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Lifecycle of interstellar dust

* Dust forms in SNRs: 
up to 0.4-1.0 Msun


   from observations; 
but theorie predicts 

lower values

* SN blast wave 
destroys lots of dust: 

   each SN destroys  
up to 70 Msun ! 
(Slavin et al. 2015,  

Kirchschlager et al. 2024)

SN are NET dust destroyers. We need another source of dust: grain growth? 
This is a problem especially at high redshifts where galaxies only a few  

100 Myrs after the Big Bang show large masses of dust!



SN1987A was a game-changer: detection of large dust masses!

blueshiftedredshifted

Dust formation in SN(R)s

Credit: NASA, ESA, and A, Feild (STScI)

Large dust mass detection of 0.2-0.7 Msun only 30 years post-explosion  

Indebetouw et al. 2014 
Matsuura et al. 2015 

Cigan et al. 2019

http://www.nasa.gov/
http://www.esa.int/
http://www.stsci.edu/


SN1987A was a game-changer: detection of large dust masses!

Dust formation in SN(R)s

New JWST data will allow to study dust destruction in detail !

see Larsson’s talk 

Jones et al. 2023



Barlow, et al. 2010

Cassiopeia A

Dust formation in SN(R)s
Cas A: dust masses from infrared dust emission (Herschel)

Type IIb



De Looze, Barlow, et al. 2017

Cassiopeia A

Dust formation in SN(R)s

Main difficulty in disentangling all emission components.  
High mass 0.3-0.6 Msun of dust. 
Most of the dust inside reverse shock.

+ Independent dust mass estimates (0.5-1.0Msun):  
Niculescu-Duvaz et al. 2021, see also Priestley et al. 2019, 2022 and Bevan et al. 2017

Cas A: dust masses from infrared dust emission (Herschel)



Cas A: modelling optical line profile asymmetries

Bevan & Barlow 2016, Bevan, Barlow et al. 2017, 2019, Wesson et al. 2023

Dust formation in SN(R)s

Observer
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Dust formation in SN(R)s
Gradual growth in SN dust mass over (30 years) time

Sluder et al. 2018

However: SN dust formation 
modelling suggests all dust forms 

within first ~1000 days

see Arka’s talk, 
Poster S6.9 



Cassiopeia A with JWST
Circumstellar


material 

shocked by the

SN blast wave

Processing of 

SN ejecta in 

the reverse shock

Newly identified  
“green monster”


structure:

unclear origin?

Milisavljevic et al. 2024



Cassiopeia A with JWST

Milisavljevic et al. 2024; Temim et al. in prep;

Line-free emission at 21micron (cyan) + O-rich ejecta /cold dust (red)

F2550W

focus on P2 and P4 within the context of investigating
unshocked interior ejecta. I. De Looze et al. (2024, in
preparation) provide an in-depth analysis of P2 within the
context of interaction between the remnant and the dusty
circumstellar environment (see also Section 3), and Rho et al.
(2024, submitted) investigate P1 and P3 within the context of
molecule formation and destruction.

3. Mosaic Images

Our mosaic images map thermal and nonthermal NIR and
mid-infrared emission from Cas A with unsurpassed depth and
sensitivity. Table 1 provides a complete log of imaging
observations along with sources of relatively strong emission in
each filter bandpass. Prominent emission features of these
imaging mosaics and discoveries of our survey are highlighted
in Figure 3 and discussed below.

3.1. NIRCam

Three filters were selected for the NIRCam mosaics that
could distinguish between ejecta, circumstellar material (CSM),
dust, and the fundamental vibrational mode of CO centered
around 4.65 μm. The F162M filter was selected for its
sensitivity to [Si I] 1.645 μm and [Fe II] 1.644 μm emission
present in ejecta (Koo et al. 2018), both diffuse and clumped,
and He-rich CSM (Koo et al. 2023). The F444W filter is
sensitive to multiple emission lines of the ejecta, including
magnesium and argon, along with CO emission, synchrotron
radiation, and faint dust continuum emission. The F356W filter,
which largely serves as a continuum reference for the F444W,

