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Outline
0. LMC s great! DeMCELS is coming!

1. Stellar environments
C-C isolated B star progenitor
C-C isolated O star progenitor
C-C 15t O star in OB association
C-C Nth O star in OB association
C-C B star in OB association

2. Interstellar environment
3. Circumstellar Environment

4. Galactic Environment
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. Nearly face-on; small A,

50 kpc away; 1" =0.25pc
| —> clear, global view

—> stars can be resolved

LMC is a Land'of Milk and Honey
for SNR Researchers 1!

MCELS has served us for > 20 yr !
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@\' DeMCELS 7
Dark Energy Camera MCs Emission-Line Survey

DeMCELS MCELS
Blanco 4m Curtis Schmidt 0.6m
~2 deg 1.4 deg
0.27 “/pix 2.3 “/pix
Ha, [SII], F Ha, [O ], [S II], rc, gc
S. Points, T. Puzia C. Smith

An emission-line survey with SNRs in mind!
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Stellar Environments of C-C SNRs

e [solated O
e [solated B

e 15t O star in OB association
e Nt O star in OB association
e B star in OB association



Signatures of Classical SNRs

Bright diffuse X-ray emission
L, > 1035 ergs/s

Nonthermal radio emission
S, x V¢« x~ 0.5-0.8

Enhanced [S I1] 6716,6731 emission
[S II]/Ho > 0.45

High-velocity gas (Ha line)
ionized gas AV > 100 km/s



Evolution of SNR in a Uniform Medium
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C-C SNR N132D
The progenitor O star exploded in its bubble cavity.

Vogt and Dopita 2011, Ap&Sp Sci



C-CSNR N49

The progenitor was a B star w/o strong stellar wind .







N63A SN progenitor mass =2 30 Mg
(Dufour & van den Bergh 1980)

HRD (Oey 1996) =» SN progenitor > 45 Mg




C-C SNR in Superbubble N57

Superbubble N57 around OB Association LH76.

NGC 2020 . #  NGC2014 | % (- ...
(WR bubble) ‘ . v Superbubble ' o ° Image €redit: Ciel Austral Team

OB associations XMM detected diffuse X-rays.







HST STIS observations of SilV and CIV detected
absorption associated with SNR shocks.
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C-C SNR B0532-67.5

Nonthermal radio and X-ray, but no optical.
OB Association LH7/5.
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Li, Chu. et al. 2022, AJ



Declination (J2000)

C-CSNR B0532-67/.5

LH75 20-25Myr old, stars < 15 M
SN progenitor mass = 15 M, (B star)

" MOSAIC Ha 9
; X 10t
G i
-67°30'00" | RALO LaF O L i
67°30'00 R 11!
s \\( . 12t
. @A -
G el o
32'00" |+, s > 137
A9, B ‘
e T
S A I
© : (30-365)8
q- o) i o' 15¢
34'00" | - 9 K '-.@(1E§ s 19 t
g e o6
. [ ]
g : © g 16t
\\\\\\\ O i .‘ "/’,
_____ T s
., R : LY 175 00
5h32m40s 20s 00s 31m40s

Right Ascension (J2000)

, Chu, et al. 2022, AJ, 163, 30



SNR with a
B progenitor

O progenitor

SNR with an




Still holding onto the SNR doctrine and
dismissing nonclassical SNRs ?




Interstellar Environment

e 30 Dor BSNR (Chen, Li, Chu et al. 2023, AJ)
* SNRsin 30 Dor
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HST and Chandra View of 30 Dor B

HST Ha Chandra 0.5-7.0 keV
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(PI: E. Sabbi) (PI: L. Townsley)
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HST image resolves
The shredded cloudlet
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Chandra X-ray Image of Hot Gas in 30 Dor

Townsley et al. (2006)



Chandra X-ray Image of Hot Gas in 30 Dor

0.5-2 keV ACIS-I
MCELS H-alpha
(You-Hua Ch )
Spitzer 8 mic
(Bernha dB dI)

30 Doradus

Townsley et al. (2006)



Circumstellar Environment

CSM in Type la SNRs
(Li, Chu, Raymond, et al. 2020, ApJ)



rogenitor of
SN 1987A

Sk -69 202

The vicinity of the 30 Doradus nebula before and after Supernova 19874 appeared. The images were made with the UK 1.2-meter Schmidt in
Australia. Copyright Royal Observatory, Edinburgh, 1987. The arrow points to a 3-minute exposure of Sanduleak - 69° 202, once a
presupemnova candidate, and its companions. It was taken in 1983 by You-Hua Chu (University of lllinois) with the 4-meter reflector at Cerro
Tololo Inter-American Observatory. The image of star 3 forms merely a bump on the image of Sanduleak — 69° 202.



Type la SNR




[O 1]
5007

Balmer Shell and CSM Knots of N103B

[O 1] (5007)

[N 11] (6583)

[N 1] (5755)

[S 1] (6731)

Li et al. 2017, ApJ




Balmer Shell and CSM Knots of N103B

Ha (6563) J

[N 11] (6583)

[N 1] (5755)

[O 1]
5007

[O 1] (5007)

Li et al. 2017, ApJ




DEM L/1

Forbidden Line
Emission

2

Circumstellar
Medium

Li et al. 2021, ApJ
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Type la SNR
DEM L71

Balmer-dominated

Knots
- forbidden lines
- n_.~2000cm3

(S



Type la SNR
DEM L71

Balmer-dominated

forbidden lines
n.~ 2000 cm™3
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Balmer Shell and CSM Knots of 0109-69.0
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Origin of these nebular knots?
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Galactic Environment

Balmer-dominated Type la SNRs
LMC vs M33

(Lin, Chu, Ou, Li, 2020, Apl)



® Balmer: up to ~30 pc
B X-ray : upto~45pc

T T T T T T
|
|
AN1320 B LMCla
1038 o | A LmMccCc
: O MWla
|
g AN63A :
(7)) |
|
) 37 0540-69.35  AN4° |
@)) | 103B I AN49B _
b 10 ® N23 | :
O @V L714 |
519-69.0 |
g 5g7 . AN157B |40453-68.5
> () ' |
.": DKepIer |
8 Tycho AN159
o1 036 n 0548-70.(@) m0534-69.9 __ 35
é 0454-67.2 APEM 1241 1 5x10
——————————————————————————————————————— '————————————————
| A0520-69.4 3168 ]
S DEM L316Alg ARRe- i erg/S
— SEME o1 AN1'86‘VEM L238
- ‘ljo_nexcgwb AN11LAleo IETRAY 86 m(HP99]1139
E 1 035 L A0536-6914 05{?8'69'3‘DE|\1 L249‘053;-E7;|0L§18_
! f 1G1.9+0.3 ‘llb449-6920 . E
X I [SN1006 | APEM 1256
|
|
|
AlHP991483 :
10 34 | m0508-68.3 -
C I ]
- |
L 1 1 Lo L Iy 1 1 L]
4 5 6 7 8 9 1 O 20 30 40 50 60

Lin, Chu, et al. 2020, ApJ Size(pc)



[ [ [
o o o
W W W
(e)} ~ (o]

=

o
W
U

X-ray luminosity (ergs/s)

1034:

Lin, Chu, et al. 2020, ApJ

® Balmer: up to ~30 pc

m X-ray

up to ~45 pc
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MW  LMC  M33

Bright X-ray 2 5 0
(Thermal)

Faint X-ray 3 0 ?
(Nonthermal)

Small number statistics or real difference?



LMC is wonderful for SNR studies!

DeMCELS will provide superb
images of LMC SNRs!



