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ABSTRACT

Aims. In nebular astrophysics, there has been a long-standifpticy in plasma diagnostics between abundance deteionisat
using the traditional method based on collisionally extitees (CELS), on the one, hand and (optical) recombindii@s'continuum,
on the other. A number of mechanisms have been proposed tairexpe dichotomy. Deep spectroscopy and recombinatios li
analysis of emission line nebulae (planetary nebulae andegdions) in the past decade have pointed to the existenceobifier
previously unknown component of cold, H -deficient matesigkhe culprit. Better constraints are needed on the pHysdoaitions
(electron temperature and density), chemical composititess, and spatial distribution of the postulated H -deftdigclusions in
order to unravel their astrophysical origins. This regsikaowledge of the relevant atomic parameters, most imptiytthe efective
recombination coficients of abundant heavy element ions such as@u, N1, and Nai, appropriate for the physical conditions
prevailing in those cold inclusions (€. < 1,000 K ).

Methods. Here we report nevab initio calculations of the fective recombination cdgcients for the Nt recombination spectrum.
We have taken into account the density dependence of th@iceets arising from the relative populations of the finasstare
levels of the ground term of the recombining idi#{1,> and?P° 3/, in the case of Nir), an elaboration that has not been attempted
before for this ion, and it opens up the possibility of elentdensity determination via recombination line analyBisotoionization
cross-sections, bound state energies, and the oscilkaémgshs of Nt with n < 11 andl < 4 have been obtained using the close-
coupling R-matrix method in the intermediate coupling subePhotoionization data were computed that accurately on@phe
near-threshold resonances and were used to derive recatianircodficients, including radiative and dielectronic recombioati
Also new is including the fects of dielectronic recombination via highresonances lying between thE° 1, and2P° 3/, levels.
The new calculations are valid for temperatures down to gmagedentedly low level (approximately 100 K). The newlicakated
effective recombination cdicients allow us to construct plasma diagnostics based om#esured strengths of thenNoptical
recombination lines (ORLS).

Results. The derived fective recombination cdgcients are fitted with analytic formulae as a function of &let temperature for
different electron densities. The dependence of the emissiwfithe strongest transitions ofun electron density and temperature
is illustrated. Potential applications of the current detteelectron density and temperature diagnostics for pbateed gaseous
nebulae are discussed. We also present a method of detegneileictron temperature and density simultaneously.
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1. Introduction a small fraction of PNe (about 10%; Liu et al. 1995, 2000,
o . .2001, 2006b; Liu et al. 2004; Luo et al. 2001). In the most
The principal means of electron temperature and density-digytreme case, the abundance discrepancy factor (ADF)esach
nostics and heavy-element abundance determinations i nelacord value of 70 (Liu etal. 2006). There is strong evidehee
lar plasmas has, until recently, been measurement of iolfis nepylae contain another component of metal-rich, coldnias
ally excited lines (CELs). The emissivities of CELs havewho propably in the form of H -deficient inclusions embedded i@ th
ever, an exponential dependence on electron temperatdre &fifuse gas (Liu et al. 2000). The existence of cold inclusions
consequently, so do the heavy element abundances dedygefiides a natural explanation to the long-standing dicmyt
from them. An alternative method of determining heavy elgst ahundance determinations and plasma diagnostics (L@8,20
ment abundances is to divide the intensities of ORLs emittedpga, 2006b). The prerequisite for reliable determimetiof
by heavy element ions with those by hydrogen. Such ratios aggombination line abundances is accurateaive recombina-
only weakly dependent on temperature. In planetary nebulgsh codficients for heavy element recombination lines. In this

(PNe), abundances of C, N, and O derived from ORLs haygper, we present newfective recombination cdicients for
been shown to be systematically larger than those derived fr the recombination spectrum ofiN

CELs typically by a factor of 2. Discrepancies of much larger
magnitudes, say by more than a factor of 5, are also found for Radiative recombination céicients of Nu have been given
by Péquignot et al. (1991). Nussbaumer & Storey (1984)-tabu
Send offprint requests to: X. Fang late dielectronic recombination cfieients of Nir obtained from
* Complete Tables 3 — 6 in electronic form only are available & model in which resonance states are represented by bound-

the CDS via anonymous ftp to cdarc.u-strasbg.fr (130.75)2r via State wave functions. Escalante & Victor (1990) calculdte e
httpy/cdsweb.u-strasbg/&bstract.html. fective recombination cd&cients for G and Nu lines using an
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atomic model potential approximation for transition prblia  series 2s2f{*P)nl (n = 3, 4) giving rise to triplet and quintet
ties and recombination cross-sections. They then add the cterms. Higher members of this series lie above the first mtion
tribution from dielectronic recombination using the rasubf limit, and hence may give rise to low-temperature dielettro
Nussbaumer & Storey (1984). recombination. There are a few members of the 2€2pnl and
In the most recent work of N by Kisielius & Storey (2002), 2s2@(2S)nl series located above the first ionization threshold
they follow the approach of Storey (1994) who, in dealingwitwhich also give rise to resonance structures in the phoizéen
Ou, uses a unified method for the treatment of radiative aridhn cross-sections for singlets and triplets. For photoergies
dielectronic recombination by directly calculating redsima- above the second ionization threshold, the main resonance s
tion codficients from photoionization cross-sections of each infures are due to the 2sZpD)nl series with some interlopers
tial state. They also incorporate improvements introdulbgd from the 2s25(2S)nl and 2s2p(?P)nl series (Kisielius & Storey
Kisielius et al. (1998) in their work on Ne The N* photoion- 2002).
ization cross-sections were calculated_®-coupling using the
ab initio methods developed for the Opacity Project (Seato ) .
1987: Berrington et al. 1987) and the Iron Project (Hummér?- New R-matrix calculation

etal. 1993), hereafter referred to as the OP methods. The-Ca\ye have carried out a new calculation of bound state energies
lations employed the R-matrix formulation of the closeqoing  oscjllator strengths and photoionization cross-sectionsN i
method, and the resultant cross-sections are of higheitgual = gtates witm < 11 using the OP methods (Hummer et al. 1993).
the photoionization calculations of Kisielius & Storey (), The N2* target configuration set was generated with the general
for the energy ranges in which the resonances make main-contiyrpose atomic structure code SUPERSTRUCTURE (Eissner et
butions to the total recombination, an adaptive energy mesh 5| '1974) with modifications of Nussbaumer & Storey (1978).
used to map out all the strong resonances near thresholis. Tithe target radial wave functions of X were then generated
approach has also been adopted in our current calculados, \ith another atomic structure code AUTOSTRUCTURE
it will be described in more details in a later section. Inth@k  \yhich, developed from SUPERSTRUCTURE and capable of
of Kisielius & Storey (2002), transition probabilities fall low-  treating collisions, is able to calculate autoionizaticates,
lying bound states were also calculated using the closeft@u photoionization cross-sections, etc. The original theofy
method, so that the bound-bound and bound-free radiatitze dayTOSTRUCTURE is described by Badnell (1986). The wave
used for calculating the recombination ééeients formed a self- fynctions of the nineteen target terms were expanded insterm
consistent set of data and were expected to be significarmitg mof the 21 electron configurations 2Bs22p, 1£2s2P3, 1£2p°,
accurate than those employed in earllerwork._ _ 122835, 182523p, 12223d, 1€2s2(8s, 1€25218p, 1225284,
Here we report new calculations of thffextive recombina- 12p23s, 182p23p, 1€2p73d, 1€23cR, 12p3ck, 124s,
tion codficients for the Ni recombination spectrum. HithertolsZZSZZ_d, 1€2s2pls, 1§232p1p, 1€2s2pid, 1§2$2F47L
few high quality atomic data were available to diagnose-plags2224p, where 1s, 2s and 2p are spectroscopic orbitals3and
mas of very low temperatures: (1000 K), such as the cold, and4l’ (1 = 0, 1, 2 and’ = 0, 1, 2, 3) are correlation orbitals.
H-deficient inclusions postulated to exist in PNe (Liu et affhe one-electron radial functions for the 1s, 2s and 2p alit
2000). We have calculated théfective recombination cd  ere calculated in adjustable Thomas-Fermi potentialslewh
cients for the N ion down to an unprecedentedly low tem+he radial functions for the remaining orbitals were caated
perature (about 100 K). At such low temperatures, diel@dtro in Coulomb potentials of variable nuclear chargg, = 7|x.
recombination via hight resonances between thezNgr_o_und The potential scaling parameter; were determined by
2P° 12 and*P° 5> fine-structure levels contributes significantlyminimizing the sum of the energies of the eight energeticall
to the total recombination céi&cient. We include suchfiects  |owest target states in our model. We obtained for the pitent

in our calculations. We also take into account the density dgcaling parameterstys = 1.4279, 1,5 = 1.2840,1z, = 1.1818,
pendence of the cdiécients through the level populations of they; = ~0.9696,13, = —0.9054,13; = —1.0924,15 = —1.3871,

fine-structure levels of the ground state of the recombindmg Azp = —1.3821,15 = ~1.5797 andiz = -1.9837.

(°P°1/23/2 in the case of Rr). That opens up the possibility of ™ Taple 1, we compare experimental target state energies
electron density determinations via recombination lin@lgn (griksson 1983) as well as values calculated by Kisielius &
sis. With the exception of the calculations of Kisielius &8ty  Siorey (2002) with our results for the eight lowest targetie
(1999) on Qu recombination lines, all previous work on nebuat helong to the three lowest configuration$2ps 2528 and

lar recombination lines has been ls$-coupling and therefore >3 \we use the experimental target energies in the calcula-
it tacitly assumed that the levels of the ground state ar&IpoRjon of the Hamiltonian matrix of theN + 1) electron system
lated in proportion to their statistical weights. Phota&aion  and in the calculation of energy levels, oscillator stréxsgind
cross-sections, bound state energies and oscillatorgstref  photojonization cross-sections of iNWe use nineteen target
Nuwithn < 11and < 4 have been obtained using the R-matri¥erms in our R-matrix calculation where we add selected serm
method in the intermediate coupling scheme. The photoéenizrom the seven configurations 222 3s, 182< 3p, 122< 3d,

tion data are used to derive recombinationficents, including 132252p§s, 1§282p§p, 1§252p§d and 1822 §p in order to in-
contributions from radiative and dielectronic recombioatThe  rease the dipole polarizability of the terms of thé2Zs and
results are applicable to PNe,iHregions and nova shells for aps21z configurations of the R* target. These additional terms
wide range of electron temperature and density. provide the main contributions to the dipole polarizaigitf the
1282p2P° and 182s2F *P states and significant contributions
to the polarizability of 182s2fF °D, 2S and?P. The chosen target

; +
2. Atomic data for N terms are listed in Table 2, which shows that our calculadegkt

2.1. The N* term scheme

o ] ] ) ] ) ! AUTOSTRUCTURE is developed by the Department of Physics at
The principal series of N is 2€2p(P°)nl, which gives rise to the University of Strathclyde, Glasgow, Scotland. The cisdevailable
singlet and triplet terms. Also interspersed are membeth@®f from the website httgfamdpp.phys.strath.ac fatos .



Table 1. Comparison of energies (in Ry) for the’Ntarget states experimental data as a benchmark for our Bhergy level cal-

culation.

_ _ _ The current calculations of energy levels include only
Configuration  Term present KS2002 Experlmenté1 the states belonging to the configurationsZZZ&QP‘J’c) nl,
1322322p 2P0 0.000000 0.00000 0.00000 252[3’(4ij) nl and pOSSiny ZSZEQZD'JEC) nl W|th ionization en-
1£22s2p3 4p 0.509051 0.51771 0.52091 ergies less thaRy and total orbital angular momentum quantum

D 0.933243  0.92246 0.91960 numberL < 8, whereJc is the total angular momentum quan-
’s 1.235909  1.20597 1.19279  tum number of the core electrons. Every single energy lezkl c
p 1.362871  1.33866 1.32898  culated byab initio methods is further identified with the help of
1s2p *S 1706032  1.70403 1.70123  the experimental energy level tables of Eriksson (1983),ian
°D°  1.872797  1.85796 1.84962  ysed in preference to quantum defect extrapolation froneexp
P 2144377 211771 2.09865  jmentally known lower states. The bound state energieshier t

lowest levels are calculated using R-matrix codes, withfiate

tive principal quantum number range set to b 8 v < 10.5,

and the codes are run with a searching steprof 0.01. We
assume that the subsequent iteration converges on a final en-
ergy whenA E < 1 x 10°° Ryd. We only keep the final energy
levels withn < 11 andl < 4, and delete thag levels with
Table2. The N** target terms n > 6, because of numerical instabilities in the codes. In to-
tal, 377 levels are obtained. The photoionization crossices

from these bound states are calculated later using out&rreg

R-matrix codes.

a Theoretical calculations by Kisielius & Storey (2002).
b Eriksson (1983).

Configuration  Term

192€2p 2P° For states with 11< n < ng, andl < 3, where calculated
192528 P energies exist for lower members of the series, a quantum de-
2p fect has been calculated for the highest known member (ysual
2g with n = 11), and this quantum defect is used to determine the
2p energies of all higher terms.
1$2p8 9 Finally, if neither of the above methods can be used, the stat
zg: is assumed to have a zero quantum defect.
19283s %S
192s2pfP)3s  4P° 2.4. Bound-bound radiative data
2
iigigﬁ zgo Radiative transition probabilities are taken from threarses,
122s2i8p 2P (1) Ab initio calculations: We have computed values of
12252 Bs  2P° weighted oscillator strengthgif, for all transitions between
1£2s2Bp P bound states with ionization energies less than or equéto
_ (corresponding ton = 11 in the principal series of N), with
1£2s2(8s  2P° total orbital angular momentum quantum numhek 8, and
1$2p3p  “D° with total angular momentum quantum numbBex 6. The data
1£2s2[8d *P° are calculated in the intermediate coupling scheme, se tier

transitions between states offéirent total spins. Two-electron
transitions, which involve a change of core state, are aiso i
cluded.

(2) Coulomb approximation: For pairs of levels where os-
energies are in slightly worse agreement with experimean thcillator strengths are not computed by #einitio method, but
those of Kisielius & Storey (2002) although it should be motewhere one or both of the states have a non-zero quantum defect
that their energies were calculatedif-coupling, whereas ours the dipole radial integrals required for the calculatiortransi-
are weighted averages of fine-structure level energiescohe tion probabilities are calculated using the Coulomb apjmnax
figuration interaction in our target is less extensive thatheirs tion. Details are given by Storey (1994).
due to the additional computational constraints imposedmy  (3) Hydrogenic approximation: For pairs of levels with a
intermediate coupling calculation as opposed ta. 8rcoupling  zero quantum defect hydrogenic dipole radial integralsateu-
one. We do, however, consider that our set of target states rgyted, using direct recursion on the matrix elements thérase
resents the polarizability of the importanfNstates better than 35 described by Storey & Hummmer (1991).
does the target of Kisielius & Storey (2002).

2.5. Photoionization cross-sections and recombination
2.3. Energy levels of N* coefficients

Experimental energy levels for Nhave been given by ErikssonThe recombination cdgcient for each levehlsL[K]" ; is cal-
(1983) for members of the series?2p(?P°) nl with n < 16 and culated directly from the photoionization cross-sectiforghat

| < 4, for the series 2sZ(*P°) nl with n < 12 andl < 4 and for state. There are three approximations in which the photméen
the series 2s%¢D®) 3l, 4p although some levels are missingtion data are obtained.

Energy levels for the staté¥®, 1o belonging to the equivalent (1) Photoionization cross-sections are computed for @l th
electron configuration 28p* are also presented. We use thes&77 states with ionization energy less than or equiktd. < 8
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andJ < 6. We obtain the recombination d@ieient directly 12243308 3p
s<“2s<2p €j=0 ]

by integrating the appropriate R-matrix photoionizationss- i
sections. 10000 |

)
=

(2) Coulomb approximation: As in the bound-bound case, g
the Coulomb approximation is used for states where no OP dat?
are available, but which have a non-zero quantum defect. Th}
calculation of photoionization data using Coulomb funetitvas
been described by Burgess & Seaton (1960) and Peach (1967)

(3) For all states for which the R-matrix photoionization
cross-sections have not been calculated explicitly, thdrdyy
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genic approximation to the photoionization cross-sestiis ]
evaluated, using the routines of Storey & Hummer (1991) to ge e
erate radiative data in hydrogenic systems. ‘22 23 2a 25 26 21 28 29 3 a1
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Fig. 1. (a) Photoionization cross-sections from the lowest le¥eN a:
2.6. Energy mesh for N photoionization cross-sections 28°2p? 3P 50. The data calculated by fiiérent methods for the five en-
ergy regions have been joined together. The insert zoomgantaular

The photoionization cross-sections fornNgenerated by the €Nergy area, and the mesh points used for the photoionizesitrula-
Opacity Project (OP) method were based on a quantum deflies are shown in the inset.

mesh with 100 points per unit increase in theetive quantum 10 108 g— ‘ ‘ ‘ ‘ L A A
number derived from the next threshold. In contrast to the OF i 1s22s%2p? 3Pe;_; ]
calculations, we use a variable step mesh for photoiowzati ‘ ‘ ‘ 1
cross-section calculations for a particular energy regibove
the 2P° 3, threshold, which is appropriate to dielectronic re-
combination in nebular physical conditions. This energysme
delineates all resonances to a prescribed accuracy (Kisiet

al. 1998; Kisielius & Storey 2002). This detailed consider-
ation of the energy mesh was undertaken for the region fron
the 282p P°3/2) limit up to 0.160 Ryd i = 5) below the
2s2fF (*P1,2) limit, since this region contains the main contri-
bution to the total recombination at the temperatures @frést

for the triplet and singlet series.

From 0.160 Ryd below the 2s2(#P,) limit to 0.0331 Ryd S S . A
below the 2s2p(*P1)2) limit, we use a quantum defect mesh . o .
with an increment of @1 in efective principal quantum number. Fig. 1. —Cor;tlnued. (b) Photoionization cross-sections from the level of
The energy 0.160 Ryd corresponds to a principal quantum nulht: 252" °P° -1 See also caption to Fig. 1 (a).
ber of five relative to the next threshold, and 0.0331 Rydesorr 10 105 . : : : : —
sponds to eleven. In total about 600 points are used in thisme 1s22522p2 3pe,_, ]
For the region from 0.0331 Rya (= 11) below the 2s2(*P1,) . o 1 ‘ ‘ ]
limit up to the 2s2p(*Ps/,) limit, we use the Gailitis average 10000 £ !
(Gailitis 1963). We use the method for this part of photoion-
ization calculations because of the very dense resonamc¢eis i
narrow energy region. About 100 points are used.

In the region from the 2sZ{*Ps,,) limit up to 0.0331 Ryd
(n = 11) below the 2s20(?D 3)2) limit, a quantum defect mesh
is again used, with an increment of0Q in dfective princi-
pal quantum number. Here 0.0331 Ryd corresponds to a prin
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ion (b)

1000 |

I I 1 .
238 239 24 24k
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Photoionization Cross—section (Mb)

cipal quantum number of eleven relative to the next threghol e 1
2s2fF (°D 3/2). There are about 800 points used in this region. | | | | | | | | |

For the energetically lowest region between the two groumeHfi ‘22 23 2a 25 26 27 28 20 3 a1
structure levels of i, 282p CP° 152) and 282p (P°32), we Fhoton Enerey ()

use linear extrapolation from a few points lying right abdkie Fig. 1. — Continued. (c) Photoionization cross-sections from the level of
252p @F° 3)5) threshold. About 100 points are used in this reNm: 25°2p% °P° ,,. See also caption to Fig. 1 (a).
gion.

. + .

During the calculation of photoionization cross-sectioms 3. Caleulation of N ™ population
check for every bound states to make sure that the cros®isecB 1. The N* populations
data of diferent energy areas all join smoothly. Figure 1 shows ) ) )
the photoionization cross-sections calculated from theliw- The calculation of populations is a three stage processito co
est levels3P?y, 3P%;, 3P%,, 1D, and 1S*, belonging to the pute departure cdicients, b(Jc; nl K J), defined in terms of
ground configuration 222p? of N *. Photoionization cross- Populations by
sections calculated for the five fiirent energy regions have(N(Jc: nl K J)
been joined together.

NeN. (Jc)

(N(JC; K J)

NN OO )S b(Jc; nl K J), 1)
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o0 1<22e22p2 1pe_, - _Stage 2: A calculation di(Jc; nl K J) is made for alln < ny
] using the same collisional-radiative treatment as in Stagat
ool i | 7 now_resolved by total. The combined results of Stages 1 and 2
F E provide the values df for n > ng.

section (Mb) |

Stage 3: For the energies less than that which corresponds to
n = ng in the principal series, departure ¢beientsb(Jc; nl K J)
are computed for states of all series. Since only spontaesu
diative decays link these states, the populations arerodddiy
a step-wise solution from the energetically highest to tveeist
state.

1 . . . I .
100 = 233 234 235 236 237 238 -
E Photon Energy (Ryd) E

Photoionization Cross—section (Mb)

o1 22 23 ea =5 2e 27 28 29 3.2. Dielectronic recombination within the 2P° parents

Photon Energy (Ryd)

Fig. 1. — Continued. (d) Photoionization cross-sections from the level oW't.hm theP” parents, the.con.tr|b_ut|on by dielectronic r?‘co.”.‘b"
N 28212 1D° ,_,. See also caption to Fig. 1 (a). nation to the total recombination is shown to become signitic
at very low temperatures<(250 K), due to recombination into
——— high-lying bound states of tH#% , parent from théP} , contin-
1522s22p? 151 ] uum states. We incorporate this low-temperature procéssir
i calculation of the N populations. Figure 2 is a schematic dia-
E gram illustrating N dielectronic capture, autoionization and ra-
diative decays. The electrons captured to the high-n anitziitg
E levels decay to low-n bound states through cascades, aind opt
1 cal recombination lines are emitted. Radiative transgiahich
change parent, such &% ,)nl1 — P} ,)nolo, are included for
those states for which R-matrix calculated values are ptese
Higher states are treated by hydrogenic or Coulomb appraxim
tions which do not allow parent changing transitions.
In Figure 2, three multiplets of N are presented as exam-
ples: V3 282p3p°De — 282p3s°P°, the strongest 3p — 3s transi-

1.0 105 £

10000

1000 £

100 & Photon Energy (Ryd)

Photoionization Cross—section (Mb)

19 2 21 22 2‘.3 ‘ 2‘.4 s 26 27 28 tion, V19 2§2p3d3|:0 - 2522p3p3De, the strongest 3d- 3p tran-

oqbll v

Fhoton Enerey (fy) sition, and V39 2%2p4f G[7/2,92]¢ — 2€2p3deF°, the strongest
Fig. 1. — Continued. (e) Photoionization cross-sections from the level oftf — 3d transition. The results for these three multipletsaaral-
N 28222 1S? ;.. See also caption to Fig. 1 (a). ysed in Section 4.3.

3.3. The 2P° parent populations
whereJc is an N+ core state and the subscriptrefers to the p pop

value of the ratio given by the Saha and Boltzmann equatiofi$)e contribution to the total recombination ¢beient of a state
and Ne and N, (Jc) are the number densities of electrons andepends on the relative populations of tFe,, and?P° 3/, par-
recombining ions, respectively. We distinguish two boutefa ent levels, which generally dominate the populations ofrthe
in principal quantum numbeny andn,. Forn < ng collisional combining ion N** under typical nebular physical conditions.
processes are negligible compared to radiative decays @md €he relative populations of the two fine-structure levelsiae
be omitted from the calculation of the populations. For leigh from the statistical weight ratio, 1 : 2, which is assumedlin a
n a full collisional-radiative treatment of the populatioiss work hitherto on this ion. The deviatiorffacts the populations
necessary as described by Hummer & Storey (1987) and Stoodythe high Rydberg states, and consequently total dielpitr
& Hummer (1995) with some additions to treat dielectronicecombination coficients at low-density and low-temperature
recombination. The boundary at = n; is defined such that conditions.

for n > n; the redistribution of population due techanging We model the N* populations with a five level atom com-
collisions is rapid enough to assume that the populatiomy olprising the two levels of théP° term and the three levels of
the Boltzmann distribution for a givemand hence thdi, = b, the*P term, although it should be noted that the populations of

forall I. the three*P levels are almost negligible in the nebular condi-
tions considered here (Section 4.5). The relative popriatare
The three stages of the calculation are as follows: assumed to be determined only by collisional excitatioflj-co

sional de-excitation and spontaneous radiative decapsitian
Stage 1: A calculation df(Jc; n) is made for alln < 1000, probabilities were taken from Fang et al. (1993) and thelymal

using the techniques and atomic rate fio@nts described by averaged collision strengths from Nussbaumer & Storey §197
Hummer & Storey (1987) and Storey & Hummer (1995) with thand Butler & Storey (private communication).
addition of I-averaged autoionization and dielectronic capture Figure 3 shows the fractional populations of thé"™NP° 1,
rates computed with AUTOSTRUCTURE for states ##3,2) and 2P°3, fine-structure levels at several electron tempera-
parentage that lie above the ionization limit. Fer> 1000, tures and as a function of electron density, ranging fromth0
we assumé, = 1. The results of this calculation provide thel0® cm3, applicable to PNe and iiregions. The fractional pop-
values ofbo for n > n; and the initial values fon < n, for Stage 2. ulations vary significantly below facm~3 and converge to the

thermalized values at higher densities.
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Fig. 2. Schematic figure showing the low-temperatue260 K) dielectronic recombination of INthrough the fine-structure autoionizing levels
between the two lowest ionization thresholds ofiNP° 1,, and?P° 5/,. The electrons captured to the higrautoionizing levels decay to low-
n bound states through cascades and optical recombinaties (ORLS) are thus emitted. Here Multiplets V3, V19 and VB9 @esented as
examples.

3.4. The Cases A and B cm3, respectively, in Case B. Thefective recombination coef-

, , ficient is defined such that the emissiviff), in a transition of
Baker & Menzel (1938) define the Cases A and B with rEferenQ\?avelengtm is given by

to the recombination spectrum of hydrogen. In,there are five
low-lying levels belonging to the ground configuratiorf 2, he
3Pe 10, ID8, and?Se . Just as in Kisielius & Storey (2002), we€(4) = NeN+aerf(/1)7 [ergs cm®s™]. 2
define two cases for i In Case A, all emission lines are as-
sumed to be optically thin. In Case B, lines terminating o th  Transitions included in the tables are selected according t
three lowest leveldP? 1 , are assumed to be optically thick anghe following criteria:
no radiative decays to these levels are permitted when ledélcu (1)1 912 A;
ing the_popylatlon structure. The latter case is generdtigteer (2) er(d) = 1.0x 10 e st at Te = 1000 K for allNg's,
approximation for most nebulae. and> 1.0x 1035 cm? s at all Te's andNg's;
(3) All fine-structure components are presented for multi-

plets from the 3d - 3p and 3p - 3s configurations. For the 4f -
4. Results and discussion 3d configurations, a few selected multiplets are listed,dmly
V38 and V39 includes all the individual components. Theae-tr
sitions fall in the visible part of the spectrum and amongrthe
The population structure of Nhas been calculated for elec-are the strongest recombination lines ofiN
tron temperature lo§e[K] = 2.1 ~ 4.3, with a step of (L in In Tables 3, 4, 5 and 6, the wavelengths of all the 4 - 3 and
logarithm, and for the electron densite = 10?2 ~ 10° cm3, 3 -3 tran_sitions and majority of the 5 - 4 and 5 - 3 transitions
also with a step of @ in logarithm. Constrained by the rangeare experimentally known. All the wavelengths of the 6 - 5 and
of the exponential factors involved in the calculation of the- 6 - 4 transitions are predicted. Our calculated wavelengtbs
parture coéficients using the Saha-Boltzmann equation, calculdved from the experimental energies, agree with the expent
tion of the éfective recombination cdkcients starts from 125 K tally known wavelengths within .001%. Our predicted wave-
(logTe = 2.1). For electron densities greater tharf th3, as lengths for experimentally unknown transitions agree \htbse
pointed out by Kisielius & Storey (2002), it is necessaryrte i predicted by Hirata & Horaguchi (1995) within@7% except
cludel-changing collisions fon < 11. This is however beyond for one 6d - 3p transition wavelength whichfiéirs by 0.24 A.

4.1. Effective recombination coefficients

the scope of the current treatment. However, this transition is spectroscopically less imapottom-
In Tables 3, 4, 5 and 6 we present thikeetive recombination paredtothe 4 -3 and 3 -3 ones. . _
codficient,aes (1), in units of cn? s2, for strongest Ni transi- In these tables, we use the pair-coupling notatipi]’ for

tions with valence electron orbital angular momentum quant the states belonging to thé&R0) nf and ng configurations, as in
numberl < 5, at electron densitieNe=107?, 10°, 10* and 16  Eriksson (1983). As shown by Cowan (1981), pair-coupling is
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Fig. 3. Fractional populations of the N 2P° 1, and?P° 3, parent levels. The red solid and blue dashed curves regrésepopulations of the
2po 12 and?P° 5, levels, respectively. Four temperature cases, 200,800 K, 5000 K and 10000 K are shown.

probably appropriate for the states of intermediafe= 3,4). bination, we use a five-order polynomial expression to fit the
The same notation is adopted for tRBY) nh configurations. For effective recombination cdicient,

states belonging to low{l < 2) configurationsL.S-coupling

notation®>*1L% is used. a=ag+at+at? +agtd +aytt + ast®, (3)

wherea = 09,y aer + 15 andt = log,y Te, andag, ay, ay, ag, as
4.2. Effective recombination coefficient fits andas are constants.
) ) o ) ) For the high-temperature regime,, 000 < T < 20,000 K,
We fit the éfective recombination cdicients as a function of the contribution from dielectronic recombinatiarsg, can sig-
electron temperature in logarithmic space with analygegires- nificantly exceed that of direct radiative recombination(@ess
sions for selected transitions, using a non-linear legs&e al- 1964). Dielectronic recombination cieient epr has a com-
gorithm. Tables 7, 8, 9, 10, 11, 12, 13 and 14 present fit paranifex exponential dependence @a (Seaton & Storey 1976;
ters and maximum deviatio§%)] for four densitiesNe = 107, Storey 1981)aor o« Ta¥2exp(£/kTe), whereE is the exci-
10%, 10 and 18 cm3. Only strongest optical transitions are pregation energy of an autoionizing state, to which a free etect

sented, including multiplets V3, V5, V19, V20, V28, V29, V38 captured, relative to the ground state of the recombiitng
and V39. As the dependence of recombinationfitccient onT, (N2 in our case) andt is the Boltzmann constant. The expres-

at electron temperatures below,000 K is diferent from that g, adopted for this temperature regime is
at high temperatures (1000 ~ 20,000 K in our case), we use ’
different expressions for the two temperature regimes. @ =(bo+ byt + byt +bat® +byt?) x t x explst) 4)

For the low-temperature regim&, < 10,000 K, dfective
recombination coicients are dominated by contribution fromwherea = log;, aer + 15 andt = T[K] /10% the reduced elec-
radiative recombination,g, Which has a relatively simple de-tron temperature, anlah, by, b, b3, by, bs andbg are constants.
pendence on electron temperaturgg « Te 2, wherea ~ 1. At In order to make the data fits accurate for the high-
low temperatures, dielectronic recombination through-lging temperature regime, 1000 < T, < 20,000 K, where the orig-
autoionizing states are also important for ions such asiCu, inal calculations are carried out for only four temperatcases
Omn, Nen (Storey 1981, 1983; Nussbaumer & Storey 1983log T[K] = 4.0, 4.1, 4.2 and 4.3), nine more temperature cases
1984, 1986, 1987). Considering the fact that direct ragiatiare calculated. For the temperature regionTgid] = 3.9~4.0,
recombination rate is nearly a linear function of tempemain two more temperature cases are also calculated, so thaathe d
logarithm, and the deviation introduced by dielectronicom- fits near 10,000 K are accurate enough. Figure 4 is an exarhple o



the fit to the &ective recombination cdicients of the Ni V3 lengths,15001.48 andi5001.14, can form, in addition, from re-
2°2p3p°D§ — 282p3s°P 15679.56 transition. combination of the ground targé®® 1 ,.

By using diferent expressions for the two temperature At very low densities of about £0cm™3, 2P/, dominates
regimes, we manage to control the maximum fitting errors the population of Nu, and this is manifested by the intensity of
well within 0.5 per cent. the 15005.15 line being lower than tht001.48 line and than

A5001.14 by a further amount. As electron density increases,
the intensity of thet5005.15 line relative to tha5005.4815
4.3. Relative intensities within N1 multiplets lines increases and peaks aroun@@ cnt3. At densities above
0° cm3, the fractional populations of all components converge
constant values. The trends are similar to Multiplet V8- di
cussed above.

The intensity ratiol(1500515)1(1500148 + 1500114)

serves as another potential density diagnostic. In reddiy-
ver, given the closeness in wavelength of 16805.15 line to
etehe [Om] 25007 nebular line, which is often several orders of

As mentioned in the Section 3.4 above, the populations of t
ground fine-structure level®® 1,3/, of the recombining ion
N 2* vary with electron density under typical nebular condition
The variations are reflected in the relative intensitieshef ite-
sultant recombination lines of i which arise from upper lev-
els with the same orbital angeglar mome?tum guantum numb
but of different parentage, i.€F° 1, and<F° 3/, in the current . h
case. A number of such recombination lines have been ol:d;erpéag.thde Cs '”4). bnghtglg,l accurate measurementsfos.15
in photoionized gaseous nebulae including PNe andédjions, Ne 1S essentially Impossible.
and their intensity ratios can thus be used for density diatics.

