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: .'SNe thelr remnants (SNRs) together W|th progenltors and Iocal enwronment_‘f.‘
Cooin wh|ch they evolve are, stlll one of the most puzzllng quest|ons in modern-'j:-j-_..'___
';.'aSterhYSICS o o . |

; "il'_.What klnd of oartlcles we. can detect rlght now and what |s the future of SNR--_ o
'Phy5|cs wrth the’ next generatlon of telescopes (read CTA eROS|ta & SKA)? '

e _'.,Our prellminary results shows: an- extraordlnary dlscovery that some- young ,

- f‘(Type la) SNRs are expandlng twice faster then" the theoretlcal predlct|ons

e ThlS could di ctly confronts: and challenge our understandlng about the"j "_'-'..:'_
ﬁa{isron ofUnNerse? e e iRy o g

© . From high energiés to long radio waves.? SNRs are continue-ta surprise us! -

. e

.. "SNRs, Beograd 2016 e



- The CRAB Nebilla and {RCIN
ﬁ ___'-'cover Up in the hlstory of sc.; g

24th June 1054 and the East V\lest Sch|sm : __“~_-f-_'*"-

i x Fdr many days Venus and SN 1054

occupled symmetrlc pdsmons W|th

(Solidus A - ' respect to the Sun'- i
.-Two va rletles o]

I_'Out of the 4000 known coms |n 20 the emperor 'S face IS S|ded by twe

Smeetrlc stars SES A e Set el cea el S el
' sl e ,-4QLO(§'§‘45_§§§I£§2EW>§-_>'X_'= 2‘_3—,_days,u-l.-;.-_ * R



SNRs, Beograd 2016

Flg 1 Haynes+1992

In this bark painting, the
lower oval represents the
Large Magellanic Cloud,
the camp of the Jukara
man, while the upper is
the Small Magellanic
Cloud, the camp of the
Jukara woman. Between
the two camps lies the
cooking fire (probably the
star Achernar with a ring
of surrounding stars)
with burning logs and the
emblems of smoke leaving
the fire.
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LMC cqmbmmg maps of

neutral atemic hydt:ogen gas (red),

- hydrogén jonized: by nearby young stars (blue),
moiecular hydrogen (green)
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| Composite image produced by T. Wong, using data from the MCELS (C. Smith et al.), ATCA-LMC (S. Kim et al.), and

MAGMA (T. Wong et al.) projects
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The dlfferent phases of the ISM in the Small Magellanic CIoud

Blue 0 2 1.0 keV (XMM)
. green: Ha (MCELS) and a, >
i-red= HI:(ATCA+Parkes)

N
Q
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~ Our business started in 1968 =«

286 D, 5. MATHEWSON AND J. R. HEALEY

telescope at Mt. Stromlo. There is no central exciting star and it has a looped fila-

mentary appearance characteristic of some remnants of galactic supernovae. It is
therefore suggested that N49 is a supernova remnant and it is the first extra.
galactic “‘radio” supernova to be discovered. Cassiopeia A, the well-known galactic
supernova, which has a similar spectral index to N49, would be five times more
intense if placed at the same distance as N49 (55 kpe).

; : : SN RS, Béograd -2,(.316 ; :



.'_".';:.'-&M31 Drckel 1968'and 70-ties -

I\/Iy lrlef Extragalactlc SN Rsf,,;;

60 ttes Fesen+ DOplta+ OI?Uca‘WOVk i I

il (soft Xerays from the M C) ' f
5 1987A - uﬁ,:;gef;;~;~q;J,v,;,

':{'"Chu&l(e,nnlcutt 1988 I\/ICs SNR enwronments
- Dickel+ 1993+ I\/Iag Fields of MEs SN Rs

- 5 Prompt tyiggile "'Bbrkowsk|+ 2006)

.»: Chormuk&

aikongh J010:6M N335

r.:_"_"f:-'OtheJr nea rby Galames SN Rs Leanldakt+ 2013
-";;;-"-:"'_:Expansmn of IVICSNR 05@9 675 (H(pvey+15 Roper+16)
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TYPE CLASSIFICATI.N OF
MAGELLANIC CL'UD SNR

CORE. COLLAPSE A e

PRESENCE OF A PULSAR OR OTHER COMPACT

REMAINS IN-A: REGIQN OF YOUN G STARS e
()XYGEN RICH o !

