
    Table 1 

            SN sample used in this analysis.

          
            
              	 SN
              	
                tB(max)
              
              	Δm15(B)
              	
                
                  s
                  
                    BV
                  
                
              
              	sBV reference
              	t2(Y) 1
              	t2(J)
              	
                
                  μ
                
              
              	Distance method **
              	Distance reference
              	Data reference 
            

            
              	
              	(MJD; d)
              	(mag)
              	
              	
              	(d)
              	(mag)
              	
            

            
              	
                

              
            

            
              	
                SN1999by 
                *
                2
              
              	 51 308.3
              	 1.93
              	0.46
              	This paper
              	N/A
              	N/A
              	30.82 (±0.15)
              	TF
              	T13
              	H02, G04
            

            
              	 SN2003gs
              	 52 848.3
              	 1.83
              	0.49
              	This paper
              	
                ···
              
              	15.3 (±0.7)
              	31.65 (±0.28)
              	SBF
              	T01
              	K09
            

            
              	
                SN2005bl
                *
              
              	 53 481.6
              	 1.80
              	0.39
              	B14
              	N/A
              	N/A
              	35.14 (±0.09)
              	LD
              	
              	WV08, F15 
            

            
              	
                SN2005ke
                *
              
              	 53 698.6
              	 1.78
              	0.41
              	B14
              	N/A
              	
                ···
              
              	31.84 (±0.08)
              	SBF
              	T01
              	WV08, C10, F15
            

            
              	 SN2006gt*
              	 54 003.1
              	 1.66
              	0.56
              	B14
              	
                ···
              
              	20.2 (±1.2)
              	36.43 (±0.05)
              	LD
              	
              	C10 
            

            
              	
                SN2006mr
                *
              
              	 54 050.2
              	 1.84
              	0.26
              	B14
              	N/A
              	N/A
              	31.15 (±0.23)
              	SBF
              	A01
              	C10 
            

            
              	
                SN2007N
                *
              
              	 54 124.3
              	 1.79
              	0.29
              	B14
              	N/A
              	N/A
              	33.91 (±0.16)
              	LD
              	
              	S11 
            

            
              	
                SN2007ax
                *
              
              	 54 187.5
              	 1.86
              	0.36
              	B14
              	N/A
              	N/A
              	32.20 (±0.14)
              	TF
              	T09
              	S11 
            

            
              	 SN2007ba*
              	 54 196.2
              	 1.88
              	0.54
              	B14
              	20.0 (±0.4)
              	
                ···
              
              	36.18 (±0.05)
              	LD
              	
              	S11 
            

            
              	 SN2007on
              	 54 421.1
              	 1.90
              	0.57
              	B14
              	18.7 (±0.4)
              	18.2 (±0.1)
              	31.45 (±0.08)
              	SBF
              	J03
              	S11 
            

            
              	 SN2008R*
              	 54 494.3
              	 1.85
              	0.59
              	B14
              	15.5 (±0.7)
              	14.1 (±0.7)
              	33.73 (±0.16)
              	LD
              	
              	S11 
            

            
              	 SN2008hs
              	 54 812.1
              	 1.83
              	0.60
              	This paper
              	
                ···
              
              	14.0 (±1.0)
              	34.28 (±0.13)
              	LD
              	
              	F15 
            

            
              	
                SN2009F
                *
              
              	 54 841.8
              	 1.97
              	0.33
              	B14
              	N/A
              	N/A
              	33.73 (±0.16)
              	LD
              	
              	S11 
            

            
              	 SN2010Y
              	 55 247.5
              	 1.73
              	0.61
              	This paper
              	
                ···
              
              	
                ···
              
              	33.44 (±0.20)
              	LD
              	
              	F15 
            

            
              	 iPTF13ebh
              	 56 622.9
              	 1.79
              	0.63
              	H15
              	19.4 (±0.2)
              	17.2 (±1.5)
              	33.63 (±0.16)
              	LD
              	
              	H15 
            

          


            Notes.    TF, Tully-Fisher relation; and SBF, surface brightness fluctuation. We wish to note that 0.16 mag (Jensen et al. 2003) is subtracted from SBF distances from Tonry et al. (2001) to put them on the same scale as Freedman et al. (2001). We wish to note that objects that do not have a luminosity distance presented here are not in the Hubble flow, meaning they have z< 0.01.

