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The Origin of Type Ia Supernovae... 

The small spread in the corrected light curve could be systematic 
– do we have more than one route to produce Type Ia:s? 



Another possibility is two merging 
white dwarfs.Which is the correct one? 

The Origin of  Type Ia 
Supernovae... 



Testing non-conservative  
mass loss 
Some of the mass might escape from the binary 
system. 

We might use the same model as for young core-collapse SNe. (The 
companion is overtaken in just a few hours and the system quickly becomes 
point-symmetric.) 



Model for the circumstellar interaction 

Assume power-law dependencies on density 
for the ejecta, ρ ∝ r-n and the CS gas, ρ ∝ r-s. The 
W7 model has roughly n=7, and the wind has s=2. 

SN 1993J at 10 days 
for n=6 and s=2. 

Numerical solution of  shock 
structure 
for 3x10-5 Mo/yr, vwind=10 km/s 



Constraints on the models 
Maximum velocity of  the ejecta must  
exceed observed ones 

We require: Vej,max ≥ 4.5x104 km/s at 1 day 
(decays with time as ∝ t-0.2) 



Modeling: 
•  Calculating the ionizing radiation from 

the reverse shock in detail, and in some 
models including the photospheric 
emission (from Blinnikov & Sorokina). 
Other contributions omitted. Models 
for Te = Ti and Te ≠ Ti of the reverse 
shock have been made. 

•  Calculating the temperature and 
ionization structure of the unshocked 
circumstellar gas time dependently. 
(Elements included are H, He, C, N, O, 
Ne, Na, Mg, Al, Si, S, Ar, Ca and Fe. 
Most of the ions are treated as 
multilievel atoms.)   

•  Calculating the emission of the escaping 
line photons. 

X-ray emission and absorption 

Revised limit on mass loss rate for SN 1992A: <1.3x10-5 Mo/yr 
(for 10 km/s) (Lundqvist et al. 2013) 



Chandra X-ray observations of SN 2002bo 
(Hughes et al., 2007) 

”Red” models are the same  
as in Lundqvist et al. (2013). 
Other models are described 
In Hughes et al. (2007). 
Mass loss rate limit is the same 
as the revised one for SN 1992A.  



Optical campaigns were launched in 2000 using 
echelle spectrographs at VLT and Subaru. 

For a smooth r-2 wind it is 
important to do very early observations.  
One could then reach down to a few x 
10-6 Mo/yr for a supernova within 20 Mpc. 

(Mattila et al. 2005) 



SN 2001el 

Limit on mass loss rate: 9x10-6 Mo/yr (for a 
10 km/s wind) 

(Mattila et al. 2005; Lundqvist et al. 2013) 



SN 2001ep: Ultraviolet tail due to inverse Compton scattering 
(conservative case with Te = TCoul) 

Limit on mass loss rate could be down to  
< a few x 10-6 Mo/yr (for a 10 km/s wind) 
for an earlier event.  

(Lundqvist et al., in prep.) 

HST observations (29 days after explosion) 



Radio observations of SNe Ia 

Using Chevalier’s model 
From 1983 and adopting 
scaling of  emission from SNe 
Ib and Ic, Panagia et al. (2006) 
obtain very low upper limits  
on the wind density.  



(Hancock et al., 2011) 

Radio observations of SNe Ia 



Radio program at ATCA 
As radio observations 
do appear to be the most 
sensitive to detect smooth 
mass loss, we have since  
2004 been using ATCA. 
 



< 2.7 x 10-7 Mo yr-1 

(Perez-Torres, Argo, Lundqvist et al., 2013) 

Radio observations of  SN 2013dy. 



(Chomiuk et al., 2013) 

 EVLA radio observations of  SN 2011fe (D=6.4 Mpc) 

For v = 100 km/s 

5.9 GHz upper limits 
                   (3-sigma) 



 EVLA radio observations of  SN 2011fe (D=6.4 Mpc) 

(Chomiuk et al., 2013) 



SKA vs. present facilities 

 

•  EVLA upper limit (1-sigma) of  SN 2011fe was ~6 micro-Jy (5 GHz) 

      (spatial resolution of  SN 2011fe observations: 0.56 arcsec x 0.39 arcsec) 

 

•  SKA-mid (in the range 0.35-14 GHz) can obtain 0.72 micro-Jy (1 hour) 

     (spatial resolution: 0.3 arcsec x 0.3 arcsec) 

      We can probe similar limits as for SN 2011fe out to ~20 Mpc                        
 (typically 1 Type Ia per year.) 

      For the same distance (if  early) we can go much deeper in circumstellar  
 density to test more (all possible?) progenitor scenarios. 

 



(Chomiuk et al., 2013) + SKA upper limits (1 hr) 

 EVLA radio observations of  SN 2011fe (D=6.4 Mpc) 

For v = 100 km/s 

5.9 GHz upper limits 
                   (3-sigma) 

___________________________ SKA limit 



Absorption 
features in  
SN 2006X. 
(Patat et al., 2007) 



Absorption features in SN 2007le. 
(Simon et al., 2009) 

Na I Ca II 



Shells and continuous mass loss 
•  Patat et al.(2007) claim that the Na I variability is due to recombination in a 

shell at radius of about 1016 cm. The shell is then most likely circumstellar, 
and the mass loss rate is of order a few x 10-8 Mo/yr. 

•  Chugai (2008) has disputed this, and claims that the absence of Ca II 3934 Å 
gives an upper limit to the mass loss rate of 10-8 Mo/yr as (for vwind = 30 
km/s). The variable Na I lines do not come from gas closer to the star than 
1017 cm.  

•  Note: A shell around SN 2006X as discussed by Patat et al. should have 
given rise to an X-ray/radio flash within a few months after the explosion. 
Radio was not seen half a year after.  

•  Radio observations should not be limited to early time studies! 



Conclusions 

•  No detection of circumstellar emission from a ”normal” Type Ia SN 
has ever been seen in any wavelength region. Deep limits are 
obtained in the radio and indicate <6x10-10 Mo yr-1 (for SN 2011fe). 
Optical Absorption features in SNe 2006X and 2007le could indicate 
<10-8 Mo yr-1. Discrete shells? 

•  SKA should be able to probe one order of magnitude deeper than 
EVLA. As deep limits as for SN 2011fe will be obtained for events 
out to 20 Mpc, which means for about one Type Ia SN per year. 
(Statistically useful limits may be obtained for more Type Ia:s.) 

 


