
    
      Fig. 3. 
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        Absolute magnitude Bgri-band lightcurves for our sample. We note that where relevant, the plotted color for each SN is preserved in subsequent figures.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        g − r and g − i restframe color curves, divided by inverse of r-band stretch parameter for comparison to CSP Type Ic (left) and Type Ib (right) color templates (in gray) from Stritzinger et al. (2018a).

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Cumulative distribution of ratio of [Ca II]/[O I] flux in nebular spectra from our Gold sample and total sample compared to literature samples from Fang et al. (2019), Terreran et al. (2019). Lower flux ratio is associated with more massive progenitors.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Broad sample host galaxy Log M/M⊙ versus Log sSFR compared to typical ranges for host galaxies of Type Ib, Ic, Ic-BL SNe, and SLSNe-I, obtained from combined (i)PTF sample of CC-SN host galaxies (Schulze et al. 2021). Several members of the broad sample seems to prefer lower-mass and higher-sSFR galaxies, more similar to SLSN-I hosts than Type Ibc SN hosts.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Cumulative distribution of metallicity of our broad SE SNe, measured using PP04 (included for literature comparisons) and more up to date M13 method. Literature samples of Type Ibc metallicities from Anderson et al. (2010), Modjaz et al. (2011, 2020), Sanders et al. (2012) are also shown for comparison, which were calculated using the PP04 method. We see a clear statistically-significant difference between the metallicities of our sample compared to the average SE SN host metallicity.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Top: weights Ws = 1/Ps that correct for bias in detection and survey selection criteria as function of stretch parameter from ∼105 simulations of model Type Ibc lightcurves, while including realistic iPTF cadence and downtime (see Sect. 7.1). Bottom: the impact of the Malmquist bias on the Type Ibc r-band broad fraction estimated from truncated regression fits to the broad and ordinary samples. Changing the redshift limit has a significant impact on the Malmquist bias (see Sect. 7.2).

      

    

  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
        Stretch values of g band sample with associated standard errors. Type IIb stretch values have been added to the Type Ibc sample. The stretch values are not corrected to the r-band stretch space as in Sect. A.4.

      

    

  
    
      Fig. A.2. 

      
        [image: thumbnail]
      

      
        Top: Improvement in likelihood based on number (N) of Gaussian components used in Bayesian GMM fits. All but Type IIb r band reach maximum likelihood after 2 components, indicating the preference for two populations in the stretch values. Bottom: Bayesian GMM fits to the stretch distribution with up to 4 components. As can be seen, 2 components are favored for all but Type IIb r band, where 1 component is favored. Higher numbered components have very low weights indicating that they are not favored to explain the observed stretch distribution.

      

    

  
    
      Fig. A.3. 

      
        [image: thumbnail]
      

      
        Histogram of distribution of stretch values plotted after running k-means clustering algorithm on the one-dimensional stretch parameter dataset. The SNe put in to a second cluster by the algorithm have been plotted in blue, and labeled as broad. The ordinary (nonbroad) SNe in each band have been plotted with the respective color of that band (r band left and g band to the right). The histogram was not normalized so the counts represent the number of SNe in each bin. Top: Type Ibc SNe, Bottom: Type IIb SNe.

      

    

  
    
      Table B.1. 

      Fraction of broad Type IIb.

      
        


	band
	observed
	duration
	Malmquist





	r
	
[image: equation]
	
[image: equation]
	
[image: equation]



	g
	
[image: equation]
	
[image: equation]
	
[image: equation]



	combined
	
[image: equation]
	
[image: equation]
	
[image: equation]





      

      
Notes. The fraction of broad Type IIb SE SNe after correcting for observational biases, reported with 90% Poissonian uncertainties.



    

  
    
      Fig. C.1. 

