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Abstract. We have re-observed the field of M 74 in January 2003 WithiM-Newton 11 months after the X-ray detection of

SN 2002ap. From a comparison of the tX¥iIM-Newtorobservations we obtain more accurate values for the X-ray luminosity
and colours of the source five days after the event, and a limit on its decline rate. We compare its X-ray behaviour (prompt soft X-
ray emission, relatively low luminosity) with that of other type Ic SNe, and speculate that SN 2002ap may share some physical
properties (low mass-loss rate and high-velocity stellar wind from the progenitor star) with the candidate hyganmmoza
ray-burst progenitor SN 1998bw, but with a lower (non-relativistic) speed of the ejecta. We suggest that the X-ray emission
observed in 2002 is likely to come from the radiatively-cooling reverse shock, at a tempé&tu@8 keV, and that this soft
component was already detected 5 d after the event because the absorbing column density of the cool shell between the forward
and reverse shocks was onL(?° cm 2, i.e., the shell was optically thin in the soft X-ray band. The néMM-Newtondata

also allowed us to continue monitoring two bright variable sources in M 74 that had reached peak luminaéiflesg s*

in previousXMM-NewtonandChandraobservations. Finally, we used tv@handraobservations from 2001 to investigate the
luminosity and colour distribution of the X-ray source population of M 74, typical of moderately-active late-type spirals.

Key words. galaxies: individual: M 74 — galaxies: spiral — supernovae: individual: SN 2002ap — X-rays: binaries —
X-rays: galaxies

1. Introduction (Galama et al. 1998; lwamoto et al. 1998; Pian et al. 2000), and
the normal SN 2003L (Boles et al. 2003; Kulkarni & Fox 2003;
.TO date, only about 20 supernovae (SNe) have been dete?\Waqheson et al. 2003). From its broad optical spectral features
in the X-ray banq (see Schlegel 1995; Immler et al. 199§hd its high kinetic energy, Mazzali et al. (2002) argued that
Schlegel 1999; Pian et al. 2000; Immler et al. 2001; Pool@N 2002ap can be classified as a hypernova, a class of SNe
et §1I. 2002; Schlegel 2901; Immler et al. 2_002; and the receGracterised by an energetic, probably asymmetric explosion
review by Immler & Lewin 2002). Most studies have been CoNyg by a large mass of the collapsing star (Paski/1998;

ducted in the soft X-ray band bROSATand more recently M - ;
) _ acFadyen & Woosley 1999). These physical circumstances
by Chandraand XMM-Newton(Fox et al. 2000; Kulkarni & make hypernovae strong candidates to explain the origin of

Fox 2003; Pooley & Lewin 2002; Schiegel 2002; Zimmermarghmma_ray bursts (GRBs). Indeed, SN 1998bw was observed

& Ascherjbach 2003). Information at harder energies is muj heBeppoSAXrror box of GRB 980425 and showed a good
more !'m'ted: only SN_e 19_87A’ 1993J and 1998bw have be_ poral agreement with it. Hypernovae are also thought to
investigated at energles higher than 13 ke, and only the f'B%t progenitors of stellar-mass and possibly intermediate-mass
twc_a have been detected (Sunyaev etal. 1987; Inoue et al. 19:%(:k holes (BHs). Studying a type Ic event at all wavelengths,
Leising et al. 1994). and especially at high energies, is therefore crucial to under-

SN 2002ap in M 74 (NGC 628) is one of only four type I anq the possible link between GRBs and SNe, and to test the
SNe detected in the X-rays, the others being the low-mass, NQ&nification of hypernovae as type Ic SNe.

mally energetic SN 19941 (Immler et al. 1998; Immler et al.

2002), the massive and energetic “hypernova” SN 1998bw The host galaxy of SN 2002ap is itself an interesting tar-
get for an X-ray study: it is a face-on (inclination angi@’,

