

    


    Table C.5. 

Journal of spectroscopic observations for SN 2016hnk.




	UT date
	MJD
	Epoch
	Exposure
	Airmass
	Telescope
	Spectrograph
	Grism
	Range
	Resolution





	2016-10-29 06:51:58.975
	57690.29
	+0.80
	900
	1.30
	HILTNER
	OSMOS
	VPH Blue
	3960−6880
	1600



	2016-10-30 06:03:08.180
	57691.25
	+1.74
	1200
	1.19
	SOAR
	Goodman
	G400
	3600−7040
	1850



	2016-10-31 00:20:51.571
	57692.01
	+2.49
	2600
	1.26
	SALT
	RSS
	PG0900
	3500−9400
	900



	2016-11-01 01:52:29.692
	57693.08
	+3.54
	1800
	1.30
	NOT
	ALFOSC
	Gr#4
	3400−9400
	700



	2016-11-02 03:21:06.248
	57694.14
	+4.59
	600
	1.09
	NTT
	EFOSC2
	Gr#13
	3640−8930
	2400



	2016-11-02 21:32:08.720
	57694.90
	+5.33
	1500
	1.74
	LT
	SPRAT
	Wasatch600
	4020−6950
	1300



	2016-11-04 01:57:23.700
	57696.08
	+6.49
	12 × 150
	1.245
	GEMINI
	FLAMINGOS-2
	G5801
	9900−18 000
	900



	2016-11-04 15:10:05.940
	57696.63
	+7.04
	2100
	1.30
	LJT
	YFOSC
	G3
	3500−9170
	2000



	2016-11-05 01:59:35.148
	57697.08
	+7.48
	1800
	1.35
	NTT
	EFOSC2
	Gr#11 + Gr#16
	3340−9650
	3600



	2016-11-06 02:05:03.429
	57698.09
	+8.47
	3240
	1.19
	NTT
	SOFI
	Gr#BG
	9340−16 480
	1000



	2016-11-07 00:05:48.541
	57699.00
	+9.37
	1800
	1.30
	NOT
	ALFOSC
	Gr#4
	3400−9700
	700



	2016-11-07 02:06:58.316
	57699.09
	+9.46
	1800
	1.15
	NTT
	EFOSC2
	Gr#11 + Gr#16
	3340−9980
	3600



	2016-11-09 01:34:17.864
	57701.07
	+11.41
	1900
	1.38
	LT
	SPRAT
	Wasatch600
	4020−8000
	1300



	2016-11-09 17:21:16.187
	57701.72
	+12.04
	2100
	1.30
	LJT
	YFOSC
	G3
	3500−9160
	2000



	2016-11-09 23:05:53.854
	57701.96
	+12.28
	2850
	1.26
	LT
	SPRAT
	Wasatch600
	5170−7900
	1300



	2016-11-11 00:59:54.332
	57703.04
	+13.34
	2850
	1.33
	LT
	SPRAT
	Wasatch600
	5220−7920
	1300



	2016-11-18 02:00:24.765
	57710.08
	+20.27
	1800 × 2
	1.09
	NTT
	EFOSC2
	Gr#11 + Gr#16
	3340−9980
	3600



	2016-11-28 04:39:23.638
	57720.19
	+30.22
	3600 + 2 × 1800
	1.74
	NTT
	EFOSC2
	Gr#13
	3640−9220
	2400



	2016-12-03 03:46:45.336
	57725.16
	+35.11
	2700 × 3
	1.41
	NTT
	EFOSC2
	Gr#13
	3640−9230
	2400



	2016-12-04 07:22:48.000
	57726.31
	+36.24
	1200
	1.73
	MMT
	Blue-Channel
	G300
	4440−8490
	740



	2016-12-06 19:49:23.524
	57728.83
	+38.72
	3600
	1.60
	NOT
	ALFOSC
	Gr#4
	3400−9700
	700



	2016-12-19 04:05:09.167
	57741.17
	+50.87
	2700 × 2
	1.84
	NTT
	EFOSC2
	Gr#13
	3640−9220
	2400



	2016-12-28 03:49:27.464
	57750.16
	+59.72
	2700 + 1900
	2.12
	NTT
	EFOSC2
	Gr#13
	3630−9220
	2400



	2017-01-06 01:14:34.082
	57759.05
	+68.47
	2700 × 2
	1.30
	NTT
	EFOSC2
	Gr#13
	3640−9230
	2400



	2017-10-16 03:21:08.439
	58042.14
	+347.07
	3060(UV) + 3000(Opt) + 3000(NIR)
	1.16
	VLT
	X-shooter
	…
	3000−25 000
	4100/6500/5600



