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The population of UL Xsin the spiral galaxy NGC 2276
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We present results for X-ray point sources in the Sc galaxCN@76, obtained by analyzing Chandra data. The galaxy
is known to be very active in many wavelengths, possibly dugravitational interaction with the central elliptical thie
group, NGC 2300. However, previous XMM-Newton observatioesulted in the detection of only one bright ULX and
extended hot gas emission. We present here the X-ray papulatNGC 2276 which comprises 17 sources. We found that
6 of them are new ULX sources in this spiral galaxy resolvedte first time by Chandra. We constructed the Luminosity
Function that can be interpreted as mainly due of High Masayxbinaries, and estimate the Star Formation rate (SFR)
to be SFR~ 5 — 10Mglyr.

(© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

1 Introduction al. 2004, Sanders et al. 2003). A number of HIl regions is
identified in the galaxy, spread all over the area (Hodge &
NGC 2276 is a peculiar Sc galaxy belonging to the grougennicutt 1983, Davis et al. 1997).
of NGC 2300, the first small group of galaxies in which  Using XMM-Newton data, Davis & Mushotzky (2004)
hot diffuse intragroup gas has been observed in X-rays wiiflentify the brightest X-ray source at the western edge of
ROSAT (Mulchaey et al. 1993, Davis et al. 1996). The mashe galaxy with a ULX with luminosity of £;>~10%V" =
estimate of the hot gas is M, = 1.25 4+ 0.13 x 10"*Mg. 1.1 x 10%! erg/s, making it one of the most luminous known
The X-ray emission, of about 0.3 Mpc extent, is centere its class. The nuclear source instead is dimmer by at least
close but not exactly on the central elliptical NGC 2300 factor of several thousands than the ROSAT HRI source
The emission is well described by a King model with a corgeen by Davis et al. (1997) eigth years earlier.

radiusp, = 4.28 +1arcminandi = 0.41+0.3andhasa  Thg finding of a single ULX is in contrast with expec-
luminosity of L' = 1.12 x 102 erg/s (Davis et al. 1996). tations from star formation models that assume that ULXs
The peculiar “bow shock” shape of NGC 2276 undergre the heaviest and brightest tail of the High Mass X-ray
lines the interaction with either the hot gas surroundire thpinary population. For instance, using the model of Mapelli
group center or directly with the central elliptical. Comdo et al. (2010), with a metallicity of Z=0.22 Zand a mean
(1983) suggests the presence of ram-pressure intera&ionyialue of SFR=10 M/yr, we predict the formation of almost
tween NGC 2276 and the IGM, while Gruendl et al. (1993)yenty thousand Black Holes in the galaxy and, as a conse-
and Elmegreen et al. (1991) explore tidal interaction witjuence of their evolution, about 10 ULXs. We recall that
the central elliptical galaxy NGC 2300. Davis et al. (1997¢he number of ULXs expected depends linearly on SFR and
note that data in all observed wavelengths show enhanggerefore it is uncertain by about a factor of 2 based on the
ment of emission in the SW quadrant. They derive that thgyread of measured SFR values.
morphology of the galaxy is primarily affected by the grav- Recent Chandra data (Rasmussen et al. 2006) reveal a
itational encounter which has disturbed both the stellar ay,,c_jike feature along the western edge of the galaxy and
gaseous componentand enhanced star formation rate algngy, surface brightness tail extending to the east, sirtolar
the truncated side of the galaxy. They conclude that rafje morphology seen in other wavebands. Spatially resolved
pressure may enhance the star formation, butis not the dogyectroscopy shows that the data are consistent with intra-
inant force shaping the galaxy. group gas being pressurized at the leading western edge of
This Sc galaxy is indeed very active. Many supernovagGcC 2276 due to the galaxy moving supersonically through
have been observed in the last fifty years (e.g. Barbon et e |IGM at a velocity of 850 km/s.
1989, Treﬁers 199_3, Dimai 2005) and the Star Formation The diffuse hot gas in NGC 2276 has an X-ray luminos-
Rate (SFR) is estimated to be SFR=9.5 M based on ity of Lg?.3—2.0keV) — 1.86 x 104 erg/s and a temperature

it high Ha luminosity (Kennicutt, 1983). Values between . :
5 and 15 My/yr are found from different measurementSOf kT ~ 0.35 keV, with a residual component of unresolved

