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ABSTRACT

We present X-ray properties of NGC 300 point sources, extracted from 66 ks of XMM-Newton data taken in 2000 December and 2001 January.
A total of 163 sources were detected in the energy range of 0.3—6 keV. We report on the global properties of the sources detected inside the Dys
optical disk, such as the hardness ratio and X-ray fluxes, and on the properties of their optical counterparts found in B, V, and R images from the
2.2 m MPG/ESO telescope. Furthermore, we cross-correlate the X-ray sources with SIMBAD, the USNO-A2.0 catalog, and radio catalogues.
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1. Introduction

Studies of the X-ray population of spiral galaxies other than
our Galaxy are of importance especially for the understand-
ing of the formation of X-ray binaries and other X-ray emit-
ting sources. NGC 300 is a member of the Sculptor galaxy
group. Due to its small distance (~2.02 Mpc; Freedman et al.
2001), the SA(s)d dwarf galaxy NGC 300 is an ideal target
for the study of the entire X-ray population of a typical nor-
mal quiescent spiral galaxy. The major axes of the D,5 optical
disk are 13.3kpc and 9.4 kpc (22’ x 15’; de Vaucouleurs et al.
1991). These studies are even more simplified by the galaxy’s
almost face-on orientation and its low Galactic column density
(Nu = 3.6 x 10 cm™2; Dickey & Lockman 1990).

The first X-ray population study of NGC 300 was per-
formed between 1991 and 1997 with a total of five ROSAT
pointings (Read & Pietsch 2001). The total exposure time
of these data was 46ks in the ROSAT Position Sensitive
Proportional Counter and 40 ks in the ROSAT High Resolution
Imager, all with a nominal pointing position of ajpo =
00"54™m5250 and Ojp000 = —37°412470. In these obser-
vations, a total of 29 sources was discovered within the
Dys disk, the brightest being a black hole candidate with

* Tables 1 and 2 are also available in electronic form at the CDS via
anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsweb.u-strasbhg.fr/cgi-bin/qcat?]/A+A/443/103

http://www.edpsciences.org/aa

Lx = 2.2 x 10®¥ergs™ in the 0.1-2.4keV band. Read &
Pietsch (2001) also identified a highly variable supersoft source
and other bright sources coincident with known supernova rem-
nants (SNRs) and H 11 regions. The luminosity of the residual
X-ray emission, probably due to unresolved sources and gen-
uine diffuse gas, has been estimated to Lx = 1.2 x 103 ergs~!
(Read & Pietsch 2001).

More recently, NGC 300 was observed with XMM-Newton
on 2000 December 26 during XMM-Newton’s revolution 192
and 6 days later during revolution 195. Some previous results
of these observations have been presented by Kendziorra et al.
(2001) and Carpano et al. (2004). Data on the luminous su-
persoft X-ray source XMMU J005510.7—373855 in the center
of NGC 300 were presented by Kong & Di Stefano (2003).
In addition to these X-ray data, observations with the 2.2 m
MPG/ESO telescope on La Silla were performed. Here, we use
archival images in the broad band B, V, and R filters.

In this paper we report a catalog of the NGC 300 X-ray
point sources obtained with XMM-Newton data, as well as
their optical counterparts. The aim of this work is to present
a deeper broad-band catalogue of X-ray selected sources in
NGC 300 to facilitate further population studies and searches
for counterparts in other wavebands. Detailed studies of se-
lected X-ray sources will be presented elsewhere (Carpano
et al., in preparation). The remainder of this work is orga-
nized as follows. Section 2 describes the observations and data

http://dx.doi.org/10.1051/0004-6361:20042162
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reduction of the X-ray and optical data. In Sect. 3 we describe
some global properties of the X-ray point sources detected in-
side the D,5 optical disk as well as of NGC 300’s central diffuse
region. The analysis of the optical counterparts of the X-ray
sources is presented in Sect. 4. Tables of the X-ray and optical
properties are given in Sect. 5. We discuss our results in Sect. 6.

2. Observations and data reduction
2.1. X-ray observations and data reduction

XMM-Newton observed NGC 300 during its orbit 192
(2000 December 26; 37ks on source time) and orbit 195
(2001 January 1; 47 ks on source time). For both observations,
all three EPIC cameras were operated in their full frame mode
with the medium filter. See Turner et al. (2001) and Striider
et al. (2001) for a description of the EPIC cameras. The aim-
point of the EPIC-pn camera was centered on NGC 300, using
the same position as that of the earlier ROSAT data. The good-
time-intervals extracted from the MOS light curve for revolu-
tion 192 were also used to filter the events list of the pn-camera,
leaving 30 ks of low background data for each of the three cam-
eras. The particle background during revolution 195 was low,
resulting in net observing times of 43 ks for the two MOS cam-
eras and 40ks for the pn-camera.

We reduced the data using the standard XMM-Newton
Science Analysis System (SAS), version 6.1.0, using the
epchain task for the EPIC-pn and emchain for the MOS
cameras. Spectra, images, and lightcurves were extracted using
evselect; we only consider events measured in regions away
from the CCD borders or bad pixels (FLAG = 0), and only sin-
gle and double events for the pn camera (PATTERN < 4) and
single to quadruple events for the MOS cameras (PATTERN <
12). The Response Matrix and Ancilliary Response files are
created with the rmfgen and arfgen tasks using the newest
available calibration files.