is sensitive to relatively weaker ejecta lines, including ones
from calcium and silicon, along with dust and synchrotron
radiation.
The strongest emission in the NIRCam mosaic (Figure 1) is

seen along the main shell of ejecta that has encountered the
reverse shock and represents the remnant’s densest material
(n∼ 103–5 cm−3) with temperatures between 5000 and
10,000 K (Chevalier & Kirshner 1978; Hurford & Fesen
1996; Smith et al. 2009; Lee et al. 2017). As seen in HST data
(Fesen et al. 2001), the ejecta are often grouped into large
filament complexes of varying scales and are often increasingly
dissipated in directions away from the reverse shock (Morse
et al. 2004).
The superb resolution of the NIRCam/F162M (0 055)

compared to earlier HST NIR images places a new constraint
on the clump size as small as <200 au. Furthermore, NIRCam
observations detect numerous ejecta knots beyond the main
ejecta shell, many of which have not been previously observed
either in HST optical or ground-based NIR observations (Fesen
& Milisavljevic 2016; Koo et al. 2018). The knots show
different colors in the NIRCam three-color image in Figure 1,
suggesting that their elemental compositions are different. The
physical and chemical properties of the outlying ejecta knots
will be investigated by B.-C. Koo et al. (2024, in preparation).
Outside of the main shell, the remnant is enveloped in

synchrotron emission, seen most strongly around the periphery
of the main shell (see representative region enlarged in
Figure 3, panel (1)) but also interior to the main shell (Figure 1).
This is associated with the forward shock interacting with
surrounding CSM/ISM. Inside the main shell, diffuse emission

Figure 2. MIRI/MRS spectra obtained as part of the survey. P1 and P3 were selected to sample two shocked ejecta knots of different compositions. P4 represents a
“core sample” of unshocked ejecta through the interior of the remnant, and P2 was selected to help diagnose the emission arising in the Green Monster (see
Section 3.2). All spaxels of the overlapping FOVs across all four channels have been integrated. Positions with respect to Cas A are shown and labeled in Figure 3.
Dominant emission lines from the ejecta are labeled. Bandpasses of the MIRI filters are overlaid with throughputs normalized to arbitrary units. Many of the same
emission lines are seen at all four positions, but offsets due to velocity are evident. Dust emission features (listed in Table 1) are seen at all positions with varying
intensities and described in more detail in Section 4.1. Note the large dynamic range on the vertical axis.
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Cassiopeia A with JWST
Line-free emission at 21micron (cyan) + O-rich ejecta /cold dust (red)

21 micron-peak dust (Mg0.7SiO2.7)

F2550W

Milisavljevic et al. 2024; Temim et al. in prep;

Arendt et al. 2014



Cassiopeia A with JWST
CO 4.4 micron fundamental line: CO is reformed in post-shock gas

Rho et al. 2024

CO (F444W-F356W)
Ar (F770W)
Synchrotron

F356W F444W

JWST-CO Spitzer-CO

JWST-NIRCAM images



Cassiopeia A with JWST
CO 4.4 micron fundamental line: CO is reformed in post-shock gas

Rho et al. 2024

CO (F444W-F356W)
Ar (F770W)
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Cassiopeia A with JWST
CO 4.4 micron fundamental line: CO is reformed in post-shock gas

Rho et al. 2024

CO (F444W-F356W)
Ar (F770W)
Synchrotron

F356W F444W

JWST-CO Spitzer-CO

Line width suggests CO  
comes from post-shock gas



Zooming in on the “green monster”

Cassiopeia A with JWST

De Looze et al. in prep.

See also Milisavljevic’s and 

Orlando’s talks and poster 4.1
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The nature of the “green monster”

Cassiopeia A with JWST

De Looze et al. in prep.

Look at all those holes 
with rings around!



The nature of the “green monster”

Cassiopeia A with JWST

De Looze et al. in prep.

