Mem. S.A.It. Vol. 7, 213 © SAIt 2005

Memorie della Supplementi

Electron impact broadening of multicharged neon spectral lines

H. Elabidi^1, N. Ben Nessib^1, and M. S. Dimitrijević^2

1 Groupe de recherche en Physique Atomique et Astrophysique, Faculté des Sciences de Bizerte, 7021 Zarzouna, Bizerte, Tunisia.

2 Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia.

e-mail: mdimitrijevic@aob.bg.ac.yu

Abstract. In this work, we present an amelioration of the Dimirijević 84 formula of electron collisional Stark line widths based on modification of the semi empirical approach using collision strength values between initial, final and their perturbing levels. We have applied this method for calculation of Stark widths of some lines of neon. The obtained results were compared with experimental and other theoretical results.

Key words. Stark broadening- plasma spectroscopy- collision strengths

1. Introduction

Stellar and laboratory plasma diagnostic, atomic abundances, opacity calculations, all have led to a need for knowledge about Stark broadening of multicharged ion spectral lines. For the calculations of the Stark broadening parameters, sophisticated quantum-mechanical and semiclassical methods (Griem 1974) exist, but they often require a considerable labor even for the evaluation of a single line width. Moreover, when quick estimate is needed, the approximate approaches may be very useful.

One such approximate method is the modified (Dimitrijević & Konjević 1980; 1981) semi-empirical (Griem 1968) formula suitable for singly as well as for multiply charged ion lines. In this work, we use electron impact excitation collision strengths instead of the semiempirical Gaunt factor used by Dimitrijević & Konjević (1980), (1981), these

Send offprint requests to: M. S. Dimitrijević collision strengths are obtained in the distorted wave approximation in LS coupling schema. They are of higher accuracy than semiempirical Gaunt factor.

2. Theory

In the modified semiempirical method, the full Stark width W of an ionic line can be calculated from the following expression (Dimitrijević & Konjević 1980; 1981):

W = N 8π 3 ℏ^2 m^2 ( 2m πKT ) 1_2 π √ 3 [ R^2_{li,li+1}~g ( E ΔE_{li,li+1} )

+R^2_{li,li−1}~g ( E ΔE_{li,li−1} ) + R^2_{l f ,l f +1}~g ( E ΔE_{l f ,l f +1} )

+R^2_{l f ,l f −1}~g ( E ΔE_{l f ,l f −1} )

+ ∑ i^′ ( R^2_{ii}′ ) Δn�0 g

3kT n^3_i 4z^2E_H

+ ∑ f^′ ( R^2_{f f} ′ ) Δn�0 g

3kT n^3_f

4z^2E_H (1) In this expression, E ≈ 3kT/2 is the energy of the perturbing electrons, ΔE_{j j}′ = | |E_j′ − E_j | | is the energy difference between the initial ( j = i) or final ( j = f ) levels, and their perturbing levels ( j^′ = i^′, f^′), n is the effective principal quantum number, z is the charge ”seen” by the optical electron (z = 2 for singly-, 3 for doubly-charged ions etc...) and E_H is the ionization energy of hydrogen. The semiempirical procedure for the calculation of electron impact widths accounts explicitly for interactions from ”weak” collisions only (Griem 1974). It is assumed (Griem 1968) that the contribution of elastic collisions can be neglected for higher energies.

In Eq. (1), all perturbing levels with Δn � 0 are lumped together and the corresponding nearest perturbing level is estimated from ΔE_{n,n+1} ≈ 2z^2E_H /n^3. The effective Gaunt factors ~g(x) for the transitions with Δn = 0 (Dimitrijević & Konjević 1980) is taken as

~g(x) = 0.7 − 1.1 z + g(x) (2)

At high temperatures, say (x ≥50), all Gaunt factors are calculated in accordance with the GBKO high temperature limit (Griem et al. 1962)

~g_{j j}′ = g_{j j}′ = √ 3 π [ 1 2 + ln ( 2zkT n^2ΔE_{j j}′ )] (3) and R^2_{l,l}′ ≃ ( 3n 2z )_2 max(l, l^′) 2l + 1 [ n^2 − max^2(l, l^′) ] ϕ^2 (4)

where, the symbol ϕ represents the Bates and Damgaard ( 1949) factor, tabulated by Oertel and Shomo ( 1968), and ∑ j^′ ( R^2_{j j}′ ) Δn�0 ≃ ( 3n_j 2z )_2 n_{2j} + 3l_{2j} + 3l_j + 11 9 (5) Using the relation between the Gaunt factor, the collision strength Ω and the line strength S : g = 3 √ 3 8π Ω_{j j}′ S_{j j}′ (6) and the relation:

