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ABSTRACT

Relative intensities of spectral lines in the

• sodium isoelectronic sequence are presented. Results

are presented for ions of calcium, iron, zinc,

krypton and molybdenum for transitions between the

n = 3 an n = 1i. levels.
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I. Introduction

The spectral emission features observed from high temperature

plasinas can provide a wealth of information on conditions within the

plasma. For plasmas of moderate densities the low lying excited state

popula tions of highly charged ions are governed by electron collision

and radiat ive decay rates . Once the level populations are known it is

possible to establish the plasma temperature and density by spectroscopic

techniques . One such method is to determine the intensity ratio of

selected spectral lines.

In this report calculations have been done for spectral line ratios

that exhibit a strong density dependence. Resul ts are presented for the

sodium-like ions of calcium, iron, zinc , krypton and molybdenum for

transitions between the n 3 and n = 1~ levels.

II. Resul ts and Discussion

Relative intensities of spectral Urn s in the sodium isoelectronic

sequence presented in this report are derived from the electron-impact

collision cross sections and transition probabilities given in a previous

paper.1 In the calculation of relative intensities we have ignored the

splitting of all levels in all ions and therefore our results do not

represent relative intensities of individual lines but rather the relative

intensities of multiplets.

Collision strengths ç~ (3s,3p) and ~~~. (3p,3d) for Zn 30(, Kr XXVI and

Mo XXXII were obtained from Table 1~ of ref. 1 using the relations
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(2 (3s ,3p)  = (2 (3s~,, 3Pi~~) + (2 (3s~~, 3ps12),

fl (3p,3d) = ~2 (3p]1~, 
3d) + (2 (3p31, 3d)

The corresponding transition probabilities were recalculated from values

in Table 3 of ref. 1 for the center of gravity of the 3p term. The

effective wavelengths of the multiplets adopted in our calculation are

given in Table 1.

Recently Burkhalter et al.2 identified a number of spectral lines

of Mo XXXII. Our extrapolated term values (see ref. 1) agree with

observed values within 1% except for the 3d term where the difference is

2.5~, The effect of this change in energy levels on line intensities is

practically negligible with the exception of the 1l.f - ii~d transition.

The observed energy difference for this multiplet is 21% smaller than

our extrapolated value.

A subset of the equations of statistical equilibrium for the popu-

lation of atomic levels with principal quantum number less than n = 5
were solved with the assumption of an optically thin plasma. The excited

level populations were determined by a balance between electron colli-

sional excitation and electron collisional de-excitation and spontaneous

radiative decay. All density effects on atomic levels and on collisional

cross sections were ignored. In particular, multiple collisions were

neglected as were contributions from ionization and recombinat ion pro-

cesses.

In an optically thin plasma, the intensity of a spectral lirn corre-

sponding to the transition between levels i and k is given by

—3—
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where N~ is the density of atoms excited to the level 1, L the length of

the emitting column, Aik the coefficient of trat s~tion probability and

Elk the energy of the emitted photon.

Relative intensities of multiplets nL - n’L’ with respect to the

3p - 3s transition are shown in Tables 2 — 26 for ten values of the

temperature T (kT given in eV) and ten electron densities (LOG N means

log Na and Ne is given in cm 3). The intensity ratios are shown in a

semi-logarithmic form (e.g. 7.23-03 means 7.23 x 1O~~ etc.).

The dependence of some typical intensity ratios on electro c density

at one representative temperature for each ion is displayed on Figures

-

. 1 — 5 .

Using a similar method , Feldman at al.3 and Feldman and Doschek~
obtained the ratio B. = I (3d5, - 3P~~) / 1 (3pm,, 

3s~,) for Fe XVI as

a function of electron density. Their results may be compared with our

values assuming that the population of individual S — sublevels of the

nL level is proportional to the statistical weight 2J + 1. We find that

our curve representing the ratio R is shifted to lower values of N as

compared to curves In ref. 3 and li , so that electron densities derived

from a given ratio R are slightly smaller if our results are used. The

18disagreement is most pronounced around N 10 , where our curve gives

the electron density about two times smaller. The difference is probably

caused by higher excitation cross sections used in our calculation.

At electron densities about 10~~ cut
’3, the screening effect of free

electrons on atomic levels can not be neglected and our results for

-Li...
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relative intensities should be regarded as a limiting case. Al so, at

such high densities the optical depth of resonance lines may not be nag—

ligible even If the emitting region is very small . In this density regime

the results presented in Tables 2 - 26 should be applied with caution.
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TABLE 1

Adopted effective wavelengths (I) of multiplets.

Transition Ca X Fe XVI Zn XX Kr XXVI Mo XXXII

3p - 3s 563.06 3113.48 267.70 191.46 141.82

3d - 3p 11-17.08 259.00 205.911. 156.67 123.76

- 3p 152.62 63.44 41.57 25.19 16.87

Lip - 3s 111.04 50.42 34.12 21.26 14.47

Lip - 3d 206.95 76.56 48.28 28.23 18.52

- 3p 123.49 54.53 36.55 22.62 15.35

- 3d 167.00 66.33 42.66 25.119 16.93

lip - 4s 1676.3 862.94 661.711. 475.09 354.67

- 1ip 1151.9 707.06 558.11 416.77 325.33

- 3474.7 16611.3 1071.5 711.04 505.23
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