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Dust in Supernovae

Novae SNla ggg

Tielens et al. 2005



Supernova grains
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Dusty supernova remnants

1 arcmin

De Looze et al. 2017

Early condensates & amorphous silicates
Dust mass ~0.5 M_



What do we know about SN dust?

No crystalline silicates observed
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Rho et al. 2008

Most prominent feature in Cas A:
21 micron



SN 1987A also shows no crystallinity
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Matsuura et al. 2011
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18 LBVs produce roughly the
same integrated dust mass as

1500 extreme AGB stars

Agliozzo et al. 2021



Comp05|t|on of LBV dust

R71: amorphous and

crystalline silicates; PAHs
(Guha Niyogi et al. 2014)

=
>
=2
3
w
=
(=2}
°

log(A[um])

n Car (one of the brightest
IR objects in the sky) has

similar composition (vorris et
al. 2017)




n Car lightcurve

Historical Light Curve of Eta Carinae

Most dust was ejected in a single event



Relative importance of LBVs

WNh, Slash
O stars =
B stars «

Late-type -+

Stellar wind is
line driven

Not all LBVs
produce dust









To Radio Lobe J

Clouds in ®
Broad-Line
Region (BLR)

Black Hole Engine

To Radio Lobe —*

Thin Hot Accretion Disk

Clouds in
Narrow-Line
Region (NLR)




Spectral Energy Distributions

a/h=0.3 7,=0.1 7,=0.1 Te,=1000K

Pier & Krolik 1992

Pier & Krolik 1992,
1993

Nenkova et al. 2002
Van Bemmel &
Dullemond 2003
Honig et al. 2006
Fritz et al. 2006




Early detections of silicates in emission

Hao et al. 2005; Sturm et al. 2005; Siebenmorgen et al. 2005



Silicates in AGN: optical depth,
emission & absorption
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Shi et al. 2006



A case of extreme emission: host
galaxy hardly detected

Observed Wavelength m
1.0 Teth i

100

T T T T X T T

::g\é)tcs)gneect%m Silicate emission

Clumpy model |

Residual

Ell.Gal. template SED
al+Clumpy model

Radio Plasma Channel

, lest old ,/':"' ,.
—es8tellar_population -
g o aLpopHiaTon -

Hony et al. 2011 - ! Rest wavelength [im]




Extreme silicate emission

Hony et al. 2011



Porosity shifts & weakens 10 micron
feature

lati et al. 2001 Li et al. 2008



orous silicates associated with 3 AGN

a: porous dust, P=0.5, a = 5um
T,=275K, m_=0.034 m,, x*/N=1.87
500 m,
1.96x10% cm?
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Optical depth effects

(Nikutta et al. 2009)



“Tos Lz Lac Tac
10® 10" 10" 10"°cm

Dust formation in disk
wind (Elvis et al. 2002)

Dusty disk wind as torus
(Elitzur & Schlossman 2008)
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Further fits

(Srinivasan et al. 2017)
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Crystalline residual
Crystalline residual




Results for a small sample

(Srinivasan et al. 2017)

Corundum  Periclase

Mg-rich Forsterite
olivine

PG sample from
Petric et al. (2015)

Herschel or MIPS 70
micron or AKARI 60
micron photometry to
constrain continuum

IRS spectra with clear
dust emission
features

=> 53 objects



ineralogy: gehlenite (Al-Ca-silicates
or SIC in NGC 10687

Innermost ~2pc of the
NGC 1068 nuclear
dust regio

T, or AF, [arbitrary units]
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Spatial variations in NGC 1068
silicates: sizes and composition

Dust population
inside the fonization core
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Spatial variations: Circinus galaxy

Circinus PA 100 East Circinus PA 100 West
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Roche et al. 2006



Heavily obscured AGN

IiA=5158250+3609 O_ 140/0
= | crystallinity in
silicates

towards ~100
obscured AGN

10 20
Rest-frame wavelength [pm] Tsuchikawa et al. 2022






Starburst galaxies: larger grain size
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Dopita et al. 2010



Crystallinity in starburst galaxies

o 77 ULIRGs
e Crystalline silicates in 12
e Crystalline fractions: 6.5 —

13 %
Explanation: stellar production
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Rest wavelength [um]

Spoon et al. (2006)



Further detections
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Crystalline silicates
in @ high redshift absorber (z=0.89)
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A search of the Spitzer archive

Spectral analysis revealed that
/86 of 3335 galaxies (almost 4 ) in the
Spitzer archive contained crystalline

silicates
(Spoon et al. 2022)



Radiative transfer simulations
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Measurements

Crystallinity(19um)

Silicate Strength(9 7um)

Detections x<5%
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Dust budget in a galaxy

D(t): dust forms in stellar ejecta
Starburst duration:
108 years

Kroupa (2001) IMF
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1.35 for 8<m<25
0.1m for 25<m

Dust-to-gas ratio:
o 0.01 for AGB stars
o 10%-0.01 for SNe



a) Dust production

b) Silicate mass

Results

Initial silicate mass: 108 M_
SFR: 1000 M_ yr

x* = 0.2

Dust-to-gas ratio: 0.01 for SNe
= crystallinity ~10 %



Results

o/Yr)

a) Dust production

D(M,,

b) Silicate mass

Initial silicate mass: 108 M_ — low
SFR: 1000 M_ yr* — high

x* = 0.2 — high

Dust-to-gas ratio: 0.01 for SNe — high
= crystallinity ~10 %
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Varying input parameters:
the effect of supernovae

Amorphization rates

108

time (yr) Dust production efficiency in SNe




Dust in low-metallicity
environments

Dust formation in AGB
stars in extremely low
metallicity environments
proceeds once enough C
has been dredged up

No other dust features!
Sloan et al. 2009




Dust budget problem at
high z

SDSS J114816.64+525150.3 2=6.42
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Sampling of cold dust SEDs

(Watson et al. 2015)

100.00

Single ALMA photometry point

(Armus et al. 207) z=17/.5

M. =4x10"M

dust sun



