e+08
.071e+07
.761e+07
.499e+08
.576e+08
.736e+07
.289e+08
.640e+08
.245e+09
.495e+07
.636e+07
.221e+07
.041e+07
.324e+09
.268e+09
.287e+07
.681e+07
.103e+06
.003e+08
.772e+08
.451e+09
.117e+09
.118e+07
.387e+07
.974e+08
.727e+07
.626e+06
.923e+09
.500e+08
.163e+03
.336e+07
.376e+07
.593e+03
.276e+08
.795e+08
.018e+08
.055e+03
.690e+04
.526e+03
.934e+08
.757e+03
.731e+06
.417e+06

Low.
Lev.

128
128
128
129
129
130
130
130
130
130
130
130
131
131
131
131
131
131
132
132
132
132
132
132
132
133
133
133
133
133
133
134
134
134
134
134
134
134
134
134
135
135
136
136

than 4.
Upp. Osc.
Lev. Str.

i ef
225 8.678e-04
2569 0.000e+00
264 3.264e-03
215 3.995e-01
262 2.073e-03
140 1.334e+00
146 7.433e-02
215 8.660e-02
221 1.642e-03
225 5.232e-02
262 2.791e-03
283 4.905e-04
141 1.293e+00
192 1.747e-02
218 1.005e-02
221 4.050e-02
249 2.167e-02
264 1.089e-02
139 5.350e-01
143 1.049e+00
215 1.758e-03
218 6.799e-03
222 1.278e-01
263 3.348e-03
273 6.410e-04
146 5.199e-01
215 4.391e-02
221 9.311e-01
225 1.073e-02
274 4.658e-03
279 0.000e+00
143 8.371e-02
176 2.329e-02
214 6.300e-01
217 1.238e-02
222 6.667e-03
226 0.000e+00
2560 1.365e-02
269 0.000e+00
281 0.000e+00
215 6.141e-03
280 0.000e+00
155 1.209e+00
226 9.891e-01

99

GO WFONOORFR, WO PO, FPNRL,NOORFR PP, ONDMNOOOORFR, WNPFRPNEFE,ONRFRRRFERWD OND D

Rad.
Rate

(1/8)

.236e+07
.866e+03
.881e+07
.128e+09
.228e+07
.080e+08
.084e+08
.097e+09
.305e+07
.277e+08
.632e+07
.063e+07
.1567e+08
.005e+07
.707e+07
.207e+08
.388e+08
.389e+07
.942e+07
.635e+08
.193e+07
.1562e+07
.668e+09
.005e+07
.288e+07
.530e+08
.407e+08
.199e+09
.453e+08
.781e+08
.174e+04
.533e+07
.795e+06
.416e+09
.290e+07
.250e+07
.232e+04
.517e+08
.334e+03
.312e+04
.918e+07
.962e+04
.161e+07
.362e+09

Low.
Lev.

128
128
129
129
130
130
130
130
130
130
130
131
131
131
131
131
131
132
132
132
132
132
132
132
133
133
133
133
133
133
134
134
134
134
134
134
134
134
134
134
135
135
136
136

Upp.
Lev.

247
262
138
222
137
143
156
216
222
247
263
139
142
216
219
237
260
137
140
145
216
219
224
264
143
156
216
222
272
277
136
147
178
215
219
224
233
261
275
283
225
283
183
227

P P, P OO00WOOR, PWNWNOFRLRNEF WRFROFRL PR WWFLOONOGGONNONNRE, WWRN WO

Osc.
Str.

gf

.447e-03
.373e-04
.799e-01
.298e-01
.073e-01
.590e-01
.531e-01
.986e-01
.444e-01
.764e-04
.692e-03
.428e-02
.387e+00
.533e-02
.727e-01
.000e+00
.000e+00
.211e-01
.442e-01
.874e-01
.015e-01
.431e-02
.239e-02
.531e-03
.215e+00
.799e-02
.544e-01
.455e-01
.629e-02
.000e+00
.331e-01
.375e+00
.582e-02
.682e-03
.051e-02
.731e+00
.000e+00
.000e+00
.220e-02
.400e-04
.895e-01
.436e-02
.338e-01
.125e-02

P R, NOOFRNEER, ONPOAONPEPEPRP,LOFRNNONNNENNDNONR, DR NERE, W WO O OO F N -

Rad.
Rate

(1/s)

.706e+07
.724e+07
.791e+08
.742e+09
.928e+07
.810e+07
.865e+07
.079e+09
.238e+09
.012e+07
.260e+07
.039e+07
.348e+08
.196e+08
.498e+09
.681e+03
.173e+03
.112e+07
.250e+07
.690e+08
.609e+08
.405e+08
.089e+07
.580e+07
.846e+08
.152e+07
.143e+09
.164e+09
.942e+08
.409e+03
.590e+07
.242e+08
.052e+06
.349e+07
.083e+08
.397e+09
.226e+04
.748e+04
.669e+08
.099e+07
.577e+09
.819e+08
.688e+07
.442e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

136
136
136
136
136
137
137
137
137
137
137
137
137
138
138
138
138
138
138
139
139
139
139
139
139
139
139
140
140
140
140
140
140
140
140
141
141
141
141
141
141
141
142
142

Upp.
Lev.

228
233
236
241
267
151
211
227
230
235
240
258
278
207
227
234
239
247
278
1562
212
228
231
237
242
256
268
164
212
228
233
236
241
267
278
165
229
235
238
249
259
269
169
231

P NNPFP,POPRL,NRP,OOOPOPPAOWONDNEFR, P, OWWONNEFNORL P, OWOUOOORF, WPNFPLRFPRFPERNDDERRO

Osc.
Str.

gf

.905e-02
.782e-01
.524e-02
.634e-03
.720e-03
.259e-01
.369e-02
.323e-01
.749e-01
.472e-01
.926e-01
.118e-03
.240e-04
.364e-03
.764e-01
.479e-02
.200e-01
.000e+00
.192e-03
.782e-01
.694e-02
.680e-01
.539e-01
.988e-01
.897e-02
.000e+00
.224e-03
.237e+00
.228e-03
.061e-01
.760e-02
.102e-01
.711e-03
.248e-03
.578e-04
.597e+00
.095e-01
.856e-02
.257e-03
.000e+00
.499e-02
.829e-03
.316e+00
.451e-01

O WEFR, NN WEFE, WWOHOWWNNNODWOOORFR PP, WONSNNNE,OR NP, ONDNDNNDDNDONEDNDDNDND

Rad.
Rate

(1/8)

.547e+08
.312e+09
.612e+08
.244e+07
.606e+07
.117e+06
.375e+07
.956e+09
.612e+09
.783e+09
.709e+09
.996e+07
.984e+06
.164e+07
.304e+09
.955e+08
.048e+09
.234e+04
.078e+07
.205e+06
.504e+07
.035e+09
.634e+09
.769e+09
.833e+08
.275e+04
.055e+06
.082e+07
.004e+06
.269e+09
.198e+08
.282e+09
.049e+07
.831e+07
.090e+06
.032e+07
.738e+09
.436e+08
.465e+07
.584e+03
.375e+07
.410e+07
.510e+07
.941e+08

Low.
Lev.

136
136
136
136
136
137
137
137
137
137
137
137
138
138
138
138
138
138
138
139
139
139
139
139
139
139
139
140
140
140
140
140
140
140
140
141
141
141
141
141
141
141
142
142

than 4.
Upp. Osc.
Lev. Str.

i ef
229 3.996e-03
234 2.378e-02
238 5.793e-01
2568 6.181e-03
277 1.168e-03
158 1.352e+00
212 9.101e-03
228 5.278e-01
233 1.565e-02
236 3.217e-01
247 0.000e+00
268 5.438e-03
159 8.767e-01
210 1.285e-02
228 6.272e-02
235 5.029e-01
240 2.179e-02
2562 0.000e+00
279 6.404e-04
161 1.750e+00
213 5.190e-03
229 6.018e-01
235 3.205e-02
238 3.100e-02
249 0.000e+00
259 1.123e-02
269 5.119e-03
210 2.930e-03
226 2.859e-01
229 1.645e-02
234 5.148e-03
238 1.991e-01
268 8.953e-03
268 1.015e-03
279 5.152e-04
211 4.854e-03
230 8.592e-02
236 1.293e-01
241 1.248e-01
2563 1.224e-03
267 5.053e-04
277 2.087e-03
229 1.621e-01
232 2.681e+00

100

WO PO N PEPE, NP, OO EFPNOONNDNWONDWEERE, WD PDPOWWOOEERENDBDNWNDPdWN

Rad.
Rate

(1/8)

.200e+07
.182e+08
.917e+09
.068e+07
.988e+06
.437e+07
.568e+07
.032e+09
.016e+08
.843e+09
.359e+03
.601e+07
.094e+07
.346e+07
.772e+08
.015e+09
.056e+08
.347e+04
.012e+07
.380e+07
.090e+07
.267e+09
.5563e+08
.596e+08
.805e+03
.676e+07
.622e+07
.835e+07
.491e+09
.718e+07
.635e+07
.630e+09
.690e+07
.538e+06
.956e+06
.811e+07
.558e+08
.154e+08
.019e+09
.002e+06
.533e+06
.372e+07
.463e+08
.999e+09

Low.
Lev.

136
136
136
136
136
137
137
137
137
137
137
137
138
138
138
138
138
138
138
139
139
139
139
139
139
139
139
140
140
140
140
140
140
140
140
141
141
141
141
141
141
141
142
142

Upp.
Lev.

230
235
240
261
280
210
226
229
234
238
248
277
185
211
233
238
241
267
281
211
226
230
236
241
253
265
277
211
227
230
235
240
261
277
280
212
231
237
242
258
268
278
230
236

O, P NNOONFR, R, P NODOODOONNDNONRE, NP, DO, POONODDOO WO R P PP, PErPEONDOOW

Osc.
Str.

gf

.354e-01
.768e-02
.209e-02
.712e-03
.186e-02
.851e-03
.681e-02
.666e-03
.474e-02
.670e-02
.000e+00
.694e-03
.442e-03
.490e-03
.141e-03
.478e-03
.047e-04
.369e-03
.066e-03
.824e-03
.429e-02
.848e-02
.802e-01
.325e-01
.500e-04
.219e-03
.903e-03
.073e-03
.994e-03
.667e-01
.158e-02
.003e-02
.131e-03
.345e-04
.598e-03
.689e-02
.123e+00
.869e-01
.189e-03
.468e-04
.519e-03
.041e-03
.950e-03
.067e-02

N, ODDNODPDPPDPPDPWOODPDPWERELEFPOWERNWPAERNE,PONNTWNNORE TN O PO W-N -

Rad.
Rate

(1/s)

.859e+09
.083e+08
.134e+08
.455e+07
.148e+08
.209e+07
.040e+07
.549e+07
.938e+08
.407e+08
.676e+03
.507e+07
.036e+06
.313e+07
.876e+07
.079e+07
.776e+06
.035e+07
.958e+08
.096e+06
.504e+08
.196e+08
.734e+09
.113e+09
.781e+06
.231e+06
.960e+07
.909e+07
.696e+07
.091e+09
.349e+08
.212e+08
.936e+07
.853e+06
.303e+07
.512e+07
.640e+09
.390e+09
.830e+07
.720e+06
.818e+07
.589e+06
.025e+07
.778e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

142
142
142
143
143
143
143
143
143
143
144
144
144
144
144
144
144
144
145
145
145
145
145
146
146
146
147
147
147
147
147
147
147
147
148
148
148
148
148
148
148
148
148
148

Upp.
Lev.

237
259
268
172
211
228
234
238
277
280
206
217
226
241
244
252
264
275
174
227
234
239
278
174
233
279
188
225
229
235
238
243
265
282
202
211
216
222
234
240
258
267
274
283

P NOOOOUIUITOOMONOOWWNOOWONWRERELWONOFRPNOORLRDPRPLWDMIOERL OFL O~ N

Osc.
Str.

gf

.947e-01
.505e-03
.547e-04
.198e+00
.652e-03
.152e-02
.580e-01
.840e-03
.090e-02
.181e-03
.915e-01
.572e-03
.000e+00
.000e+00
.687e-02
.451e-03
.084e-02
.610e-01
.957e-01
.295e-02
.402e-01
.398e-01
.847e-02
.194e-01
.970e-03
.452e-03
.746e-02
.000e+00
.987e-02
.230e-03
.094e-02
.000e+00
.354e-03
.000e+00
.415e-02
.000e+00
.255e-02
.782e-02
.000e+00
.000e+00
.000e+00
.000e+00
.406e-02
.322e-03

B R, WOaOwd PNNERPNNERPEPEPDARINNEE,OODOR, WO, PO OOONREFE OONO PP REP WOOOOWNDDdNW

Rad.
Rate

(1/8)

.393e+09
.343e+06
.161e+06
.960e+07
.115e+07
.275e+07
.974e+09
.846e+07
.985e+08
.074e+07
.874e+08
.581e+06
.746e+03
.140e+03
.217e+08
.722e+07
.726e+07
.049e+09
.904e+07
.286e+08
.220e+09
.526e+09
.651e+08
.917e+07
.552e+07
.403e+08
.097e+06
.854e+03
.491e+08
.371e+07
.031e+08
.864e+04
.115e+07
.403e+05
.411e+07
.272e+04
.496e+08
.835e+08
.300e+04
.334e+04
.254e+05
.250e+05
.022e+09
.996e+07

Low.
Lev.

142
142
142
143
143
143
143
143
143
144
144
144
144
144
144
144
144
144
145
145
145
145
145
146
146
147
147
147
147
147
147
147
147
148
148
148
148
148
148
148
148
148
148
149

than 4.
Upp. Osc.
Lev. Str.

i ef
246 0.000e+00
260 3.860e-02
269 1.040e-02
173 3.080e-01
212 9.034e-03
229 9.201e-01
235 6.280e-03
240 1.140e-01
278 8.280e-03
189 9.917e-01
213 0.000e+00
218 5.011e-03
233 0.000e+00
242 0.000e+00
250 3.603e-02
255 0.000e+00
265 0.000e+00
280 0.000e+00
210 5.822e-03
228 5.037e-01
235 2.580e-02
240 1.835e-01
279 8.255e-03
210 3.434e-03
234 1.179e-01
179 1.854e+00
213 7.597e-02
226 1.031e+00
230 1.906e-03
236 3.977e-02
241 2.106e-02
2568 1.573e-03
269 1.423e-03
191 4.783e-01
205 2.465e-02
214 1.047e-03
218 4.487e-03
223 8.463e-02
235 0.000e+00
241 0.000e+00
262 3.502e-01
268 0.000e+00
278 0.000e+00
191 8.371e-02

101

H OO ONNNPOOTODOFLNOOOONWEFEFNENRFE,WWOPRPRELWWNNORNERE,DDDNDEOERN

Rad.
Rate

(1/8)

.629e+03
.542e+08
.143e+07
.185e+07
.330e+07
.727e+09
.740e+07
.514e+09
.455e+07
.023e+08
.438e+04
.518e+07
.151e+04
.663e+04
.021e+08
.866e+04
.675e+05
.664e+03
.450e+07
.590e+09
.933e+08
.419e+09
.231e+08
.020e+07
.455e+09
.945e+07
.723e+08
.061e+09
.579e+06
.087e+08
.634e+08
.466e+06
.754e+06
.370e+07
.211e+07
.897e+06
.161e+07
.124e+09
.470e+04
.147e+03
.909e+09
.409e+04
.285e+04
.634e+07

Low.
Lev.

