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Abstract.

Energy levels, radiative transition probabilities and autoionization rates for CII
including 1s202°nl” (0=2-6, I’X(n-1)) states were calculated by using mult-
configurational Hartree-Fock (Cowan code) method. Autoionizing levels above three
thresholds: 15728 ('S), 1s?2s2pC’P), 1s™2s2p('P) were considered. Branching ratios
related to the first threshold and the intensity factor were calculated for satellite lines
of CH ion.

The dielectronic recombination rate coefficients to the excited states for n=2-6
are calculated with these atomic data. The rate coefficients are fitted fo an analytical
formula and the fit parameters are given. The values for higher excited states than n=6
are extrapolated and the total dielectronic recombination rate coefficients are derived.
The effective recombination rate coefficient for different electron densities are also

derived.
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1. Introduction

In order to solve the rate equation of the populations of ions, it is necessary to
include many number of levels of the highly excited states for the case of dense
plasma. The population of the excited states are determined mainly by the excitation
from the ground state and the recombination from the ions at low densities. When the
electron density increases, the excitation processes from the excited states become
important. In the case of a recombining plasma, the recombination to each excited
state 1s necessary to estimate the populations of 1ons. These data are also necessary to
obtain the effective recombination rate coefficients at high electron densities.

Dielectronic recombination (DR) is a process which plays an important role in
plasma dynamics, and also is a subject of interest in studies of atomic siructure. We
used the following notations here: ¥ and y* are an autoionization state and excited
state of an ion Xz respectively, oa=0.nfLS]J is the stationary state of an ion Xz,;. The
state Y can be produced by dielectronic capture (if photon -y is emitted, then the
dielectronic recombination takes place) [1] :

Xzi(@p)+e > Xz(y) - Xz(Y) +hv
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For example, the transitions /s2I'nl -1s’nl are satellite lines to the resonance line
1s2p-1s® , tramsitions 1s2/'nl-1s”2I" 1sn’Fnl-1s’nl and of Li-like ions are the satellites
to the line 1snp-1s? of He-like ions. Be-like satellite lines for 1s2p-1s” lines of He-

like ions are connected with the states y=1s20"2["nl. An intensity factor Q; for the
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transition y-Y is defined as follows: ’



where A(Y,Y) iIs radiative transition probabilities and I {y,0.) 5 autoionization rate .
Dielectronic satellite spectra of H- and He-like resonance lines (1s-np, 1s* - 1snp)
have been studied in many papers [2-6].

Recently the dielectronic recombination processes from the ground state of H-like
He [7] and He-like C [8] have been studied experimentally. It was measured DR cross
section by using a cooled ion beam.

The cross section for DR of C** ions had been measured in [8] up to the 1s2s (1’38)
and 1s2p (°P) excitation thresholds which gives resolved 1s2s” 7S, 1s(2s2p °P) °P,
1s(2s2p 'P) °P, 1s2p* °D, 1s2p” S levels.

The DR cross section for C* ions were studied experimentally [9] and theoretically
[10-12]. The studied process was represented as follows [9]:

C*(1s%2s2p) + e »C " (1s72s2p°nl”) —C (15725 2pnl) + hv, (4)
It was published by Badnell [13] the theoretical calculation of DR total rate
coefficients from the ground and metastable levels of C and O ions. The DR rate
coefficients to the excited states of CI from CH were calculated recently by Duban
and Kato [14].

Measurements of relative DR cross sections for F-like Xe had been reporied by
DeWitt [15]. DR onto the ground state of Xe*** is given schematically as
A(1s22522p%) + e A (15%2s72p*313I") A" (1s°25°2p°31) + hv,

A(15725%2D°) + e A" (1s7252p°3131) »A™(1525°2p°3]) + hv (5)
Recombination rates are obtained when the ion recombines with beam elecirons in an
ion trap {15].

The more complicated system (Ni-like tantalum) had been theoretically studied by
Chen [16]. DR rate cocfficients from the ground state Ta"™* had been calculated for
the electron temperatures in the range 0.02<T<10 KeV. This processes can be
schematically represented by
(Ne core)3s?3p®3d'? + e —>(Ne core)3l b4par —(Ne core)3sz3p63dmnl + hv

(6)
The calculation of atomic characteristics was carried out for the intermediate

autoionizing states 3d'4/nl’ (n<10), 3p™'4/n/’ (n<10) and 3s'4ll’ (n<7).



In the present paper we consider more simple system - Be-like Carbon ions. We
consider three thresholds (1s2s%, 1s°2s2p °P, 1s*2s2p 'P) where the autoionizing

states of C* ion are situated. This processes can be schematically represented by

15°2s% + e —1s*2s2pnl, 1s*2p’ni —1s2s’n/, 1s2252p31, 1s?2s2p?, 1s°2p° + hv,
l
15228 + ¢

N

For the threshold (1s°2/2’) we consider the 1s*2s2p(’P) and 1s*2s2p('P) as well as the
ground state (152252)_ We take into account as well as the 1s?2s’nl excited states the
1s?252p3L. Let us note that 1322521)3'1 states can be autoionized with the intermediate
term 'P (1s*2s2p['P]3]) and not-autoionized with the intermediate term °P
(152252p[3P]31). This rule works for /=s and /=p . The 132232p[3P]3d states are in the
antoionizing states like the 132232p[1P]3d ones. It should be noted that the 1322p2nl
states are autoionized for n>3 and they are not autoionized for n=2 (1s2s2p” and
1322p3)- As a result we found the 77 levels up to n=6 (eq.(7)) as the excited ievels and
the 717 levels as the autoionizing ones ( 230 levels are between the 1s°2s® and 1s?2s2p
*P thresholds, 140 levels are 15?2s2p °P and 1s*2s2p'P thresholds and 347 levels are
above the 1s*2s2p 'P threshold).

2. Energy levels, radiative transition probabilities and autoionization rates
We carried out detailed calculations of radiative transition probabilities and auto-
ionization rates for the intermediate states 1s?2s°(!S)n/, 152252p(1’3P)nl and
1s*2p°CP,!S,'D)ni (n=2 - 6). The atomic energy levels and bound-state wave functions
were obtained by using the atomic structure code of Cowan [17]. It was found (see for
example Pindzola et al [18]) that using this code, one could obtain good agreement
with experimental energies by scaling the electrostatic Slater parameters using the
different factor (0.80 in [18]) to correct for correlation effects.

Table Ia Iists non-scaled (a) and scaled (b,c) Hartree-Fock energies together with
recommended data (d) by Bashkin & Stoner [19] for B-like ion with 1s%2s%('S)3!,
1s2252p(1’3P)3l and 1sz2p2(3P,IS,lD)3l intermediate states. The scaled factor was equal
to 0.85. The difference of the energies of 1s*2s°(*S)n/, 15*2s2p(*"P)ul and
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15221)2(3 P,'S,'D)n! states (n=2-3) in the case of calculations with including only the
n=2-3 states (“b” column in Table Ia) and in the case of including the n=2-6 states (“¢”
column in Table Ia) can be explained by the correlation effects. We can see from
comparison “a” and “b” energies of Table I that the scaling factor changes energies
between 1000 - 3000cm’. The superposition configurations (“b” and “c” energies) is
shifted the values with 200 - 1000cm™ only. The difference between these energies
(“c”) and the recommended energies (“d”) are in the range 400<E<7000 cm’'. The
largest difference takes place for the states with equivalent electrons (1s*2s2p?, 1s2p”)
and can be explained by the correlation correction. This correction was calculated by
perturbation theory (see for example, Ivanova and Safronova [21]) in the frame of two
orders by 1/Z- expansion. The second order contribution for the correlation
corrections (ES”7) of C* for 1s*2s2p> (P, °D, %S, ?P) and 1s°2p’ (*S, °D, *P) states is
equal to 7290, -5090, -3200, -11830, 3200, 8620, 10560 cm’! correspondingly. The
difference between the recommended data [19] (“d”) and non-scaled Hartree-Fock
data (“a”- E™) is equal to 4151, -5037, -5171, -8989, 1163, -7812, -13795

correspondingly. We can see that the largest part of the difference between the
recommended data and E™ can be covered by the E5”" values. We have no data of

E$™ for another states of C* ion but we can estimate from this comparison how much
we can shift our scaled data calculated in matrixes with suoperposition of
configurations up to n=6 (“c”). We found that the differences between “d” and “c”
data for 1572s2p° (*P, °D, %S, ?P) and 1s*2p’ (*S, ’D, °P) states are 922, -1647, 646, 441,
-80, -5649, -7152 correspondingly. Only for two states 13221)3 (*D, *P) the scaling and
superposition configurations did not solve the problem of the correlation corrections,
but the discrepancy was decreased by twice comparing the Hartree-Fock data (column
“a” in Table 1a).

Table 1b was prepared almost in the same form as Table la but for the
1s72s%(18)41, 1s2s2p(*°P)4l and 1s°2p°(’P,'S,'D)4! intermediate states. The scaled
factor 0.85 was used for computing energies of these sates (see column “a” and “b”).

The data given in column “a” were computed using complex states 132252(18)111,
g P g p

1522s2p("*P)nf and 1s2p°CP,'S,'D)nl with n=3.4 and the states with n=3,4,5 and 6
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were took into account for data shown in column “b”. We can see from this table that
these data agree well with recommended data frbm [19]. The difference in energies
given in columns *b” and “c” is 100 - 500cm™. It is much better than for the energies
of 1s°25°('S)3L, 15°2s2p("°P)3[ and 1s2p°(’P,’S,'D)3! intermediate states (see Table
Ia). It should be noted that for the more excited states considered in Table 1b
{compared to the states in Table Ia) the coniribution of correlation effects can be less
important and the scaled factor was enough for the correlation part of energy.

Table Ic lists non-scaled (a) and scaled (b,c) Hartree-Fock transition probabilities
sum on all the lower levels muitiplied on statistical weight of the upper level
(weighted radiative transition probabilities -sum(gAr)) together with recommended
data (d) by Wiese et al [20] for the same states as in Table [a. We can see from Table
Ib that disagreement of “a, b, ¢, d” data is not more than 20% except some levels (252
('$)3s 28, 25%('S)3p ’P). Superposition configuration (n=3, 4, 5, 6) only slightly
changed Sum(gAr). It should be noted that data in [20} were also obtained by HF
method but probably with huge number of configuration.

Tables Wa, b, ¢, and d list energy levels, weighted radiative transition
probabilities and autoionization rates for CIL. We computed 1s°2s’n/, 1s*2s2pn/ and
1s°2p°nl states with n=2-6 and /’<(n-1) but we included in Table TI the data up to n=4
and I=s, p, d, { since data file was too large. All data are in the order of increasing the
energy levels.. Tables Ia includes levels before the first threshold: 15°2s* (196660 cm
Y. These levels are not autoionizing and we include in this table only radiative
transition probabilities. Tables ITb includes levels between the first and the second
threshold: 1s°2s2p P (248975 cm™). We included in this table the autoionizing rates
also. There is only one decay channel through autoionization for these levels and sum
(Aa) is equal to Aa. We can see from Table [Ib many zero values for Aa. This means
that autoionization rate is very small. We note that all the following levels are
included in even (132232113, 137'232nd, lsz2szng, Iszzpzns, 1522p2nd, 1522p2ng,
1522s2pnp, 1s°2s2pnf, 1s*2s2pnh) or odd (1s*2s’np, 1s*2s’nf, 152252nh, 1s*2p’np,
1s*2p’nf, 1s*2p”nh, 1s*2s2pns, 1s*2s2pnd, 1s*2s2png and 1s%2p°) complexes. For
levels of even complex the non-zero data for autoionizing rate take place for S, D

and °G terms: 1s%2s2pnp S —1s*2s%s S, 1s2s2pnp 2D —1s%2s%d D, 15?2s2pnf °G
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—18%2s%eg *G. For levels of odd complex the non-zero data for autoionizing rate take
place for °P, °F and “H terms: 1s’2s2pns “P —1s°2s% ep °P, 1s°2s2pnd ’F >1s™2s%f
’F, 1s*2s2png "H —1s"2s’¢h *H. We can see from Table IIb that for all above
mentioned levels we obtained non-zero data for I” when the total angular momentum is
conserved. The values of Aa (Aa=I") for a such direct decay in LS coupling scheme
are equal to 10" - 10" s” and Aa>>SumAr since 10° <SumAr< 10" s”'. As a result the
branching ratio K(y«t ) & eqel © 1 The non-zero values of Aa for quartet terms
(*L) takes place by relativistic effects. Aa for the quartet levels is much less than for
doublet levels and Aa=~Sum Ar. For these levels ratio K(y.o )<L.

Tables Ilc includes levels between the second 1s2s2p °P (248975 cm’) and the
third threshold: 1s22s2p 'P (299011 cm™). There are 2 decay channels (1s™2s” and
1s*2s2p *P) for the levels of this interval of energy. As we can see from Table Ilc the
second channel is more preferable than to the first threshold for the levels in this
interval of energy. They are levels of types 1s22s2p('P)nf and 1s*2p°CP)nl. For decays
to the ground state 1s°2s” we can use the same rule of the conservation total angular
momentumn as above but only for 1s*2s2p('P)ni levels. There is no direct decay to the
ground state for the autoionizing levels lsz2p2(3P)nJ (13221)2(3 P)ni—1s*2s’el ). Non-
zero value of Aa of these levels one obtained with the superposition of configurations
for the target (1s°2s” 'S + 1s*2p> 'S). It should be noted that the branching ratios K (Yo
,) can be determined by the ratios of Aa for the first channel @ = 15°2s* €l ) to the
sum of Aa since Sum (Ar)<<Sum{Aa).

Tables IId includes levels above the third threshold: 1s°2s2p 'P (299011 cm').
There are 3 decay channels: 15725, 1s™2s2p °P and 15*2s2p 'P. We can see from this
table that there are only few levels with non-zero values to the ground state. It can be
explained by absence of direct decay of the level situated in this interval of energy
(1s2p°CP)nl, 1s2p’('Dinl, 1s%2p*('S)n to the ground state (15’2s%). As we said
before the branching ratios K (v 0 ,) is really equal to the value of Aa (1s*2s%)/Sum(Aa)

and as a result K(y,0, )<<l for the levels in this interval of energy .



3. Dielectronic satellite spectra

Autoionizing levels 1s*2s2pni , 1s*2p’nl produce satellite lines to the resonance lines
from the 1322522p - 1s?2p®2s - 1s*2p° transitions in the region of 900 - 2000 A. Tables
Il and IV list wavelengths (WL), weighted radiative transition probabilities (gAr),
branching ratio (K) and factor of relative intensity (Qd) of dielectronic sateliite lines.
There are huge number of such lines but we have chosen lines with largest value of
gAr for illustration. We discovered that there are only 53 lines with gAr>10" s
These lines are given in Table [Va (transitions from even complex to odd one) and
Table Va (transitions from odd complex to even one). As we showed in Sect.2 (see
Table 1) the non-zero values of Aa for levels of odd complex (direct decay from
autoionizing levels to 132252) take place for doublet terms with odd L: P, °F, *H. We
can see from Table IVa that only for transitions with “Fy , *H; terms for upper level
we obtained non-zero values of branching ratios (K) and also Qd. On the contrary
Table Va shows that only for transitions with *Dy , ’Gy terms for upper level can give
contribution to dielectronic satellite spectra, since only for these terms we obtained
non-zero values of branching ratios (K) and also Qd. It should be noted that this
conclusion is applicable t for the case of thin plasma where only the lowest level of
C* (1s*2s” ) is populated. The values of Aa (and so K and Qd) to other states
(15°2s2p"P) can be different from zero almost for all transitions given in Tables IVa
and Va. Table IVb and Vb were organized in similar to Tables IVa and Va but we
choose transitions with gAr>10"" s . Also we removed all transitions with zero values
of Aa. As a result there are transitions with *P, *F, *H terms of upper states in Table
MTb and transitions with %S, *D, ?G terms of upper states in Table IVb.

The satellite spectra shown on Tables IVab and Vab covered the interval of
wavelength from 406 A up to 1230A. The range of 406 A up to 950A consists of the n
-2 transitions with n=3 - 6. There are some transitions n=6 - 3 types (2s’('S)6d -
2p2(ID)3p) but their contribution to the satellite spectra is very small (Qd<10’ s™'). The
largest contribution to satellite spectra (=960 A) gives transition with An=0 (2s’('S)n -
232p(1P)nl transitions ). We have to note that the contribution of the transitions with

n<6 calculated in this section to the total dielectronic satellite lines are only about 1%.



We have to include the contribution from higher levels (n<500) in order to obtain the

total values. This problem will be considered in the next section.

4. Dielectronic recombination rate coefficients to the excited states
The dielectronic recombination rate coefficients 0u(yl0p), to the excited state are
obtained by summing up the intensity factor Qu(y.yio) (see Eq.(2)) multiplied the

exponential factor over the autoionizing levels v as,

T B2 _Es
ota( 7] 00)23-3“0_24(%)3 %e T Qqa(y.7log) / gleg) (8)

where Iy is a hydrogen ionization potential (13.606eV) and Eg is an energy of the
autoionizing states counted from the threshold (1s*2s” in our case) and g(ay) is the
statistical weight of threshold which equal to 1 in our case.

Sum over Yy means sum over all autoionization levels. We calculated Qa(Y.ylct)
values only up to n=6 by Cowan code and summed all the values up to n=6 to obtain
04(y125%). For CII ions, 2s°nl, 2p°, 2s2p3! are under the ionization limit. There are
two kind of radiative decay in the dielictronic recombination processes, i) 2p-2s
transition such as 2s2pn! - 2s*0/ and ii) nl -2/’ transition such as 2p°n/ -2p’2s, 2s2pn/ -
2s*2p. For the highly excited states 2s°nl (n>6) we consider only the 2s2pn/ - 2s’nl
transition to obtain Old('y‘|282) since only these transitions are dominant for the first
case. We used asymptotic formulas for higher level than n=6. We obtain for these
transitions from (8)

1 12
ag( 25?0t 2] 262 1so)=3.3><10—24(%]3

Eg

x Ye =Qq@2s2p(3tPyns 2Ly 25%ns 225267 'S)
S,y (9)

For 2p - 2s transitions, we can use our calculated data for n=6 to extrapolate the

values for n>6:

AQs2p(3P)ns 2Ly — 2820l 245) = AQ2s2p(PP)6¢ 2Ly — 25264 245)  (10)



I2s2p(3Pns 2Ly 252 184) =T22p(-3PY6¢ 2Ly, 252 ls(,)(gf (11)

and the intensity factor Q4 can be equal to (see eq.(2))

f(n=6)

22p(1PP)ns 2Ly, 282ns 20252 1S,) = (27'+1 12
Qq(2s2p(*~'P) J n J| 0)=( )1+(n/6)3f'(n=6) (12)
where

r(2s2p(3P)6¢ 2Ly [2s2 1S
f(n=6)=AQs2p(*P)6¢ 2Ly —2526¢ 2¢5) @s2p( )13 ! |2 0
r2s2p(>*py6s 2L;)
AQs2p(PPY6r 2L

f'n=6)= (2s2p('P) 7) (13)

res2p*py6s 2Ly
By using these formulas we can calculate Qq for above mentioned transitions with any
n. The values of A and I for these transitions with n=6 are given in Table VIII.

And we obtained instead of eq . (9) for 6

g V2 < 2 f(n=
o 2520 2 5] 262 lso)=3.3x10—24[£ Yo % @4l 0a=9

T, :
©/ SLI 1+[%)3f'(n: 6)

(14)
It should be noted that we take Eg for the second (2s2p °P) and third (2s2p 'P)
thresholds are equal to 6.484eV and 12.685 eV respectively. We can see from Table
VIII that the values of Eg are changed from 4.628eV to 4.976eV and from 10.98¢V to
11.38ev for 252p(3 P)6! and 2s2p( 'P)6! states for different /. In this case all states with

n>6 can be situated in very small interval of energy: 1.856eV - 1.508eV for
232p(3 P)n/ and 1.705¢V - 1.305eV for 252p(IP)nl. We used Eg vaiues at n=6 for n>6.
Results of our calcolations of ou(yloy) for 36 excited levels are shown on
Fig.1a,b,c (even complex) and Fig.2a,b.c (odd complex) as a function of T,. Table V1
(even) and Table VII (odd) show the atomic data used for oy(y12s®) to the excited
states.We can see that the form of curves given by Figs.1 and 2 are very different.
The values of og(y12s%) for y* related to the even corﬁplex (2s2p°, 2s”ns, 2s°nd, 2s’ng,
232p(3 P)3p) are not equal to zero at very low temperature, even T, ecjual to 0.1eV, on
the contrary the values of {Id(’Y‘DSZ) for y* related to the odd complex (2s°2p, 2p°,
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252np, 2s’nf, 2s2p(3 P)3s, 252p(3P)3d) decrease towards the low temperature. There
are curves with two maximums (see Fig.1a) and the first maximum is at very small T
. around 0.2eV. This maximum can be explained by contribution from the
autoionizing levels 252p(3P)3d P12 “Pap, “Fap, ’F,,,. These terms are situated very

near to the threshold 1s?2s? (196659 cr™') (see Table Ib) and the values of
Qd(y,y‘t2sz) for these levels is around 10'% (see Table VI). By these data we can
obtain the maximum value of (Id('Y‘lZSZ) around T, = Eg by these four levels
(2s2pCP)3d *Pirz, “Pap, “Fsn, Fin)-

Let us discuss in more detailed T. dependence for o4(Y'12s%) shown on Fig.la.
Table VI lists some Qq(y,¥'12s®) which were used for calculations of oa(Y128%). We
can see from this table that the largest value of Qq(y:y128%) for v'=2p"('D)2s[*D] was
obtained by transition from the autoionizing 252p(3 P)3d [°F)] levels. The value of Eg
for these levels is 0.13eV. And we can see from Fig.la that the maximum of
%(7‘1252) for y‘:2p2(]D)23[2D] is around T.=0.13eV. The values of Qd(y,y‘l2sz) for
other v (see for example y=2s2p('P)3d [’F}]) is the same as for y=2s2p(’P)3d[’F]) but
the values of Eg for other levels (for example, Es(2s2p('P)3d[*F;])=6.24eV) are much
larger. In the result we the value for the second maximum of 04(y'12s%) is smaller than
for the first one.This is exactly what we found for the levels with v'=2s"3d , 2s*4s and

2s*4d (see Table VI and Fig.1a). We can see two maximums for these levels around

T, =0.13eV and T, =6.24eV. The ratio of values of the first to the second maximums
of og(2s’nl 1232) decreases with increasing of n. We see from Figs.1a and 1c that this
ratio is almost equal 1 and 0.1 for oa(25°3d 125%) and oy(2s”5d 125°) respectively. This
conclusion can be confirmed by data of Qq(7.y'12s") given in Table VI (see
Qd(y,'y‘12s2) for 'y‘=252nd). It should be noted that the first maximum 1s disappeared
for the ou(2s’nll2s®) with high I (see 04(2s’ngl2s>) given in Fig.lc) because no
transitions from 2s2p(3P)3d[2FJ] levels. We can see from Table VI that there are no
direct transitions of these type (2s’ng - 252p(3 P)3d).

Fig.1b demonstrates og(y12s%) for y'=2s2p(’P)3p. These levels are situated very
near under the first threshold 2s® and the 2s2p(’P)3p-2s2p(’P)3d transition

probabilities can be small since the energy differences are very small. We can see
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from Table VI that Qqu(y,yI2s%)< 10°s for v'=2s2p(’P)3p. In this case the value of
ad(ZsZp(sP)3pi2sz) can be smaller than the value of %(252p212s2). Our conclusion
agrees with og(y‘2s®) shown by Fig.1b.

We can use asymptotic formula givén in paper [22] in order to obtain Eg for
252p(3P)nl and 232p(1P)nl states as function of nl as follows. We obtain the energy

counted from the threshold:
2

Z
E(Is?2s2pn?) — E(ls*2s2p) = ~7 +2ZE(Is,n) + ZE(25.n) + 7, (2p.nt)
11}
_ (15)
where Z is the nuclear charge and E(1s,nf), E,(2s.nl), E,(2p,nl) are the first order

correction which can be represented for the large n in the form:

1 a(ls,?) 1 a(2s,f) 1 a(2p,¥)
Ei(Is,nf)=— - . Ei@2snl)=— - , Ei(s,nf)=——
I( ) I‘l2 n3 I( ) Il2 n3 1( ) n2 n3
(16)

where numerical data for a(1s.l), a(2s,l), a(2p,]) are given in [22]. Finally we can

rewrite eq.(15) by using method of screening constant:
I 1

E(lsz232pn£) —E(132232p) =—§—2[Z— 4+Hb(£)]2 (17)
n

where for b( [ )=2a(1s,/)+a(2s,)+a(2p,]). In the case of I=s we obtain from [22]
b(s)=2.211. In the result for our ion (Z=6) we can find for s-state:

1 22
E(1s22s2pns) — E(1s22s2p) = —57(2 + nl ljz (18)
n

that gives for n=6, -0.07791a.u.=2.120eV. We obtain for E5 =(6.484 -2.120)= 4.364eV
and Es =(12.685 - 2.120)= 10.565eV which agree very well with data given in Table
VII (the four first lines) obtained by Cowan code. Therefore we can use eq.(16) for
estimation of Es as function of n. We simplify eq.(16) for high Z and use only the first

term:

442 5442
Es(22p(PIng) =6484 — 252 B¢ (262p('Pynt) = 12.685— - 19
n n
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5. Total dielectronic recombination rate coefficients

The total dielectronic recombination rate coefficient is obtained by the sum of all

the levels,
ol = So( 2576 20 282 1SO)+L§}[ad(232p2(LSI)l 2s? 1Sg)
n=2
+org(2p7(LST)| 252 1S )+ Lota( 252p[*PI3E(LST) 25 Iso)}
£

(20
The summation in €q.(20) is done up to n = 500 to obtain the total dielectronic
recombination rate coefficient. In Fig.3, ad(2sznll2s2) is plotted against the principal
quantum number n. We can see that the distribution is different for the different /. The
contribution of high / is large for smaller n although that is small for larger n.

