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ABSTRACT

We report the identification of a recurrent ultraluminousay-source (ULX), a highly absorbed X-ray source
(possibly a background AGN), and a young supernova remreartthe center of the starburst galaxy M82.
From a series a€handraobservations taken from 1999 to 2005, we found that theigah/LX first appeared
in 1999 October. The source turned off in 2000 January, et l@appeared and has been active since then.
The X-ray luminosity of this source varies from below theaigion level & 2.5 x 10%ergs §?) to its active
state in betweer 7 x 10%° ergs §* and 13 x 10*° ergs s (in the 0.5-10 keV energy band) and shows unusual
spectral changes. The X-ray spectra of sdbi@ndraobservations are best fitted with an absorbed power-
law model with photon index ranging from 1.3 to 1.7. Thesectijgeare similar to those of Galactic black
hole binary candidates seen in the low/hard state exceptthary hard spectrum was seen in one of the
observations. By comparing with near infrared images takitm the Hubble Space Telescopthe ULX is
found to be located within a young star cluster. Radio imgginlicates that it is associated with diHegion.

We suggest that the ULX is likely to be>a 100M, intermediate-mass black hole in the low/hard state. In
addition to the transient ULX, we also found a highly absdrbard X-ray source which is likely to be an
AGN and an ultraluminous X-ray emitting young supernovamant which may be related to a 100-year old
gamma-ray burst event, within 2 arcsec of the transient ULX.

Subject headingdlack hole physics — galaxies: individual (M82) — supernoe@nants — X-rays: binaries
— X-rays: galaxies

1. INTRODUCTION have dynamical mass measurements of the compact objects
at power ULXs.

In our current stellar formation and evolution theory, we
are only able to constrain two classes of black holes, the su-

Ultraluminous X-ray sources (ULXs) are defined as off- th
nuclear X-ray sources with isotropic luminosities much

higher than the Eddington limit for a solar mass black hole § ) -

(Lx ~ 1.3 x 108 ergs s1). Typical X-ray luminosities of ~ Permassive black holes with masses exceedlﬁg/IgBOat the
ULXs are in between fergss! and 13!ergss!. The center of galaxies and stellar-mass black holes with masses
physical nature of ULXs has been an enigma because oflowe_rdthan |20|\/I@.f_”If_ sor:ne ULXs hFS;I LMBHS’ they”mlght
their high energy output. Many ULXs show strong variabil- EIrOVIL ﬁ ? c ue(tjo Iin the m|SS|bn|g I|<nh Ietween stellar-mas
ity suggesting that they are accreting compact objects. As- ?C h_o €S and supermassive black no'es. ULX in th
suming the emission is isotropic, then some of the ULXs nbt IS papler, W&gengrton_a recurr:_evnatl;crar(ljmenth l;nt €
may harbor intermediate-mass black hole (IMBH; Colbert & gtlarsurst g?_ allxy Hysg.s'ng .?LC vahan .ralan g )
Mushotzky 1999; Makishima et al. 2000) with masses of e Space Telescope ( gta. The source is located near
100- 10000M.,. Alternatively, ULXs may simply be stellar- the galactic dynamical center and is one of the most lumi-
mass black holes. It has been suggested that ULXs are stelIar?l\?lgfsﬁghe}%'asec;lgf%%évét_hl\'ﬂnattgﬁrﬁg?op:tr'glutz)%lgor)e%'lggeogel\gg\zl
mass black holes with radiation pressure-dominated (Begel | I  Thi is brobably the gk
man 2002) or sl (Ebsawa et a._2003) accreion disks 1o SUPELSAT SUSters, T souree < prebeby e seon
that cause super-Eddington luminosities. FurthermoresJL o5 X1, is a prime candidate of IMBH and is about 5 arc- .

gi]c?l}: t();irs]tgeltlaa:rérlr?aszsbglla;(,:kofrlor:siirvg[tbf};n;g txhﬂtchxr;;%yp(eawé% sec from the transient (see Kaaret et al. 2006 and references

to be observed along the direction of their relativistigall ther%'g'( In add|t||0n,we %Iso lstuldy the physmal_natlérdnef_t

beamed jet (Kording et al. 2002). In addition, some ULXs %Vl:)lti wa\?e\llgl)étch(zisaet;()t e ultraluminous transient by using

may be young X-ray luminous supernova remnants in a high- - . . .

density medium, or hypernova remnants. Finally, some ULXs In § Ztme ddestcrlbe tlhé:_hand(;aandESTogzer\Aagpns. We f

have been identified with background AGNs through optical ![ahrestﬁn Uean a analysis gz resutis in 3 3. IScussion o

follow-up spectroscopy (e.g., Foschini et al. 2002; Mastt € three Sisgveninsa.

