Studying Radio Polarization of
Galactic Supernova Remnants with ASKAP

Brianna D. Ball', Roland Kothes''?, & Erik Rosolowsky'

"'University of Alberta, Edmonton, Canada
> Dominion Radio Astrophysical Observatory, National Research Council Canada

THE EMU & POSSUM SKY SURVEYS * Stokes 1 NSNS " " Polarized Intensityll [
EMU (Evolutionary Map of the Universe) and POSSUM S T 0.6 % 2
(Polarization Sky Survey of the Universe’s Magnetism) are N YA Ny 030
ongoing radio sky surveys being conducted with the Australian [¢ G aaEel R 0.5
Square Kilometre Array Pathfinder (ASKAP) that will cover most | % 5 % :
of the Southern sky. Early results from EMU and POSSUM have §];3f“;H v e 02f§ é;p ozog
shown that they will be particularly useful for studying T A . § 0.15
large, high-latitude Galactic supernova remnants, which are 010
often not fully covered in surveys that are focused on the o o0
Galactic plane. These remnants are well-suited for studying ) > 0.05
the radio polarization of Galactic SNRs. WSS T AMESGRRS L . T ~0.4 - s L re s 0.00
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The Galactic SNR G278.94+1.35 (nicknamed “Diprotodon”) is one s v A S 5 B e RS ST
of the largest known SNRs in our Galaxy with an angular size T B R A L e L N
of more than 3°. While this SNR was first identified by o [t oS | 0 e L, PR S 0
Woermann & Jonas (1988), recent ASKAP observations have S 4 £ s | £ SA Y S 5
revealed Diprotodon’s angular extent to be much larger than 5 ¢ o E G &% o ;%fi -
previously measured. Diprotodon has also been detected in § ol e iélm;f S o &
X-rays with eROSITA (Michailidis et al. 2024) and in gamma 8 ATEEE A B S it < O 8 | “ >
rays with Fermi-LAT (Araya 2020). Diprotodon’s large angular ERREEY Wil Ui in. o L 10 CowAg A L A DeEEE ] g,
size, high-latitude, and high degree of polarization make it N SRTREOR A ALt PR | W e R A ]
particularly well-suited to polarization studies. P, ol T T S e T el -1 g o Ay B b ¥ s -1
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% IIJ”M MA‘LA‘“H § 0ol nhﬁj A*'M'VMWV WWJV 'w We aim to separate the foreground Faraday rotation produced by the
= o0] |l 'Wuﬁu M!m l”rwrm Vf = M {ﬂM WIWMVV W large-scale Galactic magnetic field from the internal Faraday rotation produced
¢ wm i M,”}‘JNT g o5 lJ”H by the SNR shell. The 1internal rotation results 1in frequency dependent
® 051 QV WVW' 4 depolarization, as emission along the 1line of sight within the SNR shell
ﬁu 1.0 undergoes different levels of Faraday rotation. The presence of random magnetic
40‘%0 | — fields within the SNR shell can also resglt 1n depolarizgtion thaF 1s frequency
Frequency [MHz] Frequency [MHz] independent. We assume the foreground field to be relatively uniform and thus
| ‘ not a significant source of depolarization. This allows us to separate the
o ol ] i e internal and foreground components.
1.00- | 1.0/ Iﬂ | 1 The degree of polarization (DP) refers to the ratio of the observed

AA”MJW polarization to the expected intrinsic polarization. The expected 1intrinsic
'J|llw” polarization can be derived from the spectral index. For Diprotodon, we assume a
wa[ spectral index of -0.55 (Filipovi¢ et al., in prep.), which produces an expected
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F intrinsic polarization of -~70%. This value can be compared to the observed
polarization to find DP and determine the internal rotation measure (RM):
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This allows us to separate the 1internal and
Comparing model and foreground effects. However, this method can only
observed spectra for a — Model ||l be applied reliably if DP>0.22. Below this value,
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sample pixel with: there is no longer a unique solution (see figure).
6 DP = 0. 73 s At our central frequency of 943MHz, this
o Internal RM = -6.5 rad/m? corresponds to an internal RM of <12 rad/m?. Thus,
o Foreground RM = -41.6 this method can only be applied to sources with a | | |

rad/m? high degree of polarization and low internal RM. RM A2
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Polarized point sources from the POSSUM catalogue
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consistent with overlaid on the total power image of Diprotodon.
observations for U, Q, PI, 0.00 1 The RMs of these point sources can be compared to

| | | | | | | | | the foreground RM to estimate the SNR’s distance.
and PA. We are also able —2000-1500-1000 —500 0 500 1000 1500 2000 § ________._______ ____.____________________ 100
to reproduce the Faraday RM R et T - R R

depth spectrum.
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We will use background polarized sources from the POSSUM B L, el CRCRE L | Lo o
polarization catalogue to probe the magnetic field LR T R ) WA W + | W
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configuration inside the SNR. The rotation measures of these e At T A e 2| L e
point sources can be compared to Diprotodon’s foreground RM B A e |25 SRS — .
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and used to constrain estimates of its distance. Filipovic et. xRN T g i SR e total power image of Diprotodon. In the
al. (in prep.) estimate Diprotodon’s distance to be ~1 kpc. We [ : N ol S bright filaments, we see the vectors are
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hope to confirm and perhaps further constrain this estimate by O T s Ry e e i R R tangential magnetic field, consistent with

studying these polarized point sources. g P . R IR expectations for an SNR.
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