2.2. Optical observations and data reduction

NGC 300 was originally observed between 1999 July and
2000 January with the 2.2 m MPG/ESO telescope on La Silla,
Chile, for the ARAUCARIA project (Pietrzynski et al. 2002a),
an attempt to fine-tune the cosmic distance ladder by compar-
ing different distance indicators such as Cepheids, blue super-
giants, the tip of the red giant branch, and planetary nebulae for
various nearby galaxies. The data we used for this work was re-
trieved from the ESO archive. The reduction was performed in
the framework of the Garching-Bonn Deep Survey by Schirmer
et al. (2003), who also comment extensively on the data re-
duction. NGC 300 was observed throughout 34 nights, which
resulted in 11h (110 images), 10.4h (105 images), and 4.2h
(42 images), in the B, V, and R filters, respectively. The ob-
servations were centered on @jig000 = 00"54™50%, 8120000 =
—37°40'00” with a field of view of 34’ x 34’. The average
seeing in the B, V, and R data was 1”1, 1”1 and 1”0, respec-
tively. The absolute astrometric accuracy of the optical images
is ~0.25 arcsec. The relative astrometry accuracy is about ten
times better.
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3. Properties of the X-ray detected sources
and the diffuse emission region

3.1. Source detection

Event and attitude file of each instrument were first merged for
both orbits 192 and 195, using the SAS merge task. This ap-
proach is valid since both observations have the same pointing
direction and the difference in position angles between the two
observations was very small and consequently the effect of the
varying point spread function of XMM-Newton on the result-
ing image is small. Point source detection was then performed
using a maximum likelihood approach as implemented by the
SAS-tool edetect_chain. We ran this tool simultaneously
on the data from all three cameras, setting a maximum like-
lihood threshold of 10 in the 0.3-6.0keV band. After removing
sources associated with the cluster of galaxies CL 0053-37,
a total of 163 sources were found, of which 86 sources are
within the D5 optical disk. As it will be shown in Sect. 3.3,
our detection limiting flux in the 0.3-6.0keV energy band is
Fosz—s ~ 7% 107 %ergecm™2s™! for sources inside the optical
disk.

We adaptively determine source and background regions
with the SAS region task, using an elliptical locus to approx-
imate the spatially varying point spread function.

Figure 1 shows the V band optical image of NGC 300 and
the contour map of the merged X-ray raw image from both or-
bits and all three EPIC cameras in the 0.3-6.0keV energy band.
The D,s optical disk and the sources detected inside the disk,
which are numbered in order of decreasing X-ray count rate as
determined by the edetect_chain, are also shown.

A summary of the properties of these detected sources as
well as their possible optical counterparts is given in Table 1,
described in detail in Sect. 5.

3.2. Color—color diagram and X-ray fluxes

Any classification of the detected sources as well as the de-
termination of the source flux require an understanding of the
spectral shape of the sources. Due to the low count rates of
most detected sources, formal spectral modelling is only possi-
ble for a few of the brightest sources (these fits will be shown
in a subsequent paper). We therefore rely on X-ray color—color
and hardness ratio diagrams in the determination of the flux and
the spectral shape.

In order to determine these quantities, we first derive the
background-subtracted count rate from

C(I)src C(I)backBsrc

CR(I) = - , (1)
Tsrc Tback B back

where C(I) is the total number of counts in channel I, T is
the exposure time and B is the area from which the source
and background data were extracted, as given by the BACKSCAL
keyword (see below). The subscripts “src” and “back” denote
the source and background, respectively.

The BACKSCAL keyword present in the XMM-SAS pro-
duced spectra is defined by the geometric area of the source
extraction region minus the bad pixels or CCD gaps laying
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Fig. 1. Optical image of NGC 300 in the visible band overlaid by a contour map of the merged 0.3-6.0keV raw X-ray image from all three
EPIC cameras and from both orbits. The D,s optical disk and the sources detected inside the disk are also shown.

within that source region. Due to software bugs, this keyword is
not always correctly estimated. Source regions intersecting bad
CCD columns often have BACKSCAL overestimated. For that
reason, the total number of counts in a given energy band (soft,
medium, or hard) in background-subtracted spectra can some-
times be negative. When this happens the data coming from that
instrument for that revolution are excluded from the hardness
ratio calculation. To obtain the total count rate in each band, we
add the valid count rates data from all three EPIC instruments.
The X-ray colors are then defined by:

H-M
H+M+S’

M —
and HRuu= —1=5 (2

HRpara = H+M+S

where S, M, and H are the total count rates in the soft
(0.3-1.0keV), medium (1.0-2.0keV), and hard (2.0-6.0keV)
energy bands. The uncertainty of the hardness ratio and the
source countrate is determined by assuming Poisson statistics.
Unless otherwise noted, all uncertainties are at the 68% level.
Figure 2 shows the resulting color—color diagram for the
X-ray sources inside the Djs optical disk, excluding sources

having less than 20 net counts. In Fig. 3 we compare these
data with empirical color—color diagrams assuming a simple
bremsstrahlung model and a two component source spectrum
consisting of a soft bremsstrahlung and a hard power law com-
ponent (colors derived from simple power law models were
not sufficient to describe the data). In these models the equiv-
alent hydrogen column Ny, expressed in units of 10%> cm™2,
is running from 0.03 to 1.0. In the simple bremsstrahlung
model the temperature k7 varies from 0.01 to 5.0keV. In
the bremsstrahlung plus power-law model the photon index I"
varies from 0.5 to 4.5 and the bremsstrahlung temperature is
fixed at 0.2keV. Both models are sufficient to describe the
data, however, the Ny values inferred are generally larger than
the pure Galactic Ny in the direction to NGC 300 (which is
3.6 x 10 cm™2; Dickey & Lockman 1990), indicating intrin-
sic absorption within NGC 300 and also pointing towards a
possible contamination of our source sample by background
AGN. From the 2-10keV AGN log N-log S -diagram of Ueda
etal. (2003), ~30 AGN with Fp_jo > 10714 erg em~2s7! are ex-
pected within the Djs-disk, however, the identification of AGN
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Table 1. Summary of the X-ray properties of sources found in NGC 300 (see text for details).