| Y‘SPECTRA SHOW: TANES B HIGHLY IONIZED
INTERMEDIATE MASS ELEMENTS:- e S
BALMER DOMINATED N OPTICAL e _-

. SNRs,Beograd 2016 - - _
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30 Doradus = The Iargest star-formlng reglon of the LG o '
SN 1987A CIosest naked-eye supernova smce Kepler m 1604 i
i Ab.out 60 WeII establlshed and 20 good SNR candldates .-
‘ R 136 R One of the densest steIIar cIusters ever known e
‘ - The most masswe stars ever‘ observed Eie

reds: jHII reglons % *-'.".:

- More than a dozen superbubbles e b T

; ' "'20 supershells and a, hundred glant shells : i i _ I- .

__"r_-_° Two most powerful pulsars known, W|th PWN (N157B and 0540)

;. ,..'-._"'I"".-.‘--._- 4 ..I' '-.-. B " X Ny
s +~ SNRs,Beéograd2016 "+ ' L )



--_What are the processes and S|tes m WhIC f@t’he

bulk of CRs are acce|erated ’?

H oW do CRS propagate away from thelr

o m ed lu

o .-I'_"?_._fsources__and mteract wrth the mterstellar

_'_"__;What is. the nature of dark matter ? .
-:fiTvloe ta j_fj. e

Y i -SNR.'s, Bfeogra-d:Z(lJlG : Mg _ ¢



. Cosmlc Ray propagafion
of dark matter
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% of dark matter (- factor”) | L
e l-'.-'h-_Targets*WIth IargerJ factors prodUce Iarger DIVI ,Slgnals

i
SRR
-l o

S

8L 'The MCs is: an extremely promlsmg target for a search for gamma raya f,rom DM o
i "annlhllatlon Chin . ; it e *
.' 'The expected DI\/I flux depends on the partlcle prppertles of DM and the DM

: .dlstrlbutlon y ] .

' _f'.The mast favorable tareets ef Dl\/l searches are nearbv and have Iaree concentratlons i

_r'.- A
g

» .- The J-factor"of the Galactlc Center can be as Iarge as Ioglo(l) 2 23
* " Thel- facte F‘f'the LI\/IC may be as hlgh as lorgw(J) =:20. Fen i

. "-'_,_Dwa;f gala'x : ﬁef the I\/Iliky Way, whlch have been. con5|dered extenswely |n dark
fint” I.matter searches: because of their known ]ocatlons high dark Matter denSItles and
5 low: backgrounds typlcaHy have much smallerJ facters of IoglO(J) 18 19

'Thls 5|mp|e comparlson suggests that the LIVIC could yleld strong sen5|t|V|ty to DM

. S|gnals from the LMC,-dnd also complements the dark matter search that will be .

" performed:in ‘the Galactic Center and in dark matter cIumps by prowdlng a d1fferent ;l i
5 -target with dlﬁerent uncertalntles and systematlcs 1n the anaIySIS e

.« SNRg, Elﬁeogra-d:Z(IJl6 e
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Right Azcenzion (J2000)

Two separate obServatlons lmaged (Stokes vV vs Stokes-])
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Introduction Astrophysical Relevance of SNe and SNRs

™ * Result of supernova explosion

-
&‘1 ‘4) « Core Collapse

* Thermonuclear (type la—SD, DD (prompt) or lax)

F ° Ilmnartant catirca nf niiclancunthacic nradiicrte and anarov in tha ICN
‘ . ||||PU| Ldlil OUUI LT VI IIULICU.)YIILIIC.)I.) Pluuubl..) aliu CIICIsy I L1IT 191VI
L]
: u‘t\ * Trigger star formation
-
‘i k 1 d . . . .
- * * Provide details of explosion mechanism

Used as standard candles in cosmology

N132D

* Magellanic Clouds

* |deal Laboratory

*Data from Chandra SNR catalog * Nea rby ~50-60 kpC

SNRs, Beograd 2016



Supernova

lifetime that releases ~10°! ergs of
energy

Can outshine entire galaxies (which
may contain 10! stars) for a brief
period of time

Important part of the chemical

~in the ISM

Occurs 1-2 times a century in a galaxy
like the Milky Way

Image credit: N. Suntzeff

SNRs, Beograd 2016



TYPE CLASSIFICATI.N OF
MAGELLANIC CL'UD SNR

CORE. COLLAPSE A e

PRESENCE OF A PULSAR OR OTHER COMPACT

REMAINS IN-A: REGIQN OF YOUN G STARS e
()XYGEN RICH o !

