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1. Formation of dust in the ejecta of supernovae

2. Destruction of circumstellar dust by shock waves

3. Formation of dust in mass-loss winds of RSGs



1-1. Summary of observed dust mass in CCSNe
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Far-IR to sub-mm observations revealed that ~0.1 Msun
of dust grains can be produced in the ejecta of SNe




1-1. Summary of observed dust mass in CCSNe
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Far-IR to sub-mm observations revealed that ~0.1 Msun
of dust grains can be produced in the ejecta of SNe




1-2. ALMA reveals dust formed in SN 1987A
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ALMA spatially resolves the thermal emission from cool (~20K)
dust of ~0.5 Msun formed in the ejecta of SN 1987A
=> core-collapse SNe could be production factories of dust grains

## SN 1987A is the only target that can probe dust formation in
## SNe with ALMA




1-3. Main problems on dust formation in SNe
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1-4. Dust form
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Newly formed dust in SN 2010jl

- carbon grains

- dust mass: ~10-3 Msun

- grain radius: <0.1ym
(possibly <0.01 um)
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Maeda, TN, et al. (2013)




1-5. Origin of IR emission from SNe

Dust formation in the ejecta

Dust formation in dense shell
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IR light echo by CS dust
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Shock heating of CS dust
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1-6. Statistics of dust-forming SNe

- newly formed dust in the ejecta =» mainly Type II-P SNe

SN 1987A (ll-pec), SN 2003gd (II-P), SN 2004dj (11-P), SN 2004et (1I-P),
SN 2005ad (I1-P), SN 2005af (I1-P), SN 2006bc (II-L), SN 2006jc (Ib),
SN 2007it (11-P), SN 20070d (I1I-P) =» 10 SNe + several candidates

 newly formed dust in cool dense shell =» mainly Type IlIn SNe

SN 1998S (lIn), SN 2005ip (lIn), SN 2006jc (Ib), SN 2006jd (lIn),
SN 2007rt (Iln), SN 2010jl (Iin) =» 6 SNe

- Why no evidence for dust formation in Type Ic and |la SNe?
=» observational bias? Type Ic: rare, Type la: distant
=» too low ejecta density to produce dust grains

- Why SNe lIn (~10% of all SNe) produce dust more efficiently?

=» observational bias? Type lin: relatively bright
=» dust temperature high enough to be detected in NIR



2-1. Observing CS dust in aged dusty SNe
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Exploring the evolution of circumstellar dust by MIR
observations of SNe 5-100 yr after explosions




2-2. MIR observations of SN 1987A

O SN 1987A (Type ll-pec)

Flux (mdy)

- host galaxy: LMC (d =50 kpc)
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2-3. Properties of CS dust around SN 1987A
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2-4. MIR observations of SN 1978K with AKARI
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2-5. MIR observations of aged dusty SNe
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nearby SNe, for which IR echo
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3-1. Mass-loss rates of RSGs

log (Mass loss rate)
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3-2. Observed fraction of supernova types
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massive stars above ~20 Msun
may undergo strong mass loss

=» Stellar evolution models must
rely on a high mass-loss rate

driven by dust formation
(Chieffi & Limongi 2012)




3-3. Models of dust-driven winds
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terminal velocity: 20-30 km/s
=» above the sound velocity

- dust-driven wind model
- dynamical (pulsation)
- dust (and molecular) formation
- dust acceleration and gas drag
- radiative transfer (molecular lines)
- two-fluid model
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3-4. Effects of Dust-driven winds
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The acceleration of the wind by radiation pressure onto newly
formed dust reduces the gas density, suppressing grain growth




3-5. Topics on dust formation in stellar winds
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4. Summary

O Formation of dust in the ejecta of supernovae

- aim: clarifying the composition, size, and amount of dust
- observational: seems no new physics, statistic study
- theoretical: dust formation in clumpy, radiaive transfer

O Destruction of circumstellar dust by shock waves
- aim: probing mass-loss history of massive stars from MIR
- observational: aged dusty SNe with JWST and SPICA
- theoretical: destruction and heating of dust by shock waves

O Formation of dust in mass-loss winds of RSGs

- aim: connecting between mass loss and dust formation

- observational: well-observed objects, statistic study
- theoretical: formation and dynamics of dust, dust emission



