
    
      Fig. 3. 
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        Functional dependence of ζRL on the binary mass ratio qi ≡ md, i/ma, i, compared to the adiabatic index, ζad, for donor stars of 32 M⊙ (top panel) and 2 M⊙ (bottom panel) of different radii. The different colors of the solid lines show the conservative limit, ϵ = 1 (golden), and the completely non-conservative cases of purely isotropic re-emission, β = 1 (dark blue), and mass outflow from L2 (light blue), see the discussion in Sect. 2.6. Critical mass ratios, ζad, for the MT to be unstable, as calculated by Ge et al. (2020), are shown as horizontal lines (labeled by the donor star radius). For each radius and mode of MT, the critical mass ratio corresponds to the crossing points between ζad and ζRL.

      

    

  
    
      Fig. 5. 
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        Boundaries for unstable MT (red) and the formation of GW sources (blue) for a 32 M⊙ donor orbiting a CO of mass ma, i. The area below the gray line excludes systems for which the final orbital separation implies Rd, f <  RRL, f. Results are shown for full isotropic re-emission (solid) and assuming all matter is ejected from L2 (dashed line). Different stages of evolution are illustrated by contours of constant Roche lobe radius (dotted gray line). Empty circles mark the formation of a convective envelope containing 10% of the donor’s mass.

      

    

  
    
      Fig. 7. 
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        Distribution of post-SN eccentricity, epSN, and orbital period, PpSN, for an example binary system (see Sect. 3.2 for details). Solid white lines indicate the final orbital parameters of the fixed kick velocity, w, and the variable angle, θ, formed between the kick velocity and the orbital velocity, assuming the kick to be on the orbital plane (i.e., ϕ = 0). Dashed black lines indicate the same for a fixed θ and a variable w. A thick solid red line shows the boundary separating wide (right of the curve) from merging (left of the curve) systems.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Boundaries of unstable MT (red line) and the formation of GW sources (blue line) for a 3.2 M⊙ donor orbiting a CO of mass ma, i. Analogous symbols and notation to Fig. 5 are employed for the purely isotropic re-emission channel, β = 1.

      

    

  
    
      Fig. 11. 
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        Locus for the formation of a GW source through stable MT with 4 M⊙, 3.2 M⊙, 1.6 M⊙ donors, i.e., WD object progenitors, as a function of the CO accretor mass, ma, i, and orbital period, Pi. Analogous notation to Fig. 6 is employed.

      

    

  
    
      Fig. 12. 
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        Same as Fig. 5, but illustrating the impact of wind mass loss after the phase of stable MT. The dashed (dotted) blue line shows the modified delay time boundary (solid blue) due to wind mass loss effects, in an environment with Z = 0.02 (Z = 0.008), on the post-MT mass of the stripped star and on the orbital separation at the start of the inspiral phase (see text in Sect. 3.4 for more details). It is important to note that we are considering the effect under the isotropic re-emission β = 1 assumption on the MT episode. For the rest, analogous symbols and notation to Fig. 5 are employed.

      

    

  
    
      Fig. 13. 
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        Same as Fig. 5, but illustrating the impact of conservative MT. Boundaries are shown for the case of full isotropic re-emission, with ϵ = 0 (solid line), ϵ = 0.5 (dashed line) and ϵ = 1 (dotted line). The efficiency of isotropic re-emission and conservativeness are varied such that ϵ = 1 − β.

      

    

  
    
      Fig. 14. 
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        Observed orbital periods, log Porb, and mass ratios, i.e. mCO/mstar, for high (and intermediate) mass X-ray binaries and quiescent OB + BH systems. The markers report data points (uncertainties are neglected) listed in a) Table 1 for HM(XR)Bs with BHs (black stars), with the corresponding labeled names, and b) Table 1 from Tomsick & Muterspaugh (2010) for HM(XR)Bs with NS (red stars). We also report the Casares et al. (2014) system (blue star). The triangles show the sample of confirmed sdO + Be stars in Table 9 of Wang et al. (2023). The solid, colored contours are the correspondent loci predicted by our calculations to be promising for GW progenitor systems via stable MT, within the assumption of purely isotropic re-emission, β = 1. Every contour is labeled with the associated fixed donor’s initial mass, md, i. The dotted, colored contours show the same loci (md, i/ma, i, log Pi) within the assumption of an efficiency for mass outflow via L2 such that υ = 0.5.

      

    

  
    
      Fig. 15. 
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        Observed orbital periods, log Porb, and mass ratios, mCO/mstar, for low (and intermediate) mass single-degenerate binaries. More specifically: WD + MS stars from the ZTF catalogue of Brown et al. (2023; ZTF) and Holberg et al. (2013; Sirius-like); sdO/B + MS stars from van Roestel et al. (2018), Maxted et al. (2014) and ten Kepler systems (see main text); sdO/B + Be stars, which are separated into candidate systems (candidate sdO/B + Be), confirmed sdO + Be, and γCas-like systems, as in Wang et al. (2023). Markers report the reference data points without uncertainties. Solid, colored contours are the correspondent loci predicted by our calculations to be promising for GW progenitor systems via stable MT and follow the same notation as in Fig. 14.

      

    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
        Plane of final mass ratio qfin <  1 and total final mass, mtot. We report the estimation values with corresponding 90% credible intervals for the GWTC-3 signal (gray/black dots) and the posterior 90% iso-contour for a selection of those (gray dots and light gray curves). Resulting final mass ratios and total mass from our treatment are reported with color coding referring to different donor masses md, i in the simulation grid from Ge et al. series Ge et al. (2020), 2015, 2010). The assumption of completely non-conservative, purely isotropic re-emission, β = 1, channel is adopted in the top panel, while the bottom panel shows the results when switching on an efficiency for L2 mass outflow of υ = 0.75. Solid gray, dashed lines delineate regions where the primary and secondary can have a mass below 3 M⊙, and where both objects in the binary have masses above 3 M⊙.
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