See also Orlando’s  
talk and poster 4.1

Insights from 
MRS observations



The nature of the “green monster”

Cassiopeia A with JWST

De Looze et al. in prep.

* Overlap with location 
of quasi-stationary flocculi 
(QSFs)



The nature of the “green monster”

Cassiopeia A with JWST

De Looze et al. in prep.

* Overlap with location 
of quasi-stationary flocculi 
(QSFs) 

* Detection of Ne, Fe and  
H (Br 𝛼) emission



The nature of the “green monster”

Cassiopeia A with JWST

De Looze et al. in prep.

* Overlap with location 
of quasi-stationary flocculi 
(QSFs) 

* Detection of Ne, Fe and  
H (Br 𝛼) emission 

* Low velocities (vrad ~ 0 km/s)

Br 𝛼

[Ne II]

[Ne III]



The nature of the “green monster”

Cassiopeia A with JWST

De Looze et al. in prep.

* Overlap with location 
of quasi-stationary flocculi 
(QSFs) 

* Detection of Ne, Fe and  
H (Br 𝛼) emission 

* Low velocities (vrad ~ 0 km/s)

Br 𝛼

[Ne II]

[Ne III]
1. Green Monster is CSM  
2. JWST = dominated by dust 
3. Forward shock impact



Dust Ne II

Ne III O IV

Cassiopeia A with JWST

v=50 km/s

v=50 km/s

Vink et al. 2024 

Location of the “green monster” ?

latter implies that systematic uncertainties dominate. The
spectra and best-fit models are shown in Figure 2. The priors
we used and the best-fit model parameters are listed in Table 1.
The stated parameter values represent the maximum likelihood
value and 1σ credible interval given the corresponding
posterior distribution. See Eadie et al. (2023) for definitions
of maximum likelihood and credibility interval in Bayesian
statistics. We note that some of the estimated credibility
intervals are rather small, and should be used with caution as
the systematic errors likely dominate.

2.2. Principal Component Analysis

The GM spectra are characterized by less-prominent Si-K
and S-K lines as compared to ejecta spectra, which have either
bright Si-K, S-K lines, or otherwise prominent Fe-L and Fe-K
line complexes (e.g., Hughes et al. 2000; Hwang &
Laming 2012). We illustrate this in Figure 3, where we show
spectra from two ejecta-dominated regions in comparison with
the GM2 spectrum. However, a low equivalent width of the Si-
K and S-K lines can also be caused by a dominant X-ray
synchrotron composition. So it is difficult from spectral fitting

Figure 2. Left: X-ray spectra from the “Green Monster” region. Right: spectra of the three CSM regions. See Figure 1 and Table 1 for the identification and spectral fit
parameters. The dashed and dotted lines show the model contributions of the vpshock and power-law components, respectively.

