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ABSTRACT

CHIANTI provides a database of atomic energy levels, wavelengths, radiative transition probabilities,
and electron excitation data for a large number of ions of astrophysical interest. It also includes a suite
of Interactive Data Language programs to calculate optically thin synthetic spectra and to perform spec-
tral analysis and plasma diagnostics. This database allows the calculation of theoretical line emissivities
necessary for the analysis of optically thin emission-line spectra. The first version (1.01) of the CHIANTI
database was released in 1996 and published by Dere et al. in 1997 as Paper I in this series. The second
version, released in 1999 by Landi et al., included continuum emission and data for additional ions. Both
versions of the CHIANTI database have been used extensively by the astrophysical and solar com-
munities to analyze emission-line spectra from astrophysical sources. Now the CHIANTI database has
been extended to wavelengths shorter than 50 A by including atomic data for the hydrogen and helium
isoelectronic sequences, inner-shell transitions and satellite lines, and several other ions. In addition,
some of the ions already present in the database have been updated and extended with new atomic data

from published calculations.

Subject headings: atomic data — stars: atmospheres — Sun: atmosphere

1. INTRODUCTION

This paper describes the extension of the CHIANTI data-
base (Dere et al. 1997, Paper 1) to the X-ray portion of the
electromagnetic spectrum. This release of the database is
referred to as version 3.0. The CHIANTI database consists
of assessed values of atomic energy levels, weighted oscil-
lator strengths (gf-values), spontaneous radiative decay
rates (A-values), and electron collisional excitation rates
which are needed to calculate the spectrum of astrophysical
plasmas. In addition, a package of Interactive Data Lan-
guage (IDL) procedures to perform the spectral calculation
are also available. In Paper II, Young, Landi, & Thomas
(1998) used the CHIANTI database for a detailed compari-
son with observed EUV solar spectra to assess the diagnos-
tic accuracy of the two data sets. In Paper III, Landi et al.
(1999) described the inclusion of many of the minor ions
(Na, P, Cl, K, Ti, Cr, Mn, Co, and Zn) in the CHIANTI
database as well as several other ions and a routine for the
calculation of the continuum.

The extension of the CHIANTI database to X-ray wave-
lengths primarily involves the incorporation of the
hydrogen-like and helium-like isoelectronic sequences and
their satellites. The inclusion of the satellites has required a
significant modification to the manner in which the spectra
have been calculated with CHIANTI. Consequently, a new
version of the IDL package, also labeled “version 3.0,” has
been produced. In addition, data from several other ions are
either new to the database or have been updated and these
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are also described. Tables 1 and 2 show the ions that are
included in the database and Tables 3 and 4 show the tem-
perature of maximum ionization fraction for these ions.

In order to check the accuracy of the database, a detailed
comparison between the predictions of the CHIANTI data-
base and observed spectra in the 1-50 A wavelength range
has been made. This consisted of first compiling a list of
observed spectral lines identified in high-resolution spectra
observed primarily in solar flares. This comparison prompt-
ed a detailed reassessment of the energy levels of the Fe xvi
through Fe xxv1 ions responsible for many of the strongest
emission lines in this spectral region. With the help of ab
initio calculations of the atomic structure of these ions that
we performed and a recent compilation of the iron ion
energy levels by the NIST group (Shirai et al. 2000), we were
able to improve many of the energy level assignments and
line identifications for the CHIANTI database. However,
this study also suggested that further work is necessary to
understand the spectra from the highly ionized iron ions. A
summary of this comparison is presented in Table 5 as a
complete listing of observed high-resolution spectra in the
1-50 A wavelength region and the corresponding identifica-
tion of these lines in the CHIANTI database.’

! The CHIANTI database and associated IDL procedures, now distrib-
uted as version 3.0, are freely available at the following addresses on
the World Wide Web: http://wwwsolar.nrl.navy.mil/chianti.html,
http://www.arcetri.astro.it/science/chianti/chianti.html, and  http://
www.damtp.cam.ac.uk/user/astro/chianti/chianti.html.
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TABLE 1
ToNs INCLUDED IN THE CHIANTI DATABASE
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Note.—lons included in the CHIANTI database. Filled dots: ions in CHIANTI version 2.0 not changed in the present
update. Open dots: ions in the CHIANTI version 2.0 whose data have been modified/complemented in the present update.

Asterisks: new entries for the CHIANTI database.

2. EXCITATION OF X-RAY SATELLITE LINES

In previous versions of CHIANTI, spectral lines were
produced by electron collisional excitation of ions followed
by the radiative decay of the excited level. An important
aspect of the X-ray spectral region is the existence of numer-
ous satellite lines to many of the strong resonance lines.
These lines are produced in two ways: by the excitation of
inner-shell electrons to levels above the ionization potential
or by the dielectronic capture of an incident electron into a
similar excited level. In both cases, the excited level either
undergoes a radiative decay to a lower energy level of the
ion or an autoionizing transition to the next ionization
stage. Neither of these two-step processes fit into the frame-
work of earlier versions of CHIANTTI. A rigorous treatment
would require the simultaneous solution of combined ion-
ization and level populations for all of the ions of a given

element. However, such a computationally demanding
treatment is not required and an approximate treatment of
these processes is used for the version of CHIANTI
described in this paper.

Most, if not all, past treatments of satellite lines are based
on the two-level approximation where only the ground level
is populated and all lines are produced by collision excita-
tion from this level to a higher level which undergoes a
rapid radiative transition. The approach used in CHIANTI
is to solve the steady-state rate equation for populations of
all the levels in a given ion in order to take into account the
population of metastable levels above the ground level.
Since none of the autoionizing levels that give rise to the
satellite lines reach a significant population, it is possible to
include these levels separately from those below the ioniza-
tion potential.

TABLE 2
IoNs INCLUDED IN THE CHIANTI DATABASE

Ton XVII XVIII XIX XX XXI XXII XXIII XXTV XXV XXVI XXVII XXVIIT
Ar....... * *
K........ °
Ca ...... [ ] o * *
Ti....... o o . °
Cr....... . . . 3 ° °
Mn...... o . . o . .
Fe....... ° ° ° ° o o ° ° * *
Co ...... ° . ° ° ° .
Ni....... ° . 3 ° ° o ° ° * *
Zn ...... . ° o . °

Note.—Ions included in the CHIANTI database. Filled dots: ions in CHIANTI version 2.0 not changed in the present
update. Open dots: ions in CHIANTI version 2.0 whose data have been modified/complemented in the present update.

Asterisks: new entries for the CHIANTI database.
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TABLE 3
TEMPERATURE OF MAXIMUM ABUNDANCE FOR IONS INCLUDED IN THE CHIANTI DATABASE

Ion i m v v VI VI VIII 10'¢ X XI X1 XTI XIV XV XVI
H........
He ...... 4.66
C........ 4.36 485 5.02 5.43 6.00
N........ 4.47 490 5.16 5.28 5.74 6.19
O........ 4.52 496 5.22 5.39 5.48 5.90 6.37
Ne ...... 4.55 494 5.23 545 5.62 5.71 5.80 6.15 6.64
Na...... 496 5.20 5.44 5.64 5.78 5.86 592 6.30 6.77
Mg...... 4.08 5.23 5.43 5.63 5.80 5.90 5.99 6.05 6.45 6.89
Al....... 4.56 5.37 5.60 577 591 6.02 6.10 6.17 6.55 7.00
Si........ 4.15 4.46 4.79 5.16 5.54 5.76 5.90 6.03 6.12 6.20 6.28 6.66 7.09
P........ 5.11 5.74 591 6.04 6.16 6.23 6.30 6.36
S ... 4.24 4.67 5.02 5.19 5.28 5.51 5.86 6.00 6.12 6.24 6.31 6.39 6.44 6.86 7.29
Cl....... 6.47
Ar....... 5.50 5.58 5.75 6.08 6.20 6.31 6.41 6.49 6.54 6.62
K........ 5.70 573 6.19 6.31 6.41 6.50 6.58 6.61
Ca...... 5.79 5.81 5.95 6.25 6.38 6.48 6.56 6.61
Ti....... 6.01 6.09 6.45 6.56 6.64
Cr....... 6.20 6.24 6.60
Mn...... 6.32
Fe....... 4.11 541 5.57 5.80 5.99 6.07 6.13 6.20 6.27 6.32 6.42
Co ......
Ni....... 6.24 6.29 6.37 6.40
Zn ......

Note.—Temperature of the maximum ion abundance for the ions included in the CHIANTI database. Ion fractions come from Arnaud &
Raymond (1992) for the Fe ions, Landini & Monsignori Fossi (1991) for the minor ions, Arnaud & Rothenflug (1985) for the other ions.

2.1. Inner-Shell Excitation

In the case of satellite lines produced by inner-shell exci-
tations, the treatment is relatively straightforward. The col-
lisional excitation and radiative decay is prescribed by the
usual collision strengths and radiative 4-values as described
in Paper 1. The only aspect that requires a modification to
the standard CHIANTI model ion is the necessity of
accounting for autoionizing transitions of the levels above
the ionization potential. The rate of these transitions is
given by the autoionization rate (a constant). The current
model of CHIANTI does not consider transitions between
ions. The incorporation of these inter-ion transitions in a
proper manner can only be done at the cost of a very signifi-
cant increase in computational time for little return in
enhanced diagnostic capability. Consequently, autoionizing
transitions are treated as radiative decays to the ground

level of the ion from which they were excited but with no
emission of radiation. This treatment allows us to take into
account autoionization effect while avoiding the computa-
tional complexity of transitions between ions and with neg-
ligible effects on the overall ion level populations. The effect
of these autoionizing transitions on the ionization balance
is already accounted for in current calculations of ioniza-
tion equilibrium, e.g., Arnaud & Rothenflug (1985).

2.2. Dielectronic Excitation

The collisional excitation rate of lines produced by die-
lectronic recombination is typically determined by con-
siderations of detailed balance (Gabriel & Paget 1972). The
ratio of the collisional rate coefficient for dielectronic excita-
tion C, to the total autoionization radiative decay rate 4, is

TABLE 4
TEMPERATURE OF MAXIMUM ABUNDANCE FOR IONS INCLUDED IN THE CHIANTI DATABASE

Ion Xvit XVl XIX XX XXI XXII XXIII XXIV XXV XXVI XXVII XXVIII
Ar....... 6.94 7.46
K....... 6.69
Ca ...... 6.69 6.75 7.16 7.61
Ti....... 6.71 6.78 6.82 6.91
Cr....... 6.71 6.80 6.87 6.91 6.98 7.05
Mn...... 6.68 6.79 6.87 6.92 6.99 7.03 7.12
Fe....... 6.60 6.80 6.89 6.96 7.02 7.09 7.15 7.26 7.55 8.00
Co...... 6.43 6.79 6.97 7.02 7.09 7.14 7.23
Ni....... 6.41 6.47 6.55 6.78 6.98 7.03 7.10 7.16 7.27 7.68 8.00
Zn ...... 6.62 7.09 7.15 7.21 7.29

Note—Temperature of the maximum ion abundance for the ions included in the CHIANTI database. Ion fractions
come from Arnaud & Raymond (1992) for the Fe ions, Landini & Monsignori Fossi (1991) for the minor ions, Arnaud &

Rothenflug (1985) for the other ions.



TABLE 5

CHIANTI XUV LINE LisT

;I's lar A
(A) (A) Ion Transition Int Refs
1.2540  Ni xxvi 1s* 1S, - 1s 5p 'P, 1.1e+03
12830  Nixxvo 1s? 1S,-1s 4p 'P, 2.5¢+03
1.2934  Ni xxviI 1s 28, ,,-3p *P5), 1.2e+03
1.3500  Ni xxvi 1s? 'Sy-1s 3p 'P, 7.6e+03
1.3520  Ni xxv 1s% 1Sy-1s 3p 3P, 1.3e+03
13917  Fe xxvI 1s 28, ,,-5p *Py, 7.5¢+03
1.3919  Fe xxvI 1s 2S,,,-5p 2Py, 3.8¢+03
14249 Fe xxvi 15 28,,,~4p 2P, , 1.5¢+04
14253  Fe xxvI 1s 2S,,,—4p P, 7.4¢+03
14610  Fe xxv 1s? 'Sy-1s 5p 3P, 3.5¢+03
1.4610 Fe xxv 1s% 'Sy-1s 5p 'P, 2.6e+04
14950  Fe xxv 1s? 'Sy-1s 4p 'P, 5.7¢+04
1.4950 Fe xxv 1s% 1Sy-1s 4p 3P, 7.8e+03
1.5023  Fe xxvI 1s 28, ,-3p *P,, 4.6e+04
1.5035  Fe xxvI 1s 2S,,,-3p 2Py, 2.3e+04
1.5303  Ni XXvII 1s 28, ,,-2p *P,, 7.7¢+03
1.5358  Ni xxvII 1s 2S,,,-2p *P,, 3.8¢+03
1.5415  Nixxvmd 1s2p 'P,-2p 2p 'D, 1.1e+03
1.567 1.5730 Fe xxv 1s% 1Sy-1s 3p 'P, 1.7e4-05 19
1.5750  Fe xxv 1s? 'Sy-1s 3p 3P, 2.6e+04
1.587 1.5880 Ni xxvi 1s% 1Sy-1s 2p 'P, 5.2e+04 19
1.5923  Ni XxXvI 1s? 'Sy-1s 2p °P, 7.7¢+03
15935  Ni xxvI 152 25 28, ,,-1s 25 2p (*P) 2P, , 1.2¢+03
1.5965  Ni xxvI 1s? 'Sy-1s 2p 3P, 1.0e +04
15970 Ni xxvI 15 25 28, ,,-1s 25 2p (°P) 2P, , 5.6¢+03
1.5977 Nixxvid 1s% 2p 2P, ,—1s 2p (*P) 2p *P5, 1.1e+03
15984  Nixxvid 152 2p 2P, ,-1s 2p (‘) 2p 2D, , 23e+03
15996  Ni xxvi 152 25 28, ,-1s 25 2p (P) 2P, , 1.5¢+03
16009 Nixxvid 152 2p 2Py ,~1s 2p (*P) 2p 2Dy, 3.5¢+03
1.6036  Ni xxvII 1s? 1Sy-1s 25 38, 1.0e +04
1778 17780  Fe xxvi 15 28, ,-2p 2Py, 30e+05 20
1.7795 Fe xxv d 1s3p 'P,-2p 3p 'D, 1.3e+04
1.783 1.7833 Fe xxvi 1s 2S1/2—28 251/2 1.0e 404 20
1.7834  Fe xxvI 1s 28, ,-2p *Py), 1.5e+05
1.7872 Fe xxv d 1s 2s 13S0—2s fpl p, 1.9¢+04
1.7873 Fe xxv d 1s 2p °P,-2p* 'D, 1.2e+04
1792 17920 Fexxvd  1s2p ‘P, -2p* 'D, (J) 37404 20
17926  Fexxvd  1s2p3P,2p? 3P, 1.4e+04
1.8283 13
1.8309 13
1.8344 13
1.8389 13
1.8424 13
1.8499 1.8500 Fe xxv 1s% 1S5-1s 2p 1P, (w) 1.2e+06 13
18517 Fexxavd  1s? 3d 2Dy ,—1s 2p (\P) 3d 2F,, 1.3¢+04
1.8525  Fexxivd 1s* 3p 2P, ,—1s 2p (*P) 3p ?D5, 1.4e+04
18532 Fexxvd  1s? 3p 2Py,-1s 2p (*P) 3p 2Dy , 1.8¢+04
18552 18554  Fe xxv 15? 1S4-1s 2p °P, (x) 16e+05 13
18568 18565 Fexxivd  1s? 3p 2P, ,—1s 2p (°P) 3p 2Dy, 62403 13
1.8566  Fe xxiv d 15> 2p 2P, ,—1s 2p (*P) 2p %S, (m)  7.2e+03
18571  Fexxavd 15?25 28, ,-1s 252p (*P) 2P, , (£) 1.6e+04
18572 Fe xxv 162 25 28, ,-15 25 2p (\P) 2P, (t)  1.7e+04
18595 18595  Fe xxv 15% 1Sy-1s 2p 3P, () 216405 13
1.8604  Fe xx1v 1s% 25 28, ,—1s 25 2p (°P) 2P5, 9.4e+04
18610 18604  Fexxiv 15% 25 28,,,-1s 25 2p (°P) Py, (@) 94e+04 13
18631 18622 Fexavd  1522p 2P, ,-1s2p CP)2p 2P, (@)  20e+04 13
18630 Fexxvd  1s22p 2P, ,-1s 2p (‘\P) 2p 2D, (k)  49e+04
1.8635  Fexxivd 1s* 25 28, ,—1s 2s2p (*P) 2Py, (1) 7.9¢+03
18637  Fe xx1v 152 25 28, ,-15 25 2p CP) 2Py, (1) 2.60+04
18660 18659  Fexxivd  1522p 2P, ,—1s2p (‘P)2p 2Dy, (j)  73e+04 13
1.8680 1.8676 Fe xx1v lsz %S 2S1/2_1‘§ 25 2p (3P) 4P5/2 1.5e+04 13
18682  Fe xxv 1s? 18,-1s 25 38, (2) 2.3e+05
1.8704 1.8721 Fe xxm d 2s 2p 3P,—1s 2s 2p* 3D, 1.1e+04 13
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TABLE 5—Continued