142
142
142
143
143
143
143
143
143
144
144
144
144
144
144
144
144
145
145
145
145
145
145
146
146
147
147
147
147
147
147
147
147
148
148
148
148
148
148
148
148
148
148
149

Upp.
Lev.

255
265
277
210
226
233
236
241
279
196
214
224
238
243
251
261
269
173
211
233
238
241
281
227
240
187
214
228
231
237
242
259
280
200
210
215
221
230
236
247
263
273
279
193

~NO O RP,P P OOWRFRONOKFEF OWOOFR,ROPRNFENWODIIDOHODOOONOWOLHONNNPNREL,NRL,W

Osc.
Str.

gf

.707e-03
.794e-03
.590e-04
.137e-03
.343e-02
.632e-03
.223e-02
.7T75e-01
.702e-04
.552e-02
.391e-01
.130e-01
.000e+00
.686e+00
.000e+00
.000e+00
.000e+00
.443e-01
.198e-03
.629e-03
.072e-02
.196e-01
.719e-03
.825e-01
.015e-01
.675e-02
.000e+00
.314e-02
.387e-02
.288e-03
.292e-01
.126e-03
.161e-03
.125e-01
.000e+00
.529e-01
.221e-03
.000e+00
.000e+00
.250e+00
.049e-01
.532e-03
.000e+00
.146e-01

P OO OO0 OWORFRrRFEFRFEFRRFELOODOOPFELWLWOFRLRONMNMNEFEFNRFRPEPNMNNRFE,OFR,ORFE, WRRFEFOWOEREOD O

Rad.
Rate

(1/s)

.477e+07
.851e+06
.948e+06
.814e+06
.184e+08
.611e+07
.898e+08
.200e+09
.157e+07
.899e+07
.120e+09
.202e+09
.632e+04
.208e+10
.711e+05
.264e+05
.105e+04
.223e+07
.8561e+07
.037e+08
.423e+08
.739e+09
.811e+07
.156e+09
.643e+09
.101e+06
.820e+04
.172e+07
.283e+08
.344e+07
.037e+09
.273e+06
.466e+07
.322e+08
.275e+04
.208e+09
.616e+07
.979e+04
.974e+03
.937e+09
.821e+08
.243e+07
.160e+04
.008e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

149
149
149
149
149
149
149
149
149
149
149
149
149
149
150
150
150
150
150
150
150
150
150
150
150
150
150
150
151
151
151
151
151
151
151
151
151
152
152
152
152
152
152
152

Upp.
Lev.

200
204
212
217
221
231
236
240
248
259
264
268
273
279
193
203
216
219
231
236
241
247
253
259
264
268
275
279
210
216
227
235
244
250
254
260
266
194
217
228
232
237
245
251

ONOOOKFr NOONMNNMNPOOOHWNOOHFHrH OWOOUOOOFr WHFr OMOOHODO, O, OOOOU oo ,m

Osc.
Str.

gf

.857e-02
.515e-02
.000e+00
.438e-02
.377e-02
.000e+00
.000e+00
.000e+00
.855e+00
.000e+00
.042e-01
.000e+00
.977e-02
.000e+00
.460e-02
.056e-01
.762e-02
.269e-02
.000e+00
.000e+00
.000e+00
.452e-03
.000e+00
.000e+00
.285e-01
.000e+00
.114e-02
.000e+00
.000e+00
.854e-03
.000e+00
.000e+00
.079e+00
.212e-02
.084e-02
.000e+00
.000e+00
.793e-01
.442e-02
.000e+00
.000e+00
.000e+00
.195e+00
.000e+00

NN, O, OO0 O, PO, WP, OOR, OO DR, DR, PRRPR,PRPR, OO, ONNNDERERP®W

Rad.
Rate

(1/8)

.635e+07
.547e+07
.035e+04
.850e+08
.696e+08
.1568e+04
.181e+04
.875e+03
.053e+10
.269e+05
.260e+08
.159e+05
.867e+08
.024e+05
.180e+07
.374e+07
.782e+08
.370e+07
.362e+03
.414e+04
.098e+04
.324e+07
.521e+03
.940e+04
.568e+09
.622e+05
.780e+07
.177e+04
.173e+04
.217e+07
.538e+04
.731e+04
.683e+09
.778e+08
.523e+07
.807e+03
.100e+05
.589e+07
.829e+07
.665e+04
.671e+03
.243e+04
.781e+09
.340e+03

Low.
Lev.

149
149
149
149
149
149
149
149
149
149
149
149
149
150
150
150
150
150
150
150
150
150
150
150
150
150
150
151
151
151
151
151
151
151
151
151
151
152
152
152
152
152
152
152

than 4.
Upp. Osc.
Lev. Str.

i ef
201 6.952e-02
210 0.000e+00
215 4.288e-02
218 8.016e-03
222 1.966e-01
234 0.000e+00
237 0.000e+00
241 0.000e+00
253 0.000e+00
262 9.555e-02
265 0.000e+00
269 0.000e+00
277 0.000e+00
190 5.305e-02
201 5.684e-01
211 0.000e+00
217 3.799e-01
220 1.541e-02
232 0.000e+00
237 0.000e+00
243 2.227e-03
248 2.178e-01
255 0.000e+00
260 0.000e+00
265 0.000e+00
269 0.000e+00
277 0.000e+00
190 4.026e-01
211 0.000e+00
218 6.448e-01
230 0.000e+00
236 0.000e+00
247 1.090e-02
2562 1.012e+00
255 0.000e+00
263 3.861e-03
275 1.862e-02
199 2.094e-01
219 1.003e+00
230 0.000e+00
235 0.000e+00
243 1.555e-02
248 1.439e-03
262 5.694e-02

102

WO, P, WWEFE, WWOnouoFkOO"OWOE P, P NOUOOOF, OWNDEPERLRPRPPFPOP OO, WONNNNRFE WWNE

Rad.
Rate

(1/8)

.857e+07
.139e+04
.386e+08
.858e+07
.643e+09
.107e+04
.560e+03
.476e+04
.969e+04
.339e+09
.725e+03
.904e+04
.266e+04
.655e+06
.506e+08
.387e+04
.289e+09
.149e+07
.638e+04
.599e+04
.661e+06
.234e+09
.928e+04
.791e+05
.179e+04
.288e+05
.310e+05
.098e+07
.712e+03
.069e+09
.873e+04
.283e+04
.579e+07
.936e+09
.243e+04
.219e+07
.125e+08
.846e+07
.410e+09
.661e+04
.588e+04
.679e+07
.074e+06
.331e+08

Low.
Lev.

149
149
149
149
149
149
149
149
149
149
149
149
149
150
150
150
150
150
150
150
150
150
150
150
150
150
150
151
151
151
151
151
151
151
151
151
152
152
152
152
152
152
152
152

Upp.
Lev.

202
211
216
219
230
235
239
247
258
263
267
272
278
192
202
212
218
221
234
240
244
249
258
263
267
272
278
197
214
219
231
243
248
253
258
264
190
211
220
231
236
244
249
253

O P NO OO WP OONPOPWHRLROFR,LOWWMONFOOWNOODWOWONOUMONOOOOONOW

Osc.
Str.

gf

.248e-01
.000e+00
.271e-01
.332e-03
.000e+00
.000e+00
.000e+00
.213e-01
.000e+00
.495e-01
.000e+00
.780e-03
.000e+00
.783e-01
.763e-02
.000e+00
.688e-03
.645e-01
.000e+00
.000e+00
.157e-03
.670e+00
.000e+00
.684e-02
.000e+00
.354e-01
.000e+00
.326e-01
.850e-03
.928e-02
.000e+00
.092e-02
.348e-02
.000e+00
.000e+00
.969e-03
.239e-02
.000e+00
.484e-02
.000e+00
.000e+00
.751e-02
.210e-02
.000e+00

H R, WOONFE, P ONMNNREr PP RPR R, ONFR,PNNNOOR, OO, FPNNRONDNDER,RNREOONDR O

Rad.
Rate

(1/s)

.218e+08
.075e+03
.078e+09
.185e+07
.916e+03
.795e+04
.679e+04
.758e+09
.095e+05
.621e+09
.179e+05
.357e+07
.093e+04
.054e+08
.517e+07
.492e+04
.291e+07
.823e+09
.689e+04
.712e+04
.057e+06
.178e+10
.054e+03
.289e+08
.001e+04
.146e+09
.240e+04
.129e+07
.779e+07
.681e+08
.059e+04
.763e+08
.321e+08
.869e+05
.5564e+04
.959e+07
.230e+06
.225e+04
.457e+08
.196e+04
.559e+04
.354e+08
.838e+08
.836e+04



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

152
152
152
152
1563
153
153
153
153
153
153
154
154
154
154
154
155
155
155
155
155
155
155
155
155
156
156
156
156
156
156
157
157
157
157
157
158
158
158
158
158
158
158
158

Upp.
Lev.

254
257
264
282
198
229
236
245
254
257
270
208
223
233
261
280
190
216
224
235
247
250
253
258
266
183
214
228
235
241
280
226
244
258
265
269
217
220
231
244
249
253
258
264

NOOOFR,R O, O KL NNOFRPRFPLPNOIODFRLO®MODODOWPPR OO, WOOOOOMPPOO L, OOWOUKr o

Osc.
Str.

gf

.103e+00
.000e+00
.125e-02
.155e-03
.021e-01
.000e+00
.000e+00
.193e-01
.983e-02
.000e+00
.000e+00
.497e-01
.239%e-04
.000e+00
.000e+00
.000e+00
.698e-01
.170e-03
.385e-03
.000e+00
.942e-02
.683e-01
.000e+00
.000e+00
.000e+00
.797e-01
.000e+00
.068e-03
.265e-03
.705e-02
.556e-02
.474e-03
.000e+00
.347e-01
.847e-01
.570e-02
.258e-03
.941e-03
.000e+00
.425e+00
.615e-03
.000e+00
.000e+00
.240e-02

P P, NNOODOOOOR, NP, P FPORPNONPPRPPOOOONOFR, OO, PDONNPERFRLNPENDOO WG

Rad.
Rate

(1/8)

.025e+09
.999e+04
.681e+07
.087e+07
.438e+07
.187e+04
.277e+04
.210e+08
.261e+08
.460e+05
.746e+04
.742e+08
.526e+07
.822e+04
.924e+05
.281e+05
.309e+07
.357e+06
.340e+07
.084e+04
.818e+08
.906e+09
.396e+04
.359e+03
.402e+05
.773e+07
.482e+03
.119e+06
.693e+07
.008e+08
.325e+08
.874e+06
.239e+04
.348e+09
.288e+09
.118e+07
.711e+07
.014e+06
.689e+03
.030e+09
.825e+07
.696e+04
.289e+04
.302e+08

Low.
Lev.

152
152
152
153
153
153
153
153
153
153
153
154
154
154
154
154
155
155
155
155
155
155
155
155
155
156
156
156
156
156
156
157
157
157
157
158
158
158
158
158
158
158
158
158

than 4.
Upp. Osc.
Lev. Str.

i ef
255 0.000e+00
2568 0.000e+00
266 0.000e+00
194 3.809e-02
212 0.000e+00
231 0.000e+00
237 0.000e+00
246 3.796e+00
255 0.000e+00
259 0.000e+00
271 0.000e+00
213 0.000e+00
225 2.572e-01
238 0.000e+00
262 7.615e-04
283 4.535e-01
210 0.000e+00
218 1.411e-01
227 0.000e+00
243 1.491e+00
248 4.672e-02
2561 0.000e+00
264 6.604e-03
263 2.968e-02
272 4.597e-02
207 1.164e-01
224 0.000e+00
233 1.135e+00
238 1.687e-01
250 0.000e+00
281 2.559e-01
230 1.317e-02
261 3.564e-02
260 4.505e-03
266 1.582e-02
190 2.891e-01
218 ©5.754e-02
221 1.256e-03
235 0.000e+00
247 2.693e-01
250 3.602e-02
254 2.706e-01
259 0.000e+00
266 0.000e+00

103

O, P NDNNODONNOORL PO NRFRPRFRNDNDWONDNNWONDNOOOOOFR, O, FPNRER,RPRNRFRRFROORFR P WO

Rad.
Rate

(1/8)

.860e+05
.675e+03
.337e+04
.135e+06
.799e+04
.387e+04
.671e+04
.135e+10
.149e+04
.014e+03
.125e+06
.734e+04
.230e+09
.682e+04
.047e+07
.718e+09
.040e+04
.549e+08
.008e+03
.300e+09
.580e+08
.949e+03
.961e+07
.429e+08
.793e+08
.496e+08
.965e+03
.276e+10
.248e+09
.903e+04
.096e+10
.294e+07
.293e+08
.649e+07
.863e+07
.479e+07
.651e+08
.032e+06
.600e+03
.068e+09
.825e+08
.206e+09
.495e+04
.044e+04

Low.
Lev.

1562
152
152
153
153
1563
1563
1563
153
153
154
154
154
154
154
155
155
155
155
155
155
155
155
155
155
156
156
156
156
156
156
157
157
157
157
158
158
158
158
158
158
158
158
158

Upp.
Lev.

256
259
270
195
220
232
244
249
256
260
196
214
226
250
274
189
214
219
230
244
249
252
255
264
275
213
225
234
239
275
283
242
253
261
268
216
219
227
243
248
252
255
263
272

DO 0O NO P, PO, OUTTOOUNRFLONOOMDNTODONFR,ROOVOFR,r WHF,HROOUOUORL,L NP, ORFR P, OO

Osc.
Str.

gf

.118e-02
.000e+00
.000e+00
.214e+00
.438e+00
.000e+00
.120e-03
.259e-03
.184e+00
.000e+00
.072e-01
.584e-02
.000e+00
.186e+00
.598e-04
.872e-01
.642e-03
.361e-03
.000e+00
.433e+00
.651e-03
.029e-03
.000e+00
.487e-02
.469e-01
.813e-02
.000e+00
.137e-02
.665e-03
.000e+00
.000e+00
.534e-03
.527e+00
.099e-02
.119e-02
.082e-02
.135e-02
.000e+00
.487e-02
.775e-01
.477e-02
.000e+00
.260e-01
.697e-02

O WrFRrPdMPPPRPRPPPR,PPAPANNMNPONMNONMNNMNRPRLP N O WP, OOFR,OR, WDRARRPRFR, OWNRE OO D WD OWOWO DD

Rad.
Rate

(1/s)

.171e+07
.523e+04
.550e+05
.572e+07
.799e+09
.294e+04
.827e+06
.156e+07
.400e+09
.130e+04
.088e+08
.544e+08
.337e+04
.437e+09
.499e+07
.232e+07
.345e+07
.116e+07
.412e+04
.099e+09
.139e+07
.200e+07
.057e+04
.377e+08
.838e+09
.446e+07
.235e+03
.321e+08
.101e+08
.638e+04
.723e+04
.292e+07
.804e+09
.702e+08
.400e+08
.917e+07
.366e+08
.095e+04
.045e+08
.815e+09
.853e+08
.295e+04
.465e+09
.493e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

158
159
159
159
159
159
159
160
160
160
160
161
161
161
161
161
161
161
161
161
162
162
162
162
163
163
163
163
164
164
164
164
164
164
164
165
165
165
165
165
165
166
166
166

Upp.
Lev.

