
    
      Fig. 3 
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        Comparison of the evolution of the absorption minimum for the Hα (yellow) and He I 7065 Å (blue) lines and the HWHM of the [O I] 6300, 6364Å doublet for SN 2020acat (filled circles) and SN 2011dh (empty squares).

      

    

  
    
      Fig. 5 
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        Comparison of the evolution of the He I 5876 Å and He I 10 830 Å lines in SN 2020acat and SN 2011dh. Spectra from ten equally spaced epochs between 10 and 150 days are shown. Otherwise, this is the same as in Fig. 4.

      

    

  
    
      Fig. 7 
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        Evolution of the luminosity in the [O I] 6300, 6364 Å lines normalised with the 56Ni decay luminosity for SN 2020acat (black crosses) and the JEKYLL models with strong expansion and medium mixing of the radioactive material and initial masses of 13 M⊙ (red), 15 M⊙ (cyan), 17 M⊙ (green), 19 M⊙ (yellow), and 21 M⊙ (blue).

      

    

  
    
      Fig. 10 
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        Pseudo-bolometric uBVriz light curves until 150 days for SN 2020acat and JEKYLL models with an initial mass of 17 M⊙, medium mixing, and no, medium, and strong expansion of the radioactive material.

      

    

  
    
      Fig. 11 
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        Pseudo-bolometric uBVriz light curves until 150 days for SN 2020acat and JEKYLL models with an initial mass of 17 M⊙, no expansion, and weak, medium, and strong mixing of the radioactive material.

      

    

  
    
      Fig. 12 
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        Pseudo-bolometric uBVriz light curves until 150 days for SN 2020acat and JEKYLL models with an initial mass of 17 M⊙, strong expansion, and weak, medium, and strong mixing of the radioactive material.

      

    

  
    
      Fig. 13 
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        Evolution of the Hα (upper panel) and Hβ (lower panel) lines for SN 2020acat (red) and the JEKYLL models (black) with an initial mass of 17 M⊙, strong mixing and strong expansion of the radioactive material, and a mass of hydrogen in the envelope of 0.0135 (left), 0.027 (middle), and 0.054 (right) M⊙. Spectra from nine logarithmically spaced epochs are shown, and the model C/O-He (blue) and He-H (red) interface velocities are indicated with dashed lines.

      

    

  
    
      Fig. 14 
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        Evolution of the He I 5876 Å (upper panel) and He I 1.083 μm (lower panel) lines for SN 2020acat (red) and the JEKYLL models (black) with an initial mass of 17 M⊙, strong expansion of the radioactive material, medium mixing plus XH =0.54 (left), strong mixing plus XH = 0.54 (middle), and strong mixing plus XH = 0.27 (right). The figure is otherwise the same as Fig. 13.

      

    

  
    
      Fig. 15 
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        Evolution of the (mass-averaged) effective Rosseland mean opacity in the inner helium envelope for the model with strong expansion (black) and the corresponding effective Rosseland mean opacity in the limits of optically thick (blue) and thin (red) clumps. In addition, we show the evolution of the effective Rosseland mean opacity for the model without expansion (cyan).

      

    

  
    
      Fig. 16 
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        Evolution of the temperature (upper left panel), electron fraction (upper right panel), and radioactive energy deposition (lower left panel) in the oxygen core (blue), in the inner and outer (yellow and green) helium envelope, and in the hydrogen envelope (red) for the optimal model (M17-s-s-XH-low). In the lower right panel, we show the evolution of the (Rosseland mean) continuum photosphere (black) and the outer borders of the carbon-oxygen core (blue) and the inner and outer (green and yellow) helium envelope.

      

    

  
    
      Fig. 20 
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        Escape probability for photons emitted from the centre of the SN as a function of wavelength at 100 (red), 200 (yellow), and 400 (blue) days for the optimal model. We binned the resolution (λ/Δλ) to 62 for clarity.

