Note: This was an unusual seminar, in that Jeremy was unable to hear us!
He proceeded anyway and invited questions by e-mail. So understand that
there is no exchange of info and questions in this recording. He is available

at jeremy.chastenet@ugent.be
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Far-IR dust polarisation in the Crab

Link to the paper

Jérémy Chastenet =
with help from a lot of smart people. A =)
. , : "b,



https://ui.adsabs.harvard.edu/abs/2022MNRAS.516.4229C/abstract

Jéréemy Chastenet

DUST MASSES IN SNRS gverenon-pewusmeusy)

» (assiopeia A

* (G54.1+0.3:
* SN198/A:

0.02 - 0.6 M (Rho et al. 2008, Arendt et al. 2014, Barlow et al. 2010, De Looze
et al. 2017)

0.06 - 1.1 M (Temim et al. 2010, Temim et al. 2017, Rho et al. 2018)
0.5 - 0.7 Mg (Matsuura et al. 2011)

., G292.0+1.8

SNRs: Supernova Remnants
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Jéréemy Chastenet

DUST MASSES IN THE CRAB

Gomez et al. (2012):

Temim & Dwek (2013):
Owen & Barlow (2015):

De Looze et al. (2019):

Priestley et al. (2019);

0.24 M, of 28 K carbon grains
0.11 Mg of 34 Ksilicate grains
0.14 + 0.08 M of both

0.019 M, of 56 K carbon grains

018 - 0.27 M, of carbon grains
0.11-0.13+0.39 - 0.47 M, of both

0.032 - 0.049 M, of 41K carbon grains
similar masses for MgSiOs
implausible masses for e.g. Fe or Mgo;Si0;7

0.05 M (0.026 - 0.076) of carbon grains
0.076 - 0.218 M, of MgSiOs

near-IR - radio fitting

radiative transfer

b

mid- - far-IRfitting
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Jéréemy Chastenet

STOKES VECTOR IN THE CRAB, WITH SOFIA

Stokes | Flux [Jy]

Stokes Q, U Flux [Jy]

0.04 0.06 0.0 —-0.04 —-0.03 —-0.02 -0.01 0.00 0.01 ;
', . ‘t » “
22°03' 4 - 4 = v~ i L 4 o, N .\1
’ \ e S 4
UL My g '
- -t L ‘
02" - 5 - et ¥ I R A oht vt e
» oy e o - L P " a = R - N
v ke 1 "o ad L8 pV "
c ~ Y A Py 2 b T T . 8" .Y =
o 01' 3 . 7. ¥ (‘A.S-t\. - . K 0 S & S
"-6 - ”v / \" . L) 4 y - y .- ! 'I
= W~ Y
= R e B wa L S1 N b A > i
8 S . e . -
& 00 L 1 %, te ey L I T gty fs
. hey ," "'f\, " - / & d'\ )
- W S P ‘ “ ) =
WAL T e R L TR R e Ch
21°59' - L ] 3 Vo r‘(_ L i RE 14 o
S Bl ‘c ( Sy i
/"? . . » > Yoo
58" - L § i L 4 A,
5“34'"42s 5 5"34M42s  36° 30° 24° 5"34M42s  36° 30° 24°
] ,
i 10
s, &
22°01' - - - 4 i - . g i -
¥ e
' o v ' ‘l
. # .
™ \‘ "‘ ~, .. "‘
c 00' | | . B 2 A % |
o t . ; .y %
® Dt . . q -
£ . “
.-G .- . 4 Ia A L ‘ .. 4
8 o % L £ 3 4
a1 . o - >
21°59' - E 4 - - : - L 4 F J e L
v - . e %
o [, o r *
o ) -
- \ » r 1 > 4’ i
58' L . A - . ! L
5h34maqs 40 365 325 5h34m44s 40° 36° 325 5h34m44s 40° 36° 325