275
216
227
250
258
264
275
245
255
260
270
217
228
236
245
252
256
260
270
282
242
255
260
268
226
258
267
278
216
219
243
248
252
259
266
194
220
244
249
256
264
220
251
260

P OONWRFRRLRRFPL,OODOORF ONNENORFR, WP, WOONPNOONFRLR P P,LPOWNOR,OWW

Osc.
Str.

gf

.927e-02
.918e-03
.000e+00
.601e-02
.000e+00
.750e-03
.797e-03
.000e+00
.266e+00
.448e-01
.591e-02
.055e-02
.000e+00
.000e+00
.425e+00
.262e-03
.870e-01
.000e+00
.000e+00
.573e-02
.361e-02
.443e-02
.796e-02
.994e-01
.697e-03
.554e+00
.117e-01
.185e-02
.208e-03
.523e-03
.505e-01
.700e-01
.294e-01
.000e+00
.000e+00
.413e-01
.179e-02
.020e-01
.116e+00
.083e-01
.211e-01
.000e+00
.581e-03
.194e-01

BN, R, A DRMNONONWR, O, ORORLNNWOARLRORLEPRNO®OOODADONRLREO RN

Rad.
Rate

(1/8)

.316e+08
.771e+07
.552e+03
.251e+08
.866e+04
.593e+07
.231e+07
.716e+03
.603e+09
.282e+08
.978e+07
.648e+07
.463e+03
.535e+03
.368e+09
.429e+07
.043e+09
.930e+04
.215e+04
.411e+08
.543e+07
.033e+08
.448e+08
.864e+09
.692e+07
.775e+09
.905e+09
.924e+08
.841e+07
.031e+06
.022e+09
.040e+09
.204e+08
.862e+03
.006e+04
.097e+07
.918e+07
.175e+08
.612e+09
.090e+09
.244e+09
.810e+03
.306e+07
.222e+08

Low.
Lev.

159
159
159
159
159
159
159
160
160
160
160
161
161
161
161
161
161
161
161
162
162
162
162
162
163
163
163
163
164
164
164
164
164
164
164
165
165
165
165
165
165
166
166
166

than 4.
Upp. Osc.
Lev. Str.

i ef
214 1.036e-03
218 1.685e-02
247 1.120e+00
252 3.714e-01
262 3.836e-01
272 1.117e-02
283 2.518e-02
261 7.439e-01
257 3.479e-02
265 1.521e-01
276 8.979e-02
219 9.570e-02
231 0.000e+00
243 5.812e-02
248 3.675e-01
254 1.588e-01
257 0.000e+00
264 3.311e-01
275 4.135e-03
226 3.625e-03
2561 7.900e-02
268 5.683e-02
261 3.017e-01
269 1.012e-02
235 2.379e-03
259 1.518e-01
269 1.153e-03
280 6.941e-02
217 1.884e-03
224 2.710e-03
244 1.747e+00
249 1.574e-02
264 1.986e-01
263 1.282e-01
272 1.490e-03
217 1.066e-02
229 0.000e+00
245 2.347e+00
262 1.383e-02
257 0.000e+00
270 0.000e+00
232 3.412e-02
255 1.446e-01
270 6.295e-03

104

P O, NP NNNWRFR,R P OOONO OO0, &P, WONEFENRFERRPRNDNDNDEONMOOEDNWOOOIND 00N

Rad.
Rate

(1/8)

.609e+06
.726e+07
.572e+09
.119e+09
.182e+09
.129e+07
.668e+08
.689e+09
.071e+08
.854e+08
.865e+08
.142e+08
.911e+03
.429e+08
.008e+09
.045e+08
.179e+04
.915e+09
.428e+07
.661e+07
.820e+08
.212e+08
.724e+09
.514e+07
.631e+07
.671e+08
.139e+06
.788e+08
.908e+06
.236e+06
.185e+09
.532e+07
.607e+08
.014e+09
.189e+07
.323e+07
.243e+03
.869e+09
.667e+07
.319e+04
.018e+04
.002e+08
.098e+08
.910e+07

Low.
Lev.

159
159
159
159
159
159
160
160
160
160
161
161
161
161
161
161
161
161
161
162
162
162
162
162
163
163
163
164
164
164
164
164
164
164
164
165
165
165
165
165
165
166
166
166

Upp.
Lev.

215
219
248
253
263
273
231
253
259
269
194
220
232
244
249
255
259
266
276
236
253
259
265
277
253
261
277
190
218
230
247
250
255
264
275
219
231
248
254
260
275
246
257
271

WNOPONFLONNOORLPODUWNPRPLPPLP,OFRLRFPL,OOOODWORFROUIUITFENORFRNNOD LN

Osc.
Str.

gf

.151e-03
.896e-03
.102e-02
.000e+00
.608e-03
.114e-02
.143e-02
.141e-02
.099e-01
.098e-01
.563e-01
.656e-02
.000e+00
.217e-01
.617e-01
.000e+00
.000e+00
.000e+00
.000e+00
.420e-03
.355e-01
.509e-01
.021e+00
.986e-01
.729e-01
.674e-02
.708e-03
.712e-01
.215e-02
.000e+00
.508e-03
.403e-01
.000e+00
.265e-03
.829e-01
.810e-02
.000e+00
.546e-02
.324e-01
.000e+00
.139e-03
.000e+00
.462e+00
.360e-03

O NP, NP, PFPOONEFEONEFEFWOAONNPENANRFRE, S POOOOOOOTOFRLNP OO, WP O PDPNDNDPNDOOO

Rad.
Rate

(1/s)

.378e+07
.234e+06
.243e+08
.265e+04
.115e+07
.883e+08
.234e+07
.058e+08
.349e+08
.957e+08
.927e+07
.452e+08
.965e+03
.125e+08
.088e+09
.416e+04
.527e+04
.581e+03
.336e+03
.970e+06
.943e+08
.184e+09
.546e+09
.170e+09
.575e+08
.667e+08
.535e+07
.576e+07
.315e+08
.039e+03
.364e+07
.070e+09
.733e+04
.236e+07
.623e+09
.471e+08
.161e+03
.207e+07
.003e+09
.739e+04
.364e+07
.890e+04
.353e+09
.848e+06



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

167
167
167
167
167
167
168
168
168
168
168
169
169
169
170
170
170
170
170
171
171
171
171
171
171
172
172
172
172
172
172
173
173
173
173
173
173
174
174
174
175
175
175
175

Upp.
Lev.

226
242
253
259
265
277
237
251
257
265
276
232
246
256
231
253
259
266
276
204
222
228
263
274
279
218
221
247
250
259
272
218
222
248
258
264
275
222
250
272
229
255
260
268

WL O WWwWrFR,r P, WFR,LROUODWORORF,UITOFRORFPLONWNONRLRLNPORLRP,PWONNRE OO R W

Osc.
Str.

gf

.516e-03
.185e-02
.081e-02
.516e-01
.016e+00
.424e-03
.760e-03
.613e-02
.886e-01
.185e-01
.268e-02
.000e+00
.872e+00
.193e-01
.693e-03
.481e-02
.285e-02
.317e-03
.180e-01
.172e-01
.565e-02
.000e+00
.460e-02
.908e-01
.000e+00
.538e-03
.392e-03
.334e-03
.982e-02
.000e+00
.152e+00
.543e-03
.604e-03
.027e-01
.000e+00
.601e-01
.118e-03
.501e-03
.040e-03
.045e-02
.327e-03
.599e-03
.182e-02
.496e-02

P P P RPRPNNERE, R, OO0ONNMNMNONRFE, WONOOWNERE, DO, ORNREOONEFE D WOOR, WEFE R D DN D

Rad.
Rate

(1/8)

.572e+07
.716e+07
.609e+08
.097e+09
.426e+09
.398e+07
.030e+07
.356e+08
.156e+09
.161e+08
.913e+07
.510e+03
.374e+10
.524e+09
.989e+06
.056e+08
.257e+08
.529e+07
.674e+08
.432e+08
.627e+08
.168e+04
.123e+08
.412e+09
.883e+05
.561e+06
.848e+07
.860e+07
.466e+08
.863e+03
.926e+09
.763e+07
.650e+07
.580e+09
.354e+03
.717e+08
.724e+07
.093e+07
.575e+06
.323e+08
.455e+07
.898e+07
.422e+08
.893e+08

Low.
Lev.

167
167
167
167
167
168
168
168
168
168
169
169
169
169
170
170
170
170
170
171
171
171
171
171
171
172
172
172
172
172
172
173
173
173
173
173
173
174
174
174
175
175
175
175

than 4.
Upp. Osc.
Lev. Str.

i ef
230 5.460e-03
244 0.000e+00
265 1.782e-01
260 1.069e-01
268 2.526e-01
231 1.162e-02
245 0.000e+00
263 2.925e-02
2569 4.920e-03
266 4.164e-03
195 1.115e+00
244 2.131e-03
249 3.233e-01
257 0.000e+00
242 6.989e-03
255 5.648e-01
260 4.602e-01
269 3.007e-01
282 0.000e+00
205 1.062e-01
223 2.537e-02
229 0.000e+00
272 9.613e-01
277 0.000e+00
280 0.000e+00
219 8.219e-03
240 0.000e+00
248 2.882e-02
264 5.413e-03
263 1.184e-01
275 8.391e-02
219 2.404e-03
239 0.000e+00
2560 3.998e-02
262 1.172e-01
272 3.212e-01
283 2.227e-02
223 1.932e-03
262 3.887e-01
273 3.138e-01
242 1.480e-03
2568 3.880e-03
261 2.188e-02
269 2.299e+00

105

O L NOWDDPONENRL,NPONRP,OONPDPONPOOR,PP,P PR, EPRPRPRPNOROOCEFENEOGPRERE WO WN

Rad.
Rate

(1/8)

.502e+07
.623e+03
.263e+08
.767e+08
.417e+09
.145e+07
.710e+03
.255e+08
.117e+07
.486e+07
.191e+07
.659e+06
.326e+09
.303e+03
.760e+07
.969e+09
.609e+09
.303e+09
.654e+04
.451e+08
.663e+08
.134e+04
.455e+09
.951e+05
.750e+03
.514e+07
.285e+03
.491e+08
.277e+07
.090e+08
.674e+08
.280e+06
.154e+04
.935e+08
.489e+09
.470e+09
.058e+08
.220e+07
.899e+09
.994e+09
.675e+06
.069e+07
.180e+08
.682e+09

Low.
Lev.

167
167
167
167
167
168
168
168
168
168
169
169
169
169
170
170
170
170
171
171
171
171
171
171
172
172
172
172
172
172
173
173
173
173
173
173
174
174
174
174
175
175
175
175

Upp.
Lev.

236
251
258
261
269
232
246
255
260
269
220
245
254
271
251
257
265
270
203
221
227
262
273
278
216
220
243
249
255
264
215
221
247
253
263
273
215
247
263
274
253
259
265
277

P N ~NNWFRER NP, ODOODOOOR, P, P, ONONP,POOOORF, OO PPPLPONF, OWRLRNORFR,NNRERDNDRE

Osc.
Str.

gf

.575e-03
.014e-02
.357e-02
.463e-01
.617e-02
.711e-03
.000e+00
.597e-01
.959e+00
.286e-01
.576e-02
.730e-01
.644e-02
.000e+00
.064e+00
.493e-02
.580e-02
.002e-03
.352e-01
.216e-01
.000e+00
.659e-03
.718e-01
.000e+00
.345e-02
.215e-03
.001e-02
.125e-01
.000e+00
.188e+00
.200e-02
.261e-03
.656e-03
.000e+00
.098e-01
.345e-01
.589e-03
.668e-01
.435e-01
.336e-01
.178e-03
.588e-02
.147e-02
.516e+00

O WWNEFE, PP, OPRL,LPDPOOTOOOFELNRFP, OO WNNOOOR,RPRPRPRP OO, ONDEFE,OOOWOWRNSNAN

Rad.
Rate

(1/s)

.550e+06
.033e+07
.506e+07
.377e+09
.325e+08
.005e+06
.332e+03
.125e+08
.900e+09
.434e+09
.347e+08
.760e+08
.133e+08
.586e+04
.686e+09
.327e+08
.979e+08
.201e+07
.442e+08
.427e+08
.133e+04
.251e+07
.399e+09
.874e+05
.654e+07
.299e+06
.979e+08
.868e+09
.225e+04
.519e+09
.308e+07
.563e+06
.780e+07
.327e+04
.649e+09
.140e+09
.088e+07
.901e+09
.085e+09
.274e+10
.971e+07
.151e+08
.003e+08
.435e+09



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

176
176
176
176
176
177
177
178
178
178
179
179
179
179
179
179
179
180
180
180
180
180
180
180
180
180
180
180
181
181
181
181
181
181
181
181
181
181
181
181
182
182
182
182

Upp.
Lev.

213
253
261
268
278
267
278
226
267
277
217
226
244
249
256
269
282
211
216
219
228
235
247
252
261
264
268
279
210
216
219
227
230
240
248
252
255
263
268
278
212
220
231
238

QO U OOO L ONUMOOOWOMHhOOONONPOOWHRHROPONOWONOWOOWRFRF,EF,NOOWON

Osc.
Str.

gf

.535e-03
.438e-03
.031e-01
.400e-01
.026e-01
.208e+00
.771e-01
.173e-02
.205e-02
.627e-02
.105e-02
.000e+00
.462e-03
.633e-02
.676e-02
.000e+00
.333e-01
.000e+00
.306e-01
.230e-02
.000e+00
.000e+00
.238e-01
.937e+00
.000e+00
.113e-03
.000e+00
.000e+00
.000e+00
.962e-01
.495e-01
.000e+00
.000e+00
.000e+00
.024e-01
.757e-01
.000e+00
.644e-01
.000e+00
.000e+00
.000e+00
.654e-01
.000e+00
.000e+00

PP, P NOOOOFR, OOFRLNOOFRDNFPNERERNRP, ONFP,PNOONDNOCOOFR, R PNDNOR,RFEROOOCO S OO0 O WA

Rad.
Rate

(1/8)

.504e+06
.897e+07
.321e+09
.078e+09
.467e+09
.018e+09
.360e+09
.938e+07
.107e+08
.263e+08
.049e+07
.758e+04
.331e+07
.740e+08
.553e+08
.323e+03
.572e+09
.068e+04
.170e+08
.308e+07
.143e+04
.504e+03
.930e+09
.517e+10
.903e+03
.733e+07
.085e+04
.115e+03
.255e+04
.751e+09
.005e+09
.561e+04
.389e+04
.334e+04
.479e+09
.423e+09
.885e+05
.206e+09
.143e+04
.340e+03
.935e+04
.269e+09
.119e+04
.926e+03

Low.
Lev.

