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1. Introduction

We present ongoing results from the Chandra ACIS Survey ot
M33 (ChASeM33), a 1.4Ms deep survey to investigate the small
and large-scale distribution of the Hot Tonized Medium (HIM),
the source populations that shape it, and their mutual interac-
tion. ChASeM33 (Plucinsky et al., 2007, astro-ph/0709.4211)
provides the highest angular resolution yet achievable in X-ray
astronomy (17) and has a limiting luminosity (absorbed) for
point sources of 1.6e35erg/s (0.35-8.0keV bandpass).

In this study we focus on the diffuse extended X-ray emis-
sion from NGCG604, the largest giant Hll-region in M33. The
multi-energy band X-ray imaging presented here is the deepest
obtained to date of NGC604 (300ks) and reveals an unprece-
dented level of detail.

We also show the first X-ray spectra of the diffuse emission
(0.35-2.0keV) which allow us to constrain fundamental pa-
rameters of the ISM, such as gas temperatures, densities, and
filling factors.

2. Results

The most striking results concern the spatial extent of the soft
X-ray emission and the remarkably good morphological anti-

correlation between the emission originating at soft X-rays and
Hao (see Fig. 1).
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Fig. 1: Left panel: Morphological anti-correlation between HG (red), Ha (green),
and soft X-rays (0.35-1.1keV, blue). Right panel: Three color high resolution (2”)
Chandra X-ray image (red: 0.35—1.1keV, green: 1.1-2.6keV, blue: 2.6—-8.0keV).

The soft X-ray emission is much more extended along the N-S
axis of NGC604 than previous measurements indicate, reaching
90% (=372 pc) of the extent of the Ha-emitting gas.

Figs. 1, 3, and 4 show that all cavities (C1-C3) and bubbles
(B1-B3) are filled with hot gas (see Fig. 5 for their locations).
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Fig. 2: ulti—wavelength comparison indicating that the bubbles visible in
Ha are filled with X-ray-hot gas and are powered by the central OB/WR-

stars. Yellow circles represent detected Chandra point sources (taken from
the ChASeM33 point source catalog (Plucinsky et al. 2007)).
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Fig. 3: ACIS-I contour maps are smoothed with a Gaussian filter of FWHM =2.0" and
are overlaid onto a HST-Ha-image of NGC 604.
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Fig. 4: The “broad”’-contour map (upper left) has been smoothed with a Gaussian filter

of 47 to highlight the overall extent of the X-ray emission.
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Fig. 5: Left panel: Spectral extracion regions
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Fig. 6: Spectra extracted from regions shown in Fig. 5 cover the range from 0.35-2.5keV.
90%-confidence contours are plotted for the total diffuse emission (label "T7).

Table 1: Derived physical parameters

Region kT FX,abs FX,unabs LX,unabs vV MX Ne (Cm_3)
keV 107 %ergs~tem™2  10%ergs™! 1090 cm? Mg Ix
(1) 2) 3) (4) (5) (6) (7) 01 05 08
Cl 0.325:-0.075 1.6&0.32 2.2#0.32 4520.72 125698 75451 0.33 0.15 0.12
C2  0.816:0.095 0.980.92 123092 24%183 3.620.77 19%85 0.29 0.13 0.10
C3 0.564-0.145 0.330.13 0.45%0.13 0.96-0.26 4.8%1.45 294135 0.18 0.08 0.06
Bl 0.616t0.168 0.2%0.08 0.3%0.08 0.62:0.16 1.46:0.14  8%28 0.27 0.12 0.09
B2  0.536t0.209 0.3&0.16 0.54:0.16 1.080.32 0.880.08 /118 0.33 0.15 0.12
B3  0.685:0.168 0.4740.16 0.5%0.16 1.180.32 3.140.32 17/%#64 0.23 0.11 0.08
T 0.683:0.016 3.740.36 5.32£0.36 10.6:0.72 26.4-0.72 1422182 0.23 0.10 0.08

Notes: Col. (1): All spectra were extracted from eventl@eaned from point sources to trace the pure diffuse ennsgols. (2):
Plasma temperatures are derived uskgpec and a phabs x nei)-model (Borkowski et al. 2001) and freezing the neutr.
hydrogen column density @y = 5.21 x 10 cm ™ (Gonzalez-Delgado & Pérez 2000). A conversion from (keV(K)

is achieved, using’ (K) = 1.16 x 10°kT (keV), with kT being the energy of a thermal source. Cols(3) and (4): Alesbrk
and unabsorbed fluxes are listed for the 0.35-2.0 keV eneagy.bAll uncertainties are given on a 90%-confidence levieigus
theer r or command inXSPEC. Col. (5): X-ray luminosities between 0.35-2.0 keV assunagstance to M33 ofD = 817 kpc
(Freedman et al. 2001). Cols (6)—(7): Estimated volume ameyXgas massMx is based on the electron density obtained if
filling factor of fx = 0.8 is adopted.

A morphological comparison between X-ray, FUV, optical, and
FIR emission (see Fig. 2) suggests that the bubbles and cavities
visible in Ha are powered by the massive OB and WR-star
associations in the center of NGC 604.

The diffuse X-ray emission (Fig. 6) can be well fitted with
a 2-component model consisting of a photoelectric absorber
(phabs) and a thermal plasma (nei).

3. Conclusions

e The Ha-emitting gas seems to confine the X-ray gas which
implies a high filling tfactor for the HIM. Adopting fx = 0.8,
yields n, < 0.1cm™ (cf. Table 1).

e X-ray luminosities and gas masses in the main cavity
(B14+-B2+C1+4-C3) are consistent with stellar mass loss from
~ 200 O/WR-type stars (including evaporation from ther-
mal heat conduction).

e The X-ray-enhancement visible in cavity C1 (Fig. 2) can
likely be attributed to a stellar wind which got hit by a
reverse shock after it impinged onto the Ha-ridge.

e As the high-pressure wind-driven X-ray gas is able to pene-
trate the whole volume it seems plausible to assume break-
out of hot gas on large scales.
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