      
        [image: thumbnail]
      

      
        Top: Peak absolute magnitude in r band versus distance modulus (DM) for ordinary (red circles) and broad (purple circles) SE SNe, which display the Malmquist bias associated with the (i)PTF detection limit thresholds. The detection thresholds at r = 20.5 mag and r = 21.0 mag are plotted as gray dashed and black dot-dashed lines, respectively. They are approximate estimates of the detection threshold for (i)PTF during bright and dark times, respectively. This plot shows that the broad SNe are preferentially brighter than the ordinary SE SNe, meaning that they are detected at a higher fraction at higher redshifts. Bottom: Histogram of peak magnitude with the gaussian fits overlaid for the broad and ordinary groups in g and r bands. This type of distribution is often referred to as a truncated distribution (Feigelson & Babu 2012), and correcting for this truncation is a complicated but necessary step for all magnitude-limited surveys.

      

    

  
    
      Fig. E.4. 

      
        [image: thumbnail]
      

      
        Absorption velocity of Fe IIλλ4924, 5018, 5169, He Iλ5876, Na Iλλ5890, 5896, O Iλλ7772, 7774, 7775, and Si IIλ6355 in each SN.

      

    

  
    
      Fig. E.7. 

      
        [image: thumbnail]
      

      
        Gaussian smoothed spectral sequence of PTF11rka and iPTF15dtg, labeled with restframe phase.

      

    

  
    
      Fig. E.8. 

      
        [image: thumbnail]
      

      
        Gaussian smoothed spectral sequence of iPTF6flq and iPTF16hgp, labeled with restframe phase.

      

    

  
    
      Table E.2. 

      Host galaxy metallicity.

      
        


	SN
	M13
	PP04



	
	12 + log(O/H)
	12 + log(O/H)





	09dfk
	
[image: equation]
	
[image: equation]



	10inj
	
[image: equation]
	
[image: equation]



	11bov
	
[image: equation]
	
[image: equation]



	11mnb
	
[image: equation]
	
[image: equation]



	11rka
	
[image: equation]
	
[image: equation]



	15dtg
	
[image: equation]
	
[image: equation]



	16flq
	
[image: equation]
	
[image: equation]



	16hgp
	
[image: equation]
	
[image: equation]





      

      
Notes. Metallicity of the host galaxies of the broad sample as measured using the PP04 and M13 line flux ratio methods, with the confidence interval given as the superscript upper and subscript lower bound.



    

  
    
      Table E.3. 

      Arnett model parameters.

      
        


	SN
	Mej
	MNi
	Ek
	texp
	Vph



	
	(M⊙)
	(M⊙)
	(1051 erg)
	(restframe days)
	(km s−1)





	09dfk
	22.6 ± 1.8
	0.58 ± 0.01
	7.3 ± 2.3
	2.2 ± 0.9
	7300 ± 1100



	10inj
	26.4 ± 1.0
	0.39 ± 0.01
	16.4 ± 1.7
	0.0 ± 0.3
	10200 ± 500



	11bov
	13.0 ± 1.0
	0.42 ± 0.02
	4.6 ± 0.6
	1.5 ± 0.3
	7700 ± 400



	11mnb
	32.4 ± 5.0
	0.48 ± 0.05
	5.6 ± 0.9
	−9.3 ± 0.5
	5400 ± 200



	11mnb_peak1
	13.3 ± 2.5
	0.55 ± 0.03
	2.3 ± 0.4
	−4.3 ± 5.3
	5400 ± 200



	11rka
	20.3 ± 4.0
	0.54 ± 0.03
	18.2 ± 3.6
	7.7 ± 10.2
	12200 ± 200



	15dtg
	11.6 ± 0.4
	0.36 ± 0.01
	4.0 ± 0.9
	4.6 ± 0.2
	7600 ± 900



	16flq
	10.1 ± 2.6
	0.23 ± 0.01
	9.2 ± 2.6
	11.7 ± 2.3
	12400 ± 700



	16hgp
	9.7 ± 0.4
	0.48 ± 0.01
	3.2 ± 0.5
	6.8 ± 0.3
	7400 ± 600





      

      
Notes. Arnett model parameters with their statistical fitting uncertainties and measured characteristic ejecta velocities. 11mnb_peak1 refers to the fit to only the first peak of 11mnb. The explosion epochs were fit as described in the text and their shift and uncertainty is listed under the texp column. There is a significant correlation between errors on texp and Mej. MNi could be driven up by host extinction correction, which we do not apply. The distance uncertainty (e.g., random from peculiar velocities or systematic from H0) is not included in the error terms.