As the relative populations oP° 1,23/> vary with Ne, so  4.3.3. 2s22p4f G[7/2,9/2]° — 2s?2p3d 3F° (V39)

do the fractional intensities of individual fine-structuempo- . . . .
nents within a given multiplet of N. The most prominent N The fractional intensities of fine-structure components of

multiplets in the optical include: V3 28p3p3D° — 2€2p3s’P°,  Multiplet V39, 282pAfG[7/2,92]° - 282p3K°F, are presented

V19 2€2p3dF° — 2€2p3p3D° and V39 282p4f G[7/2,92]° — in Figure 7. The strongest componett041.31 forms exclu-
2822p3dFe. ’ sively from recombination of targéf® 3/, plus cascades from

higher states, while the second and third strongest conmsne
14035.08 andi4043.53, which have comparable intensities, can
4.3.1. 2s?2p3p°3De - 25%2p3s3P° (V3) form, in addition, from recombination of targé®° ; ».
) ) . ) The behaviour of the intensity of the1t041.31 line relative
The fractional intensities of fine-structure components @ those of the1i4035.08 andi4043.53 lines as a function of
Multiplet V3, 282p3p°D°® — 282p3s’P°, are presented in glectron density is quite similar to those of their coungetp of
Figure 5. The strongest componentis679.56, which forms Multiplets V3 and V19 discussed above.
from core?P° 3/, capturing an electron plus cascades from higher The  line ratios  1(1404131)1(1403508)  and
states, while the second strongest compom&866.63 can 1(1404131)1(1404353) can in principle serve as addi-

form, in addition, from recombination of cofé 1 5. tional density diagnostics. There are however complicatin
For the target Nin, the population of the fine-structure levekheir applications:
2P° 52 relative to?P° 1 increases with electron density due (1) All fine-structure components of Multiplet V39

to collisional excitation, and consequently, so does thenisity 222pAf G[7/2,92]¢ — 2€2p3dF° are extremely faint. The

ratio peazks arounl; = 2,000 cnt?, the critical densityNe of 15679 56, the strongest component of V3, while the latteyps t

relative intensities of all components converge to cortatalues (2) The14041.31 line is blended with the ©@recombination

at high densities 10° — 10° cm™®), as the relative populations|ine 14041.29 of Multiplet V50c 24f F[2]° s> — 2p23d “Fe s o,

of the ground fine-structure levels of the targetipproach the ije the 14035.08 line is blended with the 1Dlines 14035.07

Boltzmann distribution. of Multiplet V50b 2#4f F[3]°s/2 — 2123d *F® 5, and.14035.49
The line ratio 1(1567956)1(1566663) thus serves as aof Multiplet V50b 24f F[3]° 772 — 2PP3d *F8 5.

density diagnostic for nebulae of low and intermediate den-

sities, Ne < 10° cm™3. At very low electron temperatures, ) )

wherekT, is comparable to théP° ), - 2P° 5/, energy separa- 4.4. Plasma diagnostics

tion, the sensitivity to density in the components of V3 is "Unlike the UV and optical CELs, whose emissivities have an

duced. This arises because, at very low temperatures,dtesst ;

S . . | dependence dnr (Osterbrock & Ferland 2006),
2p° 5,,) nl are populated more significantly by dielectronic caps Forcria .
'Eure Ei‘/rzgm the ?P"pl/z) y continuu?n than b{/ d%rect recombina-emlsswlt'es of heavy element ORLs have only a relativelgkye

tion on NB* (2P° 3,,). The density dependence of the populatioﬁower'law dependence dn.. The dependence varies for lines

R 2 : ; _-originating from levels of dferent orbital angular momentum
?;itéfunon between thé™ 1,2 and”P” 32 is then of less impor quantum numbet. Thus the relative intensities of ORLs can

also be used to derive electron temperature, provided very a
curate measurements can be secured (Liu 2003; Liu et al.; 2004
4.3.2. 2s22p3d3F° — 2s22p3p3D° (V19) Tsamis et al. (2004)). In the case ofuNthe intensity ratio

of 15679.56 and14041.31 lines, the strongest components of
The fractional intensities of fine-structure components ®ultiplets V3 3p°D¢ — 3s°P° and V39 4fG[92]° — 3d°F°,
Multiplet V19, 2€2p3d®F° — 282p3p°D°, are presented in respectively, has a relatively strong temperature deperele
Figure 6. The strongest componetip05.15, forms exclusively and thus can serve as a temperature diagnostic. As shown in
from recombination of targéf® 3/, plus cascades, while the secSection 4.3 above, the iNline ratio 1(1567956Y1(1566663)
ond and third strongest components of almost identical wave a good density diagnostic. Combining the two line ra-
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Fig.4. Analysis fit to the €ective recombination cdicients for the Ni V3 3p 3D; — 3s3P5 15679.56 line, afN, = 1000 cnt®. Sub-figure (a)
shows the data fit for the low-temperature regie< 10,000 K, and Sub-figure (b) for the high-temperature regime@0 < T, < 20,000 K.
In both Sub-figures, solid lines are fitting equations (Eqiar&Sub-figure (a) and Equ. 4 for (b)), and plus signs are the calculated data for all
the temperatures.

tios thus allows one to determink and N simultaneously. ization data incorporating the population distributionaarg the
Figure 8 shows the loci of N recombination line ratios ZP‘j levels. The critical electron density, at which the ratesadf
1(1567956)/1(1566663) andl(1567956)1(1404131) for dif-  |isional de-excitation and radiative decay fré#f 3/, to 2P° 1/,
ferent electron temperatures and densities. With highityualare equal, is approximately @00 cnt3. At this density, our cal-
measurements of the two line ratios, one can readigandNe  culation shows that the populations of @ 172 and?P° 3, lev-
directly from the diagram. els difer from their Boltzmann values by approximately 34%
lons such as M and Ou have a rich optical recombinationat T, = 10,000 K, The dfference given by Kisielius & Storey
line spectrum. Rather than relying on specific line ratibss i (2002) at this density is 30%.
probably beneficial and more robust to determilgeandNe by — |n Table 15, we compare our direct recombination fliee
fitting all lines with a good measurement and free from blegdi cjents with those calculated by Nahar (1995) and by Kiséeliu
simultaneously. Details about this approach and its apitin to g Storey (2002). The calculations of Nahar (1995) and Kisie!
photoionized gaseous nebulae will be the subject of a sulesieq g Storey (2002) are both ihS-coupling, and the N states are
paper. not J-resolved. Their direct recombination dfieients are all to
spectral term?>*1L". Our present calculations are in interme-
diate coupling, and recombinations are allXoesolved levels.
In order to compare to their results, we sum the direct recom-

In the current calculations of theffective recombination co- bination codicients to all the fine-structure levels belonging to
efficients of Nu, we have assumed that only the ground find0dividual spectral terms.

structure levels of the recombining ion,?N 282p 2P° 1532, At 1,000 K, the dfferences between the results of Kisielius
are populated. This is a good approximation under typicht ne& Storey (2002) and ours are less than 10% for most cases, ex-
ular conditions. The first excited spectral term o N2s2 *P, cept for the state 2s3pS°. For this state, our direct recombi-
lies 57 161.7 cm* above the ground term (Eriksson 1983), andation codicient is 50% larger than that of Kisielius & Storey
the population of this term is.75 x 10°° relative to that of the (2002).

ground tern?P° even at the highest temperature and density con- A this temperature (D00 K is about 0.1 eV), we believe we
sidered in the current worke = 20,000 K andNe = 10° cm™®.  have found out the exact energy positions for all the resoesn
Recombination from the 2s26P term is thus completely negli- pelow 0.1 Ryd above the ionization threshold ofiNep2P° 1 .
gible. This region contains most of the important resonances tivai-d
nate the total recombination rate. In our photoionizatialcgla-
tions, all resonances from those of widths as narrow a8 R9d

to those of widths as wide as T0Ryd, are properly resolved us-

Calculations presented in the current work are carried nut g & highly adaptive energy mesh. There are typically a@aut
intermediate coupling in Case B, representing a significant Points sampling each resonance. In the calculation by Kisie
provement compared to Kisielius & Storey (2002), in which th& Storey (2002), the number is about ten, while in Nahar (3995
calculations are entirely ihS-coupling. In our calculations, we @ fixed interval of 0.0004 Ryd is used in this energy range.
have also considered the fact that the ground term &f dom- The three low-lying resonance®, D and3F belonging to
prises two fine-structure level&® 1, and2F° 35, and the pop- the 2s2B(*P) 3d configuration, are situated between 0.075 and
ulations of those two levels deviate from the Boltzmannriist 0.085 Ryd above the ionization thresholcd?8f 172 (Kisielius &
bution under typical nebular densities. We thus treat teeme  Storey 2002). For the state 2$5$°, one of the main sources of
bination of the high-states using the close-coupling photoionrecombination is from the terdP belonging to the 2s2(#P) 3d

4.5. Population of excited states of N2+

4.6. Total recombination coefficients
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Fig. 5. Fractional intensities of components of Multiplet V322p3p3D® — 2€2p3s®P°. The numbers in brackets following the wavelength labels
are the total angular momentum quantum numbgrsJ; of the upper to lower levels of the transition. Componertsiflupper levels of the same
total angular momentum quantum numkleare represented by same colour and line type. Four temperaases, logT. = 2.5, 3.0, 3.5 and
4.0 K, are presented.

configuration. There are three fine-structure resonanceldev At 10,000 K, the diferences between the calculations of
of the P term with quantum numberd = 0, 1 and 2. The Kisielius & Storey (2002) and ours are all better than 10%e Th
full widths of these three resonances ar821x 10 Ryd for agreement for the state 2s4$° is particularly good.
3Pe, 1.35x 107 Ryd for *P% and 142 x 107 Ryd for 3F%. At this temperature, the flerences between the results of
The steps of energy mesh adopted for the three resonanNedar (1995) and ours are within 15%, except for stdagds*P°
are: 464 x 10° Ryd for 3P¢, 6.14 x 10~" Ryd for *P¢ and andD° belonging to the configuration 2s2pwhere the dter-
6.46x 107 Ryd f0r3P§_ ences are larger than 30%. The large discrepancies arg tikel
be caused by the coarse energy mesh adopted by Nahar (1995)
for the photoionization calculations, leading to the reboma-

Our calculations are carried out entirely in intermedia@@< 1o rates to states belonaing to the 2%2onfiquration bein
pling. This leads to a high recombination rate to the 280 | qarestimated. ang Zoniig g

state, produced by radiative intercombination transgigiransi- In Table 15, we compare our total direct recombination co-
tions between levels of fierent total spins) from levels abovegg;cients, which are the sum of all the direct recombination co-
the ionization threshold to the 2s28° level. The widths of ggicients to individual atomic levels with < 35, with those
such intercombination transitions are usually much na@Wg¢ Nanar (1995) and Kisielius & Storey (2002). ALaDO K
than those of allowed transitions. For example, the rest@an,  1ota] recombination cdicient is 13 per cent lower than that
level®P*, belonging to the configuration 2s7P) 3d lies about o Kisielius & Storey (2002). That is probably because thesu

0.051 Ryd above the ionization threshold, and it can decgyy reaches up ta = 35. At 1 000 K, our total recombination
to the level 2s2$°S°; via an intercombination transition. Thecodficient is higher than the other two.

width of this resonance is.29 x 107° Ryd, and the energy in-
terval of the photoionization mesh is set td3x 10719 Ryd. _
Intercombination transitions were not considered in Kisge& 5. Conclusion

Storey (2002), given the calculations werd i§-coupling. Effective recombination cdicients for the N* recombination

line spectrum have been calculated in Case B for a wide range
At 1,000 K, the diferences between the calculations obf electron density and temperature. The results are fittiéldl w
Nahar (1995) and ours are smaller than 10%, except for statgmlytical formulae as a function of electron temperataraiff-
belonging to the 2sFxonfiguration. ferent electron densities, to an accuracy of better tha?0.5
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The high quality basic atomic data adopted in the currentowan, R. D. 1981, The Theory of Atomic Structure and Spe(@exkeley,

work, including photoionization cross-sections, bouraxhd
transition probabilities, and bound state energy valuesiew
obtained from R-matrix calculations for all bound stateshwi

CA: University of California Press)

Eissner, W., Jones, M., Nussbaumer, H., 1974, Comp. Phyan@m. 8, 270
Eriksson, K. B. S., 1983, Physica Scripta 28, 593

Escalante, V., Victor, G. A., 1990, ApJS 73, 513

n < 11 in the intermediate coupling scheme. All major reso-Fang, z., Kwong, V. H. S., Parkinson, W. H., 1993, ApJ 413,114

nances near the ionization thresholds were properly resolv
In calculating the Nr level populations, we took into account
the fact that the populations of the ground fine-structuvelte
of the recombining ion N* deviate from the Boltzmann distri-
bution. Fine-structure dielectronic recombination, whozcurs
through high Rydberg states lying between the do@(ﬂ%tzys/z
thresholds and is venyfiective at low temperatures: (250 K),
was also included in the current investigation. The calouias
extend td < 4.

The dtective recombination cdicients for the Nt recombi-
nation spectrum presented in the current work representmec
bination processes under typical nebular conditions. Emsis
tivity of individual lines within a multiplet to the densitgnd
temperature of the emitting medium opens up the possilafity
electron temperature and density diagnostics and aburdhac
terminations which were not possible with earlier theory.
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Table 3. Case B fective recombination céicients [101° cn® s7Y] for electron densityNe = 10% cmi 3.

Te[K]

Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
6h —5g

2p6hl [13/2]2 - 2p5gH[11/2]g 18622.57 1.54e3 3.44e2 143e2 147¢1 524e0 2880 1.84e0
2p6hH[11/2]g — 2p59G[9/2]g 18481.01 1.71e3 3.75&¢2 1552 1.66e1 6.01e0 3.33e0 2.14e0
2p6hH [11/2]2 — 2p59G[9/2]2 17964.67 1.42e3 3122 1.29e¢2 1381 5.00e0 2.76e0 1.78e0
2p6hH [9/2]? - 2p5gﬁ[7/2]?1 18480.67 1373 3.02e¢2 1.25e¢2 1321 4.80e0 2.65e0 1.70e0
2p6hG[9/2], — 2p5gF[7/2] 18549.42 1.09e3 2.40e2 9.94el 1.05¢1 3.82¢0 2.11e0 1.36e0
2p6hG[7/2]f’1 — 2p59F[5/2]g 18679.36 9.71e2 2.18e¢2 9.02e¢¢1 9.19e0 3.24e0 1.78e0 1.14e0
2p6hl [13/2]$ - 2p5gH[11/2]g 18622.64 1.80e3 4.02e¢2 1.67e2 1721 6.12e¢0 3.36e0 2.15e0
2p6hH [9/2]2 - 2p59(5[7/2]g 18533.26 1.59e3 3972 2.04e2 3.69¢1 159e1 9.50e0 6.43e0
2p6hl [11/2]2 - 2p5gH[9/2]g 18546.53 241e3 6.04e2 3.10e2 5.6lel 24lel 1l.44el 9.78e0
2p6hl [11/2]2 - 2p5gH[9/2]2 19170.43 2.01e3 5.02¢2 258e2 4.66e1 2.0lel 1.20e1 8.12e0
2p6hH [9/2]? - 2p5gﬁ[7/2]?1 18533.26 2.00e3 5.00e2 2572 464e1 2.00e1 1.19e¢1 8.09e0
6g — 5f

2p6gG[9/2]2 — 2p5fF[7/2]§ 17930.73 2.74¢2 8.54e1 5.08el 1.34el 6.66e0 4.29¢0 3.07e0
2p6gG[9/2]g — 2p5FF[7/2], 18277.37 3.41e2 1.06e2 6.32e¢1 1.66e1 8.27¢0 5.33e0 3.82e0
2p6gF[7/2]g - 2p5fD[5/2]§ 18230.35 2.01e2 6.25¢1 3.72e¢1 9.79¢0 4.87¢0 3.14e0 2.24e0
2p6gF([7/2]; — 2p5fD[5/2]5 18222.01 2.64e2 8.22¢¢1 4.8%9e¢1 1.29¢1 6.41e0 4.13e0 2.95e0
6q — 4f

2p6gG[9/2]?1 — 2p4fF[7/2]§ 6413.23 2.55€2 7.95e¢1 4.73e¢1 1.25¢1 6.20e0 4.00e-0 2.86e0
2p6gG[9/2]g — 2p4fG[7/2]f’1 6556.32 1.56e2 4.87e¢1 2.90el 7.64e0 3.80e0 2.45¢0 1.76e0
2p6gG[9/2]g — 2p4fF[7/2]2 6456.97 3.26e2 1.02e¢2 6.05e-1 1.59e¢1 7.93e¢0 5.11e0 3.66e0
2p6gF[7/2]g - 2p4fD[5/2]§ 6446.53 2.24€2 6.97e¢1 4.15e1 1.09¢1 5430 3.50e0 2.49e0
2p6gF[7/2]2 - 2p4fD[5/2]§ 6445.34 2.96€2 9.23e¢1 5491 145e¢1 7.19¢0 4.63e0 3.31e0
6f — 3d

2p6fF[7/2] — 2p3dfFY) 2504.19 2 3.72e+2 5.57el 3.09e¢1 9.2060 5.09¢0 3.53e0 2.75e0
2p6fF[7/2]5 - 2p3d§Fg) 2500.67 = 432e+2 6.44e1 358e1 1.07¢1 594e0 4.13¢0 3.22e¢0
2p6fF[5/2]5 — 2p3dfDY) 2560.24 x  2.90e+2 4.28e1 2.36erl 6.97e0 3.85e0 2.66e-0 2.03e-0
2p6fF[5/2]S — 2p3dfDY) 2561.95 x 2672 3.94el 2.18er1 6.45e0 3.57e0 2.47¢0 1.93e0

2 The asterisk £” denotes this transition wavelength was derived from theeeimentally known energies of the upper and lower statas. T
asterisks in Tables 4, 5 and 6 have the same meaning.



Table 3. Continued.

Te[K]
Transition AA] 125 500 1000 5000 10,000 15,000 20,000
6d —3p
2p6dEFS) — 2p3pfDS) 1680.27 2.15e2 3.37e¢l 1.94el 6.8460 4330 3.42e0 3.65e0
5¢g — 4f
235gF[5/2]g - 2p4fD[3/2]§ 10108.45 = 1.06e+r3 2.44e2 1.03e2 1.08e1 3.86e0 2.12e0 1.37e0
2p5gH [11/2]2 - 2p4fG[9/2]§ 10023.27 = 2.39e+3 5482 2.30e2 245e¢1 8.82¢0 4.86e0 3.11e0
2p5gH [11/2]8 - 2p4fG[9/2]j 10035.44 = 1.92e+t3 4.4l1e2 1.86e2 1981 7.11e0 3.92e0 2.52e0
2p5gG[9/2]2 - 2p4fG[7/2]§ 9941.81 =« 6.30er2 1.67e¢2 8.94el 1.84el 8.42e¢0 5.20e0 3.61le0
2p5gG[9/2]2 - 2p4fF[7/2]§ 9718.59 =« 1.95e+3 5.17e¢2 2772 5721 2.6lel 16lel 1.12el
2p5gG[7/2]g - 2p4fF[5/2]§ 10070.12 = 1.03e+r3  2.32e¢2 9.74e1  1.07e¢1 3.94e0 2.20e0 1.43e0
2p5gH[9/2]8 - 2p4fG[7/2]¢ 9969.33 + 1.60e+3 3.58e¢2 15082 1.66e1 6.10e0 3.40e0 2.21e0
2p5gG[7/2]4 - 2p4fF[5/2]g 10085.72 = 1.40e+r3 3.15e¢2 1.32e2 1451 5.35e0 2.98e0 1.94e0
2p59G[9/2]2 — 2p4fG[7/2]5 10126.15 + 8.05e+2 2.13e2 1.14e2 2.36el 1.08e1 6.64e0 4.61e0
2p5gG[9/2]; — 2pAfF[7/2]; 9891.10 =« 2.47e+3 6.54e2 35le2 7.24el 3.30el 2.04el 1.42el
2p5gH [9/2]2 - 2p4fG[7/2]§ 10118.53 = 1.31e+t3 2942 1.23e¢2 1.36el 5.0le0 2.79¢0 1.81e0
2p5gF([7/2]5 — 2p4tD[5/2]5 9868.20 1.65e+3 4.36er2 2.34e2 4.82¢1 2.20el 1.36el 9.41e0
2p5gF(7/2]; — 2p4AtF[5/2]5 10250.19 =« 3.60er2 9.52¢-1 5.11el 1.05e1 4.80e0 2.96e0 2.05e-0
2p5gF[7/2]2 - 2p4fD[5/2]§ 9865.42 =« 2.18e+3 5.78e¢2 3.10e2 6.38e1 291el 1.80el 1.25e1
5f—4d
2p5FF[7/2]5 - 2p4d?Dg) 9281.06 = 4.14er2 7.22e¢1 4.03e1 1.12e1 5.99e0 4.06e0 3.10e0
2p5fF[7/2] — 2p4dEF) 8772.93 x 3.05e2 5.3lel 298l 8.3460 4.46e0 3.03¢0 2.32e0
2p5fF[5/2]5 — 2p4dD?) 9242.02 + 3.3le2 5.72¢1 3.19¢1 8.86e0 4.72e0 3.2060 2.42e0
2p5fF[5/2]5 — 2p4diD3) 8983.28 + 3.15&+2 5.44el 3.04el 84560 4.50e0 3.05e0 2.33e0
5f—3d
2p5fG[9/2]¢ — 2p3dF9) 288527 + 4.16e+2 1.08e2 4.89e¢l 6.38¢0 2.53e0 1.49¢0 1.09e0
2p5fD[5/2]5 — 2p3dEP3) 308220 + 2.35&+2 6.20e1 3.06el 59160 2.86e0 1.86e-0 1.36e0
2p5fG[7/2]; - 2p3dfF3) 2884.25 s+ 1.7le2 4.44el 2.19el 42260 2.04e0 1.34e0 1.07&0
2p5fG[7/2]S — 2p3dEFY) 2879.75 + 1.76e+2 4581 22561 4.3260 2.09e0 1.38e0 1.10e0
2p5fF[7/2]S — 2p3dEDY) 2976.97 + 857a2 14982 8.35el1 2.33el 1.24el 8.4le0 6.41e0
2p5fG[7/2]; - 2p3dfF3) 289750 * 5.26e2 9.16e1 5.12e1 1.43el 7.61e0 5.16e0 3.93e0
2p5fF[7/2]5 — 2p3dEDY) 294223 + 3.95¢2 6.88e1 3.85e¢1 1.08e1 5.77e0 3.92e0 3.00e0
2p5fG[7/2]5 - 2p3dFY) 2892.87 + 6232 1.09¢2 6.08¢1 1.70el 9.10e0 6.18e0 4.73e0
2p5fF[5/2]S — 2p3dfDY) 2973.60 x 6.39¢2 1.10e2 6.15e1 1.7lel 9.11e0 6.17e¢0 4.67e0
2p5fF[5/2]5 - 2p3d?Dg) 297595 =« 5.96e+2 1.03e¢2 5.74e1 1.60el 8.52e0 5.78e0 4.41e0
2p5fF[5/2] — 2p3diDY) 294351 + 3.98e2 6.88e1 3.84e1 1.07e1 570e0 3.86e0 2.95e0
5d -3p
2p5deF3) — 2p3pfDS) 1858.42 6.42¢2 9.05e1 4.97e1 1.60el 9.8la0 7.59¢0 7.84&0
4f — 3d1PP
2p4tD[5/2]5 - 2p3d€P§) 4694.64 6.87e+2 1.67¢2 7.8lel 1.28e1 5.73e0 3.57&0 2.52e0
4f — 3d3P°
2p4fD[5/2]5 — 2p3dEF?) 444201 + 574e2 14082 653el 1.07e1 4.79¢0 298¢0 2.10e0
2p4fD[5/2]S — 2p3dEFS) 443274 x  2.03et3  4.95¢2 2.32e2 3.79e¢1 1.70el 1.06el 7.52&0
4f — 3d°D°
2p4fD[5/2]§ - 2p3dEDY) 4179.67 x 4.78e2 1172 5451 8920 4.0le0 25080 1.77e0
2p4fF[7/2]5 — 2p3dfDY) 419998 +  4.27e2 1.06e2 5.l14el 93560 4.3460 27760 2.10e0
2p4fF[7/2]5 - 2p3dEDY) 419597 s+ 2.28e+2 5.67e1 2.76el 5.0l1e0 2.33a¢0 1490 1.13e0
2p4fF[7/2]5 — 2p3dfDY) 424179 %  4.47e3 9.60e2 50le2 1.07e2 5151 3.30el 2.42e1l
2p4fF[7/2]5 - 2p3dfDY) 424250 s+  2.23e2 4.79¢1 250el  5.39e0 2590 1.66e0 1.22a0
2p4fF[7/2]5 — 2p3dEDY) 4237.05 s+  1.07et3  2.29¢2 1.20e2 2.58e1 1.24el 7.95¢0 5.83&0
2p4fF[5/2] — 2p3deD?) 4236.93 x 2.55e+3 5.57¢2 2.96e2 6.60el 3.20el 2.06el 15lel
2p4fF[5/2]S — 2p3dfDY) 424176 x 2453 536e2 2.85a2 6.34el 3.06el 197l 1.45e1l
4f - 3d'F°
2p4fG[9/2]5 — 2p3d{FY) 4530.41 * 1.78e+3 4.19¢2 1.8le2 2.09e¢1 7.89¢0 4560 3.2860
2p4fG[7/2]S - 2p3dEFY) 455252 x  9.63er2 2.39¢2 1.16e2 2.1lel 9.79¢0 6.2660 4.74e0
2p4fF[5/2]5 — 2p3dEFD) 4608.09 + 255e2 559¢1 2.98e1 6.62¢0 3.2060 2.06e0 1510
4f — 3d3F°
2p4fD[3/2]5 - 2p3d?Fg) 4011.82 =« 2.45e+0 5.8lel 2.49el1 2.79e2 1.03e2 5.81e3 3.81e3

2p4fD[3/2]¢ — 2p3dfFd) 400228 + 11561 272e2 117e2 1.31e3 4.85e4 272e4 1.79%4




Table 3. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
2p4fD[3/2]2 — 2p3dEFY) 4002.87 % 3.29et0 7.75e1 3.32e1 3.71e2 1.37e2 7.70e3 5.03e3
2p4fD[5/2]S — 2p3dEFY) 4023.95 %  7.42et0 1.81e0 8.44el 1.38e1 6.19e2 3.85e2 2.72e2
2p4tD[5/2];5 - 2p3d€Fg) 4014.35 7.42e-1 1.8lel 8.44e2 1.38e2 6.19e3 3.85e3 2.72e3
2p4tD[5/2]5 - 2p3d€Fj) 4037.96 1.77et1 4.31e0 2.01e0 3.30e1 1.48e1 9.23e2 6.54e2
2p4fD[5/2]S — 2p3dEFY) 402471 % 437e1 1.07el 4.98e2 816e3 3.66e3 2283 1.62e3
2p4fD[5/2]S — 2p3dEFY) 401511 % 1.37e-2 3.34e3 1.56e3 256e4 1.15e4 7.15e5 5.07e5
2p4fG[9/2]5 — 2p3dEF9) 4039.34 % 522et1 1.23er1 5.29¢0 6.11el 2.3lel 1.34el 9.62e2
2p4fG[9/2]% — 2p3dEFY) 4026.08 %  835e+2 1.96e2 8.45e¢1 9.77e0 3.70e0 2.14e0 1.54e0
2p4fG[9/2]¢ - 2p3dEFS) 404131 %  3.34et3 7.86e2 3.37@2 3.80el 1.4lel 8.02e¢0 5.57e0
2p4fG[7/2]5 — 2p3dEF9) 405691 %  3.35e+2 8.30e-l 4.04er1 7.3460 3.40e0 2.18e0 1.65e0
2p4tG[7/2]5 - 2p3d€Fg) 4043.53 191er3 4.73e2 2.30e2 4.18e1 1.94el 1.24el1 9.38e0
2p4fG[7/2]S - 2p3dEF9) 4058.16 %  8.42et0 2.09¢0 1.02¢0 1.85e1 858e2 5.49e2 4.16e2
2p4fG[7/2]5 — 2p3dEFY) 404478 %  3.05e+2 7.58er1 3.68er1 6.69e0 3.11e0 1.99e0 1.51e0
2p4tG[7/2]5 - 2p3d?Fg) 4035.08 2.03e+r3 5.04e2 245e2 4.45e1 2.06el 1.32e1 1.00el
2pafF[7/2]5 - 2p3dEF9) 4095.90 %  3.43et2 7.36e1 3.84e1 8.24e0 3.95¢0 2.53e0 1.85e0
2pafF[7/2]5 - 2p3dEF) 4082.27 %  8.50e+2 1.82¢2 9.51el 2.04el 9.79e¢0 6.28¢0 4.59e0
2p4fF[7/2]5 - 2p3dEFS) 409657 %  1.28et1 2.74e0 1.43e0 3.09e1 1.48el 9.52e2 6.97e2
2p4fF[7/2]5 - 2p3dEFY) 408293 % 5021 1.08e1 5630 1.21e0 583el 3.75e1 2.75e1
2pAfF[7/2]5 - 2p3dEFY) 4073.05 %  9.85e+2 2.11e2 1.10e2 2.38el 1.14el 7.34e0 5.38e0
2p4fF[5/2]5 — 2p3dEFY) 4086.83 %  3.18et1 6.95¢-0 3.70e-0 8.24e1 3.99e1 257e1 1.88e1l
2p4fF[5/2]5 - 2p3dErS) 4076.93 %  3.05e+2 6.68e-1 3.55¢1 7.92e0 3.83e¢0 2.47e0 1.81e0
2p4fF[5/2]5 - 2p3dEry) 4100.97 % 1.1letl 2.43e0 1.29¢0 287e1 1391 8.95e2 6.57e2
2pAfF[5/2]5 - 2p3dEFY) 4087.31 %  2.16e+2 4.74e1 2521 56le0 271e0 1.75¢0 1.28e0
2p4fF[5/2]5 — 2p3dEFS) 4077.40 %  4.02e-1 8.80e2 4.68e2 1.04e2 5.03e3 3.24e3 2.38e3
4f — 3d'D°
2pafF([7/2]¢ - 2p3d¢DY) 4171.60 %  2.05e+3 4.39¢2 2.29e¢2 4.95e¢1 238el 1.53el 1.12el
2p4fF[5/2]5 - 2p3d€Dg) 4175.66 3.75e+2 8.19e¢1 4.36el 9.71e0 4.70e0 3.03e0 2.22e0
2p4fF[5/2]5 - 2p3d€Dg) 4176.16 = 156er3 3.43e2 1.82e2 4.05¢1 1.96e1 1.26el 9.27e0
4d - 4p
2p4dEP?) — 2p4pfst) 1385859 x  1.27e2 3.06e1 15lel 3.20e60 1.72¢0 1.23¢0 1.05e0
2p4dEPS) — 2p4pfss) 13947.86 =«  2.02er2 4.72e1 25lel 6.65¢0 3.85¢0 2.85e¢0 2.68e0
2p4dEPS) — 2p4pers) 13425.85 x  1.04er2 2.43e1l 1.29e¢1 3.42e¢0 1.98e0 1.47e0 1.38e0
2p4d€DY) - 2p4pEFy) 1419522 %  3.63er2 7.42e1 393el 1.0lel 557¢0 3.98e0 3.62e0
2p4dfDg) — 2p4pfDY) 13436.61 = 1.73er2 3.53e1 1.87el 4.8le0 2.65¢0 1.89¢0 1.72e0
2p4dEDY) — 2p4ptFs) 12349.30 =« 3.22er2 6.24e1 3.47e¢l 1.03e1l 5.94e0 4.35¢0 3.98e0
2p4dEDY) — 2p4ptFe) 12389.41 =«  2.74er2 4.07e1 2.23el 6.77¢0 3.93e0 2.86e0 2.44e0
2p4dEF9) — 2p4pfD?) 14358.63 x  3.97er2 1.03e2 4.78e1 7.38¢0 3.32¢0 2.13e¢0 1.66e0
2p4dEFS) - 2p4pfDS) 14337.71 % 1.28er3 1.82e2 9.72¢1 285e1 1.68e1 1.26e1 1.25e1
2p4dEFS) — 2p4pfD?) 14364.86 = 3.33er2 6.06e1 3.54el 1.20el 7.36e-0 5.68e0 5.84e0
4d - 3p
2p4d@P3) — 2p3péFs) 2496.81 x  1.48er2 3.45e1 1.83el 4.87e¢0 2.82e0 2.09¢0 1.96e0
2p4dfDY) — 2p3pfFS) 252224 =  6.15er2 1.26e2 6.66el 1.7lel 9.44e0 6.75¢0 6.14e0
2p4dEDY) — 2p3pes) 2416.25 x  3.94er2 7.64el 4.24el 1.26el 7.26e0 5.32e0 4.87e0
2p4dEDY) — 2p3pEFe) 2520.21 =  4.15e2 6.16e1 3.38e¢1 1.03e¢1 5.95¢0 4.33¢0 3.70e0
2p4dEDY) - 2p3pesy) 2417.78 =  2.87er2 4.26e1 2.34el 7.09e0 4.12¢0 2.99¢0 2.56e0
2p4dEF9) - 2p3pfDY) 2317.04 % 3.8ler2 9.86e1 4.60el 7.09¢0 3.19¢0 2.04e0 1.60e0
2p4d@FS) — 2p3pfDS) 2316.49 =  1.20er3 1.72¢2 9.15e1 269e1 1.58e1 1.19e1 1.18el
2p4dEFS) — 2p3pfD?) 2316.68 x 3.28e2 598e1 3.49e¢l 1.19e1 7.26e0 5.60e0 5.76e0
4p—-3d
2p4pfs?) — 2p3dEr3) 6809.98 x  9.47er1 2.28e1 1.18e1 298¢0 1.78¢0 1.36e0 1.28e0
2p4pEDS) — 2p3dfFy) 6167.75 = 3.07e2 7.09e1 3.46el 6.8460 3.57¢0 2520 2.22e0
2p4p€DS) — 2p3dEFY) 617331 = 6.54er2 952el1 5.17e¢l 1.63e¢l 1.02e1 7.96e0 7.74e0
2p4pfD?) — 2p3dEFY) 6170.16 = 2.44er2 4.4lel 259el 9.47e¢0 6.26e0 5.07e0 4.97e0
4p3De — 3s3P°
2p4pE’D§) — 2p35§P§) 1859.26 = 3.00er2 6.93e1 3.38¢1 6.68e0 3.48e0 2.47¢0 2.17e0
2p4p€DS) — 2p3stF?) 1857.87 * 4.43e2 6.44el 3.50el1 1.10e1 6.87¢0 538a0 5.24e0
2p4p€DE) — 2p3str) 185855 s  1.35e2 2.44el 1.43el 52460 3.46e0 2.80e0 2.75e0
4p3De — 4s3P°
2p4p€DE) — 2p4str)) 16256.20 =  1.05er2 2.42e1 1.18e1 2.34e¢0 1.22¢0 8.63el 7.60e-l