	2017-10-17 03:25:50.270
	58043.14
	+348.06
	3060(UV) + 3000(Opt) + 3000(NIR)
	1.13
	VLT
	X-shooter
	…
	3000−25 000
	4100/6500/5600



	2017-10-17 04:35:12.328
	58043.19
	+348.11
	3060(UV) + 3000(Opt) + 3000(NIR)
	1.05
	VLT
	X-shooter
	…
	3000−25 000
	4100/6500/5600



	2017-11-10 02:35:30.919
	58067.11
	+371.65
	3060(UV) + 3000(Opt) + 3000(NIR)
	1.07
	VLT
	X-shooter
	…
	3000−25 000
	4100/6500/5600



	2017-11-10 03:46:08.985
	58067.16
	+371.70
	3060(UV) + 3000(Opt) + 3000(NIR)
	1.05
	VLT
	X-shooter
	…
	3000−25 000
	4100/6500/5600



	2017-11-15 04:31:21.627
	58072.19
	+376.65
	3060(UV) + 3000(Opt) + 3000(NIR)
	1.12
	VLT
	X-shooter
	…
	3000−25 000
	4100/6500/5600






Notes. HILTNER, Hiltner Telescope 2.4 m; SOAR, Southern Astrophysical Research Telescope 4.1 m; SALT, Southern African Large Telescope 11 m; NOT, Nordic Optical telescope 2.6 m; NTT, New Technology Telescope 3.58 m; LT, Liverpool Telescope 2.0 m; GEMINI, Gemini South Telescope 8.1 m; LJT, Lijiang Telescope 2.4 m; MMT, MMT Telescope 6.5 m; VLT, Very Large Telescope 8.2 m.




  
    
      Fig. 14. 
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Spectra of SN 2016hnk at three different epochs (around maximum, after a week, and around three weeks past maximum light) compared to other subluminous 1991bg-like SNe Ia, PTF09dav (Ca-rich), and SN 2002es (2002es-like SN Ia). The main typical features of 1991bg-like SNe Ia are identified in the top panel. Vertical lines in the top panel are located at the minima of a few features and serve as a comparison of the velocities with respect other objects. All spectra have been Milky Way extinction-corrected and shifted to the rest frame.



    

  
    
      Fig. 16. 
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Branch et al. (2006) and Wang et al. (2009) diagrams. The left panel is populated with measurements from the CfA sample by Blondin et al. (2012) (open symbols) and from the CSP-I sample by Folatelli et al. (2013) (filled symbols). Right panel: only the measurements from Folatelli et al. (2013) are included. In both panels we added our own measurements of SN 2016hnk and the sample of subluminous 1991bg-like SNe Ia. SN 2002es was added only in the left panel because with a velocity of ∼5800 km s−1 it falls outside the range shown in the right panel.



    

  
    
      Fig. 11. 
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SN 2016hnk color curves (top panel), the B − V color curve of SN 2016hnk, the 1991bg-like comparison sample, and SNe 2002es and 2011fe for reference. The shaded region projects the SN 2016hnk color curve down by 0.5 mag, on top of the bulk of other 1991bg-like SNe Ia. In pink we show the linear fit the to B − V curve from 30 to 70 days past B-band maximum.



    

  
    
      Fig. 10. 
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Luminosity width relation as a function of Δm15(B) (top) and sBV (bottom) for a selection of CSP-I SNe Ia from Krisciunas et al. (2017) with the addition of SN 2016hnk (black circle). We note that SN 2016hnk sits off the Δm15(B)−MB relationship because of the degeneracy in Δm15(B) for fast declining SNe Ia.



    

  
    
      Fig. 7. 
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Multiband light curves of SN 2016hnk (filled circles) compared with a 1991bg-like template (lines). Best-fit SNOOPY parameters are RV = 2.1 and a host-galaxy color excess of E(B − V)host = 0.55 mag. We note that beyond +20 d the template fit does not succeed in capturing the SN brightness.



    

  
    
      Fig. 27. 
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Comparison of the nebular spectrum of SN 2016hnk with our high-density delayed-detonation model in the rest frame assuming a redshift of z = 0.01610. The flux is in 10−18 erg s−1 cm−2 on the same scale as Fig. 19. The telluric region in the original spectrum is plotted in gray, around 7500 Å. The theoretical spectrum is dominated by a narrow, forbidden [Ca II] doublet at 7291 and 7324 Å above a quasi-continuum at about the 3% level formed by many transitions of mostly heavier elements including Fe, Co, Ni, and Cr.



    

  
    
      Fig. A.3. 
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Effect of subtracting different fractional contribution of the LE to the SN 2016hnk B band observed light curve.



    

  