Fig.3 demonstrates n-dependencies of dielectronic recombination rate coefficient
(ad(252n11252)) calculated by using egs.(13, 14) for T, =6eV. It should be noted that we
sum on J in (14). We can see from Fig.3 that the values 04(2s*nli2s%)) are almost
constant for n=7 - 50. It can be explained that the confribution of the term
£(n=6)(n’/6") is very small in this interval of n; which means I" is much larger than
Ar. For example, the value of £(n=6) for 6s state with J’=0.5 equal to 0.385x107 (see
the third line in Table VIIL: 0.196x10*'%/0.509x10*'%). We obtain for this term 3.56 for

n=100 and the result 0(2s*100si2s>))/ og(2s%6s12s*)=0.358. The 1% contribution is
obtained for n=381.

Fig 4 gives the sum of Ud(ZSZIilQSZ) over n from n=7 to n=N, for the same value of
T, as in Fig.3 (T. =6eV). We can see that a};I (232€I2s2)
N
o (2s22s%) = Yoy (2s?niRs?) (21)
n="7
reaches constant for n2300. Sum of (1(1;1 (2524252 ) over I=s, p, d. f, g is less stable (see

Fig.4) and 1% error as found for N=500 comparing to the total for N=1000. Fig.5
gives these data with N=500 as function of T.. It should be noted that we have one

maximum for OLdN (2s2/2s2) around 10 - 12 eV which is near the threshold 2s2p 'P.
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There is no apparent maximum near the 2s2p(’P) threshold since radiative transition
probabilities A(ZsZp(3 P)n/ - 2s%nf) (and Qq in this case) is much smaller than that

with singlet intermediate momentom. The maximum arcund Te=0.2eV for oy are
mainly due to the contribution of states with 2s2p3d (see Figs.l and 2). Their
contribution to the states with n=2 - 6 is shown in Fig.5 also together with sum over
all state. This resulting contribution (solid line on Fig.5) gives total dielectronic
recombination rate coefficient for CII ion.

The calculated total dielectronic recombination rate coefficient by Badnell (1988
[23], 1987) [24] and Nussbaumer and Storey (1983) [25], (1984) {26], are shown in
Fig. 5 for comparison. The data by Badnell are larger by factor two than ours around
Te = 10 eV and smaller more than factor of two at low Te. The difference at high Te
(=10eV) should be explained by different method for calculation the sum over n for oy
(see eq. (9)). In Refs.23, 24 the sum over n was converted to an integral which was
evaluated up to n=500 using Simpson’s rule. Also it was used in these papers the
Coulomb-Bethe approximation for calculations autoionization rates (see eq. (3.3) in
[24]) which can caused the difference in calculation Qq for high n (see eqs.(12), (13)).
There are no atomic data in papers [23-26] in order to explain exactly the difference in
results except data for total and effective dielectronic recombination rate coefficients.
Table IX lists comparison for some transitions. We can see that the difference in
results is not more than 15 -30%. This difference can be explained by using different
transition energies for calculations of radiative transition probabilities since Qg = Ar
when Aa>>Ar. We used data obtained by Cowan code. Small values of transition
energy it can make difference in 2-15 -% between Cowan data and more accurate data
given in Refs.19, 20 and used in papers [23-26]. For example the wavelength for
252s2p[°P 13p(°D)-2s2p[’P 13d(°’F) transitions is equal to 8797.3A (see Table IIa in
[26]) and 10090.1 ("D 3,-"Fsp), 10092.8 *D 5-"F1p), 10136.9 D s-"Fsp) by our

calculations. In the result we can explain the large disagreement for oy for this line

shown in Table IX. Certainly we can recalculate the value of 0y for this line but there
are only a little energy data certainly known by experiment for CII and we decided to

use theoretical data for all set of our data. In the result we could not explain the
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difference in total oy for low T.~0.3 eV (see Fig.5) since we do not know exactly
which set of energy was used in [23-26] for calculations of radiative transition
probabilities. Also the values of ¢y can be changed very much by the E; value (see

eq.(8)) which is very sensitive for the levels near threshold.

6. The parametrization of the dielectronic recombination rate coefficients
It is convenient to give the rate coefficients in analytical formulae for the use in
the various application codes. We have fitted the rate coefficients in the following

formula,

E;
og( 7| 0o)= XA TT? in cm3s™! (22)
1

where E; and T, are in €V. The four fitting parameters for each excited states are listed
in Table X. It should be noted that a little bit different formula with five fitting

parameters was used by Nussbaumer and Storey (1983} [25]

7. Effective recombination rate coefficient of Carbon atom

In plasmas, there are three kinds of recombination processes; the radiative,
dielectronic and three body recombination. For the recombination of C HI to C II, the
dielectronic recombination is the most dominant process for Te> 1 eV at low
densitics. We constructed a collisional radiative model for carbon atom and ions
including the levels up to n = 4 and derived the effective emission and ionization rate
coefficients for an ionizing plasma. In this paper we have derived the effective
recombination rate coefficients using the dielectronic recombination rate coefficients
to the excited states obtained in the previous sections. We have calculated the

effective recombination by the following formula,

Oerr = 2 Ay +CiyIn(i) + ot (Dn, +ot (D) + 04 (1) (23)

where A;; and C; are the radiative transition probability and the de-excitation rate

coefficients from i to 1 level, n(i) the population density of i level, cy(1), o(1), and
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04(1) are the three body, radiative and dielectronic recombination to the ground state
1, respectively. The contribution to the states higer than n = 4 is estimated by
assuming the threshold by thermal limit.

The effective recombination rate coefficients depend on the electron density very
much since the electron is captured to the high n levels through dielectronic
recombination. In Fig. 6, the effective recombination rate coefficients including the
radiative, three body and dielectronic recombination are plotted as a function of
electron temperature for the several electron densities. The decrease of the rate
coefficient at medium densities is duec to the decrease of the dielectronic
recombination and the increase of the rate coefficients at high density of 10'® cm™ is
due to the three body recombination.

The dielectronic recombination process is also sensitive to the electric field. An
clectric field increases the rate coefficients due to the Stark mixing at high n levels but
on the other hand decreases due to the field ionization. Then we have to take into
account this effect as well as the density effect in plasmas. This microfield effect is
most dominant around n, = 10° cm?> (Reisenfield (1992) [27]) and the collisional

effect is more significant than the microfield for n. > 10" cm™.

8. Conclusion
Wavelengths, weighted radiative transitions probabilities and branching ratios together
with factor intensities were calculated in order to build the dielectronic satellite
spectra and to obtain dielectronic rates coefficients into the excited states. From
comparison with available theoretical and experimental data we can be sure that
accuracy of our data for energies is 0.1 - 1%. This is very important since we should
be very accurate for dividing level on non-autoionizing and autoionizing for sum over
all state for calculations of dielectronic rate coefficients. The accuracy of data for
radiative and non-radiative transifion probabilities is much worse than the energy,
especially for last one since these data depended on the energy of free electrons.

We have to note that the coniribution from the 2s2p3d state gives the first

maximum around the first threshold (2s® 'S) and 2p-2s transition with n=4-500 creates
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the second maximum between the second (2s2p “P) and third (2s2p 'P) threshold. In
the result the dielrctronic recombination rate coefficient has two maximum in large
interval of T.. By a such behavior the transitions with n<6 give only 1% to the total
dielectronic recombination rate coefficient at T=10eV and including the conftribution
from higher levels (n<500) provides another 99% that confirm conclusion that 1t is

very important to take into account these transitions.
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Table Ia. Energy (10° cm ™ ).of 2/,2/,(L,S,2)n/[LS]} levels
Comparison of different approximation: a-HF (with n=3)
b-scaled HF(with n=3), c-scaled HF(with n=3, 4, 5, 6), d- [19]

20 25(L128:2)nf LST a b c d
25°('Sy2p *Pin 0 0 0 0
20°CP)2s  *Pin 38.853 41.745 42.082 43.004
2p°(D)2s  Dsp 79.968 76.968 76.578 74.931
2p°('S)2s  *Sip 101.669 95.770 95.848 96.494
2p°CP)2s  “Pin 119.614 110.931 110.184 110.625
25°('S)3s  *Sin 113247 = 114.149 114.254 116.538
25°('S)3p  Pwn 129.465 130.910 131.169 131.724
25°('S)3d  Dsp 143.536 144.527 144792 145.549
20°CP2p  Ssn 140.861 141.684 142114  142.024
2p°(D)2p  Dsn 158274 157136  156.111 150.462
2p°('S)2p  *Pin 182.545 178.204 175.902 168.750
2s2pCP)3s  ‘Pin 164.432 164.858 165.100 166.968
2s2pCP)3s  Pin 171.387 169.907 170.370 177.775
2s2p(‘P)3s  Pin 226.650  218.099  218.177
2s2pCPY3p  “Siz 180.805 181.069 181.224 184.691
2s2p(CP)3p  *Siz 195817 193.544 192.672 194.572
2s2p('P)3p  Sin 245.938 236.771 237.909
2s2p(CP)3p Pip 180.181 180.612 180.591 182.025
2s20CPY3p  ‘Pin 187.240 186.565 186.823 186.437
2s2p(‘P)3p “Pin 242837 234968 235534

252pCP)3p ‘Din 178.378 179.036 179.131 181.697
2s2pCPY3p Dsn 189.820 188.680 188.700 188.582
22p('PY3p  Dsn 242334 233689 234760
2s2p(CP)3d  “Pyn 196.791 196.539 196.918 198.879
2s2p(CP)3d  P1n 203.546 201.329 200.947 202.180
2s2p('P)3d  “Pin 259.121 249570  249.557
2s2pCP)3d  “Dhn 194.738 194 817 195.128 196.558
282pCP)3d  “Dsp 198.703 197577  197.733 198.426
252p(‘P)3d  “Dsn 256222 247131 247510
2s2pCP)3d  “Fan 194.527 194.567 194.838 195.757
2s2pCP)3d  Fsp 199.115 198.467 198.611 199.942
2s2p('P)3d  “Fsp 255324 246642 247015

2p°CP)3s ‘P 253671 252717  253.109
2p°CP)3s  Pin 265362 261358  260.059
2p°('D)3s  ‘Dsp 271.830 269340 270519

2p°('S)3s  Sin 315.646 304.653 305.323
20°CP3p  Sin 263270  262.981 263.102
2p°CP)3p  “Dan 271.888 270132 269.762
2p°CPY3p  Piz 276009  273.519 273856
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Table Ia. (continued)

2 25(L;Snf L8] a b c

20°CP3p ‘Din 265.933 265.167 265.562
2°CP)3p  “Pin 267.697 266.636  267.136
20°CPY3p  “Swe 276.758 274.443 274.165
2P°(DB¥p  Fsn 285.661 281.618 282.418
20°(DB3p D 291.639 287.039 285.767
20°¢(DY3p  Pin 296.158 290.312 289.000
20°(S)3p  Pin 328265  316.690  316.576
20°CP)3d P 281.117 279.941 280.318
2p°CP)3d  Fsn 283.142  281.710 282.180
2p°CP)3d  "Dss 287.297 285.125 285.224
2p°CPy3d  ‘Fan 279.693 278.777 279.346
2p°CP)3d  Die 281.831 280.561 281.178
2p°CP3d Py 281.279 280.923 281.362
2p°('D)3d  ’Fsn 297.877 294246  294.728
2p°(D)B3d  *Grp 298.363 294.653 296.234
25°(D)3d  “Dsp 299.421 295429 295943
2p('D3d S 301.542 296252  296.723
2p°('Dy3d  *Pin 303.252 298.457 298.558

2p°('$)3d  'Dap 339.526  328.206  329.028
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Table Ib. Energy (10° cm ™ ) of 2/,24(L,,8,,)nf[LST] levels. Comparison of different
approximation: a- scaled HF(with n=3,4), b-scaled HF(with n=3, 4, 5, 6), ¢~ [19]

21]2!2(1,125;2)111 L&3 a b c
25S2p P 0 _
25°('S)2p Py, 0.061 0.062 0.064
25%(1S¥s Sy, 157.249 157.366 157.234
285(Syp Py, 162.450 162.560 162.518
28°('S¥p P 162.458 162.568 162.525
28°('S)ad D, 168.066 168.228 168.124
2s%('Sd Dy, 168.066 168.228 168.125
28°CSUf Fan 168.965  169.138 168.979
28°(SYaf  Fon- 168.969 169.138 168.979
2s2p(CP)s  ‘Piy 208.958 209.086 209.553
2s2p(CP¥s  “Psn 208.985 209.113 209.577
2s2pCP¥es Py 209.030 209.158 209.623
2s2p(’P)4s  Pin 211.380 211.473

2s2pCP)s  “Ps, 211.431 211.524

2s2p('Py4s Py, 261.127 261.227
2s2p(‘’PYds  Pi, 261.128 261.228
2s2pC’PYap Sy, 214.645 214.798 215.765
2s2pCP)p Sy 218.813 218.433

22p('PMp ’Sin 267.622 267.622
22pCPMp Pin 214.001 214.061 214.408
2s2pCPYp *Ps 214.029 214.089 214.430
2s2pCPMp  “Pin 216.351 216.411 216.363
2s2pCPYp ‘P 216.366 216.478 216.380
2s2pCPYp ‘P 216.383 216.495 216.401
2s2p(‘PMp °*Pi» 269.314 269.346 269314
2s2p('P)p *Pan 269.329 269.361 269.329
2s2p(’Pyp 'Di 213.942 214.123 214.760
22pCPYp  ‘Dapy 214.055 214.236  214.773
2s2pCP¥p ‘Dsz 214.073 214.254 214.795
2s2pC’PMp “‘Dip 214.106 214.287 214.830
22pCPMp Dan 216.798 216.844

22pCP¥p Dsz 216.845 216.891 216.928
2s2p(‘P)p ’Dss 266.232 266.496

2s2p(PMp Dy 266.231 266.495
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Table Ib. (continucd)

21,20,(L >8>l LSJ a b c
22p(CP)Md  “Pin 219.958 220.152 220.812
2s2pCPyd ‘P 219970  220.164 220833
2s2pC’Pydd  “Psp 219.983 220.177 220.845
2s2pCPyd  Pyp 222.199 221.999 222.258
252p(°P)ad  °Psp 222.223 222.023 222.286
2s2p(‘’P¥d Py, 272.066 272.247
22p('Pyad  Pan 272.070 272.251

22p(’Pyad Dy, 219.441 219.602 219.441
2s2p(CPYd  “Dsp 219.446 219.607 219.446
252p(C’PMd  “‘Dsy 219.454  219.615  219.454
2s2p(’Pyad  ‘Dyy 219.466 219.623 219.466
22pCPiad Dy, 220.229 220.372 220.229
2s2pCPH4d  Dsp 220.244 220.387 220.244
2s2p('PMd Dy 272.009 272.161

252p(‘Pyd Dy, 272.019 272.171

2s2p(CPyd  Fan 219.141 219.292 219.557
2s2p(CPy4d  “Fsn 219.156 219.307 219.570
2s2p(CPyd  “Fip 219177 219.328 219.591
2s2p(Pyad  “Fon 219206 219357 219.620
2s2pC’Pyad  “Fsy 221.036 221.103 221.461
2s2pCPYd  *Fop 221.079 221.149 221.504
2s2p('Py4d  *Fsn 271.181 271.329

252p('PM4d  *Fop 271.181 271.329

22pCPUf  “‘Dis 221.033 221.219 221.743
22pCPUf  “Dsy 221.023 221.209  221.730
2s2pC’PyAf  “Dsp 221.005 221.191 221.730
2s2pCPMf ‘D 220990  221.176  221.699
252pCPMUf  *Dsp 221.050  221.240  221.752
252pCPyf  “Dsp 221.031 221.221 221.708
22p(‘PYAf  "Dan 272.904 273.171

2s2p('PAf  Dsn 272904  273.171

2s2p(CP)Af  “Fan 220.546 220.716 221.100
252pCP)f  ‘Fsn 220.549 220.719 221.106
2s2pCPYf  “Fin 220.549 220719 221.099
22pCPY¥f  “Fon 220.562 220.732 221.094
2s2p(CPUf  Fsp 220.542 220.711 221.089
2s2pCPUf  *Frp 220.558 220.727 221.098
2s2p('P)4f  *Fsp 272.449 272.599

22p('PUf iy 272.449 272.599
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Table Ib. (contimued)

2 2L(L1:Spnd LST a b C
2s2pCPyf Gy 220.916 221.086 221.545
22pCPYUf ‘G 220.928 221.098 221.554
2s2pCPUE “Gop 220.950 221.120 221.576
2s2pCPUf  *Gup 220.977 221.147 221.805
22pCPUE  *Gip 220.973 221.144 221.588
2s2pCPUE G, 221.012 221.183 221.626
22p('PMf  *Gyp 272.462 272.620
2s2p(‘PMf  *Gsp 272.462 272.620

20°CPMs  ‘Pin 294.374 294.410

20°CP)Ms Py, 294.401 294.437

20°CPMs  Psn 294.445 294 481

20°CPY4s  “Pin 297.172 297.686

2°CP)s  Psp 297.224 297.738

20°(Dys  Ds, 309.747 309.985

20°(Dys  “Dsy 309.748 309.986

2p°('S¥ds %Sy, 342.841 343.225

20°CP)ap Sz 298.698 298.775

20°CPYp  Dsn 302.450 302.291

20°CPYp  Dsp 302.457 302.338

2°CPMp Pin 303.996 303.531

2°CPYp Py, 304.012 304.547

20°CPMp ‘D 299.237 299 398

2p°CPMp Da 299.250 299.411

20°CPyp “Dss 299.273 299.434

20°CPYp ‘D 299.306  299.467

206°CP)Mp  “Pin 299.695 299.888

20°CPYp ‘P 299.709 299.902

20°CPyp  “Ps 299.723 299.916

20°CPMp  “San - 302.728 302.594

2°(DMp  Fsz 314.177 314.405

20°(D¥p  Fan 314.180 314.408

20°CDMp  *Da 315.920 316.605

2p°(Dyp Dsp 315.915 316.600

20°(Dyp  *Pun 318.047 317.807

20°(DMp P, 318.054 318.814

20°(Syp Pz 347.971 348.255

2008)4p P 347.971 348.255

—24—




Table Ib. (continued)

25 25(L oSl LSJ a b

2°CPMd “Pin 304.719  304.876
2p°CPYMd Py 304.687 304.877
2p°CPyd  Fsp 305.632 305.741
2p°CP)4d  Fp 305.677 305.786
2p°CPY¥d  *Ds, 306.883 306.784
2p°CPY¥d  *Dsp 306.899 306.800
2°CP¥d  “Fap 303.929 304.089
20°CPYd  “Fsp 303.944 304.102
20°CP)d ‘Fop 303.961 304.119
2°CPy¥d Fon 303.983 304.141
2p°CPy¥d  “Din 304.511 304.710
2°CP)Ad "Dsp 304.515 304.714
20°CPMd ‘Dsy 304.524 304.723
2p°CPM¥d Dy 304.536 304.735
20°CPYAd Pin 304.914 305.091
20°CP¥d Pin 304.906 305.085
2p°CPY¥d Py 304.885 305.064
p(Sud  Dsp 352.189 352.430
2p°('S)d Dy 352.186 352.427
2p(Dy¥d  Fsp 318.832 319.035
2p°(Dy¥d  Fon 318.828 319.031
2p°(DMd  ’Gyp 318.883 319.098
2p°(DMd  ’Cop 318.883 319.098
2p°(Dd  *Dae 319.232 319.405
20°(Dyd Dy, 319.233 319.406
2p'(Dyd Py, 320.572 320.458
2p°('DUd  *Pap 320.577 320.463
2p°('DMd Sy, 320.723 320.814
WCPYME Dsy 305.723 305.884
20°CPUE Dsn 305.698 305.859
2p°CPMUE Grn 305.739 305.944
20°CP)f  *Gop 305.780 305.985
20°CPUf Fsn 306.145 306.340
20°CPUE °Fop 306.155 306.350
20°CPMf Dy 305.712 305.897
2°CPMf  "Dan 305.698 305.883
20°CPME Dsy 305.675 305.860
20°CPMAE Dy 305.665 305.850
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Table Ib. (contimued)

2 2(L,Sond LST a b

20°CPUf Gy 305.688 305.892
20°CPYf ‘G 305.699 305.903
20°CPYf Gy 305.719 305.923
20°CPYf “Gyp 305.750 305.954
20°CPUf  “Fap 306.087 306.284
2p°CPMf  “Fs, 306.091 306.288
2p°CPf ‘o 306.097 306.294
20°CPMf  “Fon 306.103 306.300
20°CS)Yf  Fsn 353.421 353.638
20°CS)4f  *Fap 353.471 353.638
2°(DMf  *Gy 319.977 320.184
20°('DME Gy 319.977  320.184
20°CDMUE Fsn 320.110 320.298
20°(DMf  Fon 320.110 320.298
20Dyt "Hsp, 320.361 320.608
20°CDMUf  "Hup 320.361 320.608
2p° (DM Dip 320.455 320.627
2p°(DUf Dy, 320.456 320.628
2°(DMUf Py, 321.113 321.152
20°(DUf Py, 321.113 321.152




Table Ic Sum gAr (s') of 21,24(L;8,,)n/[LS]] levels.Comparison of different approximation:
a-HF (with n=3), b-scaled HF(with n=3), c-scaled HF(with n=3, 4, 5, 6), d- [20]

20,205(L 55 n LSJ a b c d
20°(D)2s  “Dip 1.868+09  1.789+09  1.724+09  2.36+09
2°(D)2s Dy 2766409  2.677+09  2.580+09  3.60+09
20°(S)2s  *Sin 6.424+09  4.634+09 4582409  2.20+09
20CP)2s Py, 1.100+10  9.089+09  9.055+09  8.20+09
20°CP)2s  Pa 2.200+10  1.818+10  1.812+10  1.96+10
29°(S)3s  Sin 9.331+08  1.866+09  1.936+09  2.40+09
28(S3p *Pua 3.027+08  2.847+08  2.602+08  0.96+08
25°(S)3p P 6.059+08  5.702+08  5210+08  1.92+08
20°CP)2p “San 1.713+10  1.627+10  1.602+10  1.28+10
26°(S)3d  'Dup 1.180+10  1.151+10  1.137+10  9.22+09
26('S)3d  Dsy 1.768+10  1.724+10  1.704+10  1.48+10
2p°(D)2p  Dsa 2.857+09  3.657+09  3.358+09  3.88+09
20°(D)2p Dy 4289+09  5.488+09  5.041+09  5.80+09
2s2pCP)3s  ‘Pin 2.958+08  2.739+08  2.898+08
2s2p(’P)3s  ‘Pan 5.920+09  5.480+09  5.795+09
2s2pCP)3s  “Psy 8.869+09  8228+09  8.700+09

20°(8)2p P 1.910+09  1.562+09  1.399+09  1.62+09
20°(S)2p P 3.799+09  3.100+09  2.772+09  3.16+09
2s2pCP)3s  Pi, 4.410+09  5.162+09  4.535+09
2s2p(°P)3s  *Pan 8.839+09  1.035+10  9.101+09
2s2pCPyEp  “Dis 6.882+07  7.322+07  6.833+07  7.36+07
2s2pC’P3p  Da 1.376+08  1.464+08  1.366+08  1.40+08
252pCP)3p “Dsn 2.067+08  2.195+08  2.048+08  2.32+08
2s2p(CP)3p ‘Dip 2.758+08  2.929+08  2.733+08  2.96+08
2s2p(CP)3p  Pin 1.543+09  1.673+09  1.449+09
2s2pCP¥3p P 3.083+09  3.340+09  2.895+09
2s2pCP3p  “Swe 2.005+08  2.028+08  1941+08  2.60+08
2s2pCP)3p  ‘Pin 3.378+08  2.890+08  2.760+08  1.73+08
252pCP)3p  “Pan 6.758+08  5.781+08  5.522+08  3.44+08
2s2pCPB3p  “Psn 1.014+09  8.676+08  8.288+08  5.16+08
2s2pCPy3p  Dae 4379+09  4.240+09  2.889+09
22p(’P)3p Dsn 6.569+09  6.360+09  4.335+09
22pCP)3p  “Siz 7.763+08  9.352+08  8.721+08
2s2p(CP)3d  “Fan 3.899+08  3.304+08  3.090+08
2s2p(’P)3d  Fsz 7.283+08  5.925+08  5.504+08
2s2pCP)3d  “Fon 1.030+09  8.259+08  7.647+08
2s2p(CP)3d  “Fon 7.658+08  6.836+08  6.438+08
2s2pC’P)3d Dy 8.573+09 - 8.272+09  8.601+09
2s2p(’P)3d  “Di 1.706+10  1.648+10  L.715+10
2s2pCP13d  “Dsp 2.544+10  2.462+10  2.563+10
2s2pCP)3d Dy 3.386+10  3.279+10  3.414+10
2s2p(’P)3d  “Pin 4.803+09  4.633+09  4.836+09
2s2p(P)3d  “Pa, 9.600+09  9.272+09  9.665+09

2s2p(’P)3d  "Psa 1.438+10  1.389+10  1.448+10
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Table ITa. Energy, radiative widths of CII ion for 15°2/,21,(L,8,:2)nl [LSJ] states of odd complex
1-25"2p , 2-2p°, 3-25*3p, 4-252p3s, 5-252p3d, 6-2p>3p

