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Abstract. Tables of wavelengths, line classifications, and transition proba-
bilities have been critically compiled for ionized spectra of neon (Ne V-VIII),
magnesium (Mg V-X), silicon (Si VI-XII), and sulfur (S VIII-XIV) in the 20 A-
170 A region. The tables provide basic atomic data for about 3300 transitions
in support of astronomical studies from the Chandra X-ray Observatory.

1. Introduction

We have critically compiled spectral tables for higher ions of the cosmically
abundant elements Ne, Mg, Si, and S in the spectral range of interest for the
Low Energy Transmission Grating (LETG) of the Chandra X-ray Observatory.
Our tables which include 3300 transitions will also be of use for diagnostics of
plasmas found in fusion energy research devices such as tokamaks.

The wavelengths in the tables are Ritz-type values derived from experimen-
tal energy level values in the NIST Atomic Spectra Database (1999) (ASD).
That is, the wave number of a particular transition is found as the difference of
the values of the combining energy levels in cm™, and the wavelength in vacuum
is the reciprocal of the wave number.

In compiling the transition probabilities we selected only values obtained
with the most advanced theoretical and experimental methods. Our general
evaluation criteria were those that have been developed at NIST (Wiese, Fuhr,
& Deters 1996). We normally list here only values having estimated uncertainties
of 50% or less. A few exceptions have been made for important lines. Because
of the very limited amount of experimental results available for highly ionized
ions, for most transitions we had to rely on theoretical data.

The most extensive source of theoretical data was the Opacity Project
(2002) (OP), which has produced multiplet f-values for the spectra of many
elements. However, since the OP calculations do not include spin-orbit interac-
tion, they do not provide values for individual lines of a fine-structure multiplet.
Therefore for the present work the average values for LS multiplets were decom-
posed into their LSJ fine structure components using LS coupling rules. For the
present light atoms LS coupling should be a good approximation. For ions where
this is clearly not the case we have used results of calculations that do include
spin-orbit effects. Tachiev & Froese Fischer (2002) have performed calculations
for Be-, B-, C-, N-, O-, F-, and Ne-like ions with the multi-configuration Hartree-
Fock (MCHF) method with Breit-Pauli corrections and have made their results
available on the World Wide Web. Blackford & Hibbert (1994) have carried out
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extensive calculations for F-like ions with the CIV3 code (CIV3 indicates Con-
figuration Interaction code Version 3). The same method was used by Aggarwal
(1998) for several C-like ions. Calculations with the many-body perturbation
approach including Breit-Pauli corrections were also found to be very useful
(Safronova et al. 1999; Vilkas et al. 1996). For comparative analysis data from
several other sources were used in our work.

2. Graphical and Numerical Comparisons in Support of the Assess-
ment Procedure

In order to reaffirm the uncertainty estimates of transition probabilities for the
present compilation we made graphical and numerical comparisons of the results
of different advanced calculations for as many transitions as possible, regardless
of wavelength. Later we selected data for the Chandra spectral range 20 - 170
A. To fit the data into systematic trends, or deviations from them, we found
useful the theoretically predicted scaling of data along isoelectronic sequences.
If available, we always selected data from detailed configuration-interaction cal-
culations with intermediate coupling. As usual, these calculations are performed
for transitions to the ground state or between low excited configurations. For
the transitions involving high-lying configurations, only OP data are available.
For the stronger transitions of many spectra, good agreement exists between
the OP data and data from more detailed calculations that consider spin-orbit
interactions.

The agreement among the OP calculations and different relativistic calcu-
lations gets worse for weaker transitions and for transitions between those levels
where one or both are appreciably mixed due to breakdown of LS coupling.
Large disagreements are often observed for weaker transitions when calculations
for the transition probabilities of weak transitions have encountered considerable
problems due to appreciable cancellations of positive and negative components
of the transition integral.

Problems concerning large discrepancies in transition probabilities for fluo-
rine-like spectra between the OP and CIV3 (Blackford & Hibbert 1994) results
were recognized for some time and discussed earlier by Wiese & Kelleher (1998).
At that time extended relativistic calculations for individual lines were available
only from CIV3 calculations. In recent years new MCHF data became available
(Tachiev & Froese Fischer 2002) which show that the agreement between MCHF
and CIV3 is clearly better, but for many transitions it is still not good.

In studying the transitions for which the agreement is not good, we found
that for almost all of them, one or both of the levels involved in the transition
could be considered as mized. By mizred we mean that the main contribution
to the wave function of the level is less than 80%. Correspondingly, a pure level
here means that that the main contribution to the wave function composition
of this level is more than 80%.

Figure 1 shows a comparison of oscillator strengths of allowed transitions
between mixed levels for the F-like ion S VIII. The ratios of CIV3 oscilla-
tor strengths (Blackford & Hibbert 1994) to the corresponding MCHF values
(Tachiev & Froese Fischer 2002) are plotted on a logarithmic scale versus the
MCHTF oscillator strengths. The dashed lines indicate a band of 50% around a
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Figure 1.  Comparison of oscillator strengths for S VIII for transitions with
mixed levels
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Figure 2.  Comparison of oscillator strengths for S VIII for transitions with
pure levels

perfect ratio of 1.00. It is seen that for most "mixed” transitions the agreement
is better than 50%, which is within the range of data listed in the NIST reference
tables.

For the "pure” transitions shown in Fig. 2 the agreement improves drasti-
cally. Out of 33 transitions, 31 have agreements between the CIV3 and MCHF
calculations better than 10%. The others agree within 20%. The study of such
cases is very valuable when we have transition probabilities available from only
one source and we need to estimate their accuracy on the basis of extrapolations
from comparisons with other sources in areas, where they overlap.

3. Arrangement of the tables

Atomic Spectral Data for the Chandra X-ray Observatory are presented by
Podobedova et al (2003) on the world wide web. The tables are ordered for
each chemical element by increasing ionization stage. Individual lines are ar-
ranged in order of wavelength, but otherwise in a format similar to the cus-
tomary arrangement of the NIST ASD and the earlier NIST publications. Each
transition is identified by its wavelength, the energy levels of the lower () and
upper (k) states, the statistical weights of the levels (¢ = 2J +1), and the level
designations. All of the present values are for electric dipole transitions, E1.
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For each line, the transition probability for spontaneous emission Ag; (in
units of 108 s71), the oscillator strength f;x, (dimensionless), and log g;f are given.
Also, the line strength S is given and expressed in atomic units (a.u.). Finally,
the estimated accuracy and the references are given. The estimated accuracy is
indicated by the following letters, which are the same as used in earlier NIST
references (see, e.g., Wiese et al. 1996):

A - uncertainty less than 3%

B - uncertainty less than 10%

C - uncertainty less than 25%

D - uncertainty less than 50%

E - uncertainty greater than 50% (but typically within factors of 2-3)
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