176
176
176
176
176
177
177
178
178
178
179
179
179
179
179
179
180
180
180
180
180
180
180
180
180
180
180
180
181
181
181
181
181
181
181
181
181
181
181
182
182
182
182
182

than 4.
Upp. Osc.
Lev. Str.

i ef
226 8.378e-03
268 7.936e-02
265 4.443e-02
269 5.766e-02
280 4.013e-01
268 1.551e-01
279 7.926e-01
228 1.315e-03
268 7.208e-01
278 3.903e-01
220 1.742e-02
242 0.000e+00
245 9.218e-02
251 0.000e+00
257 0.000e+00
275 2.034e-01
197 7.542e-01
214 1.806e-03
217 6.386e-03
222 8.018e-04
230 0.000e+00
239 0.000e+00
248 2.860e-02
2563 0.000e+00
262 7.383e-02
265 0.000e+00
272 8.847e-03
283 5.009e-02
211 0.000e+00
217 1.550e-01
220 3.814e-02
228 0.000e+00
231 0.000e+00
241 0.000e+00
249 3.955e-02
253 0.000e+00
258 0.000e+00
264 4.301e-02
269 0.000e+00
198 1.383e+00
217 9.891e-01
228 0.000e+00
232 0.000e+00
241 0.000e+00
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A AR, N OONOOF R EFELDPDWOPRPREFEFOODOOO OO, NP, NOORFRRF WNDNEFE WNDNWNFRO00WNDER W

Rad.
Rate

(1/8)

.589e+07
.223e+08
.862e+08
.423e+08
.159e+09
.269e+08
.016e+10
.879e+06
.832e+09
.990e+09
.976e+07
.830e+04
.905e+08
.475e+04
.534e+04
.095e+09
.532e+07
.030e+06
.812e+07
.617e+06
.76T7e+04
.117e+04
.413e+08
.665e+05
.040e+08
.521e+03
.557e+07
.637e+08
.944e+04
.388e+08
.582e+07
.861e+04
.582e+04
.568e+04
.519e+08
.893e+04
.820e+04
.254e+08
.936e+03
.930e+07
.793e+09
.588e+04
.746e+04
.713e+04

Low.
Lev.

176
176
176
176
177
177
178
178
178
178
179
179
179
179
179
179
180
180
180
180
180
180
180
180
180
180
180
181
181
181
181
181
181
181
181
181
181
181
181
182
182
182
182
182

Upp.
Lev.

228
259
267
277
227
277
213
261
269
280
224
243
248
254
260
276
210
215
218
227
231
240
250
258
263
267
273
199
212
218
221
229
232
247
251
254
259
267
272
211
219
229
237
243

P OO PO, OO POUNTOORFR,r NORLR P, OUITOWMOOONPOOORFRLRNEFO®ONFE, WONOWOON -

Osc.
Str.

gf

.469e-03
.977e-02
.441e-03
.269e-02
.249e-03
.370e-03
.467e-03
.001e+00
.284e-02
.730e-01
.909e-02
.411e+00
.393e-02
.243e-02
.000e+00
.000e+00
.000e+00
.712e-01
.562e-01
.000e+00
.000e+00
.000e+00
.924e-02
.000e+00
.047e-02
.000e+00
.846e-02
.079e+00
.000e+00
.785e-02
.305e-03
.000e+00
.000e+00
.018e-02
.000e+00
.247e+00
.000e+00
.000e+00
.600e-02
.000e+00
.016e-01
.000e+00
.000e+00
.372e-02

P NONOFRNWERERFRWOOERE OWOOONOOOWNONNPDE WNRE PO, ONO WO EFE WND D D=

Rad.
Rate

(1/s)

.953e+06
.233e+08
.870e+07
.591e+08
.250e+07
.491e+07
.000e+07
.300e+09
.013e+08
.767e+09
.166e+08
.384e+09
.194e+08
.049e+07
.284e+04
.560e+05
.458e+04
.102e+09
.029e+09
.872e+04
.227e+03
.610e+04
.309e+08
.551e+05
.708e+08
.114e+04
.283e+08
.628e+07
.540e+03
.123e+08
.474e+06
.692e+04
.506e+03
.464e+08
.291e+04
.706e+10
.106e+05
.696e+04
.184e+08
.003e+03
.915e+08
.596e+04
.155e+03
.646e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

182
182
182
182
182
182
183
183
183
183
183
183
183
183
184
184
184
184
184
184
184
184
185
185
185
186
186
186
186
186
186
186
186
186
186
186
186
187
187
187
187
187
187
187

Upp.
Lev.

248
254
257
264
269
277
214
218
239
250
258
263
272
280
202
215
222
229
240
263
272
277
215
235
267
201
212
217
222
228
237
241
262
265
269
275
279
206
214
218
224
233
250
264

WO O NWNMOMODUIMNOOFRrR OOOKFR,R P OWOOWOFRrRRFP,R OO NNORL, PO, OOONOONOND

Osc.
Str.

gf

.393e-02
.878e-01
.000e+00
.828e-01
.000e+00
.000e+00
.640e-02
.979e-03
.000e+00
.283e+00
.000e+00
.122e-03
.305e-02
.000e+00
.255e-01
.166e-02
.194e-01
.000e+00
.000e+00
.291e+00
.792e-01
.000e+00
.868e-02
.000e+00
.000e+00
.940e-01
.000e+00
.331e-01
.921e-01
.000e+00
.000e+00
.000e+00
.202e-02
.000e+00
.000e+00
.942e-02
.000e+00
.394e-01
.706e-01
.584e-03
.050e-02
.000e+00
.766e-01
.688e-02

= P> O, P OO0, NNEFEFFPRPNMNOFRFRONNDNFREPPRPNNR,RRPROFR, ONRFRRFROOONEOOODWEOOOEFEODFEN

Rad.
Rate

(1/8)

.163e+08
.154e+09
.213e+05
.479e+09
.630e+04
.740e+03
.013e+08
.559e+07
.766e+03
.978e+09
.772e+04
.998e+07
.572e+07
.036e+03
.TT77e+07
.229e+08
.241e+08
.452e+03
.805e+04
.514e+09
.193e+09
.231e+05
.194e+08
.855e+04
.686e+05
.190e+07
.595e+03
.253e+08
.164e+09
.612e+04
.803e+04
.416e+04
.320e+08
.089e+05
.282e+05
.844e+08
.003e+05
.313e+07
.962e+08
.229e+07
.875e+08
.018e+04
.249e+09
.724e+08

Low.
Lev.

182
182
182
182
182
182
183
183
183
183
183
183
183
183
184
184
184
184
184
184
184
184
185
185
185
186
186
186
186
186
186
186
186
186
186
186
186
187
187
187
187
187
187
187

than 4.
Upp. Osc.
Lev. Str.

i ef
249 6.345e-01
255 0.000e+00
2569 0.000e+00
265 0.000e+00
275 7.642e-03
282 5.602e-03
215 2.888e-02
219 2.152e-03
247 3.544e-03
252 2.510e-01
261 0.000e+00
265 0.000e+00
273 1.416e-02
281 0.000e+00
205 5.250e-02
216 8.587e-02
223 1.547e-01
235 0.000e+00
241 0.000e+00
267 0.000e+00
273 2.423e-01
278 0.000e+00
222 1.512e-01
241 0.000e+00
273 1.862e-01
203 1.883e-01
214 2.069e-02
219 2.286e-03
225 1.311e-02
229 0.000e+00
239 0.000e+00
250 3.220e-02
263 2.501e-01
267 0.000e+00
272 1.025e+00
277 0.000e+00
281 0.000e+00
208 3.549e-02
216 2.159e-03
221 2.911e-02
225 4.700e-01
242 0.000e+00
261 0.000e+00
265 0.000e+00
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NWANTNWFRL NP PNORFRPFPNANP,O0OOOO0OOFRNEFE, OPNRFEPOFRNNNMNNNMNANTYNEPENNNNMENORFRNEDEFEROOOON

Rad.
Rate

(1/8)

.432e+09
.768e+03
.265e+04
.815e+04
.061e+07
.007e+07
.875e+08
.118e+06
.424e+07
.283e+09
.700e+04
.077e+04
.733e+08
.345e+03
.653e+07
.930e+08
.815e+09
.806e+04
.056e+04
.541e+05
.691e+09
.130e+04
.167e+08
.355e+04
.067e+09
.849e+07
.924e+07
.682e+06
.533e+07
.838e+04
.050e+04
.038e+08
.648e+09
.706e+04
.817e+09
.732e+05
.097e+04
.369e+07
.283e+06
.048e+08
.029e+09
.681e+04
.147e+05
.463e+05

Low.
Lev.

182
182
182
182
182
183
183
183
183
183
183
183
183
183
184
184
184
184
184
184
184
184
185
185
185
186
186
186
186
186
186
186
186
186
186
186
186
187
187
187
187
187
187
187

Upp.
Lev.

252
256
260
268
276
208
216
233
248
253
262
269
275
283
210
221
227
236
262
268
274
279
228
262
278
211
216
221
227
236
240
261
264
268
273
278
283
213
217
222
226
247
263
268

QOO NONWOOWOWONOOOOUF,r OO UTOONOWOOFHr OWWWOMP O OB WwWwOOoOOoO Uk

Osc.
Str.

gf

.396e-03
.492e+00
.000e+00
.000e+00
.000e+00
.595e-02
.975e-03
.000e+00
.760e-02
.000e+00
.441e-02
.000e+00
.997e-02
.420e-01
.000e+00
.864e-01
.000e+00
.000e+00
.383e-01
.000e+00
.524e-01
.000e+00
.000e+00
.815e-01
.000e+00
.000e+00
.329e-02
.632e-01
.000e+00
.000e+00
.000e+00
.000e+00
.135e+00
.000e+00
.129e-01
.000e+00
.295e-03
.000e+00
.590e-03
.529e-03
.000e+00
.802e-03
.188e-03
.000e+00

O, N, ONEFEFNWORFRRFPOFRLNNDPODRFR OO OWONWNNOOOORFOPE OOWOOOERFEEFNNDNDWENDN

Rad.
Rate

(1/s)

.264e+07
.803e+10
.577e+05
.033e+04
.932e+03
.304e+07
.942e+07
.454e+04
.607e+07
.141e+04
.382e+08
.135e+03
.275e+08
.105e+10
.700e+03
.780e+08
.141e+04
.663e+04
.718e+09
.373e+05
.415e+09
.158e+05
.547e+03
.390e+09
.263e+05
.778e+03
.531e+07
.047e+09
.692e+03
.194e+04
.305e+04
.783e+04
.005e+10
.550e+04
.472e+09
.417e+05
.110e+08
.060e+04
.683e+06
.517e+07
.135e+04
.719e+07
.357e+07
.104e+03



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

187
187
187
188
188
188
188
188
189
189
189
189
189
189
190
190
190
190
190
190
191
191
191
191
191
191
192
192
192
192
192
192
192
193
193
193
193
193
193
193
193
194
194
194

Upp.
Lev.

269
275
280
209
226
243
255
276
224
250
255
260
266
282
230
245
253
260
266
277
227
235
252
262
268
279
230
244
251
256
260
265
269
222
231
248
258
262
267
273
280
232
246
254

OO U WO OO WO UIOOWOWNNTNONXDODOONEFELOOWONEFEFONORFROFFLNNOOOOWONONO

Osc.
Str.

gf

.000e+00
.811e+00
.000e+00
.400e+00
.000e+00
.941e-01
.000e+00
.000e+00
.000e+00
.000e+00
.447e-01
.189e-02
.590e-02
.000e+00
.112e-01
.000e+00
.384e-01
.448e-01
.153e+01
.739e-02
.865e-02
.672e-03
.000e+00
.000e+00
.801e-02
.169e-01
.793e-03
.000e+00
.295e-02
.000e+00
.978e+00
.117e-01
.687e-01
.000e+00
.119e-03
.000e+00
.622e-01
.000e+00
.319e-02
.000e+00
.061e-03
.263e-03
.000e+00
.000e+00

P NP PP O, PO OOWNNDNENNMNDMNNYNNDNEREPRP,OFR,R O, N PDPONDPPOOCOOERE NOOWRE, NN P

Rad.
Rate

(1/8)

.130e+05
.336e+10
.077e+05
.697e+08
.095e+04
.292e+09
.825e+03
.909e+05
.907e+03
.026e+04
.941e+08
.227e+07
.587e+07
.002e+04
.821e+08
.236e+03
.881e+08
.752e+09
.177e+10
.224e+08
.437e+08
.856e+07
.402e+04
.755e+04
.796e+07
.264e+09
.329e+07
.956e+03
.226e+08
.453e+04
.163e+10
.104e+08
.259e+09
.247e+03
.365e+07
.786e+03
.539e+09
.037e+04
.821e+08
.269e+04
.936e+07
.147e+07
.953e+03
.314e+04

Low.
Lev.

187
187
187
188
188
188
188
188
189
189
189
189
189
190
190
190
190
190
190
191
191
191
191
191
191
192
192
192
192
192
192
192
192
193
193
193
193
193
193
193
194
194
194
194

than 4.
Upp. Osc.
Lev. Str.

i ef
272 4.375e-02
277 0.000e+00
281 0.000e+00
213 0.000e+00
238 0.000e+00
244 5.443e-03
265 0.000e+00
282 7.192e+00
226 1.432e-01
2561 1.069e+01
258 7.604e-03
261 3.018e-01
269 9.010e-02
218 0.000e+00
231 5.777e-03
2561 5.793e-03
2568 1.342e-01
261 8.784e-03
268 1.070e-03
215 0.000e+00
228 1.160e-02
244 0.000e+00
258 5.624e+00
263 0.000e+00
274 0.000e+00
221 0.000e+00
232 5.999e-03
246 0.000e+00
263 3.043e-03
258 2.435e-02
261 1.378e-03
266 7.456e-01
272 0.000e+00
228 1.013e-01
236 4.214e-03
2563 5.886e-01
2569 6.815e+00
263 0.000e+00
268 8.563e-01
277 2.979e-02
219 0.000e+00
244 0.000e+00
251 1.747e-02
2565 1.994e-01
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O P PRP R, ONMNNMNRFRFR,PAPPRPNNOFRPPOFRRORRFEPNDNOOOPOOR,RERPRPRFEPORFROQOWONDE R WWNDERDND

Rad.
Rate

(1/8)

.889e+08
.443e+04
.892e+05
.208e+04
.741e+04
.800e+07
.328e+04
.268e+10
.037e+08
.012e+10
.394e+07
.364e+09
.180e+08
.193e+04
.546e+07
.558e+07
.718e+08
.790e+07
.635e+06
.979e+03
.516e+07
.724e+03
.394e+10
.096e+04
.509e+04
.803e+03
.314e+07
.800e+03
.004e+07
.036e+08
.936e+06
.051e+09
.378e+04
.806e+08
.519e+07
.939e+09
.254e+10
.134e+04
.699e+09
.327e+08
.163e+04
.370e+03
.669e+07
.366e+08

Low.
Lev.