7-25’4p, 8-2574f, 9.252pds, 10-2s2pdd, 11-2p*4p, 12-2p%4f

13-2525p, 14-2525f, 15-2s2p5s, 16-252p5d, 17-2s2p5g, 18-2p25p, 19-2p25f,

20-256p, 21-2576f, 22-25"6h, 23-2s2p6s, 24-2s2p6d, 25-2s2p6g,

26- 2p°6p, 27-2p°6f, 28-2p°6h

N 22bnl LS, LS J (10°cm™) Sum(gAn)s”
1 252p ('S) °p 0.5 000 0.000+00
1 2%2p (S) P 1.5 062 0.000+00
3 2s%3p (S) ?’P 05 131169 2.479+08
3 2%p (s) 1.5 131.179 4.963+08
2 20 (*S) °s 1.5 142114 1.586+10
2 » D) 1.5 156.111 3.194+09
2 ' (D) D 2.5  156.113 4.794+09
7 2p ('S) °P 0.5  162.560 7.660+08
7 2%p (!S) %P 15  162.568 1.525+09
4 2s2p3s (CP) ‘P 0.5  165.100 2.978+09
4 2s2p3s CP) ‘P 1.5 165.126 5.959+09
4 252p3s CP) ‘P 25 165171 8.948+09
8 25%4f  ('s) °F 25  169.138 1.767+09
8 2s4f  ('S) °F 3.5 169.138 2.355+09
4 2s2p3s (CP) P 05 170370 4.453+09
4 2s2p3s (CP) P 1.5 170.400 8.937+09
2 2 (P %P 05 175902 8.274+08
2 2 (P °p 1.5 175904 1.642409
13 2%p () °P 05 178271 . 7.070+08
13 2s5p ('S) P 1.5 178.285 1.402+09
14 2°5f  ('S) °F 2.5 179.183 8409408
14 2s%5f ('s) PF 35 179.183 1.121+09
20 28%p (S) P 0.5 183.354 2.259+08
20 2%6p ('S) P 1.5 183357 4.514+08
21 2x%f ('S) °F 2.5 184638 4.857+08
21 25’6t ('S) °F 3.5 184638 6.476+08
22 2s6h ('S) *H 45  184.776 2.666+08
22 2s%6h ('S) H 55  184.776 3.200+08
5 2s2p3d CP)  *F 1.5  194.838 2.987+08
5 2s2p3d °P) F 2.5 194853 5.239+08
5 2s2p3d °P) °F 3.5 194.874 7.244408
5 2s2p3d °P) °F 45  194.903 6.336+08
5 2s2p3d Py ‘D 0.5  195.128 8.727+09
5 2s2p3d °P) ‘D 1.5 195133 1.741+10
5 2s2p3d CP) ‘D 2.5 195.142 2.603+10
5 2s2p3d °P) ‘D 35  195.153 3.467+10
5 2s2p3d CP) ‘P 05 196918 4.894+09
5 2s2p3d CP) P 1.5 196906 9.782+09
5 2s2p3d °P) ‘P 2.5 196.884 1.465+10
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Table IIb. Energy, radiative and non-radiative widths of CII ion for

1s220,25,(L 1S )l [LSJ] states of odd complex

N 202l LS LS J E(10°cm™) Sum(gAr), s Aa 10" s

28* ('S) SumAa
5 2s2p3d °P) D 1.5 197.733 9.442+09 0 0
5 2s2p3d °P) D 2.5 197.746 1.417+10 0.0004 0.0004
5 2s2p3d P) °F 2.5 198.611 1.522+10 0.7298 0.7298
5 252p3d ¢P)  °F 3.5 198.654 2.033+10 0.7364 0.7364
5 2s2p3d (CP) P 0.5 200.947 4.610+09 0.0679 0.0679
5 2s2p3d °P) P 1.5 200.923 9.230+09 0.0691 0.0691
9 2s2pas (CP) P 0.5 209.086 1.105+09 0.0003 0.0003
9 2s2p4s CP) P 1.5 209.113 2.051+09 0.0008 0.0008
9 2s2p4s (CP) P 2.5 209.158 3.328+09 0 0
9 2s2pds Py P 0.5  211.473 1.422+09 10.2973 10.297
9 2s2pas (P) P 1.5 211.525 2.214+09 10.3023 10.3023
4 2s2p3s (‘'P) P 0.5  218.177 7.082+09 0.4371 0.4371
4 252p3s ('P) P 1.5 218.179 1.416+10 0.4257 0.4257
10 2s2p4d °P) °F 1.5 219.292 2.217+08 0 0
10 2s2pad CP) °F 2.5 219.306 3.625+08 0 0
10 2s2p4d °P) F 3.5 219.328 4.931+08 0.0001 0.0001
10 2s2pad °P) °F 45  219.357 5.081+08 0 0
10 2s2p4d °P) D 0.5  219.602 3.924+09 0 0
10 2s2pad Py ‘D 1.5 219.607 7.826+09 0 0
10 2s2p4d °P) ‘D 2.5 219.615 1.170+10 0 0
10 2s2p4d CP) ‘D 3.5 219.627 1.561+10 0 0
10 2s2p4d CP) P 0.5  220.152 2.335+09 0 0
10 2s2pad CP) P 1.5 220.140 4.670+09 0 0
10 2s2pad °P) P 2.5 220.117 6.999+09 0 0
10 2s2p4d CP) D 1.5 220372 4.417+09 0 0
10 2s2pad CP) D 2.5 220.387 6.631+09 0.0003 0.0003
10 2s2p4d (°P)  °F 2.5  221.103 8.386+09 0.3172 03172
10 262p4d Py °F 3.5 221.146 1.120+10 0.3206 0.3206
10 2s2pad (°P) P 0.5 221999 2.151+09 0.0043 0.0043
10 2s2pad CP) P 1.5 221.974 4.301+09 0.0049 0.0049
15 2s2p5s °P) P 0.5 225447 4.839+08 0.0007 0.0007
15 2s2p5s (CP) P 1.5  225.474 9.708+08 0.0018 0.0018
15 252p5s CP) P 2.5 225.519 1.463+09 0 0
15 2s2p5s CP) P 0.5  226.525 7.627+08 4.9718 49718
15 2s2pss Py P 1.5 226.578 1.522+09 4.9735 4.9735
16 252psd CP) °F 1.5 230.198 1.518+08 0 0
16 22p5d Py °F 2.5 230.212 2.677+08 0 0
16 2s2p5d CP) F 3.5  230.233 3.741+08 0.0001 0.0001
16 2s2p5d P) F 4.5 230.264 3.183+08 0 0
16 22p5d CP) ‘D 0.5 230.390 1.967+09 0 0
16 2s2p5d CP) ‘D 1.5 230.394 3.899+09 0 0
16 2s2p5d CP) D 2.5 230.402 5.789+09 0 0
16 22p5d Py D 3.5 230.417 7.755+09 0 0
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Table ITh (continued)

N 2020l LypS, LS ] E(10°%cm™) Sum(gAr), s A2108 1
25" (') SumAa

16 2s2p5d CP) P 0.5  230.650 1.215+09 0 0

16 2s2p5d °P) P 1.5  230.638 2.439+09 0 0

16 2s2p5d CP) P 2.5 230.616 3.669+09 0 0

16 2s2p5d °P) D 1.5 230.713 2.525+09 0 0

16 2s2p5d CP) D 25  230.729 3.791+09 0.0003 0.0003

17 2s2p5g CP) °G 25  231.169 4.577+08 0.0001 0.0001

17 2s2p5g CP) ‘G 3.5  231.163 6.057+08 0 0

17 2s2psg CP) ‘G 4.5 231.163 7.566+08 0 0

17 2s2p5g CP) °G 55  231.179 9.105+08 0 0

17 2s2p5g CP) - °G 35  231.169 6.078+08 0 0

17 2s2pSg CP) G 4.5 231.179 7.587+08 0 0

16 2s2p5d CP) °F 2.5 231.184 5.567+09 0.1384 0.1384

16 2s2p5d Py °F 35 231.226 7.419+09 0.1398 0.1398

17 2s2pSg CP)  °H 3.5 231.242 6.025+08 0.0003 0.0003

17 2s2pSg CP)  °‘H 4.5  231.273 7.392+08 0 0

17 2s2pSg CP) 'H 55 231273 8.874+08 0 0

17 2s2p5g CP) 'H 6.5 231.297 1.033+09 0 0

17 2s2p5g CP) °H 45  231.242 7.375+08 0 0

17 2s2pSg Py  °H 55  231.298 8.836+08 0 0

17 2s2p5g Py °F 1.5 231.311 2.939+08 0 0

17 2s2p5g Py °F 2.5  231.29 4.427+08 0.0001 0.0001

17 2s2p5g CP) °F 3.5 23129 5.916+08 0.0001 0.0001

17 2s2pSg Py °F 45  231.274 7.379+08 0 0

17 22p5g CP)  °F 2.5  231.311 4.422+08 0.0001 0.0001

17 2s2p5¢ CP) °F 3.5 231274 6.026+08 0.0003 0.0003

16 2s2p5d CP) P 0.5  231.682 1.783+09 0.0185 0.0185

16 2s2psd (P) P 1.5 231.657 3.574+09 0.0206 0.0206

23 2s2p6s (CP) P 0.5  233.412 2.327+08 0.0016 0.0016

23 2s2p6s (CP) P 1.5 233.439 4.684+08 0.0037 0.0037

23 2s2p6s (P) P 2.5  233.485 7.074+08 0 0

23 2s2p6s Py P 0.5  234.003 6.498+08 3.3163 3.3163

23 2s2p6s CP) P 1.5 234.057 1.288+09 3.3124 3.3124

24 2s2p6d (P)  °F 1.5 236.013 5.506+07 0 0

24 2s2p6d °P) °F 25  236.026 1.360+08 0 0

24 2s2p6d CP)  °F 3.5  236.047 2.097+08 0.0001 0.0001

24 2s2p6d (P) °F 45  236.080 5.187+07 0 0

24 2s2p6d CP) ‘D 0.5 236.135 1.025+09 0.0001 0.0001

24 2s2péd CP) ‘D 1.5  236.138 2.005+09 0 0

24 2s2p6d CP) D 2.5 236.145 2.916+09 0 0

24 282p6d CP) D 3.5  236.163 3.946+09 ¢ 0

24 2s2p6d CP) ‘P 0.5 236295 6.486+08 0 0

24 2s2p6d (P) ‘P 1.5  236.282 1.524+09 0 0

24 2s2p6d CP) ‘P 2.5 236.261 2.112+09 0 0
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Table IIb (continued)

N 20,2bnl LSp LS ] E(10°cm™) Sum(gAr), s’ A2, 108 ¢

257 ('S) SumAa
24 2s2p6d P) D 1.5 236.293 2.006+09 0.0002 0.0002
24 2s2p6d (P) D 25 236309 3.225+09 0.0003 0.0003
25 2s2p6g CP) ‘G 25  236.565 2.565+08 0 0
25 2s2p6g (P) ‘G 33 236.552 3.413+08 0 0
25 2s2p6g Py ‘G 4.5 236.552 4.270+08 0 0
25 2s2p6g Py ‘G 5.5  236.572 5.130+08 0 0
25 2s2pég (P) G 3.5 236.565 3.421+08 0 0
25 2s2pég CP) G 45 236572 4.273+08 0 0
25 2s2p6g Py ‘H 35  236.605 3.404+08 0 0
25 2s2p6g (P) - ‘H 45  236.640 4.257+08 0 0
25 2s2pég (P) ‘H 5.5 236.640 5.111+08 0 0
25 2s2p6g (P) ‘H 6.5 236.660 5.961+08 0 0
25 2s2p6g P)  °H 4.5 236.605 4.251+08 0 0
25 2s2p6g CP) H 5.5 236.660 5.095+08 0 0
24 2s2p6d P) °F 2.5 236.631 6.550+09 0.0060 0.0060
24 2s2p6d (P)  °F 3.5 236673 8.805+09 0.0613 0.0613
25 2s2p6g Py °F 1.5 236.665 1.700+08 0 0
25 252p6g (P)  °F 2.5 236.654 2.805+08 0.0002 0.0002
25 2s2p6g (P) °F 35  236.654 3.591+08 0.0001 0.0001
25 2s2p6g (P)  °F 45  236.638 4.261+08 )} 0
25 2s2p6g (P) °F 25  236.666 2.783+08 0.0002 0.0002
25 2s2p6g CP) °F 3.5  236.638 3.460+08 0 0
24 2s2p6d CP) P 0.5  237.060 3.284+09 0.1043 0.1043
24 2s2p6d CP) P 1.5  237.034 6.570+09 0.1063 0.1063
5 22p3d ('P) F 25 247015 2.269+10 29.2504 29.2504
5 2s2p3d ('P) F 3.5 247.014 3.022+10 29.2476 29.2476
5 2s2p3d (‘P) D 1.5 247510 2.392+10 0 0
5 2s2p3d (P) D 2.5 247512 3.585+10 0 0
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Table Ilc. Energy, radiative and non-radiative widths of CII ion for

1520, 25,(Ly;S )l [LSJ] states of odd complex

N W2dnl LS, LS ) E(10%m™) Sum(gAr), s FYRT
2s” (*'S) SumAa
5 2s2p3d ('P) P 0.5 249.598 9.199+09 3.5714 3.6964
5 2s2p3d ('P) P 1.5  249.599 1.839+10 3.5711 3.6953
9 2s2pds (‘P) P 0.5  261.227 5.077+09 0.9092 2.0799
9 2s2p4s ('P) P 1.5 261228 1.015+10 0.9029 2.0798
6 2p3p CP) S 0.5  263.102 5.618+09 0 0.0002
6 2p3p Py D 05 265562 3.533+09 0 0.0109
6 2p3p (P) D 1.5  265.576 7.068+09 0 0.0109
6 2p3p CP) D 25  265.600 1.061+10 0 0.0109
6 2p3p CP) ‘D 3.5  265.635 1.415+10 0 0.0107
6 2p%3p CP) P 0.5  267.136 3.719+09 0 1.6963
6 2p'3p (CP) P 1.5  267.150 7.440+09 0 1.6964
6 2p3p (P) ‘P 2.5 267.174 1.116+10 0 1.8966
6 2p3p (P) D 1.5  269.762 1.224+10 0 3.7421
6 2p3p (CP) D 25  269.803 1.850+10 0 3.6221
10 2s2p4d ('P) F 2.5 271329 1.513+10 12.8645 13.6565
10 2s2pad ('P)  F 3.5 271.329 2.015+10 12.8626 13.6510
10 2s2p4d ('P) D 1.5 272161 9.947+09 0.0004 13.3031
10 2s2p4d ('P) D 2.5 272171 1.478+10 0.0001 13.4131
10 2s2p4d (P) P 0.5  272.187 7.082+09 2.8713 3.2781
10 2s2pad ('P) %P 1.5 272.191 1.417+10 2.8726 6.2408
6 2p23p CP) P 0.5 273.856 3.663+09 0.0123 13.9731
6 2p%3p (P) P 1.5  273.857 7.319+09 0.0114 13.9698
6 2p3p CP) S 1.5  274.165 6.953+09 0 0.0001
15 2s2pSs ('P) P 0.5 277411 4.285+09 0.6774 0.7814
15 2s2p5s ('P) P 1.5 277412 8.567+09 0.6752 0.7779
6 2p"3p (D) 7F 2.5  281.418 9.275+09 0.6576 2.6230
6 2p3p (D) °F 3.5 281421 1.239+10 0.6667 2.6187
16 2s2pSd ('P) D 1.5 282.440 1.113+10 03 8817
16 2s2p5d ('P) D 2.5 282441 1.669+10 0 3.8856
16 2s2p5d ('P) P 0.5  282.823 5.787+09 1.5157 1.5195
16 2s2p5d ('P) P 1.5  282.823 1.157+10 1.5161 1.5199
17 2s2pSg ('P)  *G 3.5 283.117 1.516+10 0 0
17 2s2pSg ('P)  °G 4.5  283.117 1.794+10 0 0
17 2s2pSg ('P) H 45  283.171 1.791+10 0.0969 0.0969
17 2s2ps5g (‘P) H 55  283.171 2.151+10 0.0969 0.0969
16 2s2p5d ('Py °F 2.5  283.189 6.280+09 7.7590 14.0563
16 2s2psd ('P) °F 35  283.191 8.421+09 7.6721 13.9090
17 2s2p5g ('P)  °F 2.5  283.217 1.135+10 0.4001 0.7452
17 2s2p5g (‘P)y  °F 3.5  283.218 1.506+10 0.4733 0.8804
23 2s2p6s (‘P) P 0.5 285.229 3.915+09 0.3073 0.5090
23 2s2p6s (P) P 1.5 285.231 7.830+09 0.3071 0.5060
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Table Ilc (continued)

N 12dnl LiS;; LS ] E(10°cm™) Sum(gAr), s Aa, 108 §1

2¢* ('S) SumAa
6 2p3p (D) D 1.5  285.767 3.405+09 0.0001 21182
6 2p3p (D) D 2.5 285.762 5.104+09 0 4.1209
24 2s2p6d ('P) P 0.5 288.131 4.636+09 0.4120 2.4879
24 2s2p6d ('P) P 1.5 288.136 9.384+09 0.4237 2.4514
24 2s2p6d ('P) D 1.5  288.140 1.054+10 0.0035 1.6140
24 2s2p6d ('P) D 2.5  288.140 1.563+10 0.1644 1.7529
24 282p6d ('P)  °F 2.5 288.140 1.049+10 4.6681 56415
24 2s2p6d ('P)  °F 3.5  288.140 1.373+10 4.8302 57773
25 2s2p6g ('P) ‘G 3.5  288.519 1.503+10 0 0
25 2s2p6g ('P)  °G 45 288519 1.880+10 0 0
25 2s2p6g ('P)  °H 45 288545 1.672+10 0.1031 0.1032
25 2s2p6g ('P) ‘H 5.5  288.545 2.006+10 0.1031 0.1031
25 2s2p6g ('P) °F 2.5 288.577 1.223+10 0.0002 0.0002
25 2s2p6g (‘P)  F 3.5 288577 1.631+10 0.0002 0.0002
6 2p’3p (D) P 0.5  289.000 3.644+09 0.9043 7.1540
6 23p (D) P 1.5 289.016 7.186+09 0.8865 7.2407
11 2p4p (CP) S 0.5 298775 4.697+09 0 0.0010
11 2p4p CP) D 0.5 299398 3.414+09 0 0.1622
11 2pp CP) ‘D 1.5 299411 6.831+09 0 0.1634
11 2p9p CP) D 2.5 299.434 1.025+10 0 0.1638
11 2p4p (CP) ‘D 35 299468 1.367+10 0 0.1615
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Table IId. Energy, radiative and non-radiative widths of CII ion for

15°24,2L,(L.1,S1,)nl [LSJ] states of odd complex

N 202bnt LS, LS J E(10%cm™) Sum(gAn), s Aa 10" s?

25° ('S) SumAa
11 2p4p (CP) ‘P 0.5  299.891 3.668+09 0 1.4995
11 2pMp CP) P 15 299905 7.336+09 0 1.4987
11 2p4p CP) P 25 299929 1.101+10 0 1.4983
11 2pp CP) D 15 302291 6.897+09 0 5.6490
11 2p%p CP) D 25 302338 1.036+10 0 5.6433
11 2p4p CP) 'S 1.5 302.594 6.226+09 0 0.0017
11 2p4p CP) P 0.5  303.531 3.517+09 0.0198 18.0949
11 2p4p CP) P 1.5 303.549 7.037+09 0.0203 18.0582
12 2p4f (CP) D 0.5  305.897 3.675+09 0 0.0002
12 20°4f CP) ‘D 1.5 305882 7.344+09 0 0.0142
12 2p4f (P) D 25 305882 1.101+10 0 0.0251
12 2p°4f (P) ‘D 3.5, 305.850 1.468+10 0 0.0114
12 2p°4f (P) D 1.5 305906 7.345+09 0 0.0271
12 2p4f (P) D 25 305.859 1.101+10 0 0.0329
12 2p4f CP) ‘G 25 305892 1.045+10 0 2.6865
12 2p4f (°P) ‘G 3.5 305.903 1.390+10 0 2.7061
12 2p4f (P) G 45 305924 1.739+10 0 2.7029
12 20%4f (°P) G 5.5  305.954 2.091+10 0 2.6986
12 4f CP) G 3.5 305.944 1.369+10 ¢ 2.7935
12 20'4f CP) G 4.5 305.985 1.711+10 0 2.8013
12 2p4f CP) F 1.5  306.284 6.992-+09 0 1.9029
12 2p'af Py F 2.5  306.288 1.049+10 0 1.9043
12 2p4f (P) F 3.5  306.294 1.398+10 0 1.9066
12 20°4f CP) °F 4.5  306.300 1.748+10 0 1.9146
12 2p4f (P) F 2.5 306.340 1.024+10 0.0004 2.0091
12 4f CP) F 3.5 306.350 - 1.365+10 0.0004 2.0175
18 2p5p CP) S 0.5  312.682 4.447+09 0 0.0044
18  2p°p (P) ‘D 05 312899 3.196+09 0 0.1854
18 2p’5p (P) D 1.5 312912 6.395+09 0 0.1888
18 2p’5p (P) ‘D 2.5 312934 9.599-+09 0 0.1904
18 2p5p ¢P) ‘D 3.5 312969 1.280+10 0 0.1825
18 2p%5p (P) P 0.5  313.118 3.445+09 0 0.9946
18 2p5p (P) P 1.5 313.130 6.860+09 0 0.9705
18 2p5p CP) P 25  313.152 1.024+10 0 0.9350
18 2psp (P) D 1.5 313.151 6.155+09 0 0.3618
18  2p5p CP) D 25 313186 9.248+09 0 0.3790
18 2p5p CP) P 05 313430 3.853+09 0.0026 1.9958
18 2p'5p CP) P 1.5  313.448 7.699+09 0.0026 1.9624
18 25p CP) 'S 1.5 314.523 5.922+09 0 0.0005
11 2pp (D) F 25 314405 3.035+09 0.2426 1.8395
11 2p4p (D) F 35 314408 4.049+09 0.2425 1.8388




Table I1d (continued)

N 22nl LpSp LS ] E(10°cm™) Sum(gAr), s Aa10%s?

25* ('S) SumAa
19 2p°5f (°P) D 1.5 315.984 6.753+09 0 0.1256
19 2p’5f (P) D 2.5 315954 9.816+09 0 0.8689
19 2p%5f (P) ‘D 05 316007 3.405+09 0 0.0001
19 2p°5f ¢°P) ‘D 1.5  316.005 6.771+09 0 0.0774
19 2p5f CP) ‘D 25 315985 1.018+10 0 0.0572
19 2p5f CP) ‘D 3.5 315957 1.350+10 0 0.1904
19 p’5f (P) ‘G 2.5 315960 9.628+09 0 1.3187
19 2p5f (P) ‘G 3.5 315.968 1.252+10 0 1.8860
19 2p5f CP) ‘G 45 315988 1.555+10 0 2.0397
19 2°5f CP) -G 55 316.021 1.868+10 0 2.0379
19 25 CP) G 3.5 316.002 1.233+10 0 2.1145
19 2°5f CP) G 4.5  316.043 1.540+10 0 2.1281
19 20°5f (P) °F 1.5 316.176 6.479+09 0 1.5097
19 2p'5f CP) °F 25 316181 9.719+09 0 1.5112
19 2p’5f CP) F 3.5  316.188 1.296+10 0 1.5189
19 2’5t (P) °F 45 316192 1.618+10 0 1.5435
19 2p’sf (P) °F 25 316223 9.620+09 0.0002 1.6266
19 2p’5f (P) °F 3.5 316232 1.282+10 0.0002 1.6450
6 2»3p (S) P 05 316576 3.926+09 0.1351 10.5175
6 2p3p (S) P 1.5 316.582 7.878+09 0.1349 10.5118
11 2p4p (D) D L5 316.605 3.577+09 0 2.3261
11 2p%p (D) °D 25 316620 5.377+09 0 2.3552
11 2pd4p (D) P 0.5  317.807 3.097+09 0.0330 7.0217
11 2p4p (D) P 1.5  317.824 6.166+09 0.0328 7.0987
26  2p6p (CP) S 0.5  319.665 5.120+09 0 0.0091
26  2p%6p (P) ‘D 05 319742 3.057+09 0 0.1372
26 2p6p (P) ‘D 15  319.754 6.121+09 0 10.144
26 2p%6p (P) ‘D 25 319.776 9.192+09 0 0.1478
26 2p'p (P) ‘D 35 319811 1.223+10 0 0.1329
26 2p6p (P) P 0.5  319.860 3.341+09 0 0.6160
26  2p6p (P) P 1.5 319.873 6.642+09 0 0.6134
26 2p6p CP) P 2.5 319.897 9.964+09 0 0.6103
12 2p4f (D) G 3.5 320.184 4.638+09 0 1.6709
12 opiaf (D) G 45  320.184 5.798+09 0 1.6708
12 2'4f (D) °F 2.5 320.298 3.551+09 0.0242 0.4159
12 20°4f (D) °F 3.5 320298 4.735+09 0.0242 0.4158
12 2paf (D) H 45  320.608 5.155+09 0 4.2396
12 wpaf (D) 'H 55 320608 6.155+09 0.0003 4.2396
12 2p4f (D) D 1.5 320.626 2.389+09 0 0.2726
12 w4f (D) D 25 320628 3.533+09 0 0.2394
26 2p'6p (P) S 1.5  320.778 6.162+09 0 0.0020
12 2p°4f (D) P 0.5  321.152 1.367+09 0.0143 1.5260
12 2p'af (D) P 1.5 321.154 2.730+09 0.0146 1.4882
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Table IId (continued)

N 202bnl LS, LS 1 E(10°%cm™) Sum(gAr), s’ Aa108 ¢!

