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We analyze experimentally and theoretically the spectrum of dielectron satellites of resonance 
lines of neon-like ions. Spectra of lines due to stabilizing radiative transitions from 
doubly excited states of Ne-like Y, Zr, Nb, and Mo ions are recorded with high spectral 
resolution, A/M - 500. Spectra of yttrium, zirconium, niobium, and molybdenum ions are 
obtained using laser plasmas. Satellite lines or compact groups of lines belonging to Y 
XXIX, Zr XXX, Nb XXXI, and Mo XXXII ions are identified for the first time, and their 
wavelengths are measured with a precision to A2 mA. Good correspondence of the 
model and the experimental spectra demonstrates the great promise of using line radiation of 
Na-like ions for high-temperature plasma diagnostics. 

1. INTRODUCTION 

A typical feature of plasma x-ray spectra is the pres- 
ence of lines corresponding to transitions from doubly- 
excited energy levels of multiply charged ions present in 
plasmas. These lines, called dielectron satellites, are ob- 
served in the spectra of laboratory sources and astrophys- 
ical objects. 

The most easily accessible to observation and analysis 
are satellites of resonance lines of K-ions (ions for which 
the K-shell is the basic one) resulting from transitions in 
two-and three-electron ions. They are well-studied and 
widely used for plasma diagnostics. The relative simplicity 
of these satellites allows for reliable calculation of spectral 
transition wavelengths and radiative-collisional character- 
istics. For example, the accuracy Ail of theoretical calcu- 
lations of the wavelengths A is M/A - for these lines, 
which is comparable to the measurement accuracy. For 
this reason, experimental spectra of K-ions are usually ex- 
plained exhaustively on the basis of existing theoretical 
models, and serve as a rich source of information on 
plasma physical parameters.1 

The interpretation of spectra containing satellite lines 
resulting from transitions in ions with more than three 
electrons, i.e., in Be-, B-, C-, N-, 0-, and F-like ions, is a 
much more complicated problem, as is the identification of 
dielectron satellites of resonance lines of L-ions, among 
which satellite structures near resonance lines of Ne-like 
ions are of special interest. This is associated with the fol- 
lowing factors: 

First, Ne-like ions require the least energy for forma- 
tion among all L-ions, i.e., ions whose basic shell configu- 
ration is l?2sk2p' (k= 1,2; I =  1,2 ,..., 6). 

Second, due to the closed basic shell, in which the only 
level is 'so due to the basic configuration 1?2?2p8, the 

short-wavelength spectrum of Ne-like ion radiation has a 
simple form, reducing in essence to seven Rydberg series of 
dipole transitions of the type (G2p6-2?2p5ns, nd) and 
(G2p6-2s2p6np). These seven series can be reliably de- 
tected, together with their satellites, in the x-ray spectra of 
hot plasmas, and can be followed rather far along the iso- 
electronic sequence. 

The third factor, which particularly increased interest 
in the satellite structure of resonance lines of Ne-like ions, 
is related to progress in producing short-wavelength lasers 
for 3-3 transitions of these ions,2 as well as recent propos- 
als concerning utilization of Ne-like ions in laser systems 
with photopumping.394 The magnitude of the inverted pop- 
ulation formed in such lasers depends heavily on plasma 
density and temperature, as well as on the concentration of 
Ne- and Na-like ions present in it (see, for instance, Ref. 
5). The need to optimize active medium parameters with 
the aim of producing maximum possible gain coefficients 
naturally leads to attempts to use the information capacity 
of satellite structures accompanying the lines of Ne-like 
ions for plasma diagnostics. 

Attempts to interpret dielectron satellites of resonance 
lines of Ne-like ions and to use them for plasma parameter 
diagnostics were made in Refs. 6-12. However, insufficient 
spectral resolution in these experiments and the lack of 
accurate theoretical data precluded any significant advance 
to be made in investigating satellites of this type. In our 
previous work,13-l5 spectra of Na-like satellites of copper, 
zinc, and selenium ions were first recorded and identified 
with high spectral resolution. The interpretation of that 
spectrum, which was successful on the whole, showed 
however that the comparatively light ions indicated are not 
optimal for a general estimate of the quality of theoretical 
calculations, because a considerable number of intense 
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FIG. 1 .  Energy level diagram of Ne-like and Na- 
like ions. Two mechanisms of populating autoion- 
ization states are shown. A portion of the niobium 
x-ray spectrum is presented containing resonance 
lines of the Ne-like ion 2s-3p (3A,3B), 2p3d 
(3C,3D), 2p3s (3F,3G) together with the corre- 
sponding satellites. 

z ~ ~ z ~ ~  

lines belonging to ions of higher multiplicities (F- and 
0-like) are superimposed on the satellite spectrum in these 
cases. 