      

    

  
    
      Fig. 23 
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        Evolution of the luminosity in the [O I] 6300, 6364 Å lines normalised with the 56Ni decay luminosity for the JEKYLL models that differ in the expansion of the radioactive material compared to the observations of SN 2020acat (black crosses). We also show a model with very strong (a contrast factor of 210) expansion of the radioactive material in the core.

      

    

  
    
      Fig. 24 
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        Evolution of the fraction of O I in the oxygen-rich clumps for the JEKYLL models that differ in the expansion of the radioactive material. We also show a model with very strong (a contrast factor of 210) expansion of the radioactive material in the core.

      

    

  
    
      Fig. 25 
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        Evolution of the luminosity in the [O I] 6300, 6364 Å lines normalised with the 56Ni decay luminosity for JEKYLL models with 56Ni masses of 0.1, 0.13, and 0.15 M⊙ compared to the observations of SN 2020acat (black crosses).

      

    

  
    
      Table C.1 

      Ejecta mass (M⊙), (kinetic) ejecta energy (B), and zone masses (M⊙) for models with initial masses of 13, 15, 17, 19, and 21 M⊙.

      
        


	MZAMS
	Mej
	Eej
	Ni/He
	Si/S
	O/Si/S
	O/Ne/Mg
	O/C
	He/C
	He/N
	H





	13
	2.1e+00
	8.2e-01
	1.5e-01
	6.8e-02
	1.8e-01
	3.1e-01
	2.5e-01
	2.4e-01
	8.4e-01
	5.0e-02



	15
	2.6e+00
	9.2e-01
	1.8e-01
	8.0e-02
	2.4e-01
	4.5e-01
	4.3e-01
	7.5e-01
	4.2e-01
	5.0e-02



	17
	3.5e+00
	1.0e+00
	1.7e-01
	1.1e-01
	2.7e-01
	1.2e+00
	5.8e-01
	9.3e-01
	2.2e-01
	5.0e-02



	19
	4.5e+00
	1.3e+00
	3.8e-01
	1.2e-01
	1.9e-01
	1.9e+00
	2.6e-01
	1.2e+00
	3.2e-01
	5.0e-02



	21
	5.4e+00
	1.4e+00
	3.7e-01
	1.1e-01
	1.0e-01
	2.8e+00
	4.0e-01
	1.3e+00
	2.6e-01
	5.0e-02





      

    

  
    
      Table C.5 

      Zone composition for models with an initial mass of 19 M⊙.

      
        