28" ('S) SumAa
26 2p6p (P) D L5 320908 7.629+09 0 1.9260
26 2p'6p CP) D 2.5 320948 1.148+10 0 1.9444
12 2p°4f (D) P 0.5 321152 1.367+09 0.0143 1.5260
12 2pf (D) P 15 321154 2.730+09 0.0146 1.4882
27 2p'6f (CP) D 0.5 321487 3.420+09 0 0.0001
27 2p’6f CP) ‘D 1.5 321.468 6.885+09 0 0.0639
27 2p’6f (CP) ‘D 25 321447 1.038+10 0 0.1120
27 2p6f CP) ‘D 3.5 321.431 1.261+10 0 0.7783
27 2p'6f (P) D 3.5 321440 1.277+10 0 0.6370
27 2p6f CP) -'G 25 321.427 8.888+09 0 1.2882
27 2p6f CP) ‘G A5 321.456 1.470+10 0 1.3529
27 2p’6f CP) ‘G 55  321.492 1.758+10 0 1.3513
27 2p'6f CP) G 3.5  321.464 1.179+10 0 1.4090
27 2p’6f CP) ‘G 4.5 321.506 1.468+10 0 1.4269
27 2p6f (CP) D 1.5 321.497 7.088+09 0 0.0100
27 2p’6f (P) D 2.5 321470 1.054+10 0 0.0521
27 2p’6f (P) °F 1.5  321.573 6.426+09 0 1.0273
27 2p’6f (CP) F 2.5  321.577 9.625+09 0 1.0510
27 2p’6f (CP) °F 35 321583 1.278+10 0 1.0697
27 2p'6f (P) °F 4.5  321.587 6.799+09 0 1.1105
27 2p’6f CP) °F 2.5 321.607 1.026+10 0.0002 1.1639
27 2p’6f CP) °F 3.5 321.616 1.365+10 0.0002 1.2118
28 2p6h (P) I 45  321.568 1.490+10 0 0.0001
28 2p’6h CP) 0 45  321.587 1.181+10 0 0.0024
28 2p’6h CP) 0 55  321.597 1.719+10 0 0
28 2p’6h CP) I 6.5  321.597 2.006+10 0 0.0302
28 2p'6h (CP) I 7.5 321642 2.261+10 ¢ 0
28 2p’6h CP) ‘G 2.5  321.639 9.559+09 0 0.0002
28 2p’6h (°P) ‘G 3.5  321.599 1.251+10 0 0.0002
28 2p'6h (CP) ‘G 4.5  321.599 2.796+10 0 0.0002
28 2p6h CP) ‘G 55  321.568 1.789+10 0 0.0001
28 2p6h Py G 5.5  321.587 1.810+10 0 0.0001
28 2p’6h Py G 3.5  321.639 1.275+10 0 0.0002
28 2p’6h (P) 1 6.5  321.642 1.979+10 0 00
28 2p’6h (P) °H 45  321.655 1.534+10 0 0.0001
28 2p’6h (P) 'H 5.5  321.661 1.785+10 0 0.0001
28 2p’6h Py “H 3.5  321.655 1.238+10 0 0.0001
28 2p6h (CP) °H 45 321.661 1.512+10 0 0.0001
28 2p’6h (CP) ‘H 55 321661 1.821+10 0 0.0001
28 2p’6h (°P) “H 6.5  321.661 2.082+10 0 0.1087
26 2p'6p (P) P 0.5  322.473 4.598+09 0.1068 20.4329
26 2p’6p Py P 1.5 322484 9.206+09 0.1065 20.3399
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Tabie I1d (continued)

N 4200 LS, LS ] E(10°cm™) Sum(gAr), st . Aa 10" 1

2s” ('8) SumAa
18 2p5p (D) °F 2.5  327.560 2.578+09 0.0534 0.5997
18 2p5p (D) F 3.5 327561 3.439+09 0.0533 0.5996
18 20’5p (D) D 1.5 328.441 1.510+09 0 1.1063
18 2p5p (D) D 2.5 328439 2.265+09 0 1.1051
18 2p°5p (D) P 0.5 329.225 1.159+09 0.0013 15.6593
18 2p5p (DY P 1.5 329.233 2.320+09 0.0014 15.7088
19 2p°5f (D) G 3.5 330.323 3.225+09 0 1.2375
19 p5f (D) G 45 330323 4.031+09 0 1.2373
19 20°5f (D) °F 2.5 330390 2.579+09 0.0172 0.3063
19 2p%5f (D) - ’F 3.5 330.390 3.438+09 0.0172 0.3062
19 2p’sf (D) H 4.5 330.518 3.539+09 0 3.3399
19 2p°5f (D) °H 5.5  330.518 4.246+09 0 3.3399
19 2p°5f (D) D 1.5 330.568 1.816+09 0 0.0482
19 2p’5f (D) D 2.5  330.568 2.725+09 0 0.0484
19 2p°5f (D) 7P 0.5  330.789 9.087+08 0.0124 0.0496
19 5f (D) P 1.5 330.789 1.819+09 0.0124 0.0497
26 2p6p (D) F 2.5 334285 2.519+09 0.0177 0.2878
26 p6p (D) °F 3.5 334.285 3.359+09 0.0177 0.2878
26 2p%6p (D) D 1.5  334.719 1.658+09 0 0.4852
26 2p'6p (D) D 2.5 334.717 2.498+09 0 0.4830
26 2p6p (D) P 0.5  335.185 1.709+09 0 10.7149
26 2p6p (D) P 1.5 335.190 3.415+09 0 10.7940
27 2p6f (D) G 3.5  335.825 2.630+09 0 0.8008
27 2p6f (D) G 4.5 335.825 3.288+09 0 0.8007
27 2p’6f (D) ’H 4.5 335.933 2.784+09 0 2.3259
27 2p%6f (D) °‘H 5.5 335933 3.340+09 0 23259
27 2p'6f (D) °F 2.5 335.864 2.253+09 0.0114 0.2010
27 2p%6f (‘D) F 3.5 335.864 3.005+09 0.0113 0.2009
27 2p°6f (D) D 1.5 335.970 2.175+09 0 0.0327
27 2p%6f (D) D 2.5 335970 3.266+09 0 0.0329
28 p6h (D) °‘H 45  336.006 2.974+09 0 0.0003
28 2p’6h (D) °H 5.5 336.006 3.568+09 0 0.0003
28 2p6h (D) 1 5.5  336.005 3.201+09 0 0
28 2p%6h (D) K 6.5  336.034 3.200+09 0 0
28 2p'6h (D) K 7.5  336.034 3.657+09 0 0
28 2p’6h (D) G 3.5  336.025 2.571+09 0 0.0002
28 2p6h (D) *G 45  336.025 3.214+09 0 0.0002
28 2p’6h (D) °F 2.5 336.052 2.038+09 0 0.0001
28 2p’6h (‘D) °F 3.5  336.052 2.718+09 0 0.0001
27 2p%6f (‘D) P 0.5  336.097 1.171+09 0.0077 0.0918
27 2p’6f (‘D) P 1.5 336.097 2.343+09 0.0077 0.0924
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Table IId (continued)

N 220 LpSp LS J E(10°%m ™) Sum(gAr), s Aa108 §1

2s* (!8) SumAa
11 2p'4p ('S) ‘P 0.5  348.255 5.712+09 0.0496 2.3824
11 2p'4p ('S) P 1.5 348255 1.142+10 0.0495 23770 .
12 2p4f ('S) °F 25  353.638 1.647+10 0.0174 3.8088
12 2pf (') F 35  353.638 2.196+10 0.0174 3.8087
18 2p’5p ('S) P 05 361002 5.781+09 0.0161 1.2330
18  2p5p ('S) °P 1.5  361.003 1.156+10 0.0160 1.2319
19  2p°5f ('S) °F 2.5  363.616 1.554+10 0.0126 2.9305
19 2p’5f ('S) F 3.5  363.616 2.071+10 0.0126 2.9304
26  2p6p ('S) P 0.5  367.580 5.718+09 0.0070 - 0.7791
26 2p%6p ('S) P 1.5 367.580 1.144+10 0.0070 0.7786
27 2p%f ('S) °F 2.5 369.049 1.537+10 0.0086 2.0106
27 2p’6f ('S) F 35  369.049 2.049+10 0.0085 2.0105
28  2p6h (S) ’H 45  369.159 2.474+10 0 0.0002
28  2p’6h ('S) H 55  369.159 2.969+10 0 0.0002
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Table [11a. Energy, radiative widths of CII ion for 15°2/,25(L,,Sp)nl [L.SJ] states of even complex
1.2s2p%, 2-2573s, 3-253d, 4-2s2p3p, 5-2p’3s, 6-2p’3d

7.254s, 8-2574d, 9-252pdp, 10-2s2p4f, 11-2p°4s, 12-2p’4d

13-25%5s, 14-25°5d, 15-2s75g, 16-2s2p5p, 17-2s2pST, 18-2p°5s, 19-2p°Sd, 20-2p’Sg

21.25%6s, 22-25°6d, 23-25"6g, 24-252p6p, 25-2s2p6f, 26-252p6f,

27-2p°6s, 28-2p°6d, 29-2p°6g

N 2025bnl L;S;; LS J E(1#cm!) Sum(gAr), s*
1 252p° (CP) P 0.5  42.082 0.000+00
1 22p° Py P 1.5 42.103 0.000+00
1 252" CP) - ‘P 2.5 42138 0.000+00
1 2520 (D) D 1.5 76.578 1.678+09
1 2s2p (D) D 2.5 76.578 2.511+09
1 2529 ('S) S 0.5 95.848 4.535+09
1 2208 CP)y P 0.5 110.184 9.017+09
1 22p° CP) P 1.5 110.225 1.804+10
2 263 ('S) S 0.5 114.254 1.978+09
3 2s3d ('S) ‘D 1.5 144.792 1.134+10
3 23d ('S) D 2.5 144.792 1.699+10
7 25%s  ('S) S 0.5 157.366 1.317+09
8 25%4d ('S) D 1.5 168.228 5.177+09
8 2¢°4d (S) D 2.5 168.228 8.646+09
13 26%5s ('S) 7S 0.5 173.630 6.339+08
14 26’54 ('s) D 1.5 178.729 3.108+09
14 2°5d (S) D 2.5 178.729 4.998+09
4 2s2p3p CP) ‘D 0.5 179.131 6.648+07
4 2:2p3p CP) ‘D 1.5 179.147 1.329+08
4 2s2p3p P) ‘D 25 179.172 1.992+08
4 2s2p3p CP) ‘D 3.5 179.207 2.659+08
15 285 ('S) G 45  179.379 7.409+08
15 25 ('S) G 3.5 179.379 5.928+08
4 2s2p3p (P) P 0.5 180.591 1.379+09
4 2s2p3p P) P 1.5 180.613 2.755+09
4 2s2p3p CP) S 1.5 181.356 1.923+08
21 2s%6s  ('S) S 0.5 181.568 3.199+08
22 25%6d ('S) D 1.5 184.346 2.273+09
22 w6d (*S) D 2.5 184.347 3.401+09
23 2%g ('S) G 3.5 184.753 3.393+08
23 2% (S) G 4.5 184.753 4.241+08
4 2s2p3p CP) P 0.5 186.823 2.736+08
4 2s2p3p P) ‘P 1.5 186.838 5.476+08
4 22p3p CP) P 2.5  186.863 8.215+08
4 2s2p3p CP) D 1.5 188.700 1.875+09
4 2s2p3p CP) D 2.5 188.746 2.823+09
4 282p3p CP) S 0.5 192532 1.037+09

—39_



Table IIIb. Energy, radiative and non-radiative widths of CI1 ion for

15221, 25,(L1;Sp)nd [LSJ] states of even complex

N 202400 LpS;; LS i E(10%cm™) Sum(gAr), s* Aa,10° 5!

2s” ('S) SumAa
9 2s2pdp (P) P 0.5  214.064 1.232+09 0 0
9 2s2pdp CP) P 1.5 214.092 2.489+09 0.0001 0.0001
9 2s2p4p CP) ‘D 0.5  214.133 2.106+08 0.0001 0.0001
9 2s2p4p CP) ‘D 1.5  214.146 3.940+08 (.0001 0.0001
9 2s2p4p CP) ‘D 2.5 214167 4.406+08 0.0001 0.0001 %
9 2s2pdp CP) ‘D 3.5  214.200 5.877+08 0 0
9 2s2pdp CP) ‘S 1.5  214.798 3.032+08 0 0
9 2s2pdp CP) P 0.5  216.478 9.996+07 0.0001 0.0001
9 2s2p4p CP) ~°P 1.5  216.493 2.004+08 0.0003 0.0003
9 2s2pdp CP) ‘P 25 216516 3.027+08 0.0016 0.0016
9 2s2pap (P) D 1.5  216.844 2.338+09 1.7708 1.7708
9 2s2pdp CP) D 2.5  216.891 3.507+09 1.7716 1.7716
9 2s2pdp CP) 'S 0.5 218433 8.416+08 0.9059 0.9059
10 2s2p4f Py  °F 2.5 220.711 1.845+09 0 0
10 2s2p4f (P)  F 3.5 220.719 2.448+09 0 0
10 22paf CP)  F 1.5  220.7i6 1.217+09 0 0
10 2s2paf CP) F 2.5 220719 1.828+09 0 0
10 2s2p4f CP)  'F 3.5 220.728 2.449+09 0 0
10 22p4f CP)  F 45  220.731 3.044+09 0 0
10 22p4f CP) ‘G 2.5  221.088 1.849+09 0 0
10 2s2p4f Py G 3.5  221.100 2.435+09 0.0002 0.0002
10 292p4f CP) G 4.5 221.121 3.062+09 0 0
10 22p4f CP) ‘G 55 221148 3.699+09 0 0
10 2s2p4f CP) G 3.5  221.144 2.208+09 0.0014 0.0014
10 252p4f CP) G 45  221.183 2.741+09 0.0016 0.0016
10 22p4f CP) D 05 221219 5.806+08 0 0
10 2s2paf °P) ‘D 1.5 221.208 1.156+09 0.0016 0.0016
10 2¢2p4f CP) ‘D 2.5 221189 1.717+09 0.0054 0.0054
10 2s2p4f CP) ‘D 3.5 221.175 2.323+09 0 0
10 2s2paf CP) D 1.5 221.240 1.101+09 0.0198 0.0198
10 22paf CP) D 25 221215 1.670+09 0.0156 0.0156
16 2s2p5p CP) P 0.5  227.67% 1.024-+09 0 0
16 2s2psp CP) P 1.5 227.705 2.055+09 0 0
16 2s2pSp CP) ‘D 0.5 227.825 9.533+07 0 0
16 2s2pSp CP) ‘D 1.5 227.838 1.830+08 0 0
16 2s2pSp CP) D 2.5 227.860 2.590+08 0 0
16 2s2p5p CP) ‘D 3.5 227894 3.437+08 0 0
16 2s2pSp CP) ‘S 1.5 228121 2.051+08 0 0
16 2s2p5p CP) D 1.5 228613 2.760+09 0.0404 0.0404
16 2s2p5p CP) D 2.5 228655 4.151+09 0.0385 0.0385
16 2s2p5p CP) P 0.5 228.874 5.794+07 0.0001 0.0001




Table I11b.(continued)

N 2240l LS, LS ] E(10°cm™) Sum(gAr), s* Aa10B ¢!

28" ('S) SumAa
16 22p5p P) ‘P 1.5 228.890 1.144+08 0 0
16 2s2psp CP) ‘P 2.5 228917 1.771+08 0 0
16 2s2p5p CP) °S 0.5 229360 1.169+09 0.0106 0.0106
17 2s2p5f CP) °F 2.5 230891 8.289+08 0.0004 0.0004
17 2s2p5f *P)  F 3.5  230.906 1.117+09 0 0
17 2s2p5f CP)  °F 1.5 230.894 5.671+08 0.0002 0.0002
17 2s2p5f CP)  °F 2.5  230.896 8.508+08 0.0003 0.0003
17 2s2p5f CP)  °F 3.5  230.895 1.123+09 0 0
17 2s2p5f °P)  °F 4.5 230.909 1.421+09 0 0
17 2s2p5f CP) G 2.5 231.081 9.225+08 0.0002 0.0002
17 2s2psf °P) G 35 231.09 1.204+09 0.0002 0.0002
17 2s2pSt CP) G 4.5 231.113 1.524+09 0 0
17 2s2p5f CP) G 5.5  231.140 1.849+09 0 0
17 2s2p5f CP) D 0.5 231.164 2.896+08 0 0
17 262p5f CP) D 1.5 231154 5.755+08 0.0064 0.0064
17 252p5f CP) D 2.5  231.134 8.511+08 0.0213 0.0213
17 2s2p5f CP) ‘D 3.5 231123 1.158+09 0 0
17 2s2pst CP)  ’G 3.5 231.129 1.096+09 0.0010 0.0010
17 2s2p5f CP)  °G 45  231.166 1.351+09 0.0012 0.0012
17 2s2p5f CP) °D 1.5 231177 5.544+08 0.0454 0.0454
17 2s2p5f CP) D 2.5  231.156 8.442+08 0.0294 0.0294
4 252p3p (P) D 1.5  233.764 5.166+09 3.6795 . 3.6795
4 2¢2p3p (‘P) D 2.5  233.787 7.773+09 3.7530 3.7530
24 2s2p6p CP) P 0.5  234.434 1.622+09 0.0071 0.0071
24 2s2p6p (P) P 1.5 234459 3.269+09 0.0026 0.0026
24 2¢2p6p CP) S 0.5  234.665 2.170+09 0.9839 0.9839
24 2¢2p6p (P) ‘D 0.5 234725 4.152+07 0.0001 0.0001
24 252p6p (P) ‘D 1.5 234738 7.971+07 0.0011 0.0011
24 2s2p6p (P) ‘D 2.5 234.760 1.139+08 0.0017 0.0017
24 2s2p6p (P) ‘D 3.5 234.793 1.501+08 0 0
24 252p6p CP) S 1.5  234.885 1.295+08 0 0
24 2s2p6p (CP) P 0.5 235293 5.213+07 0.0010 0.0010
24 2s2p6p CP) P 1.5 235309 1.037+08 0.0001 0.0001
24 2s2p6p (P) P 2.5 235331 1.506+08 0.0006 0.0006
4 2s2p3p (‘P) P 0.5 235534 4.538+09 0.0003 0.0003
4 2s2p3p (P) P 1.5 235.547 9.045+09 0.0008 0.0008
25 2s2p6f (CP) °F 2.5 236.404 4.493+08 0.0520 0.0520
25 2s2p6f (°P) °F 3.5 236.421 5.785+08 0 0
25 2s2p6f (P) °F 1.5 236.408 2.974+08 0.0199 0.0199
25 2s2p6f (°P) F 25  236.408 4.407+08 0.0013 0.0013
25 2s2p6f (°P)  °F 3.5 236.407 5.897+08 0 0
25 2s2p6f CP)  °F 4.5  236.423 7.364+08 0 0
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Table IIIb.(continued)

N 22bn! LS LS ] E(10°cm™) Sum(gAr), s Aa,10° ¢!

25’ ('S) SumAa
25 2s2p6f CP) ‘G 25  236.506 6.623+08 0.5848 0.5848
25 2s2p6f (CP) ‘G 2.5 236.519 6.826+08 0.6675 0.6675
25 22p6f CP) G 3.5  236.519 6.646+08 0.0002 0.0002
25 2s2p6f CP) ‘G 4.5 236.544 8.142+08 0.0001 0.0001
25 22p6f CP) ‘G 5.5  236.567 9.740+08 0 0
25 2s2p6f CP) D 1.5  236.527 6.978+08 1.7768 1.7768
25 2s2p6f CP) ‘D 0.5 236.578 1.694+08 0 0
25 2s2p6f CP) ‘D 1.5 236.572 3.485+08 0.0487 0.0487
25 2s2p6f CP) ‘D 2.5 236.561 5.254+08 0.0640 0.0640
25 22p6f CP) ‘D 3.5 236.541 6.694+08 0 0
25 282p6f CP) G 3.5  236.551 6.906+08 0.0006 0.0006
25 22p6f CP) G 4.5  236.581 8.806+08 0.0008 0.0008
26 2s2p6h CP) “‘H 3.5 236.596 2.146+08 0 0
26 2s2p6h CP) ‘H 45  236.576 2.676+08 0 0
26 2s2p6h CP) ‘H 5.5 236.576 3.210+08 0 0
26 2s2p6h °P) “‘H 6.5 236.600 3.753+08 0 0
26 2s2p6h CP) °H 4.5 236.596 2.683+08 0 0
26 2s2p6h Py ‘H 55  236.600 3.217+08 0 0
26 2s2p6h P) 1 45 236615 2.660+08 0 0
26 2s2p6h CP) I 5.5  236.663 3.207+08 0 0
26 2s2p6h Py 6.5  236.663 3.741+08 0 0
26 2s2p6h Py I 7.5 236.675 4.260+08 0 0
26 2s2p6h CP) G 3.5 236.679 2.126+08 0 0
26 2s2p6h CP) G 4.5 236.661 2.674+08 0 0
26 2s2p6h CP)  °G 2.5 236679 1.595+08 0 0
26 2s2p6h CP) ‘G 3.5  236.670 2.131+08 0 0
26 2s2p6h P) ‘G 4.5 236.670 2.663+08 0 0
26 282p6h °P) ‘G 55 236615 3.194+08 0 0
26 2s2p6h CP) ‘G 55  236.661 3.208+08 0 0
26 2s2p6h CP) 1 6.5  236.675 3.728+08 0 0
24 2s2p6p CP) D 1.5 236808 2.573+09 5.9398 5.9398
24 2s2p6p CP) D 2.5 236.825 3.992+09 6.3411 6.3411
4 2s2p3p (‘'P) %8 0.5  240.616 2.614+09 12.346 12.346
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Table 111Ic. Energy, radiative and non-radiative widths of CII ion for

15224,25,(L1,S:2)nd [L.SJ] states of even complex

N 2200t LSz LS J E(10%cm™) Sum(gAr), s Aa 10" 7

25* ('S) SumAa
5 2p3s (P) P 0.5  253.109 4.053+09 0 5.8493
5 2p3s (P) P 1.5 253.135 8.112+09 0 5.8503
5 2p"3s CP) P 2.5 253.179 1.218+10 0 5.8516
5 2p3s (P) P 0.5  260.059 5.715+09 ) 40.7613
5 2p3s (P) P 1.5 260.096 1.143+10 0 40.3632
9 22p4p (P) D 1.5 266.496 7.528+09 1.8768 26.9276
9 22pdp (P) D 25  266.496 1.130+10 1.8674 26.9158
9 2s2p4p ('P) 'S 0.5  267.927 5.339+09 6.5577 36.2787
9 2s2pdp ('P) P 0.5 269.346 4.143+09 0 32.8848
9 2s2p4p (P) P 1.5 269360 8.292+09 0.0001 329938
5 2p3s (D) D 1.5 270.519 6.562+09 0.1187 32.7533
5 2p3s (D) D 2.5 270521 9.854+09 0.1187 32.7498
10 2s2paf (P)  °F 2.5 272599 1.299+10 0 0.0066
10 2s2paf (‘P) F 3.5 272.599 1.732+10 0 0.0063
10 2s2paf ('P)  °G 3.5 272.629 1.543+10 1.9514 2.1678
10 22paf (P)  °G 4.5  272.629 1.929+10 1.9514 1.9909
10 2s2p4f ('P) D 1.5 273.044 8.518+09 0.0001 0.0931
10 2s2p4f ('P) D 2.5 273.044 1.278+10 0.0001 0.0933
6 2p3d (P) °F 1.5 279.346 6.238+09 0 27.2983
6 2p3d CP) F 2.5 279.361 9.359+09 0 27.2981
6 2p3d ¢P) F 3.5  279.382 1.248+10 0 27.1217
6 2p3d () F 45  279.409 1.561+10 ) 27.2992
16 282p5p (P) D 1.5  280.145 7.625+09 0.6638 2.6216
16 2s2p5p (P) D 2.5 280.145 1.144+10 0.6625 2.5996
6 2p3d () P 0.5 280318 6.139+09 0.0002 3.6870
6 2p3d P) P 1.5  280.286 1.232+10 0.0001 3.5145
16 282p5p ('P)  °S 0.5  280.501 5.376+09 3.6561 17.0156
16 282p5p (‘P) P 0.5  280.673 3.980+09 0.0001 4.7319
16 252p5p (P) 7P 1.5 280.675 7.911+09 0 4.9282
6 3d ¢P) D 0.5 281.178 3.257+09 0 19.5756
6 2p3d P) ‘D 1.5 281.181 6.754+09 0 19.3360
6 23d CP) D 2.5  281.186 1.055+10 0 19.0576
6 234 (P) ‘D 35 281.202 1.285+10 0 19.6806
6 2p3d (P) ‘P 0.5  281.362 1.186+10 0 2.2304
6 2p3d (P) ‘P 1.5  281.352 2.347+10 0 2.4759
6 2p3d (P) P 2.5 281332 3.475+10 0 2.7604
6 2p3d (P) °F 2.5  282.180 1.802+10 0 32.0608
6 2p3d ¢P) °F 3.5  282.227 2.393+10 0.0001 31.7476
17 252p5f (P)  °G 3.5  282.663 1.374+10 1.4039 1.5502
17 22p5f ('P) G 45 282663 1.718+10 1.4041 1.4567
17 252p5f Py °F 2.5 282.812 1.326+10 0 1.4929
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Table IIIlc.(continued)