ID o000 8120000 Pos. err. () Lik. Counts Ct. rate Hard HR Soft HR Fo3-¢ (cgs) Los-6 (cgs)
o @ €] @ ® © Q) ® © (10) an

1 00:55:10.00 -37:42:12.0 045 545x10° 153+£001x10* 739£006x 102 -0.18+0.01 —029x0.01 3.49*0%x 107 1.70x 10%
3 00:55:10.86  —37:48:34.4 047 830x10° 3.16+0.06x10° 1.61£0.03x1072 -021+0.01 -030+0.01 7.20*933 x 1074 3.51x 107
7 00:54:50.33  -37:38:49.5 0.47 743x10° 294£006x10° 1.50£0.03x 102 —0.14£0.02 028+0.02 10673 x 1071 520 x 10
8 00:55:1091 —37:38:543 0.46 385x10° 190+0.15x10*> 431£034x107° 001003 -097+0.03 152:035x 1071 7.40x 10%
12 00:54:40.66 —37:40:48.9 0.58 120x10° 3.85+0.22x 10 283+0.16x 107 —0.17£0.03 -0.58=0.03 10372 x 1071 5.03x10%
13 00:55:27.50 -37:36:53.5 0.56 9.50x 10 538+027x10% 2.72+0.14x 107 -0.12+0.04  0.11+£0.04 1.82*){5x 107" 8.89x 10%
17 00:54:4522 -37:41:46.7 0.53 145%10° 273£0.19x 10 526+035x 107 -0.15£0.03 -0.67+0.03 1.91*32x 107 932x10%
20 00:55:2047 -37:48:102  0.69 375%10° 275+£0.19x 10> 1.60£0.11x107 -023+0.04 -041+0.04 636005x 10715 3.11x10%
21 00:54:33.96 —37:44:432 0.58 9.17x 10> 5.65+027x 107 282+0.14x 107 —0.13£0.04 -0.01+0.04 1.7075% x 1071 8.32x10%
26 00:55:26.23 —37:38:38.2  0.69 401x 10> 3.01£020x10° 1.57+0.10x 107 -0.08+0.05 0.04+0.05 1.08'12x10™ 529x10%
28 00:54:42.56 -37:43:432 0.6l 6.38x 10 398+024x10> 198+0.12x107° -0.13+£005 006005 12818x107* 6.23%10%
31 00:54:30.57 -37:43:15.9 0.65 5.11x10° 326+021x10%2 1.67+0.11x107 —0.07£0.05 0.00=0.05 1147313 x1071* 5.58x10%
34 00:55:15.39  —-37:44:38.9 0.70 378x10% 6.98+097x10" 9.66+129x10™* —0.11+0.08 —0.60+0.08 3.96°}57x 107" 1.93x10%
37 00:55:17.52  -37:44:558  0.66 3.82%10% 2.65+0.19x10*> 137£0.10x107 -027+0.06 009006 7.41*193x 10715 3.62x 10%
38 00:54:42.59 -37:37:327 0.69 377x10° 275£020x 10 1.38+£0.10x 10 —021£0.05 -0.11=£0.05 69774 x 10715 3.40x 10
39 00:54:49.55 —37:40:00.7 0.68 328x 107 285+£020x 102 1.37+£0.10x 107 —0.12£0.06  0.11=£0.06 9.217131x 10715  4.50x 10
40 00:54:13.89 -37:37:10.8 0.76 217x10° 197+0.17x10*> 9.65+£083x10™* -0.18+0.07 0.15+0.07 621*1¢x 10715 3.03x 10%
41 00:54:48.07 -37:46:57.4 0.79 327x 10 241+0.19x 10> 118+0.09x 107 -0.09+0.06 —0.01+£0.06 771713 x 1075 3.77x 10
42 00:54:48.11 —37:45:40.0 0.69 371x10° 262£0.19x 102 1.26£0.09x 107 —0.09£0.06 0.12+0.06 882140 x 10715 4.30x 10
43 00:54:57.28 -37:43:11.4  0.69 338x10% 281+£020x10> 141£0.10x107 -009+0.06 0.06+0.06 9.75113x 10715 4.76x 10%
46 00:55:42.91 -37:44:34.8 0.96 1.33x 10> 6.77+1.05x 10" 589+088x 107 —0.01£0.09 -0.61+0.09 3.29*1%x 1075 1.61x10%
47 00:54:50.63 —-37:46:00.7 0.69 251102 1.99£0.17x 10> 9.48+080x 10 —0.02£0.07 0.09=0.07 7.1871%x 10715 3.51x10%
48 00:54:19.97 -37:39:08.9 0.87 163 10> 1.61£0.16x 10 7.16£0.73x 107 -0.12£0.09  032+0.09 536'}117x 107" 2.62x10%
50 00:55:07.67 -37:44:20.1 0.76 213%10%° 201+0.17x10> 1.01£009x10 001008 020008 834*14%x 10715 4.07x10%
52 00:55:42.24 -37:40:23.7 1.13 9.98x 10! 652+1.03x 10" 1.14=£0.17x 107 —0.01£0.07 -0.86=0.07 50822 x 10715 2.48x10%
54 00:54:41.04 -37:33:51.7 0.99 139x 10> 146+0.14x 10 7.92+081x10™*  035£0.10 0.12=0.10 898713 x 10715 4.38x10%
56 00:54:50.56 -37:41:27.8 0.78 216x10% 137+0.14x10*> 859+091x10™ -0.16+0.07 -044+0.07 3.62° %% 10715 1.77x10%
57 00:55:27.24 -37:36:13.5 1.06 9.43x 10" 1.10+0.13x 10> 6.76+0.79x 10 -0.17+0.09  0.06 £0.09 4.197)02x 1075  2.05x 10
60  00:54:44.38 -37:41:147 0.78 1.65x 10> 8.66+1.15x 10! 1.20£0.16 X 107  —0.16£0.07 -0.51=0.07 5017135 x 10715 2.45x 10%
64 00:55:27.16 -37:45:16.5 095 1.04x 10> 1.02+£0.13x 10 6.52+£078x10™* -033+0.10 0.08+0.10 3.19*192x 1075 1.56x 10%
65  00:54:51.52 -37:35:34.5 098 L14x 10> 1.01£0.12x10° 7.63£094x10™* —0.07+0.10 0.02+0.10 522*14¢x 10715 2.55x 10%
66  00:54:33.79 -37:44:26.1 0.94 8.00x 10! 201+0.17x 10> 9.44+084x 107 -0.07+0.08 035£0.08 7.49*143x 10715 3.66x 10%°
67  00:54:35.93 -37:34:338  1.02 891x10' 1.02£0.13x10*> 510+0.64x10* -0.03£0.10 0.05=0.10 3.6870%3x 10715 1.80x 10%
69 00:54:31.67 -37:38:27.7 0.98 9.87x 10" 922+131x10" 455£064x10™* -0.17=0.11 0.12+0.11 288099 x 10715 1.40x 10%
71 00:55:11.28  -37:46:37.7  0.97 101X 10 927+1.24x 10" 575+0.74x 107 -0.18+0.12  043+0.12 41878 x 10715  2.04x 10%
72 00:54:37.68 —37:42:49.6 0.92 129x 10> 134£0.14x 102 691+£0.73x10™* —0.09£0.08 -0.01=0.08 453747 x 10715 2.21x10%
73 00:55:31.08 -37:37:56.1 120 532x10" 6.68+1.01x10" 432£063x10™% -005+0.12 0.10x+0.12 3.14*}10x 10715  1.53x 10%
74 00:54:47.71  -37:32:57.5 145 419x 10" 424+087x 10" 333£0.63x10™  0.05+0.15 -0.06+0.15 2.5675% x 10715 1.25x10%
79 00:54:22.13  -37:40:25.0 1.05 9.44x 10" 4.04£3.11x10° 1.79+1.03x10™*