In the present work, spectra of elements heavier than 
in Refs. 13-15 (yttrium, zirconium, niobium, and molyb- 
denum) are studied. The transition to heavier elements 
made it possible to shift the ionization equilibrium toward 
ions of lower multiplicity and to obtain spectra free of lines 
from ions of higher multiplicities. As a result of this work, 
calculations of the satellite line constants were performed 
for a number of elements for the first time, and satellite line 
wavelengths were measured to high accuracy. This enables 
the quality of theoretical calculations of multiply charged 
multielectron ion structure to be assessed. 

dielectron capture 

2. RECORDING AND CALCULATIONS OF THE SPECTRA 

Spectra were obtained in the experiments with laser- 
produced plasmas.6p7 A neodymium laser with an output 
energy of up to 80 J and pulse length of -2 ns provided a 
power flux density of -5 - 1014 w/cm2 on a target. The 

spectra were recorded with a defocusing spectrograph with 
a convex mica crystal,6 with a spectral resolution 
A/M)500 in the third reflection order. In measuring the 
wavelengths, the spectral lines of Ne-like ions were used as 
references for constructing the spectrograph dispersion 
curve. The error in measuring the wavelengths of individ- 
ual lines was determined mainly by the error in the refer- 
ence wavelengths, and did not exceed +2 mA. When the 
peak observed on film was a combination of several unre- 
solved spectral transitions, the measurement accuracy was 
naturally lower, and was determined by the spectral width 
of the peak. The spectral lines of Y XXIX, Zr XXX, Nb 
XXXI, and Mo XXXII ions were identified by comparing 
the wavelengths and intensities of the observed lines with 
theoretical calculations. The Dirac-Fock multiconfigura- 
tional approximation was used to calculate the energy 
structure and the probabilities of radiative and autoioniz- 
ation processes. The calculation technique is presented in 
Ref. 16. All 213131' - 31" dipole transitions were taken 
into consideration (21 denotes a hole in the neon-like shell, 
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FIG. 2. Densitograrns of x-ray spectra of Ne- 
like ions near the 2p3d (3C,3D) resonance 
lines. Denoted are dielectron satellites result- 
ing from transitions in Na-like ions. 
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3MZr denotes two electrons with n=3). The 23131' shell 
consists of 237 doubly excited states, which are coupled to 
the l?2?2p6 ground state of a neon-like ion via Auger 
transitions, and to the five [ K L ] ~ S ~ / ~ , ~ P ~ / ~ , ~ P ~ / ~  nonau- 
toionization states via radiative transitions. [KL] denotes 
filled K- and L-shells. 

3. GENERAL DESCRIPTION OF THE SPECTRUM 

X-ray spectra analyzed in this work can be presented 
in the generalized form given in Fig. 1 together with energy 
level diagrams of Ne- and Na-like ions. Transitions to the 
g 2 p 6  'so ground state of a Ne-like ion form seven intense 
series whose head lines corresponding to transitions from 
states with n = 3 are given in the figure: 3A ( ' ~ ~ - 2 ~ 2 ~ ~ 3 ~  
I PI),  3B ( ' ~ ~ - 2 ~ 2 ~ ~ 3 ~  3 ~ 1 ) ,  3C ( ' ~ ~ - 2 ? 2 p ~ 3 d  ), 3D 

3 ( ' ~ ~ - p 2 p ~ 3 d  3 ~ 1 ) ,  3E ( '~~-2s2p~3d  P ,  3F 
('so-2?2p53s 3 ~ 1 ) ,  and 3G ('So-2?2p53s 'PI). Less in- 
tense lines of a Ne-like ion, for instance, magnetic quadru- 
pole transitions ( ' ~ ~ - 2 ? 2 p ~ n s  3 ~ 2 ) ,  are not shown in the 
figure. The line 3E is blended with intense p-d satellites 

belonging to a Na-like ion, and as will be shown below, 
earlier measurements of the wavelength of the 3E line are 
largely doubtful. For the purposes of the present work, it is 
important that a group of resonance lines of a Ne-like ion 
is distributed over the whole spectral range considered, 
allowing for the reliable interpolation of wavelengths. For 
the reason given above, the 3E line was not used as a 
reference. 