al. 2003). Each of these models has difficulties to fully ex- 2 OBSERVATIONS

plain the observations, but yet has some supporting piefces o

evidence. Currently, we do not have a complete picture about 2.1. Chandra

the physical nature of ULXs, primarily because we do not M82 (NGC 3034) is a nearby starburst galaxy. We adopt a
distance of 3.6 Mpc to M82 based on the Cepheid distance of

1 Kavli Institute for Astrophysics and Space Research, Maussetts In- 3.6340.34 Mpc to its close neighbor galaxy M81 (Freedman

Stig“fﬁg‘;ﬂi"gpﬁg?g;}gg?Zgggzét?g?r?fslisf pcademia Sintaipel, Tai. €12l 1994). M82 was observed twelve times between the year
wan ’ ’ of 1999 and 2005 witlChandra The details of the observa-

3 Department of Physics, University of Hong Kong, Pokfulanopig Kong tions are.given in Table 1. Among thesg twelve ob_servations,
observations 3 and 5 were using the High Resolution Camera
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TABLE 1
ChandraOBSERVATIONLOG

Instrument Remark
ACIS-I
ACIS-I
HRC-I
ACIS-I
HRC-I
ACIS-I

ACIS-I

ACIS-I
ACIS-S
ACIS-S
ACIS-S
ACIS-S

Obsld
361
1302
1411-1
378
1411-2
379
380-1
380-2
2933
6097
5644
6361

Index Date

1999-09-20
1999-09-20
1999-10-28
1999-12-30
2000-01-20
2000-03-11
2000-05-07
2000-06-12
2002-06-18
2005-02-04
2005-08-17
2005-08-18

Exposure
33.7ks
15.7 ks
36.3ks
4.2ks
17.8ks
9.1ks
3.9ks
1.2ks
18.3ks
58.2 ks
75.1ks
19.2 ks

off-axis

off-axis
off-axis
off-axis

© N UNWN

9
10
11
12

off-axis, 1/8 subarray
1/8 subarray
1/8 subarray

NOTE.— ObsIDs 1411 and 380 have two observations mergeden on
event list. We used a time filter to separate the two obsensiti

The brightest source in the field of M82 is M82 X-1
(CXOU J095550.2+694047; see Fig. 1). We note that
the X-ray coordinates are based on an astrometric corrected
image (see §83.5). About 5 arcsec southeast of M82 X—
1, there is a complex of three bright X-ray sources (Mat-
sumoto et al. 2001). By examining ti@handraimages, the
brightest one, CXOU J095551.0+694045 (J095551.0 here-
after; note that in Matsumoto et al. 2001, the source is dalle
J095551.1+694045 due to different astrometry), was ¢learl
below the detection limit in two observations indicatingith
it is a highly variable source. Note that previous studies
have mentioned the transient behavior of this source (Mat-
sumoto et al. 2001; Kaaret et al. 2006). In addition to
J095551.0, there are several additional transients asrshow
in Figure 1; the discussion of these transients is out of the
scope of this paper. There are two fainter X-ray sources,

(HRC-I). The rest were using the Advanced CCD Imaging CXOU J095551.2+694044 (J095551.2 hereafter) and CXOU
Spectrometer array (ACIS-I or ACIS-S). We used CIAO v3.3, J095550.6+694044 (J095550.6 hereafter) located at about 2
HEAsoft v6.2, and XSPEC v11.3 packages to perform dataarcsec to the south of J095551.0 forming a triangle (Fig. 1).

reduction and analysis.

In contrast to J095551.0, these two sources are alway®activ

For ObsIDs 1411 and 380, there are two separate observa-

tions within the same event list. Therefore, we used a time-
filter to split the observations and analyzed the data ségdgra
(observations 3, 5, 7, and 8). Five of the observations (4, 6,
8, and 9) are off-axis to reduce pile-up of M82 X-1 due to its
high luminosity. In particular, during observations 10+t

3.2. X-ray Spectroscopy

We performed spectral analysis for @handraACIS data
by using XSPEC v11.3. We also used CIAO’s Sherpa for
independent check. In three of the observations, the X-ray

detector employed a 1/8 subarray mode with a frame time ofsources are located near the aim point and we can use a circu-

0.441 s to reduce pile-up.

2.2. HST

Since M82 has high extinction near its core where our tar-
gets are located, we used near IR image to study the envi
ronment around the X-ray sources. We obtaihtsiT Near
Infrared Camera and Multi-Object Spectrometer (NICMOS)
data from the Multimission Archive at STScl (MAST). M82
was observed on 1998 April 11 by using the NIC2 camera
with the F160W filter H-band). The NIC2 camera has a res-
olution of 07.075 pixel™ and a field-of-view of 12 x 19.2
arcseé. To cover the central 1.5 arcmin along the semi-
major axis, we obtained 11 pipeline processed NICMOS im-
ages from the MAST. The individual images were combined

to form a mosaic that were used for analysis. To correct the

absolute astrometry of the NICMOS image, we aligned the
NICMOS image with a wide-fieldHST ACS mosaic image

(Mutchler et al. 2005). The ACS mosaic has a dimension
of 10'.24 x 10'.24 and can be obtained as High-Level Science
Products via the MAST. The observations and data reduction

lar extraction region with radii of 8-1.3 arcsec depending
on the contamination of nearby sources. The relatively kmal
extraction radii were used because the three X-ray souraes t
we are interested in are close to each other. For the rengainin

four observations, our targets were off-axis and therefae

used an elliptical region to extract the spectra. For thé&bac
ground, we used a nearby source free region. We rebinned
the 0.3-7 keV spectra with at least 20 counts per spectral bin
and used? statistics to find the best-fitting parameters. Cor-
responding response files were generated using CIAO.