S_{j j}′ = g_jR^2_{j j}′ (7)

where g_j is the statistical weight of the initial level j ( j can be equal to i or to f ). With Eqs. (6 and 7) we find that:

R^2_{j j}′ g = 3 √ 3 8π Ω_{j j}′ g_j

. (8)

Finally, the formula calculating full Stark width of ionic spectral lines in terms of the collision strengths for transitions with the same principal quantum number and in terms of Gaunt factors for transitions with Δn � 0 is:

W = N ( ℏ m )_2 ( 2mπ KT ) 1_2 1 g_i ∑ i^′

Ω_{ii}′ + 1 g_f ∑ f^′

Ω_{f f} ′

+ 8π 3 √ 3 ∑ i^′ ( R^2_{ii}′ ) Δn�0 g

3kT n^3_i 4z^2E_H + 8π 3 √ 3 ∑ f^′ ( R^2_{f f} ′ ) Δn�0 g

3kT n^3_f

4z^2E_H (9) In a previous paper (Dimitrijević 1984), the author used a particular case of expression (9) to calculate electron impact widths of the resonance lines 2s^{2 1}S − 2s2p^1 P^0 of Be-like ions (g_i = 1 and g_f = 3): 1 g_i ∑ i^′

Ω_{ii}′ + 1 g_f ∑ f^′

Ω_{f f} ′ = 4 3 Ω. (10)

The simplified formula employed in the work of Dimitrijević to evaluate the collision strength Ω, according to Younger ( 1980) for this transition is:

Ω = α_1 + α_2 2 + α_3 ln(x) (11)

α_1 =

0.0348 Z + 65.9 Z^2 − 174 Z^3

α_2 =

3.37 Z + 45.7 Z^2 − 115 Z^3

α_3 =

0.897 Z + 38.1 Z^2 − 58.6 Z^3

where x = E ΔE_{j j}′ and Z is the effective charge

of the ion (z = Z + 1).

In order to take elastic collisions and resonance effects into account, the collision strength is extrapolated below the threshold for corresponding inelastic process: Ω = α_1 + α_2 for 0 ≤ x ≤ 1.

Here, the collision strength is different from that of Dimitrijević (1984). We begin by the calculation of the atomic data, the wavefunctions, the energy levels, the wavelengths....using the SUPERSTRUCTURE code (Eissner et al. 1974). First, this program determines a set of non relativistic wavefunctions by diagonalisation of the non-relativistic Hamiltonian using orbitals calculated in a scaled potential V_{λl} (r); the scaling parameters λ_l being obtained by a self consistent energy minimization procedure. In the second step, the program diagonalises the relativistic Breit-Pauli Hamiltonian, and the multiconfigurational wave functions obtained, contain both the correction and relativistic effects (spinorbit, mass, Darwin and one-body).

The collision strengths Ω in Eq. (9) are calculated using the distorted wave program DISWAV (Eissner 1998). It is a non relativistic code which calculates the transition matrix T elements in LS coupling and so the collision strengths in this coupling.

Collision strengths used here were calculated in this work, however our objective is to demonstrate how collision strengths existing in literature, which are of higher accuracy than semiempirical Gaunt factors, might be used to increase the accuracy of the modified semiempirical approach. We note also that we take into account the elastic collision contribution to the width implicitly, by calculating the collision strengths at the threshold energy and extrapolating them below the threshold as in Dimitrijević & Konjević (1980) and Griem (1968). It has been shown that the elastic contribution to the line width becomes less important with the increase in temperature (Ralchenko et al. 1999).

3. Result and discussion

We present in the Table (1) our theoretical width, experimental (Wrubel et al. 1996; 1998) and other theoretical (Griem (1974),

Dimitrijević & Konjević (1980), Seaton (1988), Ralchenko et al. (1999)) Stark widths of the investigated 2s3s − 2s3p transitions of berylliumlike neon (Ne VII). The average of W_{exp}/W between our theoretical calculations and the experimental ones for the two transitions is 1.58, while, this average is about 1.74 for Dimitrijević & Konjević (1980).

In the same Table (1) are presented our theoretical, experimental (Glenzer et al. 1992) and other theoretical (Griem (1974), Dimitrijević & Konjević (1980), Seaton (1988), Dimitrijević & Sahal-Bréchot (1993b), (1994b), Ralchenko et al. (2003)) results for 3s − 3p transition of lithiumlike neon (Ne VIII). The average of W_{exp}/W between our theoretical calculations and the experimental ones for the three temperatures is about 2.08. For Dimitrijević & Konjević (1980) this average is about 2.31. We can see that our results are closer to the experimental ones than those of Dimitrijević & Konjević (1980), so on the basis of presented analysis, we can suggest that the presented method can be used for Stark line width calculations. It is demonstrated here, how one can include in the modified semiempirical method (Dimitrijević & Konjević 1980) the data on collision strengths available in the literature, which are of higher accuracy than semiempirical Gaunt factors. In such a way one may obtain results with better accuracy.

