
    
      Table 1 

      Summary of radiative transfer simulations in both 1D (upper part) and 2D (lower part).

      
        


	1D simulations with CMFGEN



	




	Dim.
	Model
	Ekin (1050 erg)
	M(56Ni)core (M⊙)
	M(56Ni)shell (M⊙)





	1D
	e1ni1
	2.0
	0.009
	0.0



	1D
	e1ni2
	2.0
	0.050
	0.0



	1D
	e1ni1b1
	2.0
	0.009
	0.02



	1D
	e1ni1b2
	2.0
	0.009
	0.05



	




	1D
	e2ni1
	4.0
	0.009
	0.0



	1D
	e2ni2
	4.0
	0.050
	0.0



	1D
	e2ni1b1
	4.0
	0.009
	0.02



	1D
	e2ni1b2
	4.0
	0.009
	0.05





        


	2D simulations with LONG_POL



	




	Dim. 2D
	Model Y/e1ni1
	Geometrical setup Model Y for | θ | ≲ 28.13°, e1ni1 elsewhere



	




	Dim.
	Model Y
	Pcont,max (%)
	Sign Flip?



	
	
	50 days
	Max
	300 days
	





	2D
	e1ni2
	0.10
	1.03
	0.93
	Yes



	2D
	e1ni1b1
	0.05
	1.72
	0.81
	Weak



	2D
	e1ni1b2
	0.09
	1.83
	1.24
	No



	2D
	e2ni1
	0.57
	1.90
	0.21
	Marginal



	2D
	e2ni2
	0.59
	1.86
	1.41
	Marginal



	2D
	e2ni1b1
	0.98
	4.06
	0.80
	Marginal



	2D
	e2ni1b2
	1.19
	2.71
	1.11
	No





      

      
Notes. The first column lists the dimensionality of the simulation. The 1D spherically symmetric non-LTE time-dependent simulations with CMFGEN are used as initial conditions for the 2D axially symmetric polarized radiative transfer simulations with LONG_POL. The second column lists the model name. The following columns provide some characteristics of each simulation. For the 1D simulations, we list the ejecta kinetic energy and the total mass of 56Ni (it may be present in the core and in an external shell; see Fig. 1). For the 2D simulations, we list the continuum polarization at 50 and 300 days, as well as the maximum value it attained. We also indicate whether the continuum polarization exhibits a sign flip during its evolution from 15 to 300 days. The evolution of the quantity −Qcont, defined as −100FQ/FI, is shown in Fig. B.4. We show the average of this quantity in the spectral region from 6900 to 7200 Å. The full description of these quantities is given in the Appendix A. All 2D simulations adopt mirror symmetry with respect to the equatorial plane.




    

  
    
      Fig. 1 
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        Ejecta properties for our 1D CMFGEN model set. Top: profile of the undecayed 56Ni vs. velocity. The bump in the 56Ni abundance at higher velocities for models labeled with a b1/2 suffix does not appear in the other models, in which there is only a central concentration of 56Ni. Bottom: Profile of the electron density vs. velocity at 84 days after explosion.

      

    

  
    
      Fig. 2 
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        Spectral comparison between model elnil and the observations of SN 2008bk after correction for redshift and reddening (Lisakov et al. 2017). Epochs with a star symbol correspond to data from Leonard et al. (2012a) and the others are from Pignata (2013).

      

    

  
    
      Fig. 3 
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        Model light curves for our set of 1D CMFGEN simulations.

      

    

  
    
      Fig. 5 
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        Illustration of the comoving-frame bolometric flux H (scaled by V2 and normalized) vs. velocity for models e1ni1 (solid) and e1ni1b2 (dashed) at three epochs covering the early photospheric phase (SN age of 32 days; blue), the recombination epoch (84 days; red), and the nebular phase (200 days; yellow).

      

    

  
    
      Fig. 6 
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        Illustration of the electron-scattering photosphere and shape factor. Left: evolving morphology of the electron-scattering photosphere (obtained through a radial integration of the electron-scattering optical depth) in the 2D axisymmetric model e1ni1b2/e1ni1. The symmetry axis lies in the vertical direction. Only one octant is shown since our 2D simulations adopt mirror symmetry with respect to the equatorial plane. Right: corresponding evolution of the shape factor γ(r), shown as a color map, between 32 and 300 days and as function of velocity (because of homologous expansion, the radius is equal to the velocity multiplied by the SN age. Radius and velocity are therefore analogous quantities). Spherical symmetry corresponds to γ(r) = 1/3. The black line shows the representative angle-averaged location of the photosphere at each epoch.

      

    

  
    
      Fig. 7 
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        Results for the V-band light curve and the evolution of the continuum polarization for the 2D model e1ni1b2/e1ni1. We show the evolution of the V-band magnitudes (thin lines; y-axis at the left) and continuum polarization (thick line; y-axis at the right) from 20 to 300 days. The 2D model has the properties of the 1D model e1ni1b2 for polar angles within about 28° of the axis and those of the 1D model e1ni1 elsewhere. The different colors refer to different viewing angles relative to the symmetry axis, covering from 0° (pole-on) to 90° (edge-on; see the legend in the top right corner). The gray area is bounded by the CMFGEN light curves computed for 1D models e1ni1 (bottom black curve) and e1ni1b2 (top black curve). The continuum polarization corresponds to polarization in the relatively line-free region between 6900 and 7200 Å. LONG_POL finds a null polarization at all epochs for a zero-degree inclination, as expected.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Same as Figs. 7 and 6 (right panel), but showing the results for model e1ni1b1/e1ni1. See text for discussion.

      

    

  
    
      Fig. 10 
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        Same as Figs. 7 and 6 (right panel), but showing the results for model e2ni1/e1ni1. See text for discussion.

      

    

  
    
      Fig. 11 
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        Same as Figs. 7 and 6 (right panel), but showing the results for model e2ni1b1/e1ni1. See text for discussion.

      

    

  
    
      Fig. 12 
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        Same as Figs. 7 and 6 (right panel), but showing the results for model e2ni1b2/e1ni1. See text for discussion.

      

    

  
    
      Fig. 13 
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        Same as Figs. 7 and 6 (right panel), but showing the results for model e2ni2/e1ni1. See text for discussion.

      

    

  
    
      Fig. B.1 
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        Spectral comparison between 1D CMFGEN models at about 20 (left) and 84 d (right) after explosion.

      

    

  
    
      Fig. B.2 
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        Same as Fig. 6 for model e1ni1b2/e1ni1, but showing the evolving morphology of the electron-scattering photosphere for the rest of the 2D model set.

      

    

  
    
      Fig. B.3 
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        Influence of the spectral range used to compute the average continuum polarization. In the left panel, the range covers from 6900 to 7200 Å and in the right panel, the range covers from 6900 to 8200 Å.

      

    

  
    
      Fig. B.4 
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        Same as Fig. 7, but showing the quantity < −Qcont > (averaged over the spectral region extending from 6900 until 7200 Å), which reveals any potential polarization sign flip (unlike Pcont). In the nomenclature of Dessart et al. (2021b), this quantity is defined as −100 FQ/FI (see Appendix A). We show the negative of Qcont so that most of the polarization values are positive. With our sign convention, a negative FQ corresponds to an electric vector perpendicular to the symmetry axis.
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