Table 1
Best-fit Parameters for GM and CSM Spectra

Priors GM1 GM2 GM3 GM4 GM5 CSM1 CSM2 CSM3

kTe (keV) 0.1–5c 1.92 0.03
0.03

-
+ 2.19 0.06

0.06
-
+ 2.33 0.33

0.33
-
+ 3.01 0.06

0.06
-
+ 0.88 0.02

0.02
-
+ 1.76 0.12

0.12
-
+ 0.79 0.06

0.06
-
+ 0.78 0.03

0.03
-
+

O 0.1–5 L L 4.97 0.05
0.05

-
+ L L L 4.56 0.33

0.36
-
+ L

Ne 0.1–5 L L 2.67 0.07
0.07

-
+ L L L 2.60 0.22

0.24
-
+ L

Mg 0.1–5 L L 1.92 0.04
0.04

-
+ L L L 1.85 0.15

0.16
-
+ L

Si 0.1–5 L L 1.98 0.05
0.05

-
+ L L L 1.72 0.15

0.17
-
+ L

S 0.1–5 L L 1.92 0.05
0.05

-
+ L L L 2.50 0.26

0.29
-
+ L

Ar 0.1–5 L L 1.73 0.07
0.07

-
+ L L L 3.86 0.56

0.66
-
+ L

Fe 0.1–5 L L 1.41 0.04
0.04

-
+ L L L 1.49 0.10

0.11
-
+ L

10 cm smax
11 3t -( ) 0.05–8 1.17 0.03

0.03
-
+ 2.24 0.10

0.10
-
+ 0.98 0.12

0.14
-
+ 0.96 0.02

0.02
-
+ 3.56 0.22

0.24
-
+ 0.62 0.04

0.04
-
+ 2.66 0.46

0.56
-
+ 2.32 0.20

0.22
-
+

vrad(km s−1) −3000–3000c 2, 400 3
3- -

+ 1, 240 56
56- -

+ 2, 886 163
163- -

+ 1, 878 11
11- -

+ 2, 314 26
26- -

+ 61 48
48- -

+ 1, 453 212
212- -

+ 24 84
84

-
+

norma 0.1–100 3.76 0.12
0.13

-
+ 1.63 0.05

0.05
-
+ 0.19 0.01

0.02
-
+ 2.60 0.08

0.08
-
+ 1.19 0.04

0.04
-
+ 0.56 0.06

0.07
-
+ 0.61 0.07

0.08
-
+ 2.14 0.18

0.20
-
+

Γ 2.5–3.7c 3.69 0.01
0.01

-
+ 2.95 0.01

0.01
-
+ 2.56 0.02

0.02
-
+ 3.70 0.01

0.01
-
+ 3.69 0.03

0.03
-
+ 2.89 0.03

0.03
-
+ 2.98 0.07

0.07
-
+ 2.93 0.05

0.05
-
+

PL normb 10−7 − 102 5.26 0.13
0.13

-
+ 3.45 0.06

0.06
-
+ 1.27 0.03

0.03
-
+ 4.81 0.10

0.10
-
+ 0.38 0.03

0.03
-
+ 1.15 0.04

0.04
-
+ 0.39 0.04

0.04
-
+ 1.24 0.10

0.11
-
+

NH(cm−2) 0.1–4c 1.86 0.01
0.01

-
+ 1.72 0.01

0.01
-
+ 2.15 0.02

0.02
-
+ 1.77 0.01

0.01
-
+ 2.04 0.01

0.01
-
+ 1.35 0.02

0.02
-
+ 2.20 0.03

0.03
-
+ 1.82 0.02

0.02
-
+

C-stat/bins L 896.96/91 503.43/91 190.94/83 710.08/92 246.23/82 402.48/91 139.62/74 322.92/85

Notes.
a Defined as norm = EM = 10−14/(4πd2)∫nenHdV.
b Units: 10−3 ph cm−2 keV−1 @ 1 keV.
c For these particular parameters uniform priors in linear space were assumed. For all other parameters, log-uniform priors were assumed.
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latter implies that systematic uncertainties dominate. The
spectra and best-fit models are shown in Figure 2. The priors
we used and the best-fit model parameters are listed in Table 1.
The stated parameter values represent the maximum likelihood
value and 1σ credible interval given the corresponding
posterior distribution. See Eadie et al. (2023) for definitions
of maximum likelihood and credibility interval in Bayesian
statistics. We note that some of the estimated credibility
intervals are rather small, and should be used with caution as
the systematic errors likely dominate.

2.2. Principal Component Analysis

The GM spectra are characterized by less-prominent Si-K
and S-K lines as compared to ejecta spectra, which have either
bright Si-K, S-K lines, or otherwise prominent Fe-L and Fe-K
line complexes (e.g., Hughes et al. 2000; Hwang &
Laming 2012). We illustrate this in Figure 3, where we show
spectra from two ejecta-dominated regions in comparison with
the GM2 spectrum. However, a low equivalent width of the Si-
K and S-K lines can also be caused by a dominant X-ray
synchrotron composition. So it is difficult from spectral fitting

Figure 2. Left: X-ray spectra from the “Green Monster” region. Right: spectra of the three CSM regions. See Figure 1 and Table 1 for the identification and spectral fit
parameters. The dashed and dotted lines show the model contributions of the vpshock and power-law components, respectively.
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* X-ray emission is blue-shifted (-2300 km/s)  
==> vshock = 3500 km/s (relatively low) 
==> GM in front of Cas A! 
==> dense CSM (pre-shock n=12 cm-3)

* Highly asymmetric (lopsided?) 
  dense mass loss phase 
* Strong clue for binary scenario?