Right Ascension

Right Ascension

Right Ascension

HAWC+ C
89 um

HAWC+ D
154 pm



Jéréemy Chastenet

QuALITY CHECKS

HAWC C 89 um

HAWC D 154 um

22°03" 1

02" -

01" -

00" S

Declination

21°59"' 4

58' +

T
5134M425

36° 308
Right Ascension

T
5N34M44s

405 36°
Right Ascension

In the literature, Crab Mqust: 0.019 - 1.0 Mg




Jéréemy Chastenet

QuALITY CHECKS

22°03" 1

02" 4

01" 4

oo 4+

Declination

21°59"' 4

58' +

T
5134M425

36° 308
Right Ascension

HAWC D 154 um

o

T
5"34M44s

In the literature, Crab Mqust: 0.019 - 1.0 Mg

405 36°
Right Ascension

32




Jéréemy Chastenet

QuALITY CHECKS

HAWC C 89 um

22°03" 4

02" 4

01" 4

0o 4+

Declination

21°59"' 4

58" 4

T
5134M42%

36° 308
Right Ascension

HAWC D 154 um

Region 1 b

Region 3

Region 2

T T T
5h34mg4s 405 365
Right Ascension

In the literature, Crab Mqust: 0.019 - 1.0 Mg
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Jéréemy Chastenet

QuALITY CHECKS

HAWC C 89 um | . HAWC D 154 um

22°03' - p—" s "

. R - el

Need to address the low S/N = rebin the data to larger pixels

58' +

T T T T T T
5134M425 36° 308 245 5"34M44s 40% 36° 328
Right Ascension Right Ascension

SIN >3

In the literature, Crab Mqust: 0.019 - 1.0 Mg



Jéréemy Chastenet

QuALITY CHECKS — REBINNED DATATO SPIRE 500

HAWC C 89 um

21°38' 4

36" 4

Declination

32" 4

30" 4

HAWC D 154 um

T
5h3gm3ps

20 105
Right Ascension

00°

T
5"36M30°

20 105
Right Ascension

00®

In the literature, Crab Mqust: 0.019 - 1.0 Mg
SOFIA/HAWC+ data: low /N

1



Jérémy Chastenet

DATA POLARISATION

HAWC C 89 um Stokes | [Jy]

0.0

0.2 0.4 0.6
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In the literature, Crab Mqust: 0.019 - 1.0 Mg
SOFIA/HAWC+ data: low S/N
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Jéréemy Chastenet

SIGNAL CONTAMINATION

Crab Nebula: global SED

103 1
— 102 === Synchrotron )
a 10 —
l_:: —:= SN cold dust
L —-= SN warm dust

----- Mm excess
10! 1
10° 10! 104 10° 104 10° 10°

Wavelength [um]

De Looze et al. (2019)

In the literature, Crab Mqust: 0.019 - 1.0 Mg
SOFIA/HAWC+ data: low /N



Jéréemy Chastenet

SIGNAL (DE)CONTAMINATION

Abreak (synchr) QiR (synchr) F, 4 (Synchr)
. _

15.5 30 . 5 0.58
mm

-

—> (Convolution to Aerschel/ SPIRE 500

De Looze et al. (2019)

Declination

—iolarization degree map 0.35
041 4 '
03 1| 0.26
02+ :
01 4 l0.17
22° 00+ -
59 - | 0.09
21° 58’1 :
OI | | | | ] 0.00
05" 34™ 45° 40° 35° 30° 25° 20°

Right Ascension

—>  Pradio’ Qradio

Ritacco et al. (2018)

In the literature, Crab Mqust: 0.019 - 1.0 Mg
SOFIA/HAWC+ data: low /N + synchrotron removal



Jéréemy Chastenet

SYNCHROTRON-CORRECTED POLARISATION

HAWC+ C 89 um Stokes I [Jy]
000 025 050 075 100

125

HAWC+ D 154 um Stokes | [Jy]
175 0.0 0.1 0.2 0.3 0.4 0.5 0.6
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In the literature, Crab Mqust: 0.019 - 1.0 Mg

few to no S/Np > 3 vectors = work on integrated sales

SOFIAJHAWC+ data: low S/N + synchrotron removal = convolution/projection to SPIRE 500



SYNCHROTRON-CORRECTED POLARISATION

HAWC+ C 89 um HAWC+ D 154 um
T | | T
[0 Region0 ® Regionl
# Region 2
10 - Region 3 -

Polarisation fraction [%]
h oo
T |
| |
\ .
+
| |

2 | | 1= |
Initial Sync. Sub Initial sSync. Sub

In the literature, Crab Mqust: 0.019 - 1.0 Mg
SOFIA/HAWC+ data: low S/N + synchrotron removal = convolution/projection to SPIRE 500 | Integrated scales analysis

Jéréemy Chastenet

17



Doing science: Deriving dust properties!