;l's lar i
(A) (A) Ion Transition Int Refs
18732 18724 Fexxmd  2s2p 3P,-1s 25 (*P) 2p? °P, 7.3e+03 13
1.8727 Fexxwvd 1s% 2p 2P5,—1s 2p (*P) 2p *Ps), () 1.2¢+04
18728  Fe xx1v 152 25 28, ,-1s 25 2p (°P) *P,, (v)  5.1e+03
1.8730  Fe xx1v 1s% 25 28, ,—1s 25 2p (3P) *P5;, (u) 1.2¢+04
1.8731 Fe xxm d 25 2p zPl—ls 2s 24p2 3D§ , 3.0e+04
1.8734 Fe xxm d 2s 2p °P,-1s 2s (*P) 2p* °P, 9.6e+03
1.8754 1.8754 Fe xxm d 2s 2p 3P,~1s 25 2p* 3D, 4.1e+04 13
1.8779 18771  Fexxm d 2322{7 p-1s 223 2572 D, 9.1e+03 13
1.8786 Fe xxm d 2% 'S,-1s 25*2p °P, 2.7¢4+03
1.8794 18795 Fexxud 2s% 2p 2P, ,—1s 25% 2p% 28, ), 1.1e+03 13
1.8824 1.8822 Fe xxu d 252 2p 2P1,2—ls 252 2p? 2D3,2 3.4e+03 13
1.8851  1.8849  Fexxud 2s? 2p32P3/2—ls 2322 25p2 Dy, 4.5+ 03 13
1.8867 1.8870 Fe xxm d 2s 2p °P,—1s 25 2p* °P, 1.8e+403 13
18916 18924 Fexxavd  1s 2p 2P, ,-1s 25 25, , (p) 2.1e+03 13
1.8942 1.8944 Fexx1d 2p? 3P,—1s 25%2p® 3D, 2.4e+03 13
1.8966  1.8965  Fexxid 2p? 3P,~1s 2s22p® 3D, 3.2¢+03 13
18969 Fexavd 15 2 *Py-ls 25232.91 12 (0) 2.2e+03
1.8969 Fexxid 2p* °P,—1s 25*2p° °D, 1.2e+03
19051 19051  Fexx 152 257 2p® 48,,,-1s 257 2p* P, 13
19075 19075  Fexx 1s? 257 2p3 2P, ,-1s 25% 2p* 2P, 13
1.9360 1.9360 Fe Ko, 13
1.9400 1.9400 Fe Ko, ... 13
2.706 2.7054 Ca x1x 1s% 1Sy-1s 3p 'P, 9.9¢+03 19
3.0185  3.0185  Caxx 1s 28, ,,-2p *P5), 3.6e+04 13
3.0239 3.0239 Ca xx 1s 2S1/2—2p 2P1/2 1.8e+04 13
30485  3.0486 Caxixd 1s 2p 'P,-2p* 'D, (j) 3.8¢+03 13
3.16 ;}g(l)i zr XVII is zgm—gp gw ;.ge+g;l 19
. T XVII 528,,,-3p 2Py, .6e+
3.1769 3.1772 Ca x1x 15% 1Sy—1s 2p P, (w) 6.9¢ +04 13
31822 31820 Caxvind  1s? 3p 2P, ,—1s 2p (*P) 3p 2D, 9.1e+02 13
31829 Caxvind  1s? 3p 2P, ,,—1s 2p (\P) 3p 2D, 1.4e+03
3.1889  3.1891  Caxix 152 1S5-1s 2p 3P, (x) 7.9¢+03 13
31925 31927  Ca xix 152 1S,~1s 2p 3P, () 9.0e+03 13
32003 31961  Ca xvim 1s% 25 28, ,—1s 25 2p (*P) *P5;, (q) 2.4e+03 13
3.1996  Ar xvn 1s% 1Sy-1s 4p 'P, 9.5¢+03
32033 32038 Caxvind  1s?2p 2P, ,-1s2p PP) 2p *P,, (@)  7.2e+02 13
32066 32064 Caxvmd 152 2p 2P, ,-1s 2p (\P) 2p 2D, (k)  2.5e+03 13
32111 32100 Caxvind 1522 *Pyy1s 2p () 2p Dy () 34e+03 13
3.2111 Ca x1x 1s* 'Sy-1s 25 °S, (2) 1.8e+04
3371 33654  Arxvo 1s? 1S,-1s 3p 'P, 3.0e+04 19
3698 36958 S xvi 15 28, ,-5p 2Py, 74e+03 19
3.6960 S xv1 1s 28, ,,-5p *Py), 3.7¢e+03
3733 37311 Arxvin 15 28, ,-2p 2Py, 1.4¢+05 19
37365  Ar xvin 1s 28, ,-2p *Py), 6.8¢+04
3.7554 Ar xvid 1s 2s 11S0—2s 2p 11P1 4.0e+03
3.7720 Ar xvi d 1s2p 'P—2p2p 'D, 1.2e+04
3786 37843 Sxvi 15 28, ,-4p 2P, 1.7e+04 19
37847  Sxvi 1s 28, ,,—4p *P ), 8.4e+03
3.949 3.9488 Ar xvi 1s% 1Sy-1s 2p 'P, 2.1e+05 19
3.969 3.9656  Ar xvn 1s% 1S,-1s 2p 3P, 2.0e+04 19
39691  Ar xvn 1s% 1Sy-1s 2p 3P, 2.6e+04
3.9978  Sxv 1s% 'Sy-1s 5p 'P, 9.0e+03
4004 39908  SxvI 15 28, ,-3p 2Py, 5.1e+04 19
39919  Sxvi 1s 2S,,,-3p 2P 2.6e+04
3.9939  Arxvn 152 1§i,z—lsp2s 31S/z1 6.2¢+04
4.104 4.0885 S xv 152 1Sy-1s 4p 1P, 2.0e+04 19
4.299 4.2991 S xv 1s% 1Sy-1s 3p 'P, 6.4e +04 19
4729  AT274  Sxvi 1 28,,,-2p 2Py, 3.7e+05 19
47328  Sxwi 15 28, ,,-2p 2P, , 1.8¢+05
4.769 4.7611 Sxvd 1s 2s 'S4-2s 2p 'P, 8.5¢+03 19
47848 Sxvd 1s 2p 'P,~2p 2p 'D, 27e+04
4834 48310  Sixwv 15 28,,,-5p 2Py, 1.5¢+04 19
48312 Sixwv 15 28, ,,-5p 2P, , 7.66+03
4948 49467  Sixwv 15 28, ,,-4p 2P, 34e+04 19
49472 Sixwv 15 28, ,-4p 2P, , 1.7e+04
5.039 50387 Sxv 1s? 'Sy-1s 2p *P, (w) 4.5e+05 18,19
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TABLE 5—Continued