. X-ray binaries of about 10-15% in flux (Rasmussen et al.
mostly Ha and FIR (e.g. Kennicutt et al. 1994, James e2006). The IGM measured by Chandra has a profile consis-
tent with previous measures by Davis et al. (1996) and tem-
perature of KT =0.85 keV and Z= 0.1 4Rasmussen et al.
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Fig.1 Left: X-ray data from Chandra in the 0.5-7 keV band. Open circlesrammbers identify detected sourcBght:
The X-ray sources’ positions are overplotted on the optinalye of NGC 2276 taken from the DSS.

2006). However, the superb Chandra resolution allows tlexclude one of the sources in the fainter flux range to con-
detection of a number of point sources not seen or resolvsaluct the XLF.
before. The study of the population of point sources in the The XLF is matched to the Universal Luminosity func-
galaxy NGC 2276 and preliminary results on the ULXs argion of High Mass X-ray binaries (HMXB) proposed by
the subject of this work. Grimm et al. (2003). The scale parameter is the SFR, that
We assume here a distance of 32.8 Mpc (from NED) ame can derive from comparison with the data. If the model
rescale published values to this distance when necessaryholds, than we see from Figufé 2 that values between 5
and 10 My /yr are consistent with the derived luminosity
function. Also comparing the total X-ray luminosity or the
number of ULX with the results of Grimm et al. (2003) we
The Chandra observation of 45.8 ksec has been perfornfiigfive Similar results of SFR =5 and 5.5:Mr respec-
Ct(_bv_ely. These values are in the same range of star forma-

on June 23rd, 2004. We apply standard reduction pro ) , ) :
dures and run a sliding cell detection algorithm that finds 1Hpn rates derived in other wavebands (see Secfion 1). This
kes the XLF of NGC 2276 very close to those of the

sources in the galaxy area. We illustrate the X-ray data aftf
compare with the optical image of the galaxy in Figle {Antennae (Zezas et al. 2002) and the Cartwheel (Wolter &

One of the sources (S08) corresponds to the nuclear regioh""chier 2004) which are fitted respectively with SFR=7.1

which had been detected previously as variable (Davis ¥e/Yr and SFR 20 Mo/yr.

Mushotzky 2004), at kk ~ 103° erg/s. However, a correct

comparison of the flux would need a detailed modeling @ The UL Xs

the sourrounding emission, given the different resolutibn

the instrument that have observed NGC 2276 through th‘?]e number of sources W|th)gLZ 1039 erg/s’ which is the

years. The spectral information is not sufficient to diserim assumed definition for ULXs, are 7, many more than the
nate between a nuclear active source at very low luminosignly ULX detected earlier in XMM-Newton data (Davis et
or the natural enhancement at the center of the galaxy. \\e 1994), and consistent with the prediction of the model by
do not consider this source in the construction of the X-rayapelli et al. (2010) for a SFR = 5-10 Myr. A compari-
Luminosity Function (XLF). son of XMM-Newton and Chandra data in the region of the

Contamination from background sources is estimatedviM-Newton ULX is shown in Fid:B. The XMM-Newton
according to the logN-logS of Hasinger et al. (1993). Asource is resolved in 6 individual sources, of luminosities
the detection limit of &0.5721@\/) = 7x 1076 erg cnm2  ranging from a few 18 erg/s to almost 11 erg/s. Lower
s~! (which corresponds to & = 1038 erg/s at the distance background per detection cell in Chandra also contribates t
of NGC 2276) we expect 1.4 sources by chance in the tothle finding of a large number of point sources in the whole
area covered by the galaxy. To account for this we randomijalaxy.

