
    
      Table 1 

      Summary of atomic models.

      
        


	Model
	Mg I levs
	Mg II levs
	ϒij methods (Mg I)
	Details





	Base
	26
	14
	SEA&VRM
	Original model.(1)



	




	c
	85
	47
	CCC (< lev 26) + DW (levs 26 to 54) + SEA&VRM (levs 55 to 85)
	gf, broadening and photoionization data updated.(2)



	




	d
	85
	47
	CCC (<lev 26) + DW (>25)
	gf, broadening and photoionization data updated. Aij for NLTE from AUTOSTRUCTURE





      

      
Notes. In each star, the atomic model was changed but the atmospheric structure remained unchanged.


References. (1) Fontenla et al. (2015); (2) Peralta et al. (2022).




    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Temperature (left panel) and electron density (right panel) as a function of pressure, for atmospheric base models 1401, 2227, 3385, and 5812, corresponding to the Sun (in blue), Epsilon Eridani (in orange), GJ 832 (in green), and GJ 581 (in red), respectively.

      

    

  
    
      Table 2 

      Stellar parameters.

      
        


	Param/Star
	Sun(1)
	HD 22049
	GJ 832
	GJ 581





	Spectral type
	G2 V
	dK2 V(2)
	dM2 V(3)
	dM3 V(4)



	Teff(K)
	5772
	5010 ± 64(5)
	3590 ± 100(3)
	3498 ± 56(6)



	R⋆/R⊙
	1
	0.74 ± 0.01(7)
	0.499 ± 0.017(6)
	0.299 ± 0.010(8)



	d (pc)
	4.848e-6
	3.2028 ± 0.0047(9)
	4.965 ± 0.001(9)
	6.30 ± 0.01(9)



	log [Fe/H]⋆
	0
	-0.08 ± 0.04(5)
	-0.06 ± 0.04(10)
	-0.33 ± 0.12(11)



	log g (cgs)
	4.44
	4.53 ± 0.08(5)
	4.7(12)
	4.92 ± 0.10(11)



	Base model index
	1401(13)
	2227(14)
	3385(15)
	5812(15)





      

      
References. (1) Williams & R. (2022); (2) Keenan & McNeil (1989); (3) Houdebine et al. (2016); (4) Trifonov et al. (2018); (5) Petit et al. (2021); (6) von Braun et al. (2011); (7) Baines & Armstrong (2012); (8) von Braun et al. (2014); (9) Gaia Collaboration (2018); (10) Lindgren & Heiter (2017); (11) Bean et al. (2006); (12) Schiavon et al. (1997); (13) Fontenla et al. (2015); (14) Vieytes & Peralta (2021); (15) Tilipman et al. (2021).




    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Distribution of magnesium I (blue solid trace), II (orange dashed trace) and III (green dash-dotted trace) along the Sun’s atmosphere (a), Epsilon Eridani (b), GJ 832 (c) and GJ 581 (d) using the base model. The heights at the temperature minimum (“Tmin”) and the beginning of the transition region (“T.Reg”) for each star are noted in light grey boxes and dotted lines.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Some of the lines presented in Paper I (model c) representative of each spectral range. Comparison between the models: base (continuous orange line), c (dash-dot-dot red line), and the new model d (dashed green line).

      

    

  
    
      Table 4 

      Magnesium population distributions, and comparison over 26-levels base model.

      
        


	Index
	Distribution(a) (%)
	Difference(b) (%)



	

	




	Mg I
	Mg II
	Mg III
	Mg mol
	Mg I
	Mg II
	Mg III





	1401
	1.47
	98.46
	7.8e-02
	7.2e-05
	
	
	



	1401d
	1.50
	98.42
	7.8e-02
	7.3e-05
	2.6e+00
	−3.8e-02
	−4.6e-01



	




	2227
	4.65
	95.32
	3.3e-02
	5.3e-04
	
	
	



	2227d
	4.74
	95.22
	3.3e-02
	5.4e-04
	2.0e+00
	−9.7e-02
	−7.0e-01



	




	3385
	72.20
	27.62
	2.9e-06
	1.8e-01
	
	
	



	3385d
	72.05
	27.76
	2.9e-06
	1.8e-01
	−2.0e-01
	5.2e-01
	2.3e-01



	




	5812
	91.37
	8.50
	6.8e-06
	1.3e-01
	
	
	



	5812d
	91.20
	8.67
	6.9e-06
	1.3e-01
	−1.8e-01
	2.0e+00
	5.1e-01





      

      
Notes. (a)Relative to a Mg abundance of Mg/H = 2.88e − 05.(b)Computed as: 100 • [image: equation].