	Element
	Ni/He
	Si/S
	O/Si/S
	O/Ne/Mg
	O/C
	He/C
	He/N
	H





	H
	5.5e-05
	1.2e-06
	2.1e-07
	6.8e-09
	2.3e-09
	6.2e-10
	5.0e-02
	5.4e-01



	He
	5.5e-01
	5.7e-05
	2.3e-05
	1.1e-05
	1.0e-02
	8.0e-01
	9.5e-01
	4.4e-01



	C
	5.0e-07
	4.8e-05
	1.6e-04
	4.0e-02
	2.6e-01
	8.0e-02
	8.6e-05
	1.2e-04



	N
	1.2e-06
	1.8e-06
	1.9e-05
	3.4e-05
	2.2e-05
	1.3e-04
	2.5e-03
	1.0e-02



	O
	9.7e-06
	4.1e-02
	5.8e-01
	7.5e-01
	7.1e-01
	1.2e-01
	4.2e-05
	3.2e-03



	Ne
	7.7e-06
	3.6e-05
	1.5e-04
	1.7e-01
	1.6e-02
	4.3e-03
	2.2e-04
	3.0e-03



	Na
	7.2e-08
	8.3e-10
	1.0e-09
	1.8e-06
	4.2e-08
	3.3e-09
	7.4e-11
	7.9e-05



	Mg
	1.5e-05
	2.3e-04
	6.5e-04
	3.1e-02
	6.3e-03
	6.4e-04
	1.1e-04
	7.2e-04



	Al
	2.7e-05
	3.1e-04
	1.8e-04
	2.8e-03
	4.5e-05
	1.7e-05
	1.5e-05
	6.9e-05



	Si
	2.0e-02
	4.4e-01
	2.3e-01
	6.8e-03
	4.8e-04
	1.9e-04
	1.1e-04
	8.2e-04



	S
	3.3e-02
	3.6e-01
	1.6e-01
	1.2e-03
	1.2e-04
	7.2e-05
	5.1e-05
	4.2e-04



	Ar
	8.0e-03
	4.6e-02
	2.7e-02
	1.5e-04
	3.5e-05
	1.7e-05
	1.2e-05
	1.1e-04



	Ca
	9.5e-03
	2.7e-02
	8.3e-03
	3.5e-05
	1.3e-05
	9.7e-06
	7.2e-06
	7.4e-05



	Sc
	2.7e-06
	2.7e-07
	7.7e-07
	3.0e-07
	2.2e-07
	2.7e-08
	4.0e-09
	4.5e-08



	Ti
	8.5e-07
	2.0e-05
	7.3e-05
	2.3e-06
	2.0e-06
	4.9e-07
	2.8e-07
	3.4e-06



	V
	1.5e-08
	2.2e-07
	8.8e-08
	1.8e-07
	8.2e-08
	5.1e-08
	3.4e-08
	4.3e-07



	Cr
	4.9e-04
	7.3e-04
	1.0e-04
	4.3e-06
	4.2e-06
	2.2e-06
	1.5e-06
	2.0e-05



	Mn
	1.7e-04
	2.6e-04
	1.0e-05
	1.2e-06
	9.8e-07
	1.6e-06
	1.1e-06
	1.5e-05



	Fe
	2.1e-02
	5.0e-02
	1.4e-03
	4.3e-04
	4.1e-04
	2.8e-04
	1.9e-04
	1.4e-03



	Co
	2.2e-03
	1.5e-03
	7.6e-06
	4.0e-05
	4.6e-05
	5.7e-06
	2.7e-07
	4.0e-06



	Ni
	1.2e-02
	1.2e-03
	3.2e-04
	1.7e-04
	1.3e-04
	1.5e-05
	5.5e-06
	8.2e-05



	56Ni
	3.3e-01
	2.5e-02
	2.5e-08
	1.6e-11
	5.6e-13
	1.3e-13
	2.5e-15
	1.2e-10



	57Ni
	1.1e-02
	5.7e-04
	9.3e-08
	1.8e-10
	4.6e-12
	5.3e-11
	1.9e-11
	2.2e-11



	44Ti
	9.5e-05
	1.1e-05
	2.6e-06
	4.8e-09
	2.6e-12
	1.6e-13
	2.6e-15
	8.2e-16





      

    

  
    
      Table C.6 

      Zone composition for models with an initial mass of 21 M⊙.

      
        