}’sglar ;l;
(A) (A) Ton Transition Int Refs
5050 50484 Sxivd 152 3p 2P, ,-1s 2p (‘) 3p 2D, , 4.4e+03 18
50495 Sxivd 1s% 3p 2P, ,—1s 2p (*P) 3p D5, 6.8e+03
5.066 5.0631 S xv 1s% 1Sy-1s 2p 3P, (x) 2.8e+04 18, 19
50665 S xv 1s? 1S-1s 2p 3P, () 5.4e+04
5.105 5.1015 S xv 1s% 1Sy-1s 25 38, (2) 1.5e+405 18, 19
51025  Sxivd 12 2p 2P, ,-1s 2p (‘P) 2p 2D, (j)  1.0e+04
5.220 5.2168 Si x1v s 2S1/2—3p 2P3/2 1.1e+05 18, 19
52179  Sixwv 1s 28,,,-3p *Py, 5.3e+04
5.228 5.2230 Si xm 1s% 1Sy-1s 6p ' P, 18
5.238 18
5.285 5.2856 Si xm 1s% 1Sy-1s 5p 'P, 1.2e+404 18, 19
5.407 5.4046 Si xm 152 1Sy-1s 4p 1P, 2.8¢+04 18, 19
5.682 5.6807 Si xm 1s% 1Sy-1s 3p 'P, 8.9e+04 16, 17, 18, 19
5816 58157  Sixumd 152 2p 2P, 15 2p (°P) 3p 2D, 1.4e+03 19
58163  Sixmd 152 2p 2P, ,-1s 2p (°P) 3p 2Dy, 2.9¢+03
6049 60525 Alxm  1s2S,,-3p 2P,, 7.1e+03 19
6.0537 Al xm 1s 28,,,-3p 2Py, 3.6e+03
6.1720 Si xm d 1s 3d 'D,2p 3d 'F, 1.0e+04
6.180 6.1804 Si x1v 1s 2S1/2—2p 2P3/2 7.8e+05 17, 18, 19
6.187  6.1858  Sixiv 1s 28,,,-2p *Py ), 3.9¢+05 17, 18
6.1993 Si xm d 1s 3d *°D;-2p 3d °F, 5.6e+03
6.212 18
6.224 6.2296 Si xm d 1s 25 1Sy-2s 2p 'P, 1.2e+04 19
62446  Sixmd  1s2s3S,-2s 2p °P, 8.2¢+03
6.2482 Si xm d 1s 2s 3§,-2s 2p °P, 5.0e+03
6.261 17,18
6.266 6.2650 Si xm d 1s 2p 'P,-2p 2p 'D, 3.8¢+04 17, 18, 19
6.319 18
6.324 18
6.333 18
6.364 18
6.402 18
6.420 18
6.470 18
6.485 18
6581 65800 Mgxm  1s2S,,-5p 2Py, 9.3¢+03 18
65802 Mgxu 1 2S,,-5p P, 4.6¢+03
6.6350 Al xu 1s% 'S,-1s 3p 'P, 4.5¢+03
6.647 6.6480 Si xm 1s% 1Sy-1s 2p P, (w) 6.1e+05 16, 17, 18
.. 66539  Sixud  1s? 3d 2D, ,-1s 2p (*P) 3d ?Fy, 52e+03
6659 66554  Sixud  1s? 3d 2Dy,,—1s 2p (*P) 3d °F,, 8.2e+03 16
66627 Sixud  1s*3p 2P, ,-1s 2p (‘P) 3p 2D, , 54e+03
66638  Sixmd  1s? 3p 2P,,-1s 2p (*P) 3p 2Dy, 7.8¢+03
6.685  6.6851 Si xm 152 18,15 2p 3P, (%) 3.0e+03 17,18
6.688  6.6883  Sixm 15% 'Sy-1s 2p 3P, () 4.4e+04 17, 18
6692 66891 Sixud  1s? 3p 2P, ,—1s 2p (°P) 3p Dy, 8.3¢+02 16
6720 67180  Sixm 1s% 25 28, 15 25 2p °P) 2P, (@) 5.4e+03 16
67200  Sixm 152 25 28, ,-15 25 2p CP) 2P, (r)  2.1e+03
6.740 6.7377 Mg xu s 2S1/2—4p 2P3/2 2.1e+04 16, 17, 18
6.7382 Mg xu 1s 28, ,,—~4p *P, ), 1.0e+04
6.7404 Si xm 1s% 1Sy-1s 25 35, (2) 1.4e405
67432  Sixud 15 2p 2Py,-1s 2p (‘P) 2p 2Dy, 8.1e+03
68111  Nixxvi 152 25 28, ,-15? 4p 2P, 6.6e+03
6.8208  Nixxvi  1s%2s %S, ,-1s* 4p P, , 3.5¢+03
6.950 17, 18
7102 71058  Mgxm  1s2S,,-3p 2P,, 6.3¢ +04 17, 18
7.105 7.1069 Mg xu 1s 2S1/2—3p ZPI/2 3.2e+04 17, 18
7170 71690  Fexxiv  1s® 25 %S, ,-1s* 5p *P,, 1.8e+04 16, 17, 18
71690  Fexxiv 15?25 28, ,-1s? 5p 2P, 34e+04
71709 Al xm 1s 28,,,-2p *Py, 5.1e+04
71763 Al xm 1s 28,,,-2p *P, ), 2.5¢+04
7310 73100 Mgxi 12 1Sy1s 5p 'P, 4.0e+03 17, 18
7.368 7.3698 Fe xx1v 1s% 2p 2P1/2—1s2 5d 2D3/2 1.6e+04 12
7.377 12
7.387 7.3910 Fe xx1v 1s% 2p 2P1/2—1s2 Ss 2S1/2 6.5¢+03 12
7438 74381  Fexxav  1s? 2p 2P, ,-1s* 54 2D, 1.4e+03 12
74403  Fe xx1v 1s? 2p 2P,,—~1s% 5d 2D, 2.9¢+03
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7454 7.4620 Fe xx1v 1s* 2p 2P3/2—1s2 Ss 2S1/2 1.4e+04 12
7.473 7.4730 Mg x1 1s? 1S,-1s 4p 1P, 9.0e+03 12,17, 18
74720  Fe xxim 252 1825 5p 1P,
7477 12, 16
7.498 12
7.561 12
7.685 16
7.710 17,18
7.757 7.7570 Al xu 1s% 1Sy-1s 2p P, (w) 3.0e+04 17,18
7.774 17,18
7.808 7.8070 Al xu 1s% 1Sy-1s 2p 3P, (y) 3.2e403 16, 17, 18
7.850 7.8510 Mg x1 1s% 1S4-1s 3p 1P, 2.8¢+04 11,12, 17, 18
7.872 7.8721 Al xu 15? 1S-1s 25 38, (2) 1.2e+04 11,12, 17, 18
7.902 11,12
7919 11, 12
7.936 12
7.952 16
7987 79828  Fexxiv 152 25 2§, ,-1s? 4p 2P, , 1.0e+05 11, 12, 16
7.997 7.9930 Fe xx1v 1s% 2s 2S1/2—152 4p 2P1/2 5.4e+04 11, 12, 16
8.069 17, 18
8.091 11, 12
8.141 16
8.153 12, 16, 18
8.159 12,18
8.168 12
8.204 12
8.232 8.2311 Fe xx1v 1s% 2p 2P1/2—1s2 4d 2D3/2 5.2e+04 11, 12, 16
8.270 12
8.285 8.2836 Fe xx1v 1s% 2p 2P1/2—1s2 4s 2S1/2 2.2e+04 12
8304 83030 Fexxm 252 15,25 4p 'P, 1.2e+05 11, 12, 13, 16
8.316 8.3158 Fe xx1v 1s% 2p 2P3/2—1s2 4d 2D5/2 9.3e+04 11, 12, 13, 16, 17
83193  Fexxtv 152 2p 2P, ,-1s? 4d 2D, , 1.0e+04
8.325 14
8376 83729  Fexxwv 1s* 2p 2P5,—15% 4s %S, , 4.6e+04 16
8.419 8.4192 Mg X1 1s 2S1/2—2p 2P3/2 4.4e+05 17,18
8424 84246 Mgxu 15 2,,-2p *P,, 2.2e+05 17,18
8.500 8.4956 Mg x1d 1s 25 1Sy-2s 2p 1P, 3.8¢4+03 18
8.531 8.5290 Fe xxm 2s 2p 3Py—2s 4d 3D, 5.4e+03 12
8.552 8.5500 Fe xxm 2s 2p *P,—2s 4d °D, 1.1e+04 11,12, 17, 18
8.5513 Mgxid 1s2p *P,-2p 2p 'D, 1.2+ 04
8.573 11, 12, 16, 17, 18
8.617 8.6140 Fe xxm 2s 2p 3P,~2s 4d °D, 2.0e+04 11, 12, 16
8.6180  Fe xxm 2s 2p *P,~2s 4d °D, 3.7¢e+03
8.644 11,12
8.660 11, 12
8.715 11,12
8.722 11, 12
8.734 11,12
8.753 12
8.814 8.8140 Fe xxm 2s2p 'P,-2s4d 'D, 1.3e+05 11, 12, 16
8.823 14
8.848 11, 12, 18
8.906 8.9060 Fe xxm 2s 2p 'P,-2s 45 'S, 5.0e+04 11, 12
8.919 11, 12, 16
8.933 12
8976 89770  Fexxu  2s2p? 2Dg,-2s 2p (3P) 4d 2F,, 11, 12, 14, 16, 18
8.993 12
9.007 11, 12
9.068 9.0613 Ni xxv1 1s% 2s 2S1/2—132 3p 2P3/2 4.0e +04 11, 12
9.073 11, 12, 14, 16, 17, 18
9.114 9.1050 Ni xxv1 1s% 2s 2S1/2—132 3p 2P1/2 2.1e+04 11, 12, 16
9.136 11, 12
9.150 18
9170 91690 Mgxi 1s? 1Sy-1s 2p P, (W) 19¢+05 12, 14, 16, 17, 18
9.173 18
9.181  9.1796 Mgxd  1s? 3d 2D, 15 2p (‘P) 3d ?F5,  1.1e+03 16, 17, 18
9.1811 Mgxd  1s?3d 2D,,—1s 2p (*P) 3d 2F,,  16e+03
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9.189 9.1927 Mgxd 1s? 3p 2P, ,,—1s 2p (*P) 3p 2D, , 8.9e+02 12,17, 18
9.194 9.1938 Mgxd 1s% 3p 2P, ,—1s 2p (*P) 3p *Ds), 1.4¢+03 12, 16, 17, 18
9.202 12
9.215 18
9.224 12
9.233 9.2282 Mg x1 152 18515 2p 3P, (%) 2.4e+03 12, 14, 16, 17, 18
9.2312 Mg x1 1s* 'So—1s 2p 3P, (y) 2.1e+04
9.241 16
9.252 12
9.276 12
9.284 92840 Mgx 1s% 25 28, ,—1s 25 2p (°P) 2P5;, (9) 8.3e+02 17
9.290 12, 16, 18
9.298 18
9.314 9.3143 Mg x1 152 1Sy-1s 25 38, (2) 7.1e+04 12, 16, 17, 18
9.319 9.3161 Mgxd 152 2p 2P, ,,—1s 2p (*P) 2p D5, (k) 7.50e+02 12, 14, 16, 17, 18
93206 Mgxd 1s% 2p 2P, ,—1s 2p (*P) 2p D5, ()) 1.2¢+03
9.3400  Ni xxv 252 18425 3p 'P, 2.0e+04
9.361 9.3620 Nex 1s 28, ,,~6p *Ps, 11, 12, 18
9.383 11, 12
9.391 9.3898 Ni xxvI 1s? 2p 2P, ,—15* 3d *D,, 2.7e+04 11, 12, 16, 17, 18
9.3900  Ni xxv 252 18425 3p 3P, 1.0e + 04
9.416 94150  Fexxm  2p?'S,2s4p 'P, 3.9¢+03 11, 12
9.455 9.4510 Fe xx1 2p? 3P,~2p 4d ®D, 2.5¢+05 12
9.476 11, 12
9.481 9.4807 Ne x 1s 2S,,,-5p *P5, 1.5¢+04 11, 12, 14, 16, 17, 18
9.4809  Nex 1s 28,,,-5p Py, 7.4e+03
9.525 9.5353 Ni xxv1 15 2p 2P5,,—1s% 3d *Ds), 4.8¢+04 16
9.542 11, 12
9.548 9.5490  Ni xxvI 152 2p 2P5,—1s% 3d 2D, 5.3e+03 11, 12
9.554 9.5590  Fe xx1 2p? 3P,-2p 4d *D, 3.7¢e+03 16
9.5668 Ni xxv1 15 2p 2P, ,—1s% 35 28, , 1.2¢+04
9.586 9.5810 Fe xx1 2p? 1D,-2p 4d 3F, 1.6e+04 11, 12, 16
9.632 9.6330  Ni xxv 2s 2p 3P,~25 3d °D, 2.0e+03 11, 12
9.656 16
9.663 11, 12
9.690 9.6880 Fe x1x 2p* 3P,2p® (®D) 5d 3D, 11, 12
9.710 9.7080  Nex 1s 2S,,,—4p *P5, 3.3e+04 11, 12, 17, 18
9.711 9.7085 Ne x 1s 28, ,—4p *P, ), 1.6e+04 11, 12, 16, 17, 18
9.726 9.7321 Ni xxv1 15 2p 2P5,—1s% 35 28, , 2.5e+04 12
9.795 9.7990 Fe x1x 2p* 3P,~2p® (®D) 5d 3D, 11, 12
9.807 9.8090 Cr xxu 1s? 2p 2P, ,,—1s* 4d 2D, , 1.0e+03 11, 12, 16
9.847 9.8420 Fe x1x 2p* 3P,2p® (*S) 5d 3D, 11, 12
9.858 16
9.896 12
9.902 16
9.940 12
9.945 12
9.973 9.9680  Ni xxv 2s 2p *P,~2s 3d 'D, 4.1e+04 11, 12
9.988 9.9910 Fe xx 2p® *S5,,-2p* (°P) 4d *P;, 14
9.998 10.0015 Fe xxv 1s 25 38,15 3p 3P, 8.9¢+03 11, 12, 16
10.021 100232  Nax1 1s 2S,,,-2p %P5, 1.9¢+04 12, 14
10.0286 Na x1 1s 28,,,2p Py, 9.3e+03
10.069 16
10.134 10.1340 Fe xvii 252 2p% 18425 2p° 5p 3P, 14, 16
10.250 10.2385 Ne x 1s 2S,,,-3p %P5, T.4e+04 16
10.2396 Ne x 1s 28,,,-3p Py, 3.7e+04
10.328 10.3220  Ni xxv 2s 2p 1P, -25 35 1S, 24e+04 16
10.359 16
10.3690 Fe xxv 1s 2p 3P,—1s 35 3S, 1.9¢+03
10.382 10.3860 Fe xvi 25% 2pS 18-2s% 2p° (*P,,,) 7d 'P, 14
10.502 10.4985 Fe xxv 1s 2p 3P,~1s 35 3S, 1.6e+03 16
10.5060  Fe xvn 25? 2p8 18-2s% 2p° (*P5,) 7d *D,
10.530 10.5330 Co xxv 15 2p 2P5,—1s% 35 28, , 1.1e+03 16
10.564  10.5597  Fexxm  2s? 'S,-2p 3s 'P, 6.5¢+03 17, 18
10.5640 Fe x1x 2p* 3P,-2p® (°P) 4d ®D,
10.579 10.5859 Fe xxv 1s 2p 'P—1s 3s 'S, 6.3e+03 16, 17, 18
10.620 10.6190 Fe xx1v 1s? 25 28, ,-1s% 3p *P5, 6.0e +05 17, 18
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10.636 10.6350 Fe x1x 2p* 3P,—2p® (°D) 4d 3S, 14, 17, 18
10647 106440 Fexx  2p* *P,2p° (°D) 4d °P, 16
10654 106550 Fexvm  25% 2p° 1S,-25> 2p° (P, ;) 6d 'P, 16, 17
10662 106630  Fexxtv 15?25 28, ,-1s? 3p 2P, , 326405 14,17, 18
10.684 10.6840 Fe x1x 2p* 3P,~2p® (D) 4d °F, 17, 18
10.718 18
10.738 10.7350 Fe x1x 2p* 3P,-2p® (D) 44 38, 18
10.769 10.7643 Ne 1x 1s% 1Sy-1s 5p 1P, 2.7e+03 16, 17, 18
107700  Fexix  2p* *P,-2p® (*D) 4d °D,
10.7700  Fe xvn 25% 2pS 18-2s% 2p° (*P5),) 6d D,
10.778 14, 18
10.791 14
10818 108130 Fexix  2p* *P,-2p° (*S) 4d °D, 16, 17, 18
10827 108240 Fexx  2p* 'D,-2p* (D) 4d 'D, 18
10.857 18
10.933 10.9351 Fe xxm  2s2p 3P,-2p 3p 3D, 4.7e+03 17, 18
109330  Fexix  2p* 3P,-2p® (*S) 4d 3D,
10.980 10.9806 Fe xxm 252 18,25 3p 1P, 5.7¢+05 16, 17, 18
10.996 11.0003 Ne x 1s% 1Sy-1s 4p 1P, 6.0e +03 14, 16, 17, 18
11.0027 Nax 252 18415 2p P, 6.2¢+03
11.014 11.0181 Fe xxm 252 18,25 3p 3P, 2.8¢+05 17, 18
11.026 11.0229 Fe xvii 2p% 18,25 2p° 4p P, 8.8¢+03 14, 16, 17, 18
110290  Fexxiv 152 2p 2P, 15> 3d 2Dy, 4.0e+05
11041 110229  Fexvm  2p5 1S,-2s 2p° 4p 3P, 1.1e+03 18
11.132 11.1320 Fe xvi 252 2p® 1§,-2s% 2p° (ZPUZ) 5d ‘P, 14, 16, 17, 18
11.147 18
11.172 11.1709 Fe xx1v 152 2p 2P3/2—1S2 3d 2D5/2 7.1e+05 14, 16, 17, 18
11189 111879  Fexxtv  1s® 2p 2P, ,-1s? 3d D, 78404 14,16, 17, 18
11.253 11.2530 Fe xvi 252 2p5-2s% 2p° (2P3/2) 5d 14, 16, 17, 18
112530  Fexvm  2p° 2P, ,-2p* (*S) 4d ?D,,
11.269 11.2606 Fe xx1v 152 2p 2P1/2—1s2 3s 2S1/2 1.8e 405 14
11.292 11.2984 Fe xxm 2s 2p 3Py-2s 3d 3D, 2.6e+04 17,18
11.311 17, 18
11.325 11.3252 Fe xxm 2s 2p 3P,~2s 3d °D, 4.7e+04 17,18
11.334 11.3380 Fe xxm 2s 2p 3P,~2s 3d 3D, 1.9¢+04 14, 16
11420 114200 Fexvm  2p° 2P, ,-2p* (°P) 4d *Fs, 17, 18
11.429 11.4263 Fe xx1v 152 2p 2P3/2—1S2 3s 2S1/2 3.7e+05 16
11.443 11.4414 Fe xxm 2s 2p 3P,~2s 3d 3D, 7.8e+04 14, 16, 17, 18
114417  Fexxm 252 2p 2P,,-25 2p (°P) 3p 2Dy, 2.1e+05
11458 114580  Fexvm  2p° 2P, ,~2p* (°P) 4d *Fy, 17, 18
11.480 17, 18
11495 115101  Fexxu  25? 2p 2P,,,-2s 2p (°P) 3p P, 7.6+ 04 14, 16
11.527 11.5196 Fe xxm 2p? 3Py—2p 3d D, 1.4e+04 1,17, 18
115260  Fexvm  2p° 2P, ,-2p* (°P) 4d *D5,
11.537 14
11.545 11.5470 Ne x 152 1Sy-1s 3p 1P, 1.8e+04 16, 17, 18
11.580 18
11.594 18
11.640 11.6457 Fe xxm 2s 2p 3P,-2s 3s 'S, 1.3e+04 18
11.6690  Fe xxu 25% 2p 2P5;,—2s 2p (P) 3p 2P5), 2.7e+04
11.740 11.7363 Fe xxm 2s2p 'P,-2s53d 'D, 1.1e+06 14, 16, 17, 18