Acknowledgements. This work is a part of the project ”Influence of collisional processes on astrophysical plasma lineshapes (GA 1195)”, supported by the Ministry of Science and Environment protection of Serbia. Part of this work has been supported by the Ministry of Scientific Research and Technology in Tunisia under the project (LMA, FSB, 2001- 2004). Authors are grateful to Marguerite Cornille and Jacques Dubau from Meudon Observatory for supplying the collisional codes and for helpful discussions.

References

Bates, D. R., & Damgaard, A. 1949, Phil.Trans. Roy. Soc. London A, 242, 101 Dimitrijević, M. S. 1984, A&A, 131, 327

Table 1. Stark line width in Å for Ne VII and Ne VIII, the present calculations (W) and calculated widths evaluated by (Dimitrijević & Konjević 1980) (index DK), after (Griem 1974) (index G), (Seaton 1988) (index S), semi-classical calculations of (Dimitrijević & Sahal-Bréchot 1993b; 1994b) (index DSB), (Ralchenko et al. 1999, 2003) (index R) are compared with experimental widths (W_m) of (Wrubel et al. 1996; 1998; Glenzer et al. 1992; Hegazy et al. 2003).

Transition T (K) N_e(cm^{−3}) W

W_m W W_m W_{DK}

W_m W_G

W_m W_S

W_m W_{DS B}

W_m W_R

Ne VII 1.205E05 3.5E18 1.578 2s3s^1S − 2s3p^1 P^∘ 2.205E05 3.5E18 1.167 1.51 1.57 1.28 - - 1.70 λ = 3643.6Å 3.205E05 3.5E18 0.967

Ne VII 1.380E+5 3.0E18 0.361 2s3s^3S − 2s3p^3 P^∘ 2.380E05 3.0E18 0.275 1.64 1.91 1.53 - - 1.96 λ = 1981.97Å 3.380E05 3.0E18 0.231

Ne VIII 3.447E05 2.8E18 0.544 2.20 2.55 2.22 3.29 1.91 - 3s^2S − 3p^2 P^∘ 4.642E05 1.0E18 0.168 1.73 1.92 1.65 2.58 1.36 2.30 λ = 2820.7Å 4.932E05 3.2E18 0.520 2.31 2.45 2.07 3.47 1.67 -

Dimitrijević, M. S., & Konjević N. 1980, J.

Quant. Spectrosc. Radiat. Transfer, 24, 451 Dimitrijević, M. S., & Konjević N. 1981, in 5th

International Conference on Spectral Line Shapes, ed. B. Wende, de Gruyter, Berlin, New York, p. 211 Dimitrijević, M. S., & Sahal-Bréchot, S.

1993b, Bull. Astron. Belgrade, 148, 29 Dimitrijević, M. S., & Sahal-Bréchot, S.

1994b, A&AS, 107, 349 Eissner, W. 1998, Comput. Phys. Comm, 114, 295 Eissner, W., Jones, M., & Nussbaumer, H.

1974, Comput. Phys. Comm, 8, 270 Glenzer, S., Uzelac, N. I., & Kunze, H. J. 1992,

Phys. Rev A, 49, 8795 Griem, H. R. 1968, Phys. Rev,165, 258

Griem, H. R. 1974, Spectral Line Broadening by Plasmas, Academic Press Inc., New York (USA) and London(UK) Griem, H. R. et al. 1962, Phys. Rev, 125, 1977 Hegazy, H. et al. 2003, J. Quant. Spectrosc.

Radiat. Transfer, 81, 221 Oertel, G. K., & Shomo, L. P. 1968, ApJ, 136, 906 Ralchenko, Yu. et al. 1999, Phys. Rev A, 59, 1890 Ralchenko, Yu. V., Griem, H. R., & Bray, I.

2003, J. Quant. Spectrosc. Radiat. Transfer, 81, 371 Seaton, M. J. 1988, J. Phys. B, 21, 3033 Wrubel, Th. et al. 1996, A&A, 306, 1023 Wrubel, Th. et al. 1998, Phys. Rev E, 57, 5972 Younger, S. M. 1980, J. Quant. Spectrosc.

Radiat. Transfer, 23, 489