For the transient (J095551.0), the X-ray spectra can be ad-
equately fitted with an absorbed power-law model. The spec-
tral parameters are listed in Table 2. In general, the phioton
dex varies between 1.3 and 1.7 while tgis about 3x 1072
cm?, consistent with the extinction measured with near IR
observations (Alonso-Herrero et al. 2003). It is worth ngti
that during observation 9, the source suffers mild pile-up.
this case, we included a pile-up model in spectral fit yield-
ing a pile-up fraction of~ 15%. For consistency check, we
also applied a pile-up model for other observations. Pjle-u

are described in Mutchler et al. (2005). We used the F814w?affects some of the observations (in particular obsermati

(I band) mosaic for our analysis and corrected the absolute as

trometry by using the 2MASS catalog. We identified 21 iso-
lated stars in the field and matched with the 2MASS catalog.
Using IRAF toolccmap we corrected the absolute astrome-
try of the ACS mosaic with a registration error aRarcsec.
We then registered the NICMOS mosaic with the astrometric
corrected wide-field ACS image. With 9 isolated stars in both
field-of-views of NICMOS and ACS mosaics, we corrected
the astrometry of the NICMOS image with a registration er-
ror of 0.036 arcsec.

3. DATA ANALYSIS AND RESULTS
3.1. X-ray Imaging

4 http://archive.stsci.edu/prepds/m82

6, 7 and 8) with a maximum pile-up fraction ef 10%. Our
spectral fit of observation 10 is different comparing to Kdar

et al. (2006). This is likely due to the diffuse background
and contamination of nearby sources. We used a nearby dif-
fuse emission region as the background and the fit was per-
formed with the background subtracted spectrum. We also
used a smaller extraction region to reduce the contamimatio
of nearby sources. In fact, Kaaret et al. (2006) requiredidan a
ditional very soft component to fit the spectrum indicating t
contribution of diffuse emission and nearby sources. We als
performed a fit with a bigger extraction region and without
background subtraction. The result is consistent with Kiaar
etal. (2006). Since five of the observations (4, 6, 7, 8, and 10
are off-axis, the spectra of the transient are contaminayed
J095551.2 and J095550.6. The contamination is partigularl
serious in observations 4, 6, 7, and 8, and may result the rel-
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FiG. 1.— Chandra0.3-7 keV images of the central ‘4% 45" region of M82 as seen on 1999 September 12&ft( observation 1) and 2002 June Hight
observation 9). Both figures have the same spatial scalelothéons of the three ULXs discussed in this paper are ndarkée also indicate the position of
M82 X—1. The images has been slightly smoothed with54 ® Gaussian function.

TABLE 2
POWER-LAW SPECTRALMODEL FOR THEULXS
Observation J095551.0 J095551.2 J095550.6

Nn 2 T LxP x?/dof Ny 2 T LxP x2/dof Ny 2 r LxP x%/dof
1 2159 2150%  17+07  1.0/81 2867945 285703 24401 0.9/48
9 363078 1747031 78+02 0.8/69 1835 10738 32+02  0.9/17 2411380 281738  20+01  1.1/20

10 319923 1479012 12+01  1.0/293
11 3561013 152035 13+t01 1.1/331 1325 066243 36+009 1.4/70 261035 272931 154004 1.5/58
12 3347038 127018 11402 0.9/126 12295 06178 33+02  1.2/16 399130 4467712 116406 1.7/12

NOTE.— All quoted uncertainties are 90% except for the lursities which are &.

The spectrum of J095551.0 in observation 9 suffered pilanga pile-up model was applied during spectral fit.
ain units of 12 cm2

b 0.5-10 keV unabsorbed luminosity in units of3Gergs s (assuming d=3.6 Mpc).

