
    
      Fig. 3. 
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        Comparison of the SN IIn model Hα profile between the MC and CMF_FLUX calculations when we assume anisotropic scattering (g = 0.8). From CMF_FLUX, we show both the CMF (i.e., obs_cmf) and the observer's frame (i.e., obs_fin) calculations. The no-dust case, computed in the observer's frame, is shown in black. In all cases shown here, only Hα was included in the profile calculation (i.e., there is no background flux arising, for example, from the overlap with a forest of lines from Fe I or Fe II).

      

    

  
    
      Fig. 5. 
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        Impact of the dust location on the spectral properties of the SN IIn model at 300 d. We show various choices for the dust spatial distribution (top) and the corresponding predictions for the resulting optical spectrum (middle) and the Hα profile (bottom). The dust is made of 0.1μm silicate grains and the total dust mass is 10−4 M⊙. [See Sect. 5 for discussion.]

      

    

  
    
      Fig. 7. 
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        Extinction due to ejecta dust for the SN IIn model. We consider dust masses between 10−6 and 10−3 M⊙ and show the results for the UVW1-band (ultraviolet range) and V-band filters. As in Fig. 6, the dust is placed in the outer-ejecta dense shell. [see Sect. 5 for discussion.]

      

    

  
    
      Fig. 10. 
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        Comparison of the optical spectrum of SN 2017eaw at 900 d (black) with synthetic spectra of the SN IIP/CSM model at 1000 d with different assumptions on the dust properties (red). The observed spectrum has been corrected to match the R-band photometry of Weil et al. (2020), and then corrected for redshift and reddening. The model spectra have been scaled to the SN 2017eaw distance, with an additional scaling of 0.5. When included, the dust is chosen to be 0.1 μm silicate grains and located in the outer dense shell at 8000 km s−1. [see Sect. 6 for discussion.]

      

    

  
    
      Fig. 11. 
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        Comparison of the optical spectrum of SN 1987A at 714 d (black) with synthetic spectra of the SN II model at 700 d with different assumptions on the dust properties (red). The observed spectrum has been corrected for redshift and reddening. The model spectra have been scaled to the SN 1987A distance. When included, the dust is chosen to be 0.1 μm silicate grains and located in the inner metal-rich ejecta. [See Sect. 7 for discussion.]

      

    

  
    
      Fig. B.1. 
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        Comparison in the SN IIn model at 300 d of the Hα profile produced by the MC and CMF_FLUX calculations when we ignore dust. For CMF_FLUX, we show both the results from the CMF and from the observer's frame calculations.

      

    

  
    
      Fig. B.2. 
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        Comparison in the SN IIn model at 300 d of the Hα profile between the MC code and CMF_FLUX when we assume isotropic scattering. All three profiles show similar agreement to that obtained in the absence of dust (see Fig. B.1). The red component of the CMF calculation (i.e., obs_cmf) shows some rounding due to numerical diffusion in frequency space.

      

    

  
    
      Fig. B.3. 
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        Illustration of the emergent mean intensity in the SN IIn model at 300d and assuming anisotropic dust scattering. We show the quantity I(p) for the impact parameter p= 0.5 Rmax. Two narrow Hα components, due to the dense shell, are apparent, one redshifted and one blueshifted. The component at large velocities (V>5000 km s−1) seen in the inset is due to dust scattering while the component centered on 0 km s−1 is due to ejecta emission.

      

    

  
    
      Fig. B.4. 
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        Illustration for the dusty SN IIn model at 300 d of the contribution to the escaping flux arising from ejecta regions with impact parameters smaller and greater than 0.5 Rmax.

      

    

  
    
      Fig. C.1. 
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        Illustration of the ejecta and radiation properties versus velocity in the SN IIn model at 300 d after explosion and used for comparison to SN 1998S at 375 d in Section 5. The main feature of this model is the presence of a massive dense shell at 5000 km s−1 and powered by interaction (the interaction power absorbed is 2×1041 erg s−1 in this model). From top to bottom, we show the mass fractions and ionization state of H, He, O, and Fe (a value of zero corresponds to a neutral state, of one to once ionized etc), the free-electron density, the electron temperature, the absorbed powers from radioactive decay and ejecta/CSM interaction, some line emission measure denoted [image: equation] (ζ is defined such that [image: equation] gives the fractional line flux originating between radii a and b, and for better visibility we show its scaled value [image: equation]; for details see Hillier 1987), and the outward integral of the flux in the ultraviolet, optical, and infrared.
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