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The double role of Supernovae
✦ Core collpase supernova (CCSNe) are important sources of
interstellar dust

• dust forms in the expelled radioactive ejecta

✦ The are the most important destroyers of interstellar dust
during:
• the reverse shock phase of the expansion
• during the remnant phase of the expansion

✦ Are CCSN net producers or destroyers of interstellar
dust?
✦ Can they produce observable amounts of dust in the early
universe?
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(A) sputtering

Grain destruction by supernova
remnants

(B) evaporative collision

(C) fragmenting collision

(Temim+2015)

SN blast wave

Supernova remnants clear all the dust
contained in ≈ 1,000 - 2,000 Msun of ISM gas
(Slavin, Dwek, & Jones 2015)
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Dust formation in core collapse SN
SN1987A

(Wooden et al.
1989, 1993)

(Matsuura + 2011, 2015)

Mdust ≈ 0.5 Msun

Mdust ≈ 10-3 Msun

Cas A
Spitzer spectral image
≈ 0.04-0.12 Msun
of dust
(Rho et al. 2008, Arendt+2014)

Herschel 

70, 100, 160 µm

2-temperature 

components

Crab
Gomez + 2012

Md ≈ 0.24 Msun

Akari/Blast/Herschel
search for warm (~ 35 K) dust
≈ 0.08 Msun
Sibthorpe et al. 1999
Barlow et al. 2010

multi-temperature 

physical model
Temim + 2013

Md ≈ 0.12 Msun

When are CCSNe net dust producers?
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~ 0.1 Msun
CCSN are net dust producers when D2G ≈ 10-4
Very early universe

DUST FORMATION
IN THE
EARLY UNIVERSE

How to make a dusty high-z galaxy II:
need rising UV and efficient dust formation
(Dwek, Staguhn, Arendt et al. 2014)
Kroupa stellar
initial mass function (IMF)

low-Z IMF
(top heavy)

solar-Z IMF

Low-metallicity IMF produces more UV

Second constraint: Dust production
Dust mass inferred from the energy constraint
must be produced within ~ 500 Myr
Only considered dust production by CCSN

Dust evolution models
correlate the following
quantities:
Star formation rate
Stellar IMF
Stellar mass
Dust mass
Gas mass
Dust destruction

Optical Depth in the early universe
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IN
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Dust in SN1987A

SN shock-ring interaction
Collisionally-heated dust

Dwek et al. 2010

Zanardo et al. 2014
Larsson et al. 2011

silicate
Td≈180 K
-5
Md≈10 Msun

Dust that formed in the
SN ejecta
HST

ALMA 870 µm

Matsuura et al.
2011, 2015

mostly carbon
Td≈20 K
Md≈0.4 Msun

Mass of dust evolved by cold accretion
Wooden et al. 1993
Dwek et al. 1992
~ 10-3 Msun of carbon dust

Matsuura et al. 2011, 2015
Wesson, Barlow, et al. 2015
Amorphous carbon ~ 0.5 Msun
Silicate ~ 2.4 Msun
Iron ~ 0.4 Msun
Amorphous carbon ~ 0.3 – 0.5 Msun
Silicate ~ 0.5 - 0.07 Msun

day 615

day 775

day 1144

Problems with this evolutionary model
✦ Abundance violation

• – Uses more material (primarily C) than available in ejecta

✦ Predicts no silicates from CCSN

•
•
•

- featureless spectrum interpreted as evidence for the
absence of silicates
- Silicates are an important component in Cas A spectrum
- Silicate features absent at earaly times because of
optical depth effects

✦ Cold accretion

of the dust growth/formation occurs at T < 500 K
• -- LMost
oosely bound mantles will not survive reverse shock
• - Dust
will not give rise to silicate features
•
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Hiding
the dust in
optically-thick clumps

T(sil) = 610 K

day 615 TABLE 2
Evolution of Dust Parameters and Ejecta Radius1
Epoch (day)

615

775

T(ac)
1144 =450
8815 K

9090

tot

(Dwek & Arendt 2015)

Pure silicates (MgSiO3 )
Md (M⊙ )
0.40
0.40
0.40
···
···
Td (K)
607
334
145
···
···
Pure amorphous carbon
Md (M⊙ )
0.047
0.047
0.047
···
···
Td (K)
454
333
120
· · · 15
···
ej
Composite grains 2
Md (M⊙ )
···
···
···
0.42 ± 0.07 0.45 ± 0.08
Td (K)
···
···
···
26.3
25.2
Elemental abundances in dust
Mg(M⊙ )
0.096
0.096
0.096
0.090
0.095
Si(M⊙ )
0.11
0.11
0.11
0.11
0.11
C(M⊙ )
0.047
0.047
0.047
0.045
0.048
Rej [1016 cm]3
0.48
0.61
0.90
6.9
7.1
4
5
5
3
LIR (L⊙ )
3.6 × 10
1.2 × 10
7.0 × 10
310±27
270±19
τ (λ)5
9130
5650
252
0.33
0.33
1 Entries in bold were held constant. The spectra from the last two epochs were fit with
ellipsoidal composite grains. Grains in the first three epochs consist of a mixture of spherical
silicates (MgSiO3 ), and amorphous carbon (AC) grains.
2 The composite grains consist of an MgSiO matrix with AC inclusions occupying 18% of the
3
grain’s volume.
3 The ejecta radius, R , at each epoch was calculated for a constant expansion velocity of
ej
15
910 km s−1 .
ejluminosity is 3400 L⊙ (Suntzeﬀ et al.
4 For comparison, on day 1144 the U to 20 µm (uvoir)
1991).
5 The optical depth, τ (λ) is given by Equation (3), and calculated at around the peak wavelength
of the emission for each epoch, at 20, 20, 50, 200, and 200 µm, respectively.
Fig. 3.— The spectra on days 615 and 775, obtained with a
each epoch, and is also capable of accounting for the
combination of pure MgSiO3 silicates (blue line) and amorphous
carbon (AC) grains (red line). Masses of the two components were
UVO region of the SN light curve.
fixed and determined by the masses of Mg, Si, and C locked up
We will assume the presence of Nc identical dusty
in dust in epochs 8515 and 9090. The total flux is given by the
clumps with a dust mass mc = Md /Nc , where Md is
green line. Detailed description of the fits and tabulated masses
the total dust mass in the ejecta, and radius rc . We also
are given in the text and in Table 2.

