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Radio Emission from Interstellar Shocks:
Young Type la Supernova Remnants and the

Case of N103B in the Large Magellanic Cloud
AlsaberiR. Z. E
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Young Typela Supernova Remnants and the Case of
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We Invisilguic young typola supemovs mompsnte
(3MR=} m aor Celery and noighbooring galaxtes In
order to undersisnd ikl properiles sod carly stage
of their cwlution. Here we present & madbo comilsn-
wum study hesed oo cow and srchival dote from the
auxtralls Tdessope Compact Array (ATCA] townrds
M1l o yoong (=<HO0yrs] spectrosopically com-
formed. typela SN o the large Maopdllasi: Cloud
(LMC) end proposs iz havwe orglested from = sin-
glo dogenemale (S0} progenttor. The mdio morphodog
of this SNIE & mymesircs! with two bright reglons
townnds the porth-west and south-wem of the cenfral
foeation s defloed by medlo omision

N1uml identified femiores modede: o mdio spoe-
tral Index of L7500 {comitons with other young
typla SNHEs In the Calaxy); a holk SWE expansion
mbo 2 In X-mays; morpbology’ and polarised electrisl
fleld vector messerements wherp we nole redlel polsr-
Isatlon poak towseds the north-west of the renmant &t
bethy R0 amd S000HNHz, The spectnm |s roneewe-up
and tha mmi Diely masce b the pon-llooor difusive
shock aeeelemtios [MIA)EA) cffocis or prssence of two
difforomi. popolstions of ulirs-releliviiie eloctomm

We also pote unpolarisnd clumps noar tho sosth-
waat nagion which I8 In agreemom. with ths abowe se-
rarin. 'We derive o oplenl mognetie feld sinengih for
Nl af 1624 pll foc &0 svorage retelion mMcssUrmmest
of 3 mdm—2. llowover, we esiimase tho opeiperis
tlon - fidd to be of the ondar of ~~203 pl with an o=
immind mmimum gy of Epe-53x i0® og. Tho
close [~ DL6*) proxtmity of & 1EE to the LMC mid
plams indiredes that an edy eecounter with denso In-
torstellar medium mey heve sot an mportsn constmain
m SN evolution.

Armiralle. ARC Croim of Fxcellem for gl Sy & strophysics =
A Torrsemsioms (& FTHD 2



Fimally, we compam festures of N 5H o sty other
youny typels ENHs I the LMC and Calaxy, with o
rangp of proposs] depoonmey seensrion 1o ighlight po-
trmitad differences due to & different modele. We segpest
ihai the single degenamate scomario might potnd to mor-
phobogleally paymmetrie Lypela supernove oxploslons.

Keywords [5M: individmal ohjecte & imi, BM: so-
pornova rommants, madie contnuoer M, supemover
gl

I Introduction

Superncvae (SN0} play mporism roles in memology.
Typela SNe bave bees wed as stsndand randles 1o con-
riruin cosmuologiznl perameters, providing the finst und
bist evidence of commie uccderation and dark enongy
(Miose ot ol, 1998 Porlmutier of ol 1999} Forther,
BNe shape the way that galuxis form end evolwe BNe
dwtribute the pmducts of stollar nudsosynihests mo
ik Interdeller mediem (15M), endrching, hoatieg and
pompres=ing g thet forms second and third generation
sam. The combined efert of many 3N oxplogioms In
gar-forming galuxhs e drivwe gas out of galoxies and
inio the circus- aod intergalactic modimn. Ohbseros-
tiooe of hgh-rodahi® star-forming pularie have shown
abendant evidence of galaete-sccle notfows; e Stodo
it ul [2000) and Nta et al. [2049) heve noted, viru-
ally every z » 2 galaxy bright enough to b olserved
spectmacopically 1s driving cul meteral al sevoral bon-
diree] slometers per soeomd.

As & remslt, ohservutioms of SNe In the loel ) noarby
Universe om Inform both the messimemmt of eemo-
logimal parnmeters und theoretiml models of galaxy for-
mailon, Duta from nesrby $Ne and supormovs. rem-
narte {SNH2) via spaleonatlc moolicong campalEns i
particularly uscful sinén many of these systems offer
timse-domein duta thet are coutly to oblals or pot pos-
ehile ai higher redshift.

In particulnr; nearby Universn observations hav the
patentlal for mderstasdmg the sausm of SXi, asspm-
Ing thal the explogion mochanieme do oot dgnifimetly
change over eosmie time: Typela SNe (cka  ther-
momielesr (TH}) are belleved to comur whim a white
dwarl {WII} elnse 1o the Chandresekhor mes, reignit-
ing explosive noclear reartloos. This 1@ most Dkely 1o
pocir In & hinary sysiom, dther by tho arcroflon from
i cos-dogmerule companion siar [the socalled single
degenerato soenario, S0} or via & merger with another
WD (double degenerate scemurin, 1HY). Core enllapse

SNo {OC; BN11, SN1b and SN Ir}) result from the el
lapma of @ stngle short llved messive star (= M) ns it

incheusis ita moelosr foel - Inirguingly, the milo of 3% In
b0 O explisions s lower in large disk prlaies (e the
Miiky Way) than In dwsrd trregular gulocies, implying
ibnt Calartle mvircomesd and different ster formaiim
mule ($FR} ceonot be gnored (Tegfimoto o ul 1996).
This effeel 18 becn shown hy iha rocent cbservationul
videnee from moerhy dwerfs-Magoflane Clouds {see
Moggi ot ol. 2094}

A major mmulning uskmown B the proportion of
type fa SNo that resuli from the 810 zad 1H) sconsrice
{me og. Momoto and Kondo 1591; Fror et &l 3000
The dentalve sgmatiere of sn D explosion 1s the ob-
servation of the serviving companion star, hecause the
marger of the two Wis in the TH) scenarin lmves oo
rumnant star. Other signatons indlude a dimse circuss-
stnflar medium (Doovion o &l 2001; Blair ot el 2007,
Wilitams et al. 2002}, seerviton winds from the progon-
itor system (Hachize et ul. (996; Sano of ol 2018}, and
grong K-shol emeefion from Ni and Me {Yemaguehl
ol wl. WikGE). Deteiled chsenmtions of typels BNils, to
recomstruet tho seemo of the oyploston and pmpotm the
itkely lomiflon of & surviving companion (if #f oxisis),
are requined {o distiogeish between the 3N seemarios
There may be other ways In which SN tndieuta the
scanarin of their orosilon (Chakmaborit o & 206).