187
187
187
188
188
188
188
189
189
189
189
189
189
190
190
190
190
190
190
191
191
191
191
191
191
192
192
192
192
192
192
192
192
193
193
193
193
193
193
193
194
194
194
194

Upp.
Lev.

273
278
283
224
242
251
275
214
243
253
259
265
275
229
244
252
259
265
269
223
230
247
261
267
278
229
237
249
255
259
264
268
277
229
245
254
261
265
269
278
231
245
253
257

O, OFr WF WFROORFRLPIODTONOOPFRPLWIOOFRFROPONWNOONOONFL, OO, OOFR,NOR

Osc.
Str.

gf

.336e-02
.000e+00
.461e-01
.686e+00
.000e+00
.000e+00
.442e-01
.000e+00
.000e+00
.113e-02
.863e-03
.878e-01
.000e+00
.968e-03
.000e+00
.000e+00
.309e-02
.394e-03
.654e-02
.000e+00
.198e-03
.000e+00
.479e-02
.605e-01
.937e-02
.369e-01
.908e-03
.000e+00
.462e-01
.926e-01
.000e+00
.970e-02
.181e-01
.151e-02
.000e+00
.000e+00
.168e-02
.624e-03
.343e-02
.198e-01
.434e-01
.000e+00
.334e-03
.7T76e-02

NP WWwWELr PP, OO, O0O0WF, WNONOOFR, PBENWOGNRF, ONEFEF NP, WNNNDNOWNEOOR P BN -

Rad.
Rate

(1/s)

.471e+08
.736e+03
.917e+09
.365e+09
.136e+05
.541e+05
.718e+08
.028e+04
.167e+04
.852e+07
.949e+06
.421e+09
.9565e+04
.715e+07
.410e+04
.468e+04
.661e+07
.141e+07
.580e+08
.061e+03
.440e+07
.830e+03
.374e+07
.396e+09
.463e+08
.654e+08
.381e+07
.961e+03
.5567e+09
.689e+08
.855e+04
.015e+08
.865e+09
.909e+07
.999e+03
.243e+04
.024e+07
.215e+07
.514e+07
.997e+09
.811e+08
.322e+04
.381e+06
.001e+08



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

194
194
195
195
195
195
196
196
196
196
197
197
197
197
197
197
197
198
198
198
198
198
198
199
199
199
199
199
199
199
200
200
200
200
200
201
201
201
201
201
201
201
202
202

Upp.
Lev.

259
270
232
251
257
270
226
258
275
279
215
231
244
253
261
267
277
231
246
255
259
266
276
230
236
245
253
258
261
268
222
235
241
273
280
228
238
249
261
268
273
280
228
238

R P> 00O WO WO, PO, NONFRFPFRPLONMNWNRFRPD OOWPEFPLPNOODWONOR,PPEPNRL,FER,EN

Osc.
Str.

gf

.110e-01
.455e+01
.720e-01
.839e-03
.155e-01
.454e-01
.907e-03
.437e-02
.000e+00
.314e-04
.000e+00
.408e-03
.000e+00
.472e+00
.053e-03
.724e-01
.286e-03
.642e-03
.000e+00
.632e-02
.239e-02
.981e-03
.229e-03
.391e-03
.802e-01
.000e+00
.467e-01
.127e-02
.760e-03
.450e-01
.000e+00
.209e-03
.019e-03
.000e+00
.657e-03
.055e-02
.399e-03
.000e+00
.642e-03
.616e-01
.000e+00
.953e-04
.714e-02
.379e-03

O, DBNNENOPNERE,PDPWOOOOOOR, DL O, D PEPLPNNRP,OOFR, ONNDNENRFENNDNOEFR R D DWW

Rad.
Rate

(1/8)

.956e+08
.377e+10
.739e+08
.902e+06
.900e+08
.031e+09
.563e+07
.874e+07
.388e+04
.339e+06
.103e+04
.940e+06
.634e+04
.474e+10
.834e+06
.252e+08
.697e+07
.454e+06
.875e+04
.296e+08
.238e+08
.811e+06
.702e+06
.010e+07
.822e+08
.597e+04
.267e+08
.548e+08
.688e+06
.352e+08
.286e+03
.118e+07
.738e+06
.947e+04
.570e+07
.269e+07
.881e+07
.294e+04
.360e+07
.107e+09
.459e+04
.935e+06
.905e+08
.366e+06

Low.
Lev.

194
194
195
195
195
195
196
196
196
196
197
197
197
197
197
197
198
198
198
198
198
198
199
199
199
199
199
199
199
199
200
200
200
200
201
201
201
201
201
201
201
202
202
202

than 4.
Upp. Osc.
Lev. Str.

i ef
265 2.089e-03
276 3.725e-02
245 0.000e+00
2565 5.895e-03
260 2.759e-01
271 1.741e+01
233 7.948e-02
261 5.441e+00
277 2.777e-03
280 1.142e+00
218 0.000e+00
235 2.135e-01
247 0.000e+00
258 8.240e-01
262 0.000e+00
268 8.530e-03
217 0.000e+00
232 7.952e-02
249 0.000e+00
256 0.000e+00
260 1.615e+00
269 2.690e-01
216 0.000e+00
231 6.042e-02
237 1.989e-02
248 0.000e+00
254 0.000e+00
2569 1.303e+00
265 4.412e-03
269 5.618e-03
227 3.095e-02
239 2.878e-02
247 0.000e+00
278 2.460e-01
221 0.000e+00
229 8.232e-02
241 1.049e-01
263 2.412e-02
265 1.156e+00
269 6.095e+00
277 1.540e+00
223 0.000e+00
229 9.387e-03
240 6.209e-02

109

BN, OO, WO PN NPP,PFPONRPEPR,RORPNPAEPRP,PONONNEOOWEREWNOOOOODEFENODWNRFR WOWO

Rad.
Rate

(1/8)

.980e+06
.849e+07
.574e+03
.583e+07
.429e+08
.498e+10
.110e+08
.263e+10
.192e+07
.958e+09
.137e+03
.440e+08
.733e+04
.103e+09
.064e+04
.269e+07
.997e+03
.514e+08
.644e+04
.135e+04
.864e+09
.992e+08
.520e+03
.402e+08
.878e+07
.196e+04
.689e+04
.805e+09
.306e+07
.669e+07
.087e+08
.681e+08
.652e+04
.339e+09
.625e+03
.382e+08
.872e+08
.894e+07
.365e+09
.779e+10
.971e+09
.335e+04
.714e+07
.796e+08

Low.
Lev.

194
195
195
195
195
196
196
196
196
196
197
197
197
197
197
197
198
198
198
198
198
198
199
199
199
199
199
199
199
199
200
200
200
200
201
201
201
201
201
201
201
202
202
202

Upp.
Lev.

266
220
246
256
266
225
243
268
278
283
230
236
252
259
265
269
220
237
251
257
265
270
219
232
244
251
255
260
266
277
228
240
267
279
222
237
248
259
267
272
278
227
236
241

PP, OFR,POFRLRNORFRLROPWFROFRLRPOIFRLRPLPOWOMPLU L, WORF WWON®P®PONOUIOOWOO O

Osc.
Str.

gf

.426e-01
.000e+00
.000e+00
.000e+00
.561e-03
.000e+00
.000e+00
.680e-03
.535e-03
.000e+00
.812e-02
.015e-02
.000e+00
.815e-01
.282e-03
.569e-02
.000e+00
.655e-01
.735e-03
.340e+01
.461e-02
.674e-02
.000e+00
.399e-03
.000e+00
.843e-01
.006e+01
.548e-01
.282e-02
.220e-03
.367e-03
.931e-02
.455e+00
.183e-01
.000e+00
.505e-02
.000e+00
.632e-02
.951e-02
.000e+00
.909e-01
.602e-03
.066e-02
.837e-02

W WOoOFRrRNF,FNOWSZTWFRPFP,LPWPAPRPLPEPNNPPNOPPOFRLRNDNPOOOPORPLPORFR, OPNNREL, OF, WR

Rad.
Rate

(1/s)

.212e+09
.171e+04
.610e+04
.469e+04
.731e+06
.423e+04
.279e+03
.362e+07
.531e+07
.447e+04
.439e+08
.372e+07
.935e+04
.119e+09
.759e+06
.678e+07
.489e+03
.971e+08
.105e+06
.707e+10
.618e+08
.622e+07
.473e+03
.468e+06
.707e+03
.357e+08
.398e+10
.566e+09
.040e+08
.812e+06
.389e+07
.495e+08
.817e+10
.798e+09
.135e+03
.622e+07
.025e+03
.5562e+07
.025e+08
.983e+04
.038e+09
.462e+07
.291e+07
.524e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

202
202
202
202
203
203
203
203
203
203
204
204
204
204
204
205
206
206
206
206
206
206
207
208
208
208
208
209
209
209
209
210
210
211
211
211
212
212
212
213
213
214
214
214

Upp.
Lev.

247
261
272
278
222
229
241
263
273
278
227
239
262
273
280
240
225
241
250
259
269
280
238
225
241
278
283
243
257
269
282
218
240
217
221
239
219
232
241
225
250
226
235
280

NNMNNPFP, P, OO OOWROFRPLROFRFRWOONOUVDVIOONFR,RFP,POFR,LPOWRLROOR,RFP,PP,POOR,EP,OOWO®RO

Osc.
Str.

gf

.000e+00
.497e-03
.000e+00
.281e-01
.000e+00
.378e-02
.132e-02
.000e+00
.000e+00
.063e+00
.274e-03
.756e-03
.000e+00
.000e+00
.638e-02
.233e-03
.000e+00
.679e-02
.000e+00
.837e-02
.314e+00
.917e-01
.000e+00
.000e+00
.042e-03
.486e-02
.000e+00
.000e+00
.540e-03
.915e-02
.000e+00
.523e+00
.000e+00
.078e-01
.192e-01
.000e+00
.726e-02
.000e+00
.000e+00
.047e+00
.356e-02
.490e+00
.218e-02
.119e-02

H OO WRFRF WOMOorFEr ol O PFP,r PO FRLNDNERE, P, OPPEPELWOWPWNONOOFRERFE WOOONE O WO D~ O

Rad.
Rate

(1/8)

.093e+04
.587e+06
.722e+04
.498e+09
.327e+03
.853e+07
.089e+07
.541e+04
.023e+04
.611e+09
.278e+06
.939e+07
.352e+04
.180e+04
.756e+07
.412e+07
.936e+03
.286e+07
.935e+04
.944e+07
.600e+09
.511e+09
.789e+04
.099e+03
.904e+07
.117e+08
.591e+04
.753e+04
.544e+06
.425e+07
.589e+04
.923e+08
.603e+03
.011e+06
.085e+07
.045e+04
.776e+06
.299e+03
.468e+03
.298e+08
.287e+07
.455e+08
.186e+06
.348e+07

Low.
Lev.

202
202
202
202
203
203
203
203
203
203
204
204
204
204
205
205
206
206
206
206
206
206
207
208
208
208
209
209
209
209
210
210
211
211
211
212
212
212
213
213
213
214
214
215

than 4.
Upp. Osc.
Lev. Str.

i ef
248 0.000e+00
267 5.972e-01
274 0.000e+00
279 1.775e-01
223 0.000e+00
234 8.346e-02
249 0.000e+00
264 0.000e+00
274 0.000e+00
279 7.501e-02
228 8.197e-03
240 3.824e-03
267 7.859e-03
278 2.958e+00
227 3.023e-03
279 1.376e+00
226 7.303e-02
242 1.802e-01
263 3.681e-03
261 1.106e+00
277 1.281e-03
283 0.000e+00
280 0.000e+00
233 6.225e-02
250 0.000e+00
280 4.355e+00
224 0.000e+00
2561 5.812e-01
260 2.177e-03
270 3.822e-02
215 7.382e-01
222 3.045e-01
215 2.805e-01
218 1.393e-01
222 7.815e-01
216 3.208e-01
220 3.098e+00
237 0.000e+00
214 1.529e+00
238 0.000e+00
275 5.069e-02
230 2.795e-02
238 1.635e+00
227 6.666e-01

110

NOPWOFRONWNEFE, OO, OPPRRFRPREFEPEFEPNOFREPEMOWDOPDPRPLPREPRL,PAPNDMNOWOOOWERENOIORFRO WE

Rad.
Rate

(1/8)

.417e+04
.135e+09
.033e+04
.608e+09
.228e+03
.760e+08
.858e+03
.473e+04
.138e+04
.605e+08
.199e+07
.859e+07
.001e+07
.559e+10
.960e+07
.208e+10
.922e+08
.391e+08
.867e+06
.876e+09
.668e+06
.487e+04
.694e+05
.419e+08
.536e+04
.987e+10
.481e+04
.065e+09
.039e+06
.117e+07
.406e+08
.146e+07
.300e+07
.745e+07
.076e+08
.629e+07
.245e+08
.673e+03
.268e+08
.502e+03
.969e+07
.441e+06
.874e+08
.202e+08

Low.
Lev.

202
202
202
202
203
203
203
203
203
203
204
204
204
204
205
206
206
206
206
206
206
207
207
208
208
208
209
209
209
209
210
210
211
211
211
212
212
212
213
213
213
214
214
215

Upp.
Lev.

258
268
277
280
228
240
261
268
277
280
234
241
272
279
234
214
238
243
258
265
278
225
283
238
267
281
242
255
265
276
216
223
216
219
231
217
221
240
224
242
281
233
241
228

N~NWOONOFRLRNONFWRFRLRFPLPOFRLNWFRLOODORFR,LEFE,ODOONORLREFL,OWPEOOOAOEFE WNNDWEO -

Osc.
Str.

gf

.561e-02
.082e+00
.628e-01
.100e-03
.126e-03
.877e-03
.033e-03
.373e-03
.736e+00
.839e-03
.863e-02
.752e-03
.000e+00
.149e+00
.617e-02
.000e+00
.189e-01
.000e+00
.298e-03
.864e+00
.326e-03
.503e-01
.625e-01
.617e-02
.378e-03
.501e-02
.646e-01
.222e-02
.231e-02
.650e+01
.406e-01
.633e-01
.227e+00
.278e+00
.000e+00
.281e+00
.448e+00
.000e+00
.512e+00
.000e+00
.000e+00
.936e-01
.542e-02
.031e-01

BN, P ONOONEFEPENEFEFNDMNFEPNNMNNDMNDNER,OOONOOODDEFRE,NEFE, OO, FPERPEWOWPEARNPEFPRLNORFRO RO

Rad.
Rate

(1/s)

.750e+07
.905e+10
.311e+08
.707e+07
.308e+06
.154e+07
.099e+07
.999e+06
.160e+10
.730e+07
.353e+08
.685e+07
.294e+04
.011e+10
.112e+08
.795e+03
.454e+08
.883e+04
.869e+07
.875e+10
.773e+06
.512e+08
.577e+09
.486e+08
.964e+06
.053e+08
.554e+09
.258e+07
.125e+08
.715e+10
.627e+07
.921e+08
.408e+08
.085e+08
.451e+03
.879e+08
.278e+08
.001e+03
.833e+08
.519e+03
.775e+04
.490e+08
.755e+07
.041e+07



Table ITI. Ca IX Oscillator Strengths and Radiative Decay Rates for transitions involving levels higher

Low.
Lev.

