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Abstract

Stark width and shift regularities of the multiply charged 1on spectral lines
have been studied

The emphasis is on the Stark width and shift dependences on the upper level
ionization potential and the rest core charge of the emitters

The found regularities can be used for Stark widths and shifts predictions for
the lines of multiply charged ions where not existing so far

The accuracy of the obtained width and shift values are of the same order as
the accuracies of the used data in the procedure of establishing regularities
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Introduction

m In the last thirty five years Stark parameters of over thousand neutral and ion
spectral lines up to fifteenth stage of the ionization of about fifty elements from
Periodic table have been determined experimentally or theoretically calculated

m Stark parameters dependence on the upper level ionization potential has been
theoretically evaluated and experimentally demonstrated and proved using the
Stark parameters database available from NIST

m The present approach differs from earlier Stark broadening trend analyses
primarily in the choice of the variable conveying atomic structure information;
Stark parameters dependence on the upper level ionization potential is theoretical
expected
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Energy diagram and notation



In establishing the expected dependences the existing
theoretical and experimental data were used:

m Theoretical data are taken from H. R. Griem, Spectral Line Broadening by
Plasmas, New York Academic (1974) and Dimitrijevic at al. and many
other authors (see references)

= Experimental data are taken from review papers by N. Konjevi¢, M. S.
Dimitrijevi¢c and W. L. Wiese, J. Phys Chem. Ref. Data 13 (1984) 3, N.
Konjevic and W. L. Wiese, J. Phys Chem. Ref. Data 19 (1990) 6, N.
Konjevi¢, A. Lesage, J.R. Fuhr, W.L. Wiese, J. Phys. Chem. Ref. Data 31
(2002) 819



Different kinds of regularities have been found

Within spectra of particular emitter
multiplet

supermultiplet

spectral series

transition array

Within spectra of different emitters of the same stage of 1onization
= homologous sequences

m lines originating from the same transition of all elements along the
periodic table (resonance, off-resonances...)

Within similar spectra of the same element in several different stages of
lonization

® isonuclear sequences

= lines originating from the same transition array

Within similar spectra of the different elements and different ionization stages
m isoelectronic sequences
= transition arrays of different elements



Theory

" Stark width and shift dependence on the ionization potential was firstly derived by
J. Puri¢, I. Lakicevi¢ and V. Glavonji¢ Phys.Let. 76A (1980) 128, within semi
empirical approach (H. R. Griem, Phys.Rev. 165 (1968) 258)

According to Grime's semi classical approach Stark parameters are expressed in
terms of atomic matrix elements. These in turn, can be related to quantum
numbers as per equation (77) of Griem (1974):

S| =2
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m 2, 1s the Bohr radius
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]/2.

m | is total orbital quantum number

m S 1s the line strength - when LS coupling is assumed, S can be factored:

S =o(M)o(L)o*

m Where G(M ) and G(L) are tabulated (Allen 1963) multiplet and

intramultiplet relative line strengths

m O is the integral of the radial wave function for the transition



It is acceptable to model the jumping electron as being under the
influence of a screened central charge
In this Coulomb approximation (Bates & Daamgaard 1949):
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m /is the larger of azimuthal quantum numbers /, /;
N (p(n;_l,n;,l) is a tabulated correction factor (Oertel & Shomo 1968)

m 7% is the effective principle quantum number:
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M Ey and E, are the ionization potentials of hydrogen and the emitter

m [ 1s the state energy

m Zc is the rest core charge of the emitter, as seen by the electron undergoing
transition



® Two cases can be considered (J. Puri¢, M. H. Miler and
A. Lesage, Ap. J. 416 (1993) 825):

&7 ZCZEH

n, =
EOO

_Ee

=

ZIEy,

=1
Xi

Z EHZ(_ )

(£~ E,)

1=

Ly

i

m where the second version of equation is the Taylor expansion of 1/(E, - E,)

for y>E-E,
m knowing that
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m The explicit dependence of the transition integral on the

potential A and the rest core charge Z of the emitter is
obtained:
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® Usually a single term dominate the series in this equation



It has been shown that for ion lines Stark width and shift can
be expressed as:

= Nef(T)alZfl;[b1
d = Nef(T)azZC(?;(_b2

® g, b, and a, b,and ¢, are coetficients independent of
m temperature
m clectron density

m jonization potential

for particular transition



m Within the same stage of 1onization (Z_=const) of the
emitters the above equations become:

_b
w,d = Ao 7

m General form of this reduced dependence for widths in
the case of 1onized emitters in different ionization stages

(Z..Fconst):
W W/ch—ale(T);( ;[b

* it has been found that the coefficient ¢, 1s
constant approximately equal to 5.20



In the course of establishing regularities one has to use Stark parameters data
normalized to given electron density and temperature

Stark parameters dependence on the electron densities for nonhydrogenic lines
is linear

Temperature dependence for ion lines 1s of the form:

f(T)=A+BT "



Results and discussion
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m  Spectra of particular emitter
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B transition array
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Fig. 2. Reduced Stark HWHM w./T in rad K'?/sec vs the inverse values of the upper-level ionization
potentials 7 in eV for the 4p—4d transition array at an electron density of N = 1 x 10 m~3; (@) our data

and those of other authors; (O) Pittman and Konjevi¢;'? (A) experimental data of Behringer and Thoma;®

theoretical values of Griem' (+ ) and of Dimitrijevi¢ and Truong-Bach' (x).

