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            Abstract
A type Ia supernova is thought to begin with the explosion of a white dwarf star1. The explosion could be triggered by the merger of two white dwarfs2,3 (a ‘double-degenerate’ origin), or by mass transfer from a companion star4,5 (the ‘single-degenerate’ path). The identity of the progenitor is still controversial; for example, a recent argument against the single-degenerate origin6 has been widely rejected7,8,9,10,11. One way to distinguish between the double- and single-degenerate progenitors is to look at the centre of a known type Ia supernova remnant to see whether any former companion star is present12,13. A likely ex-companion star for the progenitor of the supernova observed by Tycho Brahe has been identified14, but that claim is still controversial15,16,17,18. Here we report that the central region of the supernova remnant SNR 0509−67.5 (the site of a type Ia supernova 400 ± 50 years ago, based on its light echo19,20) in the Large Magellanic Cloud contains no ex-companion star to a visual magnitude limit of 26.9 (an absolute magnitude of MV = +8.4) within a region of radius 1.43 arcseconds. (This corresponds to the 3σ maximum distance to which a companion could have been ‘kicked’ by the explosion.) This lack of any ex-companion star to deep limits rules out all published single-degenerate models for this supernova. The only remaining possibility is that the progenitor of this particular type Ia supernova was a double-degenerate system.
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                    Figure 1: 
                        SNR 0509−67.5 and the extreme 99.73% error circle.
                      [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A radio-detected type Ia supernova with helium-rich circumstellar material
                                        
                                    

                                    
                                        Article
                                         Open access
                                         17 May 2023
                                    

                                

                                Erik C. Kool, Joel Johansson, … Daniel Stern

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A hot subdwarf–white dwarf super-Chandrasekhar candidate supernova Ia progenitor
                                        
                                    

                                    
                                        Article
                                        
                                         12 July 2021
                                    

                                

                                Ingrid Pelisoli, P. Neunteufel, … B. N. Barlow

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The electron-capture origin of supernova 2018zd
                                        
                                    

                                    
                                        Article
                                        
                                         28 June 2021
                                    

                                

                                Daichi Hiramatsu, D. Andrew Howell, … Koichi Itagaki

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Branch, D., Livio, M., Yungelson, L. R., Boffi, F. R. & Baron, E. In search of the progenitors of type Ia supernova. Publ. Astron. Soc. Pacif. 107, 1019–1029 (1995)
Article 
    ADS 
    
                    Google Scholar 
                

	Webbink, R. F. Double white dwarfs as progenitors of R Coronae Borealis stars and type I supernovae. Astrophys. J. 277, 355–360 (1984)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	van Kerkwijk, M. H., Chang, P. & Justham, S. Sub-Chandrasekhar white dwarf mergers as the progenitors of type Ia supernovae. Astrophys. J. 722, L157–L161 (2010)
Article 
    ADS 
    
                    Google Scholar 
                

	Iben, I. & Tutukov, A. V. Supernovae of type I as end products of the evolution of binaries with components of moderate initial mass (M≤9Mo˙). Astrophys. J. Suppl. Ser. 54, 335–372 (1984)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Whelan, J. & Iben, I. Binaries and supernovae of type I. Astrophys. J. 186, 1007–1014 (1973)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Gilfanov, M. & Bogdan, A. An upper limit on the contribution of accreting white dwarfs to the type Ia supernova rate. Nature 463, 924–925 (2010)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Meng, X.-C. & Yang, W.-M. Binary population synthesis study of the supersoft X-ray phase of single degenerate type Ia supernova progenitors. Res. Astron. Astrophys. 11, 965–973 (2011)
Article 
    ADS 
    
                    Google Scholar 
                

	Di Stefano, R. The progenitors of type Ia supernovae. II. Are they double-degenerate binaries? The symbiotic channel. Astrophys. J. 719, 474–482 (2010)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Hachisu, I., Kato, M. & Nomoto, K. Supersoft X-ray phase of single degenerate type Ia supernova progenitors in early-type galaxies. Astrophys. J. 724, L212–L216 (2010)
Article 
    ADS 
    
                    Google Scholar 
                

	Lipunov, V. M., Panchenko, I. E. & Pruzhinskaya, M. V. The mechanism of supernova Ia explosions in elliptical galaxies. N. Astron. 16, 250–252 (2011)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Orio, M., Nelson, T., Bianchini, A., Di Mille, F. & Harbeck, D. A census of the supersoft X-ray sources in M31. Astrophys. J. 717, 739–765 (2010)
Article 
    ADS 
    
                    Google Scholar 
                

	Ruiz-Lapuente, P. The quest for a supernova companion. Science 276, 1813–1814 (1997)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Canal, R., Mendez, J. & Ruiz-Lapuente, P. Identification of the companion stars of type Ia supernovae. Astrophys. J. 550, L53–L56 (2001)
Article 
    ADS 
    
                    Google Scholar 
                

	Ruiz-Lapuente, P. et al. The binary progenitor of Tycho Brahe’s 1572 supernova. Nature 431, 1069–1072 (2004)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Kerzendorf, W. E. et al. Subaru high-resolution spectroscopy of star G in the Tycho supernova remnant. Astrophys. J. 701, 1665–1672 (2009)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Ozaki, J. & Shigeyama, T. A method to identify the companion stars of type Ia supernovae in young supernova remnants. Astrophys. J. 644, 954–958 (2006)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Ihara, Y. et al. Searching for a companion star of Tycho’s type Ia supernova with optical spectroscopic observations. Publ. Astron. Soc. Jpn 59, 811–826 (2007)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Gonzalez Hernandez, J. I. et al. The chemical abundances of Tycho G in supernova remnant 1572. Astrophys. J. 691, 1–15 (2009)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Rest, A. et al. Light echoes from ancient supernovae in the Large Magellanic Cloud. Nature 438, 1132–1134 (2005)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Rest, A. et al. Spectral identification of an ancient supernova using light echoes in the Large Magellanic Cloud. Astrophys. J. 680, 1137–1148 (2008)
Article 
    ADS 
    