84 00:54:25.03 -37:43:563 1.04 8.13x10' 538£093x10' 3.69+072x10*  027£0.19 031=0.19 3.99*137x 1075 1.95x10%
87  00:54:12.03 -37:39:51.7 1.08 642x 10" 852+1.14x10" 473£065x10™* -0.19x0.12 020+0.12 3.097 1% x 1071 1.51x 10%
88  00:54:2244 -37:43:133 1.02 9.19% 10" 374+£081x10' 633£1.18x10™% -008=0.12 —041x0.12 324*176x 10715 1.58x 10%
90  00:54:53.28 -37:41:27.0 0.95 8.94x 10" 937+127x10' 580£0.78x 107 -0.16+0.10 —0.06+0.10 3.37*1%x 10715 1.65x 10%°
91  00:54:2532 -37:44:39.5 1.11 8.24x 10" 825+1.17x10" 6290.87x10™* —0.14£0.11 —0.07+0.11 3.667 3¢ x 107 1.79x 10%
92 00:54:21.04 -37:42:408 1.12 6.19% 10" 458+083x10' 389£076x10™* 023+0.18 0.18x0.18 4.04*13x 10715 1.97x10%
94 00:55:12.23 -37:38:23.8 1.10 598x 10" 7.99+1.16x 10" 585+088x 10 —0.09£0.10 -0.33=0.10 3.07742x 10715  1.50x 10
99 00:54:47.35 -37:48:269 1.13 572x 100 539£097x10' 423+£073x10™* —005£0.15 0.17=0.15 3217128 %1075 1.57x10%
100 00:54:12.47 -37:43:20.7 123 486x 10" 6.01+1.03x 10" 326+£053x10™* -031x0.14 019014 177:079x 10715 8.64x 10%
102 00:54:28.55 -37:41:29.7 1.04 6.83x 10" 1.09+£039x10' 353+127x107*

103 00:55:03.66 —37:37:40.1 1.00 6.14x 10" 842+ 1.11x 101 4.08+057x10™*  000£0.09 -042=0.09 236703 x1071% 1.15x10%
107 00:54:59.02  -37:47:51.0 142 4.69x 10" 535£0.96x10' 401£070x10™* 0342017 024017 45814°x 10715 223x10%
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Table 1. continued.

ID  ape0o 8120000 Pos. err. (") Lik. Counts Ct. rate Hard HR Soft HR Fo3-6 (cgs) Ly3-¢ (cgs)

aH @ A3) “ ®) ©) ™ ®) &) (10 an

112 00:54:15.91  —-37:45:07.0 1.42 445x 10" 4.59+0.86x 10" 4.61£086x10*  —-0.03+0.09 -0.74+0.09 22635} x 107> 1.10x 10%

117 00:55:13.85 -37:47:57.8 L1.71 249x 10" 3.39+£077x10' 3.04+071x107*  -0.08+0.19  0.19£0.19 223*126x 10715 1.09 x 10%

120 00:54:5326 —37:43:10.8 1.07 521%x 10" 4.63+0.85x 10" 3.85+0.74x 107* 040+0.17 -0.31+0.17

122 00:55:29.75 -37:37:27.4  1.65 1.80x 10! 1.14+0.49x 10"  1.58 +0.64 x 107*

123 00:55:06.00 —-37:41:18.1 1.62 237x 10" 579+3.03x10° 1.74+0.87 x 107*

125 00:55:34.06 —-37:46:35.1 1.66 1.81x 10" 2.61+0.65x 10" 226+0.62x10™ -021+024 032£024 151798 %1075 7.40x 10%

126 00:54:53.47 -37:40:28.3 1.42 3.10x 10" 246+0.65x 101 227+0.59x 107  -0.10£0.16 -0.53+0.16 1.04:381 x 107> 5.09x 10%

128 00:55:23.99 —37:45:24.1 151 241 10" 323+0.74x 10" 225+0.54x107 018021  0.13+021 219795 x 10715 1.07 x 10

132 00:54:30.56 —37:40:05.4 1.39 3.09% 10" 2.89+0.72x 10" 3.02+0.96x 107* 048031  0.15+031 3.87714 x 107 1.89x10%

134 00:55:14.88 —37:48:51.2 1.87 125x 10"  1.54+0.56x 10" 1.29+0.49x 107

135 00:54:31.31 -37:45:26.2 1.44 291x 10" 4.52+£2.89x10° 1.85+0.96x 107™*

136 00:54:44.82 -37:37:42.1 1.38 207x10" 212+062x10" 1.81£055x10* -0.16+024 020+024 122708 x 10715 597x10%

