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Abstract

:

Using the semi-classical perturbation approach in the impact approximation, full width at half maximum and shift have been determined for eight spectral lines of Ar VII, for broadening by electron-, proton-, and He III-impacts. The results are provided for temperatures from 20,000 K to 500,000 K, and for an electron density of    10 18    cm     − 3    . The obtained results will be included in the STARK-B database, which is also in the virtual atomic and molecular data center (VAMDC).
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1. Introduction


With the development of space astronomy and satellite-born spectroscopy, trace elements—which have been without importance for astrophysics—now become increasingly important, and the corresponding data of interest for the analysis of stellar spectra. For example, spectral lines of Ar VII have been observed in the spectrum of extremely hot and massive galactic O3 If supergiant HD 93129A [1]. Additionally, Werner et al. [2] have found Ar VII lines in some of the hottest known central stars of planetary nebulae, with the effective temperatures of 95,000–110,000 K, and in (pre-) white dwarfs by analyzing high-resolution spectra from the Far Ultraviolet Spectroscopic Explorer (FUSE). We note that Stark broadening is the principal pressure broadening mechanism in such hot stars, and without the corresponding Stark broadening data, reliable analysis and modelling of high-resolution spectra are not possible.



Concerning Stark broadening parameters for Ar VII spectral lines, there is only one article where Stark broadening parameters are provided for three transitions [3]. Here, full widths at half intensity maximum (FWHM) W and shifts d for eight additional transitions have been calculated by using semiclassical perturbation method (SCP, [4,5]) for collisions of Ar VII ions with electrons, protons, and He III ions, since hydrogen and helium are the main constituents of stellar atmospheres.




2. The Impact Semiclassical Perturbation Method


The semiclassical perturbation formalism (SCP) applied here for the calculations of Stark broadening parameters, full width at half intensity maximum (FWHM-W), and shift of spectral line (d) has been formulated in [4,5], and later updates, optimisations, and innovations are presented in Sahal-Bréchot [6], Sahal-Bréchot [7], Dimitrijević et al. [8], Dimitrijević and Sahal-Bréchot [9], and Sahal-Bréchot et al. [10]. Within the frame of this method, FWHM (W) and shift (d) may be expressed by the following relation:


     W   =    N ∫ v f  ( v )  d v   ∑   i ′  ≠ i    σ  i  i ′     ( v )  +  ∑   f ′  ≠ f    σ  f  f ′     ( v )  +  σ  e l         










     d   =    N ∫ v f  ( v )  d v  ∫   R 3    R D   2 π ρ d ρ sin  ( 2  φ p  )  .      



(1)







Here, N is electron density,    f ( υ )    the Maxwellian velocity distribution function for electrons,    ρ    is the impact parameter of the incoming electron, and with     i ′  ,  f ′     are denoted the perturbing levels of the initial (i) and final (f) state. The inelastic cross-section     σ  j  j ′     ( υ )    ,    j = i , f    is expressed as:


    ∑   i ′  ≠ i    σ  i  i ′     ( υ )  =  1 2  π  R  1  2  +  ∫   R 1    R D   2 π ρ d ρ  ∑   i ′  ≠ i    P  i  i ′     ( ρ , υ )  ,   



(2)




where     P  j  j ′     ( ρ , υ )  , j = i , f ;  j ′  =  i ′  ,  f ′     is the transition probability. The elastic cross-section is


       σ  e l   = 2 π  R  2  2  +  ∫   R 2    R D   2 π ρ d ρ  sin 2  δ +  σ r  ,      










   δ =   (  φ  p  2  +  φ  q  2  )   1 2   .   



(3)







The phase shift due to the polarization potential is     φ p     (   r  − 4    ), and due to the quadrupolar potential     φ q      (   r  − 3    ) (see Section 3 of Chapter 2 in Sahal-Bréchot [4]).    R 1   ,     R 2    ,     R 3    , and    R D    are cut-offs, defined and described in Section 1 of Chapter 3 in Sahal-Bréchot [5].    σ r    denotes the contribution of Feshbach resonances, explained in detail in [11].



A review of the theory, all approximations and details of applications is given in Sahal-Bréchot et al. [10].