215
216
216
216
217
217
217
218
218
219
219
220
220
221
221
222
222
223
224
224
224
225
226
227
228
229
230
231
233
234
236

Upp.
Lev.

235
227
230
240
229
236
241
230
238
230
236
231
237
234
241
234
240
227
226
242
280
241
243
262
262
249
244
254
250
273
254

D N W, P, 0WRr P, OO0 NWORFRLOFENEFEFNNWOOORFR D WND -

Osc.
Str.

gf

.725e+00
.419e-01
.592e-02
.552e-01
.647e+00
.285e-01
.927e-01
.426e+00
.664e-02
.892e-01
.039e+00
.828e-01
.T47e+00
.149e-01
.815e+00
.128e-01
.736e-01
.904e-01
.995e-01
.341e+00
.764e-03
.004e-01
.857e+00
.140e-01
.370e-02
.578e+00
.906e+00
.935e-01
.603e-01
.195e-01
.594e+00

WWWE WWwE PONPNANANTPRL,EPE,ONDNDNE WO PRDNDONDNDO N D

Rad.
Rate

(1/8)

.547e+08
.913e+07
.304e+06
.609e+08
.302e+08
.781e+07
.365e+08
.731e+08
.578e+06
.921e+07
.804e+08
.924e+07
.324e+08
.650e+08
.045e+08
.667e+08
.723e+08
.073e+07
.062e+07
.599e+08
.622e+06
.104e+07
.896e+07
.037e+07
.069e+07
.362e+07
.206e+07
.313e+07
.337e+07
.767e+07
.163e+07

Low.
Lev.

215
216
216
216
217
217
218
218
219
219
219
220
221
221
222
222
222
223
224
224
225
225
226
227
228
229
230
232
233
234
237

than 4.
Upp. Osc.
Lev. Str.

i ef
239 2.021e-01
228 9.733e-01
235 4.568e-01
241 9.374e-02
231 6.807e-02
237 3.498e+00
227 7.874e-02
235 7.756e-01
228 1.211e-01
231 4.492e+00
237 3.146e-01
232 5.893e+00
228 1.757e-01
238 9.574e-02
227 1.951e-01
238 6.567e-02
241 5.490e-01
234 1.744e-01
238 3.231e-01
265 1.211e-01
233 8.382e-01
280 1.489e-02
275 7.893e-01
274 3.285e-02
263 4.953e-01
264 8.422e-01
252 3.120e-01
246 2.897e+00
283 6.588e-01
274 1.395e-01
2566 2.084e+00

111

WWrFEr WL, PO, OO, NDNNORLEFEBPANDMDNNOPPNNRLPNDNOONWOWE P, W

Rad.
Rate

(1/8)

.498e+08
.918e+08
.194e+08
.236e+07
.761e+06
.071e+08
.404e+07
.909e+08
.186e+07
.770e+08
.283e+07
.047e+08
.585e+07
.610e+07
.760e+07
.790e+07
.526e+08
.661e+07
.755e+07
.663e+07
.521e+08
.306e+06
.714e+07
.401e+07
.802e+07
.565e+07
.339e+07
.352e+07
.505e+08
.785e+07
.365e+07

Low.
Lev.

215
216
216
217
217
217
218
218
219
219
220
220
221
221
222
222
222
223
224
224
225
225
227
228
228
229
231
232
234
235
238

Upp.
Lev.

240
229
236
228
235
238
228
236
229
235
229
236
229
240
228
239
281
240
241
269
238
281
247
248
273
272
245
256
272
252
275

O, NONF, O, NOFRPNWPAERL,POOOFRLRPEPNRLREPLPNDNOONNDNRER

Osc.
Str.

gf

.195e-01
.885e-01
.416e+00
.622e-01
.135e-02
.549e-02
.864e-02
.340e-01
.048e-01
.067e-01
.432e-01
.204e-01
.269e+00
.032e-01
.856e-01
.763e-01
.610e-03
.813e-01
.428e-02
.217e-02
.036e+00
.209e-01
.410e-01
.105e+00
.066e-02
.685e-01
.368e+00
.185e-01
.111e-01
.213e+00
.087e-01

P W WEFE, WO, PFP,ONDNENPONPOORPNDNEPEPNONERERRER,NOOOORRNDOD

Rad.
Rate

(1/s)

.900e+07
.674e+07
.529e+08
.092e+07
.508e+06
.197e+07
.263e+07
.133e+07
.362e+07
.584e+07
.076e+07
.044e+07
.346e+08
.783e+08
.009e+08
.585e+08
.275e+06
.217e+08
.399e+06
.926e+06
.123e+08
.784e+09
.866e+07
.061e+07
.273e+07
.390e+07
.269e+07
.399e+07
.785e+07
.081e+07
.474e+07



log(Den.)
Key

© 00 N O WN -~

= e
= O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

PR, NRPRPRPPRPPRPNOR, ORPRPL, NP, NONORPDPRLOOODOOWOONPEFP,LPP,PNOR PR, E,ENOFR,RFR, WO OGO

8

.938-01
.197-03
.039-10
.568-04
.648-12
.252-12
.934-16
.727-15
.085-15
.095-15
.034-14
.008-14
.462-14
.208-14
.5631-15
.322-15
.668-15
.461-16
.621-16
LTT72-17
.836-17
T72-17
.546-17
.728-17
.159-15
.519-16
.836-16
.603-15
.685-16
.635-16
.375-19
.013-18
.307-16
.093-18
.168-15
.097-18
.250-16
.206-19
.347-19
.819-18
.284-17
.064-16
.670-16
.284-16
.992-15
.816-17

NFPNRPPRPEPNNRP,PPR,ORPRP,ORFR,O0OOONOFR,DPMNPLPEPPRPPONNPOPRPNONRPRPR,ERE,RPR,ERE,NREWOOD OGO

Table IV. Ca IX Fractional Level Populations

.853-01
.977-03
.134-09
.703-03
.617-11
.247-11
.2568-15
.450-13
.682-13
.099-14
.112-13
.119-13
.061-13
.157-13
.872-14
.928-14
.940-14
.660-15
.937-15
.984-16
.065-16
.011-15
.708-15
.352-15
.159-14
.512-15
.970-15
.521-14
.918-15
.678-15
.333-18
.229-17
.366-15
.373-17
.159-14
.682-17
.243-15
.076-17
.357-18
.168-17
.274-16
.081-15
.694-15
.368-15
.978-14
.086-16

WL, NP, PP ONPRPP,PRPPRPNNEPRLPNDNPR,POPPONPP, OO, PO, PO, PRP,PRPR,ROOW0WWERE WD OO

10

.446-01
.704-03
.584-08
.572-02
.470-10
.221-10
.806-14
.733-12
.331-12
.120-13
.483-12
.649-12
.923-12
.914-12
.504-13
.826-13
.480-12
.607-14
.447-14
.378-14
.671-14
.081-14
.309-14
.077-14
.161-13
.476-14
.610-14
.129-13
.031-14
.879-14
.291-16
.263-16
.921-13
.706-16
.119-13
.248-15
.210-14
.816-16
.406-17
.839-16
.226-15
.164-14
.804-14
.773-14
.909-13
.376-15

Population

R, WO, PP, ONNNMEFERPRPRPRONOFRRNO0WEE R, 00PN, OOONYNYOONNRERRFEOOOORE WAN D~ O

11

.073-01
.311-02
.996-07
.956-02
.335-09
.198-09
.223-13
.820-11
.0568-10
.139-12
.821-11
.134-11
.539-11
.691-11
.996-12
.475-12
.472-11
.474-13
.828-13
.907-13
.645-13
.974-13
.600-13
.481-13
.162-12
.443-13
.195-13
L772-12
.049-13
.063-13
.710-15
.209-15
.821-12
.926-15
.082-12
.503-14
.180-13
.493-15
.451-16
.366-15
.182-14
.240-13
.905-13
.144-13
.846-12
.5566-14

112

R, WO, PP, ONNNMNEFE PR PRERNOFRNOOO0WER,OOOONNOOIONNTNOOOOONRFERFREFE OO F WO O~ ©

12

.003-01
.375-02
.074-06
.592-02
.310-08
.194-08
.516-12
.213-10
.138-09
.143-11
.885-10
.226-10
.032-10
.649-10
.277-11
.974-11
.659-10
.637-12
.088-12
.007-12
.828-12
.330-12
.219-12
.122-12
.162-11
.436-12
.305-12
.704-11
.241-12
.098-12
.789-14
.386-14
.990-11
.155-14
.075-11
.5561-13
.175-12
.621-14
.461-15
.6563-14
.173-13
.254-12
.924-12
.213-12
.834-11
LT77-13

R, WO, PP, ONNNMEFRERPRPR PP OO, N0 WHE R, OOOONNOOOONODOOOGTONRFERFEEFE OO - WO o~ 00

13

.994-01
.384-02
.081-05
.667-02
.307-07
.193-07
.817-11
.262-09
.148-08
.143-10
.894-09
.239-09
.089-09
.644-09
.318-10
.045-10
.681-09
.657-11
.126-11
.023-11
.8560-11
.373-11
.293-11
.200-11
.162-10
.436-11
.319-11
.696-10
.265-11
.110-11
.799-13
.408-13
.010-10
.183-13
.074-10
.557-12
.174-11
.636-13
.468-14
.687-13
.172-12
.266-11
.926-11
.221-11
.833-10
.806-12

R, WO, PP, ONNNMNRFRERPRPR PP OO, N0 WE R, OOOONNDNOOOONOGDWODOUIONRFEEFEEFE OOOOEF WO o~ 00

14

.982-01
.397-02
.071-04
.729-02
.302-06
.192-06
.531-10
.333-08
.159-07
.144-09
.916-08
.278-08
.139-08
.637-08
.426-09
.216-09
.699-08
.687-10
.227-10
.079-10
.868-10
.417-10
.360-10
.293-10
.162-09
.434-10
.337-10
.684-09
.302-10
.192-10
.820-12
.436-12
.028-09
.219-12
.073-09
.566-11
.173-10
.657-12
.533-13
.723-12
L171-11
.260-10
.932-10
.229-10
.831-09
.863-11



log(Den.)
Key

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

N O, P, O, 0O, WP EFRLNONNTNFE, OONOOFRNWENPOENINEPDRP,LPOOOWPDP WONERF P

.992-18
.396-18
.802-17
.132-16
.461-16
.56565-17
.236-16
.048-18
.618-18
.769-18
.348-18
.420-18
.028-18
.521-18
.859-18
.008-18
.874-16
.571-17
.212-16
.255-18
.359-18
.314-18
.408-18
.479-17
.025-17
.726-17
.728-17
.015-17
.390-18
.828-17
.621-18
.739-17
.545-17
.731-18
.752-17
.356-18
.295-18
.920-18
.492-18
.023-19
.079-18
.625-19
.493-17
.344-17
.037-18
.121-16

N OFRrRP,PRP,PFP,LONNPWOPOOFRL,WOWOFL OONOOFRLRNWENPWNPPOPDEPL,ODOTWONEREEFEOOOWN

Table IV. Ca IX Fractional Level Populations

.138-17
.149-16
.941-16
.1563-15
.541-15
.550-16
.165-15
.320-17
.114-17
.296-17
.540-17
.448-17
.516-17
.959-17
.759-17
.333-17
.843-15
.637-16
.151-15
.299-17
.845-17
.734-17
.839-17
.547-16
.165-16
.612-16
.686-16
.141-16
.403-17
.643-16
.962-17
.115-16
.5568-16
.049-17
.721-16
.566-17
.626-17
.173-17
.354-17
.317-18
.571-17
.794-17
.582-16
.408-16
.512-17
.106-15

NP, PNOWRLRRFR, WP PN, PON,P,PORFRLPNOOWPPOPOOPWORLRFP,OFRLNONPONREFEORFRLN

10

.838-16
.610-14
.605-15
.255-14
.924-14
.530-15
.823-14
.618-16
.482-16
.816-16
.480-15
.583-16
.849-16
.283-15
.384-15
.884-16
.692-14
.952-15
.857-14
.506-16
.166-16
.743-16
.900-16
.873-15
.834-15
.085-14
.486-15
.745-15
.324-15
.533-15
.594-16
.909-15
.618-15
.571-16
.572-15
.566-16
.209-16
.385-16
.625-15
.550-16
.921-16
.243-16
.004-15
.713-15
.178-15
.034-14

Population

P PPN ONNPENOPP O, O, FPFPNORFR, OO0 WRFENREORFR,WOWOOOONNDERFEDNDW

11

.480-15
.794-13
.021-13
.348-13
.274-13
.511-14
.510-13
.804-15
.648-15
.120-15
.874-14
.706-15
.983-15
.911-14
.214-14
.030-14
.5564-13
.240-14
.589-13
.695-15
.287-15
.580-15
.783-15
.172-14
.446-14
.472-13
.304-14
.297-14
.767-14
.109-13
.009-14
.548-14
.673-14
.962-15
.437-14
.481-15
.656-15
.492-15
.439-14
.116-15
.069-15
.031-14
.389-14
.991-14
.386-14
.969-13

113

P P NNEFEFONNPE NP O, O RFPFPNORFR, WO WRELNNORFR, P OFRROOODONNDRERFEWW

12

.615-14
.016-12
.033-12
.366-12
.340-12
.508-13
.451-12
.028-14
.006-13
.5564-14
.137-13
.729-14
.385-14
.030-13
.370-13
.057-13
.528-12
.294-13
.539-12
.731-14
.687-14
.9256-14
.138-14
.228-13
.561-13
.544-12
.270-13
.401-13
.850-13
.176-12
.037-13
.857-13
.684-13
.224-14
.411-13
.6563-14
.929-14
.701-14
.592-13
.222-14
.473-14
.107-13
.462-13
.043-13
.425-13
.956-12

P P NNEFEFONNPEE NP O, OFRFPPNORFRL WO WRELNNORFR, P ORFRROODONNDRERFEWW

13

.784-13
.042-11
.034-11
.368-11
.347-11
.507-12
.444-11
.058-13
.011-12
.619-13
.168-12
.737-13
.442-13
.044-12
.389-12
.060-12
.525-11
.301-12
.533-11
.739-13
.739-13
.970-13
.186-13
.238-12
.5675-12
.563-11
.266-12
.414-12
.860-12
.184-11
.040-12
.893-12
.686-12
.257-13
.408-12
.680-13
.973-13
.728-13
.610-12
.239-13
.524-13
L117-12
.471-12
.050-12
.429-12
.9556-11