N 22nl LS, LS J E(10%cm™) Sum(gAr), s* Aa10% 7

25" ('S) SumAa
17 2s2p5f (P} °F 3.5 282815 1.784+10 0.0001 1.3133
17 2s2ps5f ('P) D 1.5  283.029 8.259+09 0 0.0207
17 2s2p5f (P) D 2.5  283.029 1.239+10 0 0.0220
6 2p’23d Py °D 1.5 285224 1.479+10 0.0983 22.1780
6 2p°23d Py D 2.5 285239 2.219+10 0.0980 22.1713
24 2s2p6p (P) D 1.5 286.848 7.311+09 0.2560 1.8703
24 2s2p6p ('P) D 2.5  286.848 1.197+10 0.2549 1.8722
24 2s2p6p ('P) P 0.5  287.013 4.035+09 0.0039 1.8223
24 2s2pép ('P) P 1.5 287.015 8.060+09 0 1.6575
24 292p6p (‘P)  ’S- 0.5 287.027 5.877+09 2.1977 9.5926
25 2¢2p6f (P) G 3.5 288144 1.320+10 0.7258 2.6743
25 2s2p6f ('P)  °G 4.5 288.144 1.650+10 0.7258 0.7820
25 2s2p6f ('P) °F 2.5 288273 1.145+10 0 0.0515
25 2s2p6f ('Py  °F 3.5 288272 1.526+10 0 0.0511
25 2s2p6f (‘'P) D 1.5  288.456 8.749+09 0.0004 0.0047
25 2s2p6f (‘P) D 2.5 288456 1.313+10 0.0004 0.0049 .
26 2s2péh ('P)  H 45  288.561 1.856+10 0 0
26 2s2p6h ('P)  ’H 5.5  288.561 2.228+10 0 0.0002
26 2s2p6h ('P) I 55  288.581 1.987+10 0 0
26 2s2p6h ('P) 1 6.5 288.581 2.318+10 0 0
26 2s2p6h ('P) G 3.5  288.592 1.610+10 0 0.0001
26 2s2p6h ('P) G 45 288592 2.013+10 0 0.0001
6 2p3d (D) °F 2.5 294728 2.755+10 0 0.5489
6 2p'3d (D) °F 3.5 294723 2.336+10 0 0.5422
11 2p4s CP) ‘P 0.5 294910 3.587+09 0 0.2413
11 2p4s CP) P 1.5 294937 7.179+09 0 0.2432
11 2p4s (P) P 2.5  294.981 1.078+10 0 0.2417
6 2p3d (D) D 1.5 295943 1.501+10 0.0639 0.1482
6 2p3d (D) D 25  295.945 2.203+10 0.0642 0.1430
6 2p3d (D) G 35  296.234 4.585+09 0.3409 1.1339
6 2p°3d (D) G 45 296235 5.730-+09 0.3458 1.1260
6 2p3d (‘D) S 0.5 296.723 7.879+09 0.0648 14.0676
11 2p4s (CP) P 0.5  297.686 5.146+09 0 48.6168
11 2p4s (P) P 1.5 297.738 1.032+10 0 48.5514
6 2p3d (D) P 0.5 298558 4.246+09 0 0.0145
6 2p3d (D) P 1.5 298566 8.476+09 0 0.0207




Table II1d. Energy, radiative and non-radiative widths of CII ion for

1s°24,25,(L.1,S1;)nl [LSJ] states of even complex

N 2200 LS, LS ] E(10°cm™) Sum(gAr), s* Aa,10% 5"

2¢ (IS) SumAa
12 2p’4d CP) °F 1.5 304.089 5.902+09 0 10.8142
12 2p4d (P) F 2.5 304.104 8.856+09 0 10.8138
12 2p°4d CP) °F 3.5 304.125 1.181+10 0 10.8138
12 2p4d (CP)  F 45 304152 1.477+10 0 10.8150
12 2p4d CP) D 0.5  304.680 3.230+09 0 9.2928
12 2p’4d CP) ‘D 1.5  304.684 6.481+09 0 9.2840
12 2p'4d CP) D 2.5 304.693 9.675+09 0 9.3748
12 p4d Py D 3.5 304.706 1.279+10 0 9.4307
12 2p4d (P) P 0.5 304.876 5.097+09 0 1.2678
12 2p'4d (P) P 1.5 304.843 1.019+10 0 1.2634
12 2p%4d (P) P 0.5  305.091 7.443+09 0.0001 1.2901
12 2p4d CP) P 1.5 305.080 1.486+10 0 1.3079
12 2p'4d (P) P 25 305058 2.224+10 0 1.3289
5 2p*3s  ('S) °S 0.5  305.323 4.151+09 0.5520 25.2366
12 2p’4d (CP) F 2.5 305.741 1.867+10 0 19.271¢0.
12 2p°4d CP) °F 3.5  305.785 2.492+10 0 19.2714
12 2p4d (P) D 1.5 306.784 1.137+10 0.0819 14.0029
12 2p4d CP) D 2.5 306.799 1.798+10 0.0817 14.0247
11 2p4s (D) D 1.5 309.984 3.461+09 0.0001 15.5036
11 2p’4s (‘D) °D 2.5  309.985 5.186+09 0.0001 15.4945
18 25 () P 0.5  310.775 3.247+09 0 0.0087
18 p%5s Py P 1.5  310.801 6.500+09 0 0.0158
18 2p5s Py P 2.5 310846 9.761+09 0 0.0040
18 2p’5s CP) P 05 311.885 4.351+09 0 18.7903
18 25 CP) P 1.5 311.939 8.705+09 0 38.7701
19 2p5d CP) P 0.5 315410 3.762+09 0 1.9912
19 2p’5d ) P 1.5 315359 7.711+09 0 1.5640
19 2p°5d (P) °F 1.5 315.100 5.815+09 0 4.7735
19 2p>sd Py °F 2.5 315.113 8.729+09 0 47752
19 2p’5d CP) °F 3.5  315.134 1.164+10 0 4.7759
19 w*sd (CP) °F 45  315.163 1.454+10 0 4.7734
19 2p°5d ¢P) D 05 315368 3.490+09 0 3.3540
19 2p5d ¢P) ‘D L5 315393 6.824+09 0 3.7674
19 29°5d ¢P) ‘D 25 315393 9.748+09 0 4.6615
19 2»p5d Py D 3.5 315407 1.284+10 0 4.7317
19 2p’5d CP) P 05 315637 5.616+09 0 0.7817
19 2p°5d CP) P 1.5 315626 1.119+10 0 0.8099
19 2p5d Cp) P 2.5 315.605 1.673+10 0 0.8404
19 2p°5d (P) °F 2.5 315.740 1.113+10 0 9.0860
19 2p’5d (P) °F 35  315.782 1.481+10 0 9.0728
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Table I1ld.(continued)

N 224 LS, LS ] E(10°cm™) Sum(gAr), s* Aa10B st

287 ('S) SumAa
20 2p’5g (P) °F 1.5 316221 6.355+09 0 0.0010
20 2p°5s (P) F 25  316.193 9.507+09 0 0.0140
20 2p’5g (P) F 3.5  316.193 1.268+10 0 0.0135
20 2p’5g (P) F 45 316163 1.560+10 0 0.0781
20 2p’5g (P) °F 25 316221 9.532+09 0 0.0023
20 2p'5g CP) F 3.5  316.163 1.248+10 0 0.0810
20 2p’5e (CP) ‘H 35  316.175 1.227+10 0 0.1493
20 2p5g (P) ‘H 4.5 316.196 1.510+10 0 0.2186
20 2p’sg (P) ‘H 55  316.196 1.812+10 0 0.2184
20 2p%s C(P) ‘H 65 316235 2113410 0 0
20 2p°5g CP) G 35 31629 1.235+10 0 0.1639
20 2p’5e (P) G 45 316308 1.534+10 0 0.1789
20 2p’5g CP) ‘G 25 31629 9.264+09 0 0.1631
20 2p5¢ (CP) ‘G 35 316305 1.234+10 0 0.1691
20 2p’5s CP) ‘G 45 316305 1.542+10 0 0.1688
20 2%5g P ‘G 55 316307 1.847+10 0 0.1779 -
20 25 CP) H 45 316175 1.533+10 0 0.1510
20 2p’5e (P) °H 55  316.235 1.811+10 0 0.2216
19 2p’sd (P) D 1.5 316.566 9.661+09 0.0586 8.9005
19 2p'sd ) D 25 316581 1.450+10 0.0586 8.9034
27 2p’6s (P) P 0.5  318.567 3.086+09 0 0.0171
27 2p6s (CP) P 1.5  318.593 6.179+09 0 0.0324
27 26 Py P 25  318.638 9.279+09 0 0.0044
12 2p4d (D) F 25  319.035 1.020+09 0 7.1455
12 2p4d (D) F 35 319.037 1.368+10 0 72169
12 2p'4d (D) G 3.5 319.098 2.401+09 0.0018 20.6808
12 2p4d (D) G 45  319.098 2.975+09 0.0018 20.7021
27 2p’6s (CP) P 0.5  319.160 4.281+09 0 26.9429
27 2p’6s (P) P 1.5 319.213 8.576+09 0 26.9142
12 2p4d (D) D 1.5  319.405 8.156+09 0.0058 1.4936
12 2p4d (D) D 25 319407 1.223+10 0.0059 1.4939
12 2p74d (D) P 0.5 320.458 2.571+09 0 1.7685
12 2p4d (D) P 1.5 320.455 5.140+09 0 1.7779
12 2p4d (D) S 0.5  320.814 2.867+09 0.1129 5.8249
28 2p6d (P) °F 1.5 320.955 5.753+09 0 2.3407
28 2p%6d (CP) °F 2.5  320.968 8.652+09 0 2.3459
28 2p’6d CP) °F 35 320989 1.155+10 0 2.3484
28 2p’6d Py °F 45 321019 1.436+10 0 2.3373
28 2p6d Py ‘D 05 321107 3.446+09 0 2.5798
28 w6d Py ‘D 1.5 321.111 6.938+09 0 2.5460
28 p6d (P) ‘D 25 321118 1.049+10 0 2.5067
28 2p’6d (P) ‘D 3.5  321.134 1.369+10 0 2.5921




Table IT1d.(continued)

N 202t LS LS 3 E(10°em ™) Sum(gAr), s* A2107 57

2s° ('S) SumAa
28 p6d (CP) P 0.5  321.287 5.245+09 0 0.5241
28 2p6d (P) P 1.5 321.276 1.043+10 0 0.5588
28 2p6d (CP) P 2.5 32125 1.553+10 0 0.5995
28 2p%6d (P) P 0.5  321.451 5.152+09 0 0.7824
28 p'6d (CP) P 1.5 321.428 1.029+10 0.0001 0.8095
29 20’6 (P) °F 2.5  321.605 9.902+09 0 0.2339
29 2»p'6g (P) ‘H 3.5 321.540 1.206+10 6 0.1421
29  2p%6g (3P) ‘H 3.5 321555 1.225+10 0 0.1022
29 2p%6g CP) ‘H 45  321.570 1.440+10 0 0.2247
29 2%z (CP) ‘H 55 321570 1.728+10 0 0.2243
29 2p6g CP) ‘H 65 321611 2.002+10 0 0.2209
29 2p6g CP) F 1.5 321.605 6.457+09 0 0.0011
29 2p%6g (P) F 25 321583 1.256+10 0 0.0411
29 2p6g CP) F 3.5  321.583 1.279+10 i} 0.0344
29 2p6g (CP) F 45  321.540 1.508+10 0 0.1412
29 p6s CP) F 45  321.555 1.530+10 0 0.1039
29 op'6g (CP) H 5.5  321.612 1.715+10 0 0.2295
28 2p’6d (P) °F 2.5 321620 1.761+10 0.0002 9.4815
28 2p’6d (P) °F 3.5 321.661 2.365+10 0 9.6440
29 p6g CP) G 3.5 321.642 1.236+10 0 0.1673
29 p6g (P) G 45  321.652 1.518+10 0 0.1952
29 p’6g (P) G 2.5  321.661 9.280+09 0 0.1780
29 p6g CP) ‘G 3.5  321.650 1.232+10 0 0.2280
29 p6g CP) G 45  321.650 1.531+10 0 0.1752
29 %6z CP) ‘G 55 321651 1.821+10 0 0.1938
28 2p’6d (P) D 1.5 321.948 1.252+10 0.0635 8.4704
28 2p’6d (P) D 2.5 321.964 1.880+10 0.0634 8.4957
18 p’5s (D) D 1.5 325.427 2.682+09 0.0010 7.8945
18 25s (D) D 2.5 325427 4.020+09 0.0010 7.8909
6 2p3d (S) D 1.5 329.025 2.146+10 0.0001 34.3726
6 2p3d () D 25 329.025 2.727+10 0.0001 34.4753
19 2p’5¢a (‘D) °F 2.5 329.807 7.197+09 0 4.2290
19 2p’5¢ (D) °F 3.5 329.805 9.534+09 0 4.2508
19 2p’sd (D) D 1.5 330.180 5.249+09 0.0018 12.8541
19 2p’5d (D) D 2.5 330179 7.836+09 0.0018 12.7742
19 2p’5d (D) °G 3.5  329.786 2.150+09 0 9.8583
19 2p5d (D) °G 45  329.787 2.641+09 0 9.8907
20 2p5sg (D) G 3.5  330.586 2.729+09 0.0003 0.0408
20 2p’5e (D) °G 4.5  330.586 3.411+09 0 0.0408
20 2p%5¢ (D) °F 2.5 330.654 2.075+09 0 0.0029
20 2p°5g (D) F 3.5  330.654 2.767+09 0 0.0029

—47 -



Table ITId.(continued)

N 220 LSz LS ] E(10°cm™) Sum(gAr), s Aa10% ¢

25" (18) SumAa
26 2p'5g (D) 'H 45 330575 3.280+09 0 0.1485
20 2p5g (D) ‘H 55 330575 3.936+09 0 0.1485
19 2p5d (D) '8 0.5  330.592 2.305+09 0.0322 3.2481
19 2p5d (D) P 0.5  330.645 2.647+09 0 1.8567
19  2p°5d (‘D) P 1.5 330.648 5.297+09 0 1.8547
20 2p5g (D) 1A 5.5 330674 3.651+09 0 0.3637
20 2% (D) 1 6.5  330.674 4.258+09 0 0.2288
20 2g (D) D 15 330.792 2.015+09 0.0001 2.4144
20 2p5g (D) D 25  330.792 3.014+09 0.0001 2.3987
27 26 (D) ‘D- 15 333153 1.658+09 0.0006 5.0337
27 2p%6s (D) D 25 333153 2.486+09 0 5.0339
26 2p%6d (D) G 3.5 335520 2.022+09 0 5.2015
28 2p%6d (D) G 45 335520 2.299+09 0 53179
28  2p%6d (‘D) F 2.5 335525 5.340+09 C 2.1520
78 2p’6d (‘D) F 3.5 335.524 6.913+09 0 2.2607
28 2p'6d (‘D) D 1.5  335.663 4.337+09 0.0005 1.7916
28 2p%6d (D) D 2.5  335.664 6.508+09 0.0005 1.7871
29  2p'6g (D) I 55  336.019 2.908+09 0 0.3869
29 2p%g (D) 1A 6.5  336.019 3.392+09 0 0.3637
29  2p%g (D) *H 45 335964 2.856+09 0 0.1517
29 2p%6g (D) ’H 55 33594 3.427+09 0 0.1517
29  2p%g ('D) G 3.5 335972 2.550+09 0.0003 0.0418
29  2p%6g (D) G 45 335972 3.186+09 0.0003 0.0418
78 2p%6d (D) S 0.5 335981 3.088+09 0.0131 2.1766
29 2% (D) F 25  336.013 2.065+09 0 0.0032
29  2p%g (D) F 3.5  336.013 2.754+09 0.0003 0.0032
28 264 (D) P 05 336062 3.405+09 0 1.6084
28  2p%a (D) P 1.5 336.064 6.827+09 0 1.6095
29 2% (D) D 15 336073 1.481+09 0 0.1516
29  2p%6g (D) D 25 336073 2.222+09 0 0.1513
11 2pMs (S) S 0.5  343.225 6.058+09 0.0378 19.9575
12 2p4d (S) D L5 352430 1.391+10 0.0002 25.0537
12 2p’4d  ('S) D 2.5 352.429 2.085+10 0.0002 23.0442
18 2p%s (S) S 0.5  358.565 6.449+09 0.0054 10.2535
19 2p%5d (S) D 1.5  363.016 1.220+10 0.0005 11.5946
19 2p%5d (S) D 2.5  363.016 1.829+10 0.0005 11.5870
20 2p%5g (S) G 3.5  363.776 2.016+10 0.0002 0.3022
20  2p%g (S) G 45  363.776 2.519+10 0.0002 0.3022
27 2p%s ('S) S 0.5  366.233 6.550+09 0.0013 5.9944
28 2p%6d (S) D 1.5  368.706 1.211+10 0.0004 6.6160
22 264 ('S) D 25 368705 1.815+10 0.0004 6.6096
29  2p6g (S) G 35  369.138 1.992+10 0.0002 0.3172
29 2p%6g (S) G 45 369138 2.547+10 0.0002 0.3172




Table IVa. Wavelengths (W1.), radiative transition probabilities (gAr),

branching ratios (K) and factor intensities (Qd) for dielctronic satellite lines CIJ

Down level Upper level WL(A) gAr(s™) K QdGs™h
202 CP)2s['Psn]  252p(°P)4d[‘Dyp) 563.4 1.490+10 0 0
20> (D)2s[*Dsz]  252p('P)3d[Frr] 586.7 1.456+10 1 1.456+10
2p2 (D)2s[Dsa]  252p('P)3d[’Fsy] 586.7 1.022+10 1 1.022+10
202 CP2s["Psa]  252pCP)3d[Psi) 646.2 1.031+10 O 0
2p° (D)2s[Dsp}  252pCPMA[Fir] 691.7 1.066+10  0.942 1.004+10
202 CP)2s[°P1z]  252p(‘P)3d['Dss) 728.1 1L.258+10 O 0
2p° CP)2s['Psn]  252p(‘P)3d[’Dsy] 7284 2264+10 0O 0
207 ('D)2s['Dsa]  252pCP)3d[*Fin] 819.1 2.009+10 1 2.009+10
2p* (D)2s[Dyn] - 252pCP)3d[Fsz] 819.4 1.388+10 1 1.388+10
26 (18)5g’Gral  252p(*P)5e[’Fsn] 963.0 1.060+10 0.536 5.682+09
25 (*S)5g[*Gsn}  252p(*P)5g[*Frn] 9630 1.361+10  0.538 7.322+09
25* (1S)6g[*Gon]  252p('P)6e[Fr] 963.1 1.541+10  0.101  1.556+09
262 (*8)6e*Gra]  252p('P)6g[ Fsp] 963.1 1.189+10 0.141 1.676+09
25* (18)6d[*Ds,]  252p(‘P)6d[*Foy] 963.4 1.202+10  0.836 1.005+10
28 ('S)5g[’Grn]  252p(PYSe[*Hin] 963.4 1.672+10 0978 1.635+10
26 (*S)6g[*Grnl  252p(‘P)6gf’Hss] 963.4 1.593+10 0.999 1.591+1¢
25 (1S)58[°Gon]  252p('P)Sg[’Huis] 963.4 2.052+10 0978 2.007+10
282 (0S)6e*Gon]  252p('P)6g[*Huir] 963.4 1.955+10 0.999 1.953+10
252 (*S)6e*Gs]  252p('PY6g[*Gsnl 963.7 1.796+10 0 0
28 (*S)6e[*Gra]  252p('P)6g[*Grrl 963.7 1.428+10 O 0
25 ('S)5¢[’Grn]  252p( PS¢’ Grn] 963.9 1.414+10 0 0
252 (*8)5e[’Gon]  252p('P)5e[’Gsn] 963.9 1.778+10 0 0
282 (*S)5d['Dsy]  252p('P)5d[*Dss] 964.2 1.029+10 O 0
282 (1S)4d[*Dsn]  252p('PMA[Frs] 969.9 1.309+10 0942 1.233+10
28 (19)3d[*Dsz]  252p("P)3d[° Dy ] 973.5 1.014+10 O 0
252 (*S)3d[°Dsn]  252p(‘P)3d[’Fss] 978.2  1.030+10 1 1.030+10
252 ("SBA[’Dsn]  252p(‘P)3d['Fr2] 978.2 1471+10 1 1.471+10
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Table IVb. Wavelengths (WL}, radiative transition probabilities (2Ar),

branching ratios (K) and factor intensities (Qd) for dielctronic satellite lines CIJ

Down level Upper level WL(A) gAr(s") K Qds™)
2p° (D)2sDsz]  2p (‘D)4 Frz] © 4204 1.102+09  0.132  1.455+08
207 (D)2s[’Dsz]  20°CP)SpiPas) 422.1 1.108+09  0.00132 1.463+06
202 (D)2s[*Dsz]  2p°CP)6p[Pas] 406.6 1570+09  0.00524 8.227+06
2p° CP)2s[’Psz]  2p*('D)6p[*Psz] 4445 1.016+09 O 0

2p” (D)2s[’Dsn]  2p°( D)3p[*Fas] 488.1 3.125+09  0.251  7.844+08
2p° (‘D)2s['Dsn]  2p*('D)3p[Fsel 488.1 2.191+09 0251 549908
2p° (D)2s[’Dsn]  252p('P)4d['F7,] 5134  6.089+09 0.942 5.736+09
2p° (D)2s[*Dsn]  252p('P)4d[’Fss] 513.4 4.281+09 0942 4.033+09
2p° CP)2s[*Psn] - 252p(*P)5d[*Ps,} 579.3  1.526+09 0997 1.521+09
2p7 (S)2s[°S12]  2s2p(*P)4d[Pas] 567.0 1.146+09 0480 5.501+08
2p” CP)2s[’P1n]  2s2p(*P)4d[’Py,] 617.2 1.621+09 0476 7.716+08
207 CP)2s[*Psz]  252p(‘P)4d[°Pss] 617.4 4.038+09 0480 1.938+09
20" (D)2s[’Dsz]  2s2pCP)6d[ Frp] 624.6 7.940+09 1.0 7.940+09
20" (D)2s["Dsn]  252p(CP)6d[ ] 624.7 5373+09  0.902 4.846+09
2p° CD)2s’Dsz]  282pCP)5d[*Fyp] 646.6 6896+09 1.0 6.896+09
2p* (D)2s[*Dsn]  252pCP)Sd[*Fsy) 646.8 4.729+09 1.0 4.729+09
207 (S)2s[*S1n]  252p(‘P)3d[’Py5] 650.4 1.325+09 1.0 1.325+09
207 (*S)2s[*S1z]  252p(*P)3d[*Ps,] 650.4 2627+09 1.0 2.627+09
2p (‘D)2s[Ds,]  252pCP)4d[Fs,] 691.9 7347+09 1.0 7.347+09
2p° (D)2sDsz]  252p('P)3s[*Par] 706.2 2327409 1.0 2.327+09
2p° (D)2s[’Dan]  252p(‘P)3s[*Pyz] 706.2  1.299+09 1.0 1.299+09
207 (8)2s[°S1n]  2s2p(CP)6d[’Py,) 708.1 2.094+09 1.0 2.094+09
2p" ('S)2s[°S1n}  252pCP)6d[ Par] 708.2 4.198+09 1.0 4.198+09
20 CP)2sPP1a]l  252p(*P)3d[°Pys] 7172 2457+09 1.0 2.457+09
20 CP)2s[’Pyn]  252p(‘P)3d[ Par] 717.2 1231409 1.0 1.231+09
2p" (P)2s[*Pan]  252p(‘P)3d[°Py/] 717.4 1230409 1.0 1.230+09
20" CP)2s[*Psz]  2s2p(‘P)3d[*Ps.] 717.4 6.153+09 1.0 6.153+09
2p° ('S)2s[*S1n]  252pCP)Sd[ Psz] 736.3 2.494+09 10 2.494+09
2p° (S)2s[*S1z]  2s2pCP)Sd[’Py,] 736.1 1.241+09 1.0 1.241+09
2p” (D)2s["Dsn]  252pCP)4s[Pis) 741.0 1.112+09 1.0 1.112+09
2p’ ('S)2s['S1n]  252pCP)Ad[Psc) 792.8 3.017+09 1.0 3.017+09
2p°('S)2s(°S12]  252pCPH4A[’Py,) 792.7 1.506+09 1.0 1.506+09
207 (9)25[%S1n]  252p(‘P)3s[*P3z] 817.4 1554409 1.0 1.554+09
207 ('D)2sPDsz]  252pCP)3d[*Frpl 819.4 1.160+09 1.0 1.160+09
20" CP2s[ Pl 252p('P)3s[*Pyz] 9259 1.275+09 1.0 1.275+09
2p° CP)2s[°Psz]  252p(°P)3s[’Ps;] 9263 3.166+09 1.0 3.166+09
28 (SUA[*Dsz]  2p°CP)3p[°Psal 946.7 1.270+09  0.00624 7.925+06
202 ('S)2s[°S1]  252pCP)3dfPys] 951.4 3.177+09 1.0 3.177+09
207 ('S)2s[*S1]  252pCP)3d[*Psz] 951.7 6.380+09 0989 6.310+09
27 ('8)3d[*Dan]l  252p(‘P)3d[*Pyn] 954.1 3.898+09 1.0 3.898+09
287 ('8)6d['Dsn]  2p°('D)3p[*Pial 955.5 1.342+09  0.00164 2.201+06




Table IVb.(continued)