De Looze et al. in prep.



Dust Ne II

Ne III O IV

Cassiopeia A with JWST

v=50 km/s

v=50 km/s

How did holes in the Green Monster form?

* Requires ejecta-CSM interaction! 

* Option I. High-velocity ejecta knots  
(9000-10000 km/s) piercing holes 
through the GM (45-75 years ago)

De Looze et al. in prep.

Fesen et al. 2001



Dust Ne II

Ne III O IV

Cassiopeia A with JWST

v=50 km/s

v=50 km/s

How did holes in the Green Monster form?

* Requires ejecta-CSM interaction! 

* Option I. High-velocity ejecta knots  
(9000-10000 km/s) piercing holes 
through the GM (45-75 years ago) 

* Option II. After forward shock impact, 
hydrodynamic instabilities create fingers  
of ejecta material extending to the shocked 
dense shell of CSM (Orlando et al. 2022)

De Looze et al. in prep.

Orlando et al. 2022

See Orlando’s talk 



Dust Ne II

Ne III O IV

Cassiopeia A with JWST

v=50 km/s

v=50 km/s

How does the Green Monster differ from other CSM phases?

De Looze et al. in prep.

CSM-North

CSM-GM

* Both SEDs fitted well 
with silicate grains 
(Mg2.4SiO4.4, MgFeSiO4) 

* Differences due to grain 
sizes and/or heating 
mechanisms.  

* If the GM consists of 
CNO processed material  
(like QSFs), then C/Sil 
formation should be 
inefficient.



Method B: dust masses from dust emission

Dust formation in SN(R)s

Crab Nebula 
= pulsar wind  

nebula 
(electron capture SN?)  

Crab Nebula: dust masses from infrared dust emission (Herschel)



De Looze, Barlow, et al. 2019

Crab Nebula

Dust formation in SN(R)s

Dust mass in concentrated along dense filaments visible also in the optical 
Dust condensation efficiency of ~10% (similar to Cas A)

Crab Nebula: dust masses from infrared dust emission (Herschel)



Temim et al. 2024

• Low dust polarisation  
fractions p < 10%

• Large grains (> 0.1 µm) 

• Carbon mass  
fractions ~ 12-70% 

Dust formation in SN(R)s
Crab Nebula with JWST
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• Low dust polarisation  
fractions p < 10%

• Large grains (> 0.1 µm) 

• Carbon mass  
fractions ~ 12-70% 

Dust formation in SN(R)s
Crab Nebula with JWST

Talk by Tea



How much dust will a single SN destroy through the blast wave*

Credit Tassilo Scheffler

Dust destruction in SNR

No consensus in 
the community!


Step away from 
steady shock 
(Slavin et al. 2015) 

ISM is not 
homogeneous!


* the SN reverse shock can destroy the newly formed dust


Talk by Florian 
Kirchschlager



Main problem: it is difficult to get observational constraints

Step 1: Extract multi-wavelength emission in an annulus around SNR 
Step 2: Model X-ray properties to constrain electron T and density 
Step 3: Model collisional dust heating

Priestley, Chawner, Matsuura, De Looze, Barlow 2022, see also Ferrara & Peroux 2021

Collisionally heated dust

Dust destruction in SNR



Priestley, Chawner, Matsuura, De Looze, Barlow 2022, see also Ferrara & Peroux 2021

Dust destruction in SNR
Main problem: it is difficult to get observational constraints

Observations suggest “cold” dust component that is able to shield from SN shocks 
==> homogeneous models for dust destruction are not reliable 



Dust destruction in SNR
Kirchschlager et al. 2024
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v=50 km/s