11771 117675 Fexxu  25? 2p 2P,,,-25* (1S) 3d 2Dy, 11e+06 14, 16,17, 18
11825 117955  Fexxn 15?25 2p? *P,,-2s 2p (°P) 3d 2Ds;,  9.3e+04
11.7960  Fe xxu 1s% 25 2p* *P,,-2s 2p (°P) 3d *D5, 1.2e+04
118207 Fexxm  1s? 25 2p *P5,,-2s 2p (P) 3d Dy, 2.4e+04 17, 18
11836 118320 Nixx  25% 2p° 2P, ,-2p* (D) 3d 2Dy, 1.7e+04 14, 16
118410  Nixx 252 2p° 2P,,-2p* (‘D) 3d °P,, 9.0¢+03
11.864 11.8734 Fe xxm 2s 2p 3P,-2s 3s 38, 2.3e+04 17,18
11.885 11.8852 Fe xxu 152 2s 2p? 4'P3/2—2s 2p (3P) 3d 4’P5/2 4.9¢+04 16, 18
11.8971 Fe xxm  2p% 'S,-2p 3d 'P, 4.1e+04
11926 119208 Fexxu 25 2p 2P, ,-25* (1S) 3d 2Dy, 7.1e+04 14
11934 119336  Fexxu  25? 2p 2P, ,-25* (1S) 3d 2Dy, 2.1e+05 16, 17, 18
11.972 11.9750 Fe xxu 152 2s 2p? 4'P5/2—2s 2p (3P) 3d 4’F7/2 1.6e+04 14, 16, 17, 18
120097  Fe xxu 1s% 25 2p* 28, ,-2s 2p (*P) 3d *P5, 1.8e+04
120578  Fexxm  1s? 25 2 2Dy ,,-2s 2p (°P) 3d *Fs,  6.0e+04
120764  Fe xxu 1s% 25 2p* 28,,,-2s 2p (*P) 3d *D5, 1.4e+04
120778 Fexxm  1s? 25 2p 2P, ,,-2s 2p (\P) 3d 2D, 2.9e+04
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120012 Fexxu 15?25 2p? 2Dy ,,-25 2p (°P) 3d 2Fs,  5.2¢+04
120981  Fexxm  2p? 'D,2p 3s 'P, 1.9e+04
12.122 12.1227 Fe xvi 2s% 2p5-2s? 2p° (2P1/2) 4d 1.5e+05 1,17, 18
12128 121321 Nex 15 28,,,-2p *Ps, 7.4¢+05 14,17, 18
12.1375 Ne x 1s 2S,,-2p %P, ), 3.7e+05
12.153 12.1760 Fe xxm 2s 2p {P172S 3s/1S0 6.2 +05 17,18
12.199 12.1926 Fe xxu 152 2s 2p? 2F’1/2—2s 2p 3P) 3d 2P3/2 2.9e+04 14, 17, 18
121931 Fexxu 15?25 2p? 2D, ,-2s 2p (°P) 3d 2Dy, 14e+05
122073 Fexxm 15?25 2p 2Dy,,-25 2p (°P) 3d 2Dy, 2.1e+04
12264 122639 Fexvm  25? 2p°-252 2p° (2P,,) 4d 1.3¢ 405 17, 18
12.285 12.2850 Fe xx1 2p? 3Py—2s% 2p 3d D, 1.4e 406 17, 18
12.399 12.3980 Fe xx1 2p? 3P,~2s% 2p 3d 3D, 2.5e+05 14, 17, 18
12.408 17, 18
12.429 12.4351 Ni x1x 2p® 1S4-2p° 3d 1P, 2.3e+04 14, 17, 18
12.460 12.4620 Fe xx1 2p? 3P,-2s* 2p 3d 'D, 4.4e+04 17, 18
124650 Fexxi  2p? *P,-2s* 2p 3d °D, 1.5¢+04
12.501 14, 17, 18
12.522 12.5250 Fe xx1 2p? 3P,-2s% 2p 3d 3F, 5.6e+04 17, 18
12.550 17, 18
12.566 17, 18
12.581 12.5855 Fe xxu 152 25 2p? 2P3/2—2s 2p 3P) 3d 2D5/2 1.3e+04 14, 17, 18
125880 Fexxi  2p? *P,-2s 2p 3d °F, 24e+04
12.599 17, 18
12622 126230  Crxxn 15?25 25, ,-1s? 3p 2P, , 8.4¢+03 18
12.6230 Fe xx1 2p? 1S,-2s% 2p 3d 'P, 1.1e+04
12.638 18
12.654 12.6538 Fe xxm 2p®> 'D,~2s 3p 'P, 8.9¢e+03 14, 17, 18
126560 Nixix  2p® 'S,-2p° 3d °D, 8.0e+03
12.682 12.6780 Fe xvi 2s% 2p5-25% 2p° (2P3/2) 4s 3.6e+03 17, 18
127330  Fexxt  2p* 'D, 25 2p 3d 'D, 1.4e+04
12.754 14, 18
12.765 18
12.775 18
12.788 12.7930 Fe xx1 2p? 1D,-2s? 2p 3d 3F, 1.3e+04 18
12.812 12.8173 Fe xx 252 2p3 4S3/2—2s2 2p? 3P) 3d 4'P3/2 5.6e+05 1,14, 17, 18
128173 Fexx 252 2p° *S,,-28% 2p* PP) 3d *P;,,  52¢+05
12.829 14, 17, 18
12.847 17, 18
12888 128884  Fe xx 252 2p° 2Dy ,-25% 2p? (‘D) 3d 2F,,  1.1e+04 18
12.904 17, 18
12.912 14
12925 129251  Fexx 2% 2p® 2Dy,-25° 2% (‘D) 3d D5, 40e+03 14,17, 18
12.9280 Fe xx1 2p? 3P,—2s% 2p 35 3P, 1.0e 404
12.940 18
12.952 14,17, 18
12.966 14, 17, 18
12.983 12.9796 Fe xx 252 2p® 2D3/2—2s2 2p? (3P) 3d 2D5/2 4.4e+04 17, 18
12.998 18
13.009 18
13.019 14, 17, 18
13.053 13.0431 Fe xx 252 2p® 2D5/2—2s2 2p? (3P) 3d 2D5/2 1.3e+04 17, 18
13.0530  Fe xx1 2p? 3P,-2s% 2p 35 3P, 6.0e+03
130553 Fe xx 252 2p° 2P,,,-257 2p (‘D) 3d *F5,  5.0e+03
13060 130553  Fexx 25?2 2P,, -2 2p? (\D) 3d *F5,  5.0¢+03 14
13.091 13.0823 Fe xx 252 2p® 2D5/2—2s2 2p? (3P) 3d 2F7/2 2.3e+04 14, 17, 18
131132 Fexx 252 2p® 2D,,-25% 2p* (°P) 3d *Py,  22e+04
131132 Fe xx 252 2p° 2D,,,-25% 2p* (°P) 3d *P,  7.60+04
13.1280  Fe xx1 2p? 3P,-2s% 2p 35 3P, 1.9e+04
13.143 13.1371 Fe xxu 152 25 2p? 2D5/2—2S 2(18) 3p 2P3/2 2.9e+04 14, 17, 18
13.1500  Fe xxu 1s? 25 2p® 2D, ;,-25* ('S) 3p 2Py, 1.2e+05
13.162 13.1601 Fe xx 252 2p® 2P1/2—232 2p? (3P) 3d 2D3/2 1.1e+04 14, 17, 18
13.232 14
13.253 17, 18
13265 132640 Fexix  2s® 2p* *P,2p® (*P¥) 3d °D, 1.0¢+04 14, 17, 18
13.279 14, 17, 18
132920  Crxxm  15? 2p 2P, ,-15? 3d 2Dy, 1.2¢+04
13308 133080  Ni xx 252 2p° 2P, ,-2p* (°P) 3s *Py, 6.9¢+03 17,18
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13323 133190 Fexvm 25?2 2P,,-2s 2p° (*P*) 3p 2D5,,  6.6e+03 14,17, 18
133190  Fexvm  2s? 2p° P,,-2s 2p° (3P*) 3p *P,, 6.5¢+03
13356 133480 Fexix 2% 2p* 3Py2p® (*P*) 3d 3P, 126404 17, 18
133551  Fexvm  2s? 2p° P,,-2s 2p° (3P*) 3p *P5), 9.8e+03
133551  Fexxm 1 25 2p% 8,,,-25% (1S) 3p 2P, , 24e+04
13377 133740  Fexvm  2s% 2p° 2P,,-25 2p° (CP*) 3p *Ps,  1.0c-+04 14,17, 18
13404 133969  Fexvm  25% 2 2P,,-25s 2p° (*P*) 3p*D,,  52¢+03
13426 134250 Fexix  25% 2p* 3P,—2p° (*D*) 3d 'F, 1.9¢ +04 17, 18
13.448 13.4470 Ne x 1s% 1Sy-1s 2p 'P, 1.2e+05 1, 14, 17, 18
13464 134640 Fexix  25% 2p* 3P,-2p® (*D*) 3d %S, 5.5¢+04
13.507 13.5040 Fe x1x 252 2p* 3P,-2p® (*D*) 3d *D, 9.7e+03 1,17, 18
13519  13.5210 Fexix 2% 2p* 3P,-2p® (*D*) 3d °D, 2.0e+05 14,17, 18
13.551 13.5515 Fe xxu 152 2s 2p? 2P3/2—2S 2(18) 3p 2P3/2 8.2e+03 1,17, 18
135529  Ne x 1s% 'Sy-1s 2p 3P, 1.2e+04
135550  Crxxm  1s? 2p 2Py ,-1s? 35 28, , 5.8¢+03
13.5680 Fexix 252 2p* 3P,-2p® (*D*) 3d °P, 8.7¢ +04
13.631 17, 18
13.649 136470 Fexix  25% 2p* 3P,-2p% (*D*) 3d °F, 126404 14,17, 18
13.672 13.6700 Fe x1x 252 2p* 3P,-2p® (*D*) 3d *D, 2.2e+04 14, 17, 18
13.700 13.6987 Ne x 152 18y-1s 25 38, 4.3e+04 1, 14,17, 18
13.719 17, 18
13738 137360 Fexix  25% 2p* 'D,-2p® (2D*) 3d 'F, 1.7e+04 17, 18
137361 Fe xx 252 2p° 48,,,-25% 2p? (OP) 35 *P5,  9.7e+04
13778 137791 Fexix  25% 2p* 'D,-2p* (*D*) 3d 35, 1.0¢ +04 1,17, 18
13.7790 Ni x1x 2p% 1S4—2p° 3s 1P, 7.7e+03
13.795 13.7950 Fe x1x 252 2p* 3P,-2p® (*S*) 3d 3D, 6.0e +04 14, 17, 18
13.827 13.8181 Fe xx 252 2p® 4S3/2—282 2p? (3P) 3s 4P3/2 5.0e + 04 1,17, 18
13.8231  Fe xvm 2p% 18,25 2p° 3p 1P, 7.3e+04
13.844 14, 17, 18
13891 138910  Fexvm  2pS 'S,-2s 2p° 3p 3P, 1.1e+04 1,17, 18
13.934 17, 18
13948 139451  Fexx 25 2p° *S,,-25° 2p* CP)3s *P,,  39¢-+04 1,14
139540  Fexvim 252 2p° 2P, ,-2p* (15) 3d 2Dy, 22e+04
13958 139540 Fexvm  2s% 2p° 2P,,-2p* (S) 3d Dy, 22e+04 17, 18
13967 139690 Fexix  2s® 2p* 'D,-2p* (*D¥) 3d °F, 3.3¢+03 14
14017 140096 Fexx  2s% 2p° 2Dy,-25° 2 CP) 3s 2Py,  2.1e+04 17, 18
140146  Fe xx 252 2p° 2D, ,-25% 2p* (°P) 3s 2P,,  17e+04
14.028 1, 14
14.041 14.0430 Ni x1x 2p% 1S4—2p° 3s 3P, 1.3e+04 14, 17, 18
14078 140766  Fexx 2% 2p° 2Dy ,-25% 2p* CP)3s *Ps, 246404  1,14,17, 18
14.0770 Ni x1x 2p% 1S,—2p° 3s 3P, 79e+03
14124 141209 Fexvm  25* 2p° 2P, -2p* (5) 3d Dy, 22¢+03 17, 18
141359  Fexvm 25 2p° 2Py,-2p* (‘D) 3d °P, , 6.2e+03
14152 141519  Fexvm  2s* 2p 2P,,-2p* (\D) 3d 2D, L4e+04 1,17, 18
14.208 14.2030 Fe xvi 252 2p° 2P3/2—2p4 (*D) 3d ZDS/Z 4.0e+05 1, 14, 17, 18
142078 Fexvm  2s% 2p° 2P,,-2p* (‘D) 3d 2P, , 2.1e+05
14.262 14.2566 Fe xvi 252 2p° 2P3/2—2p4 (*D) 3d 251/2 7.3e+04 1, 14, 17, 18
14.311 17, 18
14.345 14.3439 Fe xvi 252 2p° 2P1/2—2p4 (*D) 3d 2P1/2 2.6e+04 1,17, 18
14360 143604 Fexvm  2s* 2p° 2P,,-2p* (\D) 3d 2D, 4.1e+04 17, 18
14.373 14.3740 Fe xvi 252 2p° 2P3/2—2p4 (3P) 3d 2D5/2 1.4e+05 1,17, 18
14.388 14
14.422 14.4179 Fe xvi 252 2p° 2P1/2—2p4 (*D) 3d 2P3/2 3.2e+04 14, 17, 18
14456 144530 Fexvm  2s* 2p° 2P,,-2p* (P) 3d Dy, 8.8¢ +03 1,17, 18
144682  Fexvm 252 2p° 2P, ,-2p* (\D) 3d 25, , L4e+04
14482 144850 Fexvm  25% 2p° 2P,,-2p* (°P) 3d *Fs, 2.6¢+04 14,17, 18
14.496 14
14535 145341  Fexvm  25% 2p° 2P,,-2p* (P) 3d °F, 9.8¢+04 1,17, 18
14.552 14.5510 Fe xvi 252 2p5 2P3/2—2p4 (3P) 3d 4’P3/2 4.8¢+04 1, 14, 17, 18
14585 145811  Fexvm  25% 2p° 2P,,-2p* (°P) 3d *P,, 22e+04 17, 18
14611 146098 Fexvm  25% 2p° 2P,,,-2p* (°P) 3d *P,,, 7.0e+03 17, 18
14669 146670 Fexix  2s® 2p* 3P,—2p® (*D¥) 35 D, 66e+03 1,14, 17, 18
146705 Fexvm 25 2p° 2P, ,-2p* (°P) 3d 2Dy, 7.3e+03
14.703 17, 18
14.739 14, 17, 18
14.747 1, 14
14.760 14, 17, 18
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14.818 14.8205 O v 1s 2S,,,—5p %P5, 34e+04 1, 14, 17, 18
14.8207 O v 1s 28, ,,-5p 2Py, 1.7e +04
14.873 14.8681 Fe xvin 2s% 2p® 2P, ,—2p* (*°P) 3d *D,, 4.2¢+03 14, 17, 18
14.908 17, 18
14.919 14
14.930 17, 18
14.962 14
14.974 14.9700 Fe x1x 252 2p* 3P,-2p3 (*$*) 3s 38, 4.4e+03 17, 18
15.012 15.0150 Fe xvii 2p® 1S,-2p° 3d 'P, 1.1e+06 1, 14, 17, 18
15.040 17, 18
15.080 14, 17, 18
15.114 17, 18
15.177 15.1760 O v 1s 28, ,,—4p P, 7.6e+04 1, 14, 17, 18
15.1765 O v 1s 28, ,,—4p *P, ), 3.8¢+04
15.208 1,17, 18
15.265 15.2621 Fe xvii 2p® 1S4-2p° 3d D, 2.6e+05 1,14, 17, 18
15.279 1, 18
15.289 17
15.374 1, 14, 17, 18
15410 17, 18
15432 17, 18
15454 15.4500 Fe xvii 2p® 1S,-2p° 3d 3P, 3.4e+04 1,14, 15,17, 18
15.495 1, 14, 15, 17, 18
15.516 14, 15, 17, 18
15.626 15.6250 Fe xvin 2s% 2p® 2P, ,-2p* (*D) 35 2Ds, 4.0e+04 1, 14, 15, 17, 18
15.679 17, 18
15.766 1, 14, 15, 17, 18
15.829 15.8281 Fe xvin 25% 2p° 2P,-2p* (°P) 3s Py, 3.3e+04 1,14, 15,17, 18
15.870 1, 14, 15, 17, 18
16003 160050  Fexvm  2s* 2p° 2P, ,-2p* (°P) 3s 2P5, 5.8¢+04 1, 14, 15, 17, 18
16.0055 O v 1s 28, ,,-3p %P5, 2.2e+05
16.0067 O v 1s 28,,,-3p 2Py, 1.1e+05
16.017 17, 18
16.074 16.0720 Fe xvin 2s% 2p° 2P,-2p* (°P) 3s *Ps), 1.4¢+05 1,14, 15,17, 18
16.108 1, 14, 15, 17, 18
16.167 16.1670 Fe xvin 2s 2p® 28, ,,-25 2p° (°P) 3s 2P5), 8.9¢+04 1,14, 15,17, 18
16.238 16.2380 Fe xvi 2p® 1S,-2p° 3p 3P, 5.8¢+03 1,17, 18
16.249 15
16.274 14, 15, 17, 18
16.312 16.2950 Fe xvin 25 2p® 28,25 2p° (°P) 3s *P5), 2.4e+04 14, 15, 17, 18
16.344 16.3360 Fe xvi 2p® 1S—2p° 3p °D, 8.3e+03 1, 14, 15, 17, 18, 20
16.618 17, 18
16.631 15, 18
16.774 16.7760 Fe xvii 2p° 1S-2p° 35 3P, 3.7+ 05 1, 14, 15, 17, 18, 20
16.821 17, 18
16.956 14
17.051 17.0510 Fe xvi 2p® 1S-2p° 35 'P, 4.4e405 1, 14, 15, 17, 18, 20
17.098 17.0960 Fe xvii 2p® 1S4-2p° 3s 3P, 2.5¢+05 1, 15, 17, 18, 20
17.205 17.2010 Fe xvi 2p® 3p-2p° 3s 3p 15, 17, 18
17.318 15
17.367 17.3500 Fe xvin 2s 5256 2S1,2—42p‘1‘ (*S) 35: 2Py, 5.2e+403 15
17.3700 Cr xv1 2p° *P,,,—2, D) 3d *D
17.390 17.3960 O vi 152 1S:—/le 5127 SPI) i 2.1e+03 15, 18
17.499 17.5010 Fe xvi 2p® 3p-2p° 3s 3p 15,17, 18
17.5010 Fe xvi 2p® 3d-2p° 3s 3d
17.622 17.6220 Fe xvin 25 2p® 28, ,,-2p* (*D) 3p *P,, 2.4e+05 1,14, 15,17, 18
17.684 15
17.765 17.7680 O vi 1s% 1Sy-1s 4p 1P, 4.7¢+03 14, 15
17.798 17.8040 Fe xvin 2s 2p© 28,,,-2p* (*D) 3p D3/2 6.4e+03 15
18.0290  Fexvmr  2s2p® 251/2—2p (®P) 3p *D,, 6.9e+03
18.090 18.0900 Fe xvin 25 2p© 28,,,-2p* (P) 3p *S5, 4.8¢+03 15
18.202 18.2020 Fe xvin 2s 2p® 281/2—2p (3P)3p 4D3/z 1.6e +04 15
18.2020 Fe xvin 2s 2pS 28,,,-2p* (*P) 3p *P5), 1.3e+04
18.360 1
18.401 15
18.499 18.4970 Cr xv 2p° 'S,—2p° (Py),) 3d 'P, 1, 15, 18
18.565 15
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13.627 186270 O vm ransition -