            (1) SN Ia with only one maximum are marked as “N/A”. Ellipses indicate insufficient data to determine a second maximum.


            (2) SN Ia in the SN Ia-faint sub-group are shown in italics (see text).


            (*) Spectroscopically classified as SN 1991bg-like.


            (**) Methods for distances to the SN hosts are as follows: LD, luminosity distance (using parameters detailed in the text);


            Reference. A01: Ajhar et al. (2001); T01: Tonry et al. (2001); H02: Höflich et al. (2002); J03: Jensen et al. (2003); G04: Garnavich et al. (2004); K09: Krisciunas et al. (2009); WV08: Wood-Vasey et al. (2008); C10: Contreras et al. (2010); S11: Stritzinger et al. (2011); T09: Tully et al. (2009); T13: Tully et al. (2013); F15: Friedman et al. (2015); H15: Hsiao et al. (2015).

          


  
    
      Fig. 1 
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            Lmax versus sBV for normal SN Ia (red) and fast-declining SN Ia (black). The best-fit linear relations for the faint sub-group of the fast-declining SN Ia, the normal SNe, and the best-fit assuming that all SNe belong to the same group are plotted as solid lines. Inset: the u → H pseudo-bolometric light curve for SN 2006mr (green), the faintest SN in the sample is plotted in comparison with the normal SN 2002bo (red, Benetti et al. 2004).

          

    

  
    Table 2 

            Slope and intercept for the Lmax−sBV relation.

          
            
              	 Sample
              	Slope
              	Intercept
              	
            

            
              	
                

              
            

            
              	
                SN Ia-faint
              
              	0.76 (±0.17)
              	–0.08 (±0.06)
              	
            

            
              	 Normal SN Ia
              	1.24 (±0.14)
              	–0.05 (±0.11)
              	
            

            
              	 Complete
              	1.40 (±0.08)
              	–0.27 (±0.04)
              	
            

          



  
    Table 3 

            Epoch of maximum (with respect to tB(max) ) and peak magnitude in YJHK filters.

          
            
              	SN1
              	
                
                  t
                  
                    Y
                  
                
              
              	
                
                  t
                  
                    J
                  
                
              
              	
                
                  t
                  
                    H
                  
                
              
              	
                
                  M
                  
                    Y
                  
                
              
              	
                
                  M
                  
                    J
                  
                
              
              	
                
                  M
                  
                    H
                  
                
              
            

            
              	
              	(d)
              	(d)
              	(d)
              	(mag)
              	(mag)
              	(mag)
            

            
              	
                

              
            

            
              	
                1999by
              
              	...
              	...
              	2.98 (±0.63)
              	...
              	...
              	–18.33 (±0.19) 
            

            
              	
                2005bl
              
              	...
              	1.12 (±1.09)
              	...
              	...
              	–17.96 (±0.13)
              	...
            

            
              	
                2005ke
              
              	1.88 (±0.52)
              	1.33 (±0.23)
              	2.05 (±0.28)
              	–17.42 (±0.08)
              	–17.45 (±0.08)
              	–17.50 (±0.08) 
            

            
              	
                2006mr
              
              	5.46 (±0.41)
              	3.26 (±0.12)
              	5.11 (±0.47)
              	–17.17 (±0.23)
              	–17.17 (±0.23)
              	–17.27 (±0.23) 
            

            
              	
                2007N
              
              	6.62 (±1.03)
              	4.92 (±2.00)
              	5.96 (±1.30)
              	–17.48 (±0.16)
              	–17.48 (±0.18)
              	–17.65 (±0.21) 
            

            
              	
                2007ax
              
              	5.56 (±0.24)
              	...
              	4.41 (±1.63)
              	–17.01 (±0.14)
              	...
              	–17.00 (±0.15) 
            