atively hard spectra of these observations. To verify the co seen in all spectra but with larger uncertainties due totshor
tamination, we extracted combined spectra of all threecgsur  exposure time or smaller collecting area of ACIS-I below 2
using observations 11 and 12 for which the sources are wellkeV. Soft excess is a common feature of AGN with an ion-
resolved. While the X-ray flux is dominated by the transient, ized absorber. We then refitted the spectrum (observatipn 11
the X-ray spectra become significantly harder with a photon with an additional ionized absorbeat{sorimodel in XSPEC;
index of~ 1. This indicates that the hard spectra of the three Zdziarski et al. 1995). The fit is acceptable with a reduced
contaminated observations are likely due to nearby sourcesy? of 1.06, and the best-fit photon index steepens to 2 with a
Furthermore, mild pile-up may also affect the spectra. We |arge absorbing column dfy = 9 x 10?2 cm 2 (see Fig. 3);
therefore do not include the spectral fits in Table 2. The bestihe apsorbed 0.5-10 keV flux is #8ergs cni? s2.

f|tt|n§1 power-law spectrum of observation 11 is shownin Fig-  apart from observation 11, the X-ray spectra of J095550.6
ure 2. . . .__can be fitted with an absorbed power-law with ~ 3 x 10?2
WESSER2 s e next brightest source ear he UanSenion and a photon ndex of: 2.7, Observation 11 has the
and the spectral parameters are shown in Table 2. Three o"o rg:?:;[l eﬁgrseugi%mlfcg%%tr:tecﬁ'r:ﬁgtsg): ggg?va{ﬁ] g?]SSSSir?_'G
the fits are acceptable and the spectra turn over at about 4 ke le com)E)onent mod%l Instéad a combination of Ray%wond—
suggestlngaveryzhlgh apsorptlon. The bes_t fitkedlis about Smith model and power-law model is required. In addition,
(1-2) x 10°*cm? which is an order of magnitude greater than ission lines are clearly seen in the X-ray spectrum (Fig.
the other two nearby sources. In addition, all spectraang ve 4y " rhe x_ray spectrum indicates that J095550.6 is either a
hard withT" < 1 except for observation 1. For observation earby foreground star or a supernova remnant in M82. We

11, a soft excess is clearly seen in the spectrum (Fig. 2) anqyi| show in §4.3 that J095550.6 is indeed a young supernova
the fit is much poorer than the others. Indeed, soft excess iSemnantin M82.
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£ ~F M H’H * } E When the source is active, the X-ray luminosity shows very
S 1= ﬁﬁ%@+H++ﬂi+ﬁg+m%g BULNES little variability at (7-13) x 10 ergs 5. We determined the

E ‘ ‘ 4] 90% upper limit when the source was undetected; a nearby

05 1 c 2 oV 5 diffuse emission region was used as the background since
.”ergy( ev) the source is contaminated by strong diffuse emission. We
FiG. 2.— Power-law spectral fits of J095551.0 (top), J09555midle), note that Feng & Kaaret (2007) reported a much lower upper

and J095550.6 (bottom). Spectra are from observation 1&.T8ele 2 for

spectral parameters. limit (without statistical significance) by assuming thégihit-

est pixel around the source region.
o J095551.2 has a soft spectruim% 2) during the first ob-

3.3. X-ray Variability servation and it becomes much harderg 1) in subsequent

With the spectral fits, we can estimate the X-ray fluxes of observations. Because of the hih, the flux is very sensi--
the three sources and study the long-term variability. Wit li  tive to the photon index. For instance, if we fit the specttfwi
our analysis toChandradata because the three sources as an ionized absorber plus power-law model fixing the spectral
well as M82 X—1 are not resolved witfinstein ROSAT and parameters except for the normalization as in observation 1
XMM-Newton The luminous X-ray source, J095551.0, dis- the luminosities are- 10 ergss®. Hence, the source does
plays strong variability on the timescales of months (sge Fi not show significant variability.
5). In particular, the source was not detected in 1999 Septem For J095550.6, the apparent softening during the last ebser
ber and reappeared in 1999 October. It was below the detecvation is likely an artifact because of the low count rate. We
tion limit again in 2000 January and then turned back on in used the same Raymond-Smith plus power-law model as in
2000 March. Figure 5 shows the long-term X-ray lightcurve observation 11 and the spectrum can be fitted equally well.
of J095551.0 from 1999 September to 2005 August. For theThe resulting luminosity is about.2x 10*° ergss?, con-
HRC-I observations and observations 4, 6, 7, and 8, we es-istent with other observations. Therefore, the X-ray fltix o
timated the X-ray flux by assuming an absorbed power-law J095550.6 is consistent with being constant.



5

compared the X-ray source list with the 2MASS catalog, and
. looked for coincidence of bright and isolated stellar otgec
ol T We found one star (2MASS 09551494+6936143) that K’

i o4 . ] from the corresponding HRC-I position. From the ACIS-1 ob-
by ] servation (observation 9), the X-ray colors of the X-raytemi
ting star indicate that it has a very soft X-ray spectrum (84%
of the source counts come from1 keV with no counts above
2 keV), consistent with a very soft X-ray source (Di Stefano
& Kong 2004). The X-ray radiation is therefore likely due to
the coronal emission from a foreground star. The star has a
R magnitude of 10.1 (Monet et al. 2003). We calculated the
X-ray to optical flux ratio as lod / fr) = log fx +5.67+0.4R
(Hornschemeier et al. 2001). With a count rate gf910™*

c/s in the ACIS-I detector and assuming a Raymond-Smith
] model withkTrs= 0.3 keV and\y =4 x 10°° cm™ (the Galac-

$ 1 tic value toward the direction of M82), the 0.3-10 keV flux is

a ] 10 % ergscm? s tand the correspondiniy / fr is 5.1 x 10°°,

l consistent with a foreground star.