3. Stark Broadening Parameter Calculations


By using Equations (1)–(3) we have calculated widths (FWHM) and shifts for eight transitions (triplets) in Ar VII spectrum. The necessary atomic energy levels have been taken from Saloman [12]. The oscillator strengths—needed for calculations—have been obtained by using the method of Bates and Damgaard [13] and the tables of Oertel and Shomo [14]. When there was no corresponding data in Oertel and Shomo [14] (for some higher levels), the needed oscillator strengths have been calculated using the method of Van Regemorter et al. [15].



In Table 1 are shown widths (FWHM) and shifts of Ar VII spectral lines broadened by electron-, proton-, and He III-impacts, for a perturber density of 10    18    cm     − 3     and for a set of temperatures from 20,000 K to 500,000 K. The temperature range is of interest for astrophysics, laboratory plasmas, fusion research, various plasmas in technology and laser-produced plasmas. If we want to use these data for higher perturber densities, the influence of Debye screening should be checked and taken into account if needed (e.g., [16]).



The accuracy of the semiclassical perturbation method is estimated by comparison with numerous experimental data for different elements and spectral lines, and is estimated to be 20–30% (see discussion in [10]). Since Ar VII is a member of the magnesium isoelectronic sequence with relatively simple spectrum, we suppose that the error of results shown in Table 1 is not much higher than 20%.



Since the wavelengths in Table 1 are calculated ones, they are different from experimental wavelengths. However, we notice that they are correct in angular frequency units, because in such a case, relative and not absolute positions of energy levels are important for calculations. For the transformation of the Stark widths from Å-units to angular frequency units, the following formula can be used:


   W  (  A ˚  )  =   λ 2   2 π c   W  (  s  − 1   )    



(4)




where c is the speed of light. For the correction of widths and/or shifts for the difference between calculated and experimental wavelength, one can use the expression:


    W  c o r   =     λ exp  λ   2  W .   



(5)







The corresponding expressions for the shifts are analogous to Equations (4) and (5). Here, W     c o r     denotes the corrected width, while    λ  e x p     is the experimental wavelength,   λ   the calculated wavelength, and W the width from Table 1.



Dividing the parameter C [17] from Table 1 by the corresponding full width at half maximum, one obtains the maximal perturber density for which the line may be treated as isolated.



The obtained Ar VII Stark broadening parameters shown in Table 1 will be implemented in the STARK-B database [18,19]. This database contains Stark widths and shifts needed first of all for the investigations, modelling, and diagnostics of the plasma of stellar atmospheres, but also for diagnostics of laboratory plasmas and investigation of laser produced, inertial fusion plasma, and for plasma technologies.



The STARK-B database is one of the databases included in the virtual atomic and molecular data center—VAMDC [20,21], created in order to enable more effective search and mining of atomic and molecular data which are in different databases. Databases with atomic and molecular data which are in VAMDC—including STARK-B—can be accessed and searched through the VAMDC portal: http://portal.vamdc.org/.




4. Conclusions


The semiclassical perturbation calculation of Stark broadening parameters, widths, and shifts for spectral lines broadened by collisions of Ar VII ions with electrons, protons, and doubly charged helium ions have been performed for eight multiplets of Ar VII. The obtained values of Stark broadening parameters will be implemented in the STARK-B database—one of the databases included in the virtual atomic and molecular data center (VAMDC). Since Stark broadening data for Ar VII spectral lines considered here do not exist in the literature, we hope that they will be of interest for the relevant problems in astrophysical, laboratory, laser-produced, inertial fusion, and technological plasmas.
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Table 1. Electron-, proton-, and doubly charged helium-impact broadening parameters for Ar VII spectral lines, for a perturber density of 10    18    cm     − 3     and temperatures from 20,000 to 500,000 K. The calculated wavelength of the transitions (in Å) and parameter C are also given. When divided by the corresponding Stark width, this parameter gives an estimate for the maximal perturber density for which the line may be treated as isolated. W    e   : electron-impact full width at half maximum of intensity;    d e   : electron-impact shift; W    p   : proton-impact full width at half maximum of intensity;    d p   : proton-impact shift; W     H  e  + +      : doubly charged helium ion-impact full width at half maximum of intensity;    d  H  e  + +      : doubly charged helium ion-impact shift.