Table 3. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
4s3P° — 3p3De
2p4sBr3) — 2p3pfDY) 3328.72 x  1.15e2 255¢1 1.27¢1 3.0560 1.86e0 1.47e¢0 1.44e0
3d3pP° — 3plPe
2p3dEPS) — 2p3ptFs) 410959 =  4.16e2 9.90el 4.37¢1 5.80e0 25060 1.66e0 1.42e0
2p3dErY) — 2p3ptF) 411433 =« 15le3 357e2 1.66e2 2.80el 1.35e¢1 9.19¢0 7.74e0
2p3dEP5) — 2p3ptFs) 412312 %  3.04e+3 7.18e2 3532 7.28¢1 3.76e1 263el 23lel
3d3P° — 3p3Pe (V29)
2p3dEP9) — 2p3pfre) 545421 x 1.8le4 4.32e5 191e5 253e6 1.09e6 7.25e7 6.17e7
2p3dEP2) — 2p3pfrs) 5480.05 x  15ler2 359¢1 1.67¢1 2.8le0 1.3580 9.23el 7.77e1l
2p3dfr?) — 2p3péFY) 5462.58 x  7.18e-1 1.70el 7.93e2 1.34e2 6.42e3 4.39e3 3.69e3
2p3dfr?) — 2p3péFs) 5452.07 x  1.03et2 2.44e1 1.13e1 1.91e0 9.18e1 6.27e1 5.28e1
2p3dEP5) — 2p3pfrs) 549565 x  5.46e2 1.29e¢2 6.34el 1.3lel 6.75¢0 4.72e0 4.15e0
2p3dEPS) — 2p3pfrs) 5478.09 x 4.18e-1 9.85e2 4.85e2 1.00e2 5.17e3 3.6le3 3.18e3
3d3p° — 3p3st
2p3dEPY) — 2p3pfst) 4987.38 %  1.42et2 3.38e1 150el 1.98e0 8.54el 568el 4.84el
2p3dfRY) — 2p3pfsy) 499437 x  153e+2 3.62e1 1.69¢1 2.8460 13760 9.32e1 7.85e-1
2p3dPPY) — 2p3pfsy) 5007.33 x  1.40er2 3.29¢1 1.62e1 3.34e0 1.73¢0 1.21e0 1.06e0
3d3P° — 3p3De
2p3dEPS) — 2p3pfDY) 450756 %  1.85e+2 4.36e1 2.15e1 4.42e¢0 2.28¢0 1.60e0 1.41e0
3d3DO - 3p3pP°
2p3dfDY) — 2p3pfFs) 5941.65 =  5.09et3 1.09¢3 5.65e2 1.26e2 6.33¢1 4.27¢l1 35lel
2p3dEDY) — 2p3pEFs) 5952.39 x 1.68e-2 355e3 1.88e3 4.45e4 230e4 1584 1.33e4
2p3dEDY) — 2p3pEF%) 5931.78 x  9.93er1 2.10el 1l.1lel 2.64e0 1.36e0 9.37e1 7.89%1
2p3dEDY) — 2p3pEFs) 5960.90 x 6.92er1 1.27e1 6.79e0 1.68e0 8.83el 6.09e1 4.95e1
2p3dEDY) — 2p3pfF%) 5940.24 x  3.39et0 6.23e-1 3.32e1 8.24e2 4.32e2 2.98e2 2.42e2
2p3dEDY) — 2p3pEFe) 5927.81 x 1.69e3 3.11e2 1.66e2 4.1lel 2.16el1 1491 1.2lel
3d3D° - 3p3De (V20)
2p3dfDY) — 2p3pfDY) 480329 % 2953 6.33¢2 3.28¢2 7.30el 3.67¢1 2.48el 2.03el
2p3dEDY) — 2p3pfDS) 478119 %  1.88e+2 4.03e1 2.09¢1 4.64e0 2.33¢0 1580 1.30e0
2p3dfDY) - 2p3pfDS) 481030 % 1.94e-3 4.11le4 2.18e4 516e5 2.66e5 1.83e5 1.54e5
2p3dfDY) — 2p3pfDS) 4788.14 =+  1.65e-2 3.49e-3 1.85e3 4.38e4 2.26e4 156e4 1.3led
2p3dfDY) — 2p3pfDS) 477424 +  3.68et0 7.78¢-1 4.12e1 9.76e2 5.04e2 3.47e2 2.92e2
2p3dfDY) - 2p3pfD%) 479365 %  4.13et2 7.60e1 4.05¢1 1.0lel 5.27¢0 3.63e0 2.95&0
2p3dfDY) — 2p3pfDS) 4779.72 %  1.33et3 2452 1.3le2 3.24el 1.70e1 1.17e1 9.51e0
3d3D0 — 3p3s®
2p3dEDY) — 2p3pesy) 5390.69 x  1.58e+3 29le2 1552 3.85e¢1 2.02e1 1.39e1 1.13el
3diDC - 3p3pe
2p3deDY) — 2p3pfre) 6086.54 x 9.17er2 1.64e2 856el 2.02¢1 1.04el 7.09¢0 5.87e0
3dD0 - 3p3s®
2p3d¢DY) — 2p3pfss) 5493.23 x  4.17et3 7.48¢2 3.90e2 9.17el 4.72e¢1 3.23el 267el
3d'DeC — 3p3De
2p3dfDY) — 2p3pfDY) 4897.54 %  3.54er2 6.35e1 3.3lel 7.79e0 4.01e0 27460 2.27e0
2p3dDY) - 2p3pfDS) 487457 =«  1.87e+3 3.34e2 1.74e2 4.10el 21lel 144el  1.20el
2p3dfDY) - 2p3pfD?) 4860.17 %  2.37e2 4.24e1 2.21el 52080 2.68¢0 1.83¢0 1.52e0
3d3F° — 3p3D© (V19)
2p3dfF9) — 2p3pfDS) 5005.15 =  5.94et3 1.43e¢3 6.44e2 8.98e1 3.8lel 240el 1.93e1l
2p3dEFS) — 2p3pfDY) 5025.66 x 9.57e2 1.72e¢2 8.70el 2.0lel 1.07e1 7.69e0 7.16e0
2p3dPFS) — 2p3pfDS) 5001.47 =  9.43et3 1.70e3 857¢2 1.98e2 1.06e2 7.57e¢l 7.05e1
2p3dEFS) — 2p3pfDY) 5040.71 =  1.98er1 4.0260 2.14e0 556el1 3.08e1 226el 217el
2p3dEFS) — 2p3pfDS) 5016.38 «  855er2 1.73¢2 9.22e¢1 2.40el 1.33e1 9.74e0 9.33e0
2p3dEFS) — 2p3pfD?) 5001.13 « 5.18e3 1.05e3 5.59&2 1.45e¢2 8.04ec1 590el 5.65e1
3pls® - 3slp°
2p3ptse) — 2p3str?) 3437.14 = 1.10er2 3.04e1 1.7lel 55760 3.79e0 3.29¢0 3.31e0




Table 3. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
3plDe - 3stPP
2p3ptDS) — 2p3str?) 3995.00 = 5.56er2 1.48e2 8.44el 2.85e1 2.05¢1 1.93el 2.08el
3plDe - 3s3P°
2p3p D) — 2p3stF) 3955.85 s«  9.34erl 2.49el 1.42el 4.78¢0 3.45e¢0 3.24e0 3.49e0
3p3pP° — 3s1P°
2p3pfPg) — 2p3str?) 465453 %  1.68e+2 3.6lel 1.87er1 4.53e0 25360 1.8580 1.63e0
2p3pfPe) — 2p3str?) 466721 =  3.31le2 850el 4.9lel 1.68el 1.24el 1.20el 1.3lel
2p3pfPe) — 2p3str?) 467491 =«  2.40e2 4.17e1 2.25¢1 63560 3.7660 2.84e0 2.47e0
3p3Pe — 3s3F° (V5)
2p3pEPS) — 2p3sEr3) 4630.54 %  4.02e+3 8.6le2 4.46e2 1.08e2 6.05¢1 4.42e1 3.88el
2p3pEPS) — 2p3sEr?) 4601.48 %  1.13et3 2.42e2 1.26e2 3.04el 1.70e1 1.24e1 1.09e1
2p3pEP?) — 2p3sErS) 4643.09 % 156e5 3.99e6 23le6 7.91e7 582e7 564e7 6.17e7
2p3pEP?) — 2p3sEr?) 4613.87 %  7.11etl 1.82e1 1.05¢1 3.61e0 2.66e-0 258e0 2.82e0
2p3pEP?) — 2p3sErY) 4607.15 %  1.03e-1 265e2 153e2 525e3 3.86e3 3.74e3 4.10e3
2p3pfrg) — 2p3sfrY) 462139 =+  150e3 26le2 1.4le2 3.98e1 2351 1.78e1 154el
3p3P — 25253 3D°
2p3pfPS) — 2s25(3DY) 127525 * 5.15e2 1.10e2 5.71el 1.38e1 7.74e0 5.66e0 4.97e0
2p3pfF) — 2s2p(3DY) 1275.04 * 2.82e3 6.04e2 3.13¢2 7.59e¢1 4.25¢1 3.10el 2.72el
2p3pfrs) — 2s25(°DY) 1276.80 » 1.10e3 1.92¢2 1.03e2 292el1 1.73e¢1 1.30el 1.13el
3p3s°— 3slP°
2p3pfst) — 2p3str?) 507359 s«  156e2 296el 157e¢l 4.13e¢0 2.38¢0 1.78e0 1.58e0
3p3s°® - 3s3P°
2p3pfst) — 2p3sfrI) 5045.10 = 1.91et3 3.62¢2 1.91e2 5.04el 29lel 2.18el 1.93e1l
2p3pfss) — 2p3sfrY) 5010.62 =  8.80er2 1.67¢2 8.82el 2.32el1 1.34el 1.00el 8.91e0
2p3pfss) — 2p3sfrY) 5002.70 =  1.39et3 2.63¢2 1.39¢2 3.67e1l 2.12e¢l1 158el 14lel
3p3s° - 25215 3D°
2p3pfse) — 2s2p(3DY) 1304.79 * 8.3le2 157e¢2 8.32e1 2.19el1 1.27¢1 9.46e0 8.41e0
2p3pfst) — 2s25(3DY) 1304.77 =  2.46e3 4.65e¢2 2.46e2 6.48s1 37481 2.80el 2.49e1
3p3De - 3s%P° (V3)
2p3pfDE) — 2p3sEP) 5679.56 =«  7.77et3 1.77¢3 8.42e2 1.49e2 7.35¢1 5.27e¢l 4.68el
2p3p€DS) — 2p3str)) 5710.77 =  2.63e+3 4.52e2 2.34e2 597¢l1 3.38e1 254el 24lel
2p3p€DS) — 2p3stF?) 5666.63 x  7.29e3 1.25e3 6.47e¢2 1.65¢2 9.36e1 7.03e1 6.67el
2p3p€DE) — 2p3stry) 5730.66 =«  1.36er2 2.68el 1.46al 4.13e¢0 2.42e0 1.85e0 1.77e0
2p3p€DE) — 2p3stF?) 5686.21 x  1.79e3 3532 1.92e2 5.43el 3.19e1 243el 2.33el
2p3p€DE) — 2p3str) 5676.02 x 3.0l1e3 593e2 3.23e¢2 9.13e1 535e¢1 4.091 3.92el
3p3De — 252 3PP
2p3pfDE) — 2520 (3F9) 174031 » 3243 7.37@2 35le2 6.23e1 3.06e1 2.20el 1.95e1
2p3pfDS) — 2525 (3F3) 174323 * 1.13e3 194e2 1.0le2 257e1 1461 1.09el 1.04el
2p3pfDS) — 2525 (3F9) 174320 * 3.49e¢3 598e2 3.10e2 7.9lel 4481 337l 3.191
2p3pfDE) — 2525 (3FY) 174526 «  1.24e3 2.44e2 1.33e2 3.76e1 220el 168el 1.6lel
2p3pfDE) - 2525 (3FY) 1745.05 » 9.12er2 1.80e2 9.79e¢l 2.77e¢l 1.62e1 124el 1191
3p3De — 2527 °D°
2p3pfDE) — 2s20(°DY) 134357 » 1.15e¢2 2.62¢1 1251 2.22e¢0 1.09¢0 7.8lel 6.93el
2p3p€DE) — 2s2p8(3DY) 134334 «  9.77e2 2.22e2 1.06e2 1.88e1 9.24e0 6.62e0 5.88e0
2p3p€DS) - 2s2p(°DY) 134534 »  224e2 3.85¢1 1.99e¢1 5.09e¢0 2.88e0 2.16e0 2.05e0
2p3pfDE) — 2s2(°DY) 134531 » 1.07e3 1.84e2 9.52e¢1 243el 1.38e1 1.03el 9.80e0
2p3pfDE) — 2s25(°DY) 1345.08 » 2.782 4.78e¢1 2.47e¢l 6.31e¢0 357¢0 2.69¢0 2.55e0
2p3p€DE) — 2s2p(3DY) 1346.44 x 554e2 1.09e¢2 5.95¢1 1.68e1 9.87¢0 7.54e0 7.23e0
2p3p€DE) — 2s2p5(3DY) 1346.41 =  2.04e2 4.02e¢1 2.19e1 6.1860 3.63e0 2.77e0 2.66e0
3p3De - 3s1P°
2p3p€DE) — 2p3stF9) 574730 x 1.17e3 2.00e2 1.04e2 2.64el 150el1 1.12e¢1 1.07el
2p3p€DE) — 2p3stF) 5767.45 x  3.79e2 7.47e¢1 4.07e¢l 1.15e¢1 6.75¢0 5.16e0 4.94e0

3plPe — 3PP




Table 3. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
2p3pPe) — 2p3str?) 6482.05 = 1.27e2 2.64e1 1.28el 26le0 1.40e0 1.04e0 9.56e1
3plPe—3sP°
2p3pfPe) — 2p3sfrY) 6435.61 =  1.16er3 2.42e2 1.17e2 240el 1.29¢1 9.53¢0 8.78e0
2p3pPe) — 2p3strY) 6379.62 « 6.78e2 1.4le2 6.84el 1.40el 7.50e0 5.56e0 5.12e0
2p3pfPe) — 2p3strS) 6366.79 x 2.87e2 597l 2891l 5.92¢0 3.17¢0 2350 2.17e0
3plPe - 2528 3P°
2p3pPe) — 2520 (3PY) 1805.47 s+ 5.08e2 1.06e2 5.13e1 1.05e1 563a0 4.17¢0 3.84e0
2p3pFe) — 2520 (3FY) 1805.28 * 2.48&3 5.17e¢2 250e2 5.12e1 2751 2.03el 1.87el
2p3ptPe) — 2525 (3F9) 1805.24 s 152e3 3.16e2 1.53e2 3.13e¢1 1681 1.24el 1.15el
2s2p 3P° — 2p7 1D®
2s2p(3P3) — 27 (* DY) 1064.95 *  7.66e3 1.59e¢3 7.76e2 3.19¢2 294e2 250e2 2.20e2
2s2p(3F9) — 22 (* DY) 1064.96 *  4.40e3 8.12e2 4.18e2 1.63e¢2 14le2 1.20e2 1.10e2
252p 3P° — 27 1s®
2520 (3F)) - 2P (1) 1306.71 *  1.89e-3 3.49¢2 1.80e2 7.03¢1 6.05e1 517el 4.73el
2s2p' 3D° — 22 1s°
2s2p(3D9) - 2P (1)) 1678.89 *  1.31e3 2.42e2 1.33e¢2 1.18e¢2 11582 9.79e¢l 8.53el
2s2p 3D° — 2p7 1De
2s2p(3DY) - 2p7(* DY) 1299.79 * 2.11e3 3.89e¢2 2.14e2 1.90e2 1852 157e¢2 1.37e2
2s2p(3DY) — 2p7(* D) 1299.81 * 5.85e3 1.08e¢3 5.79¢2 4.52e2 4.24e2 357e¢2 3.1le2

2s2p(3DY) — 2¢P(* D) 1300.04 * 5.93e3 1.17e¢3 5.98e2 4.29¢2 3.86e2 3.16e2 2.72e2




Table 4. Same as Table 3 but fod, = 10° cmi3.

Te[K]
Transition /l[A] 125 500 1000 5000 10,000 15,000 20,000
6h -5
2p6hl [%3/2]2 — 2p5gH [11/2]8 18622.57 1.60e3 3.30e2 147e¢2 1.95e1 7.54e0 4.27¢0 2.78e0
2p6hH[11/2]¢ — 2p5¢G[9/2]¢  18481.01 1593 3.23¢2 1.44e2 19lel 7.41e0 4.21e0 2.75e0
2p6hH[11/2]¢ — 2p50G[9/2]8  17964.67 1.32¢3 2.69e2 11982 159¢1 6.1660 3.50e0 2.28e0
2p6hH[9/2]¢ — 2p5¢G[7/2]2  18480.67 1.29e3 2.63e2 1.17e2 156el 6.0460 3.43e0 2.23e0
2p6hG[9/2]S — 2p5gF[7/2]S  18549.42 1.03e3 2.10e2 9.32e1 1.24el 4.80e0 2.73e0 1.78e0
2p6hG[7/2]S — 2p5gF[5/2]3  18679.36 1.03e3 2.12e2 9.46el 1.26el 4.8560 2.74e0 1.78e0
2p6hI[13/2]S — 2p5gH[11/2]  18622.64 1.87¢3 3.85e2 1.72e2 2.28e1 8.81e0 4990 3.25&0
2p6hH[9/2]; — 2p5¢G[7/2]  18533.26 1.44e3 253e2 12282 2.30el 1.04e1l 6.38e0 4.41e0
2p6hl [11/2]2 - 2p59H[9/2]g 18546.53 2.19e3 3.85e¢2 1.85¢2 3491 158el 9.69¢0 6.71e0
2p6hI[11/2]S — 2p5gH[9/2]8  19170.43 1.82e3 3.20e2 1542 2.90el 1.3lel 8.05e0 5.57e0
2p6hH[9/2]¢ - 2p5¢G[7/2]  18533.26 1.81€3 3.19e2 1532 2.89%s1 1.30el 8.02e0 5.55e0
69 — 5f
2p69G[9/2]3 — 2p5fF[7/2]S 17930.73 2.77¢2 5.84el 3.19e1 85080 4.41e0 2.92e0 2.15e0
2p6gG[9/2]§ - 2p5fF[7/2]j 18277.37 3.45e2 7.26e1 3.96er1 1.06er1 5.48e0 3.62e0 2.67e0
2p6gF([7/2]3 - 2p5fD[5/2]5 18230.35 2.032 4.27e1 2.33el 6.2380 3.2360 2.13e0 1.56e0
2p6gF[7/2]2 - 2p5fD[5/2]§ 18222.01 2.67¢2 5.62¢1 3.07¢1 8.19e¢0 4.24e0 2.81e0 2.08e0
6q — 4f
2p69G[9/2]3 — 2p4fF[7/2]S 6413.23 258¢2 5.44el 2.97el 7.92¢0 4.11e0 27260 2.00e0
2p6gG[9/2]2 — 2p4fG[7/2]5 6556.32 1.58¢2 3.33a1 1.82e1 4.85e0 2.52e0 1.66a0 1.22a0
2p69G[9/2]2 — 2pafF[7/2]S 6456.97 3.31€2 6.95e1 3.80el 1.0lel 52560 3.47¢0 2560
2p6gF([7/2]3 — 2p4fD[5/2]5 6446.53 2.27€2 4.76e1 2.60erl 6.94e0 3.60e0 2.38a0 1.74e0
2p6gF([7/2]8 — 2p4fD[5/2]5 6445.34 3.00e2 6.3lel 3.45e1 9.19e0 4.77¢0 3.15¢0 2.33e0
6f — 3d
2p6fF([7/2]5 — 2p3dFY) 2504.19 =+ 1.99e2 2.86e1 1.58e1 5.16e-0 3.04e0 2.19e¢0 1.77&0
2p6fF[7/2]S - 2p3dEFS) 2500.67 =+ 2.30e2 3.26e1 1.80erl 5.91e0 3.49¢0 2.52a0 2.05&0
2p6fF[5/2]5 — 2p3dfDY) 2560.24 =+ 1.53e2 2.19¢1 1.21el 3.92¢0 2.31e0 16560 1.31e0
2p6fF[5/2] - 2p3dfDY) 2561.95 =+ 1.41e2 2.00e1 1.10el 3.59e0 21260 1.53¢0 1.26&0
6d —3p
2p6dEF3) — 2p3pfDY) 1680.27 1.17€2 1.87e1 1.10e1 4.30e0 2.89e¢0 2.45e¢0 3.15e0
5g — 4f
2p5gF[5/2]g - 2p4fD[3/2]§ 10108.45 =« 1.17e+3 253e¢2 1.17¢2 1.7l1el 6.89e¢0 3.98¢0 2.63e0
2p5gH[11/2]2 — 2p4fG[9/2]¢ 10023.27 =« 2.58e+3 5.55e&2 2.56e&2 3.75e1 1.5lel 8.71e0 5.73e0
2p5gH [11/2]5 - 2p4fG[9/2]§ 10035.44 =« 2.08e+r3 4.49e2 2.08¢2 3.04e1 1.22e1 7.07¢0 4.67e0
2p5gG[9/2]2 - 2p4fG[7/2]§ 9941.81 =« 5.88e+2 1.09¢2 542e1 1.16el 553e0 351e0 2.49e0
2p5gG[9/2]) — 2pafF[7/2]; 971859 =+ 1.82e+3 3.37&2 1.68e2 359e¢1 1.72e¢1 1.09el 7.73e0
2p59G[7/2]3 — 2p4fF[5/2]5 10070.12 + 9.98e2 2.13e2 9.84el 1.45e1 58560 3.39¢0 22560
2p5gH[9/2]8 - 2p4fG[7/2]¢ 9969.33 + 1.51e3 3.23¢2 1.49e2 2.19¢1 8.84e0 5.12a¢0 3.39e0
2p59G[7/2]3 — 2p4fF[5/2]S 10085.72 + 1.36e+3 2.90e2 1.34e2 1.96el 7.95¢0 4.61e0 3.05e0
2p5gG[9/2]g - 2p4fG[7/2]j 10126.15 =« 7.51er2 1.39e¢2 6.93e1 1.48el1 7.07¢0 4.49e¢0 3.18e0
2p5gG[9/2]; — 2p4fF[7/2]; 9891.10 = 2.31ler3 4.26e2 2.13e2 454el1 217e¢1 1.38e1 9.78e0
2p5gH[9/2]; — 2p4iG[7/2]; 10118.53 =« 1.24e+3 2.65e2 1.22e2 1.79e1 7.26e0 4.21e0 2.79e0
2p5gF(7/2]5 — 2p4iD[5/2]5 9868.20 =+ 1.54er3 2.84e2 142e2 3.03e¢1 1.45e1 9.18e0 6.51e0
2p5gF[7/2]2 - 2p4fF[5/2]§ 10250.19 =« 3.36e+r2 6.20er1 3.10e1 6.61e0 3.16e0 2.00e60 1.42e0
2p5gF[7/2]2 - 2p4fD[5/2]§ 9865.42 =« 2.04e+3 3.76e2 1.88e2 4.0lel 1.92e1 1.22e¢1 8.64e0
5f—4d
2p5fF[7/2]5 - 2p4dfDY) 9281.06 = 254e2 4.18e1 2.29¢1 6.79e0 3.8060 2.66a0 2.10e0
2p5fF[7/2]5 — 2p4dfF9) 8772.93 x 1.87a2 3.05e1 167e¢l 4960 2.79¢0 1.9560 1.55e0
2p5fF[5/2]5 - 2p4dfDY) 9242.02 + 2.02e2 3.30e1 1.8lel 5.35¢0 3.0060 2.09e¢0 1.64e0
2p5fF[5/2]5 - 2p4d€'Dg) 8983.28 x 1.92e+2 3.13e¢1 1.7lel 5.07e0 2.84e0 1.99¢0 1.59e0
5f—-3d
2p5fG[9/2]E — 2p3dPFY) 288527 + 5.03e2 1.33e2 7.08¢1 152e1 7.22¢0 4.61e0 3.41e0
2p5fD[5/2]5 — 2p3dEPY) 308220 + 2.43er2 6.1lel 3.26ecl 7.57e0 3.8060 2.49a¢0 1.84e0
2p5fG[7/2]¢ — 2p3dEF3) 2884.25 =+ 1.71e2 4.28e1 2.29¢1 533e0 26840 17760 1.38&0
2p5fG[7/2]S — 2p3dPFS) 2879.75 =+ 1.77e2 443el 2.36el 549¢0 2.7660 1.83¢0 1.42&0
2p5fF[7/2]¢ - 2p3dfDY) 2976.97 x 5.26e2 8.65e1 4.74e1 1l4lel 7.87e¢0 55080 4.35e0
2p5fG[7/2]¢ — 2p3dEF3) 289750 + 3.23¢2 53lel 29lel 8.62e0 4.83e0 3.3760 2.67a0
2p5fF[7/2]5 - 2p3dDY) 204223 « 242e2 3.95¢1 2.16el 6.42e0 3.6le0 2520 2.01e0
2p5fG[7/2]5 — 2p3dPFY) 2892.87 + 3.82¢2 6.23e¢1 3.4lel 1.0lel 569¢0 3.98¢0 3.1680
2p5fF[5/2]S — 2p3dfD?) 2973.60 = 3.89e2 6.36e1 3.49¢1 1.03e1 5780 4.03¢0 3.17&0




Table 4. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
2p5fF[5/2]¢ - 2p3dEDY) 297595 » 3.63er2 592e1 3.24el 9.59e¢0 5.37¢0 3.76e0 3.01e0
2p5fF[5/2]5 — 2p3d{DY) 294351 * 2.43er2 3961 217el 6.42e0 3.59e0 25le0 2.02e0
5d-3p
2p5dEF9) — 2p3pfDY) 1858.42 3.26e2 4.87e¢l1 2.80el 1.03e1 6.69e0 552a0 6.78¢0
4f — 3d1P°
2p4fD[5/2]S — 2p3d¢r?) 4694.64 = 6.75e+2 1.47¢2 7.18er1 1.34el 6.18e0 3.8860 2.76e0
4f — 3d3p°
2p4tD[5/2]5 - 2p3d€P‘I) 444201 * 5.65e+2 1.23e¢2 6.00el1 1.12e¢1 5.17¢0 3.25e0 2.30e-0
2p4fD[5/2]S — 2p3dEFY) 443274 « 2.00e+3 4.36e2 2.13e2 3.97e1 1.84el 1.16el 8.27e0
4f — 3d3D°
2p4fD[5/2]¢ — 2p3dfDY) 4179.67 = 4.71e2 1.03e2 50lel 9.35¢0 4.32¢0 2.72¢0 1.9580
2p4fF(7/2]5 - 2p3dEDY) 4199.98 =« 4.08e+2 8.7lel 4.30el 8.49e0 4.03e0 2.60e0 1.98a0
2p4tF[7/2]5 - 2p3d?Dg) 419597 x 2.19e+2 4.67e¢1 2.30el 4.54e0 2.16e0 1.39e0 1.06e-0
2pafF[7/2]¢ - 2p3dfDY) 424179 = 35le3  6.39e2 3.23¢2 7.25¢1 3.6lel 2.37¢l 1.78el
2p4fF[7/2]5 — 2p3dEDY) 424250 s« 1.75e+2 3.17e¢1 1.6lel 3.61e0 1.80e0 1.18¢0 8.9lel
2p4fF[7/2] - 2p3dEDY) 4237.05 = 835e2 152e2 7.67e1 1.72¢1 85860 5.6560 4.26e0
2p4fF([5/2]5 — 2p3dfDY) 4236.93 x 2.0le3 3.62e2 1.84e2 4.28e1 2.16el 143l 1.08el
2pafF[5/2]5 — 2p3dfDY) 424176 = 1.93e+3 3.48e2 1.77¢2 4.10e1 2.06el 1.36el 1.04el
4f — 3d1F°
2p4fG[9/2]¢ - 2p3dEFY) 4530.41 = 1.95e+3 4.43e2 2.13e2 355¢1 1.53el 9.29¢0 6.74e0
2pafG[7/2]§ - 2p3dEFS) 455252 x 9.21et2 1.97¢2 9.69e1 1.92e1 9.10e0 5.88¢0 4.47&0
2p4fF[5/2]5 — 2p3diFy) 4608.09 x 2.02e+2 3.63e¢1 1.85e-1 4.28¢:0 21560 1.42e¢0 1.08e0
4f — 3d3F°
2p4fD[3/2]S — 2p3dEF3) 4011.82 = 2.77et0 6.30e1 3.03el 5.0le2 2.14e2 1.29e2 8.73e3
2p4fD[3/2]S — 2p3dEFY) 4002.28 x 1.30e-1 2.95e2 1.42e2 235e3 1.0le3 6.02e4 4.09e-4
2p4fD[3/2]¢ — 2p3dEFY) 4002.87 x 3.67et0 8.32e1 4.00e-l 6.62e2 2.84e2 1.70e2 1.16e2
2p4tD[5/2]5 - 2p3d€Fg) 402395 x 7.30er0 1.59e¢0 7.75e-1 1.45e-1 6.68e-2 4.19e2 2.98e2
2p4fD[5/2]S — 2p3dEFY) 401435 x 7.30e-1 159e1 7.76e2 1.45e2 6.68e3 4.19e3 2.98e-3
2p4fD[5/2]S — 2p3dEFS) 4037.96 = 1.74etl 3.79e¢0 1.85¢0 3.46e1 1.60el 1.00e1l 7.19e2
2p4fD[5/2]S — 2p3dEFY) 402471 = 4.30e1 9.38e2 458e2 855e3 3.95e3 248e3 1.78e3
2p4fD[5/2]S — 2p3dEFY) 401511 = 1.35e-2 2.94e3 1.44e3 2.68e4 124e4 7.79e5 5.57e5
2p4fG[9/2]S — 2p3dfFY) 4039.34 x 572et1 1.30el 6.24e0 1.04e0 4.47e1l 272l 1.97el
2p4fG[9/2]§ — 2p3dEF3) 4026.08 = 9.15e+2 2.07e¢2 9.97e1 1.66el 7.1560 4.3560 3.16e0
2p4fG[9/2]E — 2p3dEFY) 4041.31 = 3.67e+3 8.32e¢2 4.00e-2 6.65e-1 2.86e1 1.74el 1.24el
2pafG[7/2]S - 2p3dFS) 4056.91 = 3.20e+2 6.83e¢1 3.37e1 6.66e0 3.1760 2.0460 1.55&0
2pafG[7/2]§ — 2p3dF3) 404353 x 1.82e+3 3.89¢2 1.92e2 3.79¢1 1.80el 1.16el 8.84e0
2p4tG[7/2]5 - 2p3d("‘F2) 4058.16 * 8.07et0 1.72¢0 8.49e1 1.68e1 7.95e-2 5.14e2 3.9le2
2p4fG[7/2]5 - 2p3dfFY) 404478 « 2.92e+2 6.24e¢1 3.08¢c1 6.07e0 2.88e0 1.8660 1.42e0
2p4tG[7/2]5 - 2p3d?F‘§) 4035.08 * 1.94er3 4.14e2 2.04e2 4.03e1 1.9lel 1.24e1 9.40e0
2p4fF[7/2]E — 2p3dEF9) 409590 x 2.69e+2 4.90e1l 2.48el 5560 27760 1.82¢0 1.36e0
2p4fF[7/2]5 — 2p3dEFY) 4082.27 = 6.66e+2 1.22e2 6.15e1 1.38e-1 6.86e0 4.50e0 3.38a0
2pafF[7/2]5 — 2p3dFS) 4096.57 = 9.99et0 1.82e0 9.18e-1 2.06el1 1.03el 6.76e2 5.10e-2
2p4tF[7/2]5 - 2p3d("‘Fg) 4082.93 * 3.93e+tl 7.14e0 3.6le0 8.12e1 4.05e1 2.66el 2.0lel
2p4fF[7/2]5 - 2p3dEFS) 4073.05 x 7.71e+2 1.40e2 7.08ec1 1591 7.93¢0 5.21e0 3.93e0
2p4fF[5/2]5 — 2p3dF3) 4086.83 x 2.5letl 451e0 23060 534el 2.69el 1.78e1 1.34el
2p4tF[5/2]5 - 2p3d("‘Fg) 4076.93 * 2.41er2 4.34el 22lel 5.13e0 2580 1.71e0 1.29e0
2p4fF[5/2]5 - 2p3d("‘F2) 4100.97 x 8.76er0 15860 8.04e-1 1.86e1 9.35e2 6.19e2 4.71e2
2p4fF[5/2]5 - 2p3dfFY) 4087.31 = 1.71e+2 3.08e¢1 157e1 3.63e0 1.83e0 1.21e0 9.19e1
2p4fF[5/2]S — 2p3dFS) 4077.40 = 3.18e1 5.72e2 29le2 6.74e3 3.39e3 2.24e3 1.71e3
4f — 3d'D°
2p4fF[7/2]¢ - 2p3dEDY) 417160 = 1.60e3 29le2 1.47e¢2 3.3lel 1.65¢1 1.08¢1 8.18e0
2p4fF[5/2]5 - 2p3dEDY) 417566 = 2.95e+2 5.32e1 2.7lel 6.29¢0 31760 2.1060 1.58e0
2p4fF[5/2]5 — 2p3d{DY) 4176.16 = 1.24e3 2.23e2 1.13e2 2621 1.32¢1 8.73e0 6.65a0
4d - 4p
2p4dEP?) — 2p4pfs?) 1385859 x 1.20er2 3.08e-1 1.7lel 4.61e0 2580 1.85e0 1.60e0
2p4dEPS) — 2p4pfs?) 13947.86 =« 1.70er2 4.15e1 2.32e¢1l 6.84e0 4.0le0 3.1060 3.57e0
2p4dEPS) — 2p4pfrs) 13425.85 =« 8.74erl 2.13e1 1.20el 3.52¢0 2.07e0 1590 1.84e0
2p4dEDY) — 2p4pfFs) 14195.22 « 2.69er2 5.86e1 3.27¢1 9.59¢0 5540 4.07¢0 3.88e0




