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            Abstract
Type Iax supernovae are stellar explosions that are spectroscopically similar to some type Ia supernovae at the time of maximum light emission, except with lower ejecta velocities1,2. They are also distinguished by lower luminosities. At late times, their spectroscopic properties diverge from those of other supernovae3,4,5,6, but their composition (dominated by iron-group and intermediate-mass elements1,7) suggests a physical connection to normal type Ia supernovae. Supernovae of type Iax are not rare; they occur at a rate between 5 and 30 per cent of the normal type Ia rate1. The leading models for type Iax supernovae are thermonuclear explosions of accreting carbonâ€“oxygen white dwarfs that do not completely unbind the star8,9,10, implying that they are â€˜less successfulâ€™ versions of normal type Ia supernovae, where complete stellar disruption is observed. Here we report the detection of the luminous, blue progenitor system of the type Iax SN 2012Z in deep pre-explosion imaging. The progenitor system's luminosity, colours, environment and similarity to the progenitor of the Galactic helium nova V445 Puppis11,12,13 suggest that SN 2012Z was the explosion of a white dwarf accreting material from a helium-star companion. Observations over the next few years, after SN 2012Z has faded, will either confirm this hypothesis or perhaps show that this supernova was actually the explosive death of a massive star14,15.
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                    Figure 1: HST colour images before and after supernova 2012Z.[image: ]


Figure 2: Colourâ€“magnitude diagrams of the SN 2012Z progenitor S1 and comparison models.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Spectra of type Iax supernovae near maximum light.
SN 2012Z1 is similar to SN 2005hk4 and SN 2008A6, all classified as type Iax supernovae. The SN 2012Z spectrum was taken on 2012 February 16 ut with the Whipple Observatory 1.5Â m telescope (+FAST spectrograph) with a total exposure time of 1,800Â s. Each flux density (FÎ») spectrum is labelled by its rest-frame phase past maximum light in B band. Prominent features due to intermediate-mass and iron-group elements are indicated; these features are also observed in luminous, slowly declining type Ia supernova spectra at maximum light, though with higher expansion velocities.

                          Source data
                        


Extended Data Figure 2 Chance alignment probability calculation.
a, Chance alignment probability between a random position and a detected source within a square box of the given width (top axis, in arcsec; bottom axis, in pixels) centred at the position of SN 2012Z. This calculation is based on a 1Ïƒ position coincidence (0.0103â€³ = 0.2575 WFC3/UVIS pixels); a 3Ïƒ position coincidence gives probabilities approximately 9 times higher. The offset between SN 2012Z and S1 is 0.8Ïƒ. The shaded regions show a naive Poisson-like uncertainty estimate with a fractional error given by [image: ]. b, Number of detected sources (including S1) as a function of the box size. The lines show results for all stellar sources (>3Ïƒ detection in any band; blue) and just those as bright as S1 (red).

                          Source data
                        


Extended Data Figure 3 Stars in the neighbourhood of the SN 2012Z progenitor.
The SN 2012Z progenitor system S1 (blue) is shown along with nearby stars (all with 1Ïƒ photometric uncertainties), with three isochrones24 with ages of 10.5 (dotted), 17.0 (dashed), and 41.7Â Myr (solid). a, The F435WÂ âˆ’Â F555W colour (roughly BÂ âˆ’Â V), b, the F555WÂ âˆ’Â F814W colour (roughly VÂ âˆ’Â I), both plotted against the F555W (roughly V) absolute magnitude. The large, filled circles correspond to stars within 10 WFC3/UVIS pixels (0.4â€³) of the supernova location, small filled circles are within 20 pixels (0.8â€³), and the small open circles are within 30 pixels (1.2â€³). Objects in the grey shaded regions would not be detected given the depth of the combined images.

                          Source data
                        


Extended Data Table 1 Pre-explosion photometry of SN 2012Z progenitor system S1 and nearby starsFull size table


Extended Data Table 2 Photometric variability of the SN 2012Z progenitor system S1Full size table
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A type Iax supernova progenitor
SN 2012Z, discovered in the Lick Observatory Supernova Search on 29 January 2012, is a type Iax supernova. Sometimes referred to as 'mini supernovae', these are initially spectroscopically similar to some type-Ia supernovae but diverge with time and are much less energetic and fainter. It is not clear what triggers a type Iax explosion. This paper reports the detection of a progenitor in deep observations of NGC 1309, the host galaxy of SN 2012Z, obtained with the Hubble Space Telescope and including the location of the supernova before its explosion. Its optical properties and similarity to the progenitor of the helium nova V445 Puppis suggest that SN 2012Z was probably an explosion of a white dwarf accreting from a helium-star companion.
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