
    
      Fig. 3. 
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        Mean template spectra for the Type Ib SE SN subtype at epochs of −7 d, 0 d, +7 d, +14 d, and +21 d. The number of spectra used to construct each template is indicated within parenthesis below the corresponding epoch. Each numerically indicated spectral feature is labeled with its parent ion(s) as determined from SYNAPPS fits. Thin gray lines indicate the 1-σ error spectrum.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Pseudo-equivalent width values for Features 1–10 plotted vs. days relative to the epoch of T(B)max. The measurement symbols are encoded by SN subtype with SNe IIb appearing as blue triangles, SNe Ib as yellow squares, and SNe Ic as magenta squares. Filled shaded regions correspond to the mean ±1-σ standard deviation of a rolling window characterized with a size of ten days. The rolling windows are evaluated on epochs containing at least three distinct pEW measurements and two pEW measurements in the preceding and subsequent epochs.

      

    

  
    
      Fig. 7. 
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        Results from PCA. Top: solid black line is the mean spectrum computed using all observed (i.e., 111) spectra obtained out to +40 d and over the spectral range of 3950–8700 Å. The shaded regions correspond to Mean spectrum + Amplitudei ⋅ PCi, yielding the range of amplitudes shown in the panel below. Here the blue shaded regions correspond to negative values, and the red regions correspond to positive values. Bottom: amplitude1 versus Amplitude2, color-coded by spectral subtype and with the intensity of colors corresponding to the phase of the observed spectra following the multicolumn colorbar located to the right.

      

    

  
    
      Fig. 10. 
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        Results from PCA. Top: linear combinations of the first two PCs determined from PCA applied to the spectra extending to +70 d and between 6000–7000 Å. Bottom: a linear combination of Amplitude1 and Amplitude2 plotted versus its orthogonal (30°) rotation. In addition to the CSP-I SE SN sample, PCA resutls are shown for the normal Type Ia SN 2013gy (Holmbo et al. 2019) and unpublished CSP-II spectra of the Type Ic superluminous SN 2015bn (Phillips et al. 2019). Solid curved lines highlight subtypes of He I-rich SE SNe (see Sect. 5.3). GMM clusters are indicated with one and two sigma contours for each cluster using dashed and dot-dashed lines (see Sect. 5.3.1 and Table 3), respectively. To guide the eye, curved arrows are over-plotted highlighting the temporal evolution of SNe IIb and SNe Ib.

      

    

  
    
      Fig. 11. 
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        Time-evolution of the Doppler velocity measured from the minimum of the He Iλ5876 feature. Each object is plotted with a unique combination of symbol and color where the color indicate subtype, with SN Ib plotted in blue and SN Ib in green. The three SN Ib plotted with filled symbols are SNe 2005bf, 2007Y, and 2007kj, and are identified as ‘flat-velocity’ SNe IIb by Folatelli et al. (2014), while others have referred to such objects as transitional SNe Ib/c (e.g., Hamuy et al. 2002; Stritzinger et al. 2009). Using classification criteria based on the pEW of Features 4 and 5 as discussed in this paper these objects are consistent with a Type Ib classification (see also Liu et al. 2016 and Prentice & Mazzali 2017 for additional discussion).

      

    

  
    
      Fig. 12. 
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        Spectroscopic time-series from +7 d to +23.2 d of the Type Ic SN 2005aw. The spectra are plotted in velocity space with the segments of data containing the He Iλλ5876, 6678, and 7065 features plotted on top of each other. As revealed from the PCA results and consistent the data, SN 2005aw exhibits discernible features likely formed by He I with −vabs ∼ 8500 km s−1.

      

    

  
    
      Fig. A.1. 
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        SYNAPPS fits (red lines) computed for mean template spectra (black lines) representing epochs of −7 d, +0 d, +7 d, +14 d and +21d. Each mean template spectrum was computed using data obtained within ±3.5 days relative to its specific epoch. Spectral features attributed to each ion are also plotted in black.

      

    

  
    
      Fig. A.2. 

      
        [image: thumbnail]
      

      
        SYNAPPS fits (red lines) computed for SE SN template spectra (black lines) representing epochs of −7 d, +0 d, +7 d, +14 d and +21d. Each mean template spectrum was computed using data obtained within ±3.5 days relative to its specific epoch. Spectral features attributed to each ion are also plotted in black.

      

    

  
    
      Fig. A.3. 
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        SYNAPPS fits (red lines) computed for SE SN template spectra (black lines) representing epochs of +0 d, +7d, +14 d and +21 d. Each mean template spectrum was computed using data obtained within ±3.5 days relative to its specific epoch. Spectral features attributed to each ion are also plotted in black.

      

    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Spearman’s rank correlation coefficients (ρ) between pairs of pEW measurements. The colors of the boxes is associated with the correlation coefficient with numeric values indicated by the colorbar at the top of the figure. The lighter the color, the stronger the correlation. Contained within the triangle of each panel are the correlation coefficients between pairs of pEW measurements computed using spectra obtained up to three weeks post the epoch of B-band maximum. The relative significance of ρ for each pair is indicated through the use of white lines. Here white-dotted, white-dashed and white-solid lines correspond to pEW pairs having low (0.4< |ρ| ≤0.6), moderate (0.6< |ρ| ≤0.8), or high (0.8< |ρ|) correlation coefficients, respectively. Colored boxes with no white lines exhibit minimal correlation. Gray squares have low statistical significance and are characterized by probability (p) values p > 0.1.
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