Table 4. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
2p4d€DY) - 2p4pfDS) 13436.61 x 1.28e+2 2.78e¢1 155e1 4560 2.63e0 1.9460 1.85&0
2p4dEDS) — 2p4ptFs) 12349.30 % 2.16e+2 4.34el 2451 7.82¢0 4.71e0 3.72e0 4.57e0
2p4dEDY) — 2p4ptFe) 12389.41 « 1.46e2 2.22e¢1 1.25e1 4.22¢0 2.61e0 2.0060 2.03e0
2p4dEF9) — 2p4pfDS) 14358.63 x 4.40e+2 1.21e2 6.75¢1 1.75¢1 9.55¢0 6.68e-0 5.30e0
2p4dEFS) — 2p4pfDS) 14337.71 % 6.73e+2 1.05¢2 59lel 1951 1.2lel 9.57e0 1.10e1l
2p4d@FS) — 2p4pfDs) 14364.86 x 2.08e+2 3.63e¢1 2.08el 75460 4.8560 3.9860 4.94e0
4d - 3p
2p4dEPS) — 2p3pfrs) 2496.81 = 1.24er2 3.04e1 1.70el 5.0l1e0 2.94e0 227a¢0 2.62e0
2p4d€DY) — 2p3pfFs) 2522.24 « 455er2 9.92¢1 553el 1.63e1 9.38e0 6.89e0 6.58e0
2p4dfDg) — 2p3pfst) 241625 x 2.64er2 53lel 3.00el 9.57¢0 5.77¢0 45560 5.60e0
2p4dfD?) — 2p3pfrs) 2520.21 = 2.2ler2 3.36e1 1.89e1 6.40e0 3.95¢0 3.04e0 3.07e0
2p4dEDY) — 2p3ppsy) 241778 x 153e2 233el 1.3lel 4.42e0 2730 210e0 2.12e0
2p4dEFS) — 2p3pfD%) 2317.04 * 4.23e¢2 117e¢2 6.49¢1 1691 9.18e0 6.42e¢0 5.10e0
2p4d@FS) — 2p3pfDS) 2316.49 = 6.33er2 9.90e1 556el 1.83el 1.14el 9.0le0 1.03el
2p4dEFS) — 2p3pfD?) 2316.68 * 2.05e2 3.58a1 2.06e1 7.44e0 4.79¢0 3.93a¢0 4.87e0
4p -3d
2papfst) — 2p3dr3) 6809.98 = 8.48erl 2.16el 1.2lel 3.60e0 2.18e0 1.70e0 1.72e0
2papfDg) — 2p3dEFS) 6167.75 = 2.85er2 7.39¢-1 4.16e1 1.18e1 6.90e0 5.13e¢0 4.51e0
2p4p€DS) — 2p3dEFY) 617331 * 3.45&2 55lel 3.14el 1.12e1 7.3760 6.07e0 6.65e-0
2p4p€DE) — 2p3dEFy) 6170.16 » 1.50er2 2.66el 1.55¢1 6.11e60 4.25¢0 3.6le0 3.99e0
4p3Dle] - 383P°
2p4pfDg) — 2p3stry) 1859.26 x 2.79er2 7.22e-1 4.06e1 1151 6.74e0 5.01e0 4.40e0
2p4p€DS) — 2p3sEF?) 1857.87 * 2.34e2 3.73el 2.12el 7.56e0 4.99e¢0 4.11e0 4.50e-0
2p4p€DE) — 2p3strI) 185855 s 8.28e+1 1.47e¢l 8.58e0 3.38e0 23560 1.99a¢0 2.20e-0
4p3De — 4s°P°
2p4pfDg) — 2pastr)) 16256.20 * 9.75e+1 2.53el 1.42e1 4.04e0 23660 17560 1.54e0
4s3P° — 3p3De
2p4sfrg) — 2p3pfDS) 3328.72 x 9.75et1 2.46el 1.40el 4.47¢0 2.89e0 2.3660 2.35&0
3d3P° — 3plpe
2p3dEP9) — 2p3ptFe) 4109.59 s« 4.50e2 1.07e2 538el 1.07e1 5.16e0 3.44e0 2.75&0
2p3dEP2) — 2p3ptFs) 411433 x 152e+3 35le2 1.78¢2 3.74el 1.87el 1.28¢1 1.08el
2p3dEPS) — 2p3ptFs) 412312 « 2.80e+3 6.25e2 3.21e2 7.30el 3.83el 2.76el 2.83el
3d3P° — 3p3pe
2p3dEP3) — 2p3pfre) 545421 x 1.96e-4 4.66e5 2.34e5 4.64e6 2.25¢6 1.50e6 1.20e-6
2p3dEP?) — 2p3pfFs) 5480.05 * 1.52e2 353el 1.79¢1 3.75¢0 1.88e0 1.29a¢0 1.08e-0
2p3dEP?) — 2p3pfPe) 5462.58 x 7.24e-1 1.68el 8.49e2 1.78e2 894e3 6.11e3 5.14e3
2p3dEP?) — 2p3pfre) 5452.07 * 1.04e2 2.39el 1.21el 25560 1.28¢0 8.73e1l 7.34el
2p3dEP5) — 2p3pfFs) 5495.65 x 5.02e+2 1.12e2 575e1 1.3lel 6.8760 4.9460 5.08e0
2p3dEPY) — 2p3pfrs) 5478.09 x 3.84e-1 858e2 4.40e2 1.00e2 526e3 3.78e3 3.89e3
3d3P° — 3p3se
2p3dEPS) — 2p3pfs?) 4987.38 « 154er2 3.65e1 1.84el 3.64e0 1.76e0 11860 9.3%1
2p3dEP?) — 2p3pfs?) 499437 « 154er2 356e1 1.80el 3.79¢0 1.90e0 1.30e0 1.09e0
2p3dEPS) — 2p3pfs?) 5007.33 * 1.28&+2 2.87e¢l 147e¢l1 3.35¢0 1.76e0 1.27¢0 1.30e-0
3d3P° — 3p3De
2p3dPr3) — 2p3pfDS) 450756 x 1.70e+2 3.79e1 1.95¢-1 4.43e0 2.33¢0 1.6760 1.72e0
3d3D° — 3p3Pe (V28)
2p3dEDY) — 2p3pfFs) 5941.65 * 4.02e+3 7.90e2 4.10e2 9.95e¢1 5.24el 3.66el 3.18el
2p3dfDY) — 2p3pfPs) 5952.39 x 1.29e-2 2.47e3 1.29e3 3.27e4 1.76e4 1.26e4 1.194
2p3dfDY) — 2p3pfPs) 5931.78 =« 7.64etl 1.46el 7.66e0 193¢0 1.04e0 7.47el 7.07el
2p3dfD?) — 2p3pfFs) 5960.90 x 4.65e+1 7.95¢0 4.18¢0 1.10e0 6.05e1 4.35e1 3.93e-1
2p3dfDY) — 2p3pfFs) 5940.24 x 2.27e0 3.89el 2.04el 5392 296e2 2.13e2 1.92e2
2p3dfDS) — 2p3pfFs) 5927.81 x 1.14e3 1.94e2 1.02e2 2.69e1 1.48el 1.06e1 9.59e0
3d3D° - 3p®De
2p3dEDY) — 2p3pEDS) 4803.29 x 2.33e+3 4.58e2 2.38e2 5.77¢l 3.04el 2121 1.85el
2p3dfDS) — 2p3pfDS) 4781.19 x 1.48e+2 2.92e1 15lel 3.67¢0 193¢0 1.35¢0 1.17e0




Table 4. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
2p3d€DY) - 2p3pfDS) 4810.30 =« 1.49e-3 2.86e-4 150e4 3.78e5 2.04e5 1.46e5 1.38e5
2p3dfDY) — 2p3pfDS) 4788.14 x 127e2 243e3 127e3 3.2le4 1.73e4 1.24e4 1.18e4
2p3dEDY) — 2p3pEDS) 477424 x 2.83et0 542e1 2.84el 7.16e2 3.86e2 277e2 2.62e2
2p3dEDY) — 2p3pEDS) 479365 =« 2.77e2 4751 2.49el 6.57¢0 3.61le0 26080 2.34e0
2p3dEDY) — 2p3pEDS) 4779.72 « 893er2 1.53e2 8.02e¢1 2.12e1 1.16e1 835680 7.54e0
3d3D° — 3p3s®
2p3dEDY) — 2p3pfsy) 5390.69 * 1.06e+3 1.82e¢2 9.55¢1 252e1 1.38e1 9.94a0 8.98e0
3d1DO - 3psPe
2p3d¢DY) — 2p3pfFs) 6086.54 = 6.07er2 1.05¢2 5.43el 1.37e¢l 7.41e0 53560 5.31e0
3d1D° - 3pss®
2p3dfDY) — 2p3pfsy) 549323 x 2.77e3 4.76a2 247e2 6.26e1 3.37el 244el 2.42el
3d1D° — 3p3Dpe
2p3dfDY) — 2p3pEDS) 4897.54 x 2.35er2 4.04e1 2.10el 5.31e0 2.86e0 2.07¢0 2.05e0
2p3d¢DY) — 2p3pfDS) 487457 x 1.24e3 2.13e2 1.11e2 2.80el 15lel 1.09¢1 1.08e1l
2p3d¢DY) — 2p3pfDS) 4860.17 = 1.57e+2 2.70el 1.40el 3.55¢0 1.91e0 1.38¢0 1.37e0
3d3F° — 3p3De
2p3dEF9) — 2p3pfDY) 5005.15 * 6.34e&3 15le3 7.68e2 1.58e2 7.72e¢l1 5.16el 4.12el
2p3dEFS) — 2p3pfDS) 5025.66 * 6.63e2 1.24e2 6.4lel 1.59e1 8.69e0 6.40e0 6.50e-0
2p3dfFS) — 2p3pfDS) 5001.47 = 6.53e3 1.22e¢3 6.31e2 157¢2 856el 6.30el 6.40el
2p3dEFS) — 2p3pfDY) 5040.71 * 147e¢1 277e¢0 1.46e0 3.92e1 223el 1.70el 1.85e1l
2p3dEFS) - 2p3pfDS) 5016.38 x 6.31e2 1.19¢2 6.29¢1 1.69¢-1 9.60e0 7.31e0 7.99e0
2p3dEFS) - 2p3pfD?) 5001.13 =« 3.83et3 7.24e2 3.8le2 1.02¢2 582el 4.43el 4.84el
3pls® - 3PP
2p3ptst) — 2p3str?) 3437.14 x 1.0le2 2.75e¢1 1.60el 5.60e-0 3.8560 3.3560 3.39e0
3plDe - 3s!P°
2p3p D) — 2p3stF?) 3995.00 x 4.88e2 1.30e2 7.62e¢l 2.75¢1 2.02e1 1921 2.10el
3plDe - 3s%P°
2p3pfDE) — 2p3str?) 3955.85 x 8.20etl 2.18er1 1.28er1 4.63e0 3.40e0 3.22¢0 3.52e0
3p3Pe — 3s1P°
2p3pEPS) — 2p3str?) 465453 x 1.33er2 2761 1.47e¢l 4.05¢0 2.40e0 1.83e0 1.72e0
2p3pEPe) — 2p3str?) 4667.21 « 2.75&2 6.95e1 4.08e1 1.50el1 1.14el1 1.14el1 1.28el
2p3pfPe) — 2p3str?) 467491 x 152e2 260el 1.40el 4.31e0 2.71e0 2130 2.04e0
3p3P° — 3s3F° (V5)
2p3pfrs) — 2p3sfPY) 463054 =« 3.18e+3 6.59¢2 35le2 9.66el 574l 4.36el 4.llel
2p3pfrS) — 2p3sfr?) 4601.48 = 8.94er2 1.86e2 9.88er1 2.72¢-1 1.6lel 1.23e¢1 1.16el
2p3pfrs) — 2p3sfrY) 4643.09 = 1.29e5 3.27e6 1.92e6 3.27e6 1.92e6 5.33e7 6.02e7
2p3pfr%) — 2p3sfr?) 4613.87 = 509lel 1.49¢1 8.75¢0 3.22¢0 24560 2.44e60 2.75&0
2p3pfrs) — 2p3sfrY) 4607.15 = 8.60e-2 2.17e2 127e2 4.67e3 3563 3.54e3 4.00e3
2p3pEPe) — 2p3stry) 4621.39 x 9.50er2 1.63e2 8.77e¢l 2.70el 1.69e1 1.33e¢1 1.28el
3p3P° — 25253 3D°
2p3pfrs) — 2s25(°DY) 127525 » 4.06er2 8.44el 4.50el 1.24el 7.34e0 5590 5.26e0
2p3pfrs) — 2s25(°DY) 1275.04 = 2.23er3  4.63e2 2.47e¢2 6.78s1 4.03el 3.06el 2.89%1
2p3pfre) — 2s2p(3DY) 1276.80 * 6.97e¢2 1.19e2 6.43el 1.98e1 1.24el 9.79¢0 9.37e0
3p3s° - 3s'P°
2p3pfst) — 2p3str?) 507359 x 1.08e+2 2.03e¢1 1.08e1 3.12¢0 1.90e0 1.49e¢0 1.50e0
3p3s° - 3s3P°
2p3pfst) — 2p3stry) 5045.10 * 1.32e+3 2.48e2 1.32¢2 3.8lel 232l 1.82el1 1.83el
2p3pfst) — 2p3stry) 5010.62 * 6.10e2 1.14e2 6.09¢1 1.76e1 1.07e1l 8.38a0 8.43e0
2p3pfst) — 2p3stry) 5002.70 * 9.63e&2 1.80e2 9.6lel 2.77e1 1.69el 1.32e1 1.33el
3p3s® - 25253 3D°
2p3pfst) — 2s25(°DY) 1304.79 = 5.76er2 1.08¢2 5.75¢1 1.66el 1.0lel 7.91e¢0 7.96e0
2p3pfst) - 2s2p(°DY) 1304.77 = 1.70er3 3.18e2 1.70e2 4.90el 2.99el 2.34el 2.35el




Table 4. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
3p3De - 3s°F°
2p3pfDE) — 2p3stry) 5679.56 = 7.31er3 1.68e3 8.77¢2 2.04e2 1.09¢2 7.96e1 7.00el
2p3p€DS) — 2p3sErS) 5710.77 * 1.70e3 3.03e2 1.6le2 4.4lel 260el 2.03el 2.14el
2p3p€DS) — 2p3s¢F?) 5666.63 * 4.71e3 8.39e2 4.45e¢2 1.22e2 7.19el 563el 5.9lel
2p3p€DE) — 2p3sErS) 5730.66 * 9.64er1 1.79e¢1 9.60e0 2.82e0 1.72¢0 1.37a¢0 1.48e0
2p3p€DE) — 2p3s¢FY) 5686.21 * 1.27e3 2352 1.26e2 3.7lel 2.26el 1.8lel 1.95el
2p3p€DE) — 2p3str3) 5676.02 * 2.13e¢3 3952 2.12e2 6.24e1 3.80el 3.03e1 3.27el
3p3De — 2525 3PP
2p3pfDE) — 2525 (3FY) 174031 * 3.05e3 7.0le2 3.66e2 8.49el 4551 3.32e¢l1 2.92el
2p3pfDS) — 2525 (3FY) 174323 x 7.32e¢2 13le2 6.91el 1.90el 1.12e1 8.75e¢0 9.19e-0
2p3pfDS) — 2525 (3FY) 174320 * 2.25&¢3 4.02e¢2 2.13e2 585e1 3.44el 2.69el1 2.83el
2p3pfDE) — 2525 (3FY) 174526 x 8.77e¢2 1.63e2 8.73e¢l 257e1 156el 1.25e¢1 1.35el
2p3pfDe) — 2525 (3F) 174505 * 6.46er2 1.20e2 6.43e1 1.89¢1 1.15e1 9.20e0 9.92e0
3p3De - 2525 3D°
2p3p€DE) - 2s25(°DY) 134357 x 1.08e+2 2.49e1 1.30el 3.02¢0 1.62e0 1.18a0 1.04e0
2p3pfDS) - 2525 (°DY) 1343.34 * 9.20er2 2.11e2 1.10e2 256el 1.37e1 1.00e1 8.80e0
2p3pfDE) — 2s25(°DY) 134534 s« 1.45e+2 2.58e1 1.37el 3.76e0 2.21e0 1.73e0 1.82e0
2p3pfDE) — 2s205(3DY) 134531 * 6.92er2 1.23e2 6.54e1 1.80el 1.06e1 8.27e0 8.69e0
2p3pfD§) — 2s25(°DY) 1345.08 * 1.80er2 3.2lel 1.70el 4.67e¢0 2.75¢0 2.15e0 2.26e0
2p3p€DE) - 2s25(°DY) 1346.44 x 3.93e¢2 7.28¢1 3.9lel 1.15e¢1 7.0060 5.59&¢0 6.03e-0
2p3pfDE) - 2525(°DY) 1346.41 * 1.44e2 268el 1.44el 4.23e0 257¢0 2.05e0 2.22e0
3p3De - 3sP°
2p3pfDS) — 2p3str?) 5747.30 = 7.52er2 1.34e¢2 7.11el 1951 1.15¢1 8.99e-0 9.44e0
2p3pfDE) — 2p3str?) 5767.45 s 2.69er2 4.98¢1 2.68a¢1 7.86ea0 4.79¢0 3.82e0 4.13e0
3plPe - 3slP°
2p3plPe) — 2p3str?) 6482.05 * 1.06er2 2.29¢1 1.18e1 2.77e¢0 151e0 1.14e0 1.13e0
3plPe - 3s3P°
2p3pPe) — 2p3stry) 643561 * 9.72e2 2.10e2 1.08e2 254e1 1.39el 1.04el 1.04el
2p3pfF?) — 2p3stry) 6379.62 * 5.67e¢2 1.23e2 6.33e¢1 1.48e1 8.11e0 6.08a0 6.05e-0
2p3p(1P§) — 2p3s§P8) 6366.79 =« 2.40er2 5.19e¢1 2.68el 6.27¢0 3.43e0 257¢0 2.56e0
3plPe — 2523 3F°
2p3pPe) — 2s23(3P3) 1805.47 s+ 4.25¢2 9.20el 4.75¢1 1.1lel 6.09e0 4.56e0 4.54e0
2p3pFe) — 2528 (3FS) 1805.28 * 2.07e3 4.49e2 2.31e2 543l 297el 222al1 2.2lel
2p3pFe) — 2525 (3F9) 1805.24 x 1.27e3 2.74e2 142e2 3.32¢1 1.82el1 1.36el 1.36el
2s2p 3P° — 217 1D°®
2s2p(3P3) — 2p7(1DS) 1064.95 * 6.34e3 1.38e¢3 7.22¢2 3.36e2 3.09e2 2.64a2 2.36e2
2520 (3F9) — 2p7(* DY) 1064.96 * 3.08e¢+3 5.90e2 3.13¢2 1.49e2 1.35e¢2 1.17e¢2 1.09e2
2s2p 3P0 — 2p7 158
2520 (3R - 2P (1)) 1306.71 * 1.32e43 254e2 1.35¢2 6.39e1 58lel 5.02el1 4.69e1
2s52p 3D° — 27 15°
2s2p(3D9) - 2P (1Y) 1678.89 * 8.59&2 1.60e2 8.84e1 9.73¢1 9.67¢l 8.3lel 7.39%1
2s2p 3D° — 2p7 1De
2s2p(3D%) — 2(7(* DY) 1299.79 * 1.38&3 256e2 1.42e2 1.56e2 156e2 1.34e2 1.19e2
2s2p(3DY) — 2(7(* D) 1299.81 * 3.91er3 7.52¢2 4.13e2 4.03e2 3.89¢2 3.30e2 2.93e2
2s2p(3DY) — 27(* D) 1300.04 * 4.36e+3 9.19e2 5.02e2 4.76e2 4.45e2 3.67a2 3.21e2




Table 5. Same as Table 3 but fod, = 10* cmi3.

Te[K]
Transition /l[A] 125 500 1000 5000 10,000 15,000 20,000
6h -5
2p6hl [%3/2]2 — 2p5gH [11/2]8 18622.57 1.34e3 2.8le2 1.32e2 2.06el 8530 5.01e0 3.35e0
2p6hH[11/2]$ — 2p50G[9/2]2  18481.01 1.29e3 2.70e2 1262 197el 81760 4.81e0 3.21e0
2p6hH[11/2]¢ — 2p50G[9/2]8  17964.67 1.07€3 224e2 1.05e2 1.64el 6.79¢0 3.99e0 2.67e0
2p6hH[9/2]¢ — 2p5¢G[7/2]2  18480.67 1.05e3 2.20e2 1.03e2 1.6lel 6.6860 3.9260 2.63e0
2p6hG[9/2]S — 2p5gF[7/2]S  18549.42 8.372 1.75¢2 8.2lel 1.28¢1 531e0 3.12¢0 2.09e0
2p6hG[7/2]S — 2p5gF[5/2]3  18679.36 8.61€2 1.8le2 8.46el 1.32e1 548¢0 3.22¢0 2.1680
2p6hI[13/2]S — 2p5gH[11/2]  18622.64 15663 3.28¢2 154e2 2.40el 9.96e0 5.86e0 3.92e0
2p6hH[9/2]; — 2p5¢G[7/2]  18533.26 151€3 2.04e2 9.02e1 1.46el 6.3060 3.80e0 2.59&0
2p6hl [11/2]2 - 2p59H[9/2]g 18546.53 2.29e3 3.09¢2 137e¢2 22l1el 957¢0 5.78¢0 3.94e0
2p6hI[11/2]S — 2p5gH[9/2]8  19170.43 1.90e3 2572 1.14e2 184el 7.9560 4.80e0 3.28e0
2p6hH[9/2]¢ - 2p5¢G[7/2]  18533.26 1.80e3 25662 1.13e2 1.83el 7.9260 4.78e0 3.26e0
69 — 5f
2p69G[9/2]3 — 2p5fF[7/2]S 17930.73 3322 5.16el1 254el 55760 27460 17760 1.30e0
2p6gG[9/2]§ - 2p5fF[7/2]j 18277.37 4,132 6.41el 3.16er1 6.93e0 3.41e0 2.21e0 1.61e0
2p6gF([7/2]3 - 2p5fD[5/2]5 18230.35 24462 3.78¢1 1.86el 4.08e0 2.01e0 1.30e0 9.45e-1
2p6gF[7/2]2 - 2p5fD[5/2]§ 18222.01 3.20e2 4.97e¢1 2451 5.37¢0 2.64e0 1.71e0 1.29e0
6q — 4f
2p69G[9/2]3 — 2p4fF[7/2]S 6413.23 3.10e2 4.8lel 237el 519¢0 25560 1650 1.21e0
2p6gG[9/2]2 — 2p4fG[7/2]5 6556.32 1.90e2 2.95¢1 1.45e1 3.18e0 1.57e0 1.0le0 7.4le-l
2p69G[9/2]2 — 2pafF[7/2]S 6456.97 3.96e2 6.15e1 3.03e¢1 6.64e0 3.27¢0 2.11e0 1550
2p6gF[7/2]3 - 2p4fD[5/2]5 6446.53 2.71€2 42lel 2.07e¢l1 45560 22460 14560 1.05e0
2p6gF([7/2]8 — 2p4fD[5/2]5 6445.34 3.60e2 558e1 2.75e1 6.03¢0 29760 1920 1.44e0
6f — 3d
2p6fF([7/2]5 — 2p3dFY) 2504.19 s+ 2.22er2 2.60el 1.30el 3.54e0 1.99¢0 1.41e0 1.16e-0
2p6fF[7/2]S - 2p3dEFS) 2500.67 =+ 2.56e2 2.97e1 1.48e1 3.98e0 2230 15840 1.30e0
2p6fF[5/2]5 — 2p3dfDY) 2560.24 =+ 1.70e2 1.98e1 9.97e0 2.71e0 1.53¢0 1.08¢0 8.62e1
2p6fF[5/2]5 - 2p3d?Dg) 2561.95 =+ 157e2 1.82¢1 9.11e0 246e0 1.39e0 9.85e1 8.51el
6d —3p
2p6d€Fg) - 2p3p'(3Dg) 1678.78 1.27¢2 3.45e¢1 2.03e¢1 6.95e¢0 4.40e0 3.36e0 2.82e0
5g — 4f
2p5gF[5/2]g - 2p4fD[3/2]§ 10108.45 =« 1.04er3 2.28e2 1.11e2 1.94el1 850e0 5.15¢0 3.53e0
2p5gH[11/2]2 — 2p4fG[9/2]¢ 10023.27 x 2.31et3 5.0l1e2 2.43e2 4.24e1 1.86el 1.12e1 7.66e0
2p5gH [11/2]5 - 2p4fG[9/2]§ 10035.44 =« 1.84e+3 4.04e2 1.96e2 3.45e1 15lel 9.14e0 6.26e0
2p5gG[9/2]2 - 2p4fG[7/2]§ 9941.81 =+ 6.38e+2 8.98e1 4.12e¢1 7.45e¢0 3.40e0 2120 1.48e0
2p59G[9/2]2 — 2p4fF[7/2]% 971859 + 1.98er3 2.79e2 1.28¢2 23lel 1.06el 6.56e0 4.60e-0
2p59G[7/2]3 — 2p4fF[5/2]5 10070.12 = 8.60er2 1.88e2 9.15e1 1.6lel 7.04e0 4.26e0 2.92e0
2p5gH[9/2]8 - 2p4fG[7/2]¢ 9969.33 + 1.30er3 2.84e2 1.38¢2 242¢l 1.06el 6.43e0 4.40e-0
2p5gG[7/2], — 2p4fF[5/2]5 10085.72 x 1.17e+3 2.56e2 1.24e2 2.18e1 9.56e0 5.79e¢0 3.96e0
2p5gG[9/2]g - 2p4fG[7/2]f’1 10126.15 =« 8.15e+2 1.15e¢2 5.26e1 9.51e0 4.35¢0 2.70e0 1.90e0
2p59G[9/2]2 — 2p4fF[7/2]5 9891.10 = 2.50er3 3.52¢2 1.62e2 292¢1 1.33el 8.30e0 5.82e0
2p5gH[9/2]8 - 2p4fG[7/2]¢ 1011853 = 1.07er3 2.33e2 1.13e2 1.99¢l1 8.72¢0 5.28e0 3.61e0
2p59F([7/2]3 — 2p4fD[5/2]5 9868.20 + 1.67et3 2.35e2 1.08¢2 195¢1 8.90e0 55460 3.88e-0
2p5gF[7/2]2 - 2p4fF[5/2]§ 10250.19 =« 3.64er2 5.13e1 2.35e¢1 4.26e0 1940 1.21e0 855e1l
2p5gF[7/2]2 - 2p4fD[5/2]§ 9865.42 =« 2.21e3 3.1le2 1.43e2 2581 1.18el1l 7.34e0 5.18e0
5f—4d
2p5fF[7/2]5 - 2p4dfDY) 9281.06 = 2.87e2 3.8lel 1.92e1 4.85¢0 2.61e0 1.80e0 1.45&0
2p5fF[7/2]5 - 2p4d?Fg) 877293 x 2.1ler2 2.77e¢1 1.39el 3.49e0 1.87e0 1.29e0 1.04e-0
2p5fF[5/2]5 - 2p4dfDY) 9242.02 % 2.27e2 3.00el 1.5lel 3.83¢0 2.06e0 14280 1.13e0
2p5fF[5/2]5 - 2p4d€'Dg) 8983.28 x 2.16e+2 2.85e¢1 1.43el 3.6le0 1.94e0 1.34e0 1.11e0
5f—-3d
2p5fG[9/2]E — 2p3dPFY) 288527 + 5.75e2 1l44e2 7.87e1 2.0lel 1.05¢1 7.10e0 5.45&0
2p5fD[5/2]5 — 2p3dEPY) 3082.20 + 2.7le2 6.27el 3.38¢1 85460 4.47¢0 3.0060 2.26e0
2p5fG[7/2]¢ — 2p3dEF3) 2884.25 =+ 1.89e2 4.38e1 2.36el 6.00e0 3.15¢0 2.13¢0 1.66e0
2p5fG[7/2]S — 2p3dPFS) 2879.75 + 1952 453el 245¢1 6.20e0 3.25¢0 22060 1.72&0
2p5fF[7/2]¢ - 2p3dfDY) 2976.97 + 6593er2 7.88el 3.97¢l 100el 541e0 3.7380 2.99e-0
2p5fG[7/2]¢ — 2p3dEF3) 289750 + 3.64e2 4.83el 243el 6.16e0 3.32¢0 2290 1.84e0
2p5fF[7/2]5 - 2p3dDY) 294223 s+ 2.73er2 359l 1.80el 4.52e0 2.43e¢0 1.6760 1.35¢0
2p5fG[7/2]5 — 2p3dPFY) 2892.87 + 4.3le2 567el 2.84el 7.13¢0 3.83e¢0 2.64e0 2.13e0
2p5fF[5/2]S — 2p3dfD?) 2973.60 + 4.37e2 5791 2.92e1 7.39e0 3.98¢0 27460 2.18&0