S. Djenize at al. J.Quant. Spectrosc. Radiat. Transfer 42 (1989) 429-435




Spectra of different emitters in the same stage of ionization

n homologous sequences
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Fig. 2. Reduced Stark HWHM (Z w ]/’__7‘“) vs inverse value of the upper-level ionization potential
(I) for homologous sequences at N = 1 x 10?3 m—3 electron density: @, Ref. 13; O, Ref. 14;
A, Ref. 15; A, Ref. 16; —, The best fit.

Puric at al. Fizika 20 (1988) 485



lines originating from the same transition of all elements along the periodic table (resonance, oft-

resonances...)
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®m  Similar spectra of the same element in several different stages of ionization

® isonuclear sequences
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Fig. 1a and b. Reduced Stark HWHM (w T%/?/z%) vs inverse value of the upper-level ionization potential for 4s—4p transition array
for: (a) Sil, Sill, SilIll and SiIV; and (b) SI, SII, SIII and SIV at electron density 1x10**m™3: O, Puri¢ et al. [11]; v, Lesage
etal. [13]; &, Platifa etal. [12]; o, Bridges and Wiese [23]; ®, Platida et al. [14]; a, Miller [24]; +, Griem’s theory [20] and x,
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m  similar spectra of the different elements and different ionization stages

E isoelectronic sequences

a) Lithium — like isoelectonic sequence

b) Sodium — like isoelectonic sequence

Puric at al. Z. Phys. D — Atoms,
Molecules and Clusters 10 (1988) 431
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m  The most general case: all transitions of all elements in different stages of
1onization
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Fig.2.-Reduced Stark width W* (rad s-1) vs. inverse value of upper level ionization potential
v (eV) of the multiply charged ion of different elements along the periodic table

Puric and Scepanovic ApJ 521 (1999)353



a) Transition array 3s-3p
b) Transition array 3p-3d
c) Transition arrays 3s-3p and 3p-3d

Fig. 1. Reduced < Wi 7* (rad/s) versus inverse value of upper level ionization potential ¥ (eV) of the multiply
charged ion of different elements for 3 p transition array, square for experimental width, up triangle for calculated
width, line for trend (35-3 p) and dash line for general trend.

experimental (square)
theoretical (triangle) data;

general trend dashed line

M. Scepanovic and J. Puric J.Quant.
Spectrosc. Radiat. Transfer 78 (2003)
197-202

x-l

Fig. 2. Reduced Stark width W* (rad/s) versus inverse Fig. 3. Reduced Stark width W* (rad/s) versus inverse
value of upper level ionization potential ¥ (eV) of the value of upper level ionization potential 7 (eV) of the
multiply charged ion of different elements for 3 p-3d tran- multiply charged ion of different elements for 3s-3p and
sition array, square for experimental width, up triangle for 3p-3d transition array, square for experimental width, up
calculated width, line for trend (3 p-34) and dash line for triangle for calculated width and line for trend.

general trend.




Regularities within 3s-3p transition arrays of different elements in different ionization stages
(up to twelfth):

m  Theoretical data are taken from H.R. Griem, Spectral Line Broadening by Plasmas, New York
Academic (1974) and Dimitrijevi¢ at al. and many other authors
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Fig.1l. Reduced theoretical
Stark width w* (rad-s1) vs.
inverse value of the upper
level ionization potential y
(eV) of the multiply charged
lons of different elements
along the Periodic table
(Puric at al. to be published)
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Experimental data are taken from N. Konjevi¢, M. S. Dimitrijevi¢ and W. L. Wiese, J. Phys Chem.
Ref. Data 13 (1984) 3, N. Konjevi¢ and W. L. Wiese, J. Phys Chem. Ref. Data 19 (1990) 6, N.
Konjevic, A. Lesage, J.R. Fuhr, W.L. Wiese, J. Phys. Chem. Ref. Data 31 (2002) 819 (and references

therein)

Fig.2. Reduced experimental
Stark width w* (rad-s'1) vs.
inverse value of the upper
level ionization potential y
(eV) of the multiply charged
lons of different elements
along the Periodic table



m  Theoretical and experimental data
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Data presented in figures 1-3 are normalized to electron
density N_.=1017 cm-3 electron temperature T=100 000 K

Fig.3. Reduced
theoretical and
experimental Stark
width w* (rad-st) vs.
inverse value of the
upper level ionization
potential y (eV) of the
multiply charged ions of
different elements
along the Periodic table



The obtained equations can be used for predicting data where not available but
originating from the same type of transition

The accuracy of predicted data is comparable to the accuracies of the data used
in the procedure of the establishing regularities:
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Fig. 4 Relative errors of theoretical data fit
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Fig. 5 Relative errors of experimental data fit
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Fig. 6 Relative errors of theoretical and experimental data fit
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3s-3p transition array from different
ionization stages

a) Experimental (circles) and theoretical
(squares) Stark widths

b) Reduced Experimental (circles) and
theoretical (squares) Stark widths

Different ionization stages:

IT (black), I1I (red), IV (blue), V (green), VI
(magenta), VII (yellow), VIII (olive), IX
(purple), X (orange), XI (cyan) and XII
(pink)




Conclusions

m  Theoretically expected Stark parameters regularities within multiplet, supermultiplet,
spectral series, transition arrays, homologous, isonuclear and isoelectronic sequences,
same transition (e.g. resonance or off-resonance...) of atoms or ions of all elements
along Periodic table can be explained on the bases of Stark widths and shift dependences
of the upper level ionization potential and the rest core charge of the emitter

m  These dependences on the rest core charge of the emitter (seeing by the electron
undergoing transition) and the upper level ionization potential established using existing
experimental and theoretical data can be used for prediction of Stark widths and shifts
for the lines not calculated or measured so far

m  The accuracy of the obtained data is the same as the accuracies of the data used in the
procedure of establishing these dependences
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