I T Based on the 2MASS counterpart, the boresight correc-

500 1000 1500 2000 2500 tion that needs to be applied to the X-ray source positions
MID - 51300 is 0.87+0.56 arcsec in R.A. and. B3+ 0.27 arcsec in decl,;

the uncertainties are a quadratic sum of the errors on the X-

FIG. 5.— Long-term X-ray lightcurve of the ultraluminous X-ragnsient, ray and 2MASS positions. To study the IR environment of
J095551.0. The luminosities are determined by spectra(diés Table 2).

Ly [10% ergs/sec, 0.5-10 keV]

For the HRC-I observation and observations 4, 6, 7, and 8,s8ame an the X-ray sources, we p|0t. ,On the, NICMOSllmage ,(F'gure
absorbed power-law spectral model with = 3 x 10?2 ¢ and T = 1.5. 8) the corrected X-ray positions with error circles given by
For non-detections, 90% upper limits are shown. the quadratic sum of the positional uncertainty for the ¥-ra

We also study the short-term variability of our targets. We source (0032’ for the transient and.063" for the other two
extracted the source and background lightcurves from @e 0. Sources), the uncertainty in the optical astrometry (2MASS
7 keV event files except that there is no energy filter for HRC- ACS astrometry and ACS to NICMOS astrometry2'0, and
| data. We applied similar procedure as discussed in § 3.2 tothe uncertainty in the X-ray boresight correction6®'). In
define the source and background regions of our targets. Allthe figure, we also plot the locations of several known super-
three sources do not show significant variability on timéssca  Star clusters and M82 X—1. As expected, this area shows many

of hours. We show the short-term lightcurves of the trartsien Star forming regions with the presence of super-star alsiste
in Figure 6. The three luminous X-ray sources as well as M82 X-1 are

located near star clusters. In particular, a near IR sowce i
3.4. Radial Profile at the center of the error circle of J95551.0. The source is

We investigated the spatial extent of the ULXs using ob- marginally resolved in the F160W image with a half-light ra-
servaton 11 for which the sources have the NIGhest nuM-oi2 o ricaron): At hat size e oluster kely has ssna
hard (37 keV) band counts were extracted from energy fil- °f < 10°Mo,. J095551.2, however, does not seem to have any
tered images. We also modelled the point spread function counterpart. While there is no obvious counterpart withi t
(PSF) of each source usi@handraRay Tracer (ChaRT)and ~ <Tay error circle of J095550.6, some unresolved IR emissio
compared them with the measured radial profile of the three!S S€en. Furthermore, a super-star cluster, MGG-8, is just

sources. Counts from these images were extracted in identioUtSide the & X-ray error circle locating 1 arcsec from the

cal manner and normalized by the innermost nuclear annulusSPUrce- It is also worth noting that M82 X-1 is located just

The resulting radial profiles are shown in Figure 7. outside the super-star cluster, MGG-11.

The surface brightness distributions of all sources but 4. DISCUSSION
J095551.2 in the hard and soft bands are very similar. They ) . .
are centrally peaked and lie above background level outto ra 4.1. J095551.0: An Ultraluminous X-ray Transient

dius~ 2" with the exception of J095551.2 for which the con- ~ The most intriguing behavior of J095551.0 is the X-ray
tamination from background is significant in the soft band. variability. The source varies from below the detectionitjm
The radial profiles were compared with the PSF models; we ~. 2. 5 x 10% ergs s in the 0.5-10 keV band, te- 10*° ergs
do not find significant difference based on a Kolmogorov- <1 gn timescales between observations-o? months. Fur-
Smirnov (K-S) test for all sources but J095551.2. thermore, the source shows recurrent outbursts. Recwrient
. traluminous transients are not common in nearby galaxigs. B
3.5. Near IR Imaging comparingROSATandXMM-Newtorobservations, Winter et
In order to compare th€handraandHST NICMOS im- al. (2006) found that most of the ULXs are persistent sources
ages, we first aligned the two images. For the X-ray image, wewith less than a factor of 3 in flux variation over the timescal
used the HRC-I observation taken on 1999 October 28 (obserfrom ROSATio XMM-Newton Nevertheless, ultraluminous
vation 3) as the reference frame because it has a wide fieldX-ray transients have been found in NGC 3628 (Strickland
of-view and moderate exposure. Furthermore, all three tar-et al. 2001), M74 (Soria & Kong 2002), NGC 300 (Kong
gets were active during this observation. We used CIAO tool & Di Stefano 2003), NGC 253 (Bauer & Pietsch 2005), and
wavdetecto detect X-ray sources in the HRC-I image. We M101 (Kong et al. 2004; Kong & Di Stefano 2005). Two
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FIG. 6.— Chandrashort-term lightcurves of the transient, J095551.0, whénactive. The time resolution of each plot is 500 s. We doshwoiv observation
8 due to its short exposure time (1.2 ks). We note that therappdifference in the count rate is due to different detactémd off-axis angle of the source.