The spectrum of a F-like ion has a significantly more 
complicated structure: 34 allowed electric dipole transi- 
tions of the 2p5-2p43d type mainly between the lines 3B 
and 3C, and 14 transitions of the 2p5-2p43s type between 
the lines 3D and 3F. The shortest-wavelength 2p5-2p43d 
lines partially overlap long-wavelength lines of the 
2p4-2p33d spectral group of an 0-like ion. 2s-3p transitions 
of an F-like ion also lie in the same range. Another group 
of lines of 0-like ions corresponding to 2p4-2p33p transi- 
tions lies in the vicinity of the 3C and 3D lines, which 
overlap most strongly with 2 p 3 d  transitions of the Na-like 
satellites studied in this work. It is important to note that 
experimental spectra (see Fig. 2) are indicative of a con- 
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FIG. 3. Calculated spectra of dielectron satel- 
lites of 2p3d resonance lines of neon-like ions 
of yttrium, zirconium, niobium, and molybde- 
num. S~ectra  formed when autoionization 
states of Na-like ion are populated only by di- 
electron capture and by inner-shell excitation 

S 3 D via electron impact are shown by the dashed 
lines and the solid lines, respectively. The po- 
sitions of the resonance lines of Ne-like ions 

NbXXXII are shown by vertical dashes. 

r 
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siderable decrease in the relative intensities of lines of 
F-like and 0-like ions as compared to the spectra of lighter 
elements (see Refs. 13-15) recorded with the same laser 
pulse parameters. 

4. CONSTRUCTION OF A MODEL SPECTRUM. COMPARISON 
WITH EXPERIMENT 

The electron density of laser-produced plasmas was in 
this work of order N,- 1 0 ~ ~ - 1 0 ~ '  cmv3. On the one hand, 
the 2.?2p63s, 2.?2p63p, and 2.?2p63d states of a Na-like ion 
are collisionally mixed at such densities. On the other, the 
kinetics of its doubly excited states corresponds to the 
coronal model, which makes it possible to include the pop- 
ulation of autoionization levels due to only two types of 
processes: dielectron capture and direct excitation of 
2.?2p631 levels via electron impact: 

Under the conditions indicated, the intensity Iik of the 

doubly excited level i (one of the 237 levels 2131'31") to the 
level k (one of the five levels 222p631) can be represented 
as a sum of two terms, 

where r i ,  ( u v ) ~ ,  and ( ~ a ) ~ "  are the autoionization rate, 
the dielectron capture rate, and the electron impact exci- 
tation rate; N(Ne) and N(Na) are the concentrations of 
Ne- and Na-like ions, Aij  is the probability of radiative 
transition i - j ,  and Z,Ai j=Ai  is the total probability of 
radiative decay from the state i. 

Model spectra of Na-like ions Y XXIX, Zr XXX, Nb 
XXXI, and Mo XXXII in the vicinity of the 3C (2p6 
'so-2p53d 'PI), 3D (2p6 'so-2p53d 3 ~ 1 ) ,  and 3E (2p6 
'so-2p53d 3 ~ 1 )  resonance lines are presented in Fig. 3. The 

dielectron satellite corresponding to the transition from the dashed lines show the spectra obtained in the limiting case 
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FIG. 4. Densitograms of portions of experi- 
mental spectra of Ne-like ions (solid curves) 
together with results of numerical simulation 
(dashed curves) of spectra of dielectron satel- 
lites. The labeling of the lines is explained in 
the table. 

of autoionization level population only through dielectron 
capture. The spectrum presented by the solid curves cor- 
responds to the opposite case, in which excitation of the 
inner shell of a Na-like ion via electron impact is the only 
channel of satellite excitation. In both cases, the spectral 
transition profiles were assumed Gaussian. The positions of 
the resonance lines of Ne-like ions are denoted by the ver- 
tical lines in Fig. 3. 

It is seen from Fig. 3 that the satellite spectra of the 
four elements in question are highly similar, so it is possible 
to introduce common letter designators. These appear in 
Fig. 3, and they will be used below in the table of wave- 
lengths. For each of the elements, the shapes of envelopes 
shown by solid and dashed lines in Fig. 3 are so different 
that even the number of peaks changes when passing from 
one regime to another. The peaks c, g, p, v,  and x result 
mainly from dielectron capture, the peaks f, h, and w are 
mainly due to excitation from sodium-like ions. However, 
it is important to note that most of the peaks are combi- 
nations of several lines, and separating the peaks into 
"preferentially dielectron" and "excited by electron impact 
only" appears to be highly arbitrary. 