    

  
    
      Table E.4. 

      Photospheric line velocities.

      
        


	SN
	Date
	Phase
	λ4924
	λ5018
	λ5169
	λ5876
	λ5890
	λ6355
	λ7774



	
	
	(days)
	(km s−1)
	(km s−1)
	(km s−1)
	(km s−1)
	(km s−1)
	(km s−1)
	(km s−1)





	09dfk
	20090825
	−27.0
	8620 ± 670
	9270 ± 660
	7200 ± 670
	10190 ± 60
	...
	...
	...



	09dfk
	20090921
	−0.5
	7770 ± 560
	8280 ± 500
	6110 ± 750
	9130 ± 50
	...
	...
	9650 ± 80



	09dfk
	20091011
	18.8
	7310 ± 750
	7970 ± 340
	5490 ± 490
	8620 ± 70
	...
	...
	7130 ± 110



	09dfk
	20091022
	30.1
	70.0 ± 740
	7670 ± 380
	...
	8230 ± 80
	...
	...
	6680 ± 80



	09dfk
	20101101
	398.7
	...
	...
	...
	...
	...
	...
	...



	10inj
	20100608
	−21.3
	...
	...
	160.0 ± 480
	170.0 ± 340
	...
	...
	13340 ± 570



	10inj
	20100714
	12.5
	...
	...
	6370 ± 420
	9210 ± 280
	...
	...
	7950 ± 370



	10inj
	20100802
	30.3
	...
	...
	...
	9350 ± 370
	...
	...
	7330 ± 290



	10inj
	20100908
	65.1
	...
	...
	...
	...
	...
	...
	...



	10inj
	20101003
	88.6
	...
	...
	5260 ± 560
	7410 ± 270
	...
	...
	7470 ± 210



	10inj
	20170817
	2447.2
	...
	...
	...
	...
	...
	...
	...



	11bov
	20110411
	−20.0
	9150 ± 690
	9810 ± 660
	9420 ± 610
	...
	9960 ± 200
	8630 ± 270
	9510 ± 110



	11bov
	20110511
	9.3
	7540 ± 470
	7540 ± 530
	6430 ± 460
	...
	80.0 ± 180
	...
	80.0 ± 110



	11bov
	20110607
	36.0
	7310 ± 580
	6510 ± 610
	5260 ± 630
	...
	6350 ± 70
	...
	7140 ± 80



	11bov
	20110728
	85.6
	6690 ± 10.0
	5440 ± 260
	4310 ± 790
	...
	50.0 ± 160
	...
	6140 ± 170



	11bov
	20111218
	225.8
	...
	...
	...
	...
	...
	...
	...



	11bov
	20111220
	227.5
	...
	...
	...
	...
	...
	...
	...



	11bov
	20120118
	256.4
	...
	...
	...
	...
	...
	...
	...



	11mnb
	20111007
	−17.1
	...
	...
	...
	...
	5470 ± 290
	...
	5850 ± 580



	11mnb
	20111030
	4.3
	5750 ± 690
	50.0 ± 440
	4730 ± 570
	...
	4930 ± 160
	...
	5280 ± 90



	11mnb
	20111126
	29.9
	4980 ± 880
	4740 ± 690
	4570 ± 350
	...
	4900 ± 130
	...
	5100 ± 100



	11mnb
	20111221
	53.3
	4160 ± 580
	4480 ± 340
	4540 ± 1390
	...
	4800 ± 150
	...
	50.0 ± 140



	11mnb
	20120127
	88.1
	...
	...
	...
	...
	...
	...
	...



	11rka
	20111226
	−10.0
	11910 ± 600
	12110 ± 450
	13110 ± 620
	...
	6330 ± 310
	...
	9200 ± 110



	11rka
	20120127
	19.6
	10240 ± 630
	10670 ± 690
	...
	...
	6390 ± 270
	...
	...



	11rka
	20120220
	42.0
	10420 ± 380
	10670 ± 470
	10530 ± 10.0
	...
	5710 ± 260
	...
	7120 ± 70



	11rka
	20120427
	104.3
	5450 ± 550
	60.0 ± 740
	50.0 ± 800
	...
	5220 ± 120
	...
	6530 ± 170



	11rka
	20120522
	127.4
	5550 ± 2680
	5480 ± 820
	50.0 ± 400
	...
	4750 ± 280
	...
	6360 ± 120



	11rka
	20130313
	401.7
	...
	...
	...
	...
	...
	...
	...