Studies of ENHa In the Milky Wy suffer from impee-
e distancy messuromenta and foreground abeocption
from the Calsetle plane. Many of thewe peobloms are

meercame by studying SNHs in the Lamge Mag-
ollenic Cloud [LMT). The LMC, with an distenen of
~<Git kpe [Macriet sl 2006; Pletreymk ot &l 2019) nd
i ner fuo on oremation (incfination sngle of 36°),
ir near mough to wllow deep, high-resclution, el
frequenzy obserabions (Maggl el sl 3006 Bosotio
i al, 217 The LMC hes active siar-forming regions,
and ¥ loestod cetside of the (electle plane whene 2b-
sorption by pee and dost 18 ressonsbly kow. The Small
Megpilanie Cloud [SMC), by eontnst, bas o smaller
BNIE popaution (Fiitpovié o al. 2008 Magg @ al
1% Tiies of ol X015 Joseph et al. 2009), sod o par-
ticular, no obvious young (< 1000y typela SN
(Roper o &l 2005; Ssno o al. =0h].  The nearby
Andromeds gromp (mclinding M 31 and M3} B too
dstant o allow tho sy of 5% depeorsry seenarioe
i Galvim el ol 20T, Calvin snd Filipovie 2014; Sambk
o el 2092} As o resalt, LMC SKNHe heve boen the
gabjeet of our comaiderable observationsl ofor (Tho i
ot ol 307, Cafio et ol 360 Crawford of of 3008,
11, 31 4; Bovaetto el al. 3080; Crondin et al. 2042
Bementio ot sl 02hen d; de Tloria = al 2002; Habesd
et al 0% Kewnagh et al. 2005, Bormstto et 2l M03;
D Horte et ol 200de; Krantseg ot o, M14; Bometin
ot al. 2014ab; Bozetio and Filipmae 2054; Warth ot sl



2004; Maggi ol &l 3014, Bodd o ol 2015; Kavanagh
el al. 2015c b Bozariio o al 2015 Kavamagh ot ol
2006, MEE Alabort @ al 201% Malia o ol 2009).

In this paper, w focus m N HRH, & young (350
BEIyr) SNR i the LMC (Rest of ol 2003). It I lo-
cated close to & dens Ho reglon (Chu ond Keominet
198g), and moly ~ $0pe fom the young siar cheles
NCC 1550 (L)oot &l 2017} X-my [fll.g;la.ul:{n.' 1),
C0 (Seno et al. A8} and opticsl studis (st ot ol
2005, M} heove shucwm that, i 18 lsedy 1o be a typels
ENH; 14 ot al. (201 7) cbservedd & main sequoncs star that
Ia lkely to ba the merviving companion. As shown I
Figore &, N 108 & pot & gmple spherienl shall, show-
ing signiifcant structurel mymmelris. Tho reomant
bes & diameter of 6.8pe (Homuwste ¢ al. 2007), with
the Wisten hemisphene that ts ~ 3 Himes brightor than
the Erstern hermtsphore (Thelnl and Miine 1955). The
sbell = Balmer<dominatoed In the cpthel wavolengths,
whirs indiestes the effects of propegating 1o u partinlly
matibrsl dreomslellar mediom (CSM Chavambin ot al
207 N1l b somewhat similar o the Kepler SNR,
amother young typela SNH (Heynolds et al. 2007). He-
rent morphologieal studles of Hy and CO roinforen this
picture, and ssgpasd that the SN mplosion occarred in-
sds & modlinn besvily Influenced by nimchy 08 siars
amd by the SN progmitor Hsdf bafore it mmlers the WD
stuge [Samo el &l 218)

Orzr paper 13 orgunised & following: Sertion 2 Intro-
durs oor cbeervailons and daia rdoction. Sertion 3
shows our polarisation tmages of N 1GHE, discusing He
implications: for the wepermova and ks aflermuth In
Sortion 4 wo somypare N HIGH o gmiler yomg type [
SNHs und Hoally concosions wre semmartzasd o See-
ting G

2 Now ATCA Obserwmtions and angmeontoed
[kata

The mrw snd arehival ' ATCA cheerwtions of N 1038
are w dwmcusod  The dets from two ATCA obser-
vallon rumpalgnes one prior o the Compeet Arrey
Groadband Backond (CARH) upgmdn {project C142),
and the other wmng CARE [projects O3, CXama,
and Crz0). Daadl of thiss cheservations sre 1sted In
Table 1.

C14% data {pre-CABH) melode ohesrmtions al 4786
and 5640 M over foer deys in 1992-19493, with four
different arrys - 6A, 60, 100}, und 1G5H nepoe-
Uvely. Primery ealibrztion (handpass and Hux den-
sity] wod noesrer PROB 150632 for ell foor days, while

A pskradis. Telmscops Chiins dorchivs (ATON ] Seedenl by il
fookralin Tl Malomed Fardbip |:J|'|"'|["I gnaminfoimsy

spoomddary calibration (phase} nsed souree PES B4
658 for oo dey 27 Jun 1952, and PKS 007810 for
tho other three days. More detwlls mn be found n
DMekel and Miloe (1556]. CABRH daiz cbserwtions
were mede over throo days In 201518, with differont
array emfgumtion (6A, &C, snd EW352)} af frequen-
ciem of 500 and SO0MIk Primary salibration med
sourne PRCS 1534-638 (3016 snd 20:£) and PRS Bosx
00 (2017). Somree PRS BOSIE-727 was wed a8 & e
ondary calibmikm for ol CAKH data Wo redured the
datn with the miman® [(Baulr et ul 1996} snd xanwal
{(Goock 1997) soflwarne parkige.

We 1maxd the miman tzsk et with ispot parmme-

tor, robusd, which bas 2 munge betwoen -2 and 2, whine
2 i unlform welghl, and 2 1s naturml woight Robust
bsas hoen selocted to ba 0 st 3500, 4786 snd 5000 MHz;
aind 1 at SHO0MHz siman tasks: mflsn ood myior
were =ad Lo cliss and deconvolve CABR dats, while
the lasks elean and resior wem nsed o cloan and do-
comvolve pro-CABE dutn (Calvie e =l S014).