            
              	2007ba
              	1.12 (±0.63)
              	–1.05 (±1.9)
              	–0.42 (±1.40)
              	–18.65 (±0.06)
              	–18.56 (±0.31)
              	–18.64 (±0.11) 
            

            
              	2007on
              	–2.88 (±0.10)
              	–2.67 (±0.10)
              	–3.49 (±0.10)
              	–18.28 (±0.19)
              	–18.37 (±0.19)
              	–18.18 (±0.19) 
            

            
              	2008hs
              	...
              	–2.77 (±0.63)
              	–3.21 (±1.69)
              	...
              	–17.96 (±0.15)
              	–17.82 (±0.15) 
            

            
              	
                2009F
              
              	5.14 (±0.90)
              	1.80 (±1.00)
              	...
              	–17.64 (±0.19)
              	–17.57 (±0.17)
              	...
            

            
              	2010Y
              	...
              	–1.88 (±1.70)
              	...
              	...
              	–18.21 (±0.26)
              	...
            

            
              	iPTF13ebh
              	–2.02 (±0.10)
              	–0.48 (±0.09)
              	–2.62 (±0.91)
              	–18.57 (±0.16)
              	–18.58 (±0.16)
              	–18.46 (±0.16) 
            

          


            
              Notes.
            

            (1) SN Ia in the SN Ia-faint sub-group are shown in italics.


          


  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
              Pseudo-bolometric peak luminosity versus the timing of the NIR (YJH filters) maximum for SNe in our sample. SNe that peak earlier in the NIR (squares) than the optical also appear to be an extension to the normal SN Ia whereas all SNe with an NIR peak after the optical (diamonds) appear to be a distinct population in Fig. 1.

            

    

  
    Table 4 

              56Ni masses for fast-declining SN Ia with sufficient early time coverage to determine a peak luminosity.

            
              
                	 SN1
                	
                  
                    L
                    max
                  
                
                	
                  [image: equation]
                
                	
                  [image: equation]
                
                	
                  E(B−V)host
                
                	
                  E(B−V)MW
                
                	
                  
                    R
                    
                      V
                    
                  
                  2
                
                	Reference for E(B−V)host
              

              
                	
                	(1043 erg s-1)
                	tR = 13 d; M⊙
                	tR = 19 d; M⊙
                	mag
                	mag
                	
              

              
                	
                  

                
              

              
                	
                  1999by
                
                	 0.26 (±0.04)
                	0.10 (±0.02)
                	0.13 (±0.03)
                	0.020 ±0.030
                	0.010
                	3.1
                	G04
              

              
                	
                  2005ke
                
                	 0.28 (±0.09)
                	0.10 (±0.04)
                	0.14 (±0.04)
                	0.263 (±0.033)
                	0.020
                	1.0
                	B14
              

              
                	 2006gt
                	 0.58 (±0.11)
                	0.21 (±0.05)
                	0.29 (±0.07)
                	0.040 (±0.014)
                	0.032
                	3.1
                	B14
              

              
                	
                  2006mr
                
                	 0.10 (±0.03)
                	0.04 (±0.01)
                	0.05 (±0.02)
                	0.089 (±0.039)
                	0.018
                	2.9
                	B14
              

              
                	
                  2007N
                
                	 0.18 (±0.04)
                	0.07 (±0.02)
                	0.09 (±0.03)
                	0.350 (±0.052)
                	0.034
                	1.7
                	B14
              

              
                	
                  2007ax
                
                	 0.17 (±0.06)
                	0.07 (±0.02)
                	0.09 (±0.03)
                	0.213 (±0.049)
                	0.045
                	2.1
                	B14
              

              
                	 2007ba
                	 0.77 (±0.13)
                	0.28 (±0.06)
                	0.38 (±0.09)
                	0.150 (±0.026)
                	0.032
                	1.1
                	B14
              

              
                	 2007on
                	 0.60 (±0.09)
                	0.22 (±0.05)
                	0.30 (±0.07)
                	<0.007
                	0.010
                	1.9
                	B14
              

              
                	 2008R
                	 0.53 (±0.10)
                	0.20 (±0.05)
                	0.27 (±0.07)
                	0.009 ±0.013
                	0.062
                	3.1
                	B14
              

              
                	
                  2009F
                
                	 0.20 (±0.05)
                	0.07 (±0.02)
                	0.10 (±0.03)
                	0.108 (±0.047)
                	0.089
                	1.0
                	B14
              

              
                	 iPTF13ebh
                	 0.75 (±0.14)
                	0.28 (±0.07)
                	0.38 (±0.10)
                	0.050 (±0.020)
                	0.067
                	3.1
                	H15
              

            


              Notes.. 