.689 18.690 152 15,1 1 Refs
18733 9 Ca XVII L0 s3p'P,

. 187319 C 152 25 28,,,-1s% 3p 2 1.4e+04 1
18783  18.7860 Aa v 15 25 28,152 P 2P3/2 2.0e+04 14,15, 17, 18
18.928 18.9320 Or XVI 15% 2p 2P1/2 718 23p 2P1/2 1.0e +04 15
18970 189611  Oum d 1534 'D,%p o f;, Si2 4.4e+03 15

18.9725 le) Vit Ls 2S1/2*2p 2p : 2.4e+03 15
190% 190610 Ovid 1o 2S,,-2p 2Py, 14e+06 1
080 Owmd 133 *D,-2p 34 °F 726405 14,15, 17, 18
19.0660 1s 3d *D,-2, 4 2.3e+0
19260  19.2550 8 vid  1s3d sDz,zﬁ ;Z i 1.5e+0§ 17, 18
19.300 19.3060 Or‘jil\’ii 2p° 2P3/21—2p4 (1D)F§ 2p 1.1e+03
19.3100 o2 e 3P, .
1 O vi 12s2p°P ;
9354 193612 N d 152535125 2p 3P, 19¢+03 1,15
19.3614 N 1s 2S1/2,5p 2p 1 1.1e+03 15
19403 19930 Ovm 155, ,-5p P, , 230403
19511 195110  Crm ¢ 12piro2p D 11e+03 1718
19.532  19.5380 Cr XV 2p% 2P, ,-2p* (* D) 35 2 4.3e+03
19.564 19.5580 T XVI 2p5 2p ya 3 )38 D:&/2 17, 18
19.583 19.5825 ga XVII 262 1§ 3/22s :f 1(PP) 3s 2P3/2 15
) 25 3p
19.640  19.6420 Ca XVl 2s? 1§,-2s 3p 3 . 2.3e+03 15
ig;;s 19.7140 C? ;(\\,;m 1s? 2p Py p-1s? 342D 1.8c+03 s

788 197 2p’ 2P,,,-2p* 312 1.4 17, 18

19808 19 sggg ga xvim 12 2p 32/; 2p 1(32P) 35 2P, e+04 s
R a 32— 157 3d 2
19.8070  Cr ;((\\]fIIH ;szs %P *Py)p-1s? 3d 235/2 2.5¢+04 15

) 19.8257 N vi 111 i Py,-2p* (°P) 3s 4%2 2.7e+03 }5
" 9.16 19.8261 N vir 1S 2S1/2,4p 2},3/2 5/2 5

. s 28,,,~4p 2P 5.0e+03

. 200530 C 12 2.5¢+03
20126 201219 axvim 152 2p 2P, ,—1s?

Arxvim 2p 2 12-15% 35 2S

202190 C p P33 *S v 6.2¢+03 13
20288  20.2804 Aa xvim  1s? 2p 2P 152352 3.3¢+02
20318  20.3400 rxvim  2p 2P, 7;/; ZSS 35 %S 1.3e+04 15
20434 20.4370 ga XvI 2s 2p 3/;) 2s 32% 6.4¢+02
2043 20430 Caxr 2% PL 25 3d o2 276+02 15

20.8630 p 1 152 25 28, ,-15? 3 3, 5.0e 402 15, 18
20.906 20.9095 Nr XV 28 1S0721/)25 cp 4 P31/2 49¢+02 15
209106 X vII 1s 25, ,-3p 2P 12) 35 'P; 1,15, 18
21.153 21.1530 A VI 1s 231;2—317 2P3/2 14e+04
2202 21980 Caxvm 20 15p-2p° (Py,) 35 °P 7.3e+03 b
213830 F 2 2p P23 D, .
7 .

30 Fewa 15 35 25,157 5p 2 5.9¢+03 L15
21.447  21.4500 xxav 15?35 28, -1s? P Py 32e+03 115
e e G els 30 P 7ot
21.802  21.8070 8 Vi 1s? lséils 2 1P D2 2.9¢+03
21.850 21.8200 Vi 1s2 1S —1s2p 3 1 9.1e+04 1,15
22.02 ’ Fe xx1v 240 s2p °P, ! 1, 14

5 22,0200 K x 152 3p 2P, ,,-1s2 5d 2D 5.8¢+03 , 14,15, 18
22.0595 > XVI 1s? 2p 2P, 152 32 1.7e+0 114,15
) Si x 1152 3d 2 3
2100 221012 v 252S,,-5p 2 Dy,  35e+02 18
22.1140 8 VI 152 15/2 1sp2 P%/'z 480402 15
. 2 XVII 0 S 1 .
22.1980 2s 2p 'P,-2. 3.5+ 0
53.722 32,7250 ge XXIV 152 3p 2}1)3/ s i’asszlgo 2 3.7e+0§ 1,15, 18
a XV 27 S
778 gg.gzw Ca xv iljz Zicﬂp 3d °D, 2 ;-ge+03
0050 S ,~2p 3d °D 3e+03
23.0150 S );z 15 25 28, ,-1s? 4; p 5.5e+02 1,15
23.5460  Ar xv1 1s% 25 28, ,-1s% 4p 2P3/2 7.4e+03 15

235900 A 1s% 25 28, ,,~1s% 3p 2 172 3.9¢+03

24.09 I XVI 152 25 2 1/2 p “P,
24.1100 52 2s 2S. . —1s2 /2 3.2e+04
24.13 Ca x1v 2p3 4 12-15% 3p *P,
s p® *S3,-2p% (°P) 3d 4$ 1.6e +04
-2000 S x1v i
e 1s2 2 1
2438 24.2850 S xIv 152 2p 2131/7.*152 4d 2D
s 2p 2Py -15* 4d ZDS/2 3.80+03 !
244180 S 512 6.9¢+03
24‘ '5'3 24.5080 S ))gz 1sz 2p 2P, ,—1s? 45 2§
24.68 24.5199 Si 1s% 2p 2P3/271s2 4 2S1/2 1.6e+03 1
: 246955  Sixiv s 25 35,15 5p 3P 12 3.2¢+03
24.6987  Sixiv 2p *Pyjp—4d *Dy, ' 320402
25 28, ,,—4p *Py, 5.2e+02 !
/ 9.8¢+02 1

343



TABLE 5—Continued

j'sglar );
(A) (A) Ion Transition Int Refs
2478 247792 N 15 28,,,-2p 2Py, 90e+04 1
247846 N vi 1s 28, ,,-2p *P, ), 4.5¢e+04
2486 248540  Arxvi  1s? 2p 2P, ,1s* 3d 2Dy, 24e+04 1
.. 249910  Arxvi  1s? 2p 2P, ,-1s? 3d 2D, 4.2e+04
250130  Arxvi 152 2p 2P, ,—1s2 3d 2D, , 4.6e+03
255160  Ar xvi 1s% 2p 2P, ,—1s% 35 25, , 9.9¢+03
.. 256840 Arxvi 152 2p 2P, ,-1s? 35 3, , 2.0e+04
2603 260000 Caxm  2p*3P,-2p® (*D)3d °P, 1
260330 Caxm  2p* *P,2p° (°D) 3d °D,
2622 262190 Caxm  2p* °P,—2p® (°D) 3d °D, 1
2636 263572 Cwi 15 28,,,-5p 2P, 36e+03 1
263574 Cvi 1s 28,,,-5p *Py, 1.8e+03
26.59 1
26.64 1
2671 267190 Caxm  2p* 3P, 2p* (S) 3d 3D, 1
2701 269896 Cwi 1s 28,,,-4p 2P, , 77e+03 1
26.9901 Cvi 1s 2S1/2—4p 2P1/2 3.8¢+03
27.15 1
27.4100 Ar xv 2s2p 'P,-25 3d 'D, 5.3e+03
274700  Arxiv 2p 2P,,-25% 3d 2Dy, 2.7e+03
27.5304 S xv 1s 25 3S,-1s 3p 3P, 3.7¢e+03
2756 275598  Sxv 1s 25 35,15 3p 3P, 14e+03 1
2760  27.6080  Caxm 2p% 2P, ,2p* (1S) 3d 2Dy, 1
2765 276420 Arxiv  2p 2P, ,-2s2 3d 2D, 54e4+02 1
2798 279730  Caxu 2p% 2P,,,2p* (1S) 3d 2Dy, 1
2813 281310 Caxm  2p° 2P,,2p* (‘D) 3d 2D, 1
28.40 28.3860 Ar xv 2s 2p 1P, 25 35 1S, 3.4e+403 1
2846 284652 Cwi 15 28,,,-3p 2P, 22+04 1
28.4663 Cwv 1s 25'1/2—3p 2P1/2 1.1e+04
28.56 1
28.78 28.7870 N vi 1s% 1Sy-1s 2p 'P, 3.7¢e+03 1
28.91 28.9084 Si xm 1s2p 'P,-1s4d 'D, 3.5¢+02 1
28.9382 S xv 1s 2p 3P,—1s 3s 35, 3.6e+02
2907 290840 NI 152 15415 2p °P, 26e+02 1
29.53 29.5343 N vi 15% 1Sy-1s 25 38, 1.7¢4+03 1
29.5438 S xv 1s 2p 'P-1s 3s 'S, 2.3e+03
29.65 29.5740 Si xu 1s% 2p 2P1/2—1S2 Ss ZSI/2 7.4e+02
29.6450  Sixu 1s? 2p 2P, ,—1s* 55 %S, , 4.4e+02 1
29.99 1
30.09 1
30.45 30.4270 S x1v 1s% 2s 2S1/2—ls2 3p 2P3/2 4.2e+404 1
304690 S xiv 1s* 25 28, ,-1s* 3p ?P, , 2.2e+04
30.56 1
307260  Fexxiv  1s? 3s 28, ,-1s% 4p 2P, 7.4e+03
30.8780 Fe xx1v 1s% 3s 2S1/2—1S2 4p 2P1/2 4.0e+03
3101 310120  Sixu; 152 25 28, ,-15? 4p 2P, 52¢+03 1
31.0230 Si xu 1s% 2s 2S1/2—1S2 4p 2P1/2 2.7e+03
.. 316160 Fexav  1s? 3p 2P, ,~1s* 4d 2D, , 44e+03
31.74 31.7460 Fe xxm 25 3s 3S,—2s 4p 'P, 6.9¢ +02 1
31.77 1
31.83 1
3194 319590  Fexxav  1s? 3p 2P, ,—1s? 4d 2Dy , 79e+03 1
3201 320100 Fexxtv  1s? 3p 2P, ,—1s2 4d 2D, , 87e+02 1
32.19 32.1910 S xm 252 15,25 3p 3P, 1.0e+03 1
32.24 32.2420 S xm 252 1S4-2s 3p P, 1.9¢+403 1
32.29 1
3241 32.4040 Fe xx1v 1s% 3p 2P1/2—1S2 4s ZSI/2 3.8¢4+03 1
324160 S xIv 15 2p 2P, ,-15* 3d 2D, , 2.8¢+04
32.50 32.4890 Fe xxm 2s 3s 1S—2s 4p 'P, 4.5¢+03 1
32.55 325600 S xiv 15% 2p 2P, ,-15 3d 2Dy, 49e+04 1
... 325750 Sxwv 152 2p 2P, ,—1s2 3d 2D, , 5.5¢+03
3266 326520  Fe xvi 3p 2P,,~7d *Ds), 1
.. 328190 Fexxtv  1s? 3p 2P, ,-1s% 45 2, , 8.1e+03
3297 329730  Sixu 152 2p 2P, ,-15? 4d 2Dy, 49e+03 1
33.22 33.2220 Si xu 1s% 2p 2P1/2—1S2 4s ZSI/2 1.1e403 1
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3330 333023  Sixwv 2p 2P, ,,-3d ?D,, 1.4e+03 1
333081  Sixiv 25 28, ,-3p *P3, 2.2e+03
333130 Sixu 152 2p 2P, ,—1s? 4s 28, 2.2e+03
3338 333810 Sxiv 1s* 2p 2P, ,—-15% 35 %S, , 1.2e+04 1
334340 Fexxm  2s3p'P,-254d 'D, 9.1e+03
3350 335069  Sixiv 2p 2P5,,-35 28,5 3.5¢+03 1
33.54 33.5490 S x1v 152 2p 2P3/2—1S2 3s 2S1/2 2.5e+04 1
3373 337342 Cw 15 28, ,-2p 2P, 1.4e+05 1
33.7396 Cvi 1s 2S1/2—2p 2P1/2 6.8e +04
3396 339510 S xm 25 2p 3P,~2s 3d ®D, 4.0e+02 1
3486 348570 Fexvi  3p2P,,-6d 2D, 1
3499 349730 CV 1s? 'Sy-1s 3p 'P, 49¢+02 1
35.10 35.0950 P xm 152 2s 2S1/2—152 3p 2P3/2 3.9¢+02 1
351060  Fe xv1 3p 2P5,—6d *Ds,
35.21 1
3536 353680  Fe xvi 3d *Ds,,-8f °F,,, 1
35.3530 Si x1 2s 2p 3Py-2s 4d D,
353830 Sixt 2s2p 3P,-2s 4d ®D,
35.46 35.4460 Si x1 2s 2p 3P,~2s 4d 3D, 1
35.57 1
35.67 35.6670 S xm 2s 2p 'P,-2s 3d 'D, 4.1e+03 1
3573 357100 Fexvi  3p2P,,6s2S,, 1
35.80 1
3601 360100  Fe xvi 3p 2P3,—65 %S, 1
36.12 1
3640 363980 S xu 2s% 2p 2P, ;,-2s% 3d *Ds, 1.5¢e+03 1
36.4333 Si xm 1s 25 3S,-1s 3p 3P, 5.1e+03
36.52 1
3656  36.5640 S xm 252 2p 2P, ,-252 3d 2D, 7.0e+02 1
36.5730  Sxu 2s% 2p 2P;,—2s% 3d *Ds, 3.0e+02
3675 367490 Fexvi  3s2S,,-5p 2P, 29e+03 1
36.80  36.8030  Fe xvi 35 28,,,-5p *Py, 1.6e+03 1
36.89 1
37.35 1
37.42 1
37.60 375980 S xm 2s 2p 'P-2s 3s 'S, 2.6e+03 1
3771 377060 P xm 152 2p 2P, ,—15? 3d 2D, 5.1e+02 1
377150  Sxu 25 2p* 2D, ,-25 2p (°P%) 3d 2F5,,  3.7e+02
39.4147 Si xm 1s 2p 'P,-1s 3s 'S, 3.1e+03
39.66  39.6680 Mg X 1s* 25 28, ,—1s% 5p 2P, 29¢+02 1
39.75 1
39.83  39.8270  Fe xvI 3p 2P, ;,—-5d 2Dy 2.7e+03 1
39.89 1
39.94 1
40.14 401530 Fexvi  3p2P,,-5d 2Dy, 4.8¢+03 1
4019 401990  Fexvi  3d 2D,,—6f 2F, 1
40.27 40.2680 CV 1s% 1S;-1s 2p 'P, 3.2e4+03 1
4072 407307 CV 15? 1S,-1s 2p °P, 24e+02 1
40.86 1
4091 409110  Sixu 152 25 2§, ,-1s2 3p 2P, , 3.0e+04 1
40.95 409510 Si xu 152 2s 2S1/2—1s2 3p 2P1/2 1.5e+04 1,7
41.01 1
41.13 7
41.22 1
4147 41.4721 CV 1s% 1S,-1s 25 38, 1.9¢+03 1,7
4194 419320  Fexvi 3p 2Py ;,—5s 28y, 3.0e+03 1,7
4227 423040 Fexvi  3p2P,,-5s S, 6.2¢+03 1
4255 425430 Sx 2p* 4S,,-2p* (°P) 3d *Ps, 1,7
42.61 1
4331 433149  Nex 25 28,,-5p 2P, 46e+02 1,7
43.65 1
43.76 43.7630 Si x1 252 18,25 3p 1P, 1.0e+03 1,7
43.80 1
4402 440190  Sixm 152 2p 2P, ,-1s? 3d 2D, , 1.9¢+04 1
4417 441650  Sixu 152 2p 2P, ,—1s? 3d 2D, 34e+04 1,7
441780  Sixm 152 2p 2P, ,-1s? 3d 2D, , 38¢+03
4420 441780  Sixu 152 2p 2P, ,—15? 3d 2D, , 3.8¢+03 1