P P NNEFEONNDOOAOPD OF O RFPEFPNORFRLWODOOZNOPEOZTTAWERFELNNORFR, P ORFRROOODONNDERFE WO

14

.340-12
.064-10
.038-10
.374-10
.354-10
.508-11
.434-10
.119-12
.022-11
.802-12
.195-11
.783-12
.582-12
.057-11
.409-11
.064-11
.521-10
.310-11
.524-10
.781-12
.829-12
.041-12
.276-12
.276-11
.595-11
.561-10
.265-11
.439-11
.873-11
.191-10
.044-11
.924-11
.704-11
.308-12
.404-11
.764-12
.112-12
L773-12
.625-11
.292-12
.592-12
.125-11
.482-11
.058-11
.434-11
.953-10



log(Den.)
Key

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

P NONNDNNWPAENFP, WOPPNOOF,ONRFRPFRPPFPONMNNNMNDNORNRPR,OPD O WONDMNDMENOOPDPWWOERLDNDW

.970-17
.042-17
.224-17
.179-18
.217-18
.720-17
.916-17
.391-17
.609-16
.660-17
.064-17
.391-17
.313-17
.934-19
.145-19
.347-19
.769-18
.799-18
.174-19
.046-19
.577-19
.190-19
.852-20
.954-20
.088-20
.585-19
.475-19
.713-19
.270-19
.838-20
.812-19
.446-19
.569-19
.713-19
.395-19
.799-19
.266-19
.528-19
.434-19
.330-19
.365-19
.507-19
.967-19
.200-19
.461-19
.2568-19

= 00 U100 W WO W WE OO NOAONNNNEFEER,EFRPOWOAONDNNDNONNDOPD O, WONNDENOOOPD WWOO RN

Table IV. Ca IX Fractional Level Populations

.979-16
.084-16
.239-16
.295-17
.297-17
.748-16
.965-16
.594-16
.590-15
.664-16
.056-16
.402-16
.293-16
.988-18
.215-18
.535-18
.736-17
.064-17
.302-18
.703-18
.354-17
.606-18
.989-19
.101-19
.411-19
.665-18
.544-18
.866-18
.585-18
.348-19
.443-18
.424-18
.784-18
.282-18
.423-18
.236-18
.338-18
.204-18
.217-18
.979-18
.5563-18
.250-18
.048-18
.666-18
.470-18
.472-18

N, N0 OFR,LNOEFE OOONWOUWOPNENPEPRPL,WOPAPRPRLPNDNNWOOOAOWNDWNNNMENNOWWOOEFEND

10

.021-15
.287-15
.310-15
.848-16
.677-16
.886-15
.202-15
.565-15
.500-14
.680-15
.068-15
.454-15
.199-15
.246-17
.661-17
.432-17
.579-16
.332-16
.914-17
.796-16
.190-15
.597-17
.641-18
.536-17
.957-18
.044-17
.876-17
.600-17
.092-17
.786-18
.435-16
.317-17
.814-17
.998-17
.5563-17
.323-17
.682-17
.435-17
.629-16
.864-16
.232-17
.803-17
.434-17
.893-17
.329-16
.496-17

Population

WHrHPr OO0ORFR, F, WPOF OO PO ODWNNONPONPWPE OO WNWNNEDNDOOOD NN PD

11

.060-14
.473-14
.375-14
.3563-15
.0256-15
.012-14
.419-14
.452-14
.418-13
.695-14
.080-14
.501-14
.112-14
.481-16
.859-16
.2563-16
.436-15
.491-15
.474-16
.831-15
.062-14
.417-16
.238-17
.474-16
.369-17
.391-16
.180-16
.270-16
.470-16
.202-16
.8956-15
.220-16
.756-16
.048-15
.673-16
.232-16
.996-16
.389-16
.282-15
.021-15
.442-15
.0056-15
.788-16
.929-16
.770-15
.433-16

114

WKrRr PO, P WPONOOFR PO OTWNNONPONOOWD OO WNWNNEDNDOOOD D NFLDNPD

12

.067-13
.508-13
.387-13
.448-14
.090-14
.036-13
.460-13
.619-13
.402-12
.698-13
.082-13
.510-13
.096-13
.526-15
.917-15
.407-15
.409-14
.709-14
.592-15
.213-14
.226-13
.761-15
.350-16
.650-15
.635-16
.456-15
.237-15
.396-15
.730-15
.246-15
.3568-14
.201-15
.934-15
.095-14
.695-15
.593-15
.056-15
.945-15
.593-14
.239-14
.540-14
.066-14
.854-15
.031-14
.863-14
.609-15

WrRr PO, FP,PWPEFELDNOOFRPPOOTORFE, OODWNNONPONOGOWLE OO WNWNNEDNDOOOD NN P

13

.068-12
.512-12
.389-12
.460-13
.098-13
.040-12
.466-12
.639-12
.400-11
.698-12
.082-12
.511-12
.094-12
.5631-14
.924-14
.426-14
.406-13
.737-13
.727-14
.2568-13
.245-12
.821-14
.364-15
.671-14
.667-15
.466-14
.246-14
.411-14
.763-14
.273-14
.412-13
.199-14
.963-14
.101-13
.698-14
.658-14
.068-14
.002-13
.629-13
.265-13
.552-13
.074-13
.862-14
.038-13
.864-13
.639-14

WKrRr PO, FPWPEFELDNOOF OGTOORFROWNNONPNNDOP PO WNWNNEDNDOOOD H»NF-LDNPD

14

.069-11
.516-11
.392-11
.476-12
.108-12
.049-11
.480-11
.654-11
.398-10
.699-11
.083-11
.512-11
.091-11
.539-13
.937-13
.446-13
.401-12
.785-12
.962-13
.296-12
.261-11
.0566-13
.387-14
.690-13
.705-14
.494-13
.270-13
.425-13
.819-13
.498-13
.458-12
.196-13
.069-13
.114-12
.702-13
.920-13
.126-13
.016-12
.662-12
.289-12
.563-12
.083-12
.871-13
.060-12
.886-12
.741-13



log(Den.)
Key

139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

WHE OOWNPWEFENNNDNNWOWPLEOWONPENPLPONFPERPRPNNNNPENOOOOOOR,ENDNDNNDNNDNNEOONDNDWNO SO

.185-19
.170-19
.532-19
.950-18
.606-19
.415-20
.089-19
.909-20
.067-19
.290-20
.062-20
.909-20
.341-18
.402-19
.452-19
.256-20
.901-19
.207-18
.295-19
.2568-19
.103-19
.610-19
.765-19
.285-19
.354-19
.951-19
.729-19
.232-19
.068-19
.004-19
.334-19
.902-19
.650-20
.977-19
.926-19
.069-19
.150-19
.800-19
.057-19
.331-19
.707-19
.348-19
.844-20
.623-20
.887-18
.872-20

WP, NONOWFL, WONWOAOOOOWWNPNPRELPEAENPEPNWOWPEAENOOOFRLRDNNDPPONWONEREWRE WNDOPS OO,

Table IV. Ca IX Fractional Level Populations

.758-18
.942-18
.506-18
.600-17
.415-18
.644-19
.445-18
.203-18
.722-18
.321-19
.122-19
.082-19
.5561-17
.551-18
.172-18
.260-19
.096-18
.227-17
.822-18
.022-18
.427-18
.833-18
.101-18
.746-18
.612-18
.972-18
.899-18
.090-17
.160-18
.002-18
.086-18
.722-18
.748-19
.436-18
.269-18
.044-18
.981-18
.441-18
.717-18
.865-18
.494-18
.472-18
.690-19
.943-19
.920-17
.971-19

B NP, P WO PPN, P, D NNDNENWERE NN DOOTWO O, WONRERFRWWOWONEOOWO W =N

10

.500-17
.441-16
.850-16
.249-15
.406-16
.742-18
.929-17
.650-17
.8562-17
.466-18
.408-18
.908-18
.5562-16
.404-16
.239-16
.281-18
.026-17
.324-16
.343-17
.674-17
.972-17
.900-17
.704-17
.952-17
.846-17
.847-17
.527-16
.321-16
.376-17
.355-16
.024-16
.638-17
.218-18
.341-16
.169-16
.705-17
.9566-17
.503-17
.873-17
.417-17
.2563-17
.069-17
.451-17
.903-17
.082-16
.442-18

Population

B NONNMNNWRFE, ONORRPRPEPDDMREPLONRFRLOONRPEPE WOODOOOO R EFEPEFEPONEFERE,DDPDPNNRE, OO, DNDEDNDRE

11

.101-15
.215-15
.586-15
.969-14
.197-15
.746-17
.586-15
.888-16
.714-16
.599-17
.669-17
.663-17
.468-15
.905-15
.990-15
.300-17
.877-16
.412-15
.165-15
.301-15
.385-16
.876-16
.170-16
.968-16
.974-16
.230-15
.475-15
.360-15
.214-15
.228-15
.226-15
.122-15
.647-17
.978-15
.756-15
.197-15
.069-15
.302-16
.757-16
.751-16
.269-15
.614-16
.2568-16
.916-16
.230-15
.872-17

115

BN WNWEFE OO, P, FPNPPFRLONDNFRLONERE PR NONOR, PP, PBERNNNMNNNSE RN, RP,OR,DBDNDNDBSNDR

12

.148-14
.361-14
.912-14
.106-13
.346-14
.936-16
.697-14
.309-15
.025-14
.624-16
.718-16
.805-16
.641-14
.000-14
.132-14
.304-16
.037-15
.428-14
.208-14
.364-14
.652-15
.061-15
.448-15
.348-15
.187-15
.314-14
.6563-14
.743-14
.304-14
.392-14
.452-14
.189-14
.728-16
.098-14
.866-14
.277-14
.127-14
.829-15
.300-15
.190-15
.334-14
.717-15
.410-15
.107-15
.268-14
.953-16

BN WNWEFE OO, P, PN FRLONDNFRLONEFE PR NONOR, PP, PERNNNOMNNNESE RN, RP,OR,DBDNDNDBSNR

13

.156-13
.379-13
.951-13
.121-12
.364-13
.960-15
.710-13
.358-14
.032-13
.628-15
.724-15
.822-15
.668-13
.015-13
.148-13
.3056-15
.063-14
.430-13
.215-13
.372-13
.6956-14
.102-14
.498-14
.400-14
.219-14
.3256-13
.674-13
.789-13
.315-13
.411-13
.479-13
.197-13
.738-15
.113-13
.879-13
.286-13
.136-13
.892-14
.364-14
.243-14
.342-13
.729-14
.428-14
.130-14
.261-13
.963-15

BN WNWE OO, P EPNPEPFRE,ONEFEOONDNERE PP NONOOFRL PP, BARNNNMNNDD PN, OONDND DN

14

.190-12
.406-12
.988-12
.135-11
.386-12
.003-14
.724-12
.403-13
.040-12
.634-14
.736-14
.839-14
.749-12
.062-12
.163-12
.3056-14
.151-13
.433-12
.238-12
.388-12
.839-13
.317-13
.704-13
.509-13
.315-13
.339-12
.694-12
.830-12
.327-12
.429-12
.503-12
.207-12
.752-14
.133-12
.893-12
.296-12
.147-12
.961-13
.423-13
.300-13
.3561-12
.743-13
.445-13
.155-13
.265-12
.979-14



log(Den.)
Key

185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230

OO NWWFRLR P, PN, NOPP WL, P, ORPPOR PR, PNOORFR, WOAONDNDNONMONMNORFR O~ RFRDNNR-

.259-20
.073-20
.766-19
.930-19
.328-20
.506-19
.164-21
.639-20
.410-21
.087-19
.469-19
.495-21
.5256-21
.303-21
.795-21
.351-21
.513-21
.851-21
.524-20
.084-21
.120-21
.670-19
.725-20
.588-20
.812-20
.165-21
.006-20
.402-20
.198-20
.812-21
.889-21
.088-21
.261-21
.653-21
.707-21
.007-20
.434-21
.677-21
.5856-21
.616-20
.660-20
.138-21
.851-21
.659-21
.521-21
.326-21

OO NWWEFRLR P, PN, NOPP WL, P, ORPORRPR,PNOOR, WOAONDWWONMONMNRE, R, O, FP,NNDANR-

Table IV. Ca IX Fractional Level Populations

.260-19
.307-19
.801-18
.114-18
.436-19
.556-18
.439-20
.942-19
.103-19
.215-18
.764-18
.640-20
.661-20
.615-20
.045-20
.368-20
.600-20
.911-20
.5562-19
.198-20
.183-20
.652-18
.765-19
.583-19
.837-19
.199-20
.010-19
.426-19
.192-19
.901-20
.925-20
.197-20
.446-20
.706-20
.831-20
.043-19
.611-20
.603-20
.609-20
.654-19
.648-19
.182-20
.869-20
.691-20
.619-20
.379-20

O ~NPNWWEREREREL,POERFRLOOOAOTWNNWERPR,OORRE,PNWORLRPONDPTWOPNE WERLEFE,ENNDOOER

10

.266-18
.428-18
.967-17
.992-17
.947-18
.792-17
.5563-18
.387-18
.878-18
.828-17
AT7T7-17
.335-19
.310-19
.107-19
.240-19
.447-19
.019-19
.195-19
.684-18
.744-19
.485-19
.564-17
.959-18
.5568-18
.955-18
.359-19
.033-18
.540-18
.165-18
.323-19
.095-19
.716-19
.327-19
.958-19
.422-19
.211-18
.457-19
.728-19
.726-19
.836-18
.593-18
.391-19
.9563-19
.843-19
.087-19
.632-19

Population

O ~NPWWWNERE, PO, OO PNNWERLRPFP,LONEFEONDWERLRPONOOOWOOAWNPDENNDNDNWWO-

11

.272-17
.452-17
.120-16
.795-16
.4156-17
.008-16
.110-17
.707-17
.586-17
.388-16
.468-16
.970-18
.903-18
.470-18
.333-18
.520-18
.402-18
.454-18
.805-17
.024-17
.762-18
.484-16
.137-17
.5635-17
.062-17
.5056-18
.063-17
.644-17
.139-17
.709-18
.250-18
.191-18
.133-18
.189-18
.962-18
.365-17
.230-18
.842-18
.833-18
.002-17
.543-17
.582-18
.031-18
.982-18
.515-18
.863-18

116

O N WWWNE, PO, OO PNNWEFRLRPFPLONDNEFEONDNWERLRPONOOOO P NAOWNDPDENNDNDNWWOR

12

.273-16
.644-16
.149-15
.946-15
.504-16
.048-15
.214-16
.956-16
.719-16
.494-15
.711-15
.089-17
.015-17
L127-17
.538-17
.533-17
L474-17
.503-17
.827-16
.034-16
.813-17
.469-15
.170-16
.530-16
.082-16
.533-17
.057-16
.664-16
.135-16
.782-17
.279-17
.280-17
.284-17
.233-17
.064-17
.394-16
.375-17
.864-17
.8563-17
.034-16
.533-16
.618-17
.045-17
.009-17
.595-17
.906-17

O N WWWNE, PO, OO PNMNNWEFRLRPFPLONDNEFEONWERLRPONOOOO P NOWNDPDENNDNDNWWOR

13

.273-15
.668-15
.152-14
.964-14
.514-15
.054-14
.228-15
.986-15
.736-15
.507-14
.739-14
.104-16
.029-16
.758-16
.563-16
.536-16
.483-16
.509-16
.830-15
.0356-15
.820-16
.467-14
.174-15
.530-15
.085-15
.536-16
.0568-15
.666-15
.134-15
.791-16
.283-16
.291-16
.303-16
.240-16
.077-16
.397-15
.392-16
.868-16
.856-16
.038-15
.5632-15
.623-16
.047-16
.012-16
.605-16
.913-16

O N WWWNE PO, OO PNNWERLREFPLONEFEONDNWERLRPONOOO P NOOWNDOAONDNDNWWO

14

.279-14
.695-14
.156-13
.988-13
.530-14
.068-13
.248-14
.018-14
.763-14
.528-13
.765-13
.122-15
.053-15
.794-15
.593-15
.540-15
.493-15
.517-15
.834-14
.037-14
.826-15
.465-13
.180-14
.529-14
.088-14
.546-15
.069-14
.668-14
.133-14
.804-15
.294-15
.307-15
.3256-15
.259-15
.102-15
.400-14
.409-15
.881-15
.860-15
.043-14
.5631-14
.630-15
.062-15
.020-15
.614-15
.937-15



log(Den.)