2 Chandra point sources
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10 keV band and also correct to the adopted distance of 32.8
] Mpc. This results in a Chandra luminosity o&’?ElOkev) =
. 2 x 10%° erg/s to be compared to the total luminosity mea-
] sured by XMM of Lgi—m’“V) = 3.8 x 10%° erg/s. The
_ XMM-Newton value might be affected also by a contribu-
] tion of diffuse gas which falls in the detection cell. How-
7 ever the fraction of hot gas emission amounts to only about
I 30% in the Chandra data. Therefore it is possible that at
. least the brightest ULXs have partially dimmed in the two
] years between the two observations. We know that vari-
ablity is a common property of ULXs (see e.g. Crivellari
et al. 2009 and Zezas et al. 2006). New Chandra observa-
tions are needed in order to study the variability pattern in
detail.
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Fig.2 The X-ray Luminosity Function computed in the 2-

10 keV band by using the 15 sources detected in the gala:

area: the nucleus has been removed, as well as one of 1 o
faint sources to account for background contamination. Th a
solid lines describes the Grimm et al. 2003 luminosity func

tion for the HMXB, normalized respectively to 5 and 10 o
Ma/yr. No formal fit has been performed. The errorbar or o
the faintest point are indicative of the uncertainty in flixda £
density.

SOpD
The brightest sources have enough counts (100-400) o)
allow a spectral fit: a single absorbed power law is a goo

description of these spectra, withN~ 2 x 102! cm™2 and

slopes betweell = 1.4 and 2.2, consistent with mean ré-jy 4 The PSS image of the galaxy: overplotted in blue
sults for the sample of ULXs studied by Swartz et al. (2004}, {he position of the detected Chandra X-ray sources pre-
sented in this work, in red and in magenta are the locations
of Hll regions listed in Hodge & Kennicutt, (1983) Davis et
al. (1997) respectively. The ULXs reported in this paper are
S09, S10, S11, S13, S13b, S14, S17.

Hodge et al. (1983) list 72 HII regions detected in the
galaxy, and Davis et al. (1997) find a few more. The posi-
tions of the HIl region are plotted in Figl 4, together with
the position of X-ray sources. Davis et al. (1997) notice tha
many of the HIl regions are also associated with strong non-
thermal radio sources, which is a fact not well explained,
argd propose an association with a supernovaremnant (SNR)
in dense environment to explain the emission. Although the
spatial resolution at the distance of NGC 2276 is not enough
to warrant a physical association, we find that six of the HII

To investigate possible variability of the ULX sourceregion are positionally coincident’( — 2”) also with bright
previously detected by XMM, we estimate the Chandra IuX-ray sources, four of which are ULXs. Itis tempting there-
minosity of the corresponding source as the sum of all tHere to associate the HIl regions to the ULXs. The main
resolved point sources. We rescale the energy range givaterpretation of ULXs is in term of accretion, however, at
by Davis & Mushotzky (2004) from the 0.5-10 keV to the 2deast 25% of all known ULXs have a spatial coincidence

Fig.3 Left: A zoomed in region of the XMM-Newton
data representing the ULX regioRight: Chandra data for
the same region of the galaxy: a number of point sources
evident.
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with a Supernova (SN), and also one of the brightest known
ULXs, N10 in the Cartwheel galaxy, might be explained as

a very bright and peculiar SN, as well as an almost ordinary
HMXB (see Pizzolato et al. 2010). Therefore a deeper study
of the association with HIl regions and radio emission could

give more insight in the explanation of ULXs as a class.

4 Conclusions

We have analyzed a Chandra observation of NGC 2276, a
spiral galaxy in the group of the elliptical NGC 2300. We
have paid particular attention to the point sources deatecte
in the area of the galaxy. We find that a large number of
ULXs are present, which makes NGC 2276 one of the rich-
est enviroment of this still enigmatic bright sources. Rart
observations are needed in order to study in detail spectral
and variability properties of this class.
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