345
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TABLE 5—Continued

j'sglal' /1"

(A) (A) Ion Transition Int Refs
44.36 1
44.55 7
44.86 7
45.06 1,7
45.51 45.5210 Si xu 15 2p 2P, ,—-1s% 35 %S, , 8.4e+403 1,7
45.68 45.6910 Si xu 1s% 2p 2P, ,—1s% 35 28, , 1.7e +04 1,7
45.73 1
45.76 1
46.00 7
46.18 1
46.33 46.2980 Si x1 2s 2p *P,—2s 3d °D, 1.3e+02 1,7

46.3140 Al xu 1s 2p 'P,~1s 35 'S, 1.5e+02
46.40 46.3990 Si x1 2s 2p 3P,~2s 3d ®D, 3.6e+02 1
46.66 46.6610 Fe xv1 3d 2D, ,-5f *F 5, 2.6e+03 1
46.72 46.7180 Fe xvi 3d 2Ds;,~5f 2F ), 3.6e+03 1,7
47.33 47.3100 Mg x 1s% 2p 2P, ,—1s* 4d *Ds, 7.7 402 1,7
47.60 7
47.67 47.6630 Ni xvir 3s3p 'P,-354d 'D, 1
47.79 47.7720 Ni xv1 3s? 3p 2P;,-3s% 4d Dy, 1
4785 478790 Mgx 1s% 2p 2P, ,—1s% 45 285, , 34e+02 7
48.25 1
48.29 48.2970 Al x1 1s% 25 28, ,—1s% 3p 2P, 9.5¢+02 1
48.33 48.3380 Al x1 1s? 25 28, ,-1s* 3p %P, , 4.8¢+02 1
48.51 48.5010 Ne x 2p 2P, ,,—4d *Ds, 5.0e+02 7

48.5048 Ne x 25 28, ,,~4p P, 9.4e+02

48.5113 Ne x 2p 2Py ,,—4s 28y, 4.2¢+02

48.5156 Ne x 2s 28, ,,~4p *P,, 4.7e4+02
4897 489530  Fe xvi 3d 2D5/,—5p *Ps, 5.1e+02 1

48.9790 Fe xvi 3d 2D;,-5p 2Py, 3.0e+02
49.18 1
49.22 49.2220 Si x1 2s2p 'P,-2s53d 'D, 1.9¢+03 1,7
49.31 1
49.49 1
49.64 1
49.71 1
49.76 1
49.81 1
49.88 1

References.—(1) Acton et al. 1985; (7) Widing & Sandlin 1968; (11) Fawcett et al.
1987; (12) the list of Fawcett et al. 1987 revised by Phillips et al. 1999; (13) Feldman,
Doschek, & Kreplin 1980; (14) McKenzie et al. 1980; (15) McKenzie & Landecker
1982; (16) McKenzie et al. 1985; (17) Phillips et al. 1982; (18) Phillips et al. 1999; (19)

Doschek 1972; (20) Pike et al. 1996.
given by
Cd h3 Yu

A, 2Q2mmkT)%? g,

where h is the Planck constant, m the electron mass, k the
Boltzmann constant, T the temperature in kelvins, g, the
statistical weight of the upper level, g, the statistical weight
of the lower level, AE the difference in energy of the two
levels. For electron collisional excitation of an ion, the col-
lisional rate coefficient C is related to the Maxwellian-
averaged collision strength Y(7T') by

exp (—AE/kT), (1)

a

k

By comparing equations (1) and (2), one can derive a
Maxwellian-averaged collision strength Y, for the excita-
tion of autoionizing states
_ %A,
7 2kT

12 p2 (T
c— (2_”> % T2 % exp (—AE/KT). ()
1

3)

CHIANTI has employed the scaling laws of Burgess &
Tully (1992) which suggest how the collision strength
should scale with energy or temperature for four kinds of
transitions. Equation (3) has led us to adopt a new type of
transition where the collision strength scales with the
inverse of the temperature and we have used this to scale the
dielectronic excitation rates.

For implementation within CHIANTI, we assume that
dielectronic excitation of levels above the ionization poten-
tial proceeds independently from the direct excitation of
levels below the ionization potential. This is accomplished
by employing different model ions for the two kinds of tran-
sitions. As an example, for the calculation of line intensities
from helium-like Fe xxv, we calculate the steady-state level
populations of the Fe xxv ion as described in Paper I. The
rate at which these levels are populated is proportional to
the relative population of the Fe xxv ion. For the lithium-
like dielectronic satellites of Fe xxv, we calculate the steady-
state level populations of Fe xx1v but use the dielectronic
excitation rates as the only means of populating the upper
levels. The rate at which these levels are populated is pro-
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portional to the relative population of the Fe xxv ion. For
the direct excitation of the Fe xxiv levels, including the
levels produced by inner shell excitation, we use the Fe xx1v
ion including all the direct excitation rates and the rate is
proportional to the relative population of the Fe xx1v ion.
In practice, two sets of files are used to calculate those
line intensities due to direct excitation and those due to
dielectronic excitation. In the case of C V, the lines due to
direct excitation use the CHIANTI standard set of three
ASCII files with the prefix “c_5.” For those lines created by
dielectronic excitation, the three files have the prefix “c_4d.”

3. NEW ATOMIC DATA IN THE CHIANTI DATABASE

3.1. The Hydrogen Isoelectronic Sequence
3.1.1. Cvi, Nex, Six1v, Ca xx, Fe xxvi

For the hydrogen isoelectronic sequence, the 25 fine-
structure levels of the 1s, 21, 31, 4l, and 5] configurations
have been included. Observed energies are taken from the
National Institute of Science and Technology (NIST)
Atomic Spectra Database (Fuhr et al. 1999).2 For oscillator
strengths of allowed lines, the hydrogenic values of Wiese,
Smith, & Glennon (1966) have been used. Radiative tran-
sition probabilities (4-values) have been calculated from the
hydrogenic oscillator strengths and the observed energy
level separations. For Z < 26, no significant differences with
respect to the relativistic calculations of Pal’chikov (1998)
are found. The magnetic dipole and two photon decay rates
from the first excited level 2s %S, , are taken from Parpia &
Johnson (1972).

In a series of papers, Aggarwal & Kingston have per-
formed R-matrix calculations of collisions strengths of the
hydrogenic ions for transitions among the 15 LS nl levels
with n = 1-5. The collision strengths for C v1 are from
Aggarwal & Kingston (1991a), for Ne x from Aggarwal &
Kingston (1991b), for Si x1v from Aggarwal & Kingston
(1992a), for Ca xx from Aggarwal & Kingston (1992b), and
for Fe xxv1 from Aggarwal & Kingston (1993). To distrib-
ute the collision strengths among the fine-structure levels of
the LS states, we have scaled the collision strengths follow-
ing the rules for the distribution of oscillator strengths
under LS coupling.

As discussed in the next section, collision strengths for
other ions in the hydrogen isoelectronic sequence were
obtained by interpolation among the various calculated
values of Aggarwal & Kingston. In the interpolation
process, significant inconsistencies were found for the Ne x
1s-3p, 1s-3d, 2s-3p and 2s-3d excitations and for the Ca xx
1s-3s excitations. When interpolating the data for the neces-
sary ions, these inconsistent rates were excluded. However,
problems appear to remain for Ne x and Ca xx. The most
serious discrepancies lie with the Ne x 1s-3p and 1s-3d tran-
sitions. The high temperature limit for the allowed 1s-3p
collision strength derived from the oscillator strength does
not appear to be consistent with the lower temperature
collision strengths of Aggarwal & Kingston and is more
consistent with the values of the 1s-3d collision strengths.
This suggests that these collision strengths would benefit
from a new calculation. We have examined the possible
effect of these inconsistencies on the Ne x line intensities.

2 Available at: http://physics.nist.gov/PhysRefData/contents.html.
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On the assumption that these collision strengths have
become mislabeled, we have exchanged the 1s-3p and 1s-3d
collision strengths and prepared revised spline fits to the
scaled collision strengths. The effect of this is to increase the
Ne x 1s-3p line by a factor of about 1.4 and decrease the Ne
X 1s-2p lines by a factor of about 0.9. In addition, the
summed intensities of the Ne x 2/-3/’ transitions near 65.6
are reduced by a factor of about 0.4. In version 3 of the
CHIANTI database, the original collision strengths of
Aggarwal & Kingston are distributed but files containing
the revised spline fits are available from the authors. No
other calculations are available to check or replace these
collision strength values.

3.1.2. N v, O vi, Na x1, Mg xm, Al xm, S xvi, Ar xvir, Ni XXvix

For these hydrogenic ions, the model includes 25 fine-
structure levels. The sources of the energy levels and radi-
ative data are as above. For collision strengths, we have
interpolated and extrapolated the Maxwellian-averaged
collision strengths of Aggarwal & Kingston. We have found
that scaling the collision strengths as Z2Y versus T/AE,
where Z is the nuclear charge, Y the Maxwellian-averaged
collision strength, T the temperature and AE the energy
level difference, provides a slowing varying function that
can be accurately interpolated and extrapolated in the case
of Ni xxvmL. These interpolations indicate that the various
calculations are internally consistent at about the
10%-20% level but that there are significant differences
between various Aggarwal & Kingston calculations for
some transitions of some ions as discussed in the previous
section.

3.2. The Helium Isoelectronic Sequence

3.2.1. Cv, Ny, O vi, Ne 1x, Mg x1, Si x111, S xv, Ca XIX,
Fe xxv, Ni xxvil

For the helium isoelectronic sequence, the 49 fine-
structure levels of the 1snl configurations, n = 1-5 and
l=s,p,d,f,g are included. Observed energies are taken
from the NIST Database (Fuhr et al. 1999), with the excep-
tion of Fe xxv, whose observed energy levels come from
Shirai et al. (2000). Energies of the 2s2p 3P levels are from
Chen, Cheng, & Johnson (1993). Oscillator strengths for
allowed transitions are obtained from Zhang & Sampson
(1987) and A-values derived from the oscillator strengths.
For other allowed transitions, hydrogenic oscillator
strengths (Wiese et al. 1966) have been used and the A-value
derived by using the appropriate wavelength. Inter-
combination and forbidden decay rates from the n = 2 level
have been taken from Lin, Johnson, & Dalgarno (1977) and
the two photon decay rate from the 1s2s'S level has been
taken from Drake (1986).

Zhang & Sampson (1987) have calculated electron colli-
sion strengths among all of the 1s2, 1s2s and 1s2p fine-
structure levels. Sampson, Goett, & Clark (1983) provide
calculations of collision strengths between the 1s? ground
level and the 1snl, n = 2-5, excited levels using a hydrogenic
approximation. We have used these latter calculations for
excitation of the n = 3,4, 5 levels.

322. Nax

The treatment of the Na X ion is identical to that of the
other ions of the helium isoelectronic sequences, with the
following exceptions. Energies of the 2s2p 3P levels have
been taken from Curdt et al. (2000) and the collisional data
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have been interpolated along the isoelectronic sequence
using the other available He-like ions from C v to S xv.

3.2.3. Helium-like Dielectronic Satellites of Hydrogen-like Lines :
Cv, N vy, O v, Ne x, Mg x1, Al x1, Si x1, S xv, Ar xvI, Ca XIX,
Ni xxvi

The model atom for describing the lines produced by
dielectronic recombination consists of 95 fine-structure
levels including 49 bound levels (1snl, n = 1-5) and 46 levels
above the ionization potential. The energy levels and radi-
ative rates for the 49 bound levels are the same as described
above. The excitation rates for these levels are set to zero
and they are populated only by cascades from levels above
the ionization potential excited by dielectronic recombi-
nation. Their energy levels, radiative rates and autoionizing
rates are from recent updates (Safronova & Johnson 1998)
of the earlier work of Vainshtein & Safronova (1978) and
Vainshtein & Safronova (1980). The effective collision
strengths to these levels are derived from the total autoioni-
zing rates following equation (3).

3.2.4. Helium-like Dielectronic Satellites of Hydrogen-like Lines:
Fe xxv

The model atom describing the lines produced by die-
lectronic recombination consists of 167 levels, including 49
bound levels and 118 levels above the ionization potential.
The energy levels and radiative rates for the bound levels
are the same as described above. The excitation rates for
these levels are set to zero and the bound levels are popu-
lated only by cascades from levels above the ionization
potential excited by dielectronic recombination. For the
levels above the ionization potential, we use the atomic data
of Safronova (Kato et al. 1997) which includes transitions of
the type 1snl-2I'nl” where n = 2-5. Aside from the more
extensive atomic model, this ion is treated in the same
manner as the others in this sequence.

3.3. Lithium Isoelectronic Sequence
3.3.1. O i, Ne vii, Mg x, Al x1, Si x11, Ar xvI1, and Ni XXVI

As presented in Paper I, these ions are described by an
atomic model that includes the 1s?nl levels where n = 2-5.
In addition, the configurations 1s2s2p,1s2s? and 1s2p? are
now included. Energy levels, radiative decay probabilities
and collisions strengths for these levels are from Goett &
Sampson (1983). Since Goett & Sampson (1983) do not
provide radiative transition probabilities for the metastable
1s2s2p *Ps;,, a new set of A-values has been calculated
using SSTRUCT (Eissner, Jones, & Nussbaumer 1974) with
a 23 configuration model to provide such values. Autoioni-
zing rates for these levels are from Vainshtein & Safronova
(1978) and Vainshtein & Safronova (1980).

3.3.2. Sxiv, Caxvi, Fe xx1v

The atomic data for these ions are the same as for the
lithium-like ions described above except that the autoioni-
zing rates are from Kato et al. (1997)

3.3.3. Lithium-like Dielectronic Satellites of Helium-like Lines:
O vi, Ne vii, Mg x, Al xi1, Si x11, Ar xv1, and Ni XXVI
The model atom describing the lines produced by die-
lectronic recombination consists of 78 levels, including 24
bound levels (1s2nl, n = 1-5) and 54 levels above the ioniza-
tion potential. The energy levels and radiative rates for the
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24 bound levels are the same as described above. The exci-
tation rates for these levels are set to zero and they are
populated only by cascades from levels excited by die-
lectronic recombination. The levels above the ionization
potential have n < 3. Their energy levels, radiative rates and
autoionizing rates are from recent updates (Safronova &
Johnson 1998) of the earlier work of Vainshtein & Safron-
ova (1978) and Vainshtein & Safronova (1980). The effective
collision strengths to these levels are derived from the total
autoionizing rates following equation (3).

