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DUST & SUPERNOVA REMNANTS

e Dust at low redshift

e formed in the atmospheres of AGB stars; in the ejecta of SNe and SNRs;
other kind of inflows and circulation

* but! destroyed by strong winds of the very same SNRs that formed it; hot gas,
cosmic rays, all kinds of collisions

—> grain growth must happen (but is hard to constrain)

—> overestimated destruction rates from SN shocks?

* Also! dust at high redshift = (significant?) production from SNRs

=>» Really need to know how much SNRs produce and destroy
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DUST MASSES IN SNRS (v nonexausmve s

* Cassiopeia A: 0.02 — 1.1 Mg (Rho et al. 2008, Arendt et al. 2014, Barlow et al. 2010,
Bevan et al. 2017, De Looze et al. 2017, Niculescu-Duvaz et al. 2021)

* G54.1+0.3: 0.06 — 1.1 M@ (Temim et al. 2010, Temim et al. 2017, Rho et al. 2018)
up to 3.38 in Priestley et al. (2020)

* SN1987A: 0.5 -0.7 Mg (Matsuura et al. 2011)

* G11.2-0.3:  0.34 — 1.86 M (Chawner et al. 2020, Priestley et al. 2020)
* G21.5-0.9: 0.032 - 0.29 M (Chawner et al. 2020, Priestley et al. 2020)
* G29.7-0.3:  0.018 — 0.51 M (Chawner et al. 2020, Priestley et al. 2020)
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* Cassiopeia A: 0.02 — 1.1 Mg (Rho et al. 2008, Arendt et al. 2014, Barlow et al. 2010, Bevan et al. 2017, De Looze et al. 2017, Niculescu-
Duvaz et al. 2021)
 G54.1+0.3: 0.06 — 1.1 M (Temim et al. 2010, Temim et al. 2017, Rho et al. 2018)
up to 3.38in Prlestley et al. (2020)
 SN1987A: 0.5-0.7 MO (Matsuura et al. 2011)
e G11.2-0.3: 0.34 — 1.86 M(; (Chawner et al. 2020, Priestley et al. 2020)
e G21.5-0.9: 0.032 -0.29 MO (Chawner et al. 2020, Priestley et al. 2020)
 G29.7-0.3: 0.018 — 0.51 MO (Chawner et al. 2020, Priestley et al. 2020)

In the Crab: ‘
io fittun
* Gomez et al. (2012): of 28 K carbon grains

0.24 Mg
0.11 M5 of 34 K silicate grains
0.14 + 0.08 M, of both
e Temim & Dwek (2013): 0.019 Mg of ~56 K carbon grains
* Owen & Barlow (2015): 0.18 — 0.27 M of carbon grains
0.11 - 0.13 + 0139 — 0.47 M, of both

De Looze et al. (2019): 0.032 - 0.049 M, of 41 K carbon grains
similar masses for MgSiO3

implausible masses for e.g. Fe or Mgy 7SiO».7 _
Priestley et al. (2020): 0.05 Mg (0.026 — 0.076) of carbon grains

0.076 —0.218 M, of MgSiO;



Jérémy Chastenet

THE CRAB NEBULA

Exploded in 1054 AD*
2 kpc distance

Type II-P

8 — 11 M, progenitor

Pulsar Wind Nebula \

85 — 90% He and lots of C, O, Ne, S, Ar \

*Also happened that year: William the Conqueror beat the French, Siward invades Scotland

against Macbeth, Ghana looses its control of trade routes, Ly Nhat Tén renames his country
Dai Viét, Terry Pratchett arrived on Earth, and someone lost a tooth.

Radio

!

.v\:

Infrared

Optical

Ultraviolet .

Temim et al,; F. Seward et al.; VLA/NRAO/AUI/NSF; Chandra/CXC;Spitzer/]PL-Caltech; XMM-

© NASA, ESA, G. Dubner (IAFE, CONICET-University of Buenos Aires) et al;A. Loll et al.; T.
Newton/ESA; Hubble/STScl




' ; ‘ T g NN . . .
THE POLARISED CRAB NEBULA WITH SOFA

Stokes | Flux [Jy] Stokes Q, U Flux [Jy]
0.00 0.02 0.04 0.06 0.08 0.10 -0.04 —-0.03 -0.02 -0.01 0.00 0.01 0.02
22°03' 4 -
02' 4 -
S
= 01"+ ¢ -
(1]
1=
O
& 00" L
Fedy
Region 2
o !
58" 4 -
5h34m42s 36° 30% 245 5h34Mm42s 365 30° 30% 245
Right Ascension Right Ascension ®  Right Ascension
22°04' 4 -
ik
- k
02" 4 -
c
.8
: Ko
o
8 00 L

5h34m42s 365 30° 245 18°% 5h34m42s 365 30° 245 18° 5h34m42s  36° 30% 245 18°%
Right Ascension Right Ascension Right Ascension

HAWC+ C
89 pm

HAWC+ D
154 um



Dec (2000)
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POLARISATION, BUT!