137 00:54:02.59 -37:39:31.4 1.96 1.05x 10" 1.09+0.42x 10" 1.68+0.66% 107

139 00:55:07.51 —37:45:14.6 1.6l 224x 10" 1.97+0.61x 10" 2.15+0.58 x 107*

140 00:55:26.77 -37:38:12.7 1.84 1.40x 10" 1.75+0.52x 10" 1.64 £0.44x 107

141 00:54:56.97 —-37:47:26.7 1.49 247x 10" 1.47+0.50x 10" 3.11+0.94x 107*

142 00:54:33.17 -37:44:03.9 1.78 1.85x 10! 1.15+0.45x 10"  1.33+0.56 x 107*

143 00:55:31.39  —37:40:00.1 1.87 1.44x 10" 1.13£039x 10"  1.13+0.47x 107*

145 00:55:01.11 —37:34:39.4 2.96 1.19x 10" 6.33+3.98x10° 1.18:+0.66% 107

146 00:54:57.44 -37:45:36.3  1.49 2.57x 100 343+0.77x 10" 233048 x 107* 0.00+0.16 —0.01+£0.16 1.74*374x 1075 8.48 x 10%

147 00:54:51.84 -37:47:082 1.76 175x 10" 2.63+0.62x 10" 1.93+£047x10*  —-023+0.19 -0.09+£0.19 1.01*3%) x 1075  4.93 x 10%

148 00:55:03.32 -37:45:37.6 1.79 1.74x 10" 243+0.68x 10" 1.40£041x107*  -0.09+020 -0.34£0.20 7.0973% x107'¢ 3.46x 10%

150 00:55:06.32 —-37:37:53.2 1.78 151x 10" 1.59+0.57x 10" 1.44+0.56% 107

151 00:55:33.79 —37:43:11.0 2.74 1.01 x 10! 0.00 = 0.00 x 10°

152 00:55:05.57 -37:42:41.4 1.79 1.07x 10" 143+0.56x 10" 1.68+0.63x 107

153 00:54:07.51 -37:41:15.6 2.10 1.02x 10" 0.00+0.00 x 10°

155 00:54:56.89 —37:43:39.3  1.60 1.63x 10" 2.16+0.62x 10" 1.38+038x107*  —0.16+0.22 -0.07+£0.22 7.73*3% x 10716 3.77 x 10%

156 00:54:29.92 -37:40:31.5 1.55 146 x 10" 1.21+£044 x 10! 1.49+0.50x 107

157 00:54:52.65 —37:46:00.7 2.23 1.13x 10" 0.00+0.00 x 10°

158 00:54:53.33 —37:44:40.1 1.74 1.30x 10! 1.25+0.49x 10" 899 +3.67 x 107

159  00:54:46.21 -37:47:18.6 1.68 1.45x 10" 842+3.97x10° 9.87 £4.78x 107

160  00:54:56.43 —37:39:38.1 2.03 1.19x 10! 4.42+3.09x10° 1.33+0.83x 107*

161 00:54:41.54 -37:43:03.9 2.18 135x 10" 3.55+3.28x10° 8.06+11.10% 107

162 00:54:45.95 -37:45:21.6 1.54 127x10" 1.98+0.54x 10" 145+0.52x 107

163 00:55:11.74  —37:40:14.8  1.69 1.08x 10! 2.71+230x 10°  7.65+5.27 x 107

in our sample requires X-ray spectral analysis which is only
possible for the brightest sources and dangerous in itself due to
the similarity of AGN and XRB spectra.

Our color—color diagram analysis shows that for all sources
except one it is possible to find a best matching bremsstrahlung
or bremsstrahlung plus power law model. The spectrum of the
one non-matching source (#120), which is in a very complex
region, is peculiar and has been excluded from the subsequent
analysis. The low number of counts precludes any further state-
ment about the nature of this source.

From this best matching spectral model it is then possible
to determine the flux of a source by appropriately scaling the
flux determined from the spectral model to the source count
rate. The uncertainty of the flux is derived from the minimum
and maximum value of fluxes as determined from the error
box of the color—color space defined by the source colors. Note

that such an approach gives generally more believable flux esti-
mates than the more commonly used approach of assuming one
fixed spectral shape for all detected sources, while not limiting
one to determining spectral fluxes only for sources with suffi-
cient counts to enable formal spectral model fitting (see also
Humphrey & Buote 2004).

Figure 4 shows the source fluxes versus both hardness ra-
tios defined by Eq. (2). For comparison, a source with a lumi-
nosity of 1.82 x 1038 ergs~!, close to the Eddington limit for a
1.4 M, object, has an integral flux of 3.73 x 103 ergcm 257!
at the distance of NGC 300.

Our brightest source, source 1, is found with a luminosity
of 1.70x 10* erg s~ which is very close to the Eddington limit
for a 1.4 M, object. The source, coincident with the previously
known ROSAT source P42 (Read & Pietsch 2001), has been
found to have a slightly lower luminosity than in the ROSAT
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Fig. 2. Color—color diagram of sources detected inside the D,s optical
disk.
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Fig. 3. Color—color diagram of the sources detected inside the D,s op-
tical disk and color—color contours for bremsstrahlung and 0.2keV
bremsstrahlung plus power law component. The equivalent hydrogen
column, Ny, is given in units of 102 cm2, the temperature of the
bremsstrahlung spectrum, k7', is given in keV.

observations, but spectral fitting of the brightest X-ray sources,
which will be given in a forthcoming paper, is needed to cer-
tify if these sources have an intrinsic variability. From their
high intrinsic luminosities, these sources are akin to ~10 M
black holes in their soft state such as LMC X-1 or LMC X-3
(Nowak et al. 2001; Wilms et al. 2001). There are no clear
super-Eddington X-ray sources detected in NGC 300. Finally,
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Fig. 4. Fluxes of the sources detected inside the D,s optical disk as a
function of the harder (fop) and softer (bottom) hardness ratio defined
by Eq. (2).

we also note that both hardness ratios do not depend signifi-
cantly on flux.

3.3. The luminosity function of NGC 300

Figure 5 shows the log N-log$S diagram for all detected
sources that are inside the optical disk of NGC 300 and hav-
ing more than 20 net counts, expressed as a function of their
X-ray luminosity and flux. Note that we do not make an at-
tempt to correct for possible background AGN, which could ap-
pear as sources which are strongly absorbed by the gas within
NGC 300.