The reulting lmage properils fmm this redoction
process noe summassed 1o Table 2. The hnoge at
4786 MHx & 2 combination of &l four obeccving dagys,
whilo al 2640 MHz wo used only Lhree days bocause of
the strung madio-merference on 27 Jon 1952, This
pegattvely affeciod the spatial resolution of this imoge
The images at GE0 and 9008 Mz combing thre days
of ohacrvetions and have the lowest FEMS nobse den to
favourshle simosphede conditions

2 Results and Discossion
2.1 Radio morphology

Flgure 2 (g%} shows the ATCA (pre-CARE) tmage of
SNH N 103H st 4756 Mz, overlald with comooms of
B6480 MHx omisslon. The right panal shows the ATCA
(CARB) tmagn of SNIL N 10238 at 5500 MHz, with con-
toure of 4785 MHz omission.

With a geomotric sentre of BA[ 22000) - DGEESGN 4
and Dec{ B j-—a"40725", BNH N al shows o
somewhat dreolar shell with signifieant morphological
msymmetrie. Im particular, thero are two bright reglons
towand the north-west and muth-wist. As we will dis-
cuss further In Section 4, N 1038 I morphologiolly
dmtnet o othir young {~400 v Roper of ol XI0E)
typola SNH, which am generully mich mone symm-
(a8

kg rwww. abnd cotre o computtng fed s rreriad
Vriigef fwwrw, nbrd cairony'sorpibng et s ke
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Tubls 1 KTTA cheerest ol des of SMA N 1R

Dste Hroject Armay Moo - Handwidih  Frogoeey Heforencos
Code Conflpursiion  Chanmale (2Hz) ¥ [MHz)

192 Jun 37 C14s G &l i1.118 4786 [nclel and Miine | 1996)
L=y Feh 21 C14% o &l {.138 iTeE 554 Dnckel emd Mbine | 1996]
1943 Mar 15 Cl4s 15600 il iL1a a7a6, a640  Dickel and Milne {2996
1L Mlar 20 145 L &l {.178 &726, BEd]  Dickel and Milne {£996)
M5 den il CX3ID G M0 .48 GaL, 5600 Our cheervation
WiT e 3s TRl (= ol P LI el Pl oo, #  Chur checrwailon
2mE Mar 21 Cazs EWaaz 2D L1iME GO0, SO Cur ofservatiom

AN $Ti OTA Y50 MHr

ATCA Bdr] Mg OTE 4788 MH:

Fig. 2 ATUA [pre-CANHER inmpe

mimp ad B WMz (kefi; rod) wnd 4788 MEz [rghe; nogesial.
while the megrets. oo el ane 15, 28 A5, B0 and 7.5 mly boam !

off ENILN (000 sl 4786 Mz [hek) sed CAIRE sl GENLMEx {nght | cvorised winh cosloss
The redd mminer kEvicle are LE,

1,35, 1, und 4:mly beam™
|'|:.|:||]|:.l:||:|d:|:Lr|.l|:ll.LE||:rru:|u1h|.

syrehrmied bemm of T XY wl 10 -i'lh. b B r||:l'||-|:-|:L|-.1.|:|' The eudcksr oo e rpght haosed sl of ench '-"“"-E" reprosms tho

used gray scuke gradizni n |:'|-.'|H:l|..|—
M8 mly bosem '.l.bi:l.ﬁ'lm_":.'ﬂl-:nm

pimom with the provioss mewssured valm of -1GT of
Mekel and Milne (1995). This siecper nallo sporimal
Indew valuo i gypleal of ymmg ENHs {Undevdd 2054;
Bogpetio ot ol 3MT). Actwmally, u eoople of theomis.
ral modods heve bam propesed roeenily o soeoumt for
mich siecp sperita observed m a sgnificon pember of
yuung SN These inclode obligee-shock nfioets (18]
ot ul 3011), @s wel w the los of possde-ray enengy
to terbulmer und magpatie fidd st tho non-relativistic
panal-puralld shocks [Bell et al. 20159} In addivion,
Pavlovse (2087) demonstmated that the stoep overall re.
dio spoctral indm of SN Ci940.3 sn be cxplamd
ondy by misns of the affickeni pos-linpar diffimive shodk
nredemilon [NLIDSA).

[empiie the artus] scstier tn dals ome oin abso dis-
russ the apparent urvature o the oversll mdin spee.
trem. Tho corved redin specima of yoeng SNHs aro

uvuslly interpruted as u resull of sn underlying NLIDSA

The A5 ooes: +of Lhe 4738 MEln immge @ 0.3 ol beseen ;G500 MElx image =
' im Lhe BESD Ml mronge

procss {Reynnids snd Ellison 1992; bonee ;0 al. 200
De Loown et al 207T). Tb model NLIE4A oforis on
the plobel redio continmam sportnem, we used o simpie
varying powerlow of the form & o 0™ """ whors
P ropreant & curvature parancter. The obvioms bet-
ter fit s obisined {seo groem dottod ne In Figume 3 for
MLIDSA At). 1t hee & large curvaiome {v - 0.16 £ 0.00)
io comnpartson with the wloe of .04, for tho cose of Cas
A [Onic apd Usofmdé 2005). 1L b interosting to note
that spattal variadone m tbe speciml Indo 1n the crse
of Caa A mmmant have wlso bom proposed o be doe
to power-lwwn of differeni Wopes mthor than o smgla
rurved sporinem (Wright o &l 1955). In thal some,
we abo tried to iotorpret the inlegraied rodio comiln-
wirm of this menmant by aseming synchrotron rdle.
thm by ten diffcrent cosmir-riy dectron popolatims
(TWO POF) thet possthly reside in the SNE. In facs
we mod g gmple sum of two power-laws of the form




Tuble 3 Detmile of BI100H imeages weed in this stody
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Table ¥ e dematy nesmrzments ol SN KN 1GE =
mu e Incgaemres

& Fhes Deositiy  Tolescops Helerencs
i M) oo

[T Hirs YA P plowl JSUOLA]

5OT 485 UL Yoz pi o ml 2018}

1111 484 SN Fezr ol wl. (3O1S:

]| A5 S Yoo mi wl fHIIAY

e 4am S P ol ml. 11EE

En d.la B For ol sl c31IA:

43 143 WA Foar ol il 730010}

EEN 145 HWA For ol wl J3IIAY

ESE 141 HWA For ol wl 30008

EEH 118 WA For ol wml 20008

20 5 T L Fror ol ml. SN}

i 1] L Fror ol ml. S HIIH}

LHE 155 WA For ol &l (E01LAE

- o . RS For ol ad. 230108

041 1 HD HWa Frar ol ml. (3ILA}

ol LT Molongls  Homssiic s al. (2HT)

B Tk | MOET Hommslic wb wl. 250175
1T7 Tl ATCH Drmaaiie ot al. (3ILT

ThE =Fl-c [*aris= Heassine v wl, (50175
4500 oUELT ATCA Homassise s al. $7000T5
485D oA s Dewmsiie wblowl, {50075
LN R T ["wras= Paomraisl i st al. {0 T
it ] ATCA "This woti

[l oI “arksn Howsoide i wl. [SH T
S ] Ah ] ATTA Himamine st al. f 3T
[EEKG LRk ] ATTA Thris weezrle
147181 [V Pruross Dmamine s al. (30T

S = F - S™. The Il s even betier io Lhis cese
bul roquines & very high waloe for a steeper spectml -
dex {2 — L EHF = il 40 iEa —0LG8 L (10T), that =
oot mmeally meen m MR {se0 rod deshod Bne In Fig-
iz 3 for TWO POP, fit). Of coume, & high seotter
in dats points s=pocially betwors 45 CH2 prevent os
from making firm pconclusdons on the partide aoccolors-
tion pruperiks based solely m the Integruted ruls pon-
timzum. For all 1he woighied lossi-squerss fteng of the
raeli contimuurs we have wed the BPFIT? (Markwasdt
MHE) paclage writloo In TD0, witk steriing valoes il
matind froa tho dain

Oa the other bamd| tho enalysts of spatial] variailms
in the rdio cominuum spactml Index within the SN 1=
vory imporiant (soe n.g. discossion oo the propectios of
SNy Tycho, Cas A, as woll aa BN 19754; Kale-Stono
ot 2l 20007 Anderson wnd Rudnick 19496; Sanerdo ot ol
2013). Soch spetisl varations are generally Tnked to
the elhritos merelemtion processes that among other
pocoses depend on tha evalutlon of the 3NR. It can
b pomelmbed that the syochrotron redlo spectral Index
tricos tthe distribetion of morgy among cosmio-rey aloc-
tron populsiions amnd can probe the compresion milo
of tho shock on & loel seole. That i3 why wo cen ose
these mults to study properiles of the particle aceol
oration mocheniame  In thel smse, undenianding of
the spatial verisiion of the specirnl index and emibsion
acrom young ENHs s mpemtine

Figuro 3 (rmighl} shows a muep of the spoetral Index
fior M 102H. 08 cun be ssen thet the sperdmal Index dis
tribuiiom neross the remment B oot ab all uniform. The
spoctrul ndmy 18 shallower (botwoen 17 an -01.%) In
the brighi roglosa oo the Waatern side of N 1021, and
sipeper m the eentre arsd Essern side of the SNI {from
1.8 to around 0.9 0.1 < A o= 0.2). This conld (nds-
carp different emission and for particle aocclerst lon see-
rarios for difforent regioms {varions population of eler-
trons are costribaning). [ shooid be potod thar the
sipep spoctrl indices ane 2o cheerved s the reglons
whero BNTL imlerwet with molerslar covimoment s soen
iz Figurs I, sonlrary to thi useal expectations that in-
volve mmple compression {ampitfication) of magpetis
ficld. This = sconewhsl similar 1o wial wo observed
in the cese of Caleetle SNIE Velu Jro [Mexted ot ol
2112} mrd LMC SNIENGIA (Banc et al. X15a). How-
aver, hoth of these SNHs o most kely reule of OO
explaion. If the eloctron coergy sporimam hardess ad
lower froquencics, reghors m which the magninie fleld 1=
Righer than the mermoundings will both appesr hrighter
and have o fntter speetrum than tho sorroundinge. Ac-
tmlly, nujome m which tho magnetie od b stronges

JI':|I.1.-..'_-'“_:l::|||.-a-:nl|ul,, mpdi




woizld apponr hoth brightor s with u lsbier spectrum
(M coursn, If the shock woye 18 signaficantly deccleratod
dur to tho inlemmxe with the mokeslar cloud ema-
rooment, wo expoct lesa officient particde areclorstinn
which Ipads to che sepor redio spociml indices. In
ndditiom, opticsl images show Ho emisicn wong the
miine periphory of the Wistern poriton of the shock,
with }Chn| end So] lms emitied from & few dense
clumps where the shook bas probably hocome redie-
by {Willens ot al: 3014). Thesn reglom toincidoe with
spiriml indloes botween OUF s L8,

An miporiant sve for ithin analysis ran be found 1m
the |neer polarsstion maps e 5600 snd 9000 Mk dis-
rossal In Sectlon 34 (5o also Figere 4). Linear polari-
mtlun 18 doterted malnly whare the cossion s hright-
met, in tho Weslern pert of the rommant. However, &
bil les promounced lmear polarisuilon B slso soen o
the Esstern parts of the SV Radnl and obiygoe on-
eniation of the ondered magnets fdd & mom dom.
imami m the regioms of high mdlo apd X-roy emisdon
{ Wesborn parts). Chunsl- porpeodiraiar shock goometries
uro more pronouoced In the Esstern peria of the SNR,
which can explain |es efficint particle acceleration In
those regions. Stll, we note that Caprioll ot al. (X115)
bave shownd the the high-eoergy pariichs can be effine-
ttvoedy naflected und perclomied regandles of shock inel-
matlon via so-culled diffimive shock m-arcderatlon pro-
oems. They foumnd that ro-aecekerntod Calortie coamie
rays =an drive the strsoming Iestabdlity i the shock
wpstream and produre effertive magnmie Sod ampisfi-
eation. ‘This mn then trigger the Injection of thormal
particies ovim at quasl-perpeodirslar shocks

Finadly, & word of caution regarding ks dscinsion.
As the o imwted meerialoty for the measored spoctral
mdinm b between 0.1-0.3, 1t » therofiore not possible to
draw any frn conehsioms shout this issoe.  Espericlly,
wa poto Lhat the sioepen o replons e cornelaled with
the lowen sigmal to nolse raglons

