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:Motivation and Overview

~

In order to understand galaxies in general, “one needs to -
- Investigaténearby galaxies on smalt scales with high spatial
resolutlon

Use Chandra to probe the global structun'e of the ISM, the
stellar populatlons that shape I, and investigate the sources
which show time varlablllty .

M33 is an ideal farget a‘ it is nearby gD 817kpc).
“moderately face -on (56°), and has low foreground and
internal absorption (NH < 2>c1021 cm- 2)

. Target ISscOMpact enough to be surveyed by a reasonably *
small number,of,Chandra paintings. . «

o Unlike the MW, all sourcee are at a cc{mmon distancé.
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Cover the inner part of M33
(r=18'=4kpc), Where high
resolution is.most important

o7 fields + 2 archival obser-
vations covering 70% of D25 -

«200ks per field (1.4Ms total)
eSénsitive to Iong-.term and
'short-term variability —

2 Visits per field (2 x 100ks)

- . S e N . $ . All OBsIDs
e . - < %
. ‘ % . merged

See also Plucinsky et al. (2008) = .
and posQer Cireles have 8: radii (PSF is <6").
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"The ChASeM33 source catalog

-Detectea ~670 X-ray
sources (Pi,etscu et al. 2004
cover D25, but detected only
408 sourges with XIMM)
“eLimiting sensitivity of

Lx= 2x103%%erg/s (0.35-8keV)

eMost sensitive- and
spatially best resolyed X-
ray survey of any galaxy

eSpectroscopic’ follow-up
observatibns: 125, optical
eounterparts have been
identified so far

.

diffuse X*ays
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Green: 1.1-2.6keV
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- Eclipsing X-ray Binaries

e TWO eclipsing XRBs found so far

8378 7171 7170 6386

7198 7196

e X-7 is the first detected ecllpsmg BH
XRB = - :

® X-7 IS one 6f the .two most massive

stellar BH XRBs knownI (16Msun with a
70Msun cOmpanion, Orosz et al. 2007) ,
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e Challenges our understandlng of BH

formation in binary systems (e.ge
Valsecchi et al. 2009). b -Such dlscoverles requwe long and

Y deep observations to *cover the
mgréss and egress of the eclipse
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Time (kseq " See Pietsch et al. (2006, 2009)
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.+ Transient X-ray Sources
e 9 transient seurces e i : R 7
were confidently detected - .~ =~ - - . . O e W

. . LV ; : : A . . | : ; 4 XRT- 2
e Most of them are rela- - i AR 3
tively faint HMXRBs

-1
gs

|

NO N & O

i

2004 2008
Year

10%e

n

with Ly < 3x103%erg/s
| SRS 1
. ThiS iS diﬁerent from » . XRT’ : | 2005.72 2005.73 200574‘ J’2[1'05.75 2005.76
. 27 Year
M31, where most transi- - * -

ents are bright LMXRBs =

e Differences are most .
likely due to the younger
XRB population in M33,
as tis galaxy has mo’
bulge and therefore no s _ i
old stellar population R
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See Williams et al. (2008)
for detailg. -
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. The SNR papulation_ in'M33

e M33 has 137 known or

suggested SNRS‘ ‘

e We detécted 74 SNRs in
X-rays (35-wéere known
before) -~ o

e We found 1 PWN  °
candidate

e There are no analogs to
Cas.A, Tycho, or the Crab
SNR in M33 3

e The largest hombgeneous
sample for'any galaxy so far-
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". The SNR population in ‘M33

~

e 7 SNRs with enough -
counts for a detailegk
< GKL98-21

spectral analysis_ GKL98-31
o GKL98-28/2.0

M33 SNRs

® GK| 98-21, the brightest
SNR (Lx=1.7x103%"erg/s),
seems to interact with'the
ambient ISM (Gaetz et al.
2007)
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* At least 3 SNRs have X-
ray spectra which show
enhanced abundances due
to gjecta froim typa I SNe

e Sample i€ complete for i 1 -
SNRs brighter Ly = 4-x nergy(keV)
103%erg/s :

S8e paper by Long et. al (2'009, submitted) and p.bster for details.
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". The SNR population in ‘M33

H_a* [SH1], [OIl] + radio deconvolved raw X-rays
* . * GKL98-21

@ :q - - i

GKL98-55

: These appear to be the most dlataru SNRs = 817kpc'§ | *
for which Chandra still resolves substructure! '

