
    
      Table 6 

      Abundances relative to solar (by mass).

      
        


	Star
	C
	N
	O
	Si
	Mg
	Fe
	ΣCNO




	Cyg X-1
	0.93
	5.36
	0.57
	1.80
	1.37
	1.33
	1.05


	Bstars
	0.79
	0.91
	1.17
	0.98
	0.93
	1.12
	1.05


	CygOB3
	0.52
	0.71
	0.71
	0.51
	1.10
	0.72
	0.66




      

    

  
    
      Fig. 3 
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        Same as Fig. 2, but illustrating the impact of log g on wings of Balmer lines.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Iron forest in the FUV region. The blue line represents the observed HST spectra, while the best-fit model, obtained using Bayesian analysis, is shown in red for comparison.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Mass plane diagram for Cyg X-1, showing component masses and their uncertainties. BH masses are estimated for i = 27.5°(blue) and i = 33.7° (orange).The solid black line represents the mass relation for the adopted inclination of i = 27.5° derived from optical observations (Orosz et al. 2011; Miller-Jones et al. 2021). The dotted line corresponds to i = 33.7° derived assuming synchronous rotation. The dashed lines illustrate the variation in the mass relation for alternative inclination angles.

      

    

  
    
      Table 7 

      Wind parameters derived for Cyg X-1 in this work at dif X-ray states.

      
        


	Parameter
	High-soft
	Low-hard





	[image: equation]
	[image: equation]
	-6.5 to -6.3



	v∞ (km s−1)
	[image: equation]
	1400 to 1800



	β
	[image: equation]
	1 to 1.5



	D
	[image: equation]
	<30



	vwind at BH (km s−1)
	[image: equation]
	460 to 860





      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Comparison of UV P-Cygni profiles observed with HST (blue) at orbital phase ϕ∼ 0 (top panel) and ϕ ∼0.5 (bottom panel) during high-soft state to the best-fit models (red). The models assume the same input parameters except for the incorporated amount of X-rays. The wind parameters used in the best-fit models are log [image: equation] and ν∞ =1200 km s−1. For superior conjunction ϕ ∼ 0 we adopted LX ∼ 7 × 1036 erg s−1 in the model, and at inferior conjunction ϕ∼ 0.5 we used higher amount of X-rays LX∼ 2 ×1037 erg s−1. The variability in the wind line profiles shows the impact of X-ray ionization.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Same as Fig. 10 but IUE observations at orbital phase ϕ ∼ 0 during low-hard state are shown. We adopted a lower X-ray luminosity LX ∼ 3--5 × 1036 erg s−1 in the model. Adopted wind parameters in models are shown in legend.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Potential future evolution of the Cyg X-1 donor star. Here, the evolution starts when the primary is already a BH (point mass) of 17.4 M⊙, O star donor of initial mass 34 M⊙, and an initial period of 5.5 days. Three models are displayed here with mass-loss scaling factors of 1, 0.5, and 0.2 to demonstrate the effect of wind mass loss on evolution.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Left panel: same as Fig. 12 but here the tracks correspond to a wind mass-loss scaling factor of 0.5, and the color scaling shows the accretion luminosity. Right panel: accretion luminosity (top) and Roche-lobe filling factor (bottom) as a function of normalized donor lifetime τ. The gray bar shows the range of observed X-ray luminosity of the system.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Impact of mass accretion by the BH on the evolution of Cyg X-1.The panels show the evolution of accretion luminosity, orbital period, and component masses as a function of normalized time τ for MESA models with Eddington-limited (blue) and fully conservative (red) mass accretion.

      

    

  
    
      Table A.2 

      Number fractions and mass fractions of iron group elements relative to Fe used in PoWR model calculation.

      
        


	Element
	Z
	ni/nFe
	Xi/XFe





	Sc
	21
	3.09E-05
	2.49E-05


	Ti
	22
	2.40E-03
	2.06E-03


	V
	23
	2.95E-04
	2.69E-04


	Cr
	24
	1.29E-02
	1.20E-02


	Mn
	25
	9.33E-03
	9.18E-03


	Fe
	26
	1.00
	1.00


	Co
	27
	2.24E-03
	2.36E-03


	Ni
	28
	4.79E-02
	5.03E-02




      

    

  
    
      Fig. B.1 
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        Impact of ξ on metal line profiles.

      

    

  
    
      Fig. B.2 
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        Optical spectra (blue) taken at orbital phase ϕ ∼ 0 and high-soft state compared to best-fit model spectra (red).

      

    

  
    
      Fig. B.6 
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        HST UV spectrum taken at ϕ ≈ 0 (upper) and ϕ ≈ 0.5 (lower) compared to best-fit model spectra.
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