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        Left panel: XC(MCO)-tracks of single and binary-stripped stars (Case C, Case B, and Case A donors) at Z⊙ and at Z⊙/10, respectively, from the catalogs S21 and S23. Right panel: their CCSN outcomes, as predicted by M16.
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        Comparison of the final fate predictions using our pre-SN explodability criteria to 3D CCSN simulation outcomes performed in the Garching (G) and Monash (M) groups. The dashed red lines in the two-parameter planes spanned by (ξ2.5, sc) and by (μ4M4, MCO) – in the left and the central panel, respectively – indicate the lower and upper thresholds of each explodability proxy used in our pre-SN criteria. In the left panel, the dashed black line shows the explodability classification based on the ξ2.5crit = 0.38 threshold. In the right panel, the separation line for the final fate classification in the (μ4M4, μ4) plane by the reversed E16 criterion introduced in this work is shown by a red line, and compared to the standard E16 criterion, with calibrations from Ertl et al. (2020) for the updated W20 and N20 models (dashed lines in cyan and purple). The 3D CCSN simulation outcomes are color-coded in yellow (Garching) and orange (Monash) for the exploding progenitors, and in brown (Garching) and black (Monash) for the non-exploding progenitors. Specific progenitors that are referenced in the main text are represented by symbols other than circles. The background color shows the final fate assignment using our explodability proxies: failed SN (in grey), successful SN (in blue) and unclassified (blank) regions of their value spaces.

      

    

  
    
      Fig. 10. 
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        Final fates in the (MCO, XC) plane at the end of CHeB – obtained by evaluating the explodability scheme introduced in this work over the SN progenitor models from Patton & Sukhbold (2020) – and the missing RSG problem. To address it via failed SNe, stellar evolution models have to pass through the black-colored region in between the red vertical lines, which delineate the interval in MCO over which RSGs are missing as Type IIP SN progenitors. The H16, S21, S23 and MESA ISOCHRONES AND STELLAR TRACKS (MIST; Choi et al. 2016) single-star models lead to different XC(MCO) tracks through this plane. For any stellar model choice, the missing RSG problem can only partially be addressed, and over a different range in MCO (and, thus, also in log Lpre-SN,obs).

      

    

  
    
      Fig. 11. 
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        Inferred MCO (within uncertainty bounds) of the most luminous Type IIb and Type Ib SN progenitors. To obtain the estimates, we use the parametric scaling law log LTACCB(MCO), which remains reliably applicable – at any Z – up to log LTACCB/L⊙ < 5.2. For higher SN progenitor luminosities, the scaling law provides a lower limit on MCO of the SN progenitor. Observations are compared with the direct BH formation windows for Case B donors predicted by our CCSN recipe.

      

    

  
    
      Fig. A.2. 
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        Dependence of the explodability parameters ξ2.5, sc, μ4M4 and μ4 of single and binary-stripped stars (Case A, Case Be, Case Bl and Case C donors) on MCO at Z = Z⊙ and at Z = Z⊙/10. To obtain these, the data points (circles) from S21 and S23 have been fitted using GPR models (solid lines). The red vertical lines indicate the lower (upper) threshold in MCO below (beyond) which only successful (failed) SNe occur, while the red horizontal lines indicate the lower and upper thresholds in ξ2.5, μ4M4 and sc, respectively. The background colors show the resulting final fate classification based on a single explodability parameter: successful SNe (yellow), failed SNe (brown) and unclassified (blank).

      

    

  
    
      Fig. A.3. 
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        Discrimination of the remnant type (NS or fallback BH) in a successful CCSN explosion using the Edelay > Eexpl condition for fallback BH formation. This criterion holds exactly over the S21, S23, S24 and T24 SN progenitors (evaluated in the panel), and only approximately over H16.

      

    

  
    
      Fig. A.4. 
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        BH formation by fallback in SN explosions of single and binary-stripped stars at Z = Z⊙, as predicted by the deterministic criterion Edelay − Eexpl > 0. The dots show the Eexpl and Edelay predictions with M16, which is used to explode the SN progenitor models from the S21 sample, as a function of progenitor MCO. These are fitted using GPR regressors for each of the SN progenitor types as classified by MT history (single, Case A, Case Be, Case Bl, Case C). Non-exploding single and binary-stripped star models were removed from the S21 sample. The direct BH formation boundaries predicted by our CCSN recipe are indicated by vertical dashed lines. Due to the sparse sampling of the S21 stellar models, the prediction intervals (shaded regions) are wide and overlap, not allowing for a faithful prediction of the remnant type using our deterministic fallback BH formation criterion.

      

    

  
    
      Fig. A.5. 
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        Comparison of the MZAMS–to–MCO relations of the S21 and the H16 single star models at Z = Z⊙. For the same ZAMS mass, the H16 models result in a substantially lower MCO compared to S21. The red horizontal lines indicate the MCOmin and MCOmax boundaries. Also shown are the MZAMS–to–MCO relations for single stars at Z = Z⊙/10 (S23) and those of Case B donors at Z = Z⊙ (S21) and Z = Z⊙/10 (S23).
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