| Y‘SPECTRA SHOW: TANES B HIGHLY IONIZED
INTERMEDIATE MASS ELEMENTS:- e S
BALMER DOMINATED N OPTICAL e _-

. SNRs,Beograd 2016 - - _



Supernova

- Thought to occur in small C/O white
dwarfs in a binary system

- Detonate when they reach their critical
mass known as the Chandrasekhar limit
(~1.38 Mg)

SNRs, Beograd 2016

- Thermonuclear detonation

Image credit: NASA




Supernova

g Thermonuclear detonation _

mass known as the Chandrasekhar limit
(~1.38 Mg)

SNRs, Beograd 2016



Type la SN progenitor have many questions

Type la SN
many questions

" What is the nature of the progenitor?
-- Double Degenerate or Single Degenerate?
< -- prompt or delay channel?
What are nucleosynthesis?
_ What is progenitor metallicity?

etc...

Chu+14, Badenes08 proposed a new method to measure progenitor
metallicity from the Cr and Mn lines from SNR in X-ray spectra.

SNRs, Beograd 2016



So, how to find progenitor of

Type la SN from its SNRs??
@

SNRs, Beograd 2016



Supernova

. Core collapse detonation

- Found in regions containing young,
~ bright stars (e.g spiral arms) and
therefore, from large [
M>8 M@

Once the star exhausts its nuclear fuel
~and move from exothermic reactions
endothermic (iron) e.g they remove
kinetic energy and therefore, fluid
~ pressure

With no gain of energy from the fusion of
iron, gravity wins and the star collapses

SNRs, Beograd 2016



Core objects

= Neutron stars and black holes -

neutron star will be observable as a
pulsar

- Stars who go supernova w re >
3M will collapse even further to form a
black hole

Image credit: Dana Berry/NASA

SNRs, Beograd 2016



Introduction SNR Signatures and Instrumentation

X- ra y *  XMM-Newton

* Chandra
e Diffuse thermal emission L {OAYAVE

O pt i Ca i * NOAO (MCELS)

LAY
* Optical line; enhanced [SII]/Ha * SALT .
e High-velocity gas (> 100 kms™) *  MSSSO (WIFES)

[ )
Radio O o

*  MOPRA
e NantenZ2

IR (spitzer, Herschel) N

SNRs, Beograd 2016

e Non-thermal (synchrotron) radio emission




. EXTENDED GENERALLY SHELL -LIKE OBJE 3 f'- o
i ‘ ;,_. - ~0:3.PCFOR:1987A TO.158 PC FOR DEM L.203 L

Sl 1 XLBCAS 4 ARCSEC AT THE LMC AND 34 ARCSEC ..
,_--'f.'.-?_-‘_AT THE SMC) Sea s s

- ‘::._I‘-'j.ff;_'_—'THER- '.""AL XRAYS - TYPICAL TEMP 1 keV
e ,-"'-WITHAEARGE SPREAD e

257 Y FEATTER RADIO SI NON THERMAL
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S | Individual SNRs

LMC SNR 0509-67.5 Type la, ~400 yr

Bozzetto+ 2014, MNRAS

Morphology Polarisation Spatial spectral variations
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Smoothed difference image (2007 data - 2000 data)
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What Can'We Learn from Expansion‘index? - =
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| Individual SNRs

LMC SNR 0536-7038
Type la, ~13,500yr

Bozzetto et al. 2014, ApSS
Morphology ATCA 6cm Magnetic Field a =-0.52+0.07

CC-PWN, ~760yr

LMC SNR 0540-6919

Brantseg et al. 2014, Ap)J

Morphology Star Fbrmation History

g z-0.001

7=0.0025
N 7=0.004
B 7-0.008

eclination
SFR (10” Maun/yr)

o~ 30 100 1000
Right ascension Age (Myr)
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Results | Individual SNRs

SMC SNR 0127-7332 (SXP 1062)

Haberl et al. 2012, A&A

SNR around Be/X-ray binary,
Oxygen-rich -> Type Ib? '
Neutron start with a spin of 1062sec
<25,000yr

ATCA XMM
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Results | Extent
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Results | LMC Population

