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1-1. Summary of observed dust mass in CCSNe
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There are increasing pieces of evidence that massive
dust in excess of 0.1 Msun is formed in the ejecta of SNe




1-2. Formation and processing of dust in SNe
Nozawa 2014, Astronomical Herald
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Destruction efficiency of dust grains by sputtering in the
reverse shocks depends on their initial size

The size of newly formed dust is determined by physical
condition (gas density and temperature) of SN ejecta




1-3. Achievement and issues on SN dust
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Revisiting dust mass formed in SN 1987A

Flux (Jy)

Flux (Jy)

T ' fu0.] ——

'= 2 e
10 | 775 da.y L e \ﬁ(:gé — & 1
ol |

Md ~ 0.002 Msun l

" \

0.1} _ ]/ \\
0ot | /:
3 0 100
Wavelength (um)

100 T 0.003M, ———

1153 day - —
10 b Harvey 1993 — 4
ik - J 1

Md ~ 0.003 Msun .
01} 3
/.
0.01 } . I /
0001 | // ‘\'\\‘\\\ // i
0.0001 / ' . '
4 10 100

Wavelength (um)

Dust mass (M,)

Flux (Jy)

1

0.1

0.01 f

0.001

Wavelength (um)

1.0M,, L=315Lo, 2-2.25um grains
85 1 5 d 0.8M,, L=315Lo, 2-2.25um grains
a.y 0.6M,, L=360L0, 3-3.25um grains --------
0.4M,,, L=410L0, 5-5.25um grains
Matsuura 2011 ——
Synchrolron
P
Md ~ 0.7 Msun
a~0.2um
/
100 1000

0.1 f

0.01 f

0.001 f

Grain growth to
large mass and
size?

0.0001

Wesson+15,
MNRAS, 446, 2089
1(;00 10&)00
epoch (days)



2-2. Origin of IR emission from SNe

Dust formation in the ejecta

Dust formation in dense shell

&

IR echo by CS dust

&

Shock heating of CS dust
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2-3. Evidence for dust formation in SN 2006jc
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2-4. Dust formation in Type lin SN 2010jl

THE ASTROPHYSICAL JoURNAL, T76:5 (16pp). 2013 October 10 doi: 10 1088000E-63 TR 776015
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PROPERTIES OF NEWLY FORMED DUST GRAINS IN THE LUMINOUS TYPE IIn SUPERNOVA 2010j1*
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2-5. Dust properties in Type lin SN 2010jl

Normalized Flux (per velocity bin)
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= carbon grains
* dust mass: ~103 Msun

= grain radius: <0.1um
(possibly <0.01 pm)
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2-6. Dust formation in Type lin SN 2010jl

doi:10.1038/nature13558

Rapid formation of large dust grains in the luminous
supernova 2010jl

Christa Gall“%>, Jens Hjurthz, Darach Watson?, Eli Dwek?, Justyn R. Maund®*, Ori Fox®, Giorgos Leloudas®®, Daniele Malesani”
& Avril C. Day-Jones’
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2-7. Caveats on Gall et al. (2014) paper

10°E 1 1 | u . | 1 Dust formed in
- Gall+2014, Nature SN1987AI the ejecta
107 ¢ 06jd I -
- Dust formed in : el
- S |
1021 cool dense shell ri:sp
g S s SSNZOOSg j
S 10°L SN2005af @
= E SﬁNgggesgc The mass of newly formed
o ® © k9 SRi2004et dust increases with time?
- s SN1999em E
5[ SN2004et SN 2010jl (NIR emission) A
107 SN 2010jl (extinction) =

50 100 150 239 500 868 1638
Time since peak (days)

5000 9000

Dust formation in the ejecta | | Dust formatiEn in dense shell

&

We should not discuss
the mass of newly formed
grains by integrating the
formation of dust in the
ejecta and CDS




2-8. Dust mass from line profiles in SN 1987A

10~ 5 ergs cm 2

-]

101 ergs em

=
=

=

= 2

day ;-1'4 —Dt:;served
I,.*'A’ ——model
Ha
III
J
|
!I I'
. '1
/ \ z
/ \ i
/ b,
-0.5 0 0.5
velocity (10* km s—1)
day 714 M —observed
- | —— model
-| OI 6300 | |
i 2
.-"'_"‘-..‘_\\h.- --.-.::/{ i ":--_.._-__

-0.5

0

0.5

velocity (10* km s—1)

