







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 12 January 2022



                    A WC/WO star exploding within an expanding carbon–oxygen–neon nebula

                    	A. Gal-Yam 
            ORCID: orcid.org/0000-0002-3653-55981, 
	R. Bruch1, 
	S. Schulze 
            ORCID: orcid.org/0000-0001-6797-18891,2, 
	Y. Yang1,3, 
	D. A. Perley4, 
	I. Irani1, 
	J. Sollerman 
            ORCID: orcid.org/0000-0003-1546-66152, 
	E. C. Kool 
            ORCID: orcid.org/0000-0002-7252-38772, 
	M. T. Soumagnac 
            ORCID: orcid.org/0000-0001-6753-14881,5, 
	O. Yaron1, 
	N. L. Strotjohann1, 
	E. Zimmerman1, 
	C. Barbarino2, 
	S. R. Kulkarni6, 
	M. M. Kasliwal6, 
	K. De6, 
	Y. Yao 
            ORCID: orcid.org/0000-0001-6747-85096, 
	C. Fremling 
            ORCID: orcid.org/0000-0002-4223-103X6, 
	L. Yan6, 
	E. O. Ofek1, 
	C. Fransson2, 
	A. V. Filippenko3,7, 
	W. Zheng3, 
	T. G. Brink3, 
	C. M. Copperwheat4, 
	R. J. Foley8, 
	J. Brown8, 
	M. Siebert8, 
	G. Leloudas 
            ORCID: orcid.org/0000-0002-8597-07569, 
	A. L. Cabrera-Lavers10, 
	D. Garcia-Alvarez10, 
	A. Marante-Barreto10, 
	S. Frederick11, 
	T. Hung 
            ORCID: orcid.org/0000-0002-9878-78898, 
	J. C. Wheeler12, 
	J. Vinkó12,13,14,15, 
	B. P. Thomas12, 
	M. J. Graham 
            ORCID: orcid.org/0000-0002-3168-01396, 
	D. A. Duev 
            ORCID: orcid.org/0000-0001-5060-87336, 
	A. J. Drake6, 
	R. Dekany 
            ORCID: orcid.org/0000-0002-5884-78676, 
	E. C. Bellm 
            ORCID: orcid.org/0000-0001-8018-534816, 
	B. Rusholme 
            ORCID: orcid.org/0000-0001-7648-414217, 
	D. L. Shupe 
            ORCID: orcid.org/0000-0003-4401-043017, 
	I. Andreoni6, 
	Y. Sharma6, 
	R. Riddle 
            ORCID: orcid.org/0000-0002-0387-370X6, 
	J. van Roestel 
            ORCID: orcid.org/0000-0002-2626-28726 & 
	…
	N. Knezevic18 

Show authors

                    

                    
                        
    Nature

                        volume 601, pages 201–204 (2022)Cite this article
                    

                    
        
            	
                        6066 Accesses

                    
	
                        46 Citations

                    
	
                            224 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Time-domain astronomy
	Transient astrophysical phenomena


    


                
    
    

    
    

                
            


        
            Abstract
The final fate of massive stars, and the nature of the compact remnants they leave behind (black holes and neutron stars), are open questions in astrophysics. Many massive stars are stripped of their outer hydrogen envelopes as they evolve. Such Wolf–Rayet stars1 emit strong and rapidly expanding winds with speeds greater than 1,000 kilometres per second. A fraction of this population is also helium-depleted, with spectra dominated by highly ionized emission lines of carbon and oxygen (types WC/WO). Evidence indicates that the most commonly observed supernova explosions that lack hydrogen and helium (types Ib/Ic) cannot result from massive WC/WO stars2,3, leading some to suggest that most such stars collapse directly into black holes without a visible supernova explosion4. Here we report observations of SN 2019hgp, beginning about a day after the explosion. Its short rise time and rapid decline place it among an emerging population of rapidly evolving transients5,6,7,8. Spectroscopy reveals a rich set of emission lines indicating that the explosion occurred within a nebula composed of carbon, oxygen and neon. Narrow absorption features show that this material is expanding at high velocities (greater than 1,500 kilometres per second), requiring a compact progenitor. Our observations are consistent with an explosion of a massive WC/WO star, and suggest that massive Wolf–Rayet stars may be the progenitors of some rapidly evolving transients.
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                    Fig. 1: Spectra of SN 2019hgp are dominated by carbon, oxygen and neon.[image: ]


Fig. 2: SN 2019hgp is a rapidly rising, fairly luminous transient.[image: ]


Fig. 3: The bolometric evolution of SN 2019hgp shows rapid cooling from an initial hot phase.[image: ]


Fig. 4: SN 2019hgp is embedded in a rapidly expanding nebula.[image: ]
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                Data availability

              
              The photometry of SN 2019hgp is available in Supplementary Table 1, and all the observations (photometry and spectra) are available from WISeREP52 (http://wiserep.weizmann.ac.il/). Matlab scripts that generate most of the plots within this paper are available from the corresponding author upon request. Opticon observations were obtained under programme ID OPT/2019A/024, PI A.G.-Y.

            

Code availability

              
              Relevant software sources have been provided in the text, web locations provided as references, and are publicly available.
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Extended data figures and tables

Extended Data Fig. 1 Early spectroscopy shows strong emission lines of carbon, oxygen and neon.
During the initial hot phase (1–5.6 d after explosion) these highly ionized lines (see Fig. 1 for detailed line identification) weaken with time, with pure emission lines evolving to P Cygni profiles, and then to absorption-dominated profiles. Major emission features are marked; the spectral area around 5,250 Å in restframe is impacted by imperfect subtraction of the strong atmospheric 5,577 Å skyline (grey shade). Five additional P60 and LT spectra with lower signal-to-noise and spectral resolution obtained during this period are omitted for clarity.