of these sources (NGC 300 and M101) are ultraluminous su-on timescales of days to months. However, transient AGNs
persoft sources withT < 0.1 keV. The ones in NGC 3628 are not unusual (e.g., Komossa et al. 2004; Grupe et al. 2004)
and M74 are typical power-law sources with~ 2 while the and they belong to a class of AGNs called narrow-line Seyfert
ULX in NGC 253 can be described with a bremsstrahlung 1 galaxies. These galaxies have X-ray spectra much softer
model withkT = 2.2 keV. J095551.0, however, has a much (I" > 2.5; e.g., Boller et al. 1996; Grupe et al. 2004) than
harder spectrum. These sources also show diverse lunyinositJ095551.0. The more likely scenario is that J095551.0 is a
range. The sources in NGC 253, M74, and NGC 300 only binary system with a black hole accretor. The high X-ray lu-
reachLy > 10% ergs s suggesting that an IMBH is not nec- minosity (Lx ~ 10°° ergs s') when it is active indicates that
essary. On the other hand, the sourcesin NGC 3628 and M101t may be an ULX with an IMBH. Assuming the emission is
can have 0.3—-8 keV luminosities ef 5 x 10*° ergs s* with isotropic, the X-ray luminosity implies that the compact ob
bolometric luminosities approaching4@rgs s'. Whilewe  ject is a~ 100Mg, black hole. Many ULXs have a thermal
cannot totally rule out a stellar-mass black hole modelaalbl ~ component with a temperature of0.1 keV which is inter-
hole of intermediate mass is certainly an attractive séenar ~ preted as evidence of IMBHs with masses-.0£00-100(M,

A factor of > 50 in flux variation indicates that J095551.0 (Miller et al. 2004). J095551.0, however, does not have any
is a compact source while recurrent outbursts and hard X-Soft excess and the X-ray spectra are well fitted with an ab-
ray spectra can rule out the possibility that the source is asorbed power-law model with photon index 1.3-1.7. This
young supernova remnant. It is also un|ike|y to be a back- resembles to the low/hard state of Galactic black hole X—ray

ground AGN since AGN norma”y varies by a factorof10 binaries (MCC"ntOCk & Remillard 2006) It is therefore pos
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about< 1%-10% of the Eddington luminosity. If J095551.0
is accreting at a rate similar to the hard-state of Galadsiclb
hole X-ray binaries, this would imply a black hole mass of
~ 1000-10*M. The estimate should be treated with cau-
tion because we assume that the X-ray spectra of the transien
ULX are similar to that of Galactic black holes in the low/dar
state. Indeed, pure power-law spectral model for ULXs is not
uncommon;Chandraand XMM-Newtonobservations have
revealed hard-state ULXs in several nearby galaxies (gee e.
Roberts et al. 2004; Winter et al. 2006). Hard-state ULXs
may be good candidates to IMBHSs. If the accreting object is
instead a stellar-mass black hole in the hard state, theyX-ra
I emission must be anisotropic in order to produce such a high
oo | | X-ray luminosity. However, the inner accretion disk of hard
T state Galactic black hole X-ray binaries are truncatedrgela
N R R A distances from the black hole and this may be a problem for
’ ' N : the thick-disk plus central funnels anisotropic radiationdel
(King et al. 2001). Furthermore, the lack of short time vari-
ability of J095551.0 argues against the relativistic bemmi
L B T model since this would require a very stable jet. It is worth
b | noting that the observed photon index of J095551.0 is some-

log [surface brightness]

Radius (arcsec)

E time harder than the typical hard-state value &4 I" < 2.1
i for Galactic X-ray binaries (McClintock & Remillard 2006).
x i Itis therefore not clear if we can directly compare with Gala
- tic black hole X-ray binaries in the hard state. Alterndiiye
it may be a unique state that the ULX is a stellar-mass black

o1 1 hole accreting at very high rate.