Down level Upper level WL(A) gArG?) K QdG Y
257 (8)6d['Dsz]  2p°(‘D)3p[*Pas] 955.3  2.345+09  0.00159 3.729+06
25 ("S)3d[’Dsz]  252p('P)3d["Pss] 954.1  7.016+09 1.0 7.016+09
2s"‘(iS)5d[zD5,z] 282p('P)5d[*F;] 957.2  6.324+09  0.552  3.491+09
252(13)5d[2[)3,,_] 252p(2?)5d[§F5,2] 957.3  4.480+09 0552 2.473+09
257 ('S)5d[’Dan]  252p( P)Sd[ P1s} 960.6 3.998+09 0997 3.986:09
25 (*8)5d[*Dsn]  252p(*P)3d[*Ps;] 960.6 7.196+09 0997 7.174+09
252 (iS)4d[2D5,2] 2s2p(‘P)4d[*P3} 961.8 6.025+09 0480 2.892+09
25" ('S)4d['Dsn]  252p('P)4G['Pyp] 961.9 3.317+09 0476 1.579+08
262 ('S)3s[*S12]  252p(*P)3s[’Pys] 962.2 3.064+09 1.0 3.064+09
257 (*S)3s[*S12] - 252p(‘P)3s[’Psr] 962.2 6.134+09 1.0 6.134+09
25° ('SMs[*S1z]  252p(‘P)4s[ Py] 962.8 3.618+09  0.465 1.682+09
252 (1S)4s[*Siz]  252p(‘P)4s[Ps] 962.8 7.236+09 0462 3.343+09
257 (S)6d[*Dsz]  252p(*P)6d[ Pss] 963.4 5578+09 0173 9.650+08
28 ((S)6d[*Dsp]  252p(‘P)6d[ Fr1] 963.4 1.857+09  0.827 1.536+09
252 (18)6d[FDs,]  252p(*PY6A[ Fspl 963.4 7.235+09 0.827 5.983+09
252 ((S)5s[*S1n]  252p(*P)Ss[*Pys] 963.5 3.582+09 - 0.867 3.106+09
252 ((S)55[S12]  282p(*P)Ss[ Pss) 963.5 7.164+09 0868 6.215+09
282 (*8)6d[Dsn]  252p(*P)6d[*P1s] 963.5 2.880+09 0.166 4.781+08
267 (8)6s[*S12]  252p(*P)6s[’Pys) 964.6 3.380+09 0.604 2.041+09
25" (*S)65[*S1z]  252p(‘P)6s[*Pin] 964.6 6.764+09  0.607 4.106+09
262 (SMA[™Dsn]  252p(‘P)4d[ Fss] 969.9 9.146+09 0942 8.616+09
2s§ (iS)Sd[sz] 2pz(iD)3p[§Fm] 973.7 6.412409 0.255 1.635+09
28 ('S)5d[’Dsn]  2p*('D)3pl Fisnl 973.8 4.465+09 0251 1.121+09
2p° CP)2s[*Psn]  252pCP)3d[ Pss] 11025 2.099+09 1.0 2.099+09
252pC°P)3pIDsz] 2p°CP)3p[ Paz] 11749 1.781+09  0.00624 1.111+07
2s2pCPY3p[°S12] 2p° CP)3p[*Psnl 1229.6 1.200+09  0.00643 7.716+06
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Table Va. Wavelengths (WL), radiative transition probabilities (gAr), branching

ratios (K} and factor intensities ((Jd) for dielctronic satellite lines CIT

Down level Upper level WL(A) gAr(s™h K Qdis™h
2p§ (;D)Zp[sz] sz (DY6d[*F] 6040 1.180+10 O 0

:zp2 (1P)2p[42$3,2] 2p2 (ZP)4d[4P5Q] 6137  1.196+10 0O 0

gpz Elggp%gm% gpz E{g;;ggga]] 668.1 1.171+10 0 0

p p[Ds2] 2p n 7151  1.322+10 060

2p§ (zP)zp[“Sm] sz CP)3d}*Ps,] 7181  1.659+10 0 ’ 3.016+09
2p2(1P)2p[“zsm] 2p’ CP)3d["'Psa] 7182  2.445+10 0O 0
2p2(1D)2p[zDsfz] 2p’ (1D)3d[2Fm] 7214 1.809+10 0O 0

2p (113)21)2[ Dsn] 2p (]13)3d[2F5,2] . 7214 1265+10 0O 0
232(13)4f[2Fm] : 252p(lP)4f[2D5,2] 962.4 1.053+10  0.0012 1.218+07
2s2 (13)5f[ 2Fm} 232p(1P)5;f[2D5;z] 962.9 1.091+10  0.0045 4.910+07
2 (1S)6h[2Hm] 252p(1P)6h[2G9;1} 9632 1.950+10 O 0
gszg%g?[[z ;{g,;] gsgpglg)slfll[;c;m] 963.2 1.589+10 O 0

s . s2p('P)61] D5 ] 9632 1.123+10  0.06

2572' (iS)sh[sz] 2s2p(*P)6h[L3] 9633 1.925+i10 0 * 3'24%08
2s2 (15)611[21—19,2] 252p(:P)6h[211m] 963.3 1.925+10 0 0

zsZ (is)sh[sz] 2s2p(1P)6h[2H1m] 963.5 2.162+10 0 0

2 (18)611[2 Hor) zszp(lp)sthg,z] 963.5 1.796+10 0 0

2s,2 (lS)Sf[sz] 2s2p(lP)5f[2Fm] 964.9 1.304+10 0 0

252 (IS)6f[ Frnl 252p(1P)6f[2Fm] 9649 1398+10 0 0

252 (IS)6f[§F5,z] 252p(lP)6f[2F5,2} 964.9 1.036+10 0O 0
2s2(IS)6f[2F5,2] 252p(lP)6fIiGm] 966.1 1.222+10 0 0

257 (IS)Gf[ }?m] 252p(lP)6f{ Gor] 966.1 1.585+10 0928 1.471+10
25 (Syepl P1a2) Zs2p(1P)6pg D] 966.2 1.023+10 0.136 1.392+09
25 (IS)4f[2Fm} 2s2p(lP)4f[2Gm,] 966.2 1.247+10 0.898 1.120+10
2s2 (IS)4f[2Fm] Zs2p(lP)4f[2Gm] 966.2 1.618+10 0980 1.586+10
25" (IS)Sf[ZFm] 252p(1P)5f[sz] 9663 1.222+10 0906 1.107+10
2s2 (IS)Sf[sz] 252p(1P)5f[ Gor) 966.3 1.592+10  0.964 1.535+10
282 (IS)4f[2F5xz] 2s2p(‘ Py *F ] 966.5 1.052+10 O 0

26" (S)af*Frn]  2s2p(*PYS[F:,] 966.5 1.419+10 0© 0
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. ) - g ?

Do
wn level Upper level WL
> 5 (A) gAr(sh) K -
S(S)2p[Psr]  252pCPY6PL Qd(s?)
2082l pCPY6p[Dsz} 422
(S)2p[*Psx]  2s2p(* . 3 1.266+0
220 SY2p[* P(P)3p[ Ds2] 0o 10 1
Sz( 1S)2p[ Py] 252 pCP)Sp[’D 427.8  1.136+09 10 .266+09
2s (S)Zp[zj?1 ] 2s2 3p 2 si) 4374  2.170+ ’ 1.136+09
22 S22 n]l  282p(P)5p[ Dsr] 09 1.0 2
S(S)2p[*Psz]  252pCPYSp[’ & 4374 1.183+0 170+09
(S s2p(’P)5p[ Dsx) 9 10 1
Sz( ls)2p[ Pan] ZSZP(3P)4P[2DSQ 437.4  2.170+09 10 183+09
2s (Sa)2p[2P,,2] 20p(°P) [zDSIz] 4611  2.566+09 1.0 2.170+09
25%;:( P)3s[ Pas] 2pl(lD)4dI[)2D 1] 4611 1416109 1.0 2.566109
27 (D20 Dea] - 2°(DY6 d[sz] 5493 1783109 3.1 1.416+09
2p (D)2p[2]:) ] 2 2,1 2 5!2] 556.9 2 096 1-3 5.527+04
2 ['Dsa] 2p (D)6A[ Dso] 096+09  2.80-4
20°CP)2p[P1} 2P L 3 556.9 1.3%6 5.869+05
(P)2p[ Pan] - 2p ( S)4d[ Dss] 356109 2.794
28°(S)5p[*Psz]  2p°(C T 5664 1.617 3.783+05
o P} 2p( S)4d[Dss] +09  3.1-5
Pz( 1D).'Zp[ Dix] 20%(D)5 d[sz 5742 1344+09 3.1 5.013+04
2p? (D)2p['Dss]  20%(D)5dP s12] 574.4 2942 175 4.166+04
2,1 [ D] 2p ( D)54[ D] 942+09 - 1475
20%(D2p['Ds]  20°CP)6AL 32 5744 1.894 ‘ 4.325+04
21 sz]  2p CP)6d[ Dsp] 109 1.40-4
2p* (D)2p[*Dsn] 297" 5052 602.9 1.561 2.652+05
2,1 [ Dsa] 2p'( DMA[D;,] 561+09  0.00746
20°(D2p[*Dsz]  2p°C , P 612.3  3.862 1.165+07
(D)2p[ D] 2p (D)4} Dy 862109 0.0179
2p°('D)2p['Dsz]  2p°CP)SAL sz 6123 5944 6.913+07
2 2,1 2. 52 p( )Sd[ DSQ] +09 0.0184
o ((D)2p[*Dsn] 20°CPYSAL 623.1 1718 1.094+08
w2l 2p°CP)5d[ Das) +09  0.00658
2s2p(P)3s[*P12) 202('S)3d? 32 6232  1.068+09 0'0 1.130+07
ZSZP(BPBS[ZP ] 2 2,1 2 3] 630.2 2_275 00658 7.027+06
2p(P)3s[ Pso] 20 ( $)3d[ Dy} +09  0.0129
20 (S12p[*Pral  20°C b 630.4 4.120 2.936+07
2 [Piz]  2p (S)3d[ Dss) 120409 1.01-5
2p°CPR2p[Psn]  2p°(S)3dP 372 653.0 2.549 4.161+04
Ay p p’(*$)3d[*Dsz] +09 816
C(S)5p[Pra]  2p°(S)3d[ 72 653.0 4.558 2.065+04
S Yacot s el P ($)3d[* D] 09 1.01-5
) Pyl 2p°(S)3d[ Dsp] 937409  8.1-6
p’(D12p[’Dsx]  2p°CP)4d[ s 6633  3.469 1.569+04
2 sz} 2p (PHd[ Dsy] +09  1.01-5
2p ( D)Zp[z]) ] 2 2.3 5 52 663.6 1.959+0 3.504+04
S CPYIRPL p-CPYAd['Dss] 959+09 0998 1
2p2 g;))ZP[ZPm] 2P2(3P)6d{2D5a} 6846 1.890+09 0' 00'8746 1.212+09
20’ CP)2p[Ps2]  2p°C 32 6847 10 : 1.410+07
D)4dfD .014+09  0.00
25*(*S)5p[*Pax] pz( 51 696.8 00750 7.605+06
2p°CPy6dY” 8 1.021+09
o DY2ol D, [Dse] 0.00184
o i) 7151 8339.09 008 388107
p (PX2p[ Pss] 2p2(3p)4d[2D 1 . £.539+09 0.605 . 07
252P(3P)3s[2P ] 2 2.3 2 52 763.9 1.446 5.166+08
2.1 2] 2P CP)Ad[ Dsp] 446+09 0998
' (D)2plDss]  2°CP)3d[ sz 733.1 1331 1.443+09
21 ] 2p°CPY3d[°Dss] +09  0.998
20 CDYp[Dan] 25°CP)3d[ D 7744 3.301 1.328+09
¥ (D)2pFDsa] 29 CP)3d[ Ds] 301409  0.00517
280S)5pPsnl  2p°CP)Ad[ 7745 2.082 1.707+07
2] 2p°(P)4d[ Dsy) +09  0.00520
25%]3(31))35[2}’3&} 2p2(1D)3d ZDSR 778.1 1.173+09 0.9 1.083+07
20 ()2 Pra]  2°CP)3 d'[?-s s2] 7965 1548409 0. 98 1.171+09
I CPp[Py]  20°(D)3 d[ 213”'] 876 1333409 0-647 1.002+09
2s* (1S)5p[2P 2,1 [ Dsq) 8330 16 0027 3.595+06
2] 2p°CD)3dPS 683+09  0.64
112] 8443 647 1.089+09
1.102+09 0.0
0027 2.975+06
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Table Vb.(continued)

Down level Upper level WL(A) gAr(s™) K Qd(s™H
251(153)51)[2123,1] sz(lD)?;d[sz] 849.9 1.782+09 0.647 1.152+09
282p(3P)3s[2Pm] ZpZ(:P)3d[zD3a] 870.6 1.058+09  0.00520 5.502+06
25%;)1( P)3s£ Pas] 2p2( P)3d{2Dm] 870.7 1.919+09  0.00517 9.921+06
2p2( 1D)zp[ sz] 2p2(:P)3s[ Pm] 874.0 3.968+09 0.0946 3.754+08
2p2(l D)ng Dsz] 2p% 11))3s[ 12)3,2} 874.0  2.553+09  0.00946 2.415+07
282(38)3;)[2?3,1] 2s%g( P)3p[*S1:] 913.7 1.194+09 1.0 1.194+09
2p2( 3P)zp{ 2]?3,2] 2p2(3P)3d[zD5a] 914.6 2.065+09  0.00517 1.068+07
2p2 g P)2p£ Pin] 2p2(1P)3d[2D3fz] 914.7 1.152+09  0.00520 5.990+06
2s2(18)4p[2Pm] ZPz(sD)3s{zD5’2] 926.3 1.437+09  0.00946 1.359+07
2s2(13)5p[21>,,z] - 2p"CP)3d[ 12)5,2] 934.9 1.250+09 .00517 6.463+06
232( 13)3;;[ ZPm] 2s2p(:P)6p[ Ds) 946.5 1.963+09 1.0 1.963+09
?.s1 (18)31’[21)"2] ZSZP(IP)ﬁp[iDyz] 946.6 1.034+09  0.137 1.417+08%
252(13)4P[2Pm] 232P(1P)4P[25m] 949.0 1.101+09  0.195 2.147+08
2s2( 1S)4p[2P3rz] 252p(1P)4p[ Sia] 949.1 2.193+09 0.195 4.276+08
2p2 (IS)zp[sz] 2s2p(IP)5p[§Sm_] 956.0 1.233+09  0.215 2.651+08
2p2 (IS)Zp[ 2Pm] 252p(1P)5p[ Das] 959.3  3.129+09 0.253 7.916+08
zp2 (ln)ng Dap] 282p(1P)5p[2D5f2] 959.3  5.696+09  0.255 1.452+09
252(1 S)4p2[ Pial 2S2p(lP)4p[2D3,2} 962.1 4.484+09 0.0609 2.781+08
Zsz(18)4p 2[Pm] 252p(1P)4p[22Dm} 962.2 8.064+09 0.0609 4.911+08
2s2(1S)4f[1F5,2] 2s2p(lP)4i[ Das] 962.4 7372+09 0 0
252(13)51[217"5,2] 2sZp(IP)5f[2D3,g] 9629 7.638+09  0.0483 3.689+08
2s2( 1S)ch[ fsﬂ] 2s2p(1P)6f[2D3,2] 963.2 7.859+09 0.0714 5.611+08
252(13)61)[2?1/2] 2s2p(lP)6p[sz] 964.5 1.296+09 0.229 2.968+08
2s2 (IS)6p[2P3,z] 2s2p(lP)6p[ZSm] 964.5 3.065+t09 0229 7.019+08
252 (IS)Gp[ZPm] 252p(lP)6p[2D3,2] 966.2 5.691+09 0.137 7.780+08
2s2 (13)6;;[21)3,2] 2s2p(lP)6p[2D3n,] 966.2 1.134+09  0.137 1.554+08
252(1 S)3p[Z Pir] 2s2p(lP)3p[ Dzl 9747 3.285+09 1.0 3.285+09
252( 1S)3p[ 2133,1] Zs?.p(lP)Sp[zDsa] 974.5 5.893+09 1.0 1.297+09
2s.2 (IS)Sp[sz] 282p(1P)5P[231a] 978.3 1200409  0.215  2.580+08
232(1 S)sp[1 Pzl 2s2p(*P)5p[*Daz] 981.6 2.451+09 0253 6.201+08
25°("S)5p[ 1;3,2] 2s2p('P)5pl*Dsz] 981.7 4.367+09 0.255 1.114+09
2s3;f(3P)3§[ Psal 2s2p(‘P)4p['Dsn] 1040.6 1.397+09  0.0609 8.508+07
25°(1S)3s[*Psz]  252p(*P)5p['Dsz] 1025.8 1.297+09 1.0 1.297+09
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Table w Wavelen

. ’ gths (WL) radiati

ratios (K) and factor i /s iative transition probabiliti

factor intensities (Qd) for dielcrronfc sa:;?lzlfen fs (g/g), branching
ines CII

N Down
level Upper level WL(A) -
3 p 2(]']) 2 gAr(S ) K Qd 1
P ¥2sPDas]  282pCP)3 3 )
3 2p’(D)2s['D p(P)3d[Tsa] 8194 13
3 2 (DSl s2]  2s2p(P)3d[’F 4 1388410 1.0
20°(D)2s[Dsp] 25 s2] 8194 1.16 1.388+10
3 2Dyl 2] 252pCP)3d['Fon] g 160+09 1.0 1 |
p (D)2s['Dsz]  252p( 2 19.1  2.009+1 -160+09
3 22 ) p('P)3s[P1r] 0 1.0 2
p’ (D)2s['Dsa]  252p(P)3s[" 706.2  2.327+09 .009+10
3 2p*( 2 s2p( P)3s['P1n] 70 1.0 2.3
3 2p](D)2s[ D] 252?(3P)4d{21:m] 691.9 7347409 1.0 1.299+09
2p {D)ZS[ZDJQ] 262 3]_3 N ?!2] 691.7 1.066+10 . 7.347+09
3 22 (DY pCP)5d[Fpr] 6 0942 1.0
p (D)2s{’Dss]  252pCP)5d[” 46.8  4.729+09 .004+10
p>(D2s’Dsn]  252pCP)6d[* 6.6 6.896+09 -725+09
3 22 ) p(P)6d[ Fsp] 1.0 6
p (D)2s[Dsp] 282 3 5 624.7 5.373+0 .896+09
3 2p°('D)2s[’'D ’2} 5 p(P)6d[ Fos] 6246 7.940 9 0902 4.846+09
3 2p(D)2sDy] 2:%"(1}’)3‘1[21‘7&] S el 1o oo
3 2p (‘D)zs[lnm] ;%pl( PYd[Fs] 5134 198 +09 0942  5.736+09
3 292 (D)2 D] 2 (D3pFal 4581 426109 0542 4033409
3 2p°(D)2s['Ds2] p(DBpLFsa] 4381 3125109 0251 7844408
3 2 (D)o Dl %ﬁzﬁi’;” Py] 4221 T eite ooz o
3 2p2(DY2sPD p[F i ' 0.00132
S eDe) el 4066 1570109 0005 1435108
- .570+09 )
4 2p*CPy2s[’Pan]  252p(P)3d[ 0.00524 £.227+06
o' CP)2s[Pan]  252pCP)3s] 02.5 2.099+09
4  2p°CPY2s[ p( P)3s[ Psa] 972 1.0 2.0
p CP)2s[Pip] 252 1 ) 6.3 3.166+09 .099+09
4 2 A p( P)3s[ P 1.0
29> CP)2s[Par] ' ] 9259 127 3.166+09
4 2 5 2 252p(*P)3d[’P1.] 275409 1.0
2p° CP)2s[Paz] 252 CP)3d[ 2 717.4  1.230+09 1.275+09
e e padlbe] T3 1231409 10 1.230+09
4 2pCP)2s['P1o) 252§E1ng{2£3’2} 717.2  1.231+09 }g 6.153+09
4 202 PSP 1 717 ' : 1.231
4 Pl( )ZS{ZP 1] ZSZP(IPM_d[zP ] 2 2.457+09 1.0 +09
2p (SP)ZS[ Pi] 2 1 L. 37 617.4 4.038 2 457+09
4 20°CP)2s[ 12] - 252p( PYAd[ o] 61 038+09  0.480 1.93
P CP)2s[P3y]  252p(’ 2 72 1621+ -938+09
s2p('P)3d| 09 0
[Pas] 5793 1.526+09 0‘;76 7.716+08
, .
5 2p°(S)25[S1a]  252pCP)3d[ 997 1.521+09
5 2p*('S)2sP’S pCP)3d[Ps] 9517 63
5 2 2.1 5 ”z] 232p(3P)3d{2P1J2] 9 - . 80+09 1.0 6 3
5 2p2(1s)2s[2sm S2p(3P)4d{ Parl 792.8 3' 01 +09 1.0 1.554+09
5 2p (IS)ZS[ZSM] 22pCPWA[Ps] - 7927 1-507+09 Lo 3017409
s 2p (‘S)zs[lslﬂl 22pCP)SdlPs] 7363 2.4 6+09 1.0  1.506+09
5 2p (‘S)zs[zsm% izP(SP)SdFPm] 736.1 1'224““09 1.0 2.494+09
5 2p (‘S)zs{lsif,_} zégggggl?’wl 708.2 4'193133 1.0 1.241+09
2,1 P ) 1.0
5 2p°('S)25[ Sl 232p(lp)3dE2PiZ} ;08'1 2.094+09 1.0 ;198%9
504 1325+09 1O 12?5”89
. 325409
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Table VI (continued)

N Down level Upper level WL(A) gAr(s™) K Qd(sY

5 2p°(S)2s[Swz]l  2s2p('P)3d[*Psp] 650.4 2.627+09 10  2.627+09
5 2p°('S)2s[’S1n]  282p(‘PY4d['Ps] 567.0 1.146+09  0.480 5.501+08
6 28°('Sy3s[’Sin]l  2s2pCP)3d[Ps] 1153.8 1.341+08 1.0  1.341+08
6 25°('SY3s[’Sinl  2s2p(*P)3s[*P1s] 962.2 3.064+09 ‘1.0 3.064+09
6 ZSz(iS)3s[sz] 2szp(‘P)3s[22Pm} 9622 6.134+09 1.0 6.134+09
6 252(13)35[2sm1 252p(3P)4d[1P_w] 9283 4.361+08 1.0 4361+08
6 25 (S)3s[ S 252p(zP)4d[2Pm] 928.1 2.164+08 1.0 2.164+08
6 2sz(15)3s{zsm} 2s2p( P)Sd[le] 851.7 1.436:08 1.0 1.436+08
6 28('S)s[’Sin]  252p(P)6d[*Psz) 8144 3.252+08 1.0 3.252+08
6 25°(S)3s{’Sin]  252pCP)6d[*Pys] 814.2 1.636+08 1.0 1.636+08
8 25 (13)3d[sz] 2s2pCP)3d[*Fre] 1856.6 S5.776+07 1.0  5.776+07
8 252(15)3d[2D5a] 282p(3P)3d[2Fm] 1858.0 2.975+06 1.0 2.975+06
8 2s2 (IS)Sd[le] 252p(?P)3d[2F5,2] 1858.0 3.993+07 1.0 3.993+07
g 2 (IS)Bd[ZDm] 2s2p(lP)3d[2F_m] 9782 1.030+10 1.0 1.030+10
8 2s2(15)3d[2Dm1 Zs2p(lP)3d[2Fm] 978.2 1.471+10 1.0 1.471+10
8 2s2 (IS)3d[2Dm] 2s2p(1P)3d[ Fsnl 978.2 7.336+08 1.0 7.336+08
8 2°(*S)3d[’Dsz]  2s2p(‘P)3d[*Pis] 954.1 3.898+09 1.0 3.898+09
8  282(*S)3d[’Dsn]  2s2p(‘P)3d[*Ps.] 954.1 7.016+09 1.0 7.016+09
12 282('SMs[*Siz]  2s2p(’P)3d[*Paz] 22958 7.122+06 1.0 7.122+06
12 232 (iS)4S[zS1n.] 252p(P)3d[’P1»] 2294.5 3.568+06 1.0 3.568+06
12 252 (13)45[231,2] 252p(iP)3d[2Pm] 1084.2 1.703+06 0.966 1.645+06
12 :zs2 (18)48[231.@] 252p(lP)3d[21Pm] 1084.2 3.422+06 0.966 3.306+06
12 2s2(13)4s{231fz] 2s2p('P)4s|’Py1x] 962.8 3.618+09  0.465 1.682+09
12 282(SMUsPSin]  252p(*P)4s[*Pss] 962.8 7.236+09  0.462  3.343+09
14 28°(SWUA[Dy]  252pCP)3d[Dsn] - 3387.8 1.560+05  0.219 3.416+04
14 2sz (iS)4d[sz] 2s2pCP)3d[Dsz] 3387.8 1370406 0.219 3.000+05
14 2s2 (IS)4d[1D3,2] 2s2p(’P)3d[*Fsz] 32912 9.097+06 1.0 9.097+06
14 232 (IS)4d[2Dsn] 252p(3P)3d[sz] 3291.3 7.005+05 1.0 7.005+05
14 252 (£S)4d{2Ds.rz] 2s2p(’P)3d[2Fm] 3286.6 1.306+07 1.0 1.306+07
14 252(15)4d[2135,2] 252p(3P)3d[2P3,q] 3058.6 4.103+05 1.0 4.103+05
14 252 (13)4d[sz] 2szp(jp)3d{sz] 3056.3 2251405 1.0 2.251+05
14 Zsz (13)4d[2Dm] 252p(1P)3d[2Fm} 1269.2 8.319+06 1.0 8.319+06
14 252 (IS)M[ZDM] 252p(1P)3d[2F5,1] 1269.2 4.197+05 1.0 4.197+05
14 2s2 (IS)M[ZDMI 282p(lP)3d[2F_vz] 1269.2 5.833+06 1.0 5.833+06
14 252 (IS)4d[2Dsrz] 282p(lP)3d[2P3;z] 12289 1.663+05 1.0 1.663+05
14 2s1 (13)46{295’1] 2s§p( P)4d?_{ Fin] 969.9 1.309+10 0.942 1.233+10
14 2s2 (13)4d[2D5.'z] 2p (31:)3p[ f;m] 946.7 1.270+09  0.00624 7.925+06
14 252 (13)4‘1[2}35&] 252p( P)4d['Ps,] 961.8 6.025+09 0.480 2.892+09
14 2682 ('S)YAd[*Dan]  252p('P)4E[*Py,) 961.9 3.317+09 0476 1.579+08
14 25*(’S)4d['Dsn]  252p('P)M[’Fss] 969.9 9.146+09  0.942 8.616+09
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Table VI (continued)

