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They are here !




CSM (dusty)

Where is the dust located?
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Dust mass

How much dust is formed?

Infrared Temperatures
2000 - 200 K

Dust mass
~ 1 Msun

Possibilities
A. Theories overestimating
dust mass
B. Dust 1s evading detection

Submm Temperatures

T<25K

Time

)

Gall et al. 2014

Matsuura et al. 2015, 2017
Sarangi et al. 2015, 2018a, 2022
Szalai et al. 2013, 2019

De Looze et al. 2019

Wesson and Bevan 2021
Niculescu-Duvaz et al. 2021
Dwek and Arendt 2015

Dwek, Sarangi and Arendt 2019
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Dust mass

___ Grain size distribution is very much dependent on the time of dust formation
Al TheorI;(e):Scl)Eflelg:tsimating and respective gas densities. The evolution of the SNR, dust processing

dust mass

B. Dust is evading detection | 1N The reverse shock, all will depend on dust formation timescales.

Dusgnfass
~ Y0 Msun

’

Infrared Temperatures S“bmn}zeglspgams »  Chemical bonds formed at low femperatures are most often only through

Time > physisorption which are very unstable, will not survive in evolution timescales

The tetrahedral Si-O bonds giving rise of 9.7 and 18 micron silicate features
Are result of condensation at high temperature - accounting for SiO abundances

Dust formation is dynamical and not phenomenological : otherwise dust would have
formed in Type Ia's and stripped envelope SNe at the same efficiency

Controlled rate of dust formation helps in explaining systematic asymmetries
in atomic lines.



From gas fto dust
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Species of interest

Among ~ 200 species, the important ones are the following:

/ Dust type Precursor\
a )

Molecules Mg-silicates (MgZSiO )

Alumina (Al O))
Amorphous Carbon C

sio, €0, 0, SiS, SO, SiC
cs, €0,, N, NO, Si,0,

. /

Silicon Carbide (SiC)4
Pure Silicon Si4
Pure Iron Fe4

Pure Magnesium Mg

4
\Iron Sulphide (FeS), /




Atoms and molecules sticking on surface
d us.l' of amorphous carbon dust

Growth of carbonaceous

Coefficient of sticking

Temperature

Sublimation temperature of surface atoms
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Bossion, Sarangi and Nyman 2024 (in review) . .
Number density of that atom in gas (cm~3)



, Dust forms in the expanding
&l clumpy ejecta
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Clumps have different velocities,
abundances, densities,
temperatures, mass of Ni




Dust evolution and IR spectra

=
o =
I o

- o

[
o
o

=
9
1N

Dust to gas mass ratio
= =
< <

=
9
(o)}

| IIIIIIII | IlIIIIII I IIIIIIII | IIIIIIII T T

[ ]

1 T T T T ]

| | | | | | |

|

—  Silicates
— Alumina

- Am-Carbon
— Sjl-Carbide

1 1 11111l

L1 11111l

| IIIIIIII | llIIIIII | IIIIIIII

o
8

10°

1.5

2.0

Velocity (103 km s™1)

10°

o 10%

ALy (L

103

102

10:

Da'y 8

00

Unattenuated

- (OQpbservable

| NN

| 1 1 1 ||

|

| IlIIIlIl | IlIIIIII

| IIlIIlII

=
o
o

A (Um)

102

Dust to gas mass ratio

10°

I T TTTI

= = = =
S 3 2 9
BN w N =

=
9
92}

LI IIIIIII

Day 1

00

— Sijlicates
—  Alumina

- Am-Carbon
- Sji|-Carbide

L1 1 1illl

|

=~

| | | | | |

1 I/ | | | 1 1 | |

1 IllIIlI

1.5

2.0

Velocity (103 km s™1)

Da'y 1

L

200

! |

| I I |

Unattenuated

- (Qbservable

L1 11111l

| I

=
o
w

Sarangi 2022

A (um)

100 | | | | I | | | | | | | | | | | | | | | | | | | E

- Day 2900 —— Silicates  =—— Am-Carbon [

O ... —— Alumina  —— Sil-Carbide |[]
5 10 F g
O ~ 7]
— - i
B 1072 " =
O E §
& ' ]
n 107° & E
() - .
O i .
_8 1074 = D [ E
4+ - -
N i j
A 107k 3
—6 i | | | | I | | | | I | | | | I | | | | I | | | | ]
10 0.5 1.0 1.5 2.0 2.5 3.0

Velocity (103 km s™1)

106 E | | | | IIII | | I | IIII I | | L

- Day 2900 --- Unattenuated |-

" - QObservable |

105 E_ —E

"0 10% & i
—l - .
I 3 i ]
~ 10 E_ _E
102 E_ _E

1 | | | 11 IIII | | | |- IIII | | | | I I N |
10100 10t 1072 103



Dust mass (Mg )

Effect of optical depth on dust masses
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Dust masses for
various progenitor masses

Grain size distribution before and after reverse-shock
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Detecting dust after a decade ..

Forward shock interaction powered spectra
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heated by an external shock
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Flux (Jy)
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° Data

Actual mass 1.0e-2 Msun
Fit - 2.0e-3 Msun

Externally heated dust is unlikely to be thick to self radiation - But there can be undetected cool dust !
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Interacting/Non-interacting Supernovae

H-shell retained,
CSM spread out,
low-density

ell almost
st,

CSM thin and

distant

.~ H-rich
- Metal rich H-shell lost, also a
part of the metal-
core lost,

CSM spread out
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Dust masses in the dense shell
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Take away ...

Dust formation is a dynamic event -
Dust masses depend on pre-explosion activities, progenitor mass, explosion energy,

Ni-mass, clumpiness, mixing eftc.

Timescale of dust production determines its evolution in the SNR and injection in the
ISM

James Webb is largely useful o account for optical depths and hidden cool dust in the ejecta

Vote for dust in supernovae |