Table 5. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
2p5fF[5/2]¢ - 2p3dEDY) 297595 x 4.09er2 539¢1 2.7lel 6.83e0 3.67¢0 254e0 2.11e0
2p5fF[5/2]5 - 2p3dGDg) 294351 =+ 2.73e+2 3.60el 18lel 4570 2.46e0 1.70e0 1.41e0
5d-3p
2p5dEF9) — 2p3pfDY) 1858.42 355e2 4.6lel 250el 82760 52560 4.42a¢0 6.30e0
4f — 3d1P°
2p4fD[5/2]S — 2p3d¢r?) 469464 = 65le2 1.34e2 6.68e1 1.35¢-1 6.40e0 4.08¢0 2.93e0
4f — 3d3p°
2p4fD[5/2]S — 2p3dEF?) 444201 « 5.44e2 1.12e¢2 558e1 1.13e1 53560 3.41e0 2.45e0
2p4fD[5/2]S — 2p3dEFY) 443274 « 1.93e+3 3.98e2 1.98e2 3.99¢-1 1.90el 1.22¢1 8.84e0
4f — 3d3D°
2p4fD[5/2]¢ — 2p3dfDY) 4179.67 = 4542 9.37e¢l1 4.66el 9.39¢0 4.48e0 2.8660 2.08e0
2p4tF[7/2]5 - 2p3d?Dg) 4199.98 x 4.04e+2 7.85e¢1 3.88e¢1 7.87e0 3.78e0 2.45¢0 1.86e0
2p4tF[7/2]5 - 2p3d?Dg) 419597 x 2.16er2 4.2lel 2.08e1 4.21e0 2.02¢0 1.31e0 9.94e-1
2pafF[7/2]¢ - 2p3dfDY) 424179 = 3.70e+3 555&2 2.67e2 549e¢1 2.68el 1.75¢1 1.33el
2p4tF[7/2]5 - 2p3d("‘Dg) 424250 x 1.85e+2 2.75e¢1 1.32e¢1 2.71e0 1.32¢0 8.59e1 6.56e-1
2p4fF[7/2] - 2p3dEDY) 4237.05 = 8.82e2 1.32e2 6.32e1 1.29¢1 6.29¢0 4.11e0 3.14e0
2p4fF([5/2]5 — 2p3dfDY) 4236.93 x 2.16e3 3.12e2 1.49¢2 3.07e1 150el 9.8560 7.53e0
2pafF[5/2]5 — 2p3dfDY) 424176 = 2.08e+3 3.00e2 1.43e2 294el 1l.44el 9.41e0 7.32e0
4f — 3d1F°
2p4fG[9/2]¢ - 2p3dEFY) 4530.41 = 1.84e+3 4.18e2 2.11e2 4.23e1 1.99¢1 1.28¢1 9.57e0
2pafG[7/2]§ - 2p3dEFS) 455252 x 9.12e+2 1.77e¢2 8.76e1 1.78¢-1 85360 5530 4.21e0
2p4fF[5/2]5 - 2p3dEF‘§) 4608.09 x 2.17e+2 3.13e¢1 1.50el 3.07e0 1.50e0 9.83el 7.64el
4f — 3d3F°
2p4fD[3/2]S — 2p3dEF3) 4011.82 = 2.6let0 596e1 3.00el 6.0le2 2.83e2 1792 1.27e2
2p4fD[3/2]S — 2p3dEFY) 4002.28 x 1.23e-1 2792 1.4le2 282e3 1.33e3 8.37e4 593e4
2p4fD[3/2]¢ — 2p3dEFY) 4002.87 x 3.44e0 7.85e-1 3.96e-1 7.95e2 3.75e2 2.37e2 1.68e2
2p4fD[5/2]S — 2p3dEFY) 402395 s« 7.03et0 1.45e0 7.21el 1.45el1 6.92e2 4.4le2 3.17e2
2p4fD[5/2]S — 2p3dEFY) 401435 = 7.03e-1 1.45e1 7.21e2 1.45e2 6.92e3 4.4le3 3.17e3
2p4fD[5/2]S — 2p3dEFS) 4037.96 = 1.68e+l 3.46e0 1.72e0 3.47e1 1.65e1 1.06el 7.68e-2
2p4fD[5/2]S — 2p3dEFY) 402471 =« 4.15e1 856e2 4.26e2 859e3 4.09e3 2.6le3 1.90e3
2p4fD[5/2]S — 2p3dEFY) 401511 = 1.30e-2 2.68e-3 1.34e3 2.69e4 1.28e4 8.19e5 5.96e5
2p4fG[9/2]S — 2p3dfFY) 4039.34 x 5391 1.23e1 6.18¢0 1.24e0 584el 3.74e1l 2.80e-l
2p4fG[9/2]§ — 2p3dEF3) 4026.08 = 8.62e+2 1.96e2 9.87er1 1.98e-1 9.34e0 5.98¢0 4.48a0
2p4fG[9/2]E — 2p3dEFY) 4041.31 = 3.49e+3 7.90e2 3.98e-2 8.00el1 3.79¢1 243l 1.79%1
2pafG[7/2]S - 2p3dFS) 4056.91 = 3.17e+2 6.16e1 3.05e1 6.18¢:0 2.9760 1.9260 1.46e0
2pafG[7/2]§ — 2p3dF3) 404353 x 1.81et3 35le2 1.73e¢2 352e1 1.69e1l 1.09¢1 8.32e0
2p4tG[7/2]5 - 2p3d("‘F2) 4058.16 * 7.98e+0 1.55e¢0 7.67e-1 1.55e-1 7.44e2 4.82e2 3.67e2
2p4fG[7/2]5 - 2p3dfFY) 404478 « 2.89e+2 5.63el 2.78¢1 5.62e0 27060 1.75¢0 1.33e0
2p4tG[7/2]5 - 2p3d?F‘§) 4035.08 * 1.92e+3 3.74e2 1.85e¢2 3.74el 1.79e¢1 1.16e1 8.82e0
2p4fF[7/2]E — 2p3dEF9) 409590 =« 2.84e+2 4.26e1 2.05e-1 4.21e0 2.05e0 1.34e0 1.02e0
2p4fF[7/2]5 — 2p3dEFY) 4082.27 « 7.03e+2 1.06e2 5.08el1 1.04e-1 5.08e0 3.32¢0 2.52e0
2pafF[7/2]5 — 2p3dFS) 4096.57 x 1.06e+1 1.58e0 7.57el 1.55e1 7.53e2 4.92e2 3.75e2
2p4fF[7/2]5 — 2p3dEFY) 4082.93 x 4.16etl 6.20e0 2.98e0 6.09e1 2.96e1 1.93e1 1.48el
2p4fF[7/2]5 - 2p3dEFS) 4073.05 x 8.15e2 1.22e¢2 584el 1.19¢1 58le0 3.79¢0 2.89e0
2p4fF[5/2]5 — 2p3dF3) 4086.83 x 2.70etl 3.89e¢0 1.86e-0 3.83e1 1.88e1 1.23el 9.40e2
2p4fF[5/2]5 — 2p3dEFy) 4076.93 x 2.59e+2 3.74el 1.79e1 3.68e0 1.80e0 1.18¢0 9.03e-1
2p4fF[5/2]5 — 2p3dEFY) 410097 = 9.43et0 1.36e0 6.50e-1 1.33e1 6.5le2 4.27e2 3.32e2
2p4fF[5/2]5 - 2p3dfFY) 4087.31 = 1.84e+2 2.66el 1.27e1 2.60e0 1.276¢0 8.33el 6.48el
2p4fF[5/2]S — 2p3dFS) 4077.40 = 3.42e1 4.93e2 235e2 4.83e3 236e3 1.55e3 1.20e3
4f — 3d'D°
2p4fF[7/2]¢ - 2p3dEDY) 4171.60 = 1.69er3 2532 1.21e2 248e1 1.21el 7.88e0 6.02e0
2p4fF[5/2]5 - 2p3dEDY) 4175.66 = 3.18er2 4.59e1 2.19el1 452e0 2.21e0 1450 1.11e0
2p4fF[5/2]5 — 2p3d{DY) 4176.16 = 1.33e+3 1.92e¢2 9.17e1 1.88e-1 9.18e0 6.02¢0 4.68a0
4d - 4p
2p4dEP?) — 2p4pfs?) 13858.59 x 1.34er2 3.25¢1 1.83el 5.51e0 3.25¢0 2.39e0 2.12e0
2p4dEPS) — 2p4pfs?) 13947.86 =« 1.90er2 4.28e1 2.38el 7.14e0 4.24e0 3.3760 4.45e0
2p4dEPS) — 2p4pfrs) 13425.85 « 9.75erl 2.20e1 1.22e¢1 3.67e¢0 2.18¢0 1.73e0 2.29e0
2p4dEDY) — 2p4pfFs) 14195.22 =« 3.00er2 590e1 3.25¢1 9.76e0 5.78¢0 4.33a0 4.27e0




Table 5. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
2p4d€DY) - 2p4pfDS) 13436.61 x 1.42e2 2.8lel 154el 4.6460 27560 2.0660 2.03e0
2p4dEDS) — 2p4ptFs) 12349.30 % 2.4let2 4.27¢1 2.3lel 6.89e0 4.11e0 3.41e0 5.29e0
2p4dEDY) — 2p4ptFe) 12389.41 =+ 1.60e+2 2.07er1  1.09e-1 3.28¢0 1.97e¢0 1.54e0 1.85e0
2p4dEF9) — 2p4pfDS) 14358.63 % 5.10e+2 1.33¢2 7.6lel 2.37e¢l 1.4lel 1.05e1 8.61e0
2p4dEFS) — 2p4pfDS) 14337.71 % 7.26e+2 1.0le2 5.46e1 1.69e¢l1 1.03e1 8.23e0 1.05e1
2p4d@FS) — 2p4pfDs) 14364.86 * 2.42e+2 3.4lel 1.80el 547¢0 3.3560 2.82¢0 4.31e0
4d - 3p
2p4dEPS) — 2p3pfrs) 2496.81 » 1.39er2 3.13e1 1.74el 5.23e¢0 3.10e60 247¢0 3.26e0
2p4d€DY) — 2p3pfFs) 2522.24 x 5.08er2 1.00e2 550el 1.65e1 9.79¢0 7.34e0 7.23e0
2p4dfDg) — 2p3pfst) 2416.25 = 2.95er2 523el 2.82el 8430 5.03e¢0 4.17¢0 6.47e0
2p4dfD?) — 2p3pfrs) 2520.21 = 2.42er2 3.13el 1.65e1 4.9760 2.99e¢0 2.34e0 2.80e0
2p4dEDY) — 2p3ppsy) 241778 x 1.67e¢2 2.16el 1.l14el 3.44e0 2.07e0 1620 1.94e0
2p4dEFS) — 2p3pfD%) 2317.04 * 4.90e2 1.28e2 7.32e¢1 227e1 1.36el 1.0lel 8.28e0
2p4d@FS) — 2p3pfDS) 2316.49 = 6.83er2 95lel 514el 159el 9.64e0 7.74e0 9.88e0
2p4dEFS) — 2p3pfD?) 2316.68 * 2.38&2 3.36el 1.77e¢1 5.39e0 3.30e0 2.79a¢0 4.25e0
4p -3d
2papfst) — 2p3dr3) 6809.98 = 9.46erl 2.26el 1.27e1 4.0480 2520 2.00e0 2.15e0
2papfDg) — 2p3dEFS) 6167.75 = 3.25er2 7.95¢1 4.57¢1 150el 9.48e0 7.37e¢0 6.64e0
2p4p€DS) — 2p3dEFY) 617331 * 3.76e2 5.30el 2.89e1 9.54e0 6.16e0 5.11e0 6.14e0
2p4p€DE) — 2p3dEFy) 6170.16 » 1.73er2 25lel 1.35¢1 4.54e0 3.03e¢0 2590 3.24e0
4p3De — 3s°P°
2papfDg) — 2p3str)) 1859.26 = 3.17er2 7.76e1 4.46e1 147e¢l 9.26e0 7.2060 6.49e0
2p4p€DS) — 2p3sF?) 1857.87 * 2.54e2 359e¢l1 1.96el 6.45e0 4.17¢0 3.46a0 4.16e0
2p4p€DE) — 2p3strI) 185855 s 9.58&+1 1.39e¢l 7.46e0 25le0 1.67¢0 1.43e0 1.79e0
4p3De — 4s°P°
2p4pfDg) — 2pastr)) 16256.20 x 1.1le2 2.72e¢1 156el 513e0 3.2460 25260 2.27e0
4s3P° — 3p3De
2p4sfrg) — 2p3pfDS) 3328.72 x 1.09e+2 2.59¢1 1.50el 5.41e0 3.71e¢0 3.1460 3.20e0
3d3P° — 3plpe
2p3dEPY) — 2p3ptFe) 4109.59 « 4.45e+2 1.05e2 554el 1.32e¢1 6.9760 4.83e0 3.90e0
2p3dEP2) — 2p3ptFs) 411433 « 1523 3.4le2 1.78¢2 4.24e1 2246l 157¢1 1.35el
2p3dEP5) — 2p3ptFs) 412312 « 2.84e+3 595¢2 3.08¢2 7.35¢1 3.92¢1 2.89¢1 3.33el
3d3P° — 3p3P° (V29)
2p3dEP3) — 2p3pfre) 545421 = 194e-4 459e5 24le5 576e6 3.04e6 2.1le6 1.70e-6
2p3dEP?) — 2p3pfFs) 5480.05 s 1.53e2 342l 1.79¢1 4.26e0 22560 1.58a0 1.35e0
2p3dEP?) — 2p3pfPe) 5462.58 x 7.25e-1 1.63e-l 8.49e2 2022 1.07e2 7.49e3 6.43e3
2p3dEP?) — 2p3pfre) 5452.07 * 1.04e2 2.32el 1.21el 2890 15360 1.07e0 9.191
2p3dEP5) — 2p3pfFs) 5495.65 x 5.10e2 1.07e¢2 552e1 1.32e1 7.03¢0 5.18¢0 5.97e0
2p3dEPI) — 2p3pfrs) 5478.09 x 3.90e-1 8.16e2 4.22e2 1.0le2 538e3 3.97e3 4.57e3
3d3p° — 3p3se
2p3dEPS) — 2p3pfs?) 4987.38 x 152e2 359e1 1.8%9el 4.52¢0 2.38e0 16560 1.33e0
2p3dEP?) — 2p3pfs?) 499437 « 154er2 3.45e1 1.80el 4.30e0 22760 1590 1.37e0
2p3dEPS) — 2p3pfs?) 5007.33 * 1.30e2 2.73el 1.4lel 3.37e¢0 1.80e0 1.33a0 1.53e0
3d3pP° — 3p3De
2p3dPr3) — 2p3pfDS) 450756 = 1.73e+2 3.6lel 1.87e1 4.46e0 2.38¢0 17560 2.02e0
3d3D° — 3p3Pe (V28)
2p3dEDY) — 2p3pEFs) 5941.65 s 4.27e¢3 7.25e¢2 3.67e¢2 8.78e1 4.69el 3.33a1 3.03el
2p3dfDY) — 2p3pfFs) 5952.39 x 1.39e-2 22563 1.13e3 2.7le4 146e4 1.07e4 1.12e4
2p3dfDY) — 2p3pfPs) 5931.78 x 8.20etl 1.33e¢1 6.71e0 1.61e0 8.62el 6.3lel 6.65e1
2p3dfD?) — 2p3pfFs) 5960.90 x 4.99et1 7.09e¢0 3.52e0 8.47el 457e1l 3.3lel 3.33el
2p3dfDY) — 2p3pfFs) 5940.24 x 2.44e0 3.47e1 1.72e1 4.14e2 2.23e2 1.62e2 1.63e2
2p3dfDS) — 2p3pfFs) 5927.81 x 1.22e+3 1.73e¢2 86lel 2.07e1 1.12el 8.10e0 8.13e0
3d3D° — 3p3De (V20)
2p3dEDY) — 2p3pEDS) 4803.29 x 2.48e3 42062 2.13e2 5.09¢1 2.72e1 193el1 1.76el
2p3dfDS) — 2p3pfDS) 4781.19 = 1.58e+2 2.68e1 1.35e1 3.24e0 1.73¢0 1.23¢0 1.12e0




Table 5. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
2p3d€DY) - 2p3pfDS) 4810.30 x 1.60e-3 2.6le4 1.3le4 3.14e5 1.69e5 1.23e5 1.30e5
2p3dfDY) — 2p3pfDS) 4788.14 x 1.36e2 22le3 1.11e3 2.67e4 1.43e4 1.05e4 1.1le4d
2p3dEDY) — 2p3pEDS) 477424 « 3.04et0 4.94e1 2.48el 5.94e2 3.19e2 234e2 2.46e2
2p3dEDY) — 2p3pEDS) 479365 x 2.98er2 4.23¢1 2.10el 5.05¢0 2.73¢0 1980 1.99e0
2p3dEDY) — 2p3pEDS) 4779.72 « 959e2 1.36e2 6.77¢l 1.63e¢l 8.77¢0 6.3760 6.39e0
3d3D° — 3p3s®
2p3dEDY) — 2p3pfsy) 5390.69 * 1.14e3 1.62e2 8.06e1 1.94e1 1.04el 7.58a0 7.61e0
3d1DO - 3psPe
2p3d¢DY) — 2p3pfFs) 6086.54 = 6.4ler2 9.39¢1 4.69e1 1.12e¢1 6.00e60 4.47¢0 5.26e0
3d1D° - 3pss®
2p3dfDY) — 2p3pfsy) 549323 x 2.92e3 4.27e¢2 2.13e2 5.10el 2.73el 2.03el 2.40el
3d1D° — 3p3Dpe
2p3dfDY) — 2p3pEDS) 4897.54 =« 2.48e+2 3.63el 1.8lel 4.33e0 2.32e0 1.73¢0 2.03e0
2p3d¢DY) — 2p3pfDS) 487457 x 1.31e3 191e2 954e1 2.28e1 1.22¢1 9.09e0 1.07el
2p3d¢DY) — 2p3pfDS) 4860.17 = 1.66e+2 2.42e1 1.21el 2.89e0 15560 1.15¢0 1.36e0
3d3F° — 3p3De (V19)
2p3dEF9) — 2p3pfDY) 5005.15 * 6.48&+3 1.50e3 7.94e2 1952 1.05e2 7.39e¢1 6.06e1
2p3dEFS) — 2p3pfDS) 5025.66 * 6.85e+2 1.15&¢2 5.90e1 1.46el 7.92e0 5.87a0 6.33e0
2p3dfFS) — 2p3pfDS) 5001.47 = 6.75e+3 1.13e¢3 5.8le2 1.43e2 7.80el 578el 6.24el
2p3dEFS) — 2p3pfDY) 5040.71 * 157e¢¢1 253e0 1.28¢0 3.15e1 1.73e1l 1.32e1 1.65e1l
2p3dEFS) - 2p3pfDS) 5016.38 =« 6.76e+2 1.09¢2 552e1 1.36e1 7.43e0 5.69¢0 7.09e0
2p3dEFS) - 2p3pfD?) 5001.13 = 4.10e+3 6.6le2 3.34e2 822e1 4.50el 3451 4.30el
3pls® - 3PP
2p3ptst) — 2p3str?) 3437.14 x 1.13e2 2.84el 1.63el 571e0 3.93e0 3.43e¢0 3.49e0
3plDe - 3s!P°
2p3p D) — 2p3str?) 3995.00 x 5.45er2 1.34e2 7.73el 2.76el 2.03el 193e1 2.13el
3plDe - 3s3P°
2p3pfDE) — 2p3str?) 3955.85 =« 9.17etl 2.26e1 1.30el 4.64e0 3.42e0 3.2560 3.58&0
3p3pPe — 3s1P°
2p3pEPS) — 2p3str?) 465453 « 1.42er2 2631 1.38el 3.91e¢0 2.39¢0 18760 1.86e0
2p3pfPe) — 2p3str?) 4667.21 « 3.03e2 6.93e1 3.96el 1.42e1 1.09¢1 1.09¢1 1.26el
2p3pEPe) — 2p3str?) 467491 x« 1.64er2 237e1 1.22el 3.47¢0 2.15¢0 1.71e0 1.78e0
3p3P° — 3s3P°
2p3pfrs) — 2p3sfPY) 463054 =« 3.40e+3 6.28e2 3.30e2 9.34el 5.7lel 447l 4.44el
2p3pfrs) — 2p3sfr?) 4601.48 = 9.56e2 1.77e¢2 9.29¢1 2.63el 1.6lel 1.26el 1.25el
2p3pfrs) — 2p3sfrY) 4643.09 = 1.42e5 3.26e6 1.86e6 6.67e7 510e7 5.14e7 5.9le7
2p3pfrs) — 2p3sfr?) 4613.87 = 65lel 1.49¢1 851e0 3.05¢0 2.33¢0 2.3560 2.70e0
2p3pfrs) — 2p3sfrY) 4607.15 = 9.46e2 2.16e2 1.24e2 4.43e3 3393 3.4le3 3.93e3
2p3pEPe) — 2p3stry) 4621.39 x 1.03er3 1.49e2 7.63el 2.17e¢1l 1.35e1 1.07¢1 1.12el
3p3P° — 25253 3D°
2p3pfrs) — 2s25(°DY) 127525 » 4.35er2 8.03el 4.22¢1 1.20el 7.31e0 572e0 5.69e0
2p3pfrs) — 2s25(°DY) 1275.04 = 2.38er3  4.41e2 2.32e2 6.55e¢1 4.0lel 3.l4el  3.12e1l
2p3pfPe) — 2s2p(3DY) 1276.80 * 7.53e¢2 1.09e¢2 5.60el 1.60el 9.89e0 7.86e0 8.19e-0
3p3s° - 3s'P°
2p3pfst) — 2p3str?) 507359 x 1.16e+2 1.89e1 9.76e0 2.73e0 16760 1.3460 1.49e0
3p3s° - 33P°
2p3pfse) — 2p3stry) 5045.10 * 1.41e3 2.30e2 1.19e¢2 3.33e1 2.04el 1.63el 1.82el
2p3pfst) — 2p3stry) 5010.62 * 6.52e+2 1.06e2 5.49e1 1.54e1 9.40e0 7.51e0 8.40e-0
2p3pfst) — 2p3stry) 5002.70 * 1.03e¢3 1.68e2 8.67e1 2.42e1 1.48el1 1.19e1 1.33el
3p3s® — 25253 °D°
2p3pfst) — 2s25(°DY) 1304.79 » 6.15er2 1.00e2 5.18¢1 1.45e¢1 8.88e0 7.09¢0 7.93e0
2p3pfst) — 2s2p(°DY) 1304.77 = 1.82er3 2.96e2 1.53e¢2 4.29¢1 2.62el 2.10el 2.34el




Table 5. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
3p3De€ — 3s3P° (V3)
2p3pfDg) — 2p3stry) 5679.56 = 7.66er3 1.67&¢3 8.92¢2 237e2 1.36e2 1.03e2 9.19e1l
2p3p€DS) — 2p3sErFS) 5710.77 * 1.78&3 2.82e2 1.46e2 3.88el 226el 1.79a¢1 2.03el
2p3p€DS) — 2p3s¢F?) 5666.63 * 4.93&3 7.8le2 4.05¢2 1.07e2 6.25e1 4.94el 5.6lel
2p3p€DE) — 2p3sErS) 5730.66 * 1.05e2 1.64el 8.36e0 221e0 1.30e0 1.05¢0 1.27e0
2p3p€DE) — 2p3s¢FY) 5686.21 * 1.38&+3 2.15e¢2 1.10e2 29lel 1.7lel 1.38a1 1.67el
2p3p€DE) — 2p3str3) 5676.02 * 2.32e+3 3.62e¢2 1.85¢2 4.88el1 287el 2.32el 28lel
3p3De — 2525 3PP
2p3pfDE) — 2525 (3FY) 174031 * 3.20e&3 6.96e2 3.72¢2 9.88e1 569e¢l1 4.29e¢1 3.83el
2p3pfDS) — 2525 (3FY) 174323 x 7.67e¢2 12le2 6.29¢1 167e1 9.72e0 7.69a0 8.72e0
2p3pfDS) — 2525 (3FY) 174320 * 2.36e3 3.74e2 1.94e2 514el 2991 2.37e¢l 2.68el
2p3pfDE) — 2525 (3FY) 174526 * 9.53e¢2 1.49e2 7.60el 2.0lel 1.18el1 9.54e0 1.16el
2p3pfDe) — 2525 (3F) 174505 * 7.02e¢2 1.10e2 560el 1.48e1 8.70e0 7.03e0 8.52e0
3p3De - 2525 3D°
2p3p€DE) - 2s25(°DY) 134357 x 1.14e2 247e¢l 1.32e¢l1 3.52e0 2.02e0 153e0 1.36e0
2p3pfDS) - 2525 (°DY) 1343.34 * 9.64er2 2.10e2 1.12e2 298el1 1.72e1 1.29e¢1 1.16el
2p3pfDE) — 2s25(°DY) 134534 s 152e+2 2.40el 1.25e1 3.30e0 1.92¢0 1.52e0 1.73e0
2p3pfDE) — 2s205(3DY) 134531 * 7.25e+2 1.15¢2 5951 1.58e1 9.19e0 7.27e0 8.24e0
2p3pfD§) — 2s25(°DY) 1345.08 * 1.88e+2 2.98e1 1.55e1 4.10e0 2.39e0 1.89e0 2.14e0
2p3p€DE) - 2s25(°DY) 1346.44 x 4.27e2 6.66el 3.4lel 9.00e60 5290 4.27¢0 5.18e0
2p3pfDE) - 2525(°DY) 1346.41 * 157e¢2 2.45e¢1 1.25¢1 3.3le0 1.94e0 157a¢0 1.90e-0
3p3De - 3sP°
2p3pfDS) — 2p3str?) 5747.30 = 7.89er2 1.25¢2 6.47¢l 1.72e¢1 9.99¢0 7.90e0 8.96e0
2p3pfDE) — 2p3str?) 5767.45 = 2.92er2 456e1 2.33a¢l 6.16a0 3.62¢0 2.92e0 3.54e0
3plPe - 3slP°
2p3plPe) — 2p3str?) 6482.05 * 1.07e2 2.21el 1.16e1 293¢0 1.64e0 1.25¢0 1.32e0
3plPe - 3s3P°
2p3pPe) — 2p3stry) 643561 * 9.84e2 2.03e2 1.06e2 2.69e1 15lel 1.15e1 1.21el
2p3pfF?) — 2p3stry) 6379.62 * 5.74e2 1.18e2 6.20e1 1.57e1 8.8le0 6.70e0 7.06e-0
2p3pP?) — 2p3stry) 6366.79 * 2.43er2 5.00e1 2.62el 6.64e0 3.72¢0 2.83e0 2.98e0
3plPe — 2523 3F°
2p3pPe) — 2s23(3P3) 1805.47 * 4.31e2 8.87e¢l 4.66el 1.18¢1 6.61e0 5.03e0 5.29e-0
2p3pFe) — 2528 (3FS) 1805.28 * 2.10e3 4.32e2 2.27e¢2 574el 3221 2.45&1 2.58el
2p3pFe) — 2525 (3F9) 1805.24 * 1.28&+3 2.65e¢2 1.39¢2 35lel 197el 150el 1.58e1l
2s2p 3P° — 217 1D°®
2s2p(3P3) — 2p7(1DS) 1064.95 * 6.57e¢3 1.34e3 7.16e2 3.52e¢2 3.24e2 2.77a¢2 2.5le2
2520 (3F9) — 2p7(* DY) 1064.96 * 3.22e¢3 5572 2.91e2 1.45e2 1.35e2 1.16e2 1.10e2
2s2p 3P0 — 2p7 158
2520 (3R - 2P (1)) 1306.71 * 1.38&3 2.39e2 1.25¢2 6.24e1 578e1l 5.00el 4.74el
2s52p 3D° — 27 15°
2s2p(3D9) - 2P (1Y) 1678.89 * 9.25&¢+2 1.48e2 7.90e1 8.67e¢l1 8.44el 7.16el 6.41el
2s2p 3D° — 2p7 1De
2s2p(3D%) — 2(7(* DY) 1299.79 * 1493 2.38e2 1.27e¢2 1.39e2 1.36e2 1.15e¢2 1.03e2
2s2p(3DY) — 2(7(* D) 1299.81 * 4.17e¢3 7.12e2 3.82e2 3.83e2 3.67e2 3.1le2 2.80e2
2s2p(3DY) — 27(* D) 1300.04 * 4.61e3 897e¢2 4.91e2 5.1le2 4922 4.13e2 3.68e2




Table 6. Same as Table 3 but fod, = 10° cmi3.

Te[K]

Transition /l[A] 125 500 1000 5000 10,000 15,000 20,000
6h —5g

2p6hl [13/2]2 — 2p5gH [11/2]8 18622.57 1.03e0 2.26e2 1.10e2 1.89e¢1 8.14e0 4.87¢0 3.30e0
2p6hH[11/2]$ — 2p50G[9/2]2  18481.01 9.82¢2 2.17e¢2 1.05e2 1.8lel 7.79e¢0 4.67e0 3.16e0
2p6hH[11/2]¢ — 2p50G[9/2]8  17964.67 8.16e2 1.80e2 8.76e1 1.50el 6.47e0 3.88¢0 2.63@0
2p6hH[9/2]¢ - 2p5¢G[7/2]2  18480.67 8.02e2 1.77¢2 8.6lel 1.48e1 6.36e0 3.81e0 2580
2p6hG[9/2]S — 2p5gF[7/2]3  18549.42 6.38¢2 1.4le2 6.85¢1 1.18e1 5.06e0 3.03e0 2.06e0
2p6hG[7/2]S — 2p5gF[5/2]3  18679.36 6.5962 1.45e¢2 7.07el 1.22e1 52360 3.13e0 2.12e0
2p6hI[13/2]S — 2p5gH[11/2]  18622.64 1.20e3 2642 1.29¢2 22lel 95160 570e0 3.86e0
2p6hH[9/2]; - 2p5¢G[7/2]  18533.26 1.81€3 1.90e2 8.07el 1.26el 54160 3.24e0 2.20e0
2p6hl [11/2]2 - 2p59H[9/2]g 18546.53 2.75e3 2.88e2 1.23e¢2 1.92¢1 82260 4930 3.34e0
2p6hI[11/2]S — 2p5gH[9/2]8  19170.43 22963 2392 1.02e2 159¢1 6.8360 4.09e0 2.77e0
2p6hH[9/2]¢ - 2p5¢G[7/2]  18533.26 2.28e3 2.38e2 1.0le2 159¢1 6.80e0 4.08e0 2.76e0
69 — 5f

2p69G[9/2]3 — 2p5fF[7/2]S 17930.73 46662 5.40e1 2.50el 5.05e0 2.43e0 1.55¢0 1.13e0
2p6gG[9/2]g - 2p5fF[7/2]i 18277.37 5.79¢2 6.71lee1 3.10erl 6.286-0 3.02e0 1.93e-0 1.40e-0
2p6gF[7/2]g - 2p5fD[5/2]§ 18230.35 3.41e2 3951 1.83erl 3.70e0 1.78e0 1.14e0 8.21e1l
2p6gF[7/2]2 - 2p5fD[5/2]§ 18222.01 4.49¢2 5.20el 2.40el 4.87¢0 2.34e0 1.50e-0 1.13e0
6g — 4f

2p69G[9/2]3 — 2p4fF[7/2]S 6413.23 4.34e2 503el 232el 4.71e0 22680 14560 1.05e-0
2p6gG[9/2]2 — 2p4fG[7/2]5 6556.32 2.6662 3.08e1 1.42er1 2.88e0 1.39¢0 8.86e-l 6.44e-l
2p69G[9/2]2 — 2p4fF[7/2]S 6456.97 55562 6.43el 2.97el 6.02¢0 2.90e0 1.85¢0 1.35&0
2p6gF([7/2]3 - 2p4fD[5/2]5 6446.53 3.80e2 4.4lel  2.04erl 41360 1.99¢0 1270 9.16e-1
2p6gF[7/2]5 - 2p4fD[5/2]5 6445.34 5042 5.84el 2.70el 5.47¢0 2.63e0 1.69¢0 1.27e0
6f — 3d

2p6fF[7/2]¢ — 2p3dFY) 2504.19 =+ 3.13e2 2.96e1 1.38e1 3.34e0 1.82¢0 1.27¢0 1.04e0
2p6fF[7/2]S — 2p3dfFS) 2500.67 + 3.62e2 3.43el 1.59¢1 3.80e0 2.0660 1.44a¢0 1.18&0
2p6fF[5/2]5 — 2p3dfDY) 2560.24 =« 2.37e2 2.25¢1 1.05e1 2.55¢0 1.40e0 9.7lel 7.74e-l
2p6fF[5/2]5 - 2p3dfD3) 2561.95 =+ 2.20e2 2.08el 9.69e0 2.34e0 1.28¢0 8.96el 7.78e1
6d —3p

2p6dEF3) — 2p3p¢DS) 1680.27 1.85¢2 2.03e1 1.02ee1 3.14e0 1.98¢0 1.73¢0 2.80e0
5g — 4f

2p5gF[5/2]g - 2p4fD[3/2]§ 10108.45 =« 8.51ler2 1.94e2 9.73¢1 1.85e¢1 837¢0 5.15¢0 3.58e0
2p5gH[11/2]2 — 2p4fG[9/2]¢ 10023.27 =+ 191er3 4.30e2 2.14e2 4.04e1 1.83el 1.12e1 7.77e0
2p5gH [11/2]§ - 2p4fG[9/2]§ 10035.44 =« 1.51ee3 344e2 1.73¢2 3.29¢1 149el1 9.15e0 6.35e0
2p5gG[9/2]2 - 2p4fG[7/2]§ 9941.81 =« 8.04e+2 8.69e¢1 3.8lel 6580 2.96e0 1.83e0 1.27e0
2p59G[9/2]2 — 2p4fF[7/2]S 971859 =+ 2.49e3 2.69¢2 1.18e2 2.04erl 9.19e0 5.66a0 3.94e0
2p59G[7/2]3 — 2p4fF[5/2]5 10070.12 + 7.03¢2 1.60e2 8.03e-1 1.53el 6.9260 4.2660 2.95a0
2p5gH[9/2]¢ — 2p4iG[7/2]; 9969.33 =+ 1.06er3 2.42e¢2 12le2 23lel 1.04el 6.43e0 4.45e0
2p59G[7/2]3 — 2p4fF[5/2]S 10085.72 * 9.55&+2 2.18¢2 1.09e2 2.08er1 9.40e0 5.79e¢0 4.01e0
2p5gG[9/2]g - 2p4fG[7/2]f’1 10126.15 =« 1.03e+3 1.11e2 4.86e1 8.40e0 3.7860 2.33e¢0 1.62e0
2p5gG[9/2]; — 2p4fF[7/2]; 9891.10 =+ 3.15e+3 3.4le2 149e2 258e1 1.16el 7.17e¢0 4.99e0
2p5gH[9/2]8 - 2p4fG[7/2]¢ 1011853 + 8.70e2 1.98¢2 9.95¢1 1.89e1 8.57&0 5.28a0 3.6680
2p59F([7/2]3 - 2p4fD[5/2]5 9868.20 + 2.10e3 2.27¢2 9.96el 1.72el 7.76e0 4.78¢0 3.33e0
2p5gF[7/2]2 - 2p4fF[5/2]§ 10250.19 =« 4.59e+2 4.96e1 2.17¢1 3.76e0 1.69¢0 1.05¢0 7.35e1
2p5gF[7/2]2 - 2p4fD[5/2]§ 9865.42 =« 2.78e+3 3.0le2 1.32e¢2 2.28¢1 1.03el 6.34e0 4.46e0
5f—4d

2p5fF[7/2]¢ - 2p4dfDY) 9281.06 = 3.96e2 4.18e1 1.98e1 4.58¢0 2.41e0 1.65¢0 1.32&0
2p5fF[7/2]5 — 2p4dEF) 8772.93 x 2.92e2 3.07el 1.44el 3.31e0 1.74e0 11860 9.54el
2p5fF[5/2]S — 2p4dfDY) 9242.02 + 3.12e2 3.28¢1 1.55e1 3.61e0 1.9060 1.30e0 1.03e0
2p5fF[5/2]¢ — 2p4diD3) 8983.28 + 2.98er2 3.14el 1.48e1 3.42¢0 1.80e0 1.23¢0 1.02e0
5f—3d

2p5fG[9/2]E — 2p3dPFY) 288527 + 6.18e2 1.49¢2 8.07el 2.07el 1.10e1 7.50e0 5.80e0
2p5fD[5/2]5 — 2p3dEPY) 308220 + 3.13er2 6.57el  3.47el  8.67e0 4.57e¢0 3.08¢0 2.33e0
2p5fG[7/2]¢ — 2p3dEF3) 2884.25 =+ 2.19e2 458e1 2.42e1 6.09e0 3.22¢0 2.19e¢0 1.70e0
2p5fG[7/2]S — 2p3dPFS) 2879.75 =+ 2.26e2 4.75¢1 25lel 6.31e0 3.33¢0 2.26a0 1.77&0
2p5fF[7/2] — 2p3dfDY) 2976.97 + 8.19e2 8.65e1 4.09e1 9.47e0 4.99¢0 3.40e0 2.73e0
2p5fG[7/2]¢ - 2p3dPF3) 289750 + 5.03e2 53lel 25lel 58le0 3.0660 2.09¢0 1.67a0
2p5fF[7/2]5 - 2p3dDY) 204223 + 3.78¢2 3.97e1 1.87el 4.29e0 22560 1.53a¢0 1.24e0
2p5fG[7/2]5 — 2p3dPFY) 2892.87 + b597e2 6.27¢1 294el 67760 35460 2.42a¢0 1.9560
2p5fF[5/2]5 — 2p3dfDY) 297360 = 6.0le2 6.33e1 2.99¢1 6.95¢0 3.67¢0 2.50e0 1.99&0
2p5fF[5/2] - 2p3dfD3) 2975.95 + 5.64e2 594el 2.80el 6.47e0 3.4060 2.33a¢0 1.94e0




Table 6. Continued.