              (1) SN Ia in the SN Ia-faint sub-group are shown in italics


              (2) RV values were calculated using SNooPY fits (Burns et al. 2011, 2014).


              Reference. G04: Garnavich et al. (2004); B14: Burns et al. (2014); H15: Hsiao et al. (2015).

            


  
    Table 5 

              Fiducial time scales (t0), ejecta masses (Mej), and bolometric decline rate for the low-luminosity SN Ia with sufficient early and late time coverage to determine a peak luminosity and a late time slope (see text for assumptions about ve, κ, and q).

            
              
                	 SN
                	t0 (tR = 13 d)
                	t0 (tR = 19 d)
                	Mej (tR = 13 d)
                	Mej ( tR = 13 d)
                	Mej (tR = 19 d)
                	Mej (tR = 19 d)
                	Decline rate
                	
              

              
                	
                	(d)
                	(d)
                	(M⊙; ve = 3000 km  s-1)
                	(M⊙; ve = 2700  km  s-1)
                	(M⊙; ve = 3000 km  s-1)
                	(M⊙; ve = 2700 km s-1)
                	(mag d-1)
                	
              

              
                	
                  

                
              

              
                	
                  2005ke
                
                	 31.69 (±0.83)
                	28.49 (±0.60)
                	1.03 (± 0.24)
                	0.84 (±0.20)
                	0.83 (±0.20)
                	0.67 (±0.16)
                	0.030 (±0.0004)
                	
              

              
                	
                  2006mr
                
                	 26.72 (±0.47)
                	24.67 (±0.40)
                	0.73 (±0.19)
                	0.61 (±0.17)
                	0.62 (±0.17)
                	0.51 (±0.16)
                	0.039 (±0.0013)
                	
              

              
                	
                  2007ax
                  1
                
                	 28.27 (±0.69)
                	26.07 (±0.50)
                	0.81 (±0.21)
                	0.70 (±0.18)
                	0.70 (±0.18)
                	0.56 (±0.16)
                	
                  
                    ...
                  
                
                	
              

              
                	 2007on
                	 29.70 (±0.77)
                	26.89 (±0.16)
                	0.90 (±0.21)
                	0.72 (±0.19)
                	0.74 (±0.19)
                	0.60 (±0.16)
                	0.033 (±0.0003)
                	
              

              
                	
                  2009F
                  1
                
                	 26.49 (±0.60)
                	24.69 (±0.40)
                	0.72 (±0.19)
                	0.60 (±0.16)
                	0.62 (±0.16)
                	0.51 (±0.14)
                	
                  
                    ...
                  
                
                	
              

            


              
                Notes.
              

              (1) Only using UBVRI data.


            


  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
              Ratio of the ejecta mass to 56Ni  mass is plotted against the 56Ni  mass. With decreasing ejecta mass the black points are SNe 2005ke, 2006mr, 2007on 2007ax and 2009F, the last two of which lack NIR coverage. The diamonds are the SN Ia-faint  sub-group and the square is 2007on which is fast-declining but not in the sub-group. The red points are normal SN Ia taken from Scalzo et al. (2014). We also plot the values from different model scenarios. The yellow squares are sub-MCh double detonation models from Sim et al. (2010), blue squares from violent merger models for normal and subluminous SNe from Pakmor et al. (2010, 2012), the green curve is the ratio for a MCh explosion and the magenta curve is the ratio for a sub-MCh explosion with Mej of 1 M⊙. We plot the typical error bar for the normal SNe from Scalzo et al. (2014) in red.
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