Scheffler, Sartorio, Kirchschlager, De Looze et al. prep

New efforts underway, I: first SN going off in turbulent molecular cloud

* 3D MHD Arepo

* Turbulent ISM with nH=100/cm3 

* Different density contrasts




Dust destruction in SNR
Including the effects of dust in post-processing

The “Paperboats” code (Kirchschlager et al. 2019) including  
     - transport of dust (gas and plasma drag)

     - magnetic fields

     - grain processing (sputtering, fragmentation, vaporisation

                                      and bouncing)



Dust Ne II

Ne III O IV

Results

v=50 km/s

v=50 km/s

Scheffler, Sartorio, Kirchschlager, De Looze et al. prep
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Dust destruction in SNR

v=50 km/s

v=50 km/s

Scheffler, Sartorio, Kirchschlager, De Looze et al. prep

New efforts underway, I: first SN going off in turbulent molecular cloud

Main results: 

* Efficient dust destruction (10 Msun) 
at early SNR evolution (<10 kyr) 

* Grain-grain collisions are  
important to destroy dust grains 
in dense environments


Future work: 

* Less dense environments  
(1 and 10/cm3) and 
longer timescales (1Myr)
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TURBULENCE

CONCLUSIONS

For the forward shock dust destruction of a first
SN going off in a molecular cloud environment
(number density of 100 cm⁻³) and at early SNR
evolution times (up to 10 kyr), we find that:

Filaments do not shield the dust efficiently
At least ~10 M  of dust is destroyed in 3D
Grain-grain collisions are very important
Carbonaceous grains are more efficiently
destroyed than silicates

Supernovae (SNe) produce up to 1 M  of dust. However, the energetic reverse shock of their remnant will eventually encounter all of this dust while

the forward shock will encounter up to 70 M  of interstellar medium (ISM) dust. The dust destruction efficiency of these shocks is badly constrained

thus it is unknown whether SNe are net dust sources or sinks. Numerical dust destruction studies come to different conclusions because grain-grain

collisions, magnetic fields, and turbulence are often neglected even though they were recently shown to be important. Kirchschlager et al. (2024)

and Dedikov & Vasiliev (2024) have shown for example that dense filaments are able to shield dust efficiently from shock destruction. However,

their turbulent ISM is not driven to match the observed ISM. We aim to study the dust shielding efficiency of observationally resembling filaments

from the supernova remnant (SNR) forward shock in the first thousands of years. The dust behavior is studied in post-processing including several

dust transport and destruction mechanisms. Therefore, we are able to find a realistic lower limit of the SNR forward shock dust destruction.
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Ilse DE LOOZE¹, Franziska SCHMIDT², and Mike BARLOW²
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To closely resemble the observed interstellar
medium, we drive turbulence in a separate simu-
lation considering

Different density contrasts characterised by
the turbulence Mach number M = σᵥ / cₛ = 0,
0.3, 1, 3  (σᵥ: velocity dispersion, cₛ: sound
speed)
An average ISM number density of 100 cm⁻³,
resembling a molecular cloud environment,
as first step (next step: lower average
densities)

An SN is set off in a void of the turbulent medium
to mimic pre-SN feedback. We focus on the first    
10 kyr of SNR evolution where the forward shock
slows down to ~130 km s⁻¹. When the blastwave
encounters filaments in the high Mach simula-
tions, it is slowed down significantly.

At ~4 kyr, the transition from radiative to snow-
plow phase is well visible in the low Mach simu-
lations (see the movies with the QR code). This
coincides with the bend in the dust destruction
graph below.

Paperboats is a post-processing code that adds
dust to the Arepo simulations and calculates its
transport (gas drag, plasma drag) and destruc-
tion (sputtering, grain-grain collisions) over time.