Te[K]
Transition AA] 125 500 1000 5000 10,000 15,000 20,000
2p5fF[5/2]5 - 2p3d{D3) 204351 =« 3772 3.97¢1 1.87e1 43260 22740 1.56e0 1.30e0
5d-3p
2p5dEF3) — 2p3pgD3) 1858.42 4812 5271 268el 8.13e¢0 50560 4.2560 6.23e0
4f — 3d'P°
2p4fD[5/2]5 - 2p3dEFY) 4694.64 =+ 6.56er2 12562 6.23e-1 1.30erl 6.28¢0 4.03¢0 2.91e0
4f — 3d3P°
2p4fD[5/2]5 - 2p3dEF?) 444201 + 5.48er2 1.04e2 52lel 1.09e¢1 52560 3.3760 2.44e0
2p4fD[5/2]S — 2p3dEF3) 443274 + 1.95e3 3.70e2 1.85e2 3.86er1 1.87e¢1 1.20el 8.81e0
4f — 3d3D°
2p4fD[5/2]3 — 2p3dPDY) 4179.67 + 4.58er2 8.7lel 4.35e1 9.08e0 4.39¢0 2.83a¢0 2.07e0
2p4fF[7/2]5 - 2p3dfDY) 4199.98 + 4.35er2 7.4lel  3.64el 7.54e0 3.65¢0 2.38a¢0 1.82&0
2p4tF[7/2]5 - 2p3d(”‘D§) 419597 x 2.33er2 3.98e1 1.95e¢1 4.04e0 1.95¢0 1.27e0 9.70e-1
2p4fF[7/2]5 - 2p3dfDY) 424179 + A454e3 546e2 2542 510el 2.48e1 1.6lel 1.23el
2p4fF[7/2]5 - 2p3dfDY) 424250 + 227er2 2.72e1 1.26el 2.52e0 1.22¢0 7.93e1 6.08e-1
2p4tF[7/2]5 - 2p3dDY) 4237.05 + 1.09er3 1.30e-2 6.03e-1 1.20er1 5.82e0 3.79¢0 2.90e0
2p4fF[5/2]S - 2p3dfD?) 4236.93 + 2.72et3 3.10e2 1.42e2 2.82e1 1.37e¢l 8.94a0 6.85&0
2p4fF[5/2]S - 2p3dfDY) 424176 + 2.62er3 2.99¢2 1.37e2 2.7lel 1.3lel 856e0 6.69e0
4f — 3d'F0
2p4fG[9/2]S — 2p3dEFY) 4530.41 =+ 1.64er3 3.79e2 1.95e2 4.16el1 2.0lel 1.3lel 9.92e0
2p4fG[7/2]5 - 2p3dEFS) 455252 + 9.8ler2 1.67e2 8.22e1 1.70el 82560 5.37a0 4.10e0
2p4fF[5/2]5 - 2p3dEFd) 4608.09 + 2.74er2 3.12e1 1.43el 2.83¢0 1.3760 8.94el 6.98e1
4f — 3d3F°
2p4fD[3/2]§ - 2p3dEF3) 401182 + 2.32et0 5391 2781 59le2 28662 1.83e2 13le2
2p4fD[3/2]S - 2p3dEF3) 400228 + 1.09e1 2.53e2 1.30e2 2.77e3 1.34e3 858e4 6.15e4
2p4fD[3/2]S — 2p3dPF3) 4002.87 + 3.05et0 7.10el 3.66el 7.82e2 3.79e2 2.43e2 1.74e2
2p4fD[5/2]5 - 2p3dEFY) 402395 =+ 7.08et0 1.35e0 6.72e¢1 1.40el 6.78¢2 4.36e2 3.15e2
2p4tD[5/2]5 - 2p3d€‘Fg) 401435 x 7.08e-1 1.35¢e1 6.73e2 1.40e2 6.78e-3 4.36e3 3.15e-3
2p4fD[5/2]S - 2p3dEFd) 4037.96 + 1.69erl1 3.22e0 1.6le0 3.36e1 1.62e1 1.05e1 7.66e-2
2p4fD[5/2]S — 2p3dEFY) 402471 + 4.19e1 7.96e2 3.98e2 8.30e3 4.0263 2593 1.89%3
2p4tD[5/2]5 - 2p3d€‘Fg) 4015.11 * 1.31e2 2.49e3 1.25e3 2.60e4 1.26e4 8.1le5 5.94e5
2p4tG[9/2]5 - 2p3d("‘F2) 4039.34 x 4.8lerl 1l.1lel 5.72¢0 1.22e0 5.90el1 3.83el 29lel
2p4fG[9/2]§ — 2p3dPF3) 4026.08 = 7.69er2 1.78e2 9.14erl  1.95e1 9.43e0 6.12¢0 4.65&0
2p4fG[9/2]S — 2p3dPFY) 404131 + 3.13et3 7.21e2 3.70e2 7.89e1 3.84el1 250el 1.87el
2p4fG[7/2]¢ - 2p3dEFS) 4056.91 =+ 3.4ler2 5.82e1 2.86el 591e0 2870 1.87¢0 1.43e0
2p4fG[7/2]5 - 2p3dEF3) 404353 + 1.94er3 3.3le2 1.63e¢2 3.37e¢1 1.63e¢l 1.06el 8.11e0
2p4fG[7/2]S - 2p3dPFY) 4058.16 + 8.58er0 1.47e0 7.2lel 1491 7.20e2 4.69e2 3.58e2
2p4fG[7/2]5 — 2p3dPFY) 404478 + 3.11er2 5.32e1 26lel 5390 26le0 17060 1.30e0
2p4fG[7/2]5 - 2p3dEF3) 4035.08 + 2.06er3 3.53e2 1.74e2 3.58e1 1.73¢1 1.13e¢1 8.61e0
2p4tF[7/2]; - 2p3d?F§) 4095.90 * 3.48e+2 4.19e¢1 1.95e¢1 3.91e0 1.90e0 1.24e0 9.40e-1
2p4fF([7/2]5 - 2p3dEF3) 408227 + 8.63er2 1.04e2 4.83el 9.69e0 4.7060 3.07¢0 2.33e0
2p4tF[7/2]5 - 2p3d("‘F2) 4096.57 * 1.30erl 1.55e0 7.21el 1.44el 6.97e2 4.54e2 3.48e2
2p4fF[7/2]5 - 2p3dEF3) 408293 + 5.12er1 61260 2.84e0 567el 27461 1791 1.37el
2p4tF[7/2]5 - 2p3d?F‘§) 4073.05 * 1.00er3 1.20e2 5.56el1 1.1lel 5370 3.50e0 2.68e-0
2p4fF[5/2]S — 2p3dEF3) 4086.83 + 3.40erl 3.87e0 1.78¢0 3.52e1 1.7lel 1.12e1 8.54e2
2p4fF[5/2]5 - 2p3dEFd) 4076.93 + 3.26er2 3.72e1 1.7lel 3.39¢0 1.64¢0 1.07¢0 8.2lel
2p4fF[5/2]5 - 2p3dEF)) 410097 + 1191 1.36e0 6.2lel 1.23e1 594e2 3.88e2 3.03e2
2p4fF[5/2]5 - 2p3d?F§) 4087.31 * 2.32e+2 2.65e¢1 1.21el 2.40e0 1.16e0 7.58e-1 5.92e1
2p4fF[5/2]S — 2p3dEFS) 407740 + 43lel 49le2 225¢2 4.45e3 2153 141e3 1.10e3
4f — 3d'D°
2p4fF[7/2] - 2p3d{DY) 4171.60 =+ 2.08e+3 2.49e2 1.16e2 2.3lel 1.12el 7.28¢0 5570
2p4fF[5/2]S - 2p3d{DY) 417566 + 4.00er2 4.56el 2.09e1 4.15¢0 2.0le0 1.31e0 1.01e0
2p4fF[5/2]S - 2p3d{DY) 4176.16 + 1.68er3 1.9le2 8.77el 1.73e1 8.39e¢0 5.48a0 4.28a0
4d - 4p
2p4d€P‘1’) - 2p4p€8*13) 13858.59 =« 1.57e+2 353l 193¢l 571e0 3.37¢0 249e0 2.21e0
2p4d€P‘2’) - 2p4p€8*13) 13947.86 =« 2.34e+r2 4.72e¢1 253l 7.29¢0 4.30e60 3.43e0 4.62e0
2p4d€P‘2’) - 2p4p?P§) 13425.85 =« 1.20er2 2.43e1 1.30el 3.75¢0 2.21e0 1.76e0 2.38e0
2p4d€Dg) - 2p4p€P§) 14195.22 =« 3.84e+2 6.53e1 3.45e1 9.92¢0 5.86e0 4.39¢0 4.35e0
2p4dEDY) — 2p4pEDS) 13436.61 = 1.82er2 3.1lel 1.64el 4.72¢0 2.78¢0 2.09e0 2.07e0




Table 6. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
2p4dEDY) — 2p4ptFe) 12349.30 % 3.19e+2 4.8lel 2.47e1 6.88a0 4.05e0 3.37e¢0 5.44e0
2p4dfD?) — 2p4ptFe) 12389.41 =+ 2.16e+2 2.32e¢1 1.15e1 3.18e0 1.88e0 1.47¢0 1.81e0
2p4d@Fg) — 2p4pfDS) 14358.63 % 5.94e+2 1.46e2 8.13e1 2.50el 1.50el 1.12e1 9.27e0
2p4dEFS) — 2p4pfDS) 14337.71 % 9.53e+2 1.13¢2 5791 1.67e¢l 1.00e1l 8.03e0 1.04el
2p4dEFS) — 2p4pfD?) 14364.86 * 3.45e+2 3.91el 1.92e1 5.28e0 3.14e¢0 2.64e0 4.21e0
4d - 3p
2p4dEPS) — 2p3pfrs) 2496.81 * 1.7le2 3.46el 1.85e1 5.34e0 3.1560 2510 3.38e0
2p4dEDY) — 2p3pfFs) 2522.24 x 6.50e2 1.1le2 5.84el 1.68el 99260 7.44e0 7.36e0
2p4dEDY) - 2p3pfsd) 2416.25 * 39ler2 5.88el1 3.02¢1 842e0 4.95¢0 4.13e0 6.6560
2p4dEDY) — 2p3pfFe) 2520.21 * 3.27e2 3.5lel 1.74el 4.82e0 2.84e0 22260 2.75e0
2p4dfD?) — 2p3pfst) 241778 x 2.26er2 2.43el 1.20el 3.33e¢0 1.97e¢0 1.54e0 1.90e0
2p4dEF9) — 2p3pfDY) 2317.04 x 5.71e2 1.40e2 7.8lel 2.40el 1.45e1 1.08e1 8.91e0
2p4dEFS) — 2p3pfDS) 2316.49 * 8.97e2 1.06e2 5.45e1 1.58e1 9.43e0 7.55e¢0 9.82e0
2p4d@Fg) — 2p3pfDS) 2316.68 * 3.40er2 3.85e1 1.89e¢1 5.20e0 3.09¢0 2.60e0 4.15e0
4p -3d
2p4pEse) — 2p3dEr3) 6809.98 * 1.15&2 2.48el 1.36el 4.176¢0 2590 2.06a0 2.23e0
2p4p€DS) — 2p3dEF9) 6167.75 * 3.91e2 8.77e¢l 4.89¢1 1581 9.99e0 7.81e0 7.08e-0
2papfDE) — 2p3dEF3) 6173.31 * 505e+2 6.0lel 3.09e1 9.49¢0 6.03e0 4.98e0 6.08e0
2p4p€DE) — 2p3dEFY) 6170.16 * 2.5le2 2.89el 1.44el 4.40e0 28660 2.42a0 3.12e0
4p3De — 3s°P°
2p4p€DE) — 2p3sEr3) 1859.26 * 3.82e+2 8.57e1 4.78e1 154el 9.76e0 7.63e0 6.91e0
2papfDE) — 2p3stF?) 1857.87 * 3.42e2 4.07e1l 2.09el 6.42e0 4.08¢0 3.3760 4.11e0
2papfDe) — 2p3stFy) 1858.55 * 1.39e+2 1.59e1 7.98e0 2.43e0 1.58e0 1.34e0 1.72e0
4p3De — 4s°P°
2p4pEDE) — 2p4strs) 16256.20 % 1.34e+2 3.00e1 1.67er1 5.38e0 3.41e0 2.67e0 2.42e0
4s3P° — 3p3De
2p4s?Pg) - 2p3p€‘D§) 3328.72 =« 1.34e2 287¢1 1.60el 5.62¢0 3.87e¢0 3.28¢0 3.35e0
3d3P° — 3plpe
2p3dEP3) — 2p3plFe) 4109.59 « 4.32er2 1.02¢2 5.39e1 1.34el 7.19¢0 5.03e0 4.09e0
2p3dEP?) — 2p3ptPe) 411433 « 156e3 3.33e2 1.74e2 4.25¢1 2.28e1 16lel 1.39%1
2p3dEPS) — 2p3ptFe) 4123.12 « 3.11e3 591e2 3.03e2 7.28e1 3.90el1 290el 3.4lel
3d3P° — 3p3P° (V29)
2p3dEPd) — 2p3pfre) 545421 = 1.89e-4 4.43e5 2355 583e6 3.13e6 2.19e6 1.78e6
2p3dEr?) — 2p3pfrs) 5480.05 = 1.56er2 3.34e1 1.75¢1 4.27a¢0 2.29¢0 1.61e0 1.39e0
2p3dEr?) — 2p3pfrs) 546258  7.43e-1 1591 8.30e2 203e2 1.09e2 7.66e3 6.63e-3
2p3dEr?) — 2p3pfrs) 5452.07 = 1.06er2 2.27e¢1 1.19e¢1 290e0 1.56e0 1.10e0 9.47e-l
2p3dEPS) — 2p3pfFs) 549565 s 5.57e2 1.06e2 5.43el 1.3lel 7.0060 5.19a0 6.12e0
2p3dEPS) — 2p3pfre) 5478.09 x 4.27e-1 8.1le2 4.16e2 9.99e3 5363 3.98e3 4.69e3
3d3P° — 3p3s®
2p3dEPS) — 2p3pfs?) 4987.38 + 1.48er2 3.47e¢1 1.84el 4570 2.46e0 1.72¢0 1.40e0
2p3dEP) — 2p3pfss) 499437 « 158e2 3.37¢1 1.76el 4.31e¢0 2.31e0 1630 1.41e0
2p3dEPY) — 2p3péss) 5007.33 * 1.43e2 27lel 1.39¢1 3.34e0 1.79¢0 1.33e0 1.57e0
3d3P° — 3p3De
2p3dEPS) — 2p3pfDY) 450756 =« 1.89er2 3.59e1 1.84el 4.42¢0 23760 17660 2.07e0
3d3D° — 3p3Pe (V28)
2p3dEDY) — 2p3pfFe) 5941.65 s 5.21e&3 7.38e2 3.63e¢2 854el 457el 3.26el 2.99el
2p3dEDY) — 2p3pfFs) 5952.39 x 1.73e2 2.32e3 1.13e3 262e4 1.40e4 1.03e4 1.1le4d
2p3dEDY) — 2p3pfFe) 5931.78 * 1.02e+2 1.37e¢l 6.67¢0 1.55¢0 8.30el 6.09e1 6.57e1
2p3dEDY) — 2p3pfFs) 5960.90 * 6.37e1 7.33e0 3.49¢0 8.03el 4.2%1 3.1lel 3.20el
2p3dEDY) — 2p3pfFe) 5940.24 x 3.12ee0 359e1 1.7l1el 3.93e2 210e2 152e2 1.57e2
2p3dEDY) — 2p3pEFe) 5927.81 * 156e3 1.79e¢2 8.53el 1.96el1 1.05el1 7.61e0 7.83e0
3d3D° — 3p3De (V20)
2p3dEDY) — 2p3pEDS) 4803.29 x 3.02er3 4.28e¢2 2.1le2 4.95¢1 265e1 1.8%1 1.74el
2p3dEDY) — 2p3pEDS) 4781.19 x 1.92er2 2721 1.34el 3.15¢0 1.69¢0 12060 1.11e0
2p3dfDY) — 2p3pfDS) 4810.30 * 2.00e-3 2.68e-4 1.3le4 3.03e5 1.62e5 1.19e5 1.29e5




Table 6. Continued.

Te[K]
Transition A[A] 125 500 1000 5000 10,000 15,000 20,000
2p3dfDY) - 2p3pfDS) 4788.14 x 1.70e-2 2.28e3 1.11e3 257e4 1.38e4 1.0led 1.09e4
2p3dfDY) — 2p3pfD?) 477424 « 3.79et0 5.08e-1 247el 5.74e2 3.07e2 2.25e2 2.43e2
2p3dfDY) — 2p3pfDS) 4793.65 = 3.80e+2 4.37e¢1 2.08el 4.79¢0 25660 1.86e0 1.91e0
2p3dfDO) — 2p3pfD?) 4779.72 x 1.23e+3 1.4le2 6.7l1el 154el 82460 5.98e0 6.1580
3d3D° — 3pds®
2p3dEDY) — 2p3pfse) 5390.69 * 1.46e&3 1.68e2 7.98e1 1.84e1 9.8le0 7.12e¢0 7.33e0
3d1D° — 3pdpe
2p3dEDY) — 2p3pEFs) 6086.54 s 7.99&+2 9.63el 4.64el 1.08e1 5740 4.30e0 5.25e0
3d1D° - 3pss®
2p3d¢DY) — 2p3pfs?) 5493.23 =« 3.64e:3 4.39¢2 2.11e2 4.90el 2.6lel 1.96el1 2.39el
3d1D° — 3p3Dpe
2p3d DY) — 2p3pfDS) 4897.54 x 3.09et2 3.72e¢1 1.79e1 4.16e0 2.22e0 1.66e0 2.03e0
2p3d{DY) — 2p3pEDS) 487457 x 1.63e+3 1.96e2 9.45el1 2.19e1 1.17e1 8750 1.07el
2p3dfDY) — 2p3pEDE) 4860.17 = 2.06er2 2.49e1 1.20el 2.78¢0 1.48e0 1.11e0 1.36e0
3d3F° — 3p3De (V19)
2p3dfF9) — 2p3pfDE) 5005.15 x 6.59e+3 1.48e3 7.85e2 1.99¢2 1.09e2 7.74el 6.4lel
2p3dEFS) — 2p3pfDS) 5025.66 * 8.10e2 1.16e2 5.85e1 1.43el 7.76e0 5.76a0 6.29e-0
2p3dEFS) — 2p3pfDS) 5001.47 * 7.97e¢3 1.15e¢3 5.76e2 1.40e2 7.64el 567a¢l 6.19e1
2p3dfFS) — 2p3pfDS) 5040.71 = 1.98et1 2.62e0 1.28¢:0 3.03e1 1.64el 1.26el 1.6lel
2p3dEFS) — 2p3pfDS) 5016.38 * 8.5le2 1.13e2 5.50el 1.30el 7.07e0 5.41e0 6.92e0
2p3dEF9) — 2p3pfD?) 5001.13 * 5.16e3 6.83e2 3.33e¢2 7.90e1 4.28e1 3.28a1 4.20el
3pls® - 3PP
2p3pse) — 2p3str?) 3437.14 « 1.45e2 3.23e1 1.77e¢l 5.87¢0 4.00e60 3.47¢0 3.53e0
3plDe—3stpP
2p3p D) — 2p3stF?) 3995.00 x 7.14er2 1542 8.42el 2.85¢1 2.07e1 1.96e1 2.15el
3plD® - 3s3P°
2p3p D) — 2p3stF?) 395585 x 1.20er2 2.58e1 1.42el 4.79e¢0 3.47¢0 3.29¢0 3.62e0
3p3Pe — 3s'P°
2p3pfrg) — 2p3str?) 465453 x 1.74e+2 2.75¢1 1.41lel 3.90e0 2.39¢0 1.88¢0 1.89e0
2p3pfrs) — 2p3str?) 4667.21 = 3.9le2 7.66e1 4.20e1 1.43el 1.09e1 1.09¢1 1.26e1l
2p3pfrg) — 2p3str?) 467491 x 2.13e2 252e1 1.24el 33660 2.0660 1.6460 1.74e0
3p3P° — 3s°F° (V5)
2p3pEPS) — 2p3sEPy) 4630.54 =« 4.16e+3 6572 3.36e2 9.32e1 5721 4.49el1 45lel
2p3pEPS) — 2p3str?) 4601.48 « 1.17e3 1.85e2 9.45el 2.62e1 1.6lel 1.26e1 1.27el
2p3pfPe) — 2p3stry) 4643.09 « 1.84e5 3.60e6 197e6 6.73e7 5.10e7 512e7 59le7
2p3pfFe) — 2p3stFy) 4613.87 = 839+l 1.65e1 9.02¢0 3.07e0 2.33¢0 2.3460 2.70e0
2p3pfF?) — 2p3stry) 4607.15 x 1.22e-1 2392 1.3le2 4.47e3 3393 3.40e3 3.93e3
2p3pfrg) — 2p3str?) 4621.39 = 1.34e3 158e2 7.74e1 2.10el 1.29e1 1.03e1 1.09e1
3p3P° — 25253 3D°
2p3pfrS) - 2s2p(3DY) 127525 » 5.32er2 8.4lel 4.30el 1.19e¢l 7.32¢0 5.75¢0 5.77e0
2p3pfrS) - 2s2p(°DY) 1275.04 = 2.92er3  4.6le2 2.36e2 6.54el1 4.0lel 3.15e1 3.17el
2p3pfrs) — 2s25(°DY) 1276.80 = 9.80er2 1.16e2 5.68e1 154l 9.48a0 7.52¢0 7.98e0
3p3s° - 3s'P°
2p3pfse) — 2p3str?) 507359 x 1.45e2 1.98e1 9.89¢0 2.68e0 1.63e0 1.31e0 1.49e0
3p3s° - 3s3P°
2p3pfst) — 2p3sEPY) 5045.10 x 1.78e+3 2.42e2 1.21e2 3.27¢1 1.99e1 1.60el 1.82el
2p3pfss) — 2p3sfr?) 5010.62 =« 8.18e+2 1.12e2 557e1 15lel 9.19e0 7.3660 8.40e0
2p3pfss) — 2p3sPrY) 5002.70 x 1.29e+3 1.76e2 8.79¢1 2.38e-1 1.45e¢1 1.16el 1.33el
3p3s® - 25253 3D°
2p3pfse) - 2s2p(°DY) 1304.79 = 7.72er2 1.05¢2 5.26e1 1.42e¢1 8.68e0 6.95¢0 7.93e0
2p3pfst) - 2s2p(3DY) 1304.77 = 2.28er3 3.12e2 1.55e2 4.20el 256el 2.05el1 2.34el




Table 6. Continued.

Te[K]
Transition AA] 125 500 1000 5000 10,000 15,000 20,000
3p3De - 3s3P° (V3)
2p3pfDE) — 2p3sEr3) 5679.56 = 8.45er3 1.69¢3 8.97a2 242e2 14le2 1.07e2 9.60el
2p3pfDE) — 2p3stP)) 5710.77 = 2.20er3 2.93e¢2 1472 3.80el 2.20el 1.74el 2.0lel
2p3pfDE) — 2p3stF?) 5666.63 = 6.07er3 8.11e¢2 4.07¢2 1.05e¢2 6.10er1 4.83e-1 5.55e1
2p3pfDE) — 2p3str3) 5730.66 * 1.36e2 1.72e¢l1 8.43e0 2.12¢0 1.23e0 9.92e1 1.23e0
2p3pfDS) — 2p3str?) 5686.21 * 1.79&3 2.26e2 1.1le2 2791 1.62el 13lel 1.62el
2p3p€DE) — 2p3str3) 5676.02 s 3.00e&+3 3.80e2 1.86e2 4.69e1 272l 219al1 2.73el
3p3De - 2525 3P°
2p3pfDE) — 2525 (3FY) 1740.31 * 3.52e43 7.06e2 3.74e2 1.0le2 587el 4.46el 4.00el
2p3pfDS) — 2525 (3FY) 174323 * 9.44e2 1.26e2 6.33e¢1 1.64el 9480 7.50e0 8.63e0
2p3pfDS) — 2525 (3FY) 174320 * 2.91e3 3.88e2 1.95¢2 5.04el 292el 23lel 2.66el
2p3pfDE) — 2525 (3FY) 174526 x 1.24e3 157e¢2 7.67e¢l 1.93e1 1.12el1 9.02e¢0 1.12el
2p3pfDE) - 2525 (3FY) 1745.05 * 9.11e2 1.15e¢2 5.65e1 1.42e1 8.24e0 6.65¢0 8.27e0
3p3De - 252 3D°
2p3pfDE) — 2s205(°DY) 134357 * 1.25e+2 2.5lel 1.33e1 3.58¢0 2.09e¢0 1.59e0 1.42e0
2p3pfDS) — 2s25(°DY) 134334 x 1.06e+3 2.13e2 1.13e2 3.04el 1.77el 134el 1.21el
2p3pfDS) - 2525 (°DY) 134534 s+ 1.87e2 2.50el 1.25e1 3.24e0 1.88e0 1.49e0 1.71e0
2p3pfDS) - 2s25(°DY) 134531 * 893er2 1.19e2 599e1 155e1 8.97e0 7.10e0 8.17e0
2p3pfDS) - 2525 (3DY) 1345.08 * 2.32e+2 3.10e1 1.56e1 4.02e¢0 2.33e0 1.84e0 2.12e0
2p3pfD?) — 2s29(°DY) 1346.44 s+ 554er2 7.0lel 3.43el 8.65e0 5.0le0 4.04e0 5.03e0
2p3pfDE) — 2s25(°DY) 1346.41 * 2.04er2 2.58e1 1.26e1l 3.18¢0 1.84e0 1.49e0 1.85e0
3p3De - 3stP°
2p3p€DE) — 2p3str?) 574730 * 9.71e2 1.30e2 6.5lel 1.68e1 97460 7.71e0 8.87e0
2p3pfDE) — 2p3str?) 5767.45 x 3.79e¢2 4791l 2.35¢1 591e0 3.43e0 2.76a0 3.44e0
3plpPe - 3slP°
2p3pPe) — 2p3str?) 6482.05 * 1.17e2 2.2lel 1.15e1 293¢0 1.66e0 1.27e0 1.35e0
3plpPe - 3s3P°
2p3plPe) — 2p3sfPY) 6435.61 * 1.07e+3 2.03e2 1.06e2 2.69e1 1.52e1 1.16el 1.24el
2p3plPs) — 2p3sfr?) 6379.62 * 6272 1.18e2 6.15e1 157e1 8.87e0 6.78¢0 7.23e0
2p3plPs) — 2p3sErY) 6366.79 * 2.65e+2 5.00e1 2.60el 6.64e0 3.75¢0 2.87e0 3.06e0
3plPe — 2523 3P°
2p3plPe) — 2s25(3P9) 1805.47 * 4.70e2 8.88el1 4.62e¢1 1.18e1 6.66e0 5.09e0 5.42e0
2p3pfPe) — 2523 (3P3) 1805.28 s+ 2.29e+3 4.33@2 2.25¢2 574el 3251 2.48el 2.64el
2p3pFe) — 2s23(3F9) 1805.24 s 1.40e3 2652 1.38e2 35lel 1991 152e1 1.62el
2s2p 3P0 — 27 1D
2s2p(3P3) — 22 (* DY) 1064.95 * 7.38&3 1.37e¢3 7.19¢2 3.54e2 3.26e2 2.79a2 2.54e2
2s2p(3F9) — 2P7(* DY) 1064.96 * 3.88&+3 5.74e2 2.93e2 1.45e2 1.34e2 116e2 1.1le2
252p 3PP — 27 1s°
2s2p(3R) - 2P (1Y) 1306.71 * 1.67e3 2.47e¢2 1.26e2 6.22¢1 5781 4.99a1 4.75e1
2520 3p° — 2P 1s°
2s2p(3D9) - 2P (%) 1678.89 * 1.20e3 1.58e2 8.06e1 8.52e1 8.23el 6.95&1 6.23el
2s2p °D° — 2p? 1D®
2s2p(3D9) - 27(* DY) 1299.79 + 1.92e3 254e2 1.30e2 1.37¢2 1.32e2 1.12a2 1.00e2
2s2p(3DY) — 27(* D) 1299.81 * 5.25&¢3 7.56e2 3.91e¢2 3.80e2 3.64e2 3.08¢2 2.78e2
2s2p(3DY) — 27(* D) 1300.04 * 5.55&3 9.45e2 b5.04e2 5.17¢2 50le2 42le2 3.77e2




Table 7. Fit parameters and maximum erra@i8s] for T, < 10,000 K andN, = 10? cm3. The results are for Case B recombination.