The break of the power law at a luminosity of 1.5 X
10 ergs™! (corresponding to Fo3_6 ~ 3 x 107 ergem™2s71)
defines our completeness limit. Describing the luminosity func-
tion above this limit by a pure powerlaw, N oc L™ we
use a Maximum-Likelihood method in the form suggested by
Crawford et al. (1970). We find a slope of @ = 1.17 + 0.17
(since our source sample is lacking objects with Ly >
1038 ergs~!, such a simple power law Ansatz for the luminos-
ity function is sufficient; see, e.g., Humphrey & Buote 2004).
This slope of the NGC 300 luminosity function is similar to
the slope of the disk population in several other nearby spi-
rals such as M 31 (@ = 0.9 = 0.1; Williams et al. 2004) or
NGC 1332 (Humphrey & Buote 2004), and also in agreement
with the mean slope for nearby spiral galaxies (@ = 0.79+0.24;
Colbert et al. 2004).

Due to the apparent bimodality of the sources in Fig. 2,
we define two subclasses of sources: hard sources, defined
by HRyp > —0.2, and soft sources, with HRyrg < —0.2.
Fitting a pure power law to both curves, we find a slope of
1.12 £ 0.27 and 1.23 + 0.22 for the soft and the hard sources
respectively. Excluding sources above a limiting luminosity of
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Fig.5. log N-log S diagram of all sources with more than 20 net
counts inside the optical D,s disk (solid line), of soft sources with
HR o < —0.2 (dotted line), and for sources harder than that (dashed

line).

1x10%7 ergs™! (excluding two sources in the soft and one in the
hard sample), the Maximum-Likelihood method gives a slope
of @ = 2.03 £ 0.52 and apag = 1.39 + 0.26 for the soft and
the hard sources respectively. The soft power law slope found
here is a bit higher than that of the Milky Way HMXB (Grimm
et al. 2002, finding a slope of @ = 0.6*(}3). The shape of the
hard sources is instead more complex. Grimm et al. (2002) de-
scribed the Milky Way LMXB luminosity function by a mod-
ified power law which takes into account the gradual steepen-
ing of the log N-log S relation towards higher fluxes. There are
indications that the hard sources in NGC 300 follow a simi-
lar luminosity function, as is indicated by the different slope
for sources with luminosities between 1.5 x 10* ergs™! and
~3.5x 10% ergs™!, and for sources between ~3.5x 103¢ erg s~!
and 1 x 10*” ergs™!. Due to the low number of sources in our
sample, however, constraining the luminosity function in this
range is not possible. We also note that the two luminosity
functions cross at ~6x 10%% erg s~! and that it is the soft sources
which are dominating at the highest luminosity levels, as seems
to be typical for spiral galaxies (Colbert et al. 2004).

3.4. The central diffuse emission region

We extracted the spectrum of the central diffuse emission re-
gion after removing all point sources located in that region. The
extracted regions are defined by the region task, such that the
brightness contour level of the source PSF functions are equal
to half of their background flux. We defined the diffuse emis-
sion region with a circle of radius 386”5, centered on @jy000.0 =
00"54™52%4, Opo000 = —37°41'0773. The background
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normalized counts/sec/keV

channel energy (keV)

Fig.6. Top: EPIC pn and MOS spectra of the central diffuse emis-
sion region and the best fit spectral model, consisting of the sum of
an APEC model, and a bremsstrahlung component, bottom: residuals
expressed in 0.

was taken from an annulus with the same center, an inner radius
of 386”5 and outer radius of 711”1 (see Fig. 7).

Data from all instruments and both revolutions were used
to extract the spectrum. Because the spectrum of the dif-
fuse emission region is very soft, we consider only the
0.3-1.3keV energy band. The Al and Si fluorescence lines
present in the MOS background (in the 1.3-1.9keV band),
which cannot be removed properly, are beyond the region
of interest. The spectrum can be described (y?/d.o.f. =
142.5/94) by thermal emission from a collisionally ion-
ized plasma, as described by XSPEC’s APEC model (see
http://hea-www.harvard.edu/APEC/ for a description of
this model) with a temperature of k7' = 0.2 + 0.01 keV plus a
thermal component with a temperature of kT = 0.8 + 0.1 keV.
The 0.3-1.3keV flux is Fp3_13 = 1.8 x 1073 ergem™2s7!
(Fig. 6; error bars are at the 90% level). Similar results are
found for the diffuse region in nearly face-on spiral galaxy
M 101 (Kuntz et al. 2003), where the spectrum in the 0.5-2 keV
band, is characterized by the sum of two thermal spectra with
kT = 0.20keV and kT = 0.75keV.

4. Properties of the optical counterparts

To determine the optical counterparts of the X-ray sources we
first improved the X-ray aspect solution by comparing the op-
tical and X-ray coordinates of 21 sources inside of the Djs
disk which have clear optical counterparts. This is done via the
eposcorr task, which uses a correlation algorithm to find off-
sets in RA, Dec, and roll angle which improve the positional
accuracy of the X-ray positions with respect to the optical data.
These optimum offsets are then used to correct the input source



110

Fig.7. Smoothed 0.3-1.3keV X-ray image of the central region of
NGC 300 after removal of detected sources. The circle and annulus
show the region for the central diffuse emission area and the associated
background, respectively.

positions. This algorithm reveals a systematic shift (X-ray —
optical) of —1.25” + 0.31 in right ascension, of —0.17"" + 0.31
in declination, and of —0°077 + 0227 for the roll angle.

These offset values are close to values found in the astro-
metric calibration of XMM-Newton by Guainazzi et al. (2004)!,
who find —2.52” (107) and —3.09” (10) in right ascension for
MOS1 and MOS2, and 1719 and 0”41 in declination, respec-
tively. The final uncertainty in X-ray position results from a
combination of the edetect_chain output and the error asso-
ciated with this position offset.

After correcting the X-ray positions, we searched for all
possible optical counterparts in the merged BVR optical im-
age and then calculate their fluxes in each of these three opti-
cal bands. Photometry was performed with the IDL idlphot
photometry library available at http://idlastro.gsfc.
nasa.gov/contents.html, which is a set of IDL procedures
adapted from an early Fortran version of the DAOPHOT aper-
ture photometry package (Stetson 1987).