Table 1. Electron-, proton-, and doubly charged helium-impact broadening parameters for Ar VII spectral lines, for a perturber density of 10    18    cm     − 3     and temperatures from 20,000 to 500,000 K. The calculated wavelength of the transitions (in Å) and parameter C are also given. When divided by the corresponding Stark width, this parameter gives an estimate for the maximal perturber density for which the line may be treated as isolated. W    e   : electron-impact full width at half maximum of intensity;    d e   : electron-impact shift; W    p   : proton-impact full width at half maximum of intensity;    d p   : proton-impact shift; W     H  e  + +      : doubly charged helium ion-impact full width at half maximum of intensity;    d  H  e  + +      : doubly charged helium ion-impact shift.















	Transition
	T(K)
	W     e     (Å)
	    d e     (Å)
	W      H +      (Å)
	    d  H +      (Å)
	W      He  + +       (Å)
	    d  He  + +       (Å)





	4s     3   S − 5p     3   P    o   
	20,000
	0.510E−01
	0.174E−03
	0.298E−03
	0.197E−04
	0.492E−03
	0.272E−04



	443.2 Å
	50,000
	0.328E−01
	0.217E−03
	0.898E−03
	0.636E−04
	0.173E−02
	0.117E−03



	C = 0.47E+20
	100,000
	0.243E−01
	0.158E−03
	0.148E−02
	0.129E−03
	0.291E−02
	0.249E−03



	
	200,000
	0.186E−01
	0.215E−03
	0.203E−02
	0.223E−03
	0.403E−02
	0.444E−03



	
	300,000
	0.162E−01
	0.211E−03
	0.220E−02
	0.275E−03
	0.439E−02
	0.550E−03



	
	500,000
	0.139E−01
	0.227E−03
	0.242E−02
	0.352E−03
	0.482E−02
	0.709E−03



	3p     3   P    o    − 4s     3   S
	20,000
	0.490E−02
	−0.779E−03
	0.744E−06
	0.135E−04
	0.129E−05
	0.186E−04



	250.4 Å
	50,000
	0.270E−02
	0.615E−04
	0.642E−05
	0.432E−04
	0.124E−04
	0.792E−04



	C = 0.32E+20
	100,000
	0.191E−02
	0.113E−03
	0.295E−04
	0.835E−04
	0.579E−04
	0.161E−03



	
	200,000
	0.142E−02
	0.131E−03
	0.819E−04
	0.133E−03
	0.163E−03
	0.265E−03



	
	300,000
	0.121E−02
	0.143E−03
	0.113E−03
	0.162E−03
	0.227E−03
	0.323E−03



	
	500,000
	0.101E−02
	0.136E−03
	0.173E−03
	0.196E−03
	0.347E−03
	0.396E−03



	3p     3   P    o    − 3d     3   D
	20,000
	0.911E−02
	−0.564E−03
	0.361E−05
	−0.107E−05
	0.598E−05
	−0.148E−05



	477.5 Å
	50,000
	0.585E−02
	−0.436E−04
	0.148E−04
	−0.348E−05
	0.282E−04
	−0.639E−05



	C = 0.48E+21
	100,000
	0.417E−02
	−0.288E−04
	0.396E−04
	−0.740E−05
	0.767E−04
	−0.143E−04



	
	200,000
	0.297E−02
	−0.165E−04
	0.900E−04
	−0.150E−04
	0.176E−03
	−0.298E−04



	
	300,000
	0.245E−02
	−0.134E−04
	0.129E−03
	−0.220E−04
	0.253E−03
	−0.438E−04



	
	500,000
	0.195E−02
	−0.237E−04
	0.177E−03
	−0.333E−04
	0.349E−03
	−0.669E−04



	3p     3   P    o    − 4d     3   D
	20,000
	0.421E−02
	−0.445E−03
	0.671E−05
	0.621E−05
	0.111E−04
	0.858E−05