Key
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
2562
253
254
255
256
2567
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

NWEFE P NWNNEFE ONOODWNRE R, R R, R NP, NOOODOOONNE R, EPERPREPRNNRE,OONEDWONOOWR -

.060-20
.280-20
.731-21
.961-21
.708-21
.782-21
.868-21
.884-20
L774-21
.250-21
.388-20
.385-21
.509-21
.123-20
.365-20
.611-20
.605-21
.698-21
.183-21
.569-21
.173-22
.225-22
.374-22
.956-22
.609-22
.186-21
.643-22
.040-21
.319-21
.530-21
.168-21
.377-21
.434-21
.298-21
.164-21
.472-21
.467-22
.315-21
.511-21
.880-21
.274-21
.071-21
.216-21
.448-21
.035-20
.276-21

N WRFR, P NWONNERE, ONODWNRPR PP PEPPOFRPRORFRODOOONNRERPEPEPEPEPNNPFPF,ONRFE DD WONDMOOO WERR

Table IV. Ca IX Fractional Level Populations

.076-19
.317-19
.724-20
.957-20
.733-20
.838-20
.965-20
.888-19
.761-20
.343-20
.412-19
.565-20
.601-20
.140-19
.402-19
.689-19
.737-20
.914-20
.786-20
.616-20
.563-21
.520-21
.670-21
.050-20
.107-21
.262-20
.373-21
.050-20
.340-20
.565-20
.177-20
.390-20
.504-20
.408-20
.192-20
.515-20
.528-21
.330-20
.538-20
.967-20
.443-20
.270-20
.310-20
.492-20
.023-19
.394-20

NNER,PDPOPDPWNEFE,E ONOOWNR R RPRPEPRPPRPPPPEPOOONOONNMNERE WOORLOONRE OOOBRNDNOOOWR -

10

.151-18
.497-18
.692-19
.938-19
.8562-19
.102-19
.429-19
.906-18
.699-19
.786-19
.526-18
.423-19
.041-19
.220-18
.574-18
.069-18
.369-19
.949-19
.666-19
.837-19
.429-20
.932-20
.086-20
.310-19
.049-19
.625-19
.186-19
.099-19
.443-19
.734-19
.220-19
.452-19
.838-19
.934-19
.329-19
.720-19
.817-20
.404-19
.664-19
.380-19
.250-19
.218-19
.758-19
.704-19
.962-18
.958-19

Population

1.
.662-17
.663-18
.920-18
.961-18
.344-18
.853-18
.922-17
.643-18
.191-18
.631-17
.207-18
.443-18
.293-17
.732-17
.398-17
.946-18
.894-18
.298-18
.040-18
.014-18
.122-18
.380-19
.549-18
.266-18
.957-18
.505-18
.143-18
.538-18
.889-18
.259-18
.508-18
.144-18
.414-18
.453-18
.908-18
.008-18
.472-18
.780-18
.758-18
.988-18
.084-18
.169-18
.898-18
.906-17
.473-18

W NN, OO PWONEFRP,PNNMNOOOPPOFRPRP,PRPRPRPRRPRPRPRPRPRPRRPRORREREWOWOWNMNDNERE WO, ONEOOHNOO W

11

220-17
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W NP, OO WNFREFP,PNOOOPPOFRERPRP,PRPRPRPRPPRPNNRRPR,ORREOWOOPPWONERE WO, ONEOOOPBNOOWRE -

12

.233-16
.693-16
.658-17
.916-17
.981-17
.389-17
.933-17
.925-16
.633-17
.267-17
.651-16
.3556-17
.519-17
.306-16
.762-16
.462-16
.066-17
.072-17
.794-17
.078-17
.046-17
.146-17
.624-18
.593-17
.307-17
.019-17
.565-17
.151-17
.5556-17
.918-17
.267-17
.519-17
.202-17
.505-17
L477-17
.943-17
.013-17
.485-17
.802-17
.829-17
.126-17
.247-17
.246-17
.934-17
.895-16
.570-17

W NP, OO WNFREFPNOOOPPOFRERPRP,PRPRPRPRPPRPNNRRPR,ORFR,RRER WO WONRERE WO, ONEOOHBDNOOWRE -

13

.234-15
.697-15
.657-16
.916-16
.984-16
.3956-16
.943-16
.9256-15
.632-16
.277-16
.653-15
.373-16
.528-16
.308-15
.766-15
.469-15
.070-16
.096-16
.852-16
.083-16
.050-16
.150-16
.657-17
.599-16
.313-16
.027-16
.573-16
.152-16
.557-16
.921-16
.267-16
.521-16
.209-16
.516-16
.480-16
.948-16
.014-16
.486-16
.804-16
.838-16
.143-16
.267-16
.256-16
.939-16
.894-15
.582-16

W NP, OO WNFR,EPNOOOPPOFRERPRP,PPRPPRPRPRPPRPNNRRPR,RORFR,RREROWOOPPWONRERE WO, ONEOOHBNOOWRE =

14

.237-14
.700-14
.656-15
.916-15
.990-15
.403-15
.953-15
.926-14
.638-15
.292-15
.6556-14
.398-15
.544-15
.314-14
L772-14
.476-14
.104-15
.143-15
.907-15
.089-15
.056-15
.156-15
.723-16
.606-15
.320-15
.036-15
.583-15
.154-15
.560-15
.9256-15
.269-15
.527-15
.219-15
.530-15
.484-15
.961-15
.0156-15
.488-15
.807-15
.852-15
.157-15
.292-15
.271-15
.942-15
.892-14
.597-15



log(Den.)

Key
277
278
279
280
281
282
283

R R, NP P WDd

.495-21
.291-21
.930-21
.194-20
.132-20
.476-21
.090-20

R R, NRP P WDd

Table IV. Ca IX Fractional Level Populations

.497-20
.293-20
.937-20
.189-19
.119-19
.5566-20
.084-19

R R, NP P WDd

10

.506-19
.306-19
.971-19
.163-18
.068-18
.938-19
.053-18

Population

4.
.317-18
.002-18
.139-17
.001-17
.288-18
.025-17

NN RFP DN W

11

513-18
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=N RPN WD

12

.516-17
.319-17
.007-17
.134-16
.991-16
.354-17
.020-16

=N RPN WD

13

.5156-16
.319-16
.008-16
.134-15
.989-15
.362-16
.019-15

=N RPN WD

14

.516-15
.319-15
.008-15
.133-14
.988-14
.374-15
.019-14



Table V. Intensities of Selected Bright Ca IX Lines

log(Den.) 8 9 10 11 12 13 14
J i Wavelength Intensity
92 5 108.071 6.47-06 6.43-05 6.21-04 6.01-03 5.97-02 5.96-01 5.96+00
65 5 116.190 3.07-05 3.04-04 2.91-03 2.80-02 2.78-01 2.78+00 2.77+01
35 1 120.147 4.32-05 4.29-04 4.14-03 4.00-02 3.98-01 3.97+00 3.97+01
30 1 120.565 2.99-06 3.01-05 3.10-04 3.18-03 3.19-02 3.20-01 3.24+00
43 3 129.428 5.95-06 6.04-05 6.43-04 6.79-03 6.86-02 6.87-01 6.89+00
44 4 129.935 1.09-05 1.13-04 1.32-03 1.50-02 1.53-01 1.53+00 1.54+01
100 13 133.820 3.51-06 3.62-05 4.16-04 4.64-03 4.74-02 4.75-01 4.75+00
45 5 141.357 4.39-05 4.35-04 4.20-03 4.07-02 4.04-01 4.04+00 4.03+01
101 14 144.344 1.14-05 1.13-04 1.09-03 1.06-02 1.05-01 1.05+00 1.05+01
53 6 159.540 2.52-05 2.50-04 2.40-03 2.32-02 2.30-01 2.30+00 2.30+01
27 3 162.374 4.19-06 4.50-05 5.96-04 7.30-03 7.55-02 7.58-01 7.62+00
27 4 163.231 7.05-06 7.57-05 1.00-03 1.23-02 1.27-01 1.27+00 1.28+01
48 8 165.424 4.67-08 3.34-06 1.71-04 2.97-03 3.20-02 3.23-01 3.25+00
48 9 166.415 1.35-07 9.70-06 4.96-04 8.60-03 9.29-02 9.37-01 9.43+00
28 5 178.575 4.23-04 4.19-03 4.02-02 3.86-01 3.83+00 3.83+01 3.82+02
49 11  184.336 9.29-06 9.43-05 1.01-03 1.08-02 1.09-01 1.09+00 1.10+01
50 12 184.374 1.26-05 1.29-04 1.40-03 1.51-02 1.53-01 1.53+00 1.53+01
51 13 184.432 1.84-05 1.94-04 2.42-03 2.86-02 2.94-01 2.95+00 2.96+01
35 6 201.589 1.26-05 1.25-04 1.21-03 1.17-02 1.16-01 1.16+00 1.16+01
53 14 201.847 8.40-05 8.33-04 8.02-03 7.74-02 7.68-01 7.68+00 7.67+01
33 12 239.030 1.55-06 1.99-05 4.07-04 5.98-03 6.34-02 6.38-01 6.42+00
33 13 239.135 8.69-06 1.11-04 2.29-03 3.36-02 3.56-01 3.58+00 3.60+01
30 12 239.783 6.39-06 6.43-05 6.63-04 6.81-03 6.84-02 6.85-01 6.93+00
29 11 239.881 3.84-06 4.18-05 5.77-04 7.23-03 7.50-02 7.53-01 7.59+00
25 6 324.088 1.98-05 1.98-04 1.98-03 1.99-02 1.99-01 1.99+00 1.99+01
11 2 371.896 7.90-05 8.49-04 1.13-02 1.39-01 1.44+00 1.45+01 1.46+02
12 3 373.799 1.02-04 1.14-03 1.67-02 2.17-01 2.26+00 2.27+01 2.31+02
11 3 373.986 5.81-05 6.25-04 8.33-03 1.02-01 1.06+00 1.07+01 1.08+02
13 4 378.086 1.92-04 2.70-03 6.45-02 9.88-01 1.05+01 1.06+02 1.07+03
12 4 378.375 3.29-05 3.65-04 5.38-03 6.96-02 7.26-01 7.30+00 7.43+01
11 4 378.567 3.74-06 4.02-05 5.35-04 6.58-03 6.81-02 6.84-01 6.92+00
23 8 383.457 6.88-07 1.23-05 3.82-04 6.20-03 6.64-02 6.69-01 6.74+00
22 8 384.275 6.17-07 1.08-05 3.29-04 5.32-03 5.70-02 5.74-01 5.79+00
20 7 385.518 8.36-07 9.86-06 1.70-04 2.36-03 2.48-02 2.50-01 2.57+00
24 9 388.761 1.01-06 2.39-05 8.98-04 1.50-02 1.61-01 1.63+00 1.64+01
23 9 388.827 9.36-07 1.67-05 5.20-04 8.43-03 9.04-02 9.11-01 9.17+00
19 8 389.934 2.51-06 2.82-05 4.26-04 5.59-03 5.84-02 5.87-01 5.97+00
26 10 391.737 6.93-06 6.92-05 6.87-04 6.81-03 6.81-02 6.80-01 6.80+00
14 5 395.022 1.52-03 1.51-02 1.45-01 1.39+00 1.38+01 1.38+02 1.38+03
18 6 424.366 4.37-06 4.56-05 5.49-04 6.34-03 6.50-02 6.52-01 6.55+00
15 6 439.747 8.89-07 1.01-05 1.58-04 2.11-03 2.20-02 2.22-01 2.26+00
5 1 466.240 4.15-02 4.12-01 3.95+00 3.80+01 3.77+02 3.76+03 3.76+04
9 3 498.011 1.72-05 4.09-04 1.54-02 2.58-01 2.77+00 2.79+01 2.82+02
8 2 503.272 3.22-05 4.81-04 1.24-02 1.93-01 2.06+00 2.08+01 2.10+02
9 4 506.168 4.99-05 1.18-03 4.46-02 7.46-01 8.02+00 8.09+01 8.16+02
8 3 507.108 2.36-05 3.53-04 9.08-03 1.41-01 1.51+00 1.52+01 1.54+02
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Table V. Intensities of Selected Bright Ca IX Lines

log(Den.) 8 9 10 11 12 13 14

J i Wavelength Intensity

7 3 512.052 1.82-06 2.12-05 3.58-04 4.91-03 5.19-02 5.47-01 8.02+00
8 4 515.567 3.73-05 5.57-04 1.43-02 2.23-01 2.39+00 2.40+01 2.43+02
6 3 521.859 1.39-04 1.38-03 1.35-02 1.33-01 1.32+00 1.32+01 1.32+02
23 12 525.048 3.71-07 6.64-06 2.06-04 3.34-03 3.58-02 3.61-01 3.64+00
24 13 525.484 2.27-07 5.36-06 2.01-04 3.36-03 3.62-02 3.65-01 3.69+00
6 4 530.822 2.86-04 2.85-03 2.79-02 2.74-01 2.73+00 2.73+01 2.73+02
19 13 537.852 1.23-06 1.38-05 2.09-04 2.74-03 2.86-02 2.88-01 2.92+00
10 5 542.262 1.06-05 1.06-04 1.08-03 1.10-02 1.10-01 1.11+00 1.11+01
25 14 564.402 8.92-06 8.93-05 8.94-04 8.95-03 8.95-02 8.95-01 8.95+00
17 13 641.891 3.76-06 8.88-05 3.33-03 5.57-02 5.99-01 6.04+00 6.08+01
16 12 651.251 2.46-06 3.58-05 8.97-04 1.39-02 1.48-01 1.50+00 1.53+01
16 13 652.109 3.87-07 5.64-06 1.41-04 2.19-03 2.33-02 2.35-01 2.40+00
15 11 659.471 4.14-06 4.69-05 7.36-04 9.80-03 1.03-01 1.03+00 1.05+01
15 12 660.054 8.90-07 1.01-05 1.58-04 2.11-03 2.21-02 2.22-01 2.26+00
3 1 691.421 9.89-04 1.01-02 1.12-01 1.22+00 1.24+01 1.24+02 1.24+03
9 5 763.669 2.56-07 6.09-06 2.29-04 3.83-03 4.12-02 4.16-01 4.19+00
6 5 821.215 8.11-04 8.07-03 7.91-02 7.76-01 7.73+00 7.73+01 7.72+02
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