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Introduction:

It has been suggested that Type la supernovae (SNe la) can be possible producers of interstellar dust. However, in contrast to core-collapse SNe,
any observation of normal SNe la has never reported so far convincing evidence for the ongoing formation of dust grains in the expanding ejecta.
We investigate the possibility of dust formation in the ejecta of SNe la, adopting the carbon-deflagration W7 model. The main aim of this study is
(1) to reveal the composition, size, and amount of dust that can condense in the ejecta of SNe la, and (2) to clarify how the formation process of
dust in the ejecta depends on the type of SNe. We also calculate the destruction of the newly formed dust by sputtering in the shocked hot gas
inside the supernova remnants (SNRs), to estimate the mass of dust that can be finally injected from SNe la into the interstellar medium (ISM).

Model :
SN model : carbon-deflagration W7 model
(Nomoto et al. 1984, Thielemann et al. 1986)
chemical composition in the ejecta (Figure 1)
stratified elemental composition with no mixing
temperature, density, and velocity of the gas (Figure 2)
gas density is much lower than that in Type II-P SNe

Dust formation calculations (Nozawa et al. 2003, 2010)
nucleation and grain growth theory (Kozasa et al. 1989)
sticking probability : a=0.1and 1.0
CO and SiO molecules : complete and no formation

Results :
For a = 1.0, a variety of dust species can condense,
according to the elemental abundance in each layer.
Condensation times of dust grains are 100-300 days after
the explosion (Figure 3a).
The average grain radii are below ~0.01 um (Figure 3b),
because of low gas density in SNe la with no H-envelopes.
The total mass of dust formed in the ejecta is 3x10Msun
to 0.2 Msun, depending on the sticking probability and
formation efficiency of CO and SiO molecules (Table 1).

Discussion :
thermal emission from newly formed dust (Figure 4)
Formation of C grains must be suppressed to be consistent
with the mid-IR spectra observed for normal SNe la.
-> energetic photons and electrons should destroy small
clusters of C grains efficiently (Nozawa et al. 2008) “or”
-> outermost C-O layer of SNe la should be fully burned.

Survival of newly formed dust in SNRs (Figure 5)

Unless the gas density around SNe lais low (nH,0 <0.01 cm'3),

the newly formed grains are almost completely destroyed.
-> SNe lais likely to be poor producers of interstellar dust.
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Fig. 1 - Number abundances of elements taking partin dust formation in the ejecta of
the SNe la (W7 mode) at 300 days after the explosion as a function of enclosed mass.
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Summary:

For the sticking probability of unity, C, silicate, Si, and FeS grains can condense in the ejecta of SNe
la at 100-300 days, which is much earlier than those (>300 days) in Type II-P SNe.

Due to the low gas density in the ejecta of SNe la with no H-envelope, the average radii of newly
formed grains are basically less than 0.01 um and are smaller than those (>0.01 um) in Type II-P SNe.
The total mass of dust that can form in the ejecta of SNe la ranges from 3x10 Msun to 0.2 Msun.
For the ISM gas density of nH,0> 0.1 cm'3, dust grains formed in the ejecta are almost completely

destroyed before being injected into the ISM.
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Fig. 2 (a) Temperature and () densiy disibuionof he gas n thecieciaof Se a
100 (red solid lines) after explosion,
o (c) velociy structure of the W7 model (red line). The enclosed mass is normalized
10 the ejecta mass (1.38 Mex) of SNe la. For comparison, shown are those for the SN
1P model (blue lines) with a Mx = 20 Man and a Es1 = 1 (Umeda & Nomoto 2002).

Table 1. Mass of Each Dust Species Formed in the Ejecta of the SNe Ta (W7 model)
dust species A1 A0L Bl Bl

5661070 2.84x 1070 373x 1077 240 x 107
317107 185% 107 9.26x10°° 193 x 10~
7591077 L31x 10 1051077 L11x 107

TO1x 1077 L50x 1070 608 < 107F 649 x 1070
TATX 107 0.94% 10 401 107 221 107
SIS 1077 748 < 10710 858x 10°F 7.71x 10710
1781077 LE3x 1077 178 1077 153 x 107
630107 315% 107 640 10°% 321 x L0~

952107 L09%107° 9.52x 107" 109 x 107
14831070 22210710 148 1070 222 1070
TI6x 10 34dx 10 104<10 2063107
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alter the explosion. The thin lines are the thermal emission specira summed up over all
ofthe grain inthe ejecta,

Carains. arethe
photometic results of SN 2005bf by the Spitzer (Gerardy et al. 2007).
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