Crab Nebula: global SED

WU

—:= SN cold dust
—-= SN warm dust
- Mm excess

103 104

Wavelength [um]

De Looze et al. (2019)
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SYNCHROTRON RADIATION REMOVAL
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De Looze et al. (2019)
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Ritacco et al. (2018)



SYNCHROTRON-FREE MAPS
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SYNCHROTRON-FREE MAPS

HAWC+ C 89 um HAWC+ D 154 pm
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SYNCHROTRON-FREE POLARISATION

Band C Band D
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Initial Sync. sub Initial Sync. Sub

HAWC+ C 89 um | HAWC+ D 154 pm

After synchrotron subtraction:
* p decreases in all regions at 154 pm
* p decreases only in region 1 at 89 pum (-ish)

Between bands:
* regions 1 and 3 have lower p at 154 um
* region 2 has higher p at 154 pm



How TO CONSTRAIN DUST PROPERTIES?

Observed polarisation fraction

(Polarised) Absorption Coefficient

|

CosTuuM (Vandenbroucke et al. 2020)
Grain size
Composition (JENA, OCCD)



How TO CONSTRAIN DUST PROPERTIES?
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Observed polarisation fraction
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(Polarised) Absorption Coefficient

Fraction of carbon grains
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How TO CONSTRAIN DUST PROPERTIES?

Observed polarisation fraction (Polarised) Absorption Coefficient

Grain size

A4
Fraction of carbon grains

Observed total fluxes

(Tac — Zdust) space

Sv,tot — faC Sv, ac + (1 — faC)Sv, Sil
Sy = k(4,a) Zgust B(4, Tayst)
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How TO CONSTRAIN DUST PROPERTIES?

Observed polarisation fraction

(Polarised) Absorption Coefficient

Vv

Fraction of carbon grains

Observed total fluxes
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|

CosTuuM (Vandenbroucke et al. 2020)
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from Hankins et al. (2019)
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How TO CONSTRAIN DUST PROPERTIES?

Observed polarisation fraction

A

4

(Polarised) Absorption Coefficient

Grain size

Fraction of carbon grains

<‘ ¢ CosTuuM (Vandenbroucke et al. 2020)
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EXAMPLE: ACH & MGSIO3

Region 1 i Region 3
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Grain size [micron]

Refractive indices (n, k) and density
(1 = fac) Qabs, poy, sit(4, @) MgSiOs: Jager et al. (2003)

P = fac Qabs, ac(d, @) + (1 — fac) Qaps, sii(4, a) aC:H: optECs Eg = 0.1 eV (Jones et al. 2012)



EXAMPLE: ACH & MGSIO;
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SO MANY VARIATIONS

* Composition:
* MgosFeosSiO3 =2 fac increases
* MgFeSiO4 = fqc increases
* Mgo7SiO27 = fac decreases
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SO MANY VARIATIONS

* Composition:
* MgosFeosSiO3 =2 fac increases
* MgFeSiO4 = fqc increases
* Mgo7SiO27 = fac decreases

* Size distributions:
* Carbon and silicate grains unlikely to have same size
* Include size distribution and non-polarising grains

* Shape distributions:

* Oblate grains = increases fac
* Prolate grains = decreases foc

* Alignment angle:
* fac increases with the alignment angle



CONCLUSIONS
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* Confirmed polarisation detection in the Crab Nebula, the second
SNR after Cassiopeia Al

—> implies the existence of large grains (a > 0.05 — 0.1 um)
—> synchrotron-free polarisation fractions range from 3.7 to 9.1% at 89 pm and from 2.7
to 7.6% at 154 pm, in three dusty regions.

* We constrain and compute the fraction of carbon grains using the
observed polarisation and computing the (polarised) absorption
coefficients for a range of grain sizes (and composition).

* Combining polarisation fraction, total fluxes and making (ot of)
assumptions, we can derive lower-limits for the total dust masses in these

regions
—> assuming optECs properties for aC grains and MgSiO3 for Sil grains, with similar
effective radii of 0.5 pm, we find ~ 2.3 — 3.1 x 1073 M.

Work supported by the ERC starting grant #851622
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EXTRA — THE MODIFIED ASYMPTOTIC ESTIMATOR

* Normalized Stokes vectors:
q=0Q/I u=U/I

* Biased polarisation and polarisation angle:

p =%+ u? 6, = 0.5 arctan(u/q)

* Debiased polarisation and error:

i\ e

2p

Pmas = P — b?

b? = o cos?(8,) + a2 sin®(6,)

02 = o2 cos*(6,) + o sin*(6,)
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EXTRA — SYNCHROTRON REMOVAL

* Interpolation of the (resolved) synchrotron radiation at 89 and 154 pm

* Synchrotron polarisation fraction and angle from NIKA 150 GHz

Pradio’ Hradio

* Synchrotron Stokes vectors:
Psync = Pradio Isync
stnc = I'sync cos(2 Bragio)
Usync — Fsync sin(2 Bradio)

* Synchrotron-free Stokes vectors:

Itinal = lnawc — Isync
Qfinal = Quawc — stnc
Ufinal = Unawc — Usync



Declination

Declination

EXTRA — SYNCHROTRON MAPS
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