	Element
	Ni/He
	Si/S
	O/Si/S
	O/Ne/Mg
	O/C
	He/C
	He/N
	H





	H
	4.8e-05
	3.7e-07
	1.8e-07
	2.0e-09
	1.2e-09
	3.0e-10
	1.7e-02
	5.4e-01



	He
	6.0e-01
	6.4e-05
	2.4e-05
	1.1e-05
	1.9e-02
	8.0e-01
	9.8e-01
	4.4e-01



	C
	7.4e-07
	3.6e-05
	1.6e-04
	8.4e-03
	2.6e-01
	7.9e-02
	2.2e-04
	1.2e-04



	N
	1.3e-06
	7.3e-07
	6.9e-06
	3.0e-05
	1.7e-05
	5.5e-05
	2.5e-03
	1.0e-02



	O
	1.2e-05
	1.1e-02
	1.7e-01
	7.5e-01
	7.0e-01
	1.2e-01
	5.3e-05
	3.2e-03



	Ne
	9.4e-06
	2.4e-05
	1.0e-04
	1.9e-01
	1.2e-02
	4.1e-03
	2.7e-04
	3.0e-03



	Na
	1.1e-07
	7.3e-10
	1.6e-09
	1.2e-06
	2.6e-08
	3.7e-09
	1.2e-10
	7.9e-05



	Mg
	9.3e-06
	1.9e-04
	2.4e-04
	3.5e-02
	5.8e-03
	4.7e-04
	1.2e-04
	7.2e-04



	Al
	2.1e-05
	3.3e-04
	3.1e-04
	3.2e-03
	4.3e-05
	1.6e-05
	1.5e-05
	6.9e-05



	Si
	7.7e-03
	4.4e-01
	3.9e-01
	7.1e-03
	4.8e-04
	1.9e-04
	1.2e-04
	8.2e-04



	S
	1.5e-02
	3.7e-01
	3.4e-01
	1.2e-03
	1.2e-04
	7.3e-05
	5.2e-05
	4.2e-04



	Ar
	4.4e-03
	5.0e-02
	6.2e-02
	1.6e-04
	3.4e-05
	1.7e-05
	1.2e-05
	1.1e-04



	Ca
	6.2e-03
	3.1e-02
	3.0e-02
	6.0e-05
	1.3e-05
	1.0e-05
	7.4e-06
	7.4e-05



	Sc
	2.6e-06
	2.7e-07
	2.2e-06
	3.7e-07
	2.2e-07
	2.4e-08
	4.1e-09
	4.5e-08



	Ti
	9.3e-07
	1.7e-05
	2.4e-04
	2.9e-06
	2.0e-06
	4.8e-07
	2.8e-07
	3.4e-06



	V
	1.4e-08
	2.8e-07
	3.1e-07
	1.9e-07
	7.9e-08
	5.2e-08
	3.4e-08
	4.3e-07



	Cr
	4.3e-04
	1.0e-03
	4.7e-04
	4.6e-06
	4.2e-06
	2.3e-06
	1.5e-06
	2.0e-05



	Mn
	1.5e-04
	3.6e-04
	5.6e-05
	1.1e-06
	1.0e-06
	2.1e-06
	1.1e-06
	1.5e-05



	Fe
	9.3e-03
	3.6e-02
	3.7e-03
	1.9e-04
	2.1e-04
	1.4e-04
	9.8e-05
	1.4e-03



	Co
	2.2e-03
	2.3e-03
	2.7e-05
	4.4e-05
	4.3e-05
	4.3e-06
	2.8e-07
	4.0e-06



	Ni
	1.6e-02
	1.8e-03
	2.5e-04
	1.9e-04
	1.3e-04
	1.2e-05
	5.7e-06
	8.2e-05



	56Ni
	3.3e-01
	5.3e-02
	3.5e-07
	1.2e-10
	2.7e-13
	8.7e-14
	2.3e-15
	1.2e-10



	57Ni
	1.2e-02
	9.5e-04
	7.7e-07
	5.5e-10
	2.9e-12
	5.8e-11
	1.9e-11
	2.2e-11



	44Ti
	9.2e-05
	1.4e-05
	1.4e-05
	2.5e-08
	1.8e-12
	1.2e-13
	2.7e-15
	8.2e-16





      

    

  
    
      Fig. D.1 

      
        [image: thumbnail]
      

      
        Spectral evolution in the optical (left panel) and NIR (right panel) for the optimal model, where the NIR flux has been scaled as indicated in blue. In the spectra, we show the contributions (last scattering or emission event, excluding electron scattering) to the flux from the carbon-oxygen core (blue), the inner (cyan) and outer (red) helium envelope, and the hydrogen (yellow) envelopes.

      

    

  
    
      Fig. D.4 

      
        [image: thumbnail]
      

      
        Bound-bound contribution from ionisation stages I (blue), II (red), III (yellow), and higher (green) of magnesium (upper panel), silicon (middle panel), and sulphur (lower panel) to the spectral evolution of the optimal model.

      

    

  
    
      Fig. D.7 

      
        [image: thumbnail]
      

      
        Bound-bound contribution from ionisation stages I (blue), II (red), III (yellow), and higher (green) of cobalt (upper panel), nickel (middle panel), and other elements (lower panel) to the spectral evolution of the optimal model.
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