N Down level -
ve Upper level WL(A) gAr(s 1) K Qd(s")
19 2 7
0 g:gggg{zgm% gsgpggg[%m] 11917.9 3.314+07 1.0 3.314+07
172 ) .
19 2s2pCP)3p[’S1a] 2s2p(3P)4d{2PM] 118842 1670407 10 1676407
19 2IRCPYIRlS] 22p3P ot 32} 3396.5 1.359E+08 1.0 1.359+08
19 29 (3P)3P ZSUZ 28 p(ip) d Ps»] 2555.9 1.425E+08 1.0 1.425+08
e 252&3}))31’{231&] zsgp(ap)@[sz] 2247.1 3.847E+08 1.0  3.847+08
19 252 (3P)3p lsm] % pCPY6d[Piz] 22458 1.926E+08 1.0 1.926+08
° > P}P P[Sia] 252p( P)3d[ P1r] 1752.3 4.533+07 0966 4.379+07
19 2%1)(3 )3P[281r1] ZS%p( P)3d£ Pan] 17523 9.097+07  0.966 8.788+07
$2p( P)3P[‘Sw.] 2p° CP)3p[°Psz] 1229.6 1.200+09  0.00643 7'716+06
21 252pCP)3p[*Pss] 252pCP)3d[Dsp] 583
6.7
21 2onCPP] 252p(3p)3d[2an] 5 3.449+08 0219  7.553+07
21 292pCPYplPas] 252pCPI3AL si2 56.0 1.870+05 1.00  1.870+05
21 225(P)3 o 28 p(ﬁ)) [Pl 4923.6 1304+08  1.00  1.304+08
- 282§(3P)3P{2Pm] 2ZP(SP)M[ZPm] 49182 2.483+07 1.00  2.483+07
21 252p(3p)3pfpm] : 2p(3p)3d[2PM} 49178 2.570+07 1.00  2.570+07
51 2 (}P)BP ZPM] zs p( P)3d[ Py,] 4912.5 5141407  1.00  5.141+07
- 232;1;(3?)313}@1&} 2sgp(lPBd[sz] 14491 1.468+07 0.966 1.419+07
21 25p (’P)Bg[lP;z] 2:2§E*g;§£2§m} 1449.0 7.121406  0.966  6.879+06
2 12 449.5 7.205+06 0.966
21 2s2pC’P)3p['Paal 252p(‘P)3d[’Psn] 1449.5 3.624+07  0.966 ?‘33‘1’18?
23 z 3
- %:;nggplzgm] 2s2p( %)3d[sz} 11111.9 1.733+07 0219  3.795+06
% 282&3?)31’{2]33&] gsgp(BP)S!d[zDsa] 11055.7 1.809+06  0.219  3.962+05
23 252 (3P)3p[2Dm] 2:zp(3p)3d[f5’1] 10136.9 8361406 100 8361406
" 2s2p(3p)3p zDsa] P(}P)3d[lFm] 10092.8 1.558+08  1.00  1.558+08
- 2SZP(SP)3p[2D3,»2] §s2p(3P)3d[2Fm] 10090.1 1.084+08 1.00  1.084+08
23 252§(3P)3p§2Dm} 2S§p(3p)3d[zp3’z] 82123 1.176+07 1.00  1.176+07
23 282 (3P)3P 1D3a] gs p(sP)Sd[zP-’”’] 81816 1.183+06 1.00  1.183+06
23 2s2g(’P)3p%DM] ﬁp(l 341 Pur] 8165.7 6.628+06 1.00  6.628+06
% 22 (’P)3P[ZD5’Z} 2szp(lP)3d[2Fm] 17162 1.429+08  1.00  1.429+08
23 2s2£(3p)3p[21)m% ;zp(l?gd[f”] 17161 7.193+06  1.00  7.193+06
% 2s2p(3p)3g[21)m] 2:2;:%});3:%;5/2% 17148 9960+07 1.00  9.960+07
52 312 16432 3.880+06 0.96
n] 1642.0 2.144+06  0.96
23 252pCPY3pIDonl 252p(PI3LPs 966 2.071+06
) 2 2] 1642.0 4.493+05 0.966 4.340+
23 252p(’P)3p['Dsal 2p°CP)3p['Psn] 111749 1.781+09  0.00624 1.111 +g.5,
27 2% 2 2
27 20 %gg:%gm} iﬁﬁgggg’”} 366337 2536706 100 2.536+06
172 10 3660.72 1.269+06 '
27 252(13)55[23121 252 1 2. 100 1269+06
p( P)3d[ Par] 1316.31 1.429+05
27 288 (S)5*S1n]  282p(° 2 S 0.966 1.380+05
p( P)3s[ P1»] 963.5 3.582
2,0 2 - .582+09 0.867 3.
27 25 (S)5s{’S1n]  252p(‘'P)Ss[*Psn] 963.5 7.164+09  0.868 65(1)2133
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Table VI (continued)

N Down level Upper level WL(A) gAr(s™) K QdGs™
29 Zs;(iS)Sd[zDsa] 252p(3P)3d[zD5n] 5258.7 7.175+05 0219 1.571+05
29 252( $)sd[’Dsz]  252pCP)3d[*Fsz] 5029.7 3.225+05 100  3.225+05
29 252('S)5d['Dsa]  252pCP)3d[*Fy] 5029.6 4.156+06 1.00  4.156+06
29 25 (*S)Sd[Dsa]  2s2pCP)3d[Fxl 5018.8 5941+06 1.00  5.941+06
29 25 (*S)5d['Dxz]  2s2pCP)3d[*Pyx] 4500.9 1.363+05

¢ : g 9 1.3 .00 1.363+05
29 252(}8)5d['Dsnl  282pCP)3d[*Pss] 4505.8 2529405 1.00  2.529+05
29 232(18)5d{2D5;z] 2s2p(*P)3d["F.] 14644 1018+08 100  1.018+08
29 25°(*S)Sd’Dsz]  2s2p(‘P)3d[’Fse] 1464.4 5.102+06 1.00  5.102+06
29 Zsi(iS)Sd[iDm] 2s2p(iP)3d[§Fm] 14644 7.137+07 1.00  7.137+07
29 2s2 (IS)Sd[ZDm] 2s2p(IP)3d{1Pm] 1411.0 2.639+06 0966 2.549+06
29 25 (ls)Sd[sz] 252p(1P)3d[2P3;2] 1411.0 5390405 0.966 5.207+05
29 2¢° (ls)Sd[sz] 252p(lP)3d[2P3,z] 1411.0 4.767+06 0966 4.605+06
29 Zsz(ls)Sd[sz] ZSZP(IP)Sd[ZFm] 9572  6.324+09  0.552 3.491+09
29 282 ('S)5A[Dsn]  2s2p(‘P)Sd[’Fss] 957.3  4.480+09  0.552 2.473+09
29 2s:' (iS)Sd[:'Dm] 252p(iP)5d{§Puz] 960.6 3.998+09 0997 3.986+09
29 252(1S)Sd[2D5a] 2s2p( P)Sdz[ Pan] 960.6 7.196+09 0997 7.174+09 .
29 2s2(IS)5d[2D5;2] 2p2(1D)3p[2Fm] 973.7 6.412+09  0.255 1.635+09
29 28*(*$)5d[’Dsz]  2p°(‘D)3p[*Fss] 973.8  4.465+09 0251 1.121+09
31 252 (iS)Sg{iGm} 252p(iP)3d[iF7fz] 1478.5 4.543+06 1.00  4.543+06
31 2¢ (IS)Sg{ZGm} 2sZp(IP)3d{ Fin] 1478.5 1.298+05 1.00  1.298+05
31 2¢° (IS)Sgisz] 252p(1P)3d[;F5,2] 1478.5 3.505+06 1.00  3.505+06
31 2s (IS)Sg[sz] 252p(1P)5g[2Fsrz] 9630 1.060+10 0.536  5.682+09
31 Zsz(IS)Sg[ZGm] 252p(1P)5g[2Fm] 963.0 1361+10 0538 7.322+09
31 252(18)5g[2Gm] 252p(1P)5g[2Hm] 963.4 1.672+10 0978 1.635+10
31 25°('S)5e(’Gon]  2s52p('P)5g[Hiws] 963.4 2.052+10 0.978 2.007+10
32 2si (;3)65[231,&] 232p(3P)3d[zP3,2] 5166.5 1.412+06 1.00 1.412+06
32 252(13)65[251.2] 2szp(:P)3d[2Pm] 51602 7.359+05 1.00  7.359+05
32 2s2 (IS)6s.{ZSm] 232p(1P)3d[2Pm} 14699 5.108+05 0.966 4.934+05
32 2¢ ()6 lgm] 252p(1P)3d[2 Paz} 14699 1.044+06 0.966 1.009+06
32 25 (13)65{2 1n] 282p(1P)65[2P1,2] 964.6 3.380+09 - 0.604 2.041+09
32 25 (S)6s[°S12]  2s2p('P)6s[ Pas] 964.6 6.764+09  0.607 4.106+09
34 25; (iS)6d[iD5,;] 252p(3P)3d[zD5n,} 74633 8.729+05 0.219 1912405
34 28 ('S)6d['Dsn]  282p(CP)3d[Fssl 70104 2800405 1.00 2800405
34 28 ('S)6d[’Dy;]  2s2p(CP)3d[*Fsy} 70100  3618+06 1.00  3618+06
34 2s§(iS)6d[2Dm] 252p(zP)3d[iFm] 69893  5.100+06 LO0 5100406
34 2s2 (1S)6d[2Dm] 2sZp(3P)3d[sz} 6032.7  2957+05 1.00  2957+05
34 2¢ (IS)6d[2D3,1] 252p(1P)3d[2Pm} 60237  1.681+05 1.00 1681405
34 25" (S)6d[Dsz] ZSZp(iP)3d[sz] 15957  3.836+08 1.00 3.836+08
34 2s2p("P)3d[ Fsp} 15957 1920407 1.00 1.920+07

25 (*S)6d[*Dsn]
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Table VI (continued)

N Down level Upper level WL(A) gAr(s") K Qd(sH

34 28 (18)6d[’Dsz]  252p(‘P)3d[’Fsp] 1595.6 2.690+08  1.00  2.690+08
34 25°('S)6d['Dsn]  252p('P)3d[*P1n] 1532.5 1721407  0.966 1.662 +07
34 257 (1$)6d['Dsp]  282p(‘P)3d[*Pss) 1532.4 3.426+06 0966 3.310+06
34 28 (*S)6d’Ds,]  252p(‘P)3d[Pas] 15325 3.098+07 0.966 2.993+07
34 25°('S)6d['Dsz]  252p('P)6d[ Frr] 963.4 1.202+10 0.836 1.005+10
34 28(19)6d['Dsn]  2p°('D)3p[Pinl 955.5  1.342+09  0.00164 2.201+06
34 28 (18)6d[*Dsn]  2p°('D)3p[*Pas] 9553  2.345+09  0.00159 3.729+06
34 28 (*S)6d[’Dsn]  252p(‘'P)6AFPss] 963.4 5.578+09  0.173  9.650+08
34 25 ('S)6d['Dsz]  252p(‘P)6d[’Fr,] 963.4 1.857+09 0.827 1.536+09
34 262('S)6d[’Dss}  252p(‘P)6d[’Fss] 963.4 7.235+09  0.827 5.983+09
34 28 ('S)6d['Dsn]  252p('P)6d['P1s] 963.5 2.880+09  0.166 4.781+08
36 257 ('$)68[Gon]  282p(‘P)3d[F7z] 1606.1 2.053+07 1.00  2.053+07
36 28°('S)6e’Gra]  2s2p(‘P)3d[’Fin] 1606.1 5.867+05 1.00  5.867+05
36 25°('S)6e°Grn]  252p('P)3d[*Fsa] 1606.1 1.584+07 1.00  1.584+07
36 257(*S)6e[’Gen]  252p('P)6g[ Frn] 963.1 1.541+10 0.10t  1.556+09 -
36 252 ('S)6e[*Grz]  252p('P)6g’Fszl 963.1 1.189+10  0.141 1.676+09
36 28 (*S)6e’Gra]  252p('P)6g["Hop] 963.4 1.593+10 0.999 1.591+10
36 28 ('S)6[*Gon]  252pCP)6gl Hin) 963.4 1.955+10  0.999 1.953+10
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Table VIL. Wavelengths (WL), radiative transition probabilities (gAr)

branching ratios (K) and factor intensities (Qd) for dielctronic satellite lines CII

N
Down level Upper level WL(A) gAr(s™") K QdG™
1 280SY2p[*Psn]  252pCP)p[°
2 (IS)Zp[IPm}] 2525E3P;:g%4PDM]] ig;f-z 1411409 0617 8.706+08
L2 (omnlnn 2s2p(3P)4p[4Dm] 467-1 6.327+07 0910 5.758+07
L 26Comlb] 2s2p(3P)4p[2Pm] 467.1 1.632+07  0.905 1.477+07
Rk 252[)(3}))4})@3,2} 466.07 2.924+08  0.617 1.804+08
L2sCSle 2s2p(3P)4p[4Dm] 466_9 3.334+07  0.905 3.017+07
L 2sComlE 2s2p(3P)4p[4Pm] 462.3 1461407  0.910  1.330+07
L 2eCSmalal 252p(3P)4p[4PM] 62 1406105  0.984  1.384+05
L oR0Spaii] SoaB(Pa] 465 1519405 0984 150408
R 282p(3p)4p[2D3,2 o .g 1.579+05  0.984  1.554+05
L 2eCsplbal 252p(3p)4p[2Dm] oy 2951408 1.0  2.951+08
L arcommlial waCPlDu] 4611 141605 10 1mieite
L2CsnalPal 2Rl 3,2] s61. ; 1416409 1.0 1.416+09
L 260 lbl 232p{3P)4p[13m] 578 1.615+08 1.0 1.615+08
L 26(Spalel 2s2p(3P)5p[2Dm N4 3349408 1.0  3.349+08
L 2SRl 2s2p(3P)5p[2Dm] 437_4 2.170+09 1.0 2.170+09 -
L 26 nale 252p(3P)5p[1Dm] 437.4 1.183+09 1.0 1.183+09
L2 Csnrlel 232p(1P)3p[2Dm] 427.4 2.170+09 1.0 2.170+09
L oeCSpprral 2a(DXAlDa] 4223 126609 10 1266108
52 23 126609 1.0 1.266+09
7 28°('S)3p[Psz]  252pCPYp[°
12 (IS)3p][;2Pm} 232§E3P;:§%2§M% 33;5.0 6.353+07  0.617  3.920+07
ARG 232p(3P)4p[4Dm] 1205.9 1.343+07  0.617 8.286+06
7 20(9RPa 252p(3P)4p[“Dm} 1205.4 7322405 0905 6.626+05
AR 2s2p(3P)4p[“Dm] 1205-3 1.527+06. 0.905 1.382+06
; ;zi(iSﬁp[;Pm] 2szp(3P)4p[“D§Z] 1205-1 g'fggigg g'g}g 2'59%06
(3peieal 270 1 7 . 615+05
TS, m]] 2szg§ %:gggm]l | ;gé.s 3.029+05  0.999  3.026+05
L 252p(3p)4p[2D35,2] 1167.7 3.612408 1.0 3.612+08
T eSpRibe] 2CPMMIDM]  l6T1 1990 10 199si0s
7Ol 20T ,z] 116 1 1.994+08 1.0  1.994+08
7 Cspeal 232p(3P)4p[7'Sm] 1146.0 9.218+07 1.0 9.218+07
A 22p(PHoLSal 11 59 4515407 1.0 4.515+07
72Ol 232p(1P)3p[2Dm] o 45 5893+09 1.0  1.297+09
7 (S Pal 2R 2 747 3285409 1.0 3.285+09
*(S)3p[Pua p(‘P)6p[Ds] 9466  1.034+09
A i e . 0.137 1417408
7 2Cueeal 20D 5 5 1.963+09 1.0  1.963+09
p('P)3p[S1.] 913.7 1.194+09 1.0 1.194+09




Table VII (continued)

N Downl
evel Upper level WLA) gArG”
10 2p2 (ID)zp[lDl,z] 282 3P g (S ) K Qd(s-l)
10 2 2(1D 5 P( )41)[4])1,2] 1723
'(D)2p[Dsz]  252pCP)pL 4 4277+
10 262%'D)2of? 2p(P)4p['Psz] 06  0.905
P(D)2p[Dsz]  252pCP)épl & 17247 1.408+07 O 3.871+06
10 2p*(‘Dy2p[’D p(P)4p[ Dss] 17231 6. 0.617 8.120+0
10 Zp (Dol Lond 252p(PYp[ Do) 1 6094106 0910 5546406
p’(D)2p["Dsp] 282 (3P 4o 32 1723.1 5.924+05 . 5.546+06
o CDPRD 220CP) P[Dw] 16465 6511407 0910 5391405
10 2p(‘D)2p[Dsa] 2521)(31,)41)[2%] 1646.5 6 68806 10 6511407
N pl'Dsz] 2s2p(P)4 ’D 3 1.006+08 1
10 2p° ('D2pl’D Pl Ds»] 1645.2 0 1.006+0
(‘D)2p['Dsz] 2520( P)5pLD 2 7.160+06 1 090+08
10 2p° (iD)pr[le] 2§2§1D))335s[[21[))m]] 874.0 3.968+09 8'355 1.452+09
10 2p’('D)2p[’ 3 874 ' 0946 3.754+08
p’Dszl 2p°CPYA[ 0 2553+09 754+08
10 2p’CD)2 2 )3d[ Dsn] 774 0.00946 2.415
10wt D) pl 21)5,2] 2p°CP)3d["Dsp] e 5 2082409  0.00520 1 o7
P (D)2p[’Dsn]  2p*('DY3A[" 44 3.301+09 .083+07
10 2p((D)2p(Dsz] 20" DBADwa] IS 853940 0.00517 1.707+07
16 2t P 5 ] 2p CP)4d['Dss] ’ 1.959+09  0.998 ' 8
ig 2p'( D)2plDiz] zpz(spgs d{%ﬂ% 6232  1.068+09 g-ggs 1.212+09
207 2 siz ) 00658
o TR TN G e s s
2] 2p(D)4d] 2 . .862+09 )
10 2p’(D)2pI’Dsz] 2p’(P )6d[2D5’2] 6123  5.944+09 0.0179  6.913+07
10 2p°CD2p['D (P)6d[ Dsz] 6029 1 0.0184 1.094+08
10 202 (" ; s2]  2p°( D)5 Dsal 574, 561+09  0.00746 1
P (D)2p[ Dsr] 2p2(1D 541? 744 2.942+09 .165+07
o 29'(D)2p{ Ds] 2pz(xD§6dizgml ST4A 1994400 1404 265205
1 ) -
2p (D)Zp{z]);n] ?-PZ(ID) 6dP? sz] 556.9  2.096+09 40-4  2.652+05
13 25%('S)ap[’P ' 79-4  3.783+0
"(SMp['Pia]  252pCPHMp[P 8 6793+06 0.6
13 25°(S) [21) Pl Psz] 1940.5 617 4.191+06
13 252(13)492 ] 2520CPMp[Di] 19388 1.288+06  0.617  7.947+
13 280 p[zpm] ZSZP(BPMP[ZDW_] -8 3.010+05 0.910 . 05
s*(SY4p[Piz] 282 (3P Apl? 1842.4 2.078+06 : 2.739+05
13 25> (SMp[Psa] o 3P) p[Di] 18421 1056407 1.0 2.078+06
13 28('S)4p*{Pas] 252P(SP)4P[1D5,2] 1840.8 1-889+0 1.0 1.056+07
13 288 (S)Mp[’P p( P)4p[ Szl 1790.0 ) 7 1.0 1.889+07
-($)y4p[ Pin) 252pCP)p[’S 0 3.796+06 1
13 2¢ (1S)ap[’P P)pl Sin] 1789.7 0 3.796+06
L2 ]l 252p(‘P)pD 7 1.912+06 1
13 25'('S)ap’[P P | 9621 4 0 1.912+06
B 2 CSpLPa] gsngIP”pFDMI oy i ooon 278108
13 28 (S)yap[’ 1] 252p( PY4p[ Suo] 949, 064+05  0.0605 4.9
13 Zsz((‘ S))4p[1§ 2] 2S%p(lP)4p[lsm} 949'0 1.101+09  0.195 2 1411;-’_08
piPsz] 2p (ID 3s[* 10 2.193+09 . +08
»3s[Dse] 963 143709 0.195  4.276+08
' 0.00946 1.359+
- 07
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Table VII (continued)

N Downlevel  Upper level WL(A) gAris™ K Qds™

11 2p°CP)2p[Pszl  252pCP)Mp[Pic] 2618.6 5.127+06 0.617 3.163+06
11 2p°CP)2p[°P1o]  252pCP)Y4p[’Ps-] 2618.5 1.037+06 0.617 6.399+06
11 2p°('S)2p['Prz]  252pCP)4p[*Dys] 26156 1.231+05  0.905 1.114+05
11 2p2(S)2pI°Psn]  252pCPYMp[‘Das] 2614.9 2.349+05 0910 2.138+05
11 2p°CP)2p[’Pia]  252pCPYpi’Dis] 24424 4.017+05 0.910 3.655+05
11 2p°CP)2p['Psn]l  252pCPYap[*Dsy] 24398 7.096+05 0932 6.613+05
11 2p°CP)2p[°Ps2}  2s2pCP)4p[*Si1) 23513 1.676+07 1.0 1.676+07
11 2p°CP)2p[’Pia]l  252pCP)Mp[S:i] 23512 8351+06 1.0 8.351+06
11 2p*(*S)2p['Pin]  252p('P)Sp['Dsx] 959.3  3.129+09 0253 7.916+08
11 2p*('S)2p[*Pw]l  252p(*P)SP[*Sic] 956.0 1.233+09 0215 2.651+08
11 2p"CP)2p[P1z]  2p°CP)3d['Das] 914.7 1.152+09  0.00520 5.990-06
11 2p°CPR2p[Ps]  2p°CP)3d[*Dsp] 914.6 2.065t09  0.00517 1.068+07
11 2p°CP)2p['Psn]l  2p°('D)3d[’Dsal 833.0 1.683+09 0.647 1.089+09
11 2p°('S)2p['Psz]  2p°CP)3d[’S12] 827.6  1.333+09  0.0027 3.595+06
11 2p°CP)2p[*Psn]  2P°CPYAd[Dsy] 763.9 1.446+09 0.998  1.443+09
11 2p°CP)2p[Ps2]  2p°(D)4d[Dsxl 696.8 1.021+09  0.00184 1.779+06 -
11 2p°CPR2p[Pin}  2p°CP)6d{’Dss) 684.7 1.014+09  0.00750 7.605+06
11 2p°CPY2p['Psn]l  2p°CPY6A[’Dss) 684.6 1.890+09  0.00746 1.410+07
11 2p*(*S)2p['Pin]  2p°('S)3d["Das] 653.0 2.549+09 8.1-6 2.065+04
11 2p’CP)2pI’Ps]  2p°('S)3d['Dsy] 653.0 4.558+09 1.01-5 4.604+04
11 2p°CP)2p[*Psn]  20%('S)4d[’Dss] 566.4 1.617+09 3.1-5 5.013+04
11 2p"('S)2p[’Piz]  290°('S)3d[’Dssl 653.0 2.549+09 8.1-6 2.065+04
11 2p°CP)2p[’Ps]  2p°('S)3d[’Dss] 653.0 4.558+09  1.01-5 4.604+04
16 2s2pCP)3s[*Ps;]  252pCPYp[Pss] 20441 1.161+05 0.617 7.163+04
16 2s2pCP)3s['Psz] 2s2p(P)4p['Dsnl 2041.8 4.441+06 0910 4.041+06
16 2s2pC’P)3s['Paz] 252pCP)4p[’Paz] 20422 2.472+06 0.617 1.525+06
16 2s2pCP)3s[*Piz] 252p(CP)4p[*Pas] 2041.1 1.463+06  0.617 9.027+05
16 2s2pCP)3s[‘Ps»] 2s2p(P)4p[‘Dss] 2040.9 4.063+07 0932 3.787+07
16 252pCP)3s['Psz] 252pCP)4p[‘Di.] 2040.5 7.070+06 0905 6.398+06
16 2s2pCP)3s['Psz] 2s2pCPMp[‘Dsz]  2040.0 4.546+07 0910 4.137+07
16 2s2pCP)3s['Pin] 2s2pCP)p['Disl 2039.4 3.524+07 - 0.905 3.189+07
16 2s2pCP)3s['Psz]  252pCP)Mp[‘Dsz] 2039.1 9.403+07 0932 8.764+07
16 2s2pCP)3s[*Pin] 252pCPMp[*Ds-l 20389 3.585+07 0910 3.262+07
16 282pCP)3s['Psa] 252pCP)4p[*Pss] 1948.4 1.652+06 0984 1.626+06
16 2s2pCP)3s['Psz] 2s2pCP)p[*Psz] 1947.6 4.247+06 0999 4.243+06
16 2s2pCP)3s['Psz] 252pCP)p[‘P1s] 19473 1.748+06 0953 1.666+06
16 2s2pCPY3s['Psz] 252pCP)4p[‘Panl 1946.7 5.943+05 0984 5.848+05
16 2s2pCP)3s[‘Piz] 252pCP)4p[ ‘P12l 19463 3.871+05 0953  3.689+05
16 2s2p(’P)3s[‘Piz]  2s2p(P)4p[‘Pss] 19459 2.163+06 0999 2161406
16 2s2pCP)3s[‘Piz] 252p(*P)4p[‘Pan) 1945.7 2.041+06 0984 2.008+06
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Table VII (continued)