We use:
An initial MRN dust size distribution from        
5-250 nm (Mathis et al. 1977)
20 dust size bins from 0.6-350 nm
Either silicate or carbonaceous grains
A gas-to-dust mass ratio of 100
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Dust destruction of an SN blastwave exploding in the different turbulence simulations. We consider either silicate (blue)       
or carbonaceous (orange) grains, and either grain-grain collisions and sputtering (solid) or only sputtering (dashed).
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Main results: 

* Efficient dust destruction (10 Msun) 
at early SNR evolution (<10 kyr) 

* Grain-grain collisions are  
important to destroy dust grains 
in dense environments


Future work: 

* Less dense environments  
(1 and 10/cm3) and 
longer timescales (1Myr)
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For the forward shock dust destruction of a first
SN going off in a molecular cloud environment
(number density of 100 cm⁻³) and at early SNR
evolution times (up to 10 kyr), we find that:

Filaments do not shield the dust efficiently
At least ~10 M  of dust is destroyed in 3D
Grain-grain collisions are very important
Carbonaceous grains are more efficiently
destroyed than silicates

Supernovae (SNe) produce up to 1 M  of dust. However, the energetic reverse shock of their remnant will eventually encounter all of this dust while

the forward shock will encounter up to 70 M  of interstellar medium (ISM) dust. The dust destruction efficiency of these shocks is badly constrained

thus it is unknown whether SNe are net dust sources or sinks. Numerical dust destruction studies come to different conclusions because grain-grain

collisions, magnetic fields, and turbulence are often neglected even though they were recently shown to be important. Kirchschlager et al. (2024)

and Dedikov & Vasiliev (2024) have shown for example that dense filaments are able to shield dust efficiently from shock destruction. However,

their turbulent ISM is not driven to match the observed ISM. We aim to study the dust shielding efficiency of observationally resembling filaments

from the supernova remnant (SNR) forward shock in the first thousands of years. The dust behavior is studied in post-processing including several

dust transport and destruction mechanisms. Therefore, we are able to find a realistic lower limit of the SNR forward shock dust destruction.
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To closely resemble the observed interstellar
medium, we drive turbulence in a separate simu-
lation considering

Different density contrasts characterised by
the turbulence Mach number M = σᵥ / cₛ = 0,
0.3, 1, 3  (σᵥ: velocity dispersion, cₛ: sound
speed)
An average ISM number density of 100 cm⁻³,
resembling a molecular cloud environment,
as first step (next step: lower average
densities)

An SN is set off in a void of the turbulent medium
to mimic pre-SN feedback. We focus on the first    
10 kyr of SNR evolution where the forward shock
slows down to ~130 km s⁻¹. When the blastwave
encounters filaments in the high Mach simula-
tions, it is slowed down significantly.

At ~4 kyr, the transition from radiative to snow-
plow phase is well visible in the low Mach simu-
lations (see the movies with the QR code). This
coincides with the bend in the dust destruction
graph below.

Paperboats is a post-processing code that adds
dust to the Arepo simulations and calculates its
transport (gas drag, plasma drag) and destruc-
tion (sputtering, grain-grain collisions) over time.

We use:
An initial MRN dust size distribution from        
5-250 nm (Mathis et al. 1977)
20 dust size bins from 0.6-350 nm
Either silicate or carbonaceous grains
A gas-to-dust mass ratio of 100
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Dust destruction of an SN blastwave exploding in the different turbulence simulations. We consider either silicate (blue)       
or carbonaceous (orange) grains, and either grain-grain collisions and sputtering (solid) or only sputtering (dashed).
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New efforts underway, I: first SN going off in turbulent molecular cloud

Check out  
poster S6.5
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v=50 km/s

Sartorio, Kirchschlager, De Looze et al. prep

New efforts underway, II: plane-parallel shock fronts @ ≠ velocities

Set-up: 

* Plane parallel shock front at 
velocities v=1000 to 6000 km/s


* Turbulent CSM with nH=6/cm3


M=10
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Dust destruction in SNR

v=50 km/s

Sartorio, Kirchschlager, De Looze et al. prep

New efforts underway, II: plane-parallel shock fronts @ ≠ velocities

Set-up: 

* Plane parallel shock front at 
velocities v=1000 to 6000 km/s


* Turbulent CSM with nH=6/cm3


Results:  