Transition AA] ao a1 a» ag as a5 o[%]

2p3d@F9) —2p3pfDE)  5001.14 227408 -26.4693 152874 -4.6280  0.7091  -0.04393560
2p3d@Fd) - 2p3pfDE)  5001.48  27.4981 -33.7298 19.9870 -6.1467  0.9514  -0.05915430
2p3d€F°) 2p3p@D 500515  -1.1211  9.8186 -6.6487 20583 -0.3243  0.0206 10.36
2p3d€F°) 2p3péDe) 5016.39  22.2658 -26.9751 156171 -4.7344 07262 -0.04494870
2p3d€F°) 2p3péDe) 5025.66 265231 -33.7292 19.9662 -6.1334  0.9483 -0.05884540
2p3d€|:°) 2p3p@DE) 5040.72 202540 -26.3467 15.2021 -4.5986  0.7042  -0.04353170
2p3d@D°) 2p3p(’fD9) 477424  17.6233 -23.3485 13.2635 -3.9552 05963 -0.03643160
2p3d@D°) 2p3p(’fDE) 4779.72 287969 -36.1782 20.8559 -6.2078  0.9318  -0.05643990
2p3d@D°) 2p3p(’fDE) 4781.19  17.1965 -20.3326 11.6093 -3.5090 0.5363 -0.03323090
2p3d€D°) 2p3peDe) 4788.13  15.0717 -23.0057 13.0340 -3.8787 0.5836 -0.03553500
2p3d€D) 2p3peD) 4793.65 28.8856 -37.2076 21.5572 -6.4437  0.9710 -0.05904450
2p3d€D°) 2p3peDe) 4803.29  17.8891 -19.5032 11.0716 -3.3373  0.5093 -0.03153770
2p3d€D°) 2p3peDe) 481031  14.6157 -23.7978 13.5576 -4.0496 0.6111 -0.03733390
2p3d@D°) 2p3p(”‘Pe) 5927.81  29.7388 -37.6123 21.8227 -6.5288  0.9843 -0.05984980
2p3d€D°) 2p3p€P€) 5931.78  19.1633 -23.5024 13.3461 -3.9755 0.5984 -0.03643130
2p3d€D°) 2p3p€P€) 5040.24  26.3005 -36.3425 20.9651 -6.2438  0.9377 -0.05683670
2p3d€D°) 2p3p€P€) 5041.65 18.5252 -20.1624 11.5010 -3.4755 0.5312  -0.03293060
2p3d€D°) 2p3p(”‘Pe) 5952.39  14.9734 -22.8415 129341 -3.8491 05793 -0.03534620
2p3d€D°) 2p3p(”‘Pe) 5960.90 27.9758 -36.9651 21.3843 -6.3832 0.9606 -0.05833820
2p3d€P°) 2p3péPe) 5452.08  1.1669  3.1186 -2.2008 05731 -0.0761 0.0042 0.248
2p3d€P°) 2p3péP9) 545422 -10.5538  13.0714 -8.8743  2.8317 -0.4611  0.03043460.
2p3d€P°) 2p3p@P6) 5462.59  -0.6924  2.6639 -1.9267 0.4918 -0.0642  0.0035 50.28
2p3d€P°) 2p3p@P6) 5478.10  3.5424  -4.2407 23658 -0.8722 0.1588 -0.0113 20.23
2p3d€P°) 2p3p@P6) 5480.06  1.2694  3.2475 -2.2984  0.6088 -0.0824  0.0047  0.247
2p3d€P°) 2p3p€P6) 549567 63594  -3.7218 20073 -0.7489  0.1378 -0.0099 00.22
2p3p€De) 2p3s€P°) 5666.63 31.1856 -39.0972 22.9521 -6.9565 1.0612 -0.06505010
2p3p€D) 2p35%P°) 5676.02 251520 -30.1399 17.2491 -5.1356 0.7724 -0.04684880
2p3p€DE) 2p35§P°) 5679.56  4.2859 24117 -2.5937 0.9560 -0.1743  0.0126 0.392
2p3p€De) 2p3s€P°) 5686.21 255213 -31.1223 17.8902 -5.3423  0.8054  -0.04894600
2p3p€D) 2p3s€P°) 5710.77  29.9671 -37.7899 22.0813 -6.6697  1.0145 -0.06204450
2p3p€Dl) 2p3sfP8)  5730.65  24.4097 -31.1447 17.9137 -5.3535 0.8079  -0.04914150
2pafa[7/2] - 2p3d5|:°) 4073.04  18.0226 -20.0722 11.1430 -3.2657  0.4843 -0.02922670
2p4f3[5/2]e 2p3d("F°) 4076.91 18.7777 -22.0105 12.2968 -3.6018 05331 -0.03212480
2p4f3[5/2]e 2p3d("F°) 4077.40 152053 -20.8583 11.5374 -3.3543  0.4932 -0.02952350
2p4f3[7/2]4 2p3d€|:°) 4082.27 18.3303 -20.7357 11.6079 -3.4250 0.5110 -0.03103810
2pafa[7/2S - 2p3d€|:°) 4082.89  16.3244 -19.3772 10.6744 -3.1099  0.4588 -0.02762930
2p4f3[5/2]e 2p3d("F°) 4086.83  16.8241 -20.3649 11.1954 -3.2378 04736 -0.02822980
2p4f3[5/2]3 2p3d€|:°) 4087.30  18.1756 -21.2737 11.8201 -3.4485 0.5086 -0.03052570
2p4f3[7/2]5 - 2p3d€F°) 4095.90 17.7251 -20.3932 11.3872 -3.3544  0.4998 -0.03033750
2p4f3[7/2]3 2p3d€F°) 409658  16.4360 -20.5808 11.4825 -3.3775 05025 -0.03042920
2p4f3[5/2]5 - 2p3d("F°) 4100.97 16.8475 -21.1839 11.7443 -3.4188 05030 -0.03012850
2p4f4[9/2]e 2p3d€|:°) 4026.08  -4.6635 14.0398 -9.2835  2.8851 -0.4554  0.0288 180.3
2p4f4[7/2]e 2p3d("F°) 4035.08  -1.3418  9.8078 -6.7937 2.1009 -0.3201  0.0192 00.14
2p4f4[9/2]e 2p3d("F°) 4039.35  -4.8538 123455 -8.1638 25193 -0.3963  0.0251 850.2
2p4f4[9/2]e 2p3d(”|:°) 404131  -35704 13.1507 -8.6540 2.6676 -0.4186  0.0264 690.2
2p4f4[7/2]e 2p3d("F°) 404353 02708  6.9704 -48535 14452 -0.2105 0.0119 0.170
2p4f4[7/2]e 2p3d€|:°) 4044.78  -1.4394 85130 -5.8822 1.7849 -0.2661  0.0155 10.10
2pafa[7/2fE - 2p3d€|:°) 4056.90 -0.8271  7.6260 -5.3423 1.6230 -0.2422  0.0141 10.11
2pafa[7/2S - 2p3d€|:°) 4058.16  -2.9455  8.4285 -5.8307 1.7700 -0.2641  0.0154 10.05
2p3p@P3) — 2p3sfF?) 4601.48  20.7866 -25.3749 15.1539 -4.7239  0.7380  -0.04603440
2p3p€Pe) 2p3s?P°) 4607.16  1.7118  0.6341 -2.7728 1.4148 -0.3028 0.0241 0.600
2p3pépe) 2p35§P°) 4613.87  4.3844  0.8955 -2.9318 1.4608 -0.3091 0.0244 0.622
2p3pépe) 2p35§P°) 4621.39  34.2231 -44.8491 26.4485 -8.0118 1.2208 -0.07462530
2p3p€Pe) 2p3s?P°) 463054 213870 -25.4963 152577 -4.7648  0.7456  -0.04662260
2p3p@Pe) 2p3s?P°) 4643.09  -2.0492 05066 -2.6706 1.3751 -0.2953  0.0235 50.60




Table 8. The same as Table 7 but for, DO < T, < 20,000 K andN, = 1% cm3.

Transition A[A] bo by by bs bs bs bg 6[%]

2p3dEFS) — 2p3pfD?) 5001.14 4.0807  -4.8537 10.8131 -5.7467 1.6643 -0.0937 1401  0.105
2p3d€F°) 2p3p€De) 5001.48 8.5638  -9.2646  12.9159 -6.1298  1.6024  0.5439 349.3 0.112
2p3d€|:°) 2p3p€D 5005.15 1.3006  -1.3424 5.5162 -2.7575 0.8097 -0.8554 0268 0.118
2p3d€F°) 2p3p€De) 5016.39  12.9496 -20.2178  21.2091 -9.9809  2.2035  1.1948.7026 0.065
2p3d€F°) 2p3p€De) 5025.66 7.8221 -11.9792  14.4626 -7.3337  1.7237  0.74135171. 0.019
2p3dé|:) 2p3péD 5040.72  -7.1739 9.6530  -7.4632  2.3748 -0.2830 2.7094 32B7 0.013
2p3d€D°) 2p3p€De) 477424  -7.3956 7.2197  -6.1707 1.7555 -0.2650  1.4554 1963 0.126
2p3d€D°) 2p3p€D) 4779.72 0.7178 0.4617 1.9964 -0.9810 0.3059 -0.7224 93.700.138
2p3d€D°) 2p3p€De) 4781.19 5.4541  -9.0142 8.8589 -4.2768  0.8014  0.9048 ©62.600.007
2p3d€D°) 2p3p?De) 4788.13 -13.6334  10.1281 -10.4434 29222 -0.5800  0.9021.1579 0.149
2p3d€D°) 2p3p?De) 4793.65 3.3812  -3.5990 42274 -1.9879 0.4354 0.3912 50.220.009
2p3d€D°) 2p3p?De) 4803.29 9.7682 -11.8547  12.9028 -5.5617  1.2339  0.80104226. 0.124
2p3d€D°) 2p3p€De) 4810.31 -17.4705  13.2077 -14.2905  4.2025 -0.9086  0.877%.2046 0.152
2p3d€D°) 2p3p?P9) 5927.81 2.0884  -0.2351 1.9837 -0.9006 0.2697 -0.0920 7688 0.132
2p3d€D°) 2p3p?P€‘) 5931.78 5.4454 -10.6663 10.3379 -5.1858 0.8879  1.08418105. 0.006
2p3d€D°) 2p3p?P€‘) 5940.24  -9.5729  10.2019  -9.7430  3.2069 -0.6571  1.5238 570%. 0.143
2p3d€D°) 2p3p?P€‘) 5941.65 2.7213  -0.6440 3.7185 -1.7366  0.5274 -0.1152 340.9 0.091
2p3d€D°) 2p3p€P€) 5952.39 -17.8720 16.2951 -15.7645  4.8473 -0.9618  1.0861.3078 0.175
2p3d€D°) 2p3p€P€) 5960.90 1.2680  -2.1548 1.8901 -1.2395  0.0095 0.0290 15.430.023
2p3d€P°) 2p3p€P6) 5452.08 3.0716  -5.7499 49295 -25128 0.0106 0.5699 70.910.025
2p3d€P°) 2p3p€Pe) 545422  -12.8709 42373  -7.4339 1.8553 -0.4253 0.5203 8981 0.143
2p3d€P°) 2p3p€P6) 5462.59  -4.6357 21351  -2.2901 0.6315 -0.0811 0.6572 5986 0.109
2p3d€Pg)-2p3p€P§) 5478.10 -16.9479  18.8295 -17.0898  5.4855 -1.0294  1.4471.5478 0.154
2p3dErS) — 2p3péFs) 5480.06 47635  -8.8255 8.3223 -4.1687 0.6809  0.8905 42.770.030
2p3d€P°) 2p3p€P6) 5495.67 7.2363 -11.0445 12.3577 -6.0607  1.3387  0.8096 5295. 0.009
2p3p€DE) 2p3s€P°) 5666.63 48361  -4.3153 8.8786 -4.3729  1.2693 0.1271 1#.160.116
2p3p€DE) 2p3s€P°) 5676.02  11.1840 -14.2824  16.3877 -7.4346  1.7699  0.8650.4832 0.081
2p3p€D8) 2p35§P°) 5679.56 3.8261  -1.5497 40652 -1.6968 0.5406  0.0962 20.020.125
2p3p€D8) 2p35§P°) 5686.21 2.9572  -3.4818 8.0064 -4.2566 1.2289 -0.1818 86B0 0.107
2p3péD) 2p3s§P°) 5710.77 3.7076  -3.6778 7.5427 -3.9075 1.1136 0.0456 96.130.123
2p3péDE) 2p3s§P°) 5730.65 6.0585 -11.4149 125964 -6.6026  1.4284  0.9807 6826. 0.010
2p4f3[7/2]e 2p3d(7>'|:°) 4073.04 1.2110 0.6267 0.5814 -0.2306 0.0751 -0.3095 ©8.76 0.079
2paf 3[5/2]5 - 2p3d€|:°) 4076.91 2.8778  -1.7226 24769 -0.7996  0.1479  0.3404 11.630.009
2paf3[5/2]5 - 2p3d€|:°) 4077.40 0.1398  -0.6425 1.3005 -3.1047 0.3231 -2.9977 70.140.085
2p4f3[7/2]4 2p3d(”F°) 4082.27 2.6862  -1.2476 21926 -0.8264 0.1972 0.1423 87.100.017
2paf3[7/2]5 - 2p3d€|:°) 4082.89 0.0695  -0.1175 0.4566 -0.7303  0.0006 -1.9849 1483 0.017
2p4f3[5/2]e 2p3d€F°) 4086.83 0.0877  -0.2870 0.6583 -0.9495 0.0011 -2.3184 03a2 0.011
2p4f3[5/2]e 2p3d(”F°) 4087.30 0.2842 0.6488 0.2906 -0.2132 0.0010 -0.8357 81.840.010
2p4f3[7/2]e 2p3d€|:°) 4095.90 1.8506  -0.6877 1.2756 -0.4934  0.0822 0.0690 36.220.012
2p4f3[7/2]e 2p3d€|:°) 4096.58 0.1743  -0.6291 1.0354 -1.5527 0.1325 -2.6121 1200 0.126
2p4f3[5/2]e 2p3d(”F°) 4100.97 0.1199  -0.3905 0.5576 -1.3115 -0.0025 -2.4017 18¢% 0.110
2p4f4[9/2]4 2p3d(”F°) 4026.08 3.2359  -3.6535 43534 -2.1965 0.4103 0.1978 07.330.072
2paf 47215 - 2p3d€|:°) 4035.08 6.3936  -6.0468 6.2972 -2.4481 05287 0.6264 91.270.045
2p4f4[9/2]4 2p3d(”F°) 4039.35 0.4376  -1.3406 1.8115 -1.7963 -0.1646 -2.1072 503® 0.074
2p4f4[9/2]¢ - 2p3d(”F°) 4041.31 43607  -3.5387 46003 -1.9299 0.4365 0.2679 85.220.089
2p4f4[7/2]e 2p3d€|:°) 4043.53 27719  -1.0488 2.6367 -1.1226  0.3086  0.0399 36.010.047
2p4f4[7/2]e 2p3d?F°) 4044.78 2.5409  -2.3989 2.6986 -1.3173  0.2439 0.2674 78.270.009
2p4f4[7/2]4 2p3d€|:°) 4056.90 2.4668  -2.2092 2.6698 -1.3132 0.2550 0.2186 70.250.012
2paf4[7/2]5 - 2p3d€|:°) 4058.16 0.1956  -0.6271 0.5750 -1.5982 -0.0229 -2.1675 3261 0.189
2p3pfrs) — 2p3str?) 4601.48 1.6997  -0.5978 3.0448 -1.5673  0.4668 -0.2599 0619 0.092
2p3p€Pe) 2p35EP°) 4607.16  -3.9134 0.6193  -1.0839 0.2671 -0.0366 0.3696 410.5 0.110
2p3p€Pe) 2p35EP°) 4613.87 1.8610  -2.6842 3.3155 -1.5561 0.4123 0.2203 6B.150.014
2p3p€Pe) 2p35EP°) 4621.39 6.6512  -6.9104 7.7363 -3.1448 0.7220 0.6659 40.300.071
2p3p€Pe) 2pss%P°) 4630.54 5.1902  -4.0696 6.7010 -2.9728  0.7998  0.3110 37.150.069
2p3p€Pe) 2pss%P°) 4643.09  -7.5857 1.4863  -0.8945 0.2657 -0.0313  0.1522 860.0 0.095




Table 9. The same as Table 7 but fdg < 10,000 K andN, = 10° cm 3.

Transition A[A] ao a1 a» ag a as  o[%]

2p3dfFY) - 2p3pfDS)  5001.14 125791  -9.3536  3.8787 -0.9076  0.1131 -0.0062 470.1
2p3d€F°) 2p3p(’fDE) 5001.48  16.1471 -14.7117  7.2411 -1.9366 0.2665 -0.01512580.
2p3d€|:°) 2p3p€D 5005.15  -5.3569  18.9374 -13.7814  4.6487 -0.7664  0.04954200.
2p3d€F°) 2p3p(’fDE) 5016.39  11.9406  -9.5913  4.0310 -0.9549 0.1202 -0.0066 770.1
2p3d€F°) 2p3p(’fDE) 5025.66  14.9808 -14.3695  6.9773 -1.8372 0.2482 -0.01381610.
2p3dé|:) 2p3p€D 5040.72  10.5551 -10.0243  4.3291 -1.0564  0.1373 -0.00771640.
2p3d€D°) 2p3p@DE) 477424 80000 -6.9925  2.3368 -0.4038  0.0315 -0.0010 60.12
2p3d€D°) 2p3p@DE) 4779.72  17.8006 -18.0320  8.9852 -2.4130 0.3362  -0.01952080.
2p3d€D°) 2p3p@DE) 478119  7.6248  -3.7945  0.3846  0.1975 -0.0620  0.0048  0.099
2p3d€D°) 2p3p€De) 478813 52536  -6.3158  1.8824 -0.2531 0.0068  0.0006 0.225
2p3d€D°) 2p3p€De) 479365 17.7011 -18.7642 95016 -2.5922  0.3668 -0.02162880.
2p3d€D°) 2p3p€De) 480329 83384  -2.9441  -0.2032 03971 -0.0954 0.0070 20.16
2p3d€D°) 2p3p@DE) 481031 47961  -7.1369  2.4467 -0.4443  0.0387 -0.0015 30.17
2p3d€D°) 2p3p€P9) 5927.81  18.2783 -18.7278 94930 -2.5947 0.3681 -0.02172520.
2p3d€D°) 2p3p€P9) 5931.78  9.2908  -6.7201  2.1297 -0.3265 0.0173  0.0000 0.135
2p3d€D°) 2p3p€P9) 5940.24 150844 -17.8501  8.8792 -2.3828  0.3320 -0.01932030.
2p3d€D°) 2p3p€P9) 594165  9.3087 -4.2487 07101 0.0822 -0.0419  0.0034 0.141
2p3d€D°) 2p3p@Pe) 5052.39  4.7940  -54531  1.2577 -0.0311 -0.0320  0.0032 70.10
2p3d€D°) 2p3p@Pe) 5060.90 16.4908 -18.0118  8.9881 -2.4195 0.3382 -0.01971770.
2p3d€P°) 2p3pepe) 5452.08  -4.5009  14.6387 -10.9913  3.7448 -0.6211  0.04032000.
2p3d€P°) 2p3p(”‘Pe) 545422 -135212  20.0690 -14.5733  4.9307 -0.8174  0.05323340
2p3d€P°) 2p3pepe) 546259  -6.2169  13.8533 -10.4378  3.5528 -0.5883  0.03812270.
2p3d€Pg)-2p3p€P§) 5478.10  -3.7274 95009  -7.6712  2.6590 -0.4422  0.0285 70.20
2p3dfF) — 2p3pfFS)  5480.06  -4.1676  14.3508 -10.7936  3.6780 -0.6099  0.03951840.
2p3d€P°) 2p3pepe) 549567  -0.5846  9.4575  -7.6427  2.6496 -0.4406  0.0284 50.16
2p3p(3De) 2p35§P°) 5666.63 20.0607 -20.6886  10.7113 -2.9368  0.4096 -0.02324050
2p3p(3De) 2p35§P°) 5676.02 14.4361 -12.3172 54911 -1.3351 0.1679 -0.00882060.
2p3p€De) 2p3s?P°) 5679.56  -1.6376  13.6093 -10.7334  3.7854 -0.6454  0.04293250.
2p3p€De) 2p3s?P°) 5686.21  14.3015 -12.4988  5.6309 -1.3872 0.1774 -0.00952830.
2p3péD) 2pssEP°) 5710.77 18.5703 -18.8880  9.4901 -2.5282  0.3421 -0.01881960.
2p3péDe) 2p3stPd) 573065 131504 124367 55743 -1.3638 0.1729 -0.00911990.
2p4f3[7/2]e 2p3d5|:°) 4073.04 10.0843  -6.3889  1.9642 -0.2988  0.0176 -0.0004 330.2
2p4f3[5/2]e 2p3dé|: 4076.91 10.0146  -6.9172 22067 -0.3542  0.0245 -0.0008 120.2
2p4f3[5/2]e 2p3d@|:°) 4077.40  6.8257  -6.3995  1.8630 -0.2409 0.0060  0.0004 0.298
2p4f3[7/2]4 2p3déF°) 408227 89965 -4.6116 07426 0.1171 -0.0524  0.0042  0.159
2p4f3[7/2]5 - 2p3d@|:°) 4082.89  8.9284  -6.5594  2.0382 -0.3104 0.0175 -0.0003 60.19
2p4f3[5/2]e 2p3d€F°) 4086.83  8.3975 -5.8368 14806 -0.1133 -0.0150 0.0017 20.22
2p4f3[5/2]e 2p3déF°) 4087.30 92719 59185 15435 -0.1365 -0.0109 0.0014 20.20
2p4f3[7/2]e 2p3d@|:°) 4095.90  8.8065 -5.0132  1.0478  0.0043 -0.0321  0.0028 0.219
2p4f3[7/2]e 2p3dfFY) 4096.58  7.7934  -5.6644 14521 -0.1207 -0.0128 0.0016 90.18
2p4f3[5/2]e 2p3dfF9) 410097  7.8549  -5.6983 13917 -0.0847 -0.0196  0.0020 10.21
2p4f4[9/2]e 2p3déF°) 4026.08  -6.8259  19.8722 -14.3260 4.8116 -0.7925  0.05113350.
2p4f4[7/2]e 2p3d@|:°) 4035.08  -1.6854 12.1874  -9.3606  3.1795 -0.5213  0.0332 180.2
2p4f4[9/2]4 2p3dfF9 4039.35  -7.9214  19.6876 -14.2024 47709 -0.7859  0.05073040.
2paf4[9/2]E —2p3dPF9)  4041.31  -6.3431  20.0198 -14.3893  4.8221 -0.7928  0.05113890.
2p4f4[7/2]e 2p3d@|:°) 404353  -1.0284  11.0247  -85774  2.9179 -0.4780  0.0303 400.2
2p4f4[7/2]e 2p3d€F°) 404478  -1.9232 11.1980  -8.6981  2.9600 -0.4853  0.0308 060.2
2p4f4[7/2]4 2p3dfF9) 4056.90  -2.1562 116730 -9.0218  3.0681 -0.5030  0.0320 150.2
2p4f4[7/2] — 2p3dPFY)  4058.16  -4.2101  12.4375 95313  3.2366 -0.5307  0.0338 700.1
2p3pfFs) — 2p35§P°) 4601.48 117422  -9.7894 45529 -1.2065 0.1674 -0.0096 300.2
2p3p€Pe) 2p35%P°) 4607.16  -7.5207  16.4594 -13.5023 4.9815 -0.8850  0.06154870.
2p3p€Pe) 2p35%P°) 4613.87  -3.9092 15.1417 -12.6169 4.6878 -0.8369  0.05845140.
2p3p€Pe) 2p35%P°) 462139 245973 -29.2915  16.3940 -4.8260 0.7243  -0.04403010
2p3p€P6) 2p3s€P°) 463054 121963  -9.6541  4.4848 -1.1923  0.1666 -0.0097 420.2
2p3p€P6) 2p3s€P°) 4643.09 -11.3957 16.5486 -13.5621 5.0015 -0.8884  0.06184470




Table 10. The same as Table 7 but for, D0 < T, < 20,000 K andN, = 10° cm™3.

Transition AA] bo by by b3 bs bs bg 6[%]

2p3d@FY - 2p3pfDS)  5001.14 50900  -9.6681 185895 -10.8190  3.1004 -0.1127.2715  0.117
2p3d€F°) 2p3p€D9) 5001.48  8.1496 -11.1418  17.5855  -9.3308 25425  0.4062 3962. 0.142
2p3d€|:°) 2p3p€D 5005.15 04957  -1.9574 4.0614  -0.7921  0.3277 -2.5045 23B.1 0.097
2p3d€F°) 2p3p€D9) 5016.39  10.0017 -18.5348  24.1598 -13.5435 3.3781  0.8687.7156 0.056
2p3d€F°) 2p3p€D9) 5025.66 ~ 8.8667 -15.9365  20.3392 -11.1045 2.6920 0.7884.6433 0.028
2p3d€|:°) 2p3péD 5040.72 -14.9946  23.3356  -19.0802  6.3036 -0.7802  2.8050.0791 0.033
2p3d€D°) 2p3péDe) 477424  -6.8546 7.5362 -6.2725  2.0281 -0.2554 12853 9369 0.118
2p3d€D°) 2p3péD) 4779.72  10.2691 -15.2839  16.3095  -7.6241  1.6801  1.0306.6136 0.066
2p3d€D°) 2p3péDe) 478119  6.0179 -11.1695  11.3921  -5.7784 1.1266  1.0398 7136. 0.017

2p3d€D°) 2p3p?DE) 4788.13 -13.1580  11.0747  -9.9645  2.9709 -0.4183  0.8602.9258 0.111
2p3d€D°) 2p3p?DE) 479365  6.9678 -11.9621  13.1038  -6.6434  1.4283  0.94716465. 0.012
2p3d€D°) 2p3p?DE) 4803.29  3.0923  -2.1623 53519  -2.7640 0.7885  0.0003 68.060.101

2p3d€D°) 2p3p€De) 481031 -17.3346  14.4913  -13.2661  3.9025 -0.5952  0.8758.0039 0.165
2p3d€D°) 2p3p?P9) 5927.81  9.2892 -12.8780  14.2363  -6.6960 15288  0.9217544D. 0.112
2p3d€D°) 2p3p?P9) 5931.78  9.1858 -22.5088  23.8247 -12.7467 2.4077 1.6218200Q 0.013
2p3d€D°) 2p3p?P9) 594024  -9.9592  10.6891 92121 27494 -0.4193  1.4546 3928 0.130
2p3d€D°) 2p3p?P9) 5941.65  7.9880  -8.7555  11.0612  -5.0279 1.2324  0.5949 297.3 0.124
2p3d€D°) 2p3pepe) 5952.39 -17.6793  16.6956  -15.5860  4.7121 -0.7951  1.040%.2149 0.115
2p3d€D°) 2p3p?Pe) 5960.90 -85.3656 140.5960 -105.2180 357790 -5.3091 98.09-4.4951  0.037
2p3d€P°) 2p3p€Pe) 5452.08  5.6578 -11.1862  10.6749  -5.3302 0.8775 1.12028741. 0.017

2p3d€P°) 2p3péPe) 5454.22 -12.6219 4.4020 74990  1.8158 -0.4501  0.5295 9326. 0.113
2p3d€P°) 2p3p€Pe) 5462.59  -4.3351 2.7834 21792 0.6816 -0.0809  0.6834 2384 0.081
2p3dépg)-2p3pépg) 5478.10 -16.1153  19.8964  -16.6581  5.4341 -0.7479  1.4428.2791 0.114
2p3d@r0) - 2p3pfPS)  5480.06  4.7437  -8.3420 8.4792  -4.3282 0.8208  0.8132 65.610.013

2p3d€P°) 2p3p€Pe) 5495.67  10.4958 -21.0142  26.7208 -14.8980 3.5449  0.8782.7567 0.035
2p3p€De) 2p3s€P°) 5666.63  9.4998 -11.8878  16.2808  -8.1429  2.1735  0.655545i1. 0.070
2p3p€De) 2p3s€P°) 5676.02  4.4514  -8.7808  16.3587  -9.2683  2.6183 -0.1912 2257. 0.105
2p3p€DE) 2p35§P°) 5679.56  4.3087  -1.5875 36990 -1.4036 0.4279 0.1897 28.980.071
2p3p€DE) 2p35§P°) 5686.21  10.7944 -16.0430  19.3823  -9.7916  2.4407 0.93136112 0.093
2p3p€D) 2p3s§P°) 5710.77 71571 95510 135510 -7.1421 1.9120 0.5703 327.4 0.068
2p3p€DE) 2p3stF8)  5730.65  6.8452 -16.3976  20.0101 -11.5983 26320 1.0068.8490 0.027

2p4f3[7/2]e 2p3d(7>'F°) 4073.04  3.0368  -2.0677 27051  -1.1023 0.2451 0.2748 20.140.011
2p4f 3[5/2]¢ — 2p3deF°) 407691 25585  -1.6725 2.1847  -0.6395 0.0140 0.3515 61.780.012
2p4f 3[5/2]¢ - 2p3deF°) 4077.40  0.3595  -1.1994 1.3041  -3.2715 -0.0038 -2.6851 1243 0.116
2p4f3[7/2]e 2p3d?F°) 4082.27 25260  -1.4539 2.1137  -0.8711  0.1936  0.1806 86.090.013
2p4f3[7/2]e 2p3deF°) 4082.89 01538  -0.3934 0.5890  -0.9357 0.0008 -1.8937 9843 0.021
2p4f3[5/2]e 2p3d€F°) 4086.83  0.1509  -0.4686 0.6814  -1.1244 -0.0015 -2.1851 2961 0.020
2p4f3[5/2]e 2p3d€F°) 4087.30  0.9635  -0.4902 1.0449  -0.5904 0.0004 -0.2683 6722 0.008
2p4f3[7/2]e 2p3deF°) 4095.90 15643  -0.8520 1.2893  -0.6270  0.0911  0.0243 92.190.014
2p4f3[7/2]e 2p3deF°) 409658  0.1623  -0.6043 0.9995 -1.6809 0.2101 -2.6923 90.070.104
2p4f3[5/2]e 2p3d€F°) 4100.97 01575  -0.4544 0.0438  -1.1829  0.0019 -1.9569 3203 0.122
2p4f4[9/2]e 2p3d€F°) 4026.08  1.2628  0.0204 1.4857  -0.8039  0.2056 -0.3495 28.930.018
2p4f4[7/2]e 2p3deF°) 4035.08  9.6151 -11.7925  11.6551  -4.7022  0.9613  0.9036 4985. 0.079
2p4f4[9/2]e 2p3d€F°) 4039.35  0.3510  -1.2005 1.9453  -1.5934 -0.0033 -2.2881 366D  0.030
2p4f4[9/2]e 2p3d€F°) 404131 35495  -1.3763 2.9937  -1.1163 03115 0.1498 67.090.097
2p4f4[7/2]e 2p3dé|: 404353 29216  -1.1705 2.4004  -1.0030 0.2668 0.1230 31.000.081
2p4f4[7/2]e 2p3d€F°) 4044.78 22637  -2.1451 24748  -1.2562 0.2311 0.2074 72.220.009
2p4f4[7/2]4 2p3dé|: 4056.90  2.2488  -1.9829 2.3285  -1.1657 02217 0.1949 38.190.014
2pat4[7/2]S - 2p3déF°) 4058.16  0.1037  -0.3028 0.0499  -1.2452 0.1531 -2.1216 2iG.1 0.113

2p3pfrs) — 2p3str?) 4601.48 8.3174  -11.2586 12.8395  -6.0080 1.3987 0.8286 4767. 0.083
2p3p€Pe) 2p3s§P°) 4607.16  -3.7394 1.4364 -0.9074 0.2832 -0.0344 0.3357 9621 0.133
2p3p€Pe) 2p3s?P°) 4613.87 1.4946 -2.5494 35572  -1.8310 0.5133 -0.0400 1411 0.015
2p3p€Pe) 2p3s§P°) 4621.39 5.1869 -6.1643 8.7717  -4.3283 11201 0.4542 68.310.085
2p3p€P€) 2p3sEP°) 4630.54 5.1708 -4.1738 7.2823  -3.4665 0.9795 0.3337 20.190.129
2p3p€P€) 2p3sEP°) 4643.09 -10.7398 1.9740 -3.8486 0.8669 -0.1534  0.3396 6467. 0.105




Table 11. The same as Table 7 but fdg < 10,000 K andN, = 10* cm3.