In addition to the long-term timing variability, the X-ray
spectra also vary. Excluding those observations taken with
T off-axis pointings, the photon index is consistent with-1.5
1.7 except for the last observation (see Table 2). In the last
- observation, the photon index becomes much harder with
i I' =1.27+0.18. Moreover, the spectral change is quite dra-

ey T T T T matic. The observation taken one day earlier has a photon

' ' ' ' ' index of 152+ 0.10 while the X-ray luminosity does not
change significantly. On the other hand, the nearby source,
J095551.2, does not show this dramatic change in the spectra
We also check the spectra of a few bright sources in the field
for the last two observations; none of the sources displags t
kind of spectral variability. We therefore can concludd the
spectral hardening is real. Such an X-ray spectrum is uthusua
for Galactic black hole X-ray binaries. The only exception
is the fast X-ray nova, SAXJ1819.3-2525 whose spectrum
is extraordinary hard witfi' = 0.6 -0.9 during a flaring state
(Markwardt et al. 1999; McClintock & Remillard 2006). The
last observation of J095551.0is similar to SAX J1819.3-5252
but we note that the luminosity is indeed slightly lower than
that measured one day earlier and the short-term light curve
does not display strong variability.

Near IR and radio observations may provide additional
clues about the nature of J095551.0. From the NICMOS im-
T age (Fig 8), a star cluster is at the center of the X-ray error

Radius (arcsec) circle of J095551.0, suggesting that the source is assuciat

F16. 7.— The soft (0.3-3 keV: solid points) and hard (37 ke\arigles) with the cluster. Indeed, young star clusters are ideakslt®
band radial profile of J095551.0 (top), J095551.2 (middke)d Jooss50.6  Produce IMBHSs via the collapse of very massive stars through
(bottom), compared to @handraPSF model (solid curve), from observation ~ runaway stellar collisions (Portegies Zwart et al. 2004)e T
11. coincidence of J095551.0 and a star cluster strongly stgges

that the ULX is produced in the cluster and is consistent with
sible that the source can be explained in the framework of thea black hole of intermediate mass. Radio emission is also
advection-dominated accretion flow (ADAF) model. detected within the X-ray error circle (Kérding et al. 2005;
More recently, Yuan et al. (2007) apply an ADAF modelto Kaaret et al. 2006). The radio source, known as 42.21+59.0,
describe the X-ray emission of M82 X-1 and argue that the has been detected several times (e.g., McDonald et al. 2002)
accreting compact object is an IMBH. During the low/hard The flat spectrum (between 5 and 15 GHz) and extended size
state, the ADAF model predicts that the X-ray luminosity is

log [surface brightness]

Radius (arcsec)

log [surface brightness]
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error circles (0.66 arcsec) are shown. We also label theitoeaof known super-star clusters and M82 X-1.

(4.9 pc) suggest that it is a giantiHregion with 94 O5 stars  others [ < 1). Hence, the spectral change during the first ob-

(McDonald et al. 2002). servation might be real. Spectral change is also seen in some
narrow-line Seyfert 1 galaxies such as NGC 4051 (Guainazzi
4.2. J095551.2: A Highly Absorbed X-ray Source et al. 1996; Ponti et al. 2006; see Leighly 1999 for a re-

) ) view). Therefore, J095551.2 is likely to be a highly absdrbe

The X-ray spectrum of J095551.2 is very different com- packground AGN. It is worth nothing that there is alHe-
pared to that of other nearby sources. The source has an urgjon within the X-ray error circle (42.56+580; McDonald et
usually highNy (> 107 cm™) while the two nearby sources  al. 2002).
as wellogs M812 X-1 (Kaaret et al. 2006) haveNa of
~ 3 x 10~ cnm™, consistent with the extinction measured by )
IR observations. Furthermore, J095551.2 has a very flatspec 43+ J095550.6: A Young X-ray Supernova Remnant
trum [ < 1) with soft excess below 2 keV. The high absorp-  J095550.6 is unique because the X-ray spectrum cannot be
tion column density may indicate that the source is a back-fitted with simple spectral models. Instead, a combination o
ground AGN. AGN normally has a power-law spectral model a Raymond-Smith model and a power-law model is required
with ' ~ 1.7-2 (e.g., Page et al. 2006) while the spectrum to describe the spectrum (see Fig. 4). Given the MNgh
of J095551.2 is much harder. A hard spectral index of AGN that is consistent with the extinction of nearby region ofayi8
may be due to the presence of a reflection component and/od095550.6 is unlikely to be a foreground star. The X-ray spec
a complex absorber (Cappi et al. 2006). In 8§3.1, we refit- trum is not typical for X-ray binaries. We can also rule out a
ted the spectrum (observation 11) with an ionized absorberbackground AGN due to its unusual spectrum. The remaining
plus power-law model yielding an acceptable fit. The pho- possibility is that it is an X-ray luminous supernova remmnan
ton index steepens to 2 and the 0.5-10 keV unabsorbed fludn particular, it is evident that the spectrum (Fig. 4) is dom
is significantly higher. The other two spectra (observation inated by broad emission of Mg XII lines at 1.4 keV, Si K
9 and 12) can also be well fitted with an ionized absorbed shell lines at 1.8 keV, and S K shell lines at 2.5 keV. Strong
plus power-law model with the spectral parameters fixedeat th emission lines are also seen in some luminous X-ray emitting
values determined in observation 11 except for the normaliz  supernova such as SN 1978K (Schlegel et al. 2004). Indeed,
tion. However, due to the low count rate of these two observa-SN 1978K is also the first known supernovae with X-ray lu-
tions, it is not clear if the difference is real. On the othand, minosity above 1% ergs s*. For direct comparison with SN
the spectrum of the first observation might be different. The 1978K, we refit the spectrum of J095550.6 with an absorbed
spectral parameters of observation 11 cannot fit the spactru MEKAL + power-law model. The spectral parameters are not
of the first observation. If we only fit all the spectra in the sensitive to the model, with a best-fit temperature of 0.9 keV
range of 2.5-7 keV where soft excess is not crucial, the spec-This is slightly hotter than SN 1978k<(0.7 keV; Schlegel
trum of the first observation is much softét£ 2.9) thanthe et al. 2004). The 0.5-10 keV luminosity of J095550.6 is
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2.2x 10¥%ergs s'. law model with photon indeX' = 1.3-1.7 which is similar
Within the X-ray error circle, there is a strong radio source to Galactic black hole X-ray binaries in the low/hard state.
known as 41.95+575 (McDonald et al. 2001,2002; Kérding We suggest that the X-ray emission might be explained in the
et al. 2005). 41.95+575 is the brightest and most compact raframework of the ADAF model implying a black hole mass
dio source in M82 and has been detected since 1965 (Muxlowof ~ 10°-10*M.. However, we cannot totally rule out that
et al. 2005). High resolution (3 mas) VLBI imaging shows the source is in a unique spectral/luminosity state. Inigart
that the source has a double-lobed structure (McDonald etular, spectral hardening was seen in one of the observations
al. 2001). The separation of the two brightest componentswWe also examined near IR images taken HBTTNICMOS.
is 22.4 mas in 2001 (Muxlow et al. 2005). Furthermore, We found a star cluster at the center of the X-ray error circle
multiple-epoch VLBI observations show that the separation suggesting that the source is associated with the cluster.
is increasing at a rate of 0.24 mas’yr The radio flux also With an unusually high column densiyy > 10%cni2 and
varied over the last 30 years. It has decreased in flux densitya rather flat X-ray spectrunt’(< 1) with an ionized absorber,
at a rate of~ 8.8% per year. An age of around 100 years is itis suggested that the source J095551.2 s likely to be le-bac
estimated (Muxlow et al. 2005). The simplest explanation ground AGN. The source also shows spectral change similar
of the nature of J095550.6 is that it is a supernova event tak-to some narrow-line Seyfert 1 galaxies. In addition, there i
ing place within a high density molecular cloud (McDonald a H 1l region known as 42.56+580 associated with the X-ray
et al. 2001). We can also estimate the age of the remnantource.
using the X-ray spectral fit. Following Kong et al. (2002),  The source J095550.6 shows an unusual spectrum that can-
assuming J095550.6 is in the adiabatic expansion phase, thaot be fitted with a simple power-law model. Instead, the
shock temperature can be written Bs= (0.18 keV)R/t3)?, spectrum can be fitted with a Raymond-Smith model, accom-
whereR andts are the radius (in units of parsecs) and age (in panying with broad emissions of Mg, Si, and S, indicating
units of 1000 yr), respectively. Adopting a radius of 11 mas that it is a supernovae remnant with an age-0f00 years.
(= 0.19 pc), andTs = 0.9 keV, we obtaint ~ 100 yr which Furthermore, a radio source known as 41.95+575 is found as-
is consistent with radio observations. It is worth notingtth  sociated with J095550.6 within the X-ray error circle. The
long-term radio observations have suggested that 41.%5+57 long-term radio observations reveal that 41.95+575 may be a
may be a radio afterglow of a 100 year old gamma-ray burstradio afterglow of a 100-year old gamma-ray burst event.
event (Muxlow et al. 2005). Part of this work was carried out at the National Tsing Hua
University, Taiwan, and we thank Hsiang-Kuang Chang for
5. CONCLUSIONS warm hospitality. We also thank Nate McCrady for providing
We have used archiv@lhandraandHSTNICMOS datato  the structural parameters of the star cluster associatadiva
study the physical nature of three ULXs near the center of transient ULX. ThedSTdata presented in this paper were ob-
M82. We found a recurrent transient ULX, J095551.0 from tained from the Multimission Archive at the Space Telescope

the Chandradata. During its active state, the X-ray lumi- Science Institute (MAST). STScl is operated by the Associ-
nosity is about & 10%°-1.3 x 10%ergs s and it was turned ~ ation of Universities for Research in Astronomy, Inc., unde

off twice in 1999 and 2000 indicating a factor of50 vari-

ability. This also rules out the possibility that it is a stpe

NASA contract NAS5-26555.

Facilities: CXO (ACIS, HRC), HST (NICMOS,

nova remnant. The X-ray spectra can be fitted with a power-ACS/WFC)
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