1.3 Expunsion

Thore arm meny d¥firelits messering the expansdon
mate for the SNR sholl, hocmme the CARB and - pre-
CAlH data wore tnkon mmg diferot Iroment se-
tmpe &nd diffcrem hand.pass.  Tharefore, differnes
in BNR sholl stz st diffonmi epochs (ubowl 26 yvmrs
apart) aro diffimelt o disentengle from ihe above mon-
tinm oheervalion! and mdrumenisl ofocts.
Neverithodes, wi can plaee [bmils oo tho expansion
volcelty of ke sholl W compane the pre-CATE duia
with the CARH mmage duts, smoothmg the lower spe-
tinl resciwtos pre CAHBR image dute (4786 MHz) 10
the higher resnlmion of the CARR dsta (Gooo M)

for wn ogquivademt full width hel! mextmum [FYWTIM)
of 0.0 | preser msohition. we mierprel the msoh-
ing diffieroncos In our redio Imoge m@ due to motlon
(mihor than dun to brightming, mirmslc or netro-
menisl), thon our isUimale of the expansion veloztiy
Is 'm mngp of SOG-000kms ™!, the vahe v comablent
with the result of Willlams ot 2l (201%) 417t 3N km
s~ I Tarese yr 1), which ere based m Chn.nlln.
S-myy cbservatlone

3.4 Polarismitlon

Polurissiion s maulenlsied sing the Stcke parammen:

TR _.

A (2}
whoare P 18 the mean frostional polarsation, S5, Spr,
and 5y are micgrated mbmsitles for the O, U, snd
{ Sickes purametore.  The overnll frorticeal polun-
sation of N 1EHE b 221% s GO0OMHx and 23405
ot "0Mitze Thin 1= somewhuai higher than the
valne of 0% delormined by [hokel and Miloo | 1955)
il 4TEEMHz However, wo emphusise thai tho ATCA
palarisarion capatalities bark In 19931950 were dgnifi-
eantly lower. Alm, the depolarisation nffoct might play
n roie camed by difieremid Faroduy roteiion

Figure 4 shows polurisstion toiensity map at G500 Mkl

(4a}, frartloosl polarmtion mep s G500 Mt (4b], po-
Inrisation inlemslty map = 00MHx (4], amd fme-
ilonnl polarisafion map e 9000 MH= (4d). Al po-
lnctsmtion tmuges havin't hoen eorrected for Prraday
rotation.  'The avomge polariseiim tmensty ai GO0
and 9000 MHz are -0 and ~006, rspoctively. The
frartional polarimation map st 3500 MEHz reveals inoar
palarisaiion, partiecarcly where the emission @8 hrigh-
ol In 1ho esst wnd norb-west of the remmant. This
protably mdicates the existence of coherenl mRgpetis
flel:dle where the sholl Imparts the I5AL The so00 Mz
imags show lowor evels of polarisation, bt o similar
pattern of Intmmsity and dimedon with nepoed 1o the
o in: emisson

Note an mxeeption: the bright strumuone towamds the
wist {murked with red ellipso) i (total inbmsty ) bright
bol unpolarised. This siruriom B obviois n o oow
CAHE magss bt meleir o pro-CAREH mages. This s
due to the fart that our now CARE g have betlor
r=clition wnd lower AMS polse.  Anciber possihihiy,
bosnvor lism Dkady, 1s that thia reglos cther hrightenod
or cxpandod sgntimntly fesier then the nmt of this
remngnt. The lack of polansation mey mdicsde mtome
mad i thermal semsson coming, from this regm.
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Fag. 1 Lsfic ol cobmmum speetmm of SN N I0XH, Sam MWA and ATCA dets (Teble T). The bkck soldd lioc
shows & lower kash sqears bk m logenihmes spus, gremg the spuially isiopratnl specosl mde of () LT &=
The Empke NLDSA mxidd @ mproscnie] by & green o] bee, wkile the node] thel seures. bve differnt populatnes of
checiros is shows 8 deshesd md Eoe The reladie eros {meema] (05, unorisialy ineach Buzx demily omsummeni]
wre g [or U ereor hass on e kegeritkse plel. Sighe: Spectral index mag for 8100H b GBS0 My, showng s shallowes

inder whers the crossion = brighiost. The unceriainly oo = 2 012

1.5 Farsday Hotation and Mamotie Fleld Figire 5 shows the messured RM for N im@E - The

mesn valuo for M n this SNH s 200490 rad m2 {with

We rman messsne inlentellar megnetie Belds throogh o pesk of os@imdm-?). Similer 1o the polartsation,

tbelr effect on the propegriion of lmearly polersed me-  the grsuten miation messoy exn be ssen dose b where
diatlon. s the polertod emision from & modio source tho tolol Iniomity emision 1 bright ot

pas=s throogh & magnetizned, fonkeod plesme, the '|.|In.nr: Huving memsursd AW, we mn use Eqeathos 2 bo il

of polarsation rotatod duss to tho difereet phese yeloe- mmio the magnetic field strength. Tahlo 4 summarizes

tthes of the two polarmation modes. This Famday -  different mitmeics of Lhe elertron donmity of N 103H.

tution changes the posttion enghe of tho creeeion by uz- L1 et al. {2017} siimuted the mean eloetrom mumber

amoam which depends om the rotation meesure (RM):  density toward the opiles] keots or post-ahock ges. of

. N KEA to be ~500- H00em ™, Willlars ot ol (X14)

F : ealeululist the post-shook eas's eleetron mumber Jdensld
™ EH'DJ{ nete® “'I to b ~—i5em” E.-1.|.|:||5IIE dﬁu Someyw et al. (208 1]-;'|-:Il
whos RM i= In redm ™2, m, B tho cleciros deneity 1o ;I;:_.:::'d Lr:lﬁ‘l:“:; Lﬁi&u”l::mmLLﬂlllﬁﬁg ;IE]

em~ Hy | the bme of wight magnitie fickd streagth i e

A, L1 e b g s Py (L2 20t St 2010 g
rotating madium in kpe. The change in position angle.  peo s (pro-shock dematy), Thercfore, the Faraday
of et roteiion b8 through the shocked jonised gue, and thus
. ! FaRT ] tho n, relevant b= 4 Umes thet walme. That would makes
A= W It &4 e mo chser to van der Beyden ol ol (5002
Where X i tho observed pomition ango st wiociength  0F Willlams o al. {2004) estimate, snd narrow down
A and X, W the Intrinsie poaltion sngle of the po.  tho renge of magnotle foid. Them ts no doube that the
lartoed emtwmion, To oversome the n x amblruty 1= Fange of oy shows wide varloties bt some wre los appll-
memauraments of the poitson angl, wo require cheer-  eabile then others. The one for the opeles] knees [high
vatioms ab throe or morn welengths (Clarks 2004). D) &ne e small cdumps and not bkely rupreemting cthe
Tir endeviatn M, we split the 2048 My hendwidth ot oversl] medium density.

