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Abstract

Considering the imminent launch of the James Webb Space Telescope with IR spectroscopy capabilities, our ability of calculating reliable synthetic stellar spectra in this spectral range must
be improved. An important species with strong features in the spectra of late-type stars is the neutral Mg. In the present work we have improved our previous Mg | atomic model by
adding 128 strong transitions (log(g f)>-1), up to 72000 A, and updated several atomic parameters. The energy levels for terms transitions were increased from 26 to 85 (3s.20p 1P). One of
the most important changes is our innovative treatment of the Effective Collision Strengths (ECS) parameters, which describes excitation by collision with electrons. We employed the latest
R-matrix (RM) computations by Barklem et al. (2017)[1] up to level 25 (3s.6p 1P). For transitions involving levels between 26 and 54 (3s.7i 'l) we tested the influence in the spectrum of two
different sets of ECS parameters: the widely used combination of Seaton [2] (allowed transitions) (SEA) plus van Regemorter [3] (forbidden transitions) (VRM) formulas, and our new ECS
data obtained in this work using the multi—configuration Breit—Pauli distorted—wave (DW) method. For transitions to levels higher than 54 we completed the ECS with SEA+VRM data.
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Results

Figures 2a-d show the calculated spectral lines compared with IR observations from Figure 2
ACE-FTS Solar Atlas [9]. Spectral features shown in panel a, c and d are the result of 1.9_.1e'4 """"""""""""""""""" ]
adding several unresolved transitions. All examples are new calculations, i.e. | fﬁﬁ"*\{i”j{?ﬁ“’““‘?\};"/}'*‘*"‘““‘"“““'*"\'"\},‘j"':;/.:/--:é
transitions that were not included in the original atomic model of Mg | with 26 levels. ~26f {1'85 ¥ i ] \ ,/
Models 1401 (blue solid-line) and (orange dashed-line) show no line, and the T faal 3 \‘f
spectra follows the continuum. On the other hand, models 1401b (purple dash-dot E 241 E d' E,’ 'H"
line) and 1401c (red dash-dot-dot-line) show an acceptable match with observations. g §1'6§ ; I!,' lu'
Although both models 1401b and 1401c produce deeper spectral lines than e L § ol e ACEFTS ol atias 1
observed, model 1401c improves the match for all the studied lines. C | T Medelnaon i | |- Model 14015 ""1 :

I _ Model 1401b ! | 1.4} —— Model 1401b lj ]

| .- Model 1401c v ! [ == M?d‘elllfm.llc IIIIIIIIIIIIIIIIIIIIII ". | b)

36760 36770 36780 36790 36800 36810 36820 36830
Wavelength (4)

The depth of a spectral line is related to the ..,

difference in the population between the

two levels involved at the formation region. | 5 5 ; et e |
In order to visualize how different the O | — e ———
. . o . - . : ; 1 \ \ ‘,/// _____ RS _\/ 1
population of Mg | is re-distributed among _ | Ny e
. ; Z 2 4 3
levels in each model, Figure 3 shows the . \ £ 7
model population ratio (1401c/1401b) for £ < \ o j =
each level, at the average formation height 2 E sl T g E
(250 Km, as an example). It can be seen that =™ g !HJ b i g
- o = I a0 2
~70 S 1.02 2150 o g 2
model 1401c has up to ~7% more Mg | in : £ ACEFTSSolarathes f | | : Py ——
higher levels, due to the DW ECS that are g, _ _ _ | —— Model 1401 LY : | —— Model 1401
. = i ] r Model 1401a | , 1 ' | Model 1401a
always higher than SEA+VRM (at the | g g ! | L1F _._ Model 1401b | | C)_' | —.— Model 1401b
. . . 1.00 bcecsrcecfercinisannncncants ZF SECTEETTRTTPETPREPREEPPETPEEPRE RCETEETPETPRTPRRRIRL A . o COTPD _ L \; | I
formation temperature). DW ECS link high _ Y 3 : | Model1401c | oY) | - Model 1401c
. . . I : F Igu re : ' ] 38645 38650 38655 38660 38665 38670 38675 38680 38685 38690 71060 71070 71080 71090 71100 71110 71120 71130
levels with lower levels (<25) using higher o9t ' ' - Wavelength (4) Wavelength (4)

LevelNumber

transition rates.
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Transition using R-matrix ECS in both models, “Indirect change” 71097 A - Transition 3s.5f 3F (#24) - 35.6g 3G (#38)
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