Send gprint requests toR. Soria, Shostak & van der Kruit 1984), late-type spiral (morpholog-
e-mail:Roberto. Soria@mssl.ucl.ac.uk ical type Sc), with star formation along well-defined arms
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(e.g., Kennicutt & Hodge 1980). Its distance remains uncertain:the 03-1Q0 keV band. Sutaria et al. (2002) obtained this
recent photometric measurements put it & Mpc (Sharina value by extracting the events from a”4@ircle centred on
et al. 1996; Sohn & Davidge 1996). Previous estimates, hotlie optical position of SN 2002ap, then subtracting the con-
ever, ranged from 2 to 20 Mpc (e.g., Bottinelli et al. 1984ribution from the background and from an unrelated source
Sandage & Tammann 1974). A distance of 8.8 Mpc was rgeXOU J013623.5154458) located-15” from the SN. The
cently adopted by Huchra et al. (1999) based on its redshift.dantribution from CXOU J013623+8.54458 was estimated
this paper we shall assume a distance of 7.3 Mpc for all flukom the archivalChandraACIS observation of M 74 taken
to-luminosity conversions. on 2001 October 19. However, this method may lead to an
inaccurate estimate, given the large uncertainty in the spec-
) trum of CXOU J013623.6154458 (ACIS-S count rate of
2. Data analysis and results 5.7 x 107 cts s?, ie, only 26 counts in the 46.2-K8handra
observation). Moreover, a 4@xtraction radius includes a sig-
nificant contribution from at least one oth€handrasource
The field of SN 2002ap and its host galaxy M 74 were observB@XOU J013626.6154458), located 38from the SN (ACIS-
by all instruments on boardMM-Newtonwith two Target- S count rate of Bx 107 cts s1).
of-Opportunity observations: the first on 2002 February 2.03— We obtained an improved estimate of the X-ray flux
2.42 UT (revolution 394, less than 5 days after the SN everdf; SN 2002ap in two dferent ways. Firstly, we used
the second on 2003 January 7.53—-7.83 UT (revolution 564). much smaller extraction region (12radius), to re-
Both were taken in full frame, thin filter mode. After rejectingluce the contamination from CXOU J0136281%4458 and
intervals characterised by highly fluctuating background, weXOU J013626.6154458. We used the latesAS calibration
kept a good time interval of 21.5 ks for the 2002 pn observiiles, to correct for the smaller energy fraction enclosed in this
tion, and 20.9 ks for the 2003 one. For the MOS, the good-timegion &60% of the total, for channel energig® keV). We
intervals were 23.7 ks in 2002 and 24.4 ks in 2003. We prased thesAS tasksrmfgen andarfgen to construct accurate
cessed both datasets, and extracted spectra and lightcurvesasponse matrices at the position of the source. The background
ing version 5.4 of the XMM-Science Analysis SoftwaBAg); was extracted from the same pn chip, in a region that did not
we considered only “pattern-0” events in both pn and MOSontain any detected sources.
We then used standard tools suctkx&®EC(Arnaud 1996) for Alternatively, we used the 2003 image as a background to
further data analysis. be subtracted from the 2002 dataset. To make sure we could
In addition to the 2002 and 2008MM-Newtonobserva- do that, we compared the background contribution in the good-
tions, M 74 was observed twice I§handraACIS-S: on 2001 time-intervals of the 2002 and 2003 EPIC datasets. The (low)
June 19 (46.4 ks), and on 2001 October 19 (46.2 ks). On bd#ckground count rate in the.3-12 keV range is consis-
occasions, the back-illuminated S3 chip was used. We obtairiedt with being the same in both observationstétences are
the Chandradataset from the public archive and analysed #2% for the pn, and5% for the MOS). The pointing of the
with the standar@IAO software. We inspected the backgroundpacecraft was also approximately the same in 2002 and 2003,
count rates during the two exposures, and chose to retain bleimce SN 2002ap is located in the same chip, nearly on-axis
intervals in full (see also Krauss et al. 2003). We used standamiboth occasions. Comparing tKk&M-NewtonandChandra
source-finding routinesnavdeteciand celldetect which give datasets, we could verify that the brighter (and closer) of the
similar results) to identify the point sources. To increase thwo Chandrasources, CXOU J013623t354458, does not
signal-to-noise ratio of faint sources, we also built a mergstiow significant flux variations from 2001 to 2003. Therefore,
event file from the twaChandraobservations, and used it towe assumed that its state in 2002 was similar to that displayed
compile a source list and their average count rates in the full @ém2001 and 2003. If we assume that other possible faint sources
ergy band (-8 keV) and in three narrower bands (Table A.1)n the region around SN 2002ap did not vary between 2002
and 2003, we can subtract the flux detected at the position of
SN 2002ap in the 2003 observation from the value measured in
2002. This gives us at least a lower limit on the luminosity of

SN 2002ap is not detected in the 2003 January observation: §éit 2002ap in 2002. . _
ther in the single pn and MOS images, nor in a combined EPