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Composite |

Infrared & X-rays

Infrared

Credits: infrared: ESA/Herschel/PACS/SPIRE/). Fritz, U. Gent; X-ray: ESA/VXMM-Newton/EPIC/W. Pietsch, MPE; optical: R. Gendler
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M3 | — Andromeda galaxy

* First X-ray source catalogues of M3 1| with Einstein (van
Speybroeck et al. 1979, Irinchieri & Fabbiano 1991) anad
fE@IRSUbper et al. 1997, 2001).

* XMM-Newton and Chandra source catalogues (e.g., Osborne
et al. 2001, Kong et al. 2002, Kaaret 2002, Pietsch et al. 2005).

* New supernova remnants (SNRs) confirmed and resolved
with Chandra observations (Kong et al. 2003, Williams et al.
2004).

* SNRs In M3 1 have mainly been discovered in optical and
radio observations so far.



XMM-Newton

RGB mosaic image
fear2 - | keV,

SieCi | - 2 ke,
blue: 2 - 4.5 keV)




XNMM-Newton
survey of M3 |

* Large Program, Pl: W. Pietsch
+ archival data.

* 38 Observations.

RS Easlifes: > — 49 ksec.

* Sensitivity limit of 0% erg/s
[RRERER0i2—<.5 i<eV band.

* Source catalogue with 189/

sources (Stiele et al. 201 ).
* 56 SNRs and candidates.
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X-ray data

* XMM-Newton survey (Stiele et al. 201 |):

—SIN

Rs were identified based on X-ray hardness ratios

(Indicating soft spectrum) and cross-correlation with optical

anc
—SiIN

radio catalogues.
R candidates were classified based on the hardness ratios

dndad

the absence of a point source In the optical as potential

counterpart.
* Analysis of the X-ray spectrum of the brightest SNRs and
candidates.
* Iwo brightest sources allowed detailed analysis of their spectra:
—969 (SNR candidate, XMMM31 j004239.82+404318.8) and
— 1234 (SNR, XMMM31 J004327.93+411830.5).
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o1 Source 969 (00 42 39.28, +40 43 18.8) — NEI
1 — . 3

10-3 E

o: [KT =020 keV,

Counts/sec/keV

* Source 969: SNR candidate

with very soft X-ray M AL
spectrum. No optical s l|u¥£gjdm;ﬂﬂ_{ﬁ¢—l— |
: “ .l +‘+' = |

counterpart. . .

B nicwvith NEl or e

NPSHOCK model (kT =

e/ T = 2e8 s cm ).
* Low temperature: old SNR?

* lonisation timescale T = 2e8 s cm™ = 6 yrs cm. For an
assumed age of t = 10,000 yrs, ne = 6e-4 cm™, very low
density.
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* Source 969: SNR candidate
with very soft X-ray
spectrum. No optical
counterpart.

B nicwvith NEl or

NPSHOCK model (kT =

e/ T = 2e8 s cm ).
* Low temperature: old SNR?

* lonisation timescale T = 2e8 s cm™ = 6 yrs cm™. For an
assumed age of t = 10,000 yrs, ne = 6e-4 cm™, very low
density.
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Source 1234 (00 43 27.93,+41 18 30.5) — APEC+APEC

* Iwo APEC model components: %Om e
red. X 2= |.0,DOF =59 FUE o ]
° S -[:t lCCl ” d d 51041 _|<T| = 0.0/ |<e\/, T
oft emission well reproduced T, = 029 keV
* Emission from hot gas inside a L ‘u’ =
HIl region? ol '_Jfr'huIuj[._#{Hu.%ﬂfu.!ﬁJ:ipljﬁf‘ =
& TTJF'WJ[TTFTN}[ u |

Energy(keV)
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Source 1234 (00 43 27.93,+41 18 30.5) — APEC+APEC

* Iwo APEC model components: %Om e
red. X 2= |.0,DOF =59 FUE o ]
® S -[:t lCCl ” d d 51041 _|<T| = 0.0/ |<e\/, T
oft emission well reproduced T, = 029 keV L,
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SNR
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XMM RGR Hox S 1] [O Il S I/Hx
Optical emission-line images (Local Group galaxy Survey, Massey et al. 2006)
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Optical data

* Optical data: Local Group galaxy Survey (LGS @ KPNO
and CT10O, Massey et al. 2006).

* SNRs, like H Il regions or planetary nebulae, can be

bright In HX.

* Optical flux ratio [S lIJ/Hx > 0.5 for shock-1onised gas In
SNRs and < 0.5 for photo-ionised gas In, e.g., Hll regions

(Braun & Walterbos
@F D55 mages o

)5
ook for optical counterpart If no

(S data are avallable.
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XMM RGR Hox S 1] [O Il S I/Hx

[z rs IR e E R I o 182 00:39:23.50,+40:44:19.1 182 00:39:23.50,+40:44:19.1 4 182 00:39:23.50,+40:44:19.1 182 00:39:23_0#40:4:&1 9.1

® Q ® Q .

0 02 04 06 08 1 12 14 16 18 2

Optical emission-line images (LGS)
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XMM RGR Hox S 1] [O Il S I/Hx

Q Q Q
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New SNR
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Optical emission-line images (LGS)
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XMM RGR Hox S 1] [O Il S I/Hx
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New SNR
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New superbubble
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Optical emission-line images (LGS)



Clesslilcziien

* Confirmed 23 known SNRs.

* SIX new opt./X-ray SNRs: significant
HX, [S [I], and [O lllI] emission as well
as [S lIJ/Hx > 0.5.

* Two new radio/X-ray SNRs: radio
counterparts in Braun (1990), Gelfand
S8 2004,

* Four superbubbles: diffuse, extended
optical source with [S ll[/Hx < 0.5.

* Three sources are hard X-ray sources
with nerther optical nor radio
counterpart: no SNRs.
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0:30 6.;6,+4 0 .'
v,

XMM-Newton position on
VLA 20cm (M. Filipovi¢, UWS)
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“Distrution of SNRs n M3
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" Distriution of SNRs 1 M3
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" Distrbtion of SNFs n M3

o8 4

" x'x newSNRs (opt/X) (radio’X) . -~ " "' x x newSNRs (opt/X) (radio/X)
-+ newsupérbubbles .~~~ - = .+ newsuperbubbles
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" Distribution of SNRs in M3

’ |:|_ 

.+ newsupérbubbles © o oo w0+ new superbubbles
0. SNRcandidates. -~ - . . . . . 0O SNRcandidates
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 Distrbtion of SNFs n M3

o8 4

% new:SNRs - (opt/X) (radio/X) | = 7 o iRt new SNRs (opt/X) (radio/X)
~ 4 new supérbubbles « - sl o TaiEE e new superbubbles
B SNRcandidates. "~ 4 R S SNR candidates
e MO SNRS L.l T T SR R TR e no SNRs
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 Distrbtion of SNFs n M3

o8 4

% new:SNRs - (opt/X) (radio/X) | = 7 o iRt new SNRs (opt/X) (radio/X)
~ 4 new supérbubbles « - sl o TaiEE e new superbubbles
B SNRcandidates. "~ 4 R S SNR candidates
e MO SNRS L.l T T SR R TR e no SNRs
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Cumulative X-ray luminosity distribution of SNRs

* X-ray luminosity functions | AR ;
SRR RS and M 33 e
(ChASeM33, Long et al. P '

201 |; talk by Paul T ol
Plucinsky) are similar and S
seem to have a break at
about 103¢ erg/s.

* Relatively high number of oL

SRS 11 M3 3.

Lx(0.35 — 2.0 keV) [erg/s]
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2zl elEidelinen @ Sihxe

* Exponential decrease.

* Does not follow the distribution of
mass In a galaxy.

* Correlated with dust ring in M3 1.

14 + M31 X-ray 4 Ry = M33 X-ray Bag =
[ f(x) = C x* exp(=Bx) 1 20.62 kpc [ f(x) = C x* exp(=Bx) ]  8.29 kpc
i C= 136.4 i o C = 3407.0 o
121 a = 1.35 30; a = 1.91
he [ g = 386 0 : g = 813
=z 10F " R=1/8 = 0.26 = : + R=1/8= 0.12
2 : + + 2 +
o 8¢ o 20¢r
- s A+ e I
3 6 F 3 : ’
€ A = :
> L 3 L
= 4 B + = 10 N
-+ [
2; + L
: + : : + +
O ....................... ] O PRI T N WA ST U N R RS MW PR B .
0.0 0.2 04 06 08 1.0 1.2 0.0 0.2 04 06 08 1.0 1.2
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* Exponential decrease.

* Does not follow the distribution of
mass In a galaxy.

* Correlated with dust ring in M3 1.

‘|4:— M31 X-ray — Bag =
A f(x) = C x* exp(—Bx) { 20.62 kpc
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Infrared & X-rays
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Summary

* X-ray spectral analysis and optical flux measurements of SNRs and
candidates In the source catalogues of the XMM-Newton Large Program
Survey (Stiele et al. 201 |) using optical data of the Local Group galaxy
Survey (Massey et al. 2006).

* Eight new X-ray SNRs and four superbubbles confirmed.

* Three sources are excluded from the list of candidates.

* XMMM3 1 ]004239.82+4043 | 8.8: peculiar spectrum with low ionisation
timescale.

BRI 00452 7.9 344 | 1330.5: SNR in a Hilfregion.

* X-ray luminosity distribution and radial distribution of SNRs confirm that
— the SNR population in M3 1 is consistent with the star formation activities in this
grand-design spiral galaxy, which occurs in the spiral arms and thus in the
prominent dust ring, and
— the SNR population is larger in M33 than in M3 1| if scaled with the masses of
the galaxies.
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