In the simulation of experimental spectra, the electron 
temperature was arbitrarily fixed at ~ , = 2  [eV] ( z  is the 
spectroscopic symbol of an ion), and the concentration 
ratio of Ne- and Na-like ions was selected in each case to 
yield the best agreement between experimental and model 
spectra. This ratio was in the range N(Ne)/N(Na) = 1- 
1.5 for all four elements. 

The results of modeling the envelope of dielectron sat- 

ellites are presented in Fig. 4 (dashed curves) along with 
the corresponding portions of the experimental spectra 
(solid curves). Comparison of the theoretical and the ex- 
perimental envelopes shows that the correspondence be- 
tween theory and experiment is mostly very good. The 
results of a comparison of the measured and the calculated 
wavelengths for the four elements are given in the table, 
together with the spectroscopic notation for the most in- 
tense components of each of the satellite peaks, and the 
calculated values of the probabilities of radiative decay and 
autoionization. The intensity factors Qd of transitions i+ j 
included in the table are defined in the traditional way: 

where gi is the statistical weight of the autoionization level. 
More complete information on all of the the satellite tran- 
sitions included can be obtained from the tables of Ref. 16, 
where calculated results are available for yttrium and mo- 
lybdenum ions. 

Let us discuss in more detail the correlation between 
the wavelengths and the intensities of satellite peaks ob- 
tained theoretically and experimentally. 

For all four elements, the a peak is inside the 3C line 
and contributes additionally to its intensity. The b peak 
corresponds to within 1 mA to our calculations in all four 
cases: A,,,--A,,,= 1 mA. The visual intensity of the peak 
exceeds the calculated results several-fold, but the peak 
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itself is clearly located on a pedestal formed by the long- and its shape can be used to assess the validity of modeling 
wavelength wing of the 3C line. the line-broadening magnitude. The discrepancy between 

The peak c is most clearly separated from other lines, the experimental and the theoretical wavelengths is less 

TABLE I. Experimental and theoretical wavelengths, calculated radiative probabilities A, probabilities of 
dielectron capture T, and intensity factors Qd for satellites of resonance lines of Ne-like ions. Note. In 
labeling the upper autoionization level, the symbols a or b denote holes in the inner shell: a=2?2p:/22p:/2, 
6=d2p l , 22p~ / , .  Single-electron states of the outer shell represented in the form 31* or 31- denote 
j= l+  1/2 for 31* and I -  1/2 for 31-, i.e., s* = 3sIl2, 3p=3pIl2, 3d=3d3,2, 3d* = 3d535/2. [KL]  denotes 
filled K and L shells. 1.35+ 14 denotes 1.35. 1014. In addition to the characteristics of satellite lines, data 
for the resonance lines 3C, 3 D ,  and 3E of Ne-like ions are presented in the table. The wavelengths A,,, 
were experimentally measured in this work, except those denoted by + and +. The wavelengths of the lines 
3C and 3D of Ne-like ions denoted by * were measured in Ref. 18 and were used in this work as references. 
The wavelength of the 3 D  line of Y from Ref. 16 was also used as a reference (denoted by +). The 
wavelengths of the 3E lines of Ne-like ions denoted by ** were measured in this work and were not used 
as references. 
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than 1 mA in all four cases, so we have in the table 
Atheor=Aexp. 

The trident fgh is the most prominent element of the 
spectrum; it was recorded earlier in the form of a single 
amorphous spectrum element. The difference between A,,, 
and Atheor reaches 1.5 mA; the experimental "trident," as in 
the model, has the largest intensity within the satellite 
structure. 

The i peak in the model spectrum is present for Y and 
Zr ions. For Nb and Mo ions, it merges with the fgh 
trident, but for Nb ion the right part of the profile is dis- 
tinct enough nevertheless, and il can be measured. The 
experimental spectra correspond to the model predictions. 

The j peak, like the c peak, is well separated. Their 
intensities are close to each other in the model calculations 
as well as in the experimental spectra. 

A very strange situation occurs for the peaks k, 1, and 
m. The experimental spectra have bright lines located near 
the suggested peaks k and m, but their wavelengths some- 
times differ from the theoretical ones by 3 mA (there is no 
such significant deviation for other peaks), and their inten- 
sities for yttrium differ from the theoretical ones more than 
by a factor of two. For the three remaining elements, the 
intensities do not differ so strongly, but the 1 peak is indis- 
cernible in the experimental spectrum. 