3.3.4. Lithium-like Dielectronic Satellites of Helium-like Lines:
S x1v, Ca xvi, Fe xx1v

The model atom describing the lines produced by die-
lectronic recombination consists of 35 bound levels (1s%nl,
n = 1-6) and 220 (for S x1v), 249 (for Ca xvm1), and 251 (for
Fe xx1v) levels above the ionization potential. The energy
levels and radiative rates for the 24 bound levels are the
same as described above. The excitation rates for these
levels are set to zero and they are populated only by cas-
cades from levels excited by dielectronic recombination.
For the levels above the ionization potential, we use the
atomic data of Safronova in Kato et al. (1997).

3.4. Other Satellites to Helium-like Fe xxv : Fe xx1, Fe xxi1,
Fe xxiu

Kato et al. (1997) provide the necessary atomic data to
calculate the intensities of dielectronic satellite lines of Fe
xxv produced by Fe xx1, Fe xxu, and Fe xxm1. These ions
have also been developed in a manner identical to that
described for Fe xx1v above.

3.5. Beryllium Isoelectronic Sequence: Mg 1xX

The distorted wave electron excitation data of Zhang &
Sampson (1992) for the transitions between the n = 2 levels
have been replaced by the close-coupling data of Keenan et
al. (1986). The use of the Keenan et al. (1986) collision data
is found to increase the populations of the 2p? 'D, and S,
levels by over 100%. This is particularly significant for the
line found at 749.55 A which arises through a decay of the
D, level. The 706.06/749.55 line ratio has been used to
determine electron temperatures from solar spectroscopic
data (Wilhelm, Marsch, & Dwivedi 1998) and the revised
CHIANTI model gives temperatures significantly higher
than the version 2 model.

3.6. The Carbon Isoelectronic Sequence

For the ions N 1, O m, Ne v, Na vi, and Mg v, the
transition probabilities for the 3P,~'D, and *P,~'D, tran-
sitions within the ground configuration have been updated
with the data from Storey & Zeippen (2000).

3.6.1. Fexxi

CHIANTI version 1.0 and 2.0 included 36 fine-structure
energy levels of the 2s22p?, 2s2p3, 2p*, 2522p3s, and 2s22p3d
configurations. Data for the 2s22pnl (n = 4,5 and [ = 0,2)
configurations have been added so that the atomic model
now includes a total of 68 fine-structure energy levels.
Observed energies are taken mostly from Bromage et al.
(1977), and a few remaining energies come from Shirai et al.
(2000) and Kelly (1987). In a few cases, the level identifica-
tions from Bromage et al. (1977) have been corrected to
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match the level ordering given by theoretical calculations.
Radiative and collisional transition rates come from Phil-
lips et al. (1996). They provide A-values and oscillator
strengths for all of the most important transitions from the
ground configuration to the n=4,5 levels. Collision
strengths are calculated using the distorted wave approx-
imation for three values of the incident electron energy.

3.7. Oxygen Isoelectronic Sequence

Transition probabilities for the ground 3P,-!D, and
3pP,-'D, transitions have been updated with the data from
Storey & Zeippen (2000) for the ions Ne m, Na 1v, and Mg
v. In addition, for Ne m, the 3P,~'S, and 'D,~'S, ground
configuration transitions have been updated with the labor-
atory measurements of Daw et al. (2000), while updates to
all other Ne m ground transition A-values are from Galavis,
Mendoza, & Zeippen (1997).

3.8. Neon Isoelectronic Sequence
3.8.1. Arix, Caxi, Ni X1x

The CHIANTI version 1.0 atomic model for Ar 1x, Ca x1,
and Ni x1x, described in Dere et al. (1997), was limited to 36
out of the 89 levels for which Zhang et al. (1987) provide
collisional data. The reason for this was the fact that Zhang
et al. 1987 do not provide radiative data for most of the
25%2p°41 and 2s2p°nl levels.

In the present work the SSTRUCT package (Eissner et al.
1974) has been used to generate the needed radiative tran-
sition probabilities. The atomic model adopted in the calcu-
lation closely resembles that of Zhang et al. (1987), and the
results are in good agreement with the Zhang et al. (1987)
values for the transitions already included in CHIANTI
version 1.0.

As a result, the atomic model adopted for Ar 1x, Ca xi,
and Ni x1x now includes 89 levels from the 2s*2p>nl and
2s2p®nl configurations, with n < 4. Experimental energy
levels come from a variety of sources. Ar IX energies come
from the NIST database, version 2.0. The NIST database
provides energies also for Ca x1, but additional energy levels
are taken from the works of Crance (1973), Fawcett,
Bromage, & Hayes (1979), and Kastner, Behring, & Cohen
(1975). Ni x1x energy levels come from NIST database,
version 2.0, with the exception of the 2p®3s 3P, level, whose
energy has been taken from Feldman et al. (2000). Wave-
lengths for transitions involving levels having no experi-
mental energy have been calculated using the Zhang et al.
(1987) theoretical energies for the 36 levels included in the
CHIANTI version 1 model and the SSTRUCT values for
the remaining levels.

Collisional data are taken from Zhang et al. (1987) and
are described in Dere et al. (1997).

3.8.2. Fexvn

The Fe xvi atomic model has been extended to include
data for the n = 4 configurations, for a total of 89 energy
levels. Experimental energies have been taken from Shirai et
al. (2000) and theoretical values come from Zhang &
Sampson 1989. Radiative transition probabilities and oscil-
lator strengths have been calculated using the SSTRUCT
package (Eissner et al. 1974) including all the configurations
adopted in the CHIANTI version 3.0 atomic model. Zhang
& Sampson (1989) provide collision strengths for tran-
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sitions between the ground level and the n =4 configu-
rations calculated for six values of the incident electron
energy using a relativistic distorted wave approximation.

3.9. Magnesium Isoelectronic Sequence

The metastable 3s3p 3P, level gives rise to forbidden
transitions to the 3s® 'S, ground level and to the 3s3p 3P,
level. However, in CHIANTI versions 1 and 2, the 3P,-3P,
transition was not reported and its A-value was mistakenly
assigned to the transition to the ground level, in all the ions
of the sequence with the exception of Si m and Fe xv.

In the present version this problem has been corrected.
The 3*P,—3P, A-value has been taken from the NIST data-
base and the 'S,—3P, A-value has been calculated using the
SSTRUCT package (Fissner et al. 1974) since no value was
found in the literature. As the rest of Mg-like radiative data
have been taken from Christensen et al. (1986), the atomic
model adopted in the SSTRUCT calculation is identical to
that of Christensen et al. (1986) for consistency.

3.10. Aluminum Isoelectronic Sequence
3.10.1. Sin

Radiative data from Nahar (1998) and Nussbaumer
(1977) replace some of the previous data described in Dere
et al. (1997). Nahar (1998) gives oscillator strengths for the
allowed transitions between the 15 levels of the CHIANTI
model, while Nussbaumer (1977) gives data for the for-
bidden ground transition and the intercombination 3s
2p-3p 4P transitions.

3.10.2. S1v

Tayal (2000) has provided new electron collision data
for transitions between the 52 levels of the 3s% 3p, 3s 3p?,
3p3, 352 3d, 3s 3p 3d, 3s% 4l (I = s,p,d,f) and 3s 3p 4s con-
figurations. Maxwellian-averaged collision strengths are
tabulated for ten temperatures between 10* K and 4 x 10°
K. For seven transitions it was necessary to omit one or two
of the upsilons in order to provide a good fit to the data.
This was necessary because the five-point spline employed
in the fitting procedure was inadequate to fit the data. The
omitted upsilons were always at the extremes of the tem-
perature range.

A complete set of oscillator strengths and A-values for
transitions between the 52 levels are provided in Tayal
(1999). The A-value for the ground transition was taken
from Johnson, Kingston, & Dufton (1986). No radiative
data was found in the literature for the metastable level 3s
3p 3d *F,, and so SSTRUCT was run with a model of the
ion consisting of the configurations listed above to generate
A-values to depopulate this level.

Experimental energies are available for all 52 levels and
were taken from the on-line NIST database.

3.10.3. Fexiv

New atomic data for Fe xiv are presented in Storey,
Mason, & Young (2000). These authors calculated
Maxwellian-averaged collision strengths (Y) with the R-
matrix method for all transitions between the 40 levels of
the 3s2 3p, 3s 3p?, 352 3d, 3p3, and 3s 3p 3d configurations,
at temperatures 5.0 < log T < 10.0. Only those transitions
that involve the two ground configuration levels and the
metastable 3s 3p 3d *F,, level have been fitted for the
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CHIANTI database as the remaining transitions have a
negligible effect on the Fe x1v level populations for typical
astrophysical electron densities of N, < 10'* ¢cm~3. For
many of the transitions the variation of Y with T was too
complex to be fitted with the five-point spline that is the
basis of the Burgess & Tully (1992) method and so in these
cases a restricted range of temperatures had to be con-
sidered. The range over which the fits are most accurate is
54 <logT< 7.0. Comparisons of Y’s derived from the
spline fits with the original data generally give excellent
agreement in this temperature range, with maximum differ-
ences of 5% in a few exceptional cases. For the vast majority
of data the spline fits reproduce the original data to within
1%. Consequently, the CHIANTI predicted emissivities
should only be used when considering temperatures within
therange 5.4 <logT< 7.0.

Energy levels for all but the 3s 3p 3d *F;, level have
experimental values which have been taken from Churilov
& Levashov (1993) and Redfors & Litzén (1989) and are
given in Table 3 of Storey et al. (2000). For the *F5, level
the energy value calculated by Storey et al. (2000) is used.

The transition probabilities in the CHIANTI .WGFA file
are from Table 4 of Storey et al. (2000). The oscillator
strengths are from the same calculation but were not
published. The oscillator strengths in the CHIANTI
.UPSDAT and .SPLUPS files are from Storey et al.’s “ Basis
1” model, which was used for the collisional calculation and
so are more appropriate for the CHIANTI fitting pro-
cedures.

There are significant differences between this new Fe x1v
model and the previous CHIANTI model. The conse-
quences for interpreting solar extreme ultraviolet spectra
are discussed thoroughly in Storey et al. (2000) where the
discrepancies between theory and observation noted by
Young et al. (1998) are found to be resolved.

3.11. Silicon Isoelectronic Sequence
311.1. Sm

Tayal & Gupta (1999) have presented new R-matrix cal-
culations for S m with Maxwellian-averaged collision
strengths (upsilons) calculated for all transitions between
the five levels in the 3s2 3p? ground configuration to the 49
levels of the 3s% 3p2, 3s 3p>, 3s% 3p 3d, and 3s2 3p 4l (I = s, p,
d) configurations. Upsilons were tabulated for eight tem-
peratures between 5 x 103 K and 1 x 10° K. For the tran-
sitions up to the 3s% 3p 4d configuration, the three lowest
temperature points are unreliable (S. Tayal, 2000, private
communication) and so only the five highest temperature
points (2-10 x 10* K) were fitted for these transitions.

Laboratory values for all of the S 1 model level energies
were presented by Johansson et al. (1992). Oscillator
strengths and A-values for all of the allowed transitions
were calculated by Tayal (1997), while A-values for tran-
sitions amongst the ground configuration levels are tabulat-
ed in Huang (1985). Upon solving the level balance
equations, the 3s% 3p 3d 3F, level was found to have signifi-
cant population over the 108-10'2 cm 3 range of electron
densities on account of there being no allowed transitions to
depopulate it. SSTRUCT was thus run with a model of the
ion containing the six configurations listed above. Electric
quadrupole, magnetic dipole and magnetic quadrupole A4-
values were computed for decays from the 3F, level, and the
six strongest transitions were included.
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3.11.2. Fexi

Gupta & Tayal (1998) provide Maxwellian-averaged col-
lision strengths for transitions between the ground levels
and the 3s3p® and 3s23p3d configurations. These data are
calculated using the R-matrix approach and a target repre-
sentation improved from the earlier R-matrix calculations
by Tayal (1995). These collision strengths replace those of
Fawcett & Mason (1989) used in previous versions of
CHIANTIL. It is important to note that no data is reported
by Gupta & Tayal (1998) for the metastable 3s3p> S, level,
so the earlier collision strengths by Fawcett & Mason
(1989) are used for transitions involving this level.

The other Fe xm data are unchanged from version 1.0.

3.12. Sulphur Isoelectronic Sequence: Fe X1

Collisional data from Gupta & Tayal (1999) for tran-
sitions among the ground levels and between the ground
and the first excited configuration have replaced the dis-
torted wave calculations by Bhatia & Doschek (1996).
Gupta & Tayal (1999) provide Maxwellian-averaged colli-
sion strengths calculated using the R-matrix method.

Gupta & Tayal (1999) compare their collision strengths
with the values reported by Bhatia & Doschek (1996) at 8,
16 and 24 Rydberg, finding that most of the collisional data
agree within 20%; in some cases, however, larger differences
occur, probably due to electron correlation effects which are
treated in a more complete way by Gupta & Tayal (1999).

The other Fe x1 data have not been changed.

3.13. Chlorine Isoelectronic Sequence: Fe X

The Fe x model of version 2 (Landi et al. 1999, § 10.1;
see also Dere et al. 1997, § 4.18) has been extended to
include transitions involving levels in the n =4 and n =5
complexes. Collision strengths for transitions from the two
levels of the 3s? 3p°® ground configuration up to the 3s% 3p*
4l (1 = s,p,d), 3s% 3p° 51 (I = s,p), 3s 3p® 41 (I = s, p), and 3s
3p® 5s configurations were taken from Malinovsky, Dubau,
& Sahal-Brechot (1980).

For the 3s2 3p>-3s? 3p* 4s transitions, Malinovsky et al.
(1980) gave collision strengths at four different values of the
incoming electron energy; for all other transitions the colli-
sion strengths were only given for one value of the incoming
electron energy. In assessing the 3p—4s transitions, it was
often difficult to fit the four data points on account of sharp
changes between consecutive points. This would seem to be
due to the fact that Malinovsky et al. (1980) used the dis-
torted wave approximation for the two lowest energy
points, and a semiclassical formula due to Burgess (1964) for
the two highest energy points. Note that this semiclassical
formula was also used to compute the collision strengths for
all of the remaining transitions.

Theoretical energy values are given by Malinovsky et al.
(1980) for all of the additional levels. For 20 of these levels,
observed values were available from the NIST database. No
A-values were given by Malinovsky et al., and so these were
calculated using SSTRUCT (Fissner et al. 1974; see also
Dere et al. 1997, § 3). The new Fe x model now consists of
172 levels and predicts the intensities of some 3959 lines.

Note that Malinovsky et al. include various atomic pro-
cesses that are beyond the scope of the CHIANTTI database
in their Fe x model, including dielectronic recombination
from Fe x to Fe 1x, dielectronic recombination and radi-
ative recombination from Fe x1 to Fe X, and cascading from
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levels 3s% 3p* np (n > 5). These processes are found to have
a significant effect on ratios of 3p—4s to 3p—3d transitions.

3.14. Calcium Isoelectronic Sequence: Fe vinl

The CHIANTI version 1 model for Fe vin described by
Dere et al. (1997) was very limited. For example, it did not
include the 3p®3d? configuration and, for this reason,
CHIANTI version 1 was not able to predict several Fe vir
lines with wavelengths shorter than 170 A. This configu-
ration also contains many metastable levels which affect the
level population calculations.

The present version of the database includes an extended
Fe vinr atomic model composed of the 3p3d ground con-
figuration, the 3p33d2, 3p%4l (I = 0,1,2,3) and 3p®3d4s con-
figurations, plus the 3p®nf (n = 5,6,7) already included in
the version 1 model, for a total of 83 fine-structure levels.
The data for the n = 5, 6,7 levels are the same as in version
1 (Czyzak & Krueger 1966), while the radiative and col-
lisional transition probabilities for all the other configu-
rations come from the calculation of Griffin, Pindzola, &
Badnell (2000). Experimental energy levels come from the
NIST version 2 database.