We generate an initial optical catalogue by searching for
sources within the area surrounding the corrected X-ray posi-
tions (for which the radius is given by the uncertainty of the po-
sition) in the merged optical image using idlphot’s find pro-
cedure and assuming a Gaussian point spread function (PSF).
This search results in a list of several possible optical coun-
terparts. These source positions are then improved by fitting
a measured PSF (as determined from bright optical sources in
the image) and the source flux in the B, V, and R bands is deter-
mined from the PSF fit after subtracting the local background
level. Comparing the B and V magnitudes with reference stars
given by Pietrzynski et al. (2002b) shows differences of less
than 0.15 mag, in agreement with our typical flux uncertainty.

! http://xmm.vilspa.esa.es/external /xmm_sw_cal/
sas_sci_val/index.shtml
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For the 32 brightest X-ray sources within the D,s ellipse,
Fig. 8 shows the resulting optical counterparts in the merged
optical image. As further described in Sect. 5 below, we also
compare these X-ray and optical positions with sources from
SIMBAD, the USNO-A2.0 catalog, and with radio sources
from Payne et al. (2004). We consider sources from these
catalogs as possible counterparts if they have a distance less
than 20" from the corrected X-ray positions for X-ray sources,
10" for (suspected) supernova remnants and 5” for the other
sources. The closest sources of these counterparts are shown in
Fig. 8 with a box.

5. Summary table

Table 1 summarizes all information collected from the 86 X-ray
sources detected inside the Djs disk. The first column gives
the source ID. The second and third columns give the equa-
torial sky coordinates of the X-ray sources from the SAS
edetect_chain task corrected by the eposcorr task. The
combined positional error (in arcsec) from edetect_chain
and eposcorr is given in Col. 4. Column 5 lists the detection
likelihood and Cols. 6 and 7 give net counts and count rates,
respectively (in counts s7!), and their corresponding uncertain-
ties. Columns 8 and 9 list the softer and harder hardness ratios
defined by Eq. (2) and their errors. Columns 10 and 11 give
the 0.3—6.0keV flux and luminosity, expressed in ergcm™2 s
and erg s~! respectively.

Table 2 summarizes all possible optical counterparts found
from the corrected X-ray positions within the X-ray posi-
tion error circle. Column 1 gives the X-ray source ID and
the number in brackets designates a label number when sev-
eral optical counterparts are found within the X-ray posi-
tion error area. Columns 2 and 3 give the equatorial sky co-
ordinates of optical counterparts found by idlphot’s find
procedure. Columns 4-6 give the magnitudes for the optical
counterparts, in the B, V, and R band respectively, with errors of
~0.15mag. Column 7 gives the name and, when available, the
reference (within brackets) for possible radio and optical coun-
terparts sources from SIMBAD (which includes the ROSAT
sources), the USNO-A2.0, and the following catalogues: Payne
et al. (2004, PFP2004), Schild et al. (2003, SCA2003), Read &
Pietsch (2001, RP2001), Pietrzynski et al. (2001, PGF2001),
Pannuti et al. (2000, PDL2000), Blair & Long (1997, BL97),
Soffner et al. (1996, SMJ96), Iovino et al. (1996, ICS96),
Deharveng et al. (1988, DCL88), Humphreys & Graham (1986,
HGS86), Graham (1984, G84).

According to SIMBAD, 14 of our X-ray sources detected
inside the optical disk had already been observed in the X-rays
(labelled “X”), there are 9 SNR or suspected ones (labelled
“SNR?”), 11 radio sources (labelled “radio”), from which three
are associated with SNRs and 8 are possible AGNs. Other
sources match with association of stars (labelled “Assoc*”),
H 11 (ionized) regions (labelled “H 1), with regions close to
Cepheid variable stars (labelled “Cepheid”), or with stars (la-
belled “Star”’). Many sources also have an USNO-A2.0 optical
counterpart (labelled with a number).

As already discussed in Sect. 3.2, our brightest source
(#1), which has a luminosity of 1.70 x 103 ergs™!, has been
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Fig. 8. 7.4” x 7.4” optical images of the region centered on the corrected position of the 32 brightest X-ray sources inside the D,s optical disk.
The circle indicates the 68% positional error of the X-ray coordinates, the thicker circles show the optical sources found within the X-ray error
circle. Catalog sources having a distance of less than 5” from the X-ray position are shown with a box.
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Table 2. Summary of the optical counterparts of X-ray sources found in NGC 300 (see text for details).

ID @12000.0 612000.0 mag (B) mag (V) mag(R) comments

(1) (2) 3) 4) (5) (6) @)

1(1) 00:55:10.0 -37:42:12.2 23.44 23.35 22.62 X (RP2001 - P42), WR* (SCA2003 - 41)

3(1) 00:55:10.9 -37:48:34.2 20.82 20.40 19.85 X (RP2001 - P58), radio (PFP2004), USNO: 0450-00323113
7(1) 00:54:50.3 -37:38:49.5 22.77 21.53 20.42 X (RP2001 - P32), radio (PFP2004)

8 X (XMMU J005510.7-373855), X (RP2001 - P33)
12 SNR (BL97 - N300-S10), HII (SMJ96 - HII W22), HII (BL97 - N300-H10), radio (PFP2004)
13 X (RP2001 - P25)

17 X (RP2001 - P41), HII (SMJ96 - HII W7), HII (SMJ96 - HII W9), SNR (PDL2000 - SNR 6)
20 SNR (PDL2000 - SNR 15), USNO: 0450-00324001, USNO: 0450-00324043
21 X (RP2001 - P50)

26 (1) 00:55:26.2 -37:38:37.9 24.33 23.69 23.07 X (RP2001 - P30)

28 (1) 00:54:42.6 -37:43:43.2 22.88 22.60 22.18 Cepheid (G84 - 14)

31(1) 00:54:30.6 -37:43:15.4 24.35 23.82 23.35

34 SNR (BL97 - N300-S26), HII (DCL88 - 141), radio (PEP2004)
37

38 (1) 00:54:42.6 -37:37:32.7 22.15 21.71 21.40

39 Assoc* (PGF2001 - AS 56a)

40 X (RP2001 - P26)

41 X (RP2001 - P54)

4 Cepheid (G84 - 17), X (RP2001 - P51)

43

46 (1) 00:55:42.9 -37:44:35.5 15.26 15.35 16.31 X (RP2001 - P48), USNO: 0450-00326180

46 (2) 00:55:42.9 -37:44:355 15.25 15.30 16.10

47

48

50

52 (1) 00:55:42.2 -37:40:24.7 24.81 23.41 22.14 X (RP2001 - P36)