* Dust in high-density filaments 
(high Mach numbers, M=10) is more  
resilient to SN shock


* Dust destruction is more efficient 
at high velocities


* Not all the filaments get destroyed


vshock = 6000 km/s
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Dust destruction in SNR

v=50 km/s

Sartorio, Kirchschlager, De Looze et al. prep

New efforts underway, II: plane-parallel shock fronts @ ≠ velocities

Set-up: 

* Plane parallel shock front at 
velocities v=1000 to 6000 km/s


* Turbulent CSM with nH=6/cm3


Results:  

* Dust in high-density filaments 
(high Mach numbers, M=10) is more  
resilient to SN shock


* Dust destruction is more efficient 
at high velocities


* Not all the filaments get destroyed


Check out  
poster S6.3

vshock = 6000 km/s



1. SNe efficiently produce dust 
(0.5-1 Msun) 

2. SNe = NET dust destroyers 

3. SN blastwave still efficiently destroys 
dust in turbulent media, but less 
efficiently (by a factor of ~2)  
for high-density contrasts  

4. Green Monster dense CSM in front  
of Cassiopeia A  
==> asymmetric mass loss 
==> binary system 
     

Conclusions



Extra



Crab Nebula

Dust formation in SN(R)s
Crab Nebula: dust masses from dust polarisation emission

SOFIA polarisation fractions in two far-infrared wavebands 
(after correcting for synchrotron polarisation)

Chastenet, De Looze, et al. 2022



Chastenet, De Looze, et al. 2022

Crab Nebula

• Low dust polarisation  
fractions p < 10%

• Large grains (> 0.1 µm) 

• Carbon mass  
fractions ~ 12-70% 

Dust formation in SN(R)s
Crab Nebula: dust masses from dust polarisation emission



Chastenet, De Looze, et al. 2022

I. Dust formation in SN(R)s
Method B+: dust masses from dust polarisation emission

Non-spherical grains align their axis of maximal inertia with the local magnetic field orientation.


Assumption: carbonaceous grains do not align, only silicate grains with sizes of 0.1 micron and larger


The polarisation fraction depends on the angle between the local magnetic field and the plane of the sky. 
  



Cassiopeia A

De Looze, Barlow, et al. 2017

Dust formation in SN(R)s
Method B: dust masses from infrared dust emission (Herschel)

Main difficulty in constraining SN dust mass  
is contribution of various emission processes! 



Study of the HiGAL dataset : 39/190 SNRs (~20%) SNRs have a FIR 
detection! 

8/29: central  
dust detection

4/29: dust in pulsar  
wind nebulae

23/29: dust in outer shell: 
ejecta or swept up dust?

Chawner+2019, 2020

G11.1-1.0G54.1+0.3G11.2-0.3

70 160 250

Dust formation in SN(R)s
Dust masses for other Galactic SNe (Herschel)



Extragalactic SNe with JWST
JWST has the sensitivity to pick up on warm SN dust in external SNe!

Cycle 1 program ID2666 - PI: Ori Fox

Type IIP SNe SN2004et and SN2017eaw
host >0.014 Msun and >0.0004 Msun of dust

Carbon

Silicates

Type IIL SN SN1980K with 0.002 Msun  
of dust: pre-existing or new dust?

Zsiros et al. 2024 

Have a look at  
poster …! 

Silicates

Talks by Shahbandeh 

and Ashall

Shahbandeh et al. 2024 

See Poster 6.13



Dust Ne II

Ne III O IV

Dust destruction in SNR

v=50 km/s

Sartorio, Kirchschlager, De Looze et al. prep

New efforts underway, II: plane-parallel shock fronts @ ≠ velocities

 

* Plane parallel shock front at 
velocities v=1000 to 6000 km/s


* Turbulent CSM with nH=6/cm3


Results:  

* Dust in high-density filaments 
(high Mach numbers, M=10) is more  
resilient to SN shock


* Dust destruction is more efficient 
at high velocities


* Not all the filaments get destroyed


Slavin et al. 2015


