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JWST spectrum of SN2010jl

Example: Smith, N. et al. 2024, Shahbandeh et al. 2024

emission features to fit

Traditional interpretation:
The observed spectrum is 
comprised of the emission  
from different type grains 

characterized by their:
composition

 mass
temperature.

PROBLEM:
Why 

Alumina (Al2O3)
and no 

Silicates (Mg2SiO4)
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Alumina: T = 250 [K], M = 0.002 [MØ]
Carbon hot: T = 359 [K], M = 0.0052 [MØ]
Carbon cold: T = 148 [K], M = 0.1885 [MØ]

Sum Model

Alumina

Carbon

Data

Error

Carbon (359 K)

Carbon (148 K)

Alumina (250 K)

Total

Smith et al. 2024

(either too little –  0.007 Msun,
or too much – 2.0 Msun)



The attenuated ejecta 
emission model

Instead of looking at the spectrum 
as a pure emission spectrum, 

we can look at it as an 
absorbed emission spectrum

silicate 
absorption signatures



Mathematical formalism
(fit parameters)  😱
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Flux from emitting source

Absorber opacity



Mathematical formalism
(derived parameters)  😱

Lem

R2
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4πσ T4
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Emitter luminosity

Blackbody radius

Mabs ∝ R2
abs

Relation



Emitter and absorber characteristics

Requirements of emission spectrum

smooth featureless spectrum 
in the ~ 5-30 µm region
carbon dust , large silicates

Requirements of the absorber

strong absorption 
     features at ~10 and 20 µm

silicates

Mass absorption coefficient   vs wavelengthκ[cm2/gr]



A simple attenuated emission spectrum

🤔

But who is the emitter, 
and who is the absorber?

emission
spectrum

attenuated
spectrum



(1) The Ejecta-CSM scenario

Ejecta

CSM



Sample result for a blackbody representation 
of the ejecta 

Each  choice of CSM dust composition requires a 
different  ejecta spectrum



Fit results for different ejecta compositions



Mixed ejecta composition 

🤔

Hmmm … if the observed spectrum can be fit by either a 
carbonaceous OR silicate ejecta, can a mixture of carbon 

AND silicate provide a good fit as well?

Better fit to expected dust 
composition in SN ejects

Better fit when 
silicates are the 
dominant dust 

component

silicate-to-carbon
mass ratio ≈ 2:1



Model results – Ejecta

Ejecta dust mass
(5 µm sil+crb mix
/blackbody dust)

Dust temperature

Ejecta luminosity

Blackbody radius

Mej ≈ 0.007 − 0.1 M⊙

Tej ≈ 330 − 370 K

Lej ≈ 8 × 106 L⊙

Rbb ≈ 5 × 1016 cm



Circumstellar 
dust mass-radius 

degeneracy

Model results: Circumstellar medium
Rbb ≈ 7 × 1016 cm

A dust temperature that is too high 
will wipe out the silicate 

absorption features.

CSM 10 µm opacity

τcsm(10 μm) ≈ 0.40

Limit on CSM  silicate 
dust temperature

Tcsm ≲ 250 K



Model challenges 🤨
  Upper limit on the CSM dust temperature 

constrains the dust heating mechanism 
(collisional and/or radiative) and therefore 

the parameters of the forward shock 

   But if the forward/reverse shock heat the 
CSM dust, why is the further removed 
ejecta dust hotter than the CSM dust? 

An additional heating mechanism is 
needed to heat the ejecta dust

REVERSE, REFLECTED shocks?

  The blackbody radius is larger than the 
dimension of the CSM as inferred from     

X-ray observations.                             
(Chandra et al. 2015, Dwek et al. 2021).

nH ≈ 4 × 108 cm−3

Mg ≈ 10 M⊙



Possible solution to the challenges

Relative dust-gas motion needed to heat dust to 300 K
(calculated for 10 µm radius grains)

Stopping legth of dust

Number of grains, N N =
4πR2

bb σT4

4πa2 σT4

Dust mass, Md Md = N
4π
3

ρ a3 =
4π
3

ρ a R2
bb

πa2ℓ ρgas ≈
4π
3

ρa ℓ ≈ 1014 cm

≈ 0.1 M⊙

≈ 1040

ℋ = πa2ρgasv3 = 4πa2σT4 = ℒ v ≳ 700 km/sec

Dust travels farther than the gas

Relative dust-gas motion heats 
the ejecta dust

Ballistic injection of 
ejecta dust into the CSM



Is it possible?

Large dust grains can form by 
coagulation in SN ejecta. 

Shown is the so-called BONANZA 
dust grain .

(Zinner et al 2011)

Detailed dynamical models follow the injection 
of SN produced dust grains into the ISM.

The injection model needs to take the effect of 
grain destruction by kinetic sputtering and 

evaporative grain-grain collision into account.
(Slavin et al. 2020)

 

🤔



A survey

👍🤮
Express your 

feelings:

Is the association of the emitter with ejecta 
dust  and the absorber with CSM dust a 

credible scenario?

🤮If you selected:

Consider the following 
alternative scenarios



(2) CSM– CSM scenario

Emitter:    Shocked CSM dust                                     
Absorber: Unshocked CSM dust

shocked 
CSM dust

unshocked 
CSM dust

shock front

ejecta dust

Less exciting than the 1st scenario
Constrains CSM dust heating mechanism, and CSM morphology.



(3) Ejecta/CSM – ISM scenario

Ejecta/CSM dust

Emitter:    Ejecta and or CSM dust                                     
Absorber: Interstellar dust

interstellar dust

Least exciting scenario.
Constrains CSM dust heating scenario, 

and interstellar dust composition, mass surface density



Conclusions

The attenuated emission (ATEM) model model provides a very good fit to 
the observed spectrum of SN2010jl

The model accomodates several scenarios of emitter-absorber combinations

All scenarios require a featureless emission spectrum arising from 
amorphous carbon and/or large silicate dust with 

     and a silicate dominated absorber with 

Better data and a detailed magnetohydrodynamic model 
are needed to follow the ejecta-dense CSM interaction🤪

Md ≈ 0.007 − 0.1 M⊙ Ld ≈ 8 × 106 L⊙ Td ≈ 350 K

τ(10 μm) ≈ 0.4 τ(UVO) ≈ 1 − 5





Thank you for your attention

😴
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