56500 MHz tnto throo G856 MHz sob baads (4817, G000, Using the sversge value of RM (2N red o), and
une G153 MHzx). L. ma ihe thickoess of the comproasad shell of the SHIE
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Fig. 4 ] Polasestios inbenety owp ol AR N 00H a0 50 MEHe. T

bimm of 174= 10X
N kSR AR

ui SO0 MEH=

{~1.Gpel, we fmd thai the magnetie feld sinmgih wed-
wo for N 108 wary from 008 pC o 22,1 pG, wiih mos
¥l = chutered wrommd 164 pic. The sporific valom are
sibown Im Teble 4.

We nlso me the epaperiiion formolaes ( Arbatine
it al. MEE Arbutiog of ). 0F Urodovld ot al. 215
n ety the _.1._::1|f. iz fleld srength for thas ENK
This dertvation is purdy sansdviloml, secommodated o=
pacrlly for the eitmation of the magnetic fel:d stroegtk
in S, The sversge spaiparition field over the whole

T H - SRR T TS FRE T T e T

The sllgse s the e b corse shows Ll gpnibessod bosm of 71008

wrrlors frrmegr] ererleel oa Sop of L inleesby map (gray sole] of FEA 5§ U3 w 9008 Ha
Lo ek sad abe Hue fme bekw U wlljee epnssia IR polensatios

ATrCA, 5500 MHZ :
5
L u
=
Q z‘
.S
.-'i--' - - .-. i ..||-
- ATCA D000 WHzZ :
| ‘ i
£
. g
=
'] ' ] .
et r..- - TL -

ke el in i lowe kefl cormer ehows the spnibesoaal

k) Freclecns! Polarssicon veciomn (omepe| onsiaid ca iop of the inicesily meg [pap senlke] of SNR
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palarsakicn
) Polarisstme indmeily meg of SNE N HIE
d! Fractional Molarsalion
The bl dipse = smiles

shall of N 'I'.1'-'I is ~235ull with on crotmated mini.
.—l.mlﬂn:-rE. Of Frpgm =63 801 org. T'hils waloe b= iyp-
iead of young SNHs with & strongly smplifiod magpetic
fleld. For oxumple, s comin and neyghbouring LMC
SNHLJoa09-67] hes on ostiomied avemige op@por-
titine magnotle field strengih of ~I68pll (Homwiio

"We ww the bBllowon NITGEE mluee 0-008° & I
Hpni =008 md 0% for a 0 we minsis the sroragy
eqeipeiitin feld of 2l wih en wihoaied minfmom e
gy of K= 1 42 1P " pry which @ proledls ceecwelbesia, b

ausr physol bachprmm gess leviler apipsiton aguenis
for = 0 Uireoties i b l. 30010
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Fig. 3 ENR NI10XE wi G300 MHx (grwy soxde) owrlazi with 9000 Mz conloars. The comtour lowely we 0.1, 0.2 00X
0.4, 05 0.8 and 0.7 mlyeoam ' The pink boos ropesscnt [ odoneed froos podtios angex sencinusd wih livos
polwimtion Al boxos haoe positive walucs, the sucimum wloe of BM w @460 cud 1 2. The Hue clfpes = the lower efe

corzer nepewvenix Lhe aynthoossd boewm of TBx 173

et al. 20:4b), while the much older (20-25Xyr) typela
MCENR Jocas- 6922 bas 2 magnetye S:d strength of
~28 pC (Boczetto @ al. 2014:) o the middlo-aged MC-
SN Josae 7007 where de Horte o al. {(2012) eviimated
the pguipartition magnetis ficld over the whoke shell to Table 4 Fictron density and magnetic Scld wrongth e

be ~a3uC. N 1S hasod om mowasions it imaten e Lhe cloctros dumsily
3.6 Ha aod X-ray Finiscon i Hebennos ]
(cm ) (C)

in Pigure 6 we compare our new ATCA G0MHx radyy 005000 Lactud. 20T} 93-0.0

By eI n.:‘--. to Hebble Snase Telossone He 15 Willisn of ol {2014) %4
°—'"-*’"““ml"- “f"{-‘---v '-(:1-_' ¢ Space r:"“-‘*--'?“- - AT  Sowmgywet ul (2014) 18.4-24

v - | ! 117 . e o M O S ’ . ) 2o
emissdon et al. 2017}, and Chandra 'soft', “medium . v der Heydes et ol (N0} 21564
and ‘bard’ X-my emisston (0.3-06, 0U.6-09 and 09 2.1 Someyw o wl (201 4] 82.1-18.4

7.0keV, respoctively). L4 et al (2037} have previously
shown thermad emission in Ha that corespomds to soft
X-ray emission scen by Lowts ot al. {(2003), and Is par-
ticularly prominent Lowards roglons with donse optics!




kpote Thise thermal signutores of an lonised cireem-
etullar madium are mot expocied te enm=mpond o the
N 1051 rudin omdsdon which trace o non-theresl com.
panont from electrons aecelemtod by the 3N shock

Noveriholess, some cormistion beiwers mdio contin-
wum and hard non-thermal X.mays is mpoctod. Az s
in Figurzad (0.5-7.0keY), the hard X-ray emiston fol-
lows the mehio emisson, but not pariioslarly elosely.
Although the lorpe-seale stnsctore of N H33H rdio con-
timmum emdsion W avidemly enhaneed in tho Western
part af SNH, comparing with other two frequency [op-
tiral wnd X-ray)] emissioes no oart/peecisn muatching
mn he seem. There mre many bnes (Na, Mg, 54 5, Ar,
even Fe K] o 0.9-70keV band, which actuslly o=t
likely dominades the emdsion from N ICSH. Perhope,
thds |s the main reason why even im tkat band thay are
oo particalariy striking madio-to-X-ray match