The p peak is reliably recorded for all the four ele- 
ments. This is the first of the satellite lines considered - 
whose upper level contains a hole 2p312 (see Table I).  The 
experimental and theoretical wavelengths of thep peak and 
all remaining peaks of this group (from q to w )  coincide 
with the same accuracy, 1 mA, as for the satellites consid- - 
ered with a hole in 2p312. 

The peaks q, r, s, t, u, v, and w  (merged with x )  exhibit 
good agreement between Atheor and A,,, . For almost all the 
peaks, the wavelength difference does not even reach 1 mA. 
The intensities of this group of lines correspond better to 
the model calculations as well. For the niobium ion, the 
model shape of the t and u peaks depends strongly on the 
excitation regime (see Fig. 3). This special feature is re- 
flected in the experimental spectrum: the spectrum inte- 
grated over time and space has a resulting envelope with no 
dip between the peaks t and u. 

The peaks w  and x were not recorded separately for 
any of the elements in view of the integrated nature of the 
spectra. But the width of the total experimental profile in 
yttrium probably reflects the superposition of two shifted 
profiles. 

For the peaks y and z, possible prototypes in the ex- 
perimental spectrum can be suggested, but the large num- 
ber of extraneous lines in this spectral range precludes any 
definitive conclusions. For this reason, only peaks for yt- 
trium ions are shown in Figs. 3 and 4. The wavelengths 
Atheor of these peaks and of the assumed prototypes 
differ no more than by 2 mA. Two more spikes are seen to 
the right of the z peak in both model and experimental 
spectra. Their wavelengths also correspond to the theoret- 
ical calculations within acceptable limits. However, the ex- 
perimental intensities of the spikes y, z, and the subsequent 
ones exceed those predicted theoretically by too much to 

consider the identification to be conclusive. These spikes 
are not indicated in the figures for the remaining three 
elements, although the situation here is analogous to that 
illustrated by the example of yttrium. 

The identification of the 3E (2p6 ' ~ ~ - 2 ~ ~ 3 d  3 ~ 1 )  lines 
for all four elements may be considered an important result 
of this work. As seen from the experimental spectra of Fig. 
4, the 3E line is well isolated. In our work (Ref. 13), the 
selenium 3E line was blended by a very intense x satellite. 
In this case, a satellite profile is apparently contained 
within the 3E line for all four elements, from yttrium to 
molybdenum. But the intensity of this satellite is low, ac- 
cording to the calculations. The wavelengths of the 3E 
lines coincide with the calculated one to better than 2 mA. 

In summary, note that the distinctions between the 
experimental and theoretical values of the wavelengths do 
not exceed 2 mA for any of the lines investigated (except 
k,l,m). Most often, it is only 1 mA, and we have system- 
atically Aexp<Atheor. 

5. DEPENDENCE OF SATELLITE LINE RELATIVE 
INTENSITY ON PLASMA PARAMETERS 

Satellites of multiply charged ion resonance lines are 
known to be reliable "thermometers." The satellite inten- 
sity normalized to the intensity of the corresponding reso- 
nance line varies substantially with temperature, and de- 
pends weakly on density. It should be remembered, 
however, that the intensities of the resonance lines them- 
selves are not described by coronal approximation formu- 
las, and the intensity ratio of the satellite and the resonance 
line is naturally dependent on N,. Moreover, the recombi- 
nation channel of populating the upper levels of the reso- 
nance lines from the states of fluorine-like ions cannot be 
forgotten either, because the temperature of plasma with a 
significant fraction of Ne- and Na-like ions cannot be very 
high. On the whole, the problem of measuring T, using the 
satellite lines of Na-like ions is quite analogous to that of 
measuring T, using satellites and resonance lines of 
K-spectra. At present, a detailed estimate of autoionization 
level excitation rate is needed for a reliable application of 
this method. 

Assuming all the assumptions made in the process of 
constructing the model spectrum to be valid, we have a 
trivial dependence ( 1) of the intensity I on the electron 
density N,. It is important to emphasize that relation ( 1 ) 
itself expresses a typical feature of dielectron satellites: the 
number of dielectron recombination events per unit time 
and unit volume is proportional to the electron density (in 
contrast to three-particle recombination, which is propor- 
tional to N: and plays a dominant role in populating the 
excited states at high densities). It is this fact, resulting in 
identical dependencies of both items in ( 1 ) on N,, that 
makes it possible to think of satellites as promising spectral 
lines from the standpoint of plasma charge composition 
diagnostics. 

