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STARK BROADENING PARAMETERS PREDICTIONS
FROM REGULARITIES : HIGHER MEMBERS OF
SEVERAL Li I AND Rb I SPECTRAL SERIES

J. PURIC, V. MILOSAVLJEVIC and M. CUK
Faculty of Physics, University of Belgrade, P. O. Boz 368, 11001 Belgrade, Yugoslavia

Abstract. Stark width and shift dependencies on the upper leve: ionization potential
within several Li I and Rb I spectral series have been found and discussed. After being well
established using existing theoretical calculations the dependencies have been used to predict
additional Stark broadening and shift data for several higher numbers of the investigated
spectral series.

1. INTRODUCTION

A comprehensive set of Stark broadening data of Li I and Rb I spectral lines (Dimitri-
jevié and Sahal-Bréchot, 1991; Dimitrijevi¢ and Sahal-Bréchot, 1994) has been used
here to demonstrate the existence of Stark widths and shifts data regularities within
several Li I and Rb I spectral series. Namely, Stark parameters dependences on the
upper level ionization potential of particular line within following spectral series :
Lil: 2s-np, 2p-ns, 2p - nd, 3s - np, 3p - ns, 3p - nd, 3d - np, 4s - np and 4p - ns;
and RbI: 4d - np, 5s - np, 5p - ns and 6s - np
have been found and discussed.

Different kinds of regularities within Stark parameters of a given spectrum can
be explained on the basis of their dependence on the upper level ionization potential

(Purié et al., 1991; Purié et al., 1993; Puri¢, 1993). A general form of that dependence
is

w,d=Ax"? (1)

where w and d are the line width and shift in angular frequency units, respectively. x
is the corresponding upper level ionization potential expressed in eV. Coefficients A
and b depend on temperature and electron density but are independent of x.

2. RESULTS AND DISCUSSION

It has been verified that the Eq.(1) is appropriate not only for the electron-impact
width and shift but, also, for proton-, ionized helium- and ionized argon-impact pa-
rameters for the investigated ion spectral series. As examples in Fig. 1. are given :
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Fig. 1. a)

a) electron-impact width (w.) of Rb I 4d - np and b) electron-impact width (w.) of Li
I 2s - np spectral lines as the functions of the inverse value of the upper level ionization
potential x. By a comparison of the regularities found here and those presented else-
where (Figures 1 - 7) (Dimitrijevi¢ and Sahal-Bréchot, 1992) one can conclude that
the method used here differs in the choice of the variable conveying atomic structure
information. Prior work (Dimitrijevi¢ and Sahal-Bréchot, 1992) was based on the hy-
drogenic model. Consequently, it used integer principal quantum numbers instead of
the upper level ionization potential. Although both parameters take into account the
density of states perturbing the emitting state, the advantages oi the present method
are : (i) x— based trend analyses achieve better fits; (ii) x values of the lowering of
the ionization potential (Inglis and Teller, 1939) are taken into account, predicting
merging with continuum when the plasma environment causes a line’s upper state

1

16




STARK BROADENING PARAMETERS PREDICTIONS FROM REGULARITIES...

“

10° LS

: ==

: P ]
’;; 2 ://Z/t/
~~
g 7
)
'g ; /y/’
g Yz 44
s e e
S * Z

: P8 Al V.

M /?// .

10“% ,e’/
$ =
4
2 3 L) -] (3 7 s 9 2 3 4
1
1/X (1/eV)
Fig. 1. b)

ionization potential to approach zero; and (iii) the x dependence of w and d is theoret-
ically expected (Purié et al., 1991; Purié et al., 1993; Purié, 1993). Using the existing
Stark parameters data for the investigated lines from Rb I spectral series the corre-
sponding coefficients A and b from Eq. (1) are found. The corresponding correlation’s
factors were almost equal to unity. Therefore, the Eq. (1) can be used to calculate
Stark parameters of the higher members of the spectral series not calculate so far.
The results obtained by the above described procedure are given in Table 1a and b.
All data are normalized at an electron density N, equal 1 x 1023m —3.

3. CONCLUSION

Stark parameters dependence on the upper level ionization potential, after being well
established within particular series can be used for prediction of these parameters for
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the members where not available so far. The electron-, proton- znd ionized helium-,
and ionized argon-impact widths and shifts predicted by intraseries regressions anal-
yses are of the same accuracy as the results used in the course of the calculation of
coefficients A and b that are used in Eq.(1) to generate widths and shifts for higher
series members. This method is computationally simple, involving each line’ s upper
level ionization potential and one multiplicative and one exponential fitting param-
eter per spectral series and emitter temperature and electron density. Such method
is conductive to the method’ s incorporation into mathematical simulations of stellar
atmosphere opacities.
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