However, Griffin et al. (2000) did not calculate radiative
data for transitions involving the levels with J = 9/2 and
11/2, and it has been necessary to run the SSTRUCT code
(Eissner et al. 1974) to obtain A-values for these levels. This
calculation has been carried out using an extensive Fe vi
atomic model including all the relevant configurations and
levels as described by Griffin et al. (2000). Radiative data
have been corrected in order to take into account the differ-
ences between experimental and theoretical energy levels.

4. CONTINUUM RADIATION

New IDL procedures to calculate the free-free and free-
bound continuum are supplied with the latest release of the
CHIANTIL. For the free-free continuum, we use the Gaunt
factors of Sutherland (1998). We would point out that the
units for Sutherland’s equation (15) should be given as ergs
cm~3 s7! str™! Hz '. For the free-bound (radiative
recombination) continuum, we follow the treatment of
Rybicki & Lightman (1979), except that actual energy levels
are used and the Gaunt factor has been set to unity. Recom-
bination to all levels in the CHIANTI data base are
included. A procedure for calculating the two photon con-
tinuum will be released in the near future.

5. SPECTRAL LINE IDENTIFICATIONS

The iron ions Fe xv1 to Fe xxvI provide a large number
of observed lines in the X-ray wavelength range as well as
most of the strongest ones. Due to their special importance,
a careful assessment has been made of the available experi-
mental energy levels of Fe xvI to Fe xxvI. Ab initio atomic
structure calculations have been performed for each of these
ions using the SSTRUCT package (Eissner et al. 1974) in
order to provide an additional check on the observed
energy levels available in the literature. Although the energy
levels calculated by this package are not reliable for line
identification purposes, the results have helped greatly to
identify levels and to correct a few inconsistencies between
CHIANTI energies and those found in the literature. These
inconsistencies were identified by comparing the
SSTRUCT-CHIANTI theoretical energies with the experi-
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mental values for all the levels with the same total angular
momentum quantum number J in each configuration. In
some cases ‘inversions’ have been found. For example, in Fe
xxI the energies of the levels 2s?2p5d D, and 25*2p5d 3P,
have been exchanged. This has been done because the
SSTRUCT energies for these two levels were different by
large amounts from the experimental values, while all the
energies of all the other levels having the same value of J
and belonging to the same configuration showed a fairly
good agreement. This agreement was also obtained with the
energies of these two levels, if they were exchanged.
SSTRUCT is also able to calculate the percentage of the
contribution of each true LS component to the eigen-
function of each final ion level, so that it is possible to check
the composition of each energy level of the CHIANTI
model. In the cases where “inversions” were found, the
composition of each of the two (LS-labeled) inverted levels
included a large component due to the (LS-labeled) other,
so that a clear assignment of LS labeling to each of the two
levels is not possible. This can lead to considerable confu-
sion in the assignment of level identification. As a rule, the
agreement between observed and theoretical energies and
the total angular momentum quantum number J has been
taken as the criteria for assigning the experimental energies
found in the literature to CHIANTI levels. Any change
made to the experimental energies from the original source
has been clearly labelled in the comments of the CHIANTI
energy level . ELVLC files.

As a result of this assessment, the energies recently
reported in Shirai et al. (2000) have been adopted for all the
ions iron ions, Fe xvi through Fe xxvi, and gaps have been
filled with energies from the NIST database version 2.0
(Fuhr et al. 1999) and from Kelly (1987).

Further, the experimental energy level values for ions of
the boron, carbon and nitrogen isoelectronic sequences
have been revised to better match solar observations. A
comparison between CHIANTI wavelengths and SUMER
(500-1600 A) observations (Feldman et al. 1997; Curdt et al.
1997; Dwivedi, Curdt, & Wilhelm 1999) has shown that the
CHIANTI wavelengths, based on the version 1 NIST ener-
gies, are sometimes different from the solar values with dis-
crepancies of up to 0.5 A. Using a semiempirical technique,
Edlén extrapolated the energies of the n = 2 levels for the
boron-like ions (Edlén 1983), the carbon-like ions (Edlén
1985) and the nitrogen-like ions (Edlén 1984). The wave-
lengths derived from Edlén’s energy levels proved to be in
better agreement with the SUMER observations and they
were adopted for these sequences.

Also, for all of the n = 2 levels of Fe xx we have used
energy levels from Edlén (1984) and for some of the n = 2
levels of Fe xxu we have used the values of Edlén (1983).

This assessment has demonstrated that much work is still
required in order to fully understand the spectra of highly
ionized iron. The available experimental energies and theo-
retical transition probabilities are not sufficient to repro-
duce the observed X-ray emission-line spectra with the
desired degree of fidelity. For example, in the case of Fe x1x,
Fe xx, and Fe xx1, the CHIANTI models predict a number
of relatively strong spectral lines. However, these lines have
apparently not been observed since they lack assignments of
experimental energy levels. On the other hand, the same
CHIANTI models predict a number of fairly weak lines that
have apparently been observed as indicated by the assign-
ment of experimental energy levels. We would expect that
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TABLE 6

OBSERVED LINES NOT INCLUDED IN CHIANTI

DERE ET AL.

)'solar

A on ransition

A I T
19051  Fe xx 152 252 2p3 *85,,~1s 25% 2p* *P5),
19075  Fe xx 1s72' %52 2p® 2Pi,/z—ls 2s% 2p* 2P,,
5223 Si xm 1s* 'Sy—1s 6p ‘P
7.472 Fe xxm  2s? 1Sz—Zs 55 lPi
8977  Fexxm  2s2p? 2Ds,-2s 2p (OP) 4d °F,,
9.362 Ne x ls:2‘1/2761732}2’1/2,3/2 .
9.688 Fe x1x 2p* °P,-2, D) 5d °D
9799  Fexix 254 3Pj—2§3 EZD; 543D,
9842  Fexix  2p**P,2p° (*S) 5d °D,
9991  Fexx  2p°*S,,-2p° OP)4d *P,,
10.134 Fe xviI 252 2p® 1S4—2s 2pS 5p 3P,
10.386  Fe xvi 2s% 2pS '8-2s% 2p° (*P,,,) 7d 'P,
10506  Fexvm 252 2p° 18,-25% 2p° (2Py,,) 7d D,
10564 Fexxx  2p* *P,—2p® (°P)4d °D,
10580 Fexix 25 P,-2p* (°P)4d °P,
10617 Fexxx  2p**P,2p® (*P)4d D,
10635 Fexnc 25" P,2p" (°D)4d S,
10.644 Fe x1x 2p* °P,-2, D) 4d °P
10655  Fexvi 22 2 1SI:,—z(s2 )2p5 (ZPZI,Z) 6d 'P,
10684 Fexxx  2p* *P,2p® °D) 4d °F,
10735 Fexix 25 P,-2p* (°D)4d °S,
10.770 Fe x1x 2p* °P,-2, D) 4d °D
10770 Fexvn 22 e 1SI:,—z(s2 )2p5 (sz,z) 6d°D,
10813  Fexix  2p* *P,2p* (“S)4d °D,
10.824 Fe x1x 2p* 'D,—2p3 (D) 4d 'D
10933  Fe xix 254 3Pf—2117)3 ((4S))4d 3p,
11132 Fexvm 252 2p° 15,-25% 2p° (2P, ,,) 5d 'P,
11253  Fe xvi 2s% 2p8 18-25% 2p° (*P5),) 5d D,
11253  Fexvm  2p® 2P, ,-2p* ('S) 4d *D,,
11420  Fe xvin 2p: 2P3/2—2p: (zP) 4d iFS/Z
11.458 Fe xvim 2p5 2P3/2—2p4 (3P) 4d 2F5,2
11.526 Fe xvin 2p> “P3,-2p* (°P) 4d “Ds),
17201  Fe xvi 2p‘5S gp 2P3/2;2p15 3s 31)22D5/2
17370 Crxvi  2p° 2P, ,-2p* (D) 3d 2Dy,
17.501 Fe xv1 2p® 3p 2P,,— 2p° 3s 3p *Ps,
18497 Crxv o 2p°'S2p° Py 34 P,
19255  Crxvi  2p° 2P,,-2p* (D) 3s 2Dy,
19511 Crxvi 2p3 2P3 2—2p* ('D) 3s *Ds,
19538  Crxvi  2p° 2P,-2p* CP) 3s 2P,
19.714  Cr xvi 2p° 2P 2—2p* CP) 3s 2Py,
19807 Crxa 2 fP3/2—25p ' (P) 35 4Py,
20863 Crxv  2p° 'Sg-2p° (CPy,,) 35 1P,
21153 Crxv 2p° 1S5-2p° (*Ps5) 35 °P,
24110  Caxv  2p° *S,,-2p P) 3d *Py,
26000 Caxm  2p*3P,—2p® (*D) 3d °P,
26033 Caxm  2p* 3P,-2p* (°D)3d °D,
26219 Caxm  2p*P,-2p* (D) 3d D,
26.719 Ca x1m 2p* °P,-2, 3d °D
27608  Ca xu 255 2Pf,2—pzp‘(* ES?S) 3d 2303,2
27973 Caxu  2p 2P,,-2p* (\S) 3d Dy,
131 Caxu  2° Py, 2p* ('D) 3 2Dy,
32.652 Fe xv1 3p ®P;,,-7d “Dy),
34857 Fexvi  3p2P,,-6d D,
35106  Fe xvi 3p 2P3,—6d *Dy),
35368 Fexvi  3d 2Dg,-8f°F,,
35353 Sixt 25 2p 3P,-2s 4d °D,
35383 Sixt 25 2p 3P, 25 4d D,
35446 Sixt 25 2p 3P,-2s 4d °D,
35710 Fexvi  3p 2Py, -63S,,
36.010 Fe xv1 3p 2P3/2—6s 2S1/2
40199  Fexvi  3d 2D,,—6f °Fy,
2543 Sx 2p° 45,,,-2p P) 3 *Py,
47.663  Nixvn 3s3p 'P,-3s54d 'D,
47772 Nixvi 352 3p 2P,,-3s? 4d 2D,
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the strong lines, as predicted by CHIANTI, would be the
lines associated with observed energy levels, to the contrary
of what is often the case.

The importance of reliable spectral line identifications for
the interpretation of high spectral resolution observations
has also motivated the work of Phillips et al. (1999). They
compared synthetic spectra of the MEKAL (Kaastra,
Mewe, & Nieuwenhuijzen 1996) code with solar flare
spectra between 5 and 20 A observed with the high spectral
resolution Flat Crystal Spectrometer (FCS) on the Solar
Maximum Mission. They adjusted the wavelengths of the
MEKAL spectral lines to match the FCS observations and
noted the inability of the code to reproduce observed spec-
tral line intensities in a number of cases. This work further
confirms the need for continued improvements in atomic
data, particularly for the Fe L-shell lines, to understand
spectral observations at these important wavelengths.

6. COMPARISON WITH OBSERVED SPECTRA 1-50 A

The CHIANTI database has been compared with
observed spectra in the 1-50 A wavelength range in order to
test for correctness and completeness. We have compiled a
list of observed lines from high-resolution solar spectra for
this comparison, in a manner similar to Paper 1. This com-
piled list includes observations from Acton et al. (1985, 1),
Widing & Sandlin (1968, 7), Fawcett et al. (1987, 11), the
revised list of Fawcett (Fawcett et al. 1987, 12) by Phillips et
al. (1999), Feldman et al. (1980, 13), McKenzie et al. (1980,
14), McKenzie & Landecker (1982, 15), McKenzie et al.
(1985, 16), Phillips et al. (1982, 17), Phillips et al. (1999, 18),
Doschek (1972, 19), and Pike et al. (1996, 20). The numbers
between 1 and 20 refer to the reference key provided in the
last column of Table 5. Aside from the spectra of Widing &
Sandlin (1968), all of the spectra were observed during solar
flares. We have developed a composite of these spectra by
combining all of the observations within a narrow wave-
length interval AA which is specified by AA/A = 2000.
Because of the relatively low resolution of the X-ray spectra
compiled by Doschek, (1972, 19), we have not included all of
these observed wavelengths.

The results of this analysis are presented in Table 5. The
first column of Table 5 contains the average of the observed
wavelengths of a single spectral line. The last column of
Table 5 provides a key to the reference to the observations
of these spectral lines. The next three columns contain the
identification of the spectral line in the CHIANTI database.
The second column provides the wavelength in the
CHIANTI database. A blank first column indicates multi-
ple strong lines that can be associated with the observed
wavelength listed previously in the table. An ellipsis in the
first column indicates a strong spectral line that is expected
on the basis of the CHIANTI computed spectra that has
not apparently been observed. The third and fourth column
of Table 5 indicate the ion and the transition, respectively.
For lines of the helium isoelectronic sequence, we have also
included the notation of Gabriel (1972). Also, we would
note that the helium-like level notation of NIST, used here,
is somewhat different from that of other authors, such as
Feldman et al. (1980). The fifth column provides the inten-
sity of the line calculated by the CHIANTI database for a
solar flare. The calculations of the line intensities assume
the solar elemental abundances of Allen (1973), the ioniza-
tion equilibria of Arnaud & Raymond (1992) for iron ions,
Arnaud & Rothenflug (1985) for the other abundant ions
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and Landini & Monsignori Fossi (1991) for the minor ions.
As with Paper I, the differential emission measure of a solar
flare between 3 x 10* and 2 x 107 K is taken from Dere &
Cook (1979) and has been enhanced and extrapolated to
10® K in order to reproduce the lines at the shortest wave-
lengths. The line intensities are expressed in ergs per square
centimeter per second per steradian. The intensity values
should only be used as a guide to the identification and the
amount of blending and should be used in a relative sense.
The CHIANTI database predicts many more lines than are
listed in Table 5, but we have not included lines below a
threshold value suggested by the intensities of the lines that
have been observed. Some identifications should be con-
sidered simply coincidental if the predicted intensity is low.

In Table 5 there are a number of spectral lines that have
been identified and observed in solar spectra that are not
included in the CHIANTI database. These are also included
in Table 6 to provide a list of lines missing from the
CHIANTI database. This list can be used to assess both
completeness of the database and to suggest candidates for
new atomic data calculations. Aside from the lines of Cr xv,
all of these lines belong to ions that are included in the
database but do not extend to high enough principle
quantum numbers to include the necessary line. For low-
resolution spectra, the missing lines could cause difficulties
in fitting observed spectra. However, in the case of high-
resolution spectra, usually more intense lines of the same
ion are observed and reproduced by CHIANTI so that
there is little loss in diagnostic capability by not including
these lines.

From this comparison, it is clear that the great majority
of lines observed in the X-ray spectrum of solar flares
between 1 and 50 A are included in the CHIANTI database.
Consequently, we believe that CHIANTI can be used as a
comprehensive diagnostic tool for collisional emission-line
spectra above and below 50 A. Nevertheless, this analysis
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has shown that there are still many gaps in the atomic data
needed for computing X-ray spectra. The assignment of
energy levels based on observed spectral line wavelengths
are still needed for a large number of levels in a variety of
ions. Also, calculations of collision strengths are typically
only available for the lowest energy levels and these calcu-
lations need to be extended.

7. SUMMARY

The CHIANTI database has been expanded in order to
interpret astrophysical spectra in the 1-50 A wavelength
region. This has primarily been accomplished by the inclu-
sion of hydrogen-like and helium-like ions and the addition
of inner-shell and dielectronic excitation of X-ray satellite
lines. The atomic data for a number of other ions as been
revised and updated. A detailed comparison with observed
spectra has been performed to ensure the accuracy of the
CHIANTI database. We believe that the new CHIANTI
database will prove to be a useful tool in the interpretation
of astrophysical spectra. This is of special importance at the
is time because of the recent launches of the Chandra and
XMM observatories which will obtain a wealth of high-
resolution X-ray spectra of astrophysical sources.
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