    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Comparison of the distribution of Mg I in its energy levels (upper panel) and in the heights of the atmosphere (lower panel) between the 26-level base model (in orange) and the new 85-level model d (in green) for Epsilon Eridani. Details of subplots equal to Fig. 6.

      

    

  
    
      Table 5 

      Term-term line transitions shown in this work.

      
        


	λvac (Å)
	Transition
	Transition level numbers L(SL)−U(SU)
	log gf (a)
	log Γ4/Νe (b) (rad s−1 cm3)
	log Γ6/ΝH (b) (rad s−1 cm3)
	Fig.





	1 747.8
	3s2 1S0−6p1P1
	1(1)−25(1)
	−2.04
	−4.52
	−7.07
	12



	2026.5
	3s2 1S0−p1P1
	1(1)−9(1)
	−0.95
	−5.62
	−7.43
	13



	2780.6
	3p3Ρ0,1,2−3p2 3P0,1,2
	2(1,2,3)−28(1,2,3)
	0.75
	−5.98
	−7.70
	5a



	2 853.0
	3s2 1S0−3p1P1
	1(1)−3(1)
	0.25
	−6.00
	−7.69
	10



	6 320.7
	4s 3S1−6p 3P0,1,2
	4(1)−22(1,2,3)
	−1.85
	−4.57
	−7.10
	14, 5b



	8 926.0
	4s 1S0−5p 1P1
	5(1)−17(1)
	−1.68
	−5.00
	−7.26
	15



	10964.4
	4p 3P0,1,2−5d 3D1,2,3
	7(1,2,3)−21(1,2,3)
	0.09
	−3.40
	−7.10
	16, 5c



	33 200.6
	4d 3D1,2,3−5f 3F2,3,4
	13(1,2,3)−24(1,2,3)
	0.95
	−3.71
	−7.10
	17, 5d



	71092.0
	5f 1Ρ3−6g 1G4
	23(1)−37(1)
	0.87
	−3.01
	−7.00
	18



	71 097.4
	5f 3F2,3,4−6g3 G3,4,5
	24(1,2,3)−38(1,2,3)
	1.35
	−3.01
	−7.00
	18





      

      
Notes. (a)Extracted from the NIST database (version 5.7.1). (b)Broadening parameters from Kurucz & Bell (1995). Γ4 and Γ6 are given at 5000 K.




    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Comparison of the spectral line 2853.0 Å calculated with the base (orange solid line) and d (green dashed line) models over the observations (black or red dashed line with circle symbols), for the Sun (a), Epsilon Eridani (b), GJ 832 (c), and GJ 581 (d).

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Contribution function of the base (orange) and d (green) models for the Sun (a), Epsilon Eridani (b), GJ 832 (c) and GJ 581 (d) in the 2853.0 Å line formation region.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Comparison of the spectral line 1747.7937 Å calculated with the base (orange solid line) and d (green dashed line) models on the Sun (a). Epsilon Eridani (b), GJ 832 (c) and GJ 581 (d).

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Comparison of the spectral line 2026.4768 Å calculated with the base (orange solid line) and d (green dashed line) models on the Sun (a). Epsilon Eridani (b), GJ 832 (c) and GJ 581 (d). Observations in the Sun and Epsilon Eridani are shown in black dashed lines with circle symbols.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Comparison of the spectral line 6320.7 Å calculated with the base (orange solid line) and d (green dashed line) models on the Sun (a). Epsilon Eridani (b), GJ 832 (c) and GJ 581 (d). Observations are shown in black dashed lines with circle symbols.

      

    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Comparison of the spectral line 8926.0 Å calculated with the base (orange solid line) and d (green dashed line) models on the Sun (a), Epsilon Eridani (b), GJ 832 (c), and GJ 581 (d). Observations are shown in black or red dashed lines with circle symbols.

      

    

  
    
      Fig. 16 

      
        [image: thumbnail]
      

      
        Comparison of the spectral line 10 964.4 Å calculated with the base (orange solid line) and d (green dashed line) models on the Sun (a), Epsilon Eridani (b), GJ 832 (c) and GJ 581 (d). Observations in the Sun are shown in black dashed lines with circle symbols.
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