Jéréemy Chastenet

DERIVING DUST PROPERTIES; FLOWCHART

Assumptions

Dust = carbonaceous + silicates

Big enough to have steady state
temperature

—> blackbody emission

Grains with a < 0.1 ym do not polarise
Alignment due to magnetic field, using a
single zenith angle

Only silicate grains polarise light

Main method

Use the color ratio 1y(89 pm)/I,(154 pm)

In the literature, Crab Mqust: 0.019 - 1.0 Mg
SOFIA/HAWC+ data: low S/N + synchrotron removal = convolution/projection to SPIRE 500 | Integrated scales analysis



Jéréemy Chastenet

DERIVING DUST PROPERTIES; FLOWCHART

Observed total, polarisation intensities

Silicate grains temperature

l

(Polarised) Absorption Coefficient

* CosTuuM (Vandenbroucke et al. 2020)
* Grain size
» Composition (JENA, 0CCD)

(Polarised) Absorption Coefficient

Carbonaceous grains temperature

Observed total intensities in band Cor D

4

Masses and Fraction of carbonaceous grains

Assumptions

Dust = carbonaceous + silicates

Big enough to have steady state
temperature

—> blackbody emission

Grains with a < 0.1 ym do not polarise
Alignment due to magnetic field, using a
single zenith angle

Only silicate grains polarise light

Main method

Use the color ratio 1y(89 pm)/I,(154 pm)

In the literature, Crab Mqust: 0.019 - 1.0 Mg

SOFIA/HAWC+ data: low S/N + synchrotron removal = convolution/projection to SPIRE 500 | Integrated scales analysis
Assumptions: big grains + BBody emission + only aSil polarise




Jerémy Chastenet

DUST PROPERTIES IN THE CRAB WITH FAR-IR POLARIMETRY

Temperatures, in K

of Silicates 31.8 - 469 33 -50 31.8 - 46.9
of Carbonaceous 39 -67.7 388 -6/1 389 -675
Upper limits, in M¢
Estimate 1 0040-0.059 0.026-0032  0.037-0.054
Estimate 2 0.11 0.061 0.10
fac, in %
6-50 17-70 9-53

31-45]1
38.8 - 67

0.27 - 053
1.0

02-38

. .

A »

. Y
=)

_ MgSi0z amorphous | MgSiOs glassy MgSi0s Md075i0;7 MQgosFeqsSiOs

33.4-509
38.8 - 67

0.027 - 0.034
0.065

17 - 68

In the literature, Crab Mqust: 0.019 - 1.0 Mg
SOFIAJHAWC+ data: low S/N + synchrotron removal = convolution/projection to SPIRE 500 | Integrated scales analysis
Assumptions: big grains + BBody emission + only aSil polarise | Sequential analysis



Jéréemy Chastenet

DUST PROPERTIES IN THE CRAB WITH FAR-IR POLARIMETRY
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In the literature, Crab Mqust: 0.019 - 1.0 Mg
SOFIA/HAWC+ data: low S/N + synchrotron removal = convolution/projection to SPIRE 500 | Integrated scales analysis
Assumptions: big grains + BBody emission + only aSil polarise | Sequential analysis

22



CONCLUSIONS e

©

Confirmed polarisation detection in the Crab Nebula, the second SNR after Cassiopeia Al
—> implies the existence of large grains (0.05 - 0.1 ym)

We remove the synchrotron-emission from the SOFIA/HAWC+ far-IR emission
—> contributes up to ~ 30% to the total signal

» We find averages of p=2.7% and 4.8%, at 89 and 154 pm, and values ranging 3.7 - 9.6%
and 2.7 - 7.6% in three dusty filaments.
With laboratory data, and several assumptions, we find:

o Silicate temperatures ranging from ~ 30 to 50 K|
carbonaceous grain temperatures ranging from ~ 39 to 68 K

o Upper limits on dust masses ranging from ~ 0.0026 to 0.55 M, or 0.065 to 1.0 M,
o Fractions of carbonaceous grains ranging from 0.2 to 70%

GHENT
UNIVERSITY




Jéréemy Chastenet

EXTRA: SYNCHROTRON REMOVAL

* [nterpolation 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 = Psync sin(2 Bradio)

* Synchrotron-free Stokes vectors:

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

24



Jéréemy Chastenet

EXTRA: SYNCHROTRON REMOVAL

Observed total flux density [Jy] Modelled synchrotron flux density [Jy] Modelled synchrotron fraction
0.0 0.5 1.0 1.5 2.0 0.0 0.1 0.2 0.3 0.4 0.2 0.3 0.4 0.5 0.6
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