
    
      Fig. 3. 
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Evolutionary state of a donor star at the point of RLOF in massive interacting binaries as a function of initial donor mass (at the ZAMS) and initial orbital period, estimated based on the single stellar tracks presented in Sect. 3.1. The companion is assumed to be twice less massive (initial mass ratio q = 0.5), and it can be viewed as either a less massive star or under additional assumptions about the previous evolution (see text) as a stellar BH. Different shades of blue (orange) correspond to different central abundances of hydrogen (helium), indicating how advanced the MS (CHeB) evolution is. Hatched regions indicate donors with outer convective envelopes (at least 10% in mass coordinate). Cyan lines mark the threshold above which the donors are only 2000 or 5000 years away from the core-collapse (only shown for the two lowest metallicities for clarity).



    

  
    
      Fig. 5. 
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Effect of MLT++ on the evolution of massive stars in the HR diagram. The various scatter points have the same meaning and color scale as in Figs. 1 and C.1. In the most massive stars, in which the density in regions with Lrad/LEdd >  1 is so small that it limits the efficiency of convection, a temperature gradient becomes superadiabatic and a density inversion develops in order to stabilize the structure (see Appendix A). The MLT++ approach gradually smooths the temperature gradient and reduces superadiabaticy, also removing density inversions and the Lrad/LEdd excess in the most massive stars. A direct consequence of the MLT++ treatment of convection is that the effective temperature becomes higher, as illustrated by the above figure.



    

  
    
      Fig. 7. 
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Distributions of RSG and BSG plus YSG number counts (top and middle panels, respectively), as well as the number ratio of BSGs plus YSGs to RSGs (bottom panel) in logarithmic luminosity bins between 4.7 and 6.05 in log(L/L⊙). Diamond scatter points correspond to observational samples of 147 RSGs (with log(Teff/K) < 3.68) and 86 BSGs plus YSGs (with log(Teff/K) between 3.68 and 4.35). Uncertainties correspond to 90% confidence limits assuming a Poissonian distribution for the number of supergiants in each bin. Only a lower limit is available for the ratio of BSGs plus YSGs to RSGs in the luminosity bin 5.6 ≲ log(L/L⊙) ≲ 5.8. Solid-line histograms, normalized to 233 stars in total, correspond to several different sets of stellar tracks at Z = 0.0034 = 0.2 Z⊙ metallicity.



    

  
    
      Fig. B.2. 
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Helium abundance profiles of models shown in Fig. B.1, taken from the point at the end of the MS and before the mixing (dashed lines) and after a convective helium burning core fully develops (solid lines).



    

  
    
      Fig. C.1. 
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Same as Fig. 1 but for 3 additional metallicities.



    

  
    
      Fig. C.2. 
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Same as Fig. 4, but for other metallicities.
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