54 radio (PEP2004)

56 HII (SMJ96 - HII C27), radio (PFP2004)

57

60 (1) 00:54:444 -37:41:15.8 23.04 22.31 21.52 SNR (PDL2000 - SNR 5), X (RP2001 - P41)

64

65

66 X (RP2001 - P50)

67 (1) 00:54:35.9 -37:34:33.9 2448 23.49 22.47

69 radio (PFP2004)

71 USNO: 0450-00323152

72 (1) 00:54:37.6 —-37:42:49.0 24.98 24.35 23.62 SNR (PDL2000 - SNR 3)

73 X (RP2001 - P28)

74

79(1)  00:54222 —-37:40:25.3 2178 2173 2191  HII (DCL8S - 10), SNR? (BL97 - N300-S2), USNO: 0450-00318453
84

87

88 Star (HG86 - 12), USNO: 0450-00318469

90

91 radio (PFP2004)

92

94 (1) 00:55:12.2 -37:38:23.8 24.00 23.58 23.11

99 X (RP2001 - P57)

100

102 HII (BL97 - N300-H3), Assoc* (PGF2001 - AS 14)
103

107 USNO: 0450-00321929

112

117 (1) 00:55:13.9 -37:47:57.4 24.64 24.28 23.43

120 (1) 00:54:53.2 -37:43:11.3 20.98 20.15 19.35 radio (PFP2004)

122

123 SNR? (BL97 - N300-S19)

125

126 (1) 00:54:53.3 -37:40:29.0 23.32 23.03 22.59

128 USNO: 0450-00324361

132

134

135

136 (1) 00:54:44.8 -37:37:40.9 24.16 23.81 23.53

137

139 (1) 00:55:7.6 —-37:45:15.5 24.20 24.26 24.29

140 X (RP2001 - P30)

141

142 (1) 00:54:33.2 -37:44:44 24.80 24.33 23.99

143
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Table 2. continued.

113

ID @32000.0 12000.0 mag (B) mag (V) mag(R) comments

(1) (2) (3) 4) (5) (6) )

145 (1) 00:55:1.0 -37:34:40.5 19.87 18.50 17.22 USNO: 0450-00322130

146

147 (1) 00:54:51.8 -37:47:8.6 24.87 24.25 23.26

148

150

151 (1) 00:55:33.9 -37:43:12.8 21.28 21.07 20.71 SNR? (BL97 - N300-S28), HII (S66b - 80), HII (DCLS88 - 159), Star (BGK2002 - A14),
radio (PFP2004), USNO: 0450-00325259

151 (2) 00:55:33.8 -37:43:93 24.15 24.10 24.28

152

153

155 (1) 00:54:56.8 —-37:43:41.6 24.83 24.04 23.40

155(2) 00:54:56.9 -37:43:38.7 24.27 24.14 24.44

156 (1) 00:54:30.0 -37:40:31.2 24.83 23.95 23.48

157 (1) 00:54:52.7 -37:46:2.1 25.67 24.78 23.65

158 (1) 00:54:53.4 -37:44:40.7 21.66 21.56 21.54 USNO: 0450-00321373

158 (2) 00:54:53.3 -37:44:39.2 23.27 22.45 21.58

159 (1) 00:54:46.2 -37:47:19.0 23.61 22.73 21.47

160 HII (DCL38S - 99), radio (PFP2004)

161 (1) 00:54:41.5 -37:43:39 22.89 21.24 20.07

162 (1) 00:54:46.0 -37:45:21.1 23.90 22.31 21.14

163 (1) 00:55:11.6 —-37:40:13.8 23.23 23.02 23.22

identified by (source P42) Read & Pietsch (2001), as a possible
accreting binary. This source has been found to have a Wolf
Rayet star as optical counterpart (labelled “WR*”’). The source
has a luminosity close to the Eddington limit for a 1.4 M com-
pact object, which may suggest the presence of a black hole or
neutron star X-ray binary. Source number 8 has already been
identified by Read & Pietsch (2001) and Kong & Di Stefano
(2003) as a luminous supersoft X-ray source and has no optical
counterpart.

6. Conclusions

In this paper we have described the global properties of the de-
tected X-ray sources in NGC 300 as found in the XMM-Newton
data. A total of 163 sources were found using the 0.3-6keV
EPIC data of orbits 192 and 195, of which 86 are located
within the optical Dys disk. This increases the X-ray inventory
of NGC 300 by a factor of ~3. This increment is mainly due to
the better sensitivity of our observations, caused by the higher
effective area of XMM-Newton with respect to ROSAT.

Using the color—color diagram allowed us to determine
the shape of the X-ray spectrum for each source individually
and to estimate the source fluxes. The luminosity function of
NGC 300 is similar to that of other spirals (Colbert et al. 2004)
and can be described by a power law with slope 1.17 + 0.17.
It is dominated by soft sources at high luminosities, although
we do not find strong super-Eddington sources in the galaxy.
More information about the brightest X-ray sources inside the
optical disk, such as spectral fitting and temporal analyses,
will be given in a subsequent paper. The spectrum of the cen-
tral diffuse emission region can be described (X?ed = 1.52)
by thermal emission from a collisionally ionized plasma with
kT = 0.2700 keV, plus a second thermal component with a
temperature of k7 = 0.870 keV.

The SAS eposcorr task revealed a small positional offset.
After having corrected for this offset, we searched for optical

counterparts in the B, V, and R data and cross-correlate with
sources from SIMBAD and USNO-A2.0 catalogs, and radio
sources.

We identified possible optical and radio counterparts to
all X-ray sources using a variety of catalogues. The brightest
X-ray source is probably a black hole or neutron star X-ray
binary, possibly accreting from a Wolf Rayet star which was
identified as the most likely optical counterpart. We confirm
the presence of a luminous supersoft X-ray source which has
no optical counterpart.
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