
    
      Fig. 3. 
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        Plot of the log Pi−qi diagram for the binary grid of models from Jin et al. (in prep.), with M1, i = 12.6 M⊙. Each pixel represents one detailed binary evolution model. The color coding represents the mass of the primary star at core helium depletion. The solid lines cover the models where the radius of a single HeS of the same mass (see Fig. 2) matches their Roche lobe radius at core He depletion. White pixels are models that terminated before core-carbon ignition (see Sect. 2.4). The dotted patches correspond to the models which exhibited Case BC RLOF in the binary grid. The star marker in the top-left corner corresponds to the lowest-period model shown in Ercolino et al. (2024).
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        Zoom-in of the Kippenhahn diagram close to the edge of the CO core where the Ne-burning shell ignites at a mass coordinate of 1.54 M⊙ and develops a convective region just above it that then merges with the He-burning shell after about 10 d. The solid lines, and patch colors are the same as in Fig. 4. The dashed lines correspond to the radius (black, dashed), the Roche lobe radius (red, dashed) and the volume-equivalent radius of the outer Lagrangian point (red, dotted).

      

    

  
    
      Fig. 7. 
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        Mass loss as a function of time prior to the end of the run for the set of models with M1, i = 12.6 M⊙ with different initial orbital periods (marked by different colors). The three different panels highlight different timescales.

      

    

  
    
      Fig. 10. 
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        Properties of the primaries as a function of the final CO-core mass of the primary star. The markers are colored as a function of MHe−dep, as in Fig. 3. Top: Amount of mass ejected during Case BC RLOF. The empty markers represent the total mass lost via mass transfer, while the filled markers represent the mass shed during mass transfer after ṀROLF > 10−4 M⊙ yr−1 for the first time. Bottom: Amount of helium (circles) and metals (error bars) found in the ejecta. The uncertainty in the metal content derives from assuming Mns to be within 0.15 M⊙ of the fiducial value (horizontal marker).

      

    

  
    
      Fig. 11. 
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        Circumstellar material in our models at the time of the SN, according to various estimates, versus the SN ejecta mass. The CSM mass given by ΔMRLOF−BC (white, with black outline) and [image: equation] (black) is shown. CSM mass estimates for models in the binary grid are given as smaller white triangles with gray rim, and the region occupied by these models is shaded in gray. The results from the models in WF22 undergoing Case X RLOF are shown as purple dots and distinguished between the case in which mass transfer is assumed to be stable (filled) and unstable (empty). The background colormap represents the estimated maximum conversion fraction of kinetic energy into radiation via CSM interaction (fM, Eq. (2)).

      

    

  
    
      Fig. 12. 
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        Bar chart of the spatial distribution of material from the SN progenitor models 1 yr prior to the end of the run for the models run in this work. Color bars highlight the envelope (blue filled bar) and the regions where the CSM would be found (hatched bars) if it were distributed along a CBD (green) or if it were expanding isotropically, at a constant speed of 10 km s−1 (gray). In the latter case, the minimum radius is set as the point where the cumulative mass of the CSM from the progenitor star reaches 0.001 M⊙, and increases in contrast when it reaches 0.01, 0.1 and 0.5 M⊙. The Roche lobe radius of the progenitor star is shown (blue hatched-line) as well as the volume-equivalent radius of the outer Lagrangian point (red hatched-line). Finally the companion's location is also shown (orange marker) alongside its Roche lobe (vertical orange hatched-line). The models are grouped by different initial masses (indicated in the bottom of each box).

      

    

  
    
      Fig. 13. 
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        Interaction-powered light curves for model B12.3p25.1 assuming a constantly expanding CSM (left panel) and a CBD-like CSM (right panel). A comparison of the two approaches with different explosion energies is shown in the center panel. In each panel, two observations are shown, namely, the Type Ibn SN OGLE-2012-SN-006 (Pastorello et al. 2015a, light-blue scatter) and the Type Icn SN 2019jc (Pellegrino et al. 2022b, orange scatter) as well as the template light curves for Type Ibc SNe (Nicholl et al. 2015, in violet, where the peak is located at the same time as in the light curve of model he4 from Dessart et al. 2020) and Type Ibn SNe (Hosseinzadeh et al. 2017, in blue, where the peak is arbitrarily placed at 10 d). Left: The CSM is assumed to constantly be expanding at vCSM = 10 km s−1, with different opening angles (with different colors) and with Ekin, ej = 6×1050 erg. For θ = 90°, models with vCSM of 5 km s−1 (dotted line) and 20 km s−1 (dashed line) are also shown. Center: Interaction power from the CBD-like CSM (solid, with Rin = 1013 cm, Rout = 1015 cm, and s=−1) and a constantly expanding CSM (dashed, with vCSM = 10 km s−1) are shown with different Ekin, ej (different colors), assuming an opening angle θ = 10°. Right: The CSM is assumed to be CBD-like, with Rin = 1013 cm, Rout = 1015 cm, s=−1 and different opening angles (different colors). For θ = 5°, the cases with s = 0 (dashed) and s=−2 (dotted) are also shown.