4 Comparison to Stmilar Age and Typela
SNHy

We comprre the morphological and phywiesl chameter-
imttex off young, typela SNEs including thelr symmetry,
uverspe frarilomal polarsstion, allgement betwoen X-
may, optizal & mdio emisson disiribetion io degomer-
rey models o lisind I Thide 6. Although, oo Brm ev-
idencan for surviying progenitor companions heve booo
found tm any of the proposed young typeln SNHa, we
"prediet’ the most hkely dopemereey soenarios based on
rommaon chamertorsiies @ found o the Morstore aml
repoctive meumptions therein™. Tehie & shows yuung
(nge < 1000 pesrs) type bn SNHe m the Milky Way and
the LA

(Nemeter- The SNHs from dor sample show meeson-
abdy stmiler stecs, which mosi Hely reflocts our selee-
tlon criteria of belng yueng ago (=<01000 yrs). Using the
sl inowr {or shighily s than Bner) ocpumeson ond
nspoming & cancnionl SN enengy of 107 enr, the sproad
in dlamsrter epnld bo more refferting difformt ags and
oxplogion enorgy

Spectni fnder  The spoctmal Indox (o) s smmilar for
the ENIis, with ashghi preference for older SNR havieg
shallower spectral ndlees. In partienlar, N 1053 18 wey
simillar 1o JOGOT-G730, with o = —0L7320482 (Boseiio
il ml. 3014k,

Similurly, tha mdlo spectml ndex among young
type i SMHx {sce 'Tableh) varios from QAT I the

"W ade ks et twmd =f 13wee young AN e oo
ftrm Lype s clesd feation sikler

youngest (Cadaetie SHIE GES4 03 1n 06 in the old
=t (SNIKE]. As oxpectad, the secomess of the mdio
sporiril Index b pruporiimal to their sill young nge,
bl we doo't seo any obvioes comnection between tho

pmposnd deponemey modol end spoctral index.

Morphology: The Galuctle myirooment plays un o
poriam roke In the L &l chenucteristies of an
mvuiving SNE. Intigmngly, the six other young typela
ENHs from this sampls are significantly more eireu-
lar and aymmatrie than N 103B, Lopex et sl {2001)
sgpesind & limk hetween the spherical tharmal X-ray
morphodogy and the remnam type, whem those SN1Es
r=uliing from & typela SN mploaion were momo sphor-
bl then those from CC mpemowe.  However, we
shouldn't forget that et wsch young sge of thoir evelu-
thon (o 1000 v} amy SN woold mep 18 ciroslar shape
ko soene dogron | Boseetin ol ol 20LT)

Je60e-6T31, exhibits on almost etrenlar Mdoughmie”)
morphalogy of 7.4 pe, with brightenod regions towurds
the south-western bmb and & serond brghsenad immer
ring which s czly soen 1o the mdic continuum (Bomasito
el ol. ‘Widb; Hoper ot al. 2015) 'Wo soe @ wery aimilar
morpholegy 1o ull cther young type e SNila from our
sample mecept W 10005, which ahows an ol asym-
meiric distrbeiion m deseribed oarllor.

We noe that Josmg- 6731 and N 103H, wme posmiioned
=1.b*and ~0 = respoctlvely from ihe LMC's maln opl-
ral bar, Wo might mpoct the exparmion rute of N I03H
i bu lesm than thati of JOME-GT31, since M 19 ocsted
closer to the mid-plene of the LMC whero the density
of pold gus and dust Is typlesdly higher thus o the outer
regions of dwarl irreguler galnxies. This eold ges may
be the reol of in-fall bm due to secular ovolalonary
pocoss evectmnlly comprmsed o form siers Gnd ae
tlme-scads [~ Cyr} doo to Gelactke disk instabdlities
ferm bar and spiral strecture typieslly foumd In ey
dnk prlexies. This tn turm could alwo explain the fact
that the oter mdio emizsioe of N 1038 B asymmit-
ric amd the lower frartionsd polersaiios foumd around
N MBA w compared o J030%-G73] sinee wind spocds
woirkd become trumeatot.

Tha angularskn of type la SKE= st this ertical stags
of ovolstion shows inlemsting tendenels.  Apari from
the oldest (SNIODG) and youmngest (G1.90.3) ENILs
from our sample, all five other SNREs have the mme
sz of T-4 po. Morphologically, we can e the evidmen
that M 102R &5 4 type Ia SO oxpiosion i enique {nmong
this sampie) for Ma axymmete appearenes. A plums-
ble explanatios, wsmeming the 3N mxplosion & of the 81}
typu, 18 that the nourhy glent companion stiar may bavo
profenmiislly ‘blecked’ the ooplston fmmi from foety
propagating o one direction, while in the other ha
ing evolvad relatively ‘umobsiructed' Inbe the 1541, Om
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average, this would make D) expansion velocitis sig-
ntficantly larger than they woald be for SD cvents with
apparent radil somewhat lwrger for 2 fived age. How-
over, most bydro-dynamical stmulations of SN typela
shock propegating show thal u gap from the proscnce
of the companton ¥ quickly “forgctten’. It's moee lkedy
that the ssvmmetries] structure of N 1038 comes from
the lerger scale environment (possibly affectod by the
progenitor systesm winds).

Polartsation and Magnedte Mickd: The sxpectation Is
that the typela SNR s expanding Into o hamogenoces
roguler megmetie fold and R & evolved In such 2 way
that thoe amblemt medium dominates the expansion.
The RM around the shell should be the same, with
g gradicot nlong the shall depending on the anghe be-
twaea the amblent msgretic flckd and e plane of the

a) Hobbls Spary: Tedescope Ha orage of NUTEA (Lt & 2017). B), c
0.9-7.0kcV mmagew of N 1GE (Lowo st ol 20003%. All immgen have ATUA 5500 MH

and d] Chnndex 0506 05 09 aad

|
_I
x mwdic contimmum costosse (thax stady]

sxy. In the cuse of & vicy wung SNI, the mugpetic
flekl should be mdial In 3-12 space, In which s RM
symunetry should be obeceved. Howowver, m our case
the megmetic fickd s conccotrated in the Wistern side
of the reemmant (figare 4). Therefore, we notiee that the
RM 1s distribeted in the west-side of the reomnam only
(figure 5)