Extended Data Fig. 2 Evolution toward lower ionization.
The spectroscopic series obtained during the intermediate phase (5–19 d after explosion) follows the weakening and disappearance of the CIII and OIII absorption features seen earlier, and the emergence of a set of low-ionization emission lines, initially of CII (red) and later OI (blue; 50% intensity lines extracted as in ref. 29). Higher resolution spectra resolve the broad features in the blue into multiple narrow components better described by CIII and OIII at zero velocity than by OII blends sometimes seen in hot early phases of stripped SNe, including Type I SLSNe23,72. By day 19 (bottom) broad features appear and the spectrum shows a marked blue excess. Seven additional spectra omitted for clarity.


Extended Data Fig. 3 Development of the photospheric spectrum.
The spectroscopic series obtained during the late phase (19–27 d after explosion) evolves as features of heavier elements (for example, Mg) begin to emerge, while broad absorption features develop. Initially, strong features (such as OI 7774Å and CII 6580Å) present both a narrow (~2,000 km s−1 blue edge) absorption feature as well as a broader (~6,000 km s−1 minimum) component. At 27 d after explosion, relatively broad absorption features have developed that are reminiscent of spectra of type Ic SNe, with features from Mg, Ca and Fe appearing in addition to C and O. Excess continuum in the blue is evident, probably arising from the Fe ii pseudo-continuum often seen in spectra of interacting SNe (types IIn and Ibn23).


Extended Data Fig. 4 Blackbody SED fits calculated using PhotoFit142.
Our well sampled photometry extending from the Swift UV bands to the near-infrared (NIR) z′ band is well fit by a blackbody curve during the first 12 days after explosion. From day 15 onwards, a clear blue excess develops initially in the UV and extending into the blue part of the optical band from day 21 onward. The derived blackbody parameters (radius and temperature) are therefore less reliable from that date. Standard 1σ error bars marked.


Extended Data Fig. 5 Light curves of SN 2019hgp extending from the UV to the NIR.
Post-peak Swift B- and V-band photometry is inconsistent with data from other sources and probably unreliable. Five outlying P60 points (1 u, 2 g and 2 r) are inconsistent with the rest of the data to well above their formal errors and have been removed. Standard 1σ error bars marked.


Extended Data Fig. 6 Low-order polynomial fits to the early r-band photometry indicate that the explosion occurred on 2019 June 7.1 ± 0.2 d.
Although a linear fit does not provide a good description of the data, low-order (degrees 2–4) polynomials fit the data well and converge on an estimated explosion time occurring ~1 d prior to discovery (stars denote extrapolated times of zero flux). Stacked pre-discovery data recover a detection during the prior night. All times in the paper are reported relative to this fiducial explosion time. The last 5σ non-detection is also marked. Standard 1σ error bars marked.


Extended Data Fig. 7 A comparison of spectra of interacting SNe.
Our spectrum of SN 2019hgp is overall quite similar to those of SNe Ibn (SN 2016jc20 and SN 2018bcc75), sharing in particular the unusual non-thermal continuum that is flat on the red side, and has a pronounced elevation bluewards of ~5,500 Å (dotted line); this emission probably arises from a quasi-continuum of multiple Fe ii emission lines (resolved in some cases, for example, the Type IIn SN 2005cl110, bottom). The hallmark strong He I emission lines common to SNe Ibn (λλ5876, 6678, 7065, 7281) are absent from the spectrum of SN 2019hgp. Remarkably, this object does, however, show broad absorption features that are missing from spectra of Type Ibn and Type IIn, suggesting that strong shocks are not obscuring our line of sight at 27.4 d after explosion.


Extended Data Fig. 8 SN 2019hgp (marked by the crosshair) exploded in the outskirts of its host galaxy at a projected distance of 4.4 kpc (3.54″).
The host shows elongated arms of diffuse emission which could suggest a spiral arm or a recent episode of galaxy interaction. In this image east is to the left and north up. The image size is 40″ on the side.


Extended Data Fig. 9 Extinction fits to our first-epoch SED (+1.5 d) using various extinction laws.
a–c, Extinction fits using MW (a), LMC (b) and SMC (c) extinction laws. A fit with negligible host extinction (red) fits the data well. Values of extinction, extending up to EB−V = 0.15 mag (requiring blackbody temperatures of ~100 kK) are allowed; higher extinction is ruled out regardless of extinction law parameters (MW (d) law shown, SMC and LMC are similar). χ2 minimization is done using epochs well fit by blackbody curves (<15 d). Standard 1σ error bars marked.


Extended Data Fig. 10 Modelling of the emission complex around 4,660Å during the first two Gemini epochs.
1 day (a, b) and 3 days (c, d) after explosion. We fit a combination of a Lorentzian emission component of CIII λ4650Å along with a blueshifted Gaussian absorption component. Including an additional Lorentzian emission from He ii λ4686Å (b, d) is preferred by the data (in the χ2 sense) even though this feature does not appear as a distinct emission peak. We conclude that the presence of He ii in these spectra cannot be ruled out.


Extended Data Fig. 11 A comparison of our +27.4 d Keck spectrum of SN 2019hgp to SYNOW models.
The spectrum can be well represented by a combination of common elements seen in supernovae (oxygen, sodium, magnesium, calcium and iron); the addition of neon, which is unique to this object, seems to improve the fit substantially around 6,200–7,000 Å (yellow). We compare models without (green) and with (red) He I; we find that the contribution of helium compromises the fit around 6,000−7,000 Å, owing to the expected but unobserved contribution of the P Cygni profile of He I λ6678Å. Perhaps this could be reconciled by more sophisticated modelling, though we note that recent analysis75 suggests that the emission component from this particular transition grows stronger with time in spectra of He-rich SNe Ibn.
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