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Type Ia Supernovae (SN Ia) have been instrumental cosmological standard candles that led 
to the discovery of the accelerated expansion of the Universe. Yet, the progenitors and 
explosion mechanism of these important and powerful transient events remain elusive. 
Members of the recently categorized Type Iax (SN Iax) class may be able to constrain 
models and progenitor systems for exploding white dwarfs. SN Iax are the largest class of 
“peculiar” white dwarf supernovae (>50 members). They have lower ejecta velocity, lower 
luminosities, and the only white dwarf supernova for which a pre-explosion progenitor 
system has been detected is a SN Iax. We aim to give an overview of the SN Iax class and 
present optical spectroscopy of SN 2014dt, a SN Iax in the nearby galaxy M61 that was the 
focus of extensive observations.  We analyze the spectral evolution of SN 2014dt and 
compare it to the evolution of normal SN Ia, showing that SN 2014dt begins a “divergence 
phase” from normal SN Ia around 100 days after peak brightness. We also use TARDIS to 
generate synthetic spectra of SN 2014dt to analyze the composition of the ejecta and to 
probe how the physical parameters of the explosion evolve with time. We argue that SN Iax 
may continue to have an "afterlife" beyond the supernova explosion, with a radioactively-
powered bound remnant driving an optically-thick wind
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SN Iax begin their spectral “divergence 
phase” around 100 days past B-max

SN Iax 
• Lower luminosities and slower ejecta than normal SN Ia (Foley et al. 2013; Jha 2017) 
• Early-time spectra of SN Iax and normal SN Ia are very similar - similar progenitor 

system and explosion mechanism are likely! 
• Late-time spectra of normal SN Ia have broad nebular emission features, but SN Iax 

never become fully nebular! 

SN 2014dt
• In nearby galaxy M61 (~20 Mpc) on October 29, 2014 (Nakano et al. 2014) 
• Easterly sky position allowed for observations in the usually hard-to-observe 

epochs +100 to 200 days past B-band maximum 
• Optical spectra from Lick, Keck, SOAR, Gemini, and SALT (Foley et al. 2016)

• Open-source code for spectral modeling of supernovae 
(Kerzendorf & Sim 2014, Kerzendorf et al. 2018)  

• Has been used to model SN Iax and SN Ia at early times (SN 
2011ay, for example; Barna et al. 2017, 2018) 

• Assumptions: spherical symmetry, homologous expansion 
(r=vt), radiative equilibrium, no non-radiative energy sources 

• Inputs: density, chemical abundances, luminosity, time since 
explosion, inner (photosphere) and outer radial boundaries 

• Limitations: no multi-dimensionality or time-dependence 
• Advantages: TARDIS can not model the nebular emission in 

late-time spectra of normal SN Ia but it can construct late-
time SN Iax spectra!

Ejecta density structure  
of deflagration models

• We identified the epoch (~100 days past B-band maximum) where  
SN Iax spectra diverge strongly from normal SN Ia spectra  

• Synthetic spectral fitting from TARDIS suggests that 
SN 2014dt is best explained by deflagration explosion models 

• Some deflagration explosion models leave behind a bound remnant that can drive an optically 
thick wind and produce a photosphere (Foley et al. 2016) 

• In contrast, normal SN Ia explosions are thought to fully disrupt their WD progenitor and their 
spectra are nebular at late-times 

• Our TARDIS spectral fits show that the photospheric radius of SN 2014dt stops decreasing ~125 
days after the explosion, suggesting the emergence of a wind photosphere with v ~ 350 km/s 

• Other work is consistent with a possible bound remnant and wind for SN 2014dt: Fox et al. (2016) 
IR excess ~100 days post peak, and Kawabata et al. (2018) late-time bolometric light curve analysis

Low luminosities and low ejecta velocities of SN Iax 
match well with less energetic deflagration (subsonic) 

explosion models (Fink et al. 2014)

Deflagration 
explosion models 
with a small number 
of ignition points 
can leave behind a 
bound remnant

Outer edges of  
the regions which  
do not become 
gravitationally 
unbound.  
 
Bound remnant!

N1def model of Fink et al. (2014)

Black curves are SN Iax, 
 colored curves are normal SN Ia

Evolution of SN 2014dt photospheric radius
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Southern African Large Telescope (SALT)

SN 2014dt in Messier 61 
by M. Burali, R. Gendler, and P. Campaner

Evidence for an optically thick wind in SN 2014dt: 
driven by a bound remnant? If so, SN Iax do not 

fully disrupt the white dwarf