	11rka
	20151206
	1331.2
	...
	...
	...
	...
	...
	...
	...



	15dtg
	20151110
	−30.4
	14380 ± 690
	12570 ± 350
	13320 ± 930
	...
	5730 ± 550
	10820 ± 230
	12120 ± 140



	15dtg
	20151111
	−29.1
	...
	...
	...
	...
	5480 ± 710
	10940 ± 60
	11870 ± 810



	15dtg
	20151123
	−17.3
	70.0 ± 740
	7270 ± 1340
	60.0 ± 700
	...
	5320 ± 630
	...
	11990 ± 160



	15dtg
	20151202
	−9.3
	70.0 ± 1590
	5960 ± 10.0
	...
	...
	...
	7980 ± 150
	...



	15dtg
	20151206
	−5.5
	...
	...
	7430 ± 900
	...
	...
	6890 ± 100
	10310 ± 150



	15dtg
	20151210
	−1.1
	...
	...
	6560 ± 720
	...
	...
	6890 ± 130
	9780 ± 100



	15dtg
	20160110
	28.2
	6510 ± 590
	6390 ± 1430
	4150 ± 1690
	...
	5470 ± 500
	...
	7940 ± 100



	15dtg
	20160128
	45.4
	60.0 ± 640
	6320 ± 270
	4140 ± 300
	...
	5550 ± 360
	2210 ± 300
	7780 ± 270



	15dtg
	20160211
	58.7
	5920 ± 650
	6550 ± 530
	3710 ± 720
	...
	5110 ± 470
	...
	7330 ± 140



	15dtg
	20160309
	83.7
	5230 ± 1330
	5530 ± 1290
	4540 ± 570
	...
	...
	...
	6630 ± 130



	15dtg
	20161031
	308.2
	...
	...
	...
	...
	...
	...
	...



	15dtg
	20161208
	343.9
	...
	...
	...
	...
	...
	...
	...



	15dtg
	20170817
	583.7
	...
	...
	...
	...
	...
	...
	...



	16flq
	20160828
	−17.8
	...
	...
	...
	...
	15140 ± 830
	...
	9160 ± 430



	16flq
	20160915
	−1.1
	11150 ± 650
	120.0 ± 560
	11230 ± 900
	...
	10480 ± 740
	...
	8200 ± 690



	16flq
	20160921
	4.7
	...
	11300 ± 620
	10160 ± 600
	...
	9740 ± 750
	...
	80.0 ± 380



	16flq
	20160929
	13.0
	...
	...
	10870 ± 770
	...
	9520 ± 260
	...
	6560 ± 370



	16flq
	20161011
	23.5
	8610 ± 340
	...
	6180 ± 470
	...
	9190 ± 460
	...
	60.0 ± 220



	16flq
	20161031
	42.7
	7790 ± 10.0
	...
	3960 ± 600
	...
	7610 ± 290
	...
	5880 ± 310



	16flq
	20161123
	64.8
	5940 ± 710
	...
	4880 ± 690
	...
	7610 ± 330
	...
	6260 ± 200



	16hgp
	20161022
	−25.2
	...
	...
	...
	...
	12700 ± 860
	...
	...



	16hgp
	20161102
	−15.0
	...
	...
	...
	...
	100 ± 420
	18530 ± 100
	9890 ± 130



	16hgp
	20161128
	9.2
	6640 ± 720
	6810 ± 290
	6310 ± 670
	...
	6810 ± 840
	14800 ± 190
	7500 ± 210



	16hgp
	20161206
	17.1
	6520 ± 440
	5950 ± 720
	5480 ± 360
	...
	6870 ± 230
	12180 ± 180
	7390 ± 90



	16hgp
	20170102
	41.4
	6450 ± 530
	5430 ± 360
	4150 ± 10.0
	...
	50.0 ± 250
	12410 ± 60
	6560 ± 80





      

      
Notes. Phases are in restframe.
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