      

    

  
    
      Fig. 14. 
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        Comparison between model data and parameters inferred from observed Type Ibn SNe (blue-scale colored markers). The different markers are associated with different SNe, and different colors for the same SN highlight different references. Estimates inferred from the models of WF22 are also included and are shown as in Fig. 11. Top left: Scatter plot showing the amount of mass of the CSM against the ejecta mass in the models as in Fig. 11. As the values of MCSM from the models is an upper limit, a light-gray region is added where models can still be expected. Right: Scatter plot showing the extent of the CSM against its mass. The position of CBD-like CSM from our models is shown with a gray line for MCSM=ΔMRLOF−BC. The region where CBDs from the models in the binary grid are expected to be found is shown with a vertically hatched region. The radii of our theoretical model are also shown (cross scatter). A gray patch is drawn where to expect the CSM if it were to move constantly at a speed of 10 km s−1. Bottom left: Scatter plot showing the energy released by interaction (Eq. (2)) as a function of CSM mass for the models in this work and WF22 assuming Ekin, ej = 6×1050 erg (shown with a black horizontal line) and the total light-curve energy of the observed SNe. The shaded regions represent the typical Erad of Type Ibc (light-red, Nicholl et al. 2015) and Type Ibn SNe (light-blue, Hosseinzadeh et al. 2017). The values expected from our models and those in the binary grid are summarized in gray regions, which also show the expected Erad if MCSM is lower than the values inferred. Each gray region assumes that the CSM is distributed spherically (solid line, light-hatch), along a CBD with θ = 15° (dashed line, dense hatch) and 5° (dotted line, gray fill) of the orbital plane (see Eq. (4)). References: SN2006jc: (1) Mattila et al. (2008), Pastorello et al. (2007); (2) Tominaga et al. (2008), Pastorello et al. (2007); (3) Chugai (2009), Pastorello et al. (2007); (4) Dessart et al. (2022), Pastorello et al. (2007); SN2010al: (5) Chugai (2022); SN2011hw: (6) Dessart et al. (2022), Pastorello et al. (2015b); LSQ13ddu: (7) Pellegrino et al. (2022a), Clark et al. (2020); (8) Clark et al. (2020), Brethauer et al. (2022); ASASSN-15ms: (9) Vallely et al. (2018); iPTF15ul: (10) Pellegrino et al. (2022a), Hosseinzadeh et al. (2017); SN2018bcc: (11) Dessart et al. (2022), Karamehmetoglu et al. (2021); (12) Karamehmetoglu et al. (2021); SN2018gjx: (13) Prentice et al. (2020); SN2019uo: (14) Pellegrino et al. 2022a; Gangopadhyay et al. 2020; (15) Gangopadhyay et al. (2020); SN2019deh: (16) Pellegrino et al. (2022a); SN2019kbj: (17) Ben-Ami et al. (2023); SN2019wep: (18) Pellegrino et al. (2022a), Gangopadhyay et al. (2022); SN2020bqj: (19) Kool et al. (2021); SN2020nxt: (20) Wang et al. (2024); SN2021jpk: (21) Pellegrino et al. (2022a); SN2022ablq: (22) Pellegrino et al. (2024); SN2023fyq: (23) Dong et al. (2024); SN2023tsz: (24) Warwick et al. (2025).

      

    

  
    
      Fig. 15. 
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        Same as Fig. 14 but for Type Icn SNe and the Type Ic-CSM SN 2010mb. References: SN2010mb: (1) Ben-Ami et al. (2014), Brethauer et al. (2022); SN2019jc: (2) Pellegrino et al. (2022b); SN2019hgp: (3) Gal-Yam et al. (2022); (4) Pellegrino et al. (2022b), Gal-Yam et al. (2022); SN2021csp: (5) Pellegrino et al. (2022b), Perley et al. (2022); SN2022ann: (6) Davis et al. (2023); SN2023emq: (7) Pursiainen et al. (2023).

      

    

  
    
      Fig. 16. 
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        Plot of the log Pi−qi diagram for the Case B binary models in the binary grid from Jin et al. (in prep.) with M1, i = 12.6 M⊙. The color coding is based on the amount of mass expected to be shed during Case BC RLOF. The hatching indicates models that are flagged as having undergone unstable Case B RLOF according to the criterion from Marchant (2017) (single hatch), Pauli (2020) (cross hatch), and Pavlovskii & Ivanova (2015) (circle hatches).

      

    

  
    
      Fig. B.1. 
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        Mass of the CO core (top) and radius (bottom) as a function of time, for two single HeS models (He2.97 and He2.83, in red and blue respectively) and one binary-stripped HeS model (B12.3p251 in black). In the top panel, [image: equation] is shown with a dashed line for each model, and the moment of core C-ignition is highlighted with an arrow on top of the figure for each model. The models are plotted until the end of the first C-burning shell.
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