Image: ATCA—Parkes 21 cm observations from the HI Magellanic Cloud Survey (Kim et al. 1998, 2003 for details)
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Bozzetto et al. 2013, MNRAS
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& & i ’&‘- 'y *  Re-measure fluxes and

ozzetto et aI 2014, MNRAS" Pt "

diffuse remnants
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©
Kavanagh et al. 2012, A&A

. Published new SNR

o - . Published additional data

Bozzetto et al. 2013, MNRAS
[ Unpublished
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| Multi-wavelength Detection
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Extent
Multi-wavelength Detection
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Results | LMC Population
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SMC XMM-Newton Survey'
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Results | SMC XMM-Newton Survey
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Extent
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Extent

. Ovality Distribution LMC SNRs -
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| Spectral Index Distribution

LMC (59 SNRs) SMC (19 SNRs)
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| Evolution and statistics

SNR Diameter Evolution -- LMC
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| Evolution and statistics

SNR Diameter Evolution MCs+MW
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100 1000
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| Evolution and statistics

Average Expansion Velocity vs. Radio Spectral Index (LMC)
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| Evolution and statistics

LMC SNR RC Luminosity function
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Fig. 18.— Luminosity function for a sample of 40 LMC SNRs at A = 20 cm, represented
by a blue dashed line. The two solid black lines represent the power law fits to the two
components above and below the break at 55 mJy.
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| Evolution and statistics

LMC SNR equipartition evolution models
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I | Evolution and statistics
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I | Evolution and statistics

2 — D Distribution SMC SNRs
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Results | Evolution and statistics

2 — D Distribution MCs SNRs
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| Evolution and statistics

> — D Distribution ALL extraGal SNRs
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Results | Evolution and statistics —-LMC Type la SNRs

Borkowski+

SNR B0509-67.5 SNR B0519-690 N103B DEM L71
o ® ’ m
| 400 yr 600 yr ~800 yr | ~4400 yr
B0548-704 SNR B0534-699 DEM 1.238 DEM 1.249
~7100 yr ~10100 yr ~13500 yr ~15000 yr ?

Borkowski+
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[HP99] 1139
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' 3

> 20000 yr ?
Maggi et al. 2014, A&A -——

MCSNR J0511-67359

‘v
> 20000 yr ?

Maggi et al. 2014, A&RA——

MCSNR J0508-6902

-

~23000 yr

Bozzetto et al. 2014, MNRAS—

Image from Maggi et al. (2016)
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| Fe-rich LMC SNRs

X ray spectra domlnated -'
by Fe-L em|55|on lines =
Thermonuclear SN (Ia)

normalized counts s™' keV-! |ESSE_..

x(c)

MCSNR J0508-6830

x> /v =1517/1554

vapec model
kT =.0: 7 keV
Large Fe abundance

normalized counts s~ keV-' |EESSEE-.

x(0)
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Star Formation History

Star formation rate vs. cosmic time (from the LMC SFH maps of Harris & Zaritsky 200
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Results | Star Formation History

Credit: P. Maggi 2014
CUMULATIVE X-RAY LUMINOSITY FUNCTION LUMINOSITY VS. X-RAY TEMPER ATURE
——tem 7 7 11 “H-Rdiagram”, as in Arbutina (2014)
|| %rgbablaIa I FES T T L e T
probably CC

asde[jo-3107) —=

adiysanmua],

log{unabsorbed 0.3-8 keV luminosity) [erg/s]

<= 2] adA)

le+34 le+35 le+36 le+37 1e+38
Unabsorbed 0.3-8 keV luminosity {erg/s) kT of thermal emission (keV)

« The population of definitive and likely type la SNRs dominates the faint end.
¢ At same temperature, type la SNRs tend to have lower luminosities.
= Likely an effect of the low density media where type la SD explode, compared

to the denser star-forming region hosting core-collapse SNRs.
SNRs, Beograd 2016




Future Work

* Have an in-depth look into this new class of Type la SNRs proposed by Borkowski+ and see if we find
any deviations form normal Type la remnants in the radio-continuum

* A better study of magnetic fields of SNRs,
tracking evolution and observing the difference
(if any) between the SNR types.

* Try to better constrain statistics by taking into
account the local ISM density

 CTA + ASKAP/ATCA/MOPRA/MWA + eRosita + ...
SNRs, Beograd 2016
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A universe
made for life?
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