Boszetto % sl (20014)) estunated the P wloe for
Joae 6731 st 5606 MHz of 26:613%, which & some-
what higher than e waloe for N BB (~8% at
s50OMHz). Thix miy be weakly correlated to wye,
stnoe JUS0S 6731 s & younger SNR {aimost balf the age
of N 12B). Howrer, the same fracticns! polarisation
vadue has boon olservad In ancther young LMC SNR
LHC 26 - both romnants are of approximataly the sune
age (Table 5). On the other hand, the young Calaclic
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SNHa show o deperity in P wmdos. The P owaloe for
the youngesi Calartio SNR (G119 (0.3) Is vory low In
comparison bo Tyoo and SN 1006 (soe Tublo 3} While
the diversity in # yaulues might be dee to tho difermer
tn tha ambim dewity eand age, 1 sbo may ndiolo
different types of SNe. Specifienlly, Loken of &l (2%
in prep) whow that the alleged typels SNIR Gl19402
might wricaliy bo the prodort of & com collapse SN
basod on HM, shope and strengib of Ha polarsation
YOIl

Previons otimats of magnetle ficld strengih im
N1MB wary betwemn (0082100 (Tehle 4). Yet 2
rmnper equipatrition feoll of 16402 was elimeted for
10656731 by Boxaetio o sl [2014b), which & still
lowor than oor ssflmain of N 100H ~25p0. A stmil.
lar milustiom ran be soom In other typeols SNita (Ta-
ble 6). Alkbongh this BNH b & mistbely young one,
the oguipariition msumpiion is pot so proper for the
detormimetion of the megnetic flokd stmmgth (1E can be
estimaied only to an cofor of mageitude (o Undavie
m al. 2085). e any oo, the cstimuoted walee of 16800
can he explemed by tho magnete Geld amplificathnm &t
the sirmog shock of the releinvely young snd highly lu-
minou SNIL Based om the young type ln SN 1o thie
sidy, we mn m sie any clear differcoces In poioriss-
tloo oor magnetic fidd ssnmgth that would léed on 1o
oonchale & distinet dilforence betwom single or douhle
degeneraie SN soonarios. Howewer, further stodios with
larper sample sizes and betier construinod perametcrs
wrn porpairee] do cuncluabvely rule oul asy conooction.

The mrfoce drightress fo dismefer disgrame The po.
shiton of LMC SNR N 1038 In the sorfece brightnes 1o
dimmetir (E- {7} diagram [ ¥
4.8 pc) by Puviovic o1 ol {201R], sugrests thai thie

R 1018 W3 L ar— 1

5 Errendof s ol $3018% 10] Paimodes nd el (S35, (11]

el al. (smaL 159 Bressise
_:I-Il ' Echaracrrle aa al

remmmant s n the ewrly Sedov phase, with an explosim
energy of 1-1.5<107 oy, which evnlvea m ar covinos-
ment with & demity of 048 -5.2.0m . Theso vahoes are
m mopictod ff M I-.'.l-:l-l:l Is Inlerwctmyg with o molorodar
clond {Zann ol xl 2018) where the averge density s
somarwhat Egher enmpaned to tho rest of fypela SNRs

This n=mlt s also n & good accordence with the ob-
servied stamp overadl radio spoctral indox. Actuslly, per-
tick wrelomtlon B most oficionot mactly In the mrdy
siagn of the Sodov-Taylor phase - In fact, In this evolu-
tionary sage, the paritele weelomlion & more efficlens
thun n the gierin dominutod froo nxpansion phese

O pstimale of N 1030 sirfhce brightnes (X =
rompanshlr 1o values fosnd for Gedactle rommants In
mrefied oovironments, such s LMC SN DICS-6T31
(B Lt " Wm— Bz ar-!, D=Tape), Tycho's
ENR (Y= a0 Wm el D-T4pe)
and Keplor's SNA (X~ 21Bx10 " Wm 2 Hz Tar
D=M 153 pr; Parlovis 14 sl {334

B Conchisions

in this paper, wi prodored new radio coot tirum Tmagss
for the yomy LMC SNR N HSH using ATCA CARR
datn wl compared them with pre CARB imegm. Cur
now tmugs ane o higher reoiotion and more sens-
tve tham previous image obinined by Dickal und Mine
{ 1993)

We sttrmated N 1GE mado spociml indme of
E7E2000 und found lee shape io be conenvo-up. We
mugpred that the most itkoly rowson B tho NLIEA of
forts or prescooe off twn different popolation of oltrs-
relaitviatic elecinons.

W foumd thal the mdic morpbodogy for thin SN s
maymmmetric which 1= difforent from other young typela




LMC ENHa soch ws Scmm-E£7301 o LHO = which ex-
hihit & etreoler morphology.

We plare an wpper fimiE on the oypansion velockty
of the SNR sholl and foumd oor waloo io be conslsiont
with that deiermined for higher spuiial resolutlon using
X-may deta  We deieet that the SNR N 1008 shows lo-
maimed ftneur poladsation, eposially s the oorih-west
dde of the romnant. The average factioned polariss-
ton for N 1S i 5600 MUz s 8+1%, which s shghily
higher than tke valse found by Dickel and Milng (1003)
tfoe 1o higher sensitivity. We also estmaie the P value
at 5000 MHz to be 13405 brienstingly, we fbond -
polarsed champa towards the soedh-wesi bright reglon
(Figmmo 4) which might b a relic of the 1nitisl mplo-
gos. Our new o walue e N 1OH & consistomt with
that of prvions siodies of 0755 and inltoae with
othoer ymumg typels SNHs.

In onder 1o esimaie ithe sirength of the megnetic
fiekl for 1l SNIL, we calrelaiod BM at thee frequim-
elis (4817, Go00, and G122 MIk} The mesn valoe of
M was 30020 mdm ™ and we esttmated tho mag-
petie field strength for the TNR 10 be ~16.4p0G. We
by srimaie the cquiparinion fidd 1o be ~X15u0 with
i minimum anergy of Epey =il a14¥erg,

Whan comparing N 1030 with other aimilar typela
SNHy wo suggent thut tho 80 1ypos could bo sommewhar
usymmetrical n uppearunce while THY are woll snd elr-
rulsrly shapesd

Acknowiodgomonts The Austrulian Compert Ar-
ruy la part of the Ansiraltan Telscope which 1a fundod
by the Commonweslih of Auvstralia for oporsiion s Ne.
tional Facility managesd by CSIR0. This puper includes
arcitvid dute obtained through the Anstralin Teleseope
(eline Archive {hitpcS/otos atnfrstrooon).  We osod

the xamsa aod smman softwere pacinpes devedopid
by the ATNF.
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