In our case, of particular importance is the fact that 
the model spectra obtained for the alternative limiting 
cases of populating only from a Ne-like ion and only from 
a Na-like ion have comparable intensities (see Fig. 3) at 
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FIG. 5. Envelopes of the satellite structure of 
the 3C,3D,3e resonance lines (the lines them- 
selves are not presented) of Y XXX ion at 

A 

A : / { M ~  
.=900 eV and cligerent ratios f of Ne-like 
and Na-like ion concentrations: 

temperatures typical of plasma sources in which ions of 
these multiplicities are formed. Such close intensities in 
combination with radical distinctions of the shapes of lim- 
iting envelopes mean that we have an extremely convenient 
and reliable method for determining the concentration ra- 
tio of Ne- and Na-like ions. 

Examples of theoretical envelopes of the satellite struc- 
ture at a temperature T,=Z [eV] and different values of 
f =N(Ne)/N(Na) are given in Fig. 5. Typical features of 
the envelope appearance changing drastically in structure 
with the parameter N(Ne)/N(Na) (particularly for the 
fgh and uvw groups) allow one to hope that the sensitivity 
of this method for measuring relative concentrations will 
be high. Naturally, the utilization of potential advantages 
of this method for studying spacetime evolution of the 
ionization is possible only if spectral resolution is adequate. 
If the spectrum of the structure is not resolved or is 
blended with the lines of other ions, one should use the 
relative intensities of isolated satellites, for instance the c, 
p, and s lines. 

Let us examine the dependence of the relative intensi- 
ties on T ,  and f. Using expression ( I), we can write the 
ratio of the intensities of two satellite lines II and I2 in the 
form 

where Di and Ei are the components of the total intensity 
resulting from dielectron capture from a Ne-ion and exci- 
tation from a Na-like ion, respectively. Selecting a version 
of a satellite pair with opposite dominant population mech- 
anisms (Dl %El but D2 (E2), we have 

i.e. the most direct measurement of the concentration ratio 
f becomes possible. Unfortunately, the ratio D1/El inevi- 
tably depends on temperature in this case because the en- 
ergy of electron impact excitation considerably exceeds the 
energy of dielectron capture. However, the presence of sev- 

eral independent intensity ratios makes it possible in prin- 
ciple to reconstruct information on physical parameters of 
plasma in an arbitrary nonstationary ionization state. 

6. CONCLUSION . 

Thus, we have thus demonstrated in the present paper, 
using several elements from yttrium to molybdenum as an 
example, that intense structures recorded regularly in the 
spectra of various plasma sources near the resonance lines 
of Ne-like ions [i.e., 3C ('sr@2$3d 'P , )  and 3D 
( ' ~ ~ - 2 ? 2 ~ ~ 3 d  D])] are formed by a combination of di- 
electron satellite lines resulting from transitions in Na-like 
ions. For the four ions studied, the experimental spectra 
within these satellite structures do not require additional 
assumptions on the presence of intense lines of ions belong- 
ing to other isoelectronic sequences for their interpretation. 
All intense isolated elements of the experimental spectra 
are satisfactorily described by theoretical model envelopes. 
In the spectral range investigated, the long-wave length of 
the resonance lines 3C and 3D, containing several well 
defined spikes, and the spectral regions lying to the right of 
the 3E lines and probably including the lines of Mg- and 
Al-like ions are not yet described. Moreover, the identifi- 
cation of the least intense satellites k, I, and m cannot be 
considered conclusive, although there are no obvious ob- 
jections to the identification proposed. The remaining sat- 
ellite peaks studied may be thought of as reliably identified. 

Stating the fact that identification of satellite spectra of 
Na-like ions in the vicinity of Ne-like ions is performed for 
the first time in this work, we may conclude that the the- 
oretical calculations for the corresponding ionic structures 
are reliable. The maximum disagreement between the the- 
oretical and the experimental wavelengths is essentially al- 
ways less than 2 mA, and for the overwhelming majority of 
the lines studied this disagreement does not exceed 1 mA. 

The measurement of wavelengths of the satellite lines 
to high accuracy, good agreement between the model and 
the experimental spectra, and high sensitivity of the spec- 
trum structure to the plasma parameter variations testify 
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that the utilization of radiation spectrum of Na-like ions 
for the high-temperature plasma diagnostics is promising. 
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