S8e paper by Long et. al (2009, sub_mitted) and p.oster for details.
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".The Giant Hil region: NGC604

eNGC604 is the largest

and most X-ray , 00
luminaus GHR in M33 - 30.0s
eDiffuse X-ray emission H 2008
is thermal (kT<0.5keV) - E 10.08
'.LX ~ 14X1036er‘g/8’ Only' § 30d47m00.0s
5% above 2keV * 50.0s
. ETELIER  HST (Ha, [NI)) +
eX-rays in the western cx0(9)

part (young)'are caused. -
by colliding stellar winds *
(consistent with :
standard bubble model)

40.0s
30.0s
20.0s

10.0s

eXsrays in the east (old)
aredikely dye to SNRs
and SNe (inconsistentw/ 50.0s
Standard bubble model)

30d47m00.0s

Declination (2000.0)

46m40.0s GALEX FUV

See Tiullmann et al. 3455 1h34m33.0s  31.5s 3455 1h34m33.0s  31.5s
(2008) arf¥ poster. Right Ascension (2000.0) Right Ascension (2000.0)
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". The Giant Hll regions: IC131

h= =4 T 1 T ' s T T T T J I
. ‘ . Ha, [0III]F6)07, )?:QO 35-8.0keV) X-ray colobimage\ (sz@ edium, hard)
: (0
*IC131 is the 2nd most : f

g

X-ray luminous GHRuin =) .
M33 ' E I
> < 30d45M00.0s 1
*Extent of the: X*ray. ~ . E
emission ~200p¢ =
i &

?No O-type stars inside .
the bubble
44m00.0s

- 1 Vi SN ARHOURMME 18.0s  1h33m15.0s  12.0s
*Age Of_the stellar - RPNy & e LT R Right Ascension (J2000.0)
population: ~8 - 77Myr ' i SOt .

b)

eOnly one point source
detected. Could be a
variable HMXRB * ¢

30d45m00.0s

eNature of the extended °
Xeray emission unclear

Declination (J2000.0)

44m00.0s P g TSy I \
- . 18.0s 1h33m15.0s  12.0s
~

Right Ascension (J2000.0)
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The Giant HIl regions: IC131

e Simple ~thermeil (kTe=4.3keV)
and non-thermal (F=2.1) models
fit equally well. « -

keV'

e L=8x10%erg/s, =40%-53% of
Lx are emitted aboye 2keV.

normalized counts s

- "

e IC131 is extreme fegardi'ng the “ o

combination of hardnes§ and
extent of the'X-ray emission.

e No close analogs.” Why not*
‘observed elsewhere?

) ® &
o Diffuse.X-ray em|SS|on remalns
puzzling. Serious’ challenge to
existing models.

normalized counts s-' keV-!

3

AS

Energy (keV)

grouped NUM_CTS=20, tbabs*(pow+gau+gau)
v v - v |

|

Energy (keV)

.- See paper by Tullmann et al. (2009, submitted) and poster.
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o .
: QUthOk (large-scale X-ray.emi's_'s'ion)

Spectral model: wabsapec+pc+wabs(apec+apec))
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diffuse X-ray emission L MMT ('u ‘ban"d)~' - L o '_,, Tl -

. lefuse X ray ‘emission appears to be thermal

. Best fit requires 2 components (kTs—O 26, kT&—O 76keV, ~25% are. 2
emitted by the hard component)

* Temperatures are typical for late-type spirals : .
..- : T Kuntz et al. (2010, in prep.)
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g ChA_SeM33. Data Products

First Look Catalog (Plucmsky et al. 2008, ApJ$ 174, 366) is public!
Download from: http: /lhea-www.harvard.edu/vlp_m33 Dubllc/home8 html
Included_ are: source® catalog (epoch only), source wet counts; fluxes, and hardness ratlos

The final source -catalog (Tullmann et al. 2010 in pr:ép) will be public!
Check http: /lhea- -www.harvard.edu/vip m33 public/ | in the near future.

The data release mcludes source "catalog, eventllsts for each source, their spectra (|ncI ARFs
and RMFs), and merged eventlists, images + exposure Mmaps (bin=1, in different energy bands).

-

Publicatiois o 1

. : e¢1st eclipsing XRB: Pietsch et al. (2006), ApJ 646, 420

. ' *SNRs: Gaetz et al. (2007), ApJ 663, 2342. : .
B oFirst Look paper: Plucinsky et al. (2008), ApJS 174, 366 . Sy
- Bl *Transient Sources: Williams et al. (2008), ApJ 680,1120 .
. . eGHRs: Tullmann et al. (2008), ApJ 685, 919
. «2nd eclipsing XRB: Pietsch et al. (2009), ApJ 694, 449 ” o

- *SNRs: Long et al. (2009), submitted .

*GHRs: Tullmann et al. (2009), submitted
eSource catalog: Tullmann et al. (2010), in prep.
eDiffuse X-ray emission: Kuntz et al. (2010), in prep.
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