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Testing non-conservative 
mass loss
Some of the mass might escape from the binary 
system (see van den Heuvel’s Monday talk)

We might use the same model as for young core-collapse SNe



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



Ionizing Radiation

(Fransson et al. 1996)

Consists of:
Free-free emission from the shocked ejecta (important)
Free-free emission from the shocked CS gas (not so important)
Photospheric emission and inverse Compton scattering thereof (can 
be very important early on)
Prompt emission from shock breakout (not important)
Radioactive decay (unimportant)
Precursor emission (unimportant)

Reverse shock

Forward shock
Te ≠ Ti

Reverse shock

Forward shock
Te = Ti



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)



The modeling involves:
• 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.

Example of model output:



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. 2007)



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

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



Optical 
and 
near-IR 
lines
(models
compared
to data.)

Data are for SN 2000cx
(Lundqvist et al. 2007). Limit on
mass loss rate is 1.2x10-5 Mo/yr
for 10 km/s.



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.

(Mattila et al. 2005)
*/ Part of the EU-RTN



Results from the optical observations
(SN 2000cx)

(Lundqvist et al. 2007)

Hα



SN 2000cx: helium lines



SN 2001el

Limit on mass loss rate: 9x10-6 Mo/yr (for a 
10 km/s wind) (Mattila et al. 2005).



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.



Ongoing radio program
As radio observations
do appear to be the most
sensitive to detect smooth
mass loss, we are since 2004
running a program at ATCA
as well as doing modeling.



For the only SNe Ia displaying circumstellar emission, 
radio and X-rays have, however, failed to detect the 
SNe.

Chandra X-ray observations 
(Hughes et al. 2007)

SN 2002ic (Deng et al. 2004)



Looking for hydrogen at late stages

Simulations of a main sequence star 
being overtaken by the supernova ejecta
(Marietta et al. 2000)

In no case, a faster than 103 km/s 
evaporation occurs. The material is
deeply embedded in the SN ejecta and
will not be seen until in the nebular phase.



Late emission modeling
We have used the same code as in Kozma et al. (2005)....

...although in our modeling we have used W7.
We have inserted solar abundance material within 

the innermost 103 km/s ejecta and compared with data.



SN 2000cx



SN 1998bu



SN 2001el



SN 1998bu in 
the near-IR 



An overview of which lines to expect

(Lundqvist et al. 2007)



Conclusions

• No circumstellar emission from a ”normal” Type Ia SN has never 
been seen in any wavelength region. Best limits are obtained in the 
radio and indicate <10-7 Mo yr-1.

• Optical evidence for episodic mass loss exist for at least two 
suspected Type Ia SNe (SN 2002ic and SN 2005gj). Radio and X-ray 
emission was not detected (due to absorption by the circumstellar 
shell). The shells could be asymmetric. 

• Late emission from three normal Type Ia SNe indicate that at most 
0.03 Mo of solar abundance material exists in the center of any of 
these supernovae. This is much less than in any of the models 
calculated by Marietta et al. (2000) and put constraints on single 
degenerate models.
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