-1
N Down level Upper level WL(A) gAr(s™) K Qe
5.570+05

15 28 (S Fsa] 25213(31’)413[233&] gggi.} 3.;;3:32 i:g s
15 25 (S)H] Fra] 28?631512(}”]1 9662 1247410 0898 1.120+10
15 25 ( )] Fsp] - 2s2p( PIH] Gy 966.2 1.618+10  0.980 1.586+10
15 25 (S} 'Fro] - 252p( PIHT Gos) 962.4 1.053+10  0.0012 1.218+07
15 28 (S)AM[Frn]  252p(‘P)4['Dssl . :

. 288.7 1857+08  0.617 1.146+08
17 2s2p(P)3s[ Pso] iﬁpgiiﬁ%ﬁ 71 376607 0817 2.324+07
17 2529(3P)3S[1§”2] 222P(3p)4p[“1)m1 2286.6 2.200-06  0.905 1.991+06
17 252pCP)3s[ P 2opCPYp[Da] 22859 858008 0910 7808+06
17 2s2pCP)3s[Pso] 22pCPYp[Doa] 22850 4387:06 0905 3.970+06
17 252p(§P)3s[2Pm] 2S2P(3P)4p[4D;2] 22843 1.719+06 0910 1.564+06
17 282p( P)3S[1P1;2] 232P(3P)4P[ZD " 21517 S.766+06 1.0 9.766+06
7 DCoPa) aCPANDL] 211 23506 10 230
. ZSZP(Z'P)gS%ZPm] 25213(31))4?[2[)5/2] 2150.9  1.770+07 1.0 1.770+07
17° 252p( PY3s] Far 252pCPYp[S, 0] 20819 1306+07 1.0  1.306+07
17: 252p( P)3s[ Pl 2 zp(3P)4 [Sin] 20806 692406 10  6.924+06
17 2s2p(3P)3s[2Pm] Szp lP)41>{2D ] 1040.6 1397409 00609 8 508+07
17 252p(P)3s[ Pl 2Szps(p 3d§95f 870.7 1919+09  0.00517 9.921+06
17 252pCP)3s[ Paz] ;1’2(3133 D] 870.6 1.058+09  0.00520 5.502+06
17 2s2pCP)3s[ Pia] zpz(lDﬁ D] 7965 1548409 0.647 1002409
17 2s2p(’P)3s[Ps] 21)2(313)4(1[213 5’2] 7331 1331409  0.998  1.328+09
17 ZSZP(JP)?’S[sz] pz(ls)3 d[sz] 6304 4.120+09 1.01-5 4.161+4
17 252]3(31))35[21)3:2] §p2(13)3d[2])m] 6302 2275409 0.0129 2.936+07
17 2s2p(3P)3$[2Pml A T, 5493 1.783+09 3.1-5  5.527+04
17 252p(°P)3s[’Psz] 2p°('D)4d['Ds.:]

2 6 4367+05 0617 2694405
24 252pCP)3d['Psy] gsgpg;ip%a]] wsy oo oo 329806
24 2s2p(P)3d[ Pyo] e 3p)4p["Dlz] 5804.7 3.902+06 0910 3.551+06
24 252p(’P)3d[ Pz} SZP(SPMP [“DBI 5804.6 7.349:05 0.905 6.651405
24 282p(P)3d[‘Paz] ZSZP(SP PFDm} 53004 449806 0910 4.093+06
24 252p(P)3d[Pss] ;szp(i*pﬁp[“pjz} 5793.0 5531405 0910  5.033+05
24 22p( P)3d] Pss] 2szp(3p)4p[“1)3} 57932 1013+07 0932  9.441+06
24 282p(CP)3d['Psz] ;;%P)fmsz] S785.9 4105406 0932 3.826+06
24 252pCP)3d[Ps2] 2pCPHD[Pra] 51126 1156:06 0953 1102406
24 252p(P3A[ P} 222"%9)4&@1’;] 51002 5.749+06 0953  5.479+06
24 252p(P)3d[ Pss] > zp(3P)4p[4P3,2] 51087 6.757+06 0.984 6.649+06
24 252p(P)3A[Prz] zszﬂ(ﬂp)a,p[‘lam] 5105.3 2.546+06  0.984  2.505+06
24 252pCP)3d[ Py 22p(PMp[P]l 50993 6853106 0999 6846106
24 2s2p(P3d[Pss] 232p(3p)4p["p3,2] 5099.6 5.126+06 0984  5.044+06
24 2s2p(3P)3d[4Psa] P3P Ao(Po] 5093.6 1.588+07 0999  1.586+07
24 2s2p(CP)3d['Psz] 2s2p(CPY4p[Pso
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Table VII (continued)

N Down level Upper level WL(A) gAr(s™h) K Qd(s™h
25 252pCP)3d['Dsz] 252pCP)4p[Pas] 52769 1.933+05 0.617 1.193+0S
25 252pCP)3d['Dsn] 252pCPYAp[*Pis] 5274.6 6.431+05 0.617 3.968+05
25 2s2pCP)3d[‘Din] 252p(CP)ap['Pas] 5273.1 3.211+05 0617 1.981+05
25 2s2p(P)3d['Dsn] 2s2pCP)ap[‘Disl 5263.1 4.883+06  0.905 4.419+06
25 2s2pCP)3d['Dsn} 252pCP)4p['Das] 5262.0 5.694+06 0910 5.186+06
25 282pCP)3d["Dys] 252pCP)p['Din] 5261.6 6.658+06 0.905 6.025+06
25 2s2p(°P)3d['Dsn] 2s2pCP)4p[‘Das) 5259.6 1.252+07 0910 1.139+07
25 252pCP)3d['D:n] 2s2pCPMp['Dsz] 52593 3.578+06  0.932 3.335+06
25 2s2pCP)3d['Di2] 252p(P)p['Dssl 5258.1 6616+06 0910 6.021+06
25 2s2p(’P)3d['Dsz} 2s2p(P)p[ ' Dszl 5256.1 2.900+07 0932 2.702+07
25 2s2pCP)3d['Dsa] 252pCPYp[‘Dss] 5253.7 1.001407  0.932 9.329+06
25 252pCP)3d['Dsz] 2s2pCP)p[‘Pis] 46849 2418+07 0953  2.304+07
25 2s2p(P)3d['Diz] 2s2pCPYp[ Pin] 4683.8 2.420+07 0.953 2.306+07
25 2s2p(’P)3d['Dsn] 2s2pCPYMp[‘Pss] 4683.5 6.044+07  0.984 5.947+07
25 2s2pCP)3d[{'Dan] 252pCPMP‘Paz] 4681.7 3.070+07 0984 3.021+07
25 2s2p(’P)3d['Dsn] 252p(CPYp[ Ps:) 4681.0 1.141+08  0.999 1.140+08
25 252p(3P)3d[:Dm] 282pCP)Mp[*Pss] 4680.5 4.800+06 0984 4.723+06
25 2s2pCP)3d['Dsa] 282pCP)4p[‘Ps] 4678.5 2.560+07  0.999  2.557+07
25 2s2p(P)3d[Dss] 282pCP)p['Pss] 4676.6 2.844+06 0.999 2.841406
26 2s2pCP)3d[‘Fsz] 252pCP)4p[Pss] 5197.8 5.267+06 0617 3.250+06
26 2s2p(’P)3d['Faz] 2s2p(P)4p[Psz] 5193.9 1.184+06 0.617 7.305+05
26 232p(3P)3d[:Fm] 2s2pCPYAp['Dsn} 5183.2 1.768+08  0.932 1.648+08
26 2s2p(CP)3d['Fsn} 252pCPMp['Dss] 5183.2 1.114+08 0910 1.014+08
26 2s2pCP)3d['Fs,] 2s2pCP)p['Dinl 51828 6.804+07 0.905 6.158+07
26 252pCP)3d['Fsn] 2s2pCP)Mp['Das] 5179.4 2.500+07 0910 2.275+07
26 252pCP)3d['Fsn] 252p(C’P)p['Ds] 5177.5 3.211407 0932  2.993+07
26 2s2pCP)3d['Fsn] 252p(PYap['Dss] 5173.7 1.574+06 0.953 1.500+06
26 2s2p(CP)3d['Fsn]l 2s2pCPMp{'Ps2] 46211 2.515405 0984  2.475+05
26 252pCP)3d['Frn] 22pCP)p[ Pl 46207 5.461+05 0.999 5.456+05
26 2s2pCP)3d[‘Fsn] 2s2pCP)ap[‘Psz) 4616.1 1.070+05 0.999 1.069+05
30 252 (iS)Sf[iFsa} 252p(CPYP[*Dsn] 26552 8.472+05 1.0 8.472+05
30 252(18)5f[2Fm] 252p(P)4p[*Dsa] 26519 1211+06 1.0 1.211+06
30 2s2 (IS)st[sz] 2s2p(‘P)SH°Gp) 966.3 1.222+10 0906 1.107+10
30 2¢° (IS)St[sz] 252p('P)5° Gy} 966.3 1.592+10 0964 1.535+10
30 25°¢ S)Sf[z Fin]l  252p(‘P)Sf'Dss] 962.9 1.091+10  0.0045 4.910+07
30 25%(S)SfIFsn]  252p('P)SHDsr] 962.9 7.638+09  0.0483 3.689+08




Table VII (continued)

N Down level Upper level WL(A) gArGs™) K Qd(sY
2.1 »
28 252(13)5p[2Pm] 2s2p(°P)4p{*Pas] 2792.7 1.115+08 0.617 6.880+07
28 252( 1S)sp[ 2Pm] 2s2p(CP)ap[*Pas) 2791.6 2.270+07 Q.617 1'401
gg éslglgggp[ll’ml 2529(33£)4p[4Dm] 27895 1298+06  0.905 1'175182
s P[Pzl 252pCPY4p['Dszl 2788.5 5.052+ ' '
. _ 06
gg gig‘s;sp[;})m] 2s2p(P)4p[‘D1n) 2788.4 2.612+06 3'3(1)(5] ;;21182
S ) .
28 sz(IS)Sp[ZPw] 282pCP)4p[* Dzl 2787.4 1.093+06 0910 9.946+05
22(8)5p[*Pra]  252p(PYp[Dss] 2592.4 '
C ] Dsy 4 5041+07 1.0 5.041+07
28 28 (1 S)Sp[z Psa]  252pCP)4p[Dsnl 2593.4 1.070+07 1.0 1.070
28 25°('S)5p[*Psz]  252p(PYp[*Dssl 25903 ' S
( Py 2 3 9153+07 1.0 9.153+07
28 252(13)5;)[2?3&] 2s2pCPY4p[*S14] 24908 1.780+07 1.0 1780
;g %Sz(( 133))551)[ 2Pm] 252p(?P)4p[ZSm] 24899 854006 1.0 8‘540132
2(S)5p[Pia]  252p(P)5p[Dsa]  981.6  2.451 ' '
. . 09 0253 6
28 2°(S)5p[Pa]  252p(‘P)5p* N 20108
pI*Dsn] 981.7 4367+09 O
28 2582 ('S)Sp[*Ps2]  2s2p(‘'P)5p[ ' 253 1109
pI*S1] 978.3  1.200+09
2% 0 g 2p | . 0.215 2.580+08
28 2:2((1 Ss))ssg,[[z 53;2]] ggzglggg%sljm]l ggs 1102409  0.0027 2.975+06
3 si2 .9 1.782+09
28 Zsz(zs)Sp[sz] 2p°CPMd['Dss] 778.1  1.173+09 3"33; i.152+09
28 28CS)5p[*Psa]  2p°CP)6A['Dss] 695.9 1 ' prbgp
28 25 ('S)5p[*Pin]  20°('S)3d[’Dss] 663-3 I.ggg+gg o o 1
372 . . + -
28 ZSi(iS)Sp[sz] 2pz(IS)3d[sz] 663.3  3.469+09 E1;'(1)165 ;?32:32
1 ) el :
28 258°CS)5p[°Psn]  20°('S)4d[*Dss] 5742 1344409 315  4.166+04
3 2 .1 2 2-
33 %:2 Elgggggmi %z%gg;:pgzgm% 3253.5 1.604+07 0.617 9.897+06
" p[*Pss 32533 3.301+06  0.61
33 2('S)6p[Psa]  252p(°P)p[* ol 203706
o[*Dis] 32492 1.893+05
33 ZSi (iS)Gp[sz] 2s20CP)Mp['Din] 32489 3.725+05 3’33? ;'—3’;%05
33 2s2 (ls)6p[zP3,»2] 2s2pCP)ap[*Das] 32479 7.202+05 0-910 6'551+05
33 251(!8)6p[2P1;2] 252pCPYap[‘Dsn] 3247.6 1.648+05  0.910 1'503132
33 252 (IS)6p[2P3;2] 2s2pCP)ap[°Das] 2986.1 3.625+06 1'0 3-625+
33 2s2(lS)6p[2Pm] 2s2pCP)4p[*Ds,] 29859 1.736:07 1.0 1736 o
gg g:lgls)tSp[sz] 2s2pCP)4p['Ds] 29820 3.153+07 1.0 3-153185
S)6p[Pra]  252pCPMP[Siz]  2850.7 3.2 ' '
! 219405 1.0
33 2 (S)6p[Pse]  252pCP)pf* 3200
p[*S1n] 2850.9 5.850+05
33 282('S)6p[Pia]  252p('P)6pl ' o >8o0+05
p('P)6p[*Das] 966.2  5.691+09
T e e - i 0.137  7.780+08
P’ Danl 966.2  1.134+09
S o S s X ) 0.137  1.554+08
pCP)6p[*Dsn] 966.2  1.023+10
polb gy S Byt g . : 0.136 1.392+09
p(‘P)6p[*S12] 964.5 1.296+09
T et o ) : . 0229 2.968+08
p(‘PY6p[*S1x] 964.5  3.065+09
GRS [ . . . 0.229  7.019+08
3 2s2 (S)SMT Fso] 2s2p(P)4p["Dn] 31049 2.092+06 1.0 2.092+06
('S Fsn]  252pCP)ap[*Ds:] 3100 '
SR J Ds 4 1.494+05 1.0 1.494+05
3 522‘(%))2?[ ZFF,,,,]] §s2p(j'P)4p[2 Dsn) 31004 2.988+06 1.0 2.988+06
2] 22p(P)6Dsy] 9632 1123 ' '
3 2L, 1 X ] 123+10 0.0645 7.243+08
i 252((18))66;[[2 Fle] §S§p(lg)6f[2(}9a] 966.1 1.585+10 0.928 1.471+10
< s2p('P)61"Ds»l 963.2 7.859+09 0.0714 5.611+08
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Table VIHI. Energy excitation (Es), radiative transition probabilities (gAr), autoionization
rate (Aa) and factor intensities (Qd)

Down level Upper level Aa sumAa  sum(gAr) gAr Qd Es
-1 -1 -1

st S S 5 st eV

25265[%S1,1-2s2pCP)6S[?P1n]  0.3316+14 03316414 0.6498+09 01514407 0.1514407 4.628
25°65[°S121-282p(CP)6sI Pyl 03312414 03312414 0.1288+10 03161407 03161407 4.634
25265[°S12]-252p('PY6s[’Py2]  0.3073+13 0.5090+13 03915410 03380410 0.2040+10 1098
25°65[°S121-282p('P)6s*P32] 03071413 0.5060+13 0.7830+10 0.6764+10 0.4104+10 10.98

2576p[*P12]-252pCPY6p[°S 2] 0.9839+13 09839413 02170+10 0.1311408 0.1311408 4710
2526p[P31-252p(CP)6P[ S 1] 0.9839+13 09839413 02170410 03122408 03122408 4710
28°6p[*P12]-252pCPY6p[°Dsn] 0.5940+14 0.5940+14 02573410 0.1601408 0.1601408 4.976
25%6p[Py2]-252pCP)6pI Dsn] 0.5940+14 05940+14 02573+10 03400407 03400407 4.976
2526p[*P3]-252p(CP)6p[Ds2] 0.6341+14 0.6341+14 03992410 0.3098+08 0.3098+08 4.978
25%6p[PP121-252p('P)6pIS12] 02198414 09593+14 05877410 0.1296+10 0.2969+09 11.20
25%6p[*P321-252p('PY6p°S12]  0.2198+14 0.9593+14 0.5877+10 03065410 07022409 11.20
25%6p[°Py2]-252p(‘PY6p[° D3] 0.2560+13 0.1870+14 0.7311+10 05691410 0.7789+409 11.18
2826p[*P32]-252p( ' P)6p[“Dsjp] 0.2560+13 0.1870+14 07311410 0.1134+10 0.1552+09 11.18
25%6p[*P32]-252p( ' P)6p[°Ds;s] 0.2549+13 0.1872+414 0.1197+11 0.1023+11 0.1393+10 11.i8

25%6d[°D3,]-252pCP)6AI P o] 0.1043+13 0.1043+413 03284410 0.2098:06 0.2095406 5.007
2576d[*Ds2]-252pCP)6d[* 3] 0.1063+13 0.1063+13 0.6570+10 03502406 03497406 5.004
25%6d[°D312]-282pCP)6d[*Fsr] 0.6000+11 0.6000+11 0.6550+10 0.2685+07 02637407 4.954
28%6d[*Ds]-252pCP)6d[*Fsp] 0.6000+11 0.6000+11 0.6550+10 03047406 02993406 4.954
2526d["Dsp]-252pCPY6A Fn] 0.6130+12 0.6130+12 0.8805+10 0.3758+407 03751407 4.959
25°6d[PD4,]-2s2pC PY6A[*P1 ] 04120413 02488414 0.4636+10 0.2880+10 04769400 11.34
25°6d[*Dsn -252p( ' P)6A[ P3n] 0.4237+413 02451414 09384+410 0.2785+409 04813108 11.34
25°6d[°Ds;n]-252p( P)6d[*Ps2] 04237413 02451414 09384+10 0.5578+10 09640409 11.34
25%6d[* D5 ]-282p(' P)6d Fs/n] 0.4668+14 0.5642+14 0.1049+411 0.7235+10 0.5986+10 11.34
28%6d[*Ds;1-252p('P)6d[*Fsn] 0.4668+14 0.5642+14 0.1049+11 0.1857+10 0.1537+410 11.34
28°6d[*Ds,]-2s2p('PY6A[PF 0] 04830+14 05777414 0.1373+11 0.1202+11 0.1005+11 11.34

2326f[2F5,2]-232p(’P)6f[2D3,2] 0.4000+10 0.4700+11 0.8749+10 0.7859+10 0.6391+09 11.38
28°6f°Fs]-252p( ' P)6I°Dsp]  0.4000+10 0.4900+11 0.1313+11 0.5609+09 04383308 11.38
25°6f[°F75]-2s2p('P)6[°Ds/s] 04000410 0.4900+11 0.1313+11 0.1123+11 08775409 11.38
28%6f[°Fs55]-252p('PY6I[°Grn]  0.7258+13 02674+14 0.1320+411 0.1222+11 03316410 11.34
28%61 Fy0]-252pC ' P)6I[* Gl  0.7258+13 07820413 0.1650+11 0.1585+11 0.1471+11 11.34
2526f[2F7,2]-232p(’P)6f[267,2] 0.7258+13 0.2674+14 0.1320+11 04615409 0.1252+09 11.34

25°68[°Gy2]-252p('P)62[*Fsp] 02000410 0.2000410 0.1223+411 0.1189+11 0.5889+10 11.39
25%62° Goy]-252p('P)6g[*Hoy] 09690412 09690+12 0.1672+411 03620409 03614409 11.39
25°6g[°Gy2]-252p('P)6g[*Hop] 0.9690+412 09690+12 0.1672+411 0.1593+11 0.1590+11 11.39
25%62[°Go2]-252p( ' PY6g[PH 12]0.1031413  0.1031+13  0.2006+11 0.1955+11 0.1952+11 11.39




Table IX. Dielectronic recombination rate coefficients (Te=10"K) for separate
transitions. a-present result, b-Badnell [23], c-Nusbaumer&Storey {26]

Transition Oy 1n cm’fs
a b C
2s2p(’P) 2s2p[°P 14p(°P) 1.69-14 1.85-14
2p*2s(°D) 2s2p°P 13d(°F)  4.53-12 3.86-12 4.27-12
2p°2s(’S) 2s2p’P 13d(*P)  8.94-13 6.45-13
2p*2s(CP) 2s2pPP13d(*P)  3.55-13 3.49-13
252p’P 13pCD)  2s2p[’P J3d(C°F) 3.52-14 5.3-14
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Table X

Excited state k Al(cmgs‘l)

252p2 4p
2s2p2 29
232p2 Zp
252p2 2p
2s%2p 2p
1s%2p° 2D
1522p3 2P

25233 2S
2823p Zp
25234 2D
2s2p3s 4p
2s82p3s g
2s2p3s 4p
2s2p3p 43S
2s2p3p 23
2s2p3p 4p
2s2p3p 2P
2s2p3p 4p
2s2p3p ZD
2s2p3d 2P
2s2p3d
2s2p3s 2p
2522p3s 2P
2524 2g
2s%p  2p
2s%4d 2D
2s24f 2

Total (n=7-500)

DY = ma B

3.

. 535E-17
. 532E-12
. 709E-13
.119E-12
.092E-12
. 342E-14
.169E-13

. 996E-14
. 962E-12
. 854E-14
. 220E-16
. 115E-16
.047E-14
.071E-17
. 988E-15
. 616E-20
.223E-14
. 352E-17
.271E-14
. 7T04E-14
.141E-14
. 201E-13
-132E-14

. 644E-15
.151E-14
. 150E-15
- 390E-16

078E-12

El (EV)

2.503E-01
3.421E+00
5. 356E-01
2.485E-01
2. 487E+00
2.521E+00
2. 564E+(0

5. 309E-01
4. 674E+00
2.511E-01
3.021E+00
4. 294E+00
4.293E+00
5.421E-01
5.586E-01
9.561E+00
0.410E-01
4. 956E+00
2. 660E-~01
2. 648E+00
3. 021E+00
5.660E+00
2.567E+00

5.617E-01
2.513E+00
2.525E-01
2.518E+00

4. 7TTTE+00

— 68 —

Fitting parameters for ag(k) in eq. (20)
Az(cmSS_l)

1.543E-15
1.683E-12
1.970E-12
1.253E-11
2. 487E+00
2. 386E-12
7.650E-13

.733E-12
- 070E-13
. 270E-12
. T49E-15
. 135E-16
. 500E-14
.(041E-16
- 580E-13
. 248E-19
. 918E-13
. 866E-16
. 195E-13
. 7T43E-13
. 864E-14
. 126E-14
-111E-13

e S I e T o T = S U S ¥ o= SN Y. S SN N

.102E-13
.598E-13
. 200E-12
. 656E-12

= D oo

1.572E-09

E2 (GV)

1.543E-15
5.316E-01
3.811E+00
4.476E+00
4.254E+00
1.078E+01
8. 338E+00

2. 713E+00
2.49%E+00
6. 188E+00
4. 251E+00
3. 021E+00
3. 021E+00
3. 009E+00
3. 884E+00
9. 568E+00
2. 954E+00
4.294E+00
3. 274E+00
3. 236E+00
4. 260E+00
2.637E+00
6. 998E+00

7.544E+00
7.905E+00
9. 205E+00
9.244E+00

1. 126E+01




Figure Captions
Fig.1 Dielectronic Recombination Rate Coefficient (Y125 for even states as
function of T,
a) y=2s2p* ('P), 252p> (°D), 2s2p° (°S), 2s2p” °P), 2573s (°S), 25’3d (D),
25%4s (28), 25°4d (D),
b) Y'=2s2p(’P)3p (P). 2s2p¢°P)3p (*S), 2s2p(°*P)3p (*D), 252p(’P)3p (°S),
252pCP)3p ('D),
¢) v=25%5s (°S), 25%6s (°S), 25%5d (*D), 25°6d (*D), 25°5g (°G), 25°6g (*G)
Fig.2 Dielectronic Recombination Rate Coefficient ozd('y‘lZSZ) for odd states as
function of T,
a) Y'=25%2p °P), 2573p (°P), 2p° (°D), 2s%4p (*P), 2p’ (P), 25’4f CF)
b) v=2s2pCP)3s (°P), 2s2p(’P)3s (*P), 2s2pCP)3d (F), 2s2p(’P)3d (D),
2s2p(’P)3d (*P),
¢) Y'=2s*5p P), 2s%6p (°P), 25°5f (°F), 25°6f (°F)
Fig.3. Dielectronic Recombination Rate Coefficient 04(2s’nl12s) as function of n  for
T.=6eV.
Fig.4. Total Dielectronic Recombination Rate Coefficient adN (2323 [282) as function
of N for T, =6 eV.
Fig.5. Dielectronic Recombination Rate Coefficient a4(Y12s?) as function of T,

Fig.6. The effective dielectronic recombination rate coefficient for CIII —-CIL
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Dielectronic Recombination Rate Cosfficient (cm3/ s)
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Dielectronic Recombination Rate Coefficient (cm3/ s)
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