                    Google Scholar 
                

	Mannucci, F., Della Valle, M. & Panagia, N. Two populations of progenitors for type Ia supernovae? Mon. Not. R. Astron. Soc. 370, 773–783 (2006)
Article 
    ADS 
    
                    Google Scholar 
                

	Marietta, E., Burrows, A. & Fryxell, B. Type Ia supernova explosions in binary systems: the impact on the secondary star and its consequences. Astrophys. J. Suppl. Ser. 128, 615–650 (2000)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Pan, K.-C., Ricker, P. & Taam, R. E. Impact of type Ia supernova ejecta on a helium-star binary companion. Astrophys. J. 715, 78–85 (2010)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Podsiadlowski, P. On the evolution and appearance of a surviving companion after a type Ia supernova explosions. Preprint at 〈http://arXiv.org/abs/astro-ph/0303660〉 (2003)

	Hughes, J. P. et al. ASCA observations of the Large Magellanic Cloud supernova remnant sample: typing supernovae from their remnants. Astrophys. J. 444, L81–L84 (1995)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Badenes, C., Harris, J., Zaritsky, D. & Prieto, J. L. The stellar ancestry of supernovae in the Magellanic Clouds – I. The most recent supernovae in the Large Magellanic Cloud. Astrophys. J. 700, 727–740 (2009)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Borkowski, K. J. et al. Dust destruction in type Ia supernovae remnants in the Large Magellanic Cloud. Astrophys. J. 642, L141–L144 (2006)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Helder, E. A., Kosenko, D. & Vink, J. Cosmic-ray acceleration efficiency versus temperature equilibration: the case of SNR 0509–67.5. Astrophys. J. 719, L140–L144 (2010)
Article 
    ADS 
    
                    Google Scholar 
                


Download references




Acknowledgements
The HST images were taken as part of two programmes with Principal Investigators J. P. Hughes and K. Noll. This work was supported by the National Science Foundation.


Author information
Authors and Affiliations
	Department of Physics and Astronomy, Louisiana State University, Baton Rouge, 70803, Louisiana, USA
Bradley E. Schaefer & Ashley Pagnotta


Authors	Bradley E. SchaeferView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ashley PagnottaView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
The authors shared the ideas, the data analysis, and the writing of this paper.
Corresponding author
Correspondence to
                Bradley E. Schaefer.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Additional information
HST images comprising Fig. 1 are in the public domain (http://www.heritage.stsci.edu/2010/27/index.html, http://www.apod.nasa.gov/apod/ap110125.html).


Supplementary information

Supplementary Information
The file contains Supplementary Text, Supplementary Table 1 and additional references. (PDF 272 kb)





PowerPoint slides
PowerPoint slide for Fig. 1




Rights and permissions
Reprints and permissions


About this article
Cite this article
Schaefer, B., Pagnotta, A. An absence of ex-companion stars in the type Ia supernova remnant SNR 0509−67.5.
                    Nature 481, 164–166 (2012). https://doi.org/10.1038/nature10692
Download citation
	Received: 29 June 2011

	Accepted: 31 October 2011

	Published: 11 January 2012

	Issue Date: 12 January 2012

	DOI: https://doi.org/10.1038/nature10692


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Observational properties of thermonuclear supernovae
                                    
                                

                            
                                
                                    	Saurabh W. Jha
	Kate Maguire
	Mark Sullivan


                                
                                Nature Astronomy (2019)

                            
	
                            
                                
                                    
                                        Radio emission from interstellar shocks: Young type Ia supernova remnants and the case of N 103B in the Large Magellanic Cloud
                                    
                                

                            
                                
                                    	R. Z. E. Alsaberi
	L. A. Barnes
	Y. Fukui


                                
                                Astrophysics and Space Science (2019)

                            
	
                            
                                
                                    
                                        Single Degenerate Models for Type Ia Supernovae: Progenitor’s Evolution and Nucleosynthesis Yields
                                    
                                

                            
                                
                                    	Ken’ichi Nomoto
	Shing-Chi Leung


                                
                                Space Science Reviews (2018)

                            
	
                            
                                
                                    
                                        Supernovae Ia in 2017: a long time delay from merger/accretion to explosion
                                    
                                

                            
                                
                                    	Noam Soker


                                
                                Science China Physics, Mechanics & Astronomy (2018)

                            
	
                            
                                
                                    
                                        Astronomical Distance Determination in the Space Age
                                    
                                

                            
                                
                                    	Bożena Czerny
	Rachael Beaton
	Yuzuru Yoshii


                                
                                Space Science Reviews (2018)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Dual origin for a type Ia supernova
Type Ia supernovae are thought to result from a thermonuclear explosion of a white dwarf star, arising from either the merger of two white dwarfs (the 'double-degenerate' path), or by mass transfer from a companion star ('single-degenerate' path). The precise identity of the progenitor is still controversial. Bradley Schaefer and Ashley Pagnotta have examined high-resolution Hubble Space Telescope images of the central region of the supernova remnant SNR 0509-67.5 in the Large Magellanic Cloud, and find no sign of a point source. This lack of any ex-companion star rules out all published single-degenerate models for this supernova and points to a double-degenerate merger as the most likely origin.
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