	192.3 Å
	50,000
	0.249E−02
	0.896E−05
	0.263E−04
	0.200E−04
	0.506E−04
	0.366E−04



	C = 0.94E+19
	100,000
	0.181E−02
	0.259E−04
	0.589E−04
	0.394E−04
	0.115E−03
	0.760E−04



	
	200,000
	0.135E−02
	0.428E−04
	0.100E−03
	0.646E−04
	0.199E−03
	0.128E−03



	
	300,000
	0.115E−02
	0.345E−04
	0.127E−03
	0.782E−04
	0.252E−03
	0.156E−03



	
	500,000
	0.951E−03
	0.379E−04
	0.155E−03
	0.971E−04
	0.308E−03
	0.196E−03



	4p     3   P    o    − 4d     3   D
	20,000
	0.309
	−0.849E−02
	0.811E−03
	0.262E−03
	0.134E−02
	0.362E−03



	1425.9 Å
	50,000
	0.199
	0.324E−03
	0.292E−02
	0.845E−03
	0.562E−02
	0.155E−02



	C = 0.52E+21
	100,000
	0.145
	0.336E−03
	0.577E−02
	0.169E−02
	0.113E−01
	0.327E−02



	
	200,000
	0.108
	0.126E−02
	0.877E−02
	0.286E−02
	0.173E−01
	0.569E−02



	
	300,000
	0.927E−01
	0.595E−03
	0.106E−01
	0.346E−02
	0.211E−01
	0.691E−02



	
	500,000
	0.777E−01
	0.645E−03
	0.120E−01
	0.440E−02
	0.237E−01
	0.886E−02



	3d     3   D − 4p     3   P    o   
	20,000
	0.184E−01
	−0.111E−02
	0.352E−04
	0.757E−05
	0.584E−04
	0.105E−04



	416.0 Å
	50,000
	0.116E−01
	0.474E−04
	0.133E−03
	0.245E−04
	0.256E−03
	0.450E−04



	C = 0.87E+20
	100,000
	0.835E−02
	0.115E−03
	0.286E−03
	0.513E−04
	0.560E−03
	0.991E−04



	
	200,000
	0.612E−02
	0.105E−03
	0.469E−03
	0.946E−04
	0.926E−03
	0.188E−03



	
	300,000
	0.518E−02
	0.121E−03
	0.577E−03
	0.126E−03
	0.114E−02
	0.251E−03



	
	500,000
	0.427E−02
	0.140E−03
	0.679E−03
	0.161E−03
	0.135E−02
	0.323E−03



	3d     3   D − 5p     3   P    o   
	20,000
	0.139E−01
	−0.555E−03
	0.900E−04
	0.185E−04
	0.148E−03
	0.256E−04



	240.6 Å
	50,000
	0.868E−02
	0.137E−03
	0.271E−03
	0.587E−04
	0.523E−03
	0.108E−03



	C = 0.14E+20
	100,000
	0.642E−02
	0.162E−03
	0.445E−03
	0.109E−03
	0.877E−03
	0.211E−03



	
	200,000
	0.490E−02
	0.190E−03
	0.616E−03
	0.166E−03
	0.122E−02
	0.331E−03



	
	300,000
	0.425E−02
	0.199E−03
	0.669E−03
	0.204E−03
	0.133E−02
	0.406E−03



	
	500,000
	0.362E−02
	0.199E−03
	0.739E−03
	0.237E−03
	0.147E−02
	0.479E−03



	4d     3   D − 5p     3   P    o   
	20000
	0.243
	−0.224E−03
	0.163E−02
	0.134E−03
	0.269E−02
	0.185E−03



	952.0 Å
	50,000
	0.158
	0.166E−02
	0.477E−02
	0.431E−03
	0.923E−02
	0.790E−03



	C = 0.22E+21
	100,000
	0.118
	0.174E−02
	0.767E−02
	0.856E−03
	0.151E−01
	0.165E−02



	
	200,000
	0.902E−01
	0.184E−02
	0.104E−01
	0.142E−02
	0.207E−01
	0.283E−02



	
	300,000
	0.786E−01
	0.221E−02
	0.113E−01
	0.172E−02
	0.224E−01
	0.343E−02



	
	500,000
	0.672E−01
	0.208E−02
	0.124E−01
	0.217E−02
	0.246E−01
	0.437E−02











© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  atoms-05-00027


  
    		
      atoms-05-00027
    


  




  





media/file0.png