sil

AC

⌧ (20 µm) ⇡ 9100

R

day 775

= 4.8 ⇥ 10

cm

T(sil) = 330 K

free parameter: Tdust

T(ac) =330 K

⌧ (20 µm) ⇡ 5700

R

day 1144

= 6.1 ⇥ 10

fixed parameters:
M(Si), M(Mg), M(C), Rej

cm

T(sil) = 150 K

T(ac) =250 K

sidering the fact that we forced the silicates and carbon
to radiate at a single temperature. The figure shows that
the silicate 9.7 and 18 µm emission features have been internally absorbed by the silicate-carbon dust mixture, as
evident from the strong absorption features in the carbon
dust emission.
3.2.3. Day 1144

We4.—
selected
the 10 corresponding
and 20 µm tophotometric
obFig.
The spectrum
the same dustdata
compositained
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the 615
Cerro
Inter-American
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tions
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to
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upper
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during the 935 to 1352 d interval (Suntzeﬀ et al. 1991).

assume that the clumps maintain pressure equilibrium
with their surroundings so that the ratio rc /R, where R
is⌧the
radius
the ejecta, remains constant with
(50outer
µm)
⇡of250
time. We also assume the presence of some dust mass,
mic , in the interclump medium.
Fig. 1.— The mass absorption coeﬃcients used in this paper. Left pane
15of the clumps
volume
filling
factor
is givenEllipsoidal
by:
RThe
=
9.0
⇥
10
cm
Right
panel:
composite grains. The blue curve corresponds to
ej
3
the
eﬀect
of
added
AC
inclusions
with fractional volume filling factor of 0.
fV = Nc x
.
(6)

represents the κ used to fit the spectra of epochs 8515 and 9090, and corresp
respectively,
82 and 18%.
their radii are constrained

The number of clumps and
by the requirement that the projected area of the clumps
be equal to that of the the homogeneous sphere. This TABLE 1
2
2
requirement reduces to the constraint that Nc rElemental
c = ξ R , Yields of a 20 M⊙ Star
where ξ is a factor of order unity that compensates for
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THE MASS AND
COMPOSITION
OF UNSHOCKED
DUST IN
CAS A SNR

How much dust will survive the reverse shock?
Cas A: emission from dust

Old SNR near
Galactic center
Lau et al. 2015

Arendt, Dwek + 2014

Md ≈ 0.04 Msun
Md ≈ 008 Msun

shocked dust
not yet shocked dust

Md ≈ 0.02 Msun
shocked dust

Line emitting regions

Spatial
decomposition
of the IR dust
emission
in Cas A
Arendt, Dwek + 2014

Dust emission spectra
from the different
regions

Determining the composition of the
unshocked dust in Cas A

Shocked dust
- correlated with ArII
emitting region
- contains fraction of
dust mass
- composition dominated
by silicate dust

Unshocked dust
- correlated with SiII
emitting region
- contains most dust mass
- composition UNKNOWN
(see also Barlow et al. 2010)

THE MASS AND
COMPOSITION
OF DUST IN THE
CRAB NEBULA

The Crab Nebula
7’x7’

SL: ~5-14 µm

LL: ~14-38 µm

Mdust ≈ 0.24 Msun

Mdust ≈ 0.12 Msun

(Gomez et al. 2012)

(Temim et al. 2012)

OBSERVING
GRAIN
DESTRUCTION
BY THE
REVERSE SHOCK
IN SN1987A

Observing the grain destruction phase in JWST
Ejecta morphology:
Ejecta heated by X-ray from
the reverse shock
(Larsson et al. 2013)

Dust collisionally heated
in a shocked O-rich gas.
Dust lifetime ~ 10 days
Assuming: Mdust = 10-5 Msun
Tdust = 450 K

CATCHING DUST
FORMING
SUPERNOVAE
INFRARED HANDED
(looking at SN
that exploded in
the last ~ 6 years)

The evolution of the IR spectrum of SN1987A

day 100

day 2000

Observing the dust formation phase with JWST

SN dust Science with JWST
✦ Observations of SN 1987A

destruction by reverse shock
• Grain
Nature
of
dust,
silicates
of
carbon,
in
the
ejecta
•

✦ Observations of SNR

A: mass and composition of unshocked dust
• Cas
Crab
Nebula:
mid-IR
mapping,
spectroscopy?
• yield of dust that survives the reverse shock
•

✦ Observations of young dust-forming SNe

•
•

looking at SNe that exploded withing the last ~ 3yrs
initial dust yield from CCSNe
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