[ | m Wessons 2015 dust masses

[ | % Minimum grain size model

| | % Maximum grain size model

[ |—— Sigmoid fit to mean values

Wesson+ 2015 sigmoid fit

J Mean of max and min madels

W

At 714 day

= dust mass < 3x10-3 Msun
(< 0.07 Msun if silicate)

= grain radius > ~0.6 um

10000

Bevan & Barlow 2015, submitted



2-9. Evolution of dust mass in SN 1987A

At 615 and 714 day
 dust mass: ~0.4 Msun

Flux (Jy)

= silicate-dominated

Dwek & Arendt 2015, ApJ, 810, 75



2-10. Summary
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3-1. Presolar grains

O Presolar grains

- discovered in meteorites

[E3058 5KV X14,000 fvm WD B

- showing peculiar isotopic compositions graphite (© Amari)

(highly different from the solar system’s materials)

- thought to have originated in stars before the
Sun was formed

=¥» offering key information on nuclear G
SiC (Nittler 2003)

processes in the parent stars
red giants, AGB stars, supernovae, novae ...

- mineral composition
graphite, nanodiamond, TiC, SiC, Si3N4,
Al203, MgAI204, TiO2, Mg2SiO4, MgSiOs3 ...

e

Al203 (Nittler+1997)



3-2. Isotopic composition of presolar oxides

O Oxygen isotopic composition of presolar oxide grains
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Choi+1998

A few particles 105
of presolar Al203 10 10
grains with radii > 0.25 um

are believed to have been produced in the ejecta of SNe
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3-3. Why we focus on presolar Al203 grains?

O Evidence for Al203 formation in SNe

- Infrared spectra of Cassiopeia A (Cas A) SNR
=» Al203 is one of the main grain species

(Douvion et al. 2001; Rho et al. 2008) oo

O Dust formation calculations

W

- the first condensate among oxide | ]
=» sizes of Al203 grains : < ~0.03 pm E /| Douvion+2001 |
(e.g., Nozawa+2003; Todini & Ferrara+2001) e T urm ” ?
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3-4. Scaling relation for fcon,>> and aave,

Byye e (um) and fcon’w
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3-5. Formation condition of presolar Al203
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3-6. Newly formed grains can survive in SNR?
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- 2, < 0.01 pm
=> completely destroyed

-0.02pym < g, <0.1 pm
=>» eroded in dense shell

-3, > 0.1 pm
=> injected into the ISM




3-7. Summary

We investigate the formation of Al203 grains for a variety
of densities and cooling rates of the gas.

1) The average radius and condensation efficiency of
newly formed Al203 grains are uniquely described by
the non-dimensional quantity Aon.

2) Presolar Al203 grains with radii above 0.25 um can be
formed only in the gas with more than 10 times higher

density than those estimated by 1-D SN models.
=» indicating the presence of dense clumps in the SN ejecta

3) The measured sizes of presolar grains are powerful
probes for constraining the physical conditions and
structure in which they formed.



4-1. Extinction law towards Type la SNe

-20

light curve
N of SNe la

O Type la supernovae (SNe la)

_19}F ‘_,“’ =

—18F

- thermonuclear explosion of a white dwarf (WD)
- progenitor system: (WD+MS) or (WD+WD)?

=17k

ABSOLUTE MAGNITUDE

-16

- discovered in all types of galaxies 5 19 b,
: . : E 4 "
- star-forming, elliptical, irregular, etc ...
= ., .
g i t:"‘"c'x-.’..
: S ol Phillips+1993 & % .
- used as cosmic standard candles | Riess+1996 .

Ms = mg - 5logio(DL) - AB - 5 _
=?» Rv =1.0~ 2.5 (Rv=Av/(AB - AV)) :

to minimize the dispersion of Hubble diagram
(e.g., Tripp+1998; Conley+2007; Phillips+2013) =

cf. Rv = 3.1 for the average extinction
curvei n the Milky-Way (MW) 34 Astier+2006

PR R R T |
0.2 0.4 0.6 0.8 1
SN Redshift




4-2. Other examples of reddening for SNe Ia

O Other examples of Rv for SNe la

- average of ensembles of SNe la

| NGO8 E(B-V) < 0.7
| NG0B EB-V) <0.25

Rv =1.0-2.3 s |
L e W09 normal velocity
- from obtained colors of SNe la in ! - o
near-UV to near-infrared (NIR) R . L10low SF
~ : - —— | 510 star forming
Rv ~ 3.2 (Folatelli+2010)  S10low T
RV — 15'22 F10 Avg. wio 06X & 05A n——-—|
(e.g., Elisa-Rosa+2008; Kriscinuas+2007) B e o | F108N2006X
e @ | F10 SN 2005A
_ _ _ _ —e—i e E06 SN 2003cg
QO Extinction in nearby galaxies e g Eon N 200200
T - —— %‘ K07 SN 2001el
- M 31 (Andromeda Galaxy) Co e KoesNaseed
Rv = 2.1-3.1 (eg., Melchior+2000; Dong+2014) ~ '° > 20 = 90 %5 49
Howell+2011

- elliptical galaxies
Rv = 2.0-3.5 (patil+2007)

=» Rv is moderately low or normal



4-3. Peculiar extinction towards SN 2014)

O Type la SN 2014

- discovered in M 82 (D ~ 3.5%+0.3 Mpc)
- closest SN la in the last thirty years
- highly reddened (Av ~ 2.0 mag)

- reddening law is reproduced by CCM

relation with Rv ~ 1.5

-4

(Ammanullah+2014; Foley+2014; Gao+2015)
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4-4. How peculiar is SNe la extinction curves?

large size

1 1 1

133? (2007)

4 6 8

1/A (um™?)

O CCM relation

(Cardelli, Clayton, Mathis 1989)

RV : ratio of total-to-
selective extinction

Rv=Av/E(B-V)
=Av/(AB —Av)

¥

AMAvV = a(x) + b(x) / Rv
where x=1/A

In our Galaxy
Rv =2.2-55
Rv,ave ~ 3.1

- steeper extinction curve (lower Rv) =» smaller grains
- flatter extinction curve (higher Rv) =» larger grains




4-5. Low Rv: interstellar or circumstellar origin?

QO Origin of low Rv observed for SNe la

25T T T T
- odd properties of interstellar dust BN gty f—
oM Rm168 o ]

(e.g., Kawabata+2014; Foley+2014)

- multiple scattering by circumstellar dust
(Wang 2005; Goobar 2008; Amanullah & Goobar 2011) :

Goobar (2008)
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If there is a thick dust shell,
we must detect thermal dust
emission as infrared echoes




4-6. Near-infrared observations of SNe la

O Near-infrared (NIR) observations

- no excess flux at JHK bands

- IR echo model (thin shell approximation)
constrain the mass of dust for a given
position of the dust shell (vaeda, TN+2015)

=» conservative upper limits of optical
depths in B band is TB < ~0.1

O Spitzer observations

- no excess flux at 3.5/4.5 pm
(Johansson+2015)

- upper limit of dust mass: ~10* Msun

-» optical depth T << 1

Dust temperature, T4 (K)
)
o
=]
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Rlpcl Maeda+2015

| [ Excluded from K-band limits
| [ Excluded from Spitzer limits
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FeSN 2012cg 4
OSN 2014)
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4-7. Dust model for Rv=1.5 CCM curve

A, /Ay
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Nozawa 2016, §ubmittfed |
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O MRN dust model (Mathis, Rumpl, & Nordsieck 1977)

- dust composition : silicate (MgFeSiO4) & graphite (C)
. power-law distribution
n(a) o< a*{-q} with g=3.5, amax = 0.24 ym, amin = 0.005 pm

- size distribution

Rv = 2.0 curve =® amax= 0.129 um, amin = 0.005 pm




4-8. Dust models for Rv=1.0 and 2.0 curve

A, /Ay

| ! | |

! |
| Ry=1.5

Model 1

Model 5

1/X (um™")

Model 1

0 2 4 6 8

Nozawa 2016, submitted

Rv = 1.5 curve =» amax = 0.0925 pm, amin = 0.005 pm
Rv = 1.0 curve =» amax = 0.057 yum, amin = 0.005 pum

But, the values of Rv obtained from the MRN dust model are
higher than Rv used for the CCM relation

Rv.cem = 1.5 curve = Ry, dust = 1.72

Rv.cem = 1.0 curve =¥ Ry, dust = 1.49




4-9. Summary

1) Many studies (mainly SNe la cosmology) suggest that
the Rv values toward SNe la are very low (Rv ~ 1-2.5),
compared with Rv = 3.1 in our Galaxy

2) Non-detection of IR echoes towards SNe la indicates
that the low Rv is not due to the circumstellar dust
but due to the interstellar dust in the host galaxies

3) The CCM curves with Rv = 1-2 can be reasonably fitted
by the power-law dust model (graphite/astronomical silicate)
with amax = 0.06-0.13 um (instead of amax = 0.24 um for Rv = 3.1)