Transition A[A] ao a1 a» ag a as  o[%]

2p3dEFS) — 2p3pfD?) 5001.14 11.7090 -6.5834 1.3517 0.1004 -0.0749  0.0072 20.15
2p3d€F°) 2p3p?D9) 5001.48  15.2174 -12.0798 49234 -1.0327 0.1019 -0.00371340.
2p3d€|:°) 2p3p€D 5005.15  -3.6703  16.6101 -12.4552  4.2428 -0.6991  0.04493230.
2p3d€F°) 2p3p?D9) 5016.39  11.4997  -7.5496 1.9948 -0.1110 -0.0406  0.0050 430.1
2p3d€F°) 2p3p("DE) 5025.66  14.4619 -12.4357 51295 -1.0900 0.1095 -0.00411530.
2p3dé|:) 2p3p€D 5040.72 9.7249  -7.2919 1.8114 -0.0475 -0.0513  0.0057 00.07
2p3d€D°) 2p3p€DE) 4774.24 7.2931  -4.5648 0.0977 0.4872 -0.1341  0.0108 0.093
2p3d€D°) 2p3p€DE) 4779.72 154504 -12.8741 49683 -0.9514 0.0796 -0.00192230.
2p3d€D°) 2p3p€DE) 4781.19 8.3396  -3.7836  -0.2417  0.5559 -0.1400  0.0109 00.17
2p3d€D°) 2p3p€‘De) 4788.13 48131  -4.3402  -0.0535 05375 -0.1423 0.0113 20.17
2p3d€D°) 2p3p€De) 479365 15.0982 -13.1688 51862 -1.0300 0.0935 -0.00292200.
2p3d€D°) 2p3p€De) 4803.29  10.1965  -4.9192 0.5279  0.2989 -0.0977  0.0082 00.17
2p3d€D°) 2p3p€DE) 4810.31 3.7392  -4.0871  -0.2292 0.5982 -0.1528 0.0120 20.13
2p3d€D°) 2p3p€Pe) 5927.81  15.6421 -13.0697 51299 -1.0144 0.0913 -0.00281810.
2p3d€D°) 2p3p€Pe) 5931.78 8.7787  -4.6725 0.1785 0.4585 -0.1292 0.0105 0.102
2p3d€D°) 2p3p€Pe) 5940.24  13.3671 -13.7560 55691 -1.1533  0.1131 -0.00411270.
2p3d€D°) 2p3p€Pe) 5941.65 9.8860  -3.9811  -0.1060 0.5099 -0.1323  0.0104 10.19
2p3d€D°) 2p3péP6) 5952.39 47396  -4.1727  -0.1846 0.5867 -0.1513  0.0120 20.14
2p3d€D°) 2p3péP6) 5960.90  14.2045 -12.9762 5.0623 -0.9909 0.0874 -0.00251060.
2p3d€P°) 2p3p€P€) 5452.08  -3.3920 13.3278 -10.3854 35918 -0.5974  0.03862480.
2p3d€P°) 2p3p(”P9) 545422 -11.8216  17.4776 -12.9393  4.3832 -0.7204  0.04623300
2p3d€P°) 2p3p€P€) 546259  -5.0596  12.4727  -9.7945  3.3905 -0.5636  0.0363 140.2
2p3d€Pg)-2p3p€P§) 5478.10  -2.2740 7.8578  -7.0034 25402 -0.4338  0.0284 50.21
2p3dErS) — 2p3pfrs) 5480.06  -2.6632  12.3751  -9.7474  3.3811 -0.5630  0.0364 300.2
2p3d€P°) 2p3p€P€) 5495.67 0.4636 8.5044  -7.4375 2.6833 -0.4569  0.0299 0.230
2p3p€DE) 2p3sEP°) 5666.63  17.4883 -15.2938 6.5713 -1.4386  0.1486  -0.00552160.
2p3p€DE) 2p3sEP°) 5676.02  12.9822  -8.5127 2.2531 -0.0848 -0.0614  0.0075 630.1
2p3p€D9) 2p3sEP°) 5679.56 0.0717  11.3961  -9.5560 3.4485 -0.5924  0.0394 30.16
2p3p€D9) 2p3sEP°) 5686.21  11.8102  -6.9413 1.2228 0.2489 -0.1149  0.0108 90.14
2p3péD) 2p3sEP°) 5710.77  16.8423 -14.9268 6.3129 -1.3496  0.1336  -0.00451820.
2p3péDE) 2p3sEP°) 5730.65 10.5391  -6.6702 1.0344 03129 -0.1255 0.0115 30.12
2p4f3[7/2]e 2p3d5|:°) 4073.04 9.4140  -3.7849  -0.5354 0.7183 -0.1745 0.0134 10.14
2p4f3[5/2]e 2p3d€|: 4076.91 8.7566  -3.3301  -0.9193  0.8579 -0.1980  0.0149 30.22
2p4f3[5/2]e 2p3dé|:°) 4077.40 6.1418  -3.7767  -0.6230  0.7613 -0.1825  0.0140 90.22
2p4f3[7/2]4 2p3d€F°) 4082.27 8.9818  -3.1386  -0.9904 0.8783 -0.2024  0.0154 70.20
2paf3[7/2]5 - 2p3dé|:°) 4082.89 8.0444  -3.6462  -0.6322 0.7513 -0.1800  0.0138 90.13
2p4f3[5/2]e 2p3d€F°) 4086.83 8.4732  -45010 -0.1445 0.6044 -0.1570  0.0123 40.12
2p4f3[5/2]e 2p3d€F°) 4087.30 8.4141  -29861 -1.1576 0.9388 -0.2115  0.0158 30.18
2p4f3[7/2]e 2p3dé|:°) 4095.90 8.9432  -3.7918  -0.5191 0.7113 -0.1733  0.0134 70.18
2p4f3[7/2]e 2p3dfFg)  4096.58 7.6147  -3.9040 -0.4758 0.7052 -0.1734  0.0134 50.10
2p4f3[5/2]e 2p3dfF9)  4100.97 7.4178  -3.4894  -0.8203 0.8280 -0.1936  0.0147 90.13
2p4f4[9/2]e 2p3d€F°) 4026.08  -5.0944  17.2857 -12.7754 4.3232 -0.7109  0.04553180.
2p4f4[7/2]e 2p3dé|:°) 4035.08 0.3746 9.7576  -8.3206  2.9825 -0.5069  0.0331 0.238
2p4f4[9/2]4 2p3dfF9) 403935  -6.7737  18.0747 -13.2917  4.4898 -0.7374  0.04723220.
2p4f4[9/2]E - 2p3dfF;)  4041.31  -6.0256  19.7676 -14.3448  4.8103 -0.7853  0.05003290.
2p4f4[7/2]e 2p3d€|: 404353 0.2722 9.9275  -8.4572  3.0330 -0.5157 0.0337 0.289
2p4f4[7/2]e 2p3d€F°) 404478  -0.9086 10.5738  -8.8877 3.1758 -0.5393  0.0352 560.2
2p4f4[7/2]4 2p3dfF9)  4056.90  -0.1609 9.3994  -8.1176  2.9261 -0.4992  0.0327 80.33
2pAf4[7/2]S - 2p3dfF;)  4058.16  -2.1465  10.0247  -8.5154  3.0505 -0.5184  0.0338 400.2
2p3pfrs) - 2p35%P°) 4601.48 12.0706  -9.4098 3.8596 -0.8816  0.1039 -0.0050 180.2
2p3p€Pe) 2p35§P°) 4607.16  -8.4812 18.7792 -15.3637 5.6674 -1.0060  0.06996190.
2p3p€Pe) 2p35§P°) 4613.87  -6.0966  19.5491 -15.8789 5.8370 -1.0335  0.07164560.
2p3p€Pe) 2p35§P°) 4621.39  22.0960 -24.1044  12.4934 -3.4414  0.4860 -0.02792460
2p3p€Pe) 2p3s€P°) 4630.54  13.8333  -11.5004 52829 -1.3598  0.1832 -0.01022770.
2p3p€Pe) 2p3s€P°) 4643.09 -12.3238  18.8048 -15.3709 5.6654 -1.0048  0.06976060




Table 12. The same as Table 7 but for, DO < T, < 20,000 K andN, = 10* cm™3.

Transition A[A] bo by by bs bs bs bg 6[%]

2p3dEF3) — 2p3pfD?) 5001.14 7.5464 -20.6491 353950 -21.6467 5.9869 -0.2129.3891 0.171
2p3d€F°) 2p3p€De) 5001.48 54344 -13.9923 251163 -14.3883  3.9862 -0.4843.1799 0.120
2p3d€|:°) 2p3p€D 5005.15 0.8597 2.2875  -0.4769 0.2119 -0.0007 -0.5229 5503 0.097
2p3d€F°) 2p3p€De) 5016.39 9.0157 -26.8968  41.0479 -25.4710 6.4845 0.0136.5685 0.077
2p3d€F°) 2p3p€De) 5025.66 9.3255 -19.1596 25.8965 -14.8728  3.6687  0.7105.68724 0.033
2p3d€|:°) 2p3péD 5040.72 -10.6413 8.9049  -6.1303  -4.0371 -0.1665 1.9121.762%7 0.396
2p3d€D°) 2p3p€De) 477424  -9.1418  11.6148  -9.7345 3.3344 -0.4313  1.4271 0692 0.126
2p3d€D°) 2p3p€D) 4779.72  10.2843 -18.3764  22.3938 -11.9676  2.8317  0.9316.7007  0.029
2p3d€D°) 2p3p€De) 4781.19 6.6948 -13.4605 14.0980  -7.3706  1.4753  1.14727990. 0.017
2p3d€D°) 2p3p?D9) 4788.13 -12.5118  11.4747 -10.0390 3.2874 -0.4348  0.8038.7604 0.134
2p3d€D°) 2p3p?D9) 479365 10.5375 -22.3521 256552 -13.9356  3.0569  1.2298.9175 0.035
2p3d€D°) 2p3p?D9) 4803.29 47885  -5.0789 8.2421  -4.2210 11211 0.2765 90.210.132
2p3d€D°) 2p3p€De) 4810.31 -16.5900 14.9139 -13.4027 42460 -0.5890 0.8218.8725 0.105
2p3d€D°) 2p3p(”’P9) 5927.81 6.3784 -11.3862 16.6776  -9.5150  2.4227  0.42304746. 0.072
2p3d€D°) 2p3p(”’Pe) 5931.78  11.3363 -32.1060 36.9586 -21.1256  4.2607  1.7252.3491 0.034
2p3d€D°) 2p3p(”’P9) 5940.24  -9.3894  11.0434  -9.2442 3.0203 -0.3885  1.3482 0996. 0.100
2p3d€D°) 2p3p(”’P9) 5941.65 12.1150 -15.7173  17.0311  -7.6245  1.7441  0.9441.507@ 0.120
2p3d€D°) 2p3pepe) 5952.39 -17.1222  17.5086 -15.1647 48356 -0.6739  1.0246.0177 0.109
2p3d€D°) 2p3pepe) 5960.90 -21.1772  30.6759 -22.3076 6.2993 -0.6621  4.5178.0472 0.015
2p3d€P°) 2p3p€P6) 5452.08 6.4122 -12.4503  12.0267  -5.9030 1.0628  1.2409 8278 0.007
2p3d€P°) 2p3péPe) 5454.22 -12.5110 4.4952  -7.5046 1.8097 -0.4561  0.5290 9430. 0.152
2p3d€P°) 2p3p€P6) 5462.59  -4.0728 2.6601  -2.1597 0.6917 -0.0824  0.6419 0784 0.102
2p3dépg) - 2p3p€P§) 5478.10 -20.5998  28.3478 -24.2763 8.2869 -1.1600  1.5972.4214 0.188
2p3dErS) — 2p3pfrs) 5480.06 6.1435 -10.8051  10.7983  -5.2913  1.0248  1.04126685. 0.009
2p3d€P°) 2p3p€P6) 5495.67 10.6168 -25.9648 36.7316 -21.9867  5.4409  0.5948.7430 0.067
2p3p€De) 2p3s€P°) 5666.63 8.3280 -13.9036  22.3319 -12.4979  3.4559  0.3590.457F 0.112
2p3p€De) 2p3s€P°) 5676.02 5.6133 -13.5977  23.9962 -14.5391  4.0893 -0.1574.3391 0.113
2p3p€D9) 2p3s§P°) 5679.56 41627  -1.3809 41000 -1.5998 0.5044 0.1422 72.990.063
2p3p€D9) 2p3s§P°) 5686.21 6.2475 -14.0786  23.4266 -14.2740 3.9315  0.1167.4500 0.113
2p3p€D) 2p3s§P°) 5710.77 5.0394 -10.8588  19.0611 -11.3259  3.1436 -0.0778.3183 0.119
2p3p€DE) 2p3s§P°) 5730.65 7.8851 -24.0618  32.4959 -20.3084  4.7184  0.6441.8646 0.049
2p4f3[7/2]e 2p3d(7>'|:°) 4073.04 2.9367  -2.4636 3.0146  -1.3628 0.2905 0.2749 12.150.012
2p4f 3[5/2]5 - 2p3d€|:°) 4076.91 25866  -2.6950 25734  -1.0845 0.0130 0.4269 53.690.021
2p4f 3[5/2]5 - 2p3d€|:°) 4077.40 0.3732  -1.2191 0.7389  -3.1867 0.0129 -2.4218 2202 0.107
2p4f3[7/2]e 2p3d(”F°) 4082.27 2.8164  -2.3506 2.8765  -1.2990 0.2710 0.2734 70.180.013
2p4f3[7/2]e 2p3d€|:°) 4082.89 0.2451  -0.6550 0.6156  -1.1013  0.0035 -1.6353 23@5 0.018
2p4f3[5/2]e 2p3d€F°) 4086.83 0.2054  -0.5693 0.2206  -1.0347 0.0028 -1.6257 80@4 0.047
2p4f3[5/2]e 2p3d(”F°) 4087.30 24195  -3.4154 3.0487  -1.4813 -0.0074 0.4067 9086 0.013
2p4f3[7/2]e 2p3d€|:°) 4095.90 35293  -3.7204 3.4001  -1.2090 0.0106 0.6223 35.860.011
2p4f3[7/2]e 2p3d€|:°) 4096.58 0.1395  -0.5654 0.9609  -1.8299 0.2564 -2.6565 88.07 0.151
2p4f3[5/2]e 2p3d(”F°) 4100.97 0.4625  -1.5207 15153  -2.1918 -0.0206 -2.1516 391G 0.116
2p4f4[9/2]e 2p3d(”F°) 4026.08 2.9894  -1.7167 2.3884  -0.9923 0.2354 0.2416 6%.090.018
2p4f4[7/2]e 2p3d€|:°) 4035.08 0.3974  -0.8206 3.3616  -1.3268  0.3427 -1.6196 4464 0.058
2p4f4[9/2]e 2p3d(”F°) 4039.35 0.2395  -0.7842 1.4228  -1.2369 0.0029 -2.0988 2064 0.020
2p4f4[9/2]e 2p3d(”F°) 4041.31 04931  -0.3274 3.8003  -1.2829  0.4692 -1.2957 9206 0.092
2p4f4[7/2]e 2p3d€|:°) 4043.53 3.0522  -1.4613 26136  -1.0930 0.2781  0.1578 57.010.137
2p4f4[7/2]e 2p3d(”F°) 4044.78 22160  -2.1788 2.3834  -1.2182 0.2191  0.2229 41.190.009
2p4f4[7/2]4 2p3d€|:°) 4056.90 3.0789  -3.3879 3.4504  -1.6091 0.2859  0.4367 80.340.012
2paf 4[7/2]5 - 2p3d€|:°) 4058.16 0.2694  -0.8178 0.2772  -1.4225 -0.0069 -1.8496 4098 0.112
2p3pfrs) — 2p3str?) 4601.48 44690 -6.3580 10.3181  -5.5686  1.4809  0.2236 8068.2 0.101
2p3p€Pe) 2p35EP°) 4607.16  -3.0911 2.2351  -0.8507 0.1944 -0.0201  0.2294 7@.470.078
2p3p€Pe) 2p35EP°) 4613.87 1.6425  -3.0094 40701 -2.1312 05864 0.0175 82.140.014
2p3p€Pe) 2p35EP°) 462139  11.7478 -18.6027  20.8983 -10.2966  2.4101  1.1188.6954 0.104
2p3p(3Pe) 2p3sEP°) 4630.54 3.6036  -4.1617 9.5328  -5.0496 1.4772 -0.0956 2351 0.110
2p3p(3Pe) 2p3sEP°) 4643.09 -10.6438 2.6733  -3.5801 0.9034 -0.1299  0.3365 5380  0.090




Table 13. The same as Table 7 but fdg < 10,000 K andN, = 10° cm3.

Transition A[A] ao a1 a» ag a as  o[%]

2p3dEF) — 2p3pfDS) 5001.14  13.4797  -7.9074 1.4674  0.2400 -0.1185 0.0110 40.20
2p3d€|:°) 2p3p€De) 5001.48  17.7235 -14.9425 6.1881 -1.2988  0.1276  -0.00451270.
2p3dfFS) - 2p3p?D9) 5005.15  -1.2131  12.7460 -10.0136  3.4661 -0.5750  0.03704600.
2p3d€F°) 2p3p("DE) 5016.39  12.9566  -8.3346 1.7444  0.1515 -0.1045 0.0101 60.16
2p3dé|:°) 2p3p("DE) 5025.66  16.6493 -14.7854 6.0663 -1.2523  0.1189  -0.00391750.
2p3d€|:°) 2p3p€D 5040.72  11.8569  -9.2387 2.3497 -0.0490 -0.0717  0.0080 360.1
2p3d€D°) 2p3p€De) 477424 103115  -8.0825 1.7211  0.1190 -0.0937  0.0091 20.12
2p3d€D°) 2p3p€De) 4779.72  15.2449  -10.9597 3.0127 -0.1610 -0.0650  0.00811510.
2p3d€D°) 2p3p€De) 478119  11.9053  -8.2396 1.9933 -0.0065 -0.0693  0.0074 800.1
2p3d€D°) 2p3p€DE) 4788.13 8.4700  -8.9366 2.2891 -0.0675 -0.0635 0.0072 40.10
2p3d€D°) 2p3p€D) 479365 15.1283 -11.6109 3.4392 -0.2987 -0.0431  0.00672580.
2p3d€D°) 2p3p€DE) 4803.29  12.9805  -8.0492 1.8751  0.0296 -0.0748  0.0077 90.15
2p3d€D°) 2p3p€De) 4810.31 7.6617  -9.1398 24221 -0.1096 -0.0571 0.0068 80.13
2p3d€D°) 2p3p€Pe) 5927.81  15.9891 -12.0835 3.7913 -0.4273 -0.0200  0.00512800.
2p3d€D°) 2p3péP6) 5931.78  11.0603  -6.9173 0.9333  0.3827 -0.1375 0.0120 50.18
2p3d€D°) 2p3péP6) 5940.24  12.7715 -11.1482 3.1285 -0.1961 -0.0598  0.00771790.
2p3d€D°) 2p3péP6) 5941.65  13.1037  -7.8209 1.6979  0.0965 -0.0871  0.0086 80.19
2p3d€D°) 2p3p€Pe) 5952.39 7.4408  -7.1470 1.0710 0.3413 -0.1312 0.0116 0.182
2p3d€D°) 2p3p€Pe) 5960.90  13.8929 -10.8519 2.9448 -0.1396 -0.0684  0.00831740.
2p3d€P°) 2p3p?P9) 5452.08  -0.5588 9.0187  -7.7510 2.7790 -0.4710 0.0307 20.25
2p3d€P°) 2p3pepe) 5454.22 -11.0030  16.1278 -12.0492  4.0832 -0.6689  0.04273520
2p3d€P°) 2p3pepe) 5462.59  -2.9483 94481  -8.0598 2.8879 -0.4899  0.0320 70.19
2p3d€P°) 2p3pépe) 5478.10 0.4230 42557 50757 2.0212 -0.3634 0.0246 0.182
2p3d€P°) 2p3p€Pe) 5480.06  -0.4351 9.1038  -7.8153  2.8028 -0.4754 0.0310 90.27
2p3d€P°) 2p3p€Pe) 5495.67 3.9631 35329 -45894 1.8597 -0.3369 0.0229 0.165
2p3p€D9) 2p3s§P°) 5666.63  17.8578 -14.5453 54599 -0.9351 0.0510  0.0015 260.1
2p3p€D9) 2p3sEP°) 5676.02  13.2867  -7.3589 0.7383  0.5836 -0.1900 0.0167 10.11
2p3p€D9) 2p3sEP°) 5679.56 4.8160 40869  -5.0019 2.0203 -0.3679 0.0253 0.150
2p3p€DE) 2p3sEP°) 5686.21  12.5867  -6.5961 0.2542 0.7356 -0.2136  0.0181 00.16
2p3p€D) 2p3sEP°) 5710.77  17.9445 -15.4367 6.0526 -1.1295  0.0825 -0.00051420.
2p3p€DE) 2p3sEP°) 5730.65 12.4702  -8.2972 1.3937 0.3584 -0.1519  0.0141 20.13
2p4f3[7/2]e 2p3d§|:°) 4073.04  12.2484  -6.6152 0.4095 0.6316 -0.1874 0.0156 40.23
2p4f3[5/2]e 2p3d€F°) 4076.91 10.8127  -4.8545  -0.8103  1.0308 -0.2504  0.0195 980.1
2p4f3[5/2]e 2p3d€F°) 4077.40 7.8564  -47221  -0.9022 1.0628 -0.2560  0.0198 80.23
2p4f3[7/2]4 2p3d€|: 408227 12.2349  -6.7705 0.5526  0.5733 -0.1763  0.0148 80.19
2paf3[7/215 - 2p3dé|:°) 4082.89  11.1606  -6.9981 0.6905  0.5305 -0.1696  0.0143 90.19
2p4f3[5/2]e 2p3d€F°) 4086.83 9.4439  -41837  -1.2709 1.1871 -0.2766  0.0212 00.26
2p4f3[5/2]e 2p3dé|:°) 4087.30  10.9673  -5.3634  -0.4742  0.9218 -0.2330  0.0184 170.2
2p4f3[7/2]e 2p3dfF9) 4095.90  11.4147  -6.0139 0.0265 0.7524 -0.2062  0.0167 30.21
2p4f3[7/2]e 2p3dfF9) 409658  10.6244  -7.1006 0.7619  0.5057 -0.1653  0.0140 20.21
2p4f3[5/2]e 2p3dfF9)  4100.97 9.3835  -4.8616 -0.8145 1.0360 -0.2520 0.0196 70.21
2p4f4[9/2]e 2p3dé|:°) 4026.08  -5.6707 18.3014 -13.5279  4.5884 -0.7551  0.04843560.
2p4f4[7/2]e 2p3d€F°) 4035.08 5.4147 27163  -4.4056  1.8907 -0.3539  0.0245 0.192
2p4f4[9/2]4 2p3dfF9) 4039.35  -6.5563  17.7614 -13.1677  4.4702 -0.7360  0.04723210.
2paf4[9/2]¢ — 2p3dfFS)  4041.31  -5.0042  18.0880 -13.3036  4.4882 -0.7350  0.04693530.
2p4f4[7/2]g—2p3d€Fg) 4043.53 4.8984 35617 -4.9783 2.0811 -0.3851  0.0265 0.171
2pAf4[7/2]S - 2p3dfFS)  4044.78 4.6644 25716  -4.2963 1.8513 -0.3471  0.0240 0.253
2paf 47215 - 2p3dé|:g) 4056.90 4.8895 22880  -4.1191  1.7948 -0.3379  0.0234 0.238
2p4f4[7/2]e 2p3dfF9)  4058.16 3.4644 1.9568  -3.8798 1.7118 -0.3240  0.0225 0.190
2p3pfrs) - 2p35?P°) 4601.48 15.7362 -14.3667 6.6224 -1.6704  0.2184 -0.01183170.
2p3p€Pe) 2p35?P°) 4607.16  -6.5874  16.6020 -14.3076  5.4027 -0.9725  0.06823540.
2p3p€Pe) 2p3s€P°) 4613.87  -3.8360  16.7678 -14.4262  5.4427 -0.9789  0.06863350.
2p3p€Pe) 2p3s€P°) 4621.39 221900 -22.8349  11.0544 -2.8432 0.3752 -0.02022820
2p3p€Pe) 2p35?P°) 4630.54  16.6954 -15.0308 7.0447 -1.8017  0.2384  -0.01292360.
2p3p€Pe) 2p35?P°) 4643.09 -10.1809  16.1920 -14.0123 5.2963 -0.9534  0.06684890




Table 14. The same as Table 7 but for, D0 < T, < 20,000 K andN, = 10° cm™3.

Transition A[A] bo by by bs bs bs bg 6[%]

2p3dfFY) - 2p3pfDS)  5001.14  8.6371 -28.7645  46.4861 -28.1871  7.5968 -0.7070.2628  0.199
2p3d€|:°) 2p3p@DE) 5001.48  9.7799 -155785 23.9781 -13.3185 3.6162  0.4909.5046  0.149
2p3d€F°) 2p3p€D8) 5005.15  7.3195 -55325  6.9576  -2.5824 0.6538 0.5439 82.200.062
2p3d€F°) 2p3p€D8) 5016.39  9.6545 -29.9187  45.6077 -28.4729  7.2324 -0.041%.5753  0.117
2p3d€|:°) 2p3péDE) 5025.66  9.3196 -10.8887 27.3066 -15.8535 3.9221  0.6653.6868 0.048
2p3d€|:°) 2p3p€D 5040.72  19.4889 -65.4463  75.0950 -35.3760 -0.1427 -Q.8782.0947 0.274
2p3d€D°) 2p3p?DE) 477424 -12.8694  17.4874 -14.5173  4.9124 -0.6436  1.6821.3141 0.122
2p3d€D°) 2p3p?DE) 4779.72  9.8316 -18.5402  23.6227 -13.0596 3.1435  0.8475.6968  0.040
2p3d€D°) 2p3p?DE) 478119  6.8572 -14.0005 14.7177  -7.7324 15538  1.17618182. 0.015
2p3d€D°) 2p3p€De) 4788.13 -15.6004 157095 -13.6364  4.4306 -0.6024  0.9528.9211 0.125
2p3d€D°) 2p3p€D) 4793.65 11.0108 -24.0841 28.0133 -15.4729 3.4222 1.2646.9572 0.038
2p3d€D°) 2p3p€De) 4803.29  4.1686  -5.0439  9.2206  -4.9436  1.3423  0.0963 42.200.121
2p3d€D°) 2p3p?DE) 481031 -16.5820 14.8589 -13.4632  4.2826 -0.5954  0.8186.8757 0.133
2p3d€D°) 2p3p?P9) 5927.81  8.1255 -15.4050 21.2740 -12.0382 2.9931  0.5878.5798 0.038
2p3d€D°) 2p3pepe) 5931.78  11.6373 -34.0414 40.0538 -23.2365 4.7374  1.6582.3473  0.035
2p3d€D°) 2p3pepe) 5040.24  -8.9402  10.7726  -9.0620  3.0625 -0.3947  1.2888 9999. 0.170
2p3d€D°) 2p3pepe) 5041.65 11.4469 -14.3316 155043  -7.0032 1.6256  0.9269.4854  0.086
2p3d€D°) 2p3p?P9) 595239 -16.9330 17.3867 -15.4450  4.9767 -0.7010  0.9950.0227 0.131
2p3d€D°) 2p3p?P9) 5960.90 -22.3055 32.8036 -24.1876  6.7661 -0.6860  4.3618.0295 0.032
2p3d€P°) 2p3p€P9) 5452.08  6.1406 -11.8730 11.5431  -5.7021 1.0427 121257928, 0.012
2p3d€P°) 2p3p€Pe) 545422 -10.5146  2.2582  -51963  1.0740 -0.2721  0.4299 8322  0.090
2p3d€P°) 2p3p€Pe) 546259  -2.7420 15516  -0.9153  0.3134 -0.0399  0.4067 92.060.143
2p3d€P°) 2p3p@Pe) 5478.10 -25.0983 35.8606 -30.6288  10.4973 -1.4980  1.7476.5655 0.167
2p3d€P°) 2p3p@Pe) 5480.06  6.4415 -11.3978 11.3608 -5.5376 1.0742  1.09056861L 0.017
2p3d€P°) 2p3p@Pe) 5495.67  10.0448 -26.0865 37.9477 -23.0438 57461  0.4400.6964 0.079
2p3p€DE) 2p3s§P°) 5666.63  5.4581 -13.3446 24.0823 -14.0041 3.9568 -0.3491.2369  0.120
2p3p€DE) 2p3s§P°) 5676.02  5.9041 -16.4372 28.3973 -17.3504  4.8278 -0.3316.3150 0.127
2p3p€DE) 2p3s§P°) 5679.56  1.2623  0.8964  3.2649  -1.2818 0.5032 -0.5862 10.770.102
2p3p€De) 2p3s€P°) 5686.21  7.2717 -18.3792  29.6238 -18.0785 4.8764  0.0615.4806T 0.121
2p3p€D) 2p3s€P°) 5710.77  7.8561 -15.9165 24.5818 -14.2680 3.8105 0.3267.5076 0.122
2p3p€De) 2p3sfP) 573065  8.6000 -27.2873 37.0224 -23.3873 54227  0.5599.8692  0.070
2p4f3[7/2]e 2p3d€|:°) 4073.04 29752  -2.7191  3.3255  -1.5457 0.3272 0.2740 48.170.018
2p4f3[5/2]e 2p3d?F°) 407691  2.9303  -3.4957  3.0442 -1.3380 0.0509 0.5673 ©8.710.028
2p4f3[5/2]e 2p3d?F°) 407740 04565 -1.4750  0.8706  -3.2912  0.0095 -2.3639 5152 0.122
2p4f3[7/2]4 2p3d€|:°) 408227  2.6394  -2.09091  2.3889  -1.0872 0.2222 0.2791 1$.120.012
2paf3[7/2S - 2p3d€|:°) 4082.89  0.3268 -0.9432  0.9882 -1.3293 0.0048 -1.7175 2785 0.029
2p4f3[5/2]e 2p3d?F°) 4086.83  0.3503  -1.1696  1.4447 -1.7621 0.0160 -2.1407 789.3 0.084
2p4f3[5/2]3 2p3d€|:°) 4087.30  3.0452  -4.7586  3.9571  -1.8480 -0.0024  0.6311 0768 0.012
2p4f3[7/2]5 - 2p3d?F°) 409590  2.6445  -3.0250  2.8715  -1.3442 01406 0.4369 26.530.014
2p4f3[7/2]e 2p3d?F°) 409658 01922  -0.7028  0.9737  -1.8758  0.2426 -2.5002 13180 0.062
2p4f3[5/2]e 2p3d?F°) 410097 04019 -1.3325  0.8531  -1.8856  0.0304 -1.8339 5504 0.122
2p4f4[9/2]e 2p3d€|:°) 4026.08 04370 -1.7023  3.1118  -1.0099 0.2186 -2.6456 799.0 0.046
2p4f4[7/2]e 2p3d?F°) 403508  1.9722  -0.1272  1.6348  -0.7386 0.2127 -0.1131 690.8 0.086
2p4f4[9/2]e 2p3d€|:°) 4039.35  0.2106  -0.6594  1.2335  -1.1481  0.0021 -2.0007 5404 0.024
2p4f4[9/2]e 2p3d€|:°) 404131  0.2524  -0.4186  3.3606  -0.8965 0.3626 -1.6800 1835 0.107
2p4f4[7/2]g—2p3d?Fg) 404353  2.7078  -1.2861  2.9060  -1.2848  0.3366  0.0396 49.020.098
2p4f4[7/2]s - 2p3deFY) 404478 25192 -2.7973 30250  -15101 0.2659  0.2941 27.280.019
2p4f4[7/2]e 2p3d€|:°) 4056.90  2.4703  -2.4332 25603 -1.2508  0.2266  0.3116 50.230.013
2p4f4[7/2]e 2p3d€F°) 4058.16  0.3425  -1.0495  0.7846  -1.7245 -0.0126 -2.0484 3731 0.116
2p3p@P3) — 2p3sfF?) 4601.48 91199 -13.6131 16.2778  -8.0450 1.9261  0.85295466. 0.084
2p3p€Pe) 2p3s?P°) 4607.16  -55519  2.9022  -2.5477  0.7479 -0.0967  0.5665 1606 0.110
2p3p(3Pe) 2p3s?P°) 4613.87  1.7687  -3.4075 45610 -2.4000 0.6505 -0.0027 6@D.1 0.028
2p3p(3Pe) 2p3s?P°) 4621.39  6.9311 -12.0498 17.2391  -9.5739  2.4629  0.52895061. 0.119
2p3p€Pe) 2p3s?P°) 463054  2.7332  -2.3547  7.4076  -3.9947 1.2435 -0.1996 5260 0.116
2p3p€Pe) 2p3s?P°) 464309 -9.6338  1.1691  -2.7318  0.6205 -0.0954  0.2768 2825 0.105




Table 15. Comparison of our direct recombination ¢heients [cni s71] to states of N with those of Kisielius & Storey (2002) and of Nahar
(1995). The comparison is for electron temperaffye- 1,000 and 10000 K, and electron density, = 10* cm 3.

1,000 K 10,000 K

State Nahar KS02 Present Nahar KS02 Present

28217 (°P) 2.44e12 226e12 228e12 83lel3 7.69e13 7.76e13
292/ (‘D)  1.28e-12 1.20e12 1.19e12 4.21e13 3.92e13 3.91e13
282¢? () 2.55e13 241el13 2.39e13 8.27eld 7.75e14 7.66e14
2¢2p3d fF°)  1.88e-13 2.00e13 2.0lel3 5.26e14 5.59e14 5.59e14
2€2p3p €D)  1.29e-13 1.41e13 1.37e13 4.84el4 5.42el14 5.30e14
2¢2p4d 6F°)  1.13e-13 1.14e13 1.16e13 3.26e14 3.27e14 3.30e14
2¢2p3d fD°) 1.09e-13 1.10e13 1.10e13 2.97e14 3.06e14 3.09e-14
2¢2p3p 6P)  7.51lel4 7.70el14 7.47el4 2.87el1l4 3.02e14 3.0leld
2s2p °D°) 7.25e-14 8.10el14 7.69e14 3.28¢13 8.16e13 8.88e13
2€2p3s BP°)  7.07e-14 7.92e14 7.37el4 6.17e14 8.13e14 7.40e14
2¢2p4d 6D°)  7.04e-14 7.04e14 7.07e14 1.96e14 1.98e14 2.00e14
2¢2p5d BF°)  6.32e-14 6.33e14 6.51eld 1.86e14 1.84e14 1.87e14
2¢2p3d fP°) 5.64e-14 6.08e14 6.0lel4 154el14 1.7leld 1.69e14
2¢2paf (G)  5.54e14 550el14 5.06el4 1.3leld 1.29e14 1.22e14
2¢2p5f (G)  4.92e14 4.94e14 4.44el14 1.17el14 1.16e14 1.08e14
2¢2p3p D)  4.73e-14 4.80el14 4.78e14 1.78¢14 1.80e14 1.81e14
292paf CF)  4.46e14 457el14  4.31leld — 1.08e14 1.00e14
2¢2p5d fD°)  4.20e-14 4.19e14 4.18e14 1.18e14 1.20e14 1.21e14

252p3d LF°)  4.14e-14 4.22e14 4.21e14 — 1.14e14 1.14e14
282p4d €P°)  3.93e-14 4.06e-14 3.94e-14 - 114e14 1.12e14
2s2i (3P°) — 240e-14 2.27e14 15413 3.50e13 3.88e13
2s2p (3°) — 3.21e17 6.43e17 2.24e14 3.28e14 3.64e14
282p4p €D) — 3.71el1l4 3.62¢14 1.31el4 1.37el14 1.34el4
282p5d EP°) - - 2.30e14 - - 6.72e15

Sum 5.25e12 5.08e12 5.09e12 2.21el12 2.88el2 2.99e12

Total 1.04e-11 1.07e¢11 9.31el12 3.10e12 3.8lel2 5.35e12




