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        Central temperature as a function of the central density for models with the same core mass and different carbon mass fractions XC after core helium burning (indicated in the color bar). The previous evolution of the core (not shown here for clarity) is indistinguishable for all models, while the post-core-helium-burning evolution is greatly affected by the differences in central carbon abundance. Symbols indicate key evolutionary phases. To the right of the gray dashed line, electron degeneracy dominates the pressure. The inset axis indicates the final compactness of the models as a function of decreasing XC.
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        Time evolution of the ratio between the specific nuclear energy generation rate ϵnuc and the neutrino loss rate ϵν at the location of the C, Ne, and O-burning fronts for models with the same core mass and different central carbon abundances. The dashed horizontal line indicates where ϵnuc = ϵν. When the energy ratio significantly exceeds this line, convection occurs (Sukhbold & Adams 2020). With a decreasing core carbon abundance, the core becomes more neutrino dominated and neon burning, followed by oxygen burning, occur earlier. As highlighted in the red boxes, this temporarily suppresses carbon burning.
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        Kippenhahn diagram of the inner 6 M⊙ core structure of models with the same core mass and different core carbon abundance at core C ignition. Colors indicate the dimensionless electron degeneracy parameter η = μ/kBT (electrons are partially degenerate for η ≈ 0 and very degenerate for η ≫ 0). Convective zones are highlighted by the hatched regions and the dotted vertical lines indicate, from left to right, the moments when 12C, 20Ne, 16O, and 28Si are depleted at the center (central abundance lower than 10−4). The gray full and dashed lines indicate the classical (MCh, 0) and effective (MCh) Chandrasekhar mass, respectively. Electron degeneracy during core carbon burning increases for models with lower central carbon abundances.

      

    

  
    
      Fig. 10. 
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        Same as Fig. 9 but for models beyond the compactness peak (region B in Fig. 1, see inset). As a function of initial mass, neon burning ignites systematically earlier (as traced by the C-free core mass) and slows down the progression of the C-burning front. Shell mergers between the C/Ne/O-burning fronts are responsible for the sudden drops in the C-burning front at τ ≈ −5. Ultimately, for increasing masses, these models form systematically smaller iron-rich cores.

      

    

  
    
      Fig. 11. 
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        Same as Fig. 7 but for three stellar models of our grid after the first compactness peak.

      

    

  
    
      Fig. 13. 
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        Same as Fig. 9 but for models in the mass range of the second decrease in compactness (region D in Fig. 1, see inset). The dashed line traces the O-burning fronts. For increasing masses, the progression of the O-burning front is slowed by a systematically earlier ignition of core silicon burning (as traced by the iron core mass).

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Same as Fig. 7 but for three stellar models of our grid after the second compactness increase. Here, neon burning is fully neutrino-dominated and radiative, and not visible in the figure. After convective core oxygen burning (hatched region in the center) the degenerate core region reaches up to the oxygen burning front (at the base of the convective oxygen-burning shell) for all models. Panel c: When this front exceeds the (effective) Chandrasekhar mass, the degenerate core contracts and core silicon burning ignites earlier, slowing the contraction of the layers above and affecting the extent of the convective region.

      

    

  
    
      Fig. 15. 
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        Schematic representation of the mechanisms leading to the emergence and decline of peaks in final iron core mass and compactness. Horizontal gray dotted guidelines are included to aid the comparison. Star I – Before peak: Schematic stellar structures of a star with a low final iron core mass at two points in the evolution represented by two adjacent wedges. The initial mass fraction of the fuel is still high (see red area in the rectangle) but the main burning stage is neutrino-dominated (arrows). Because neutrinos take away energy, the core contracts and the burning front (red line) moves out in mass as the burning progresses. The large amount of fuel prevents it from moving far out before a convective zone forms above the burning front once the energy generated is high (shaded red area). Ultimately (right wedge), it grows a small fuel-free core and the silicon-burning front (yellow line) cannot move far out in mass, forming a small iron core (black area). Star II – Peak: With a higher mass and lower initial fuel mass fraction, the burning is even more neutrino dominated and a strong contraction occurs. Hence the burning front moves further out in mass than in I, but stays just below the effective Chandrasekhar mass. Aided by degeneracy pressure support, the star burns through almost all available fuel before the next burning stage ignites, after which it quickly moves out in mass, growing a large fuel-free core and eventually a large iron core. Star III – Beyond peak: For an even lower initial fuel abundance and higher mass, the burning is even more neutrino dominated and the core contraction accelerates. The burning front moves further out and exceeds the effective Chandrasekhar mass. This triggers a fast contraction of the partially degenerate core and the next burning stage (blue area) ignites early. This next stage suppresses nuclear burning at the front above. As a result, the burning front moves out in mass slowly and eventually (right wedge) the star grows a low-mass iron core.

      

    

  
    
      Fig. A.1. 
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        Central carbon mass fraction at core helium depletion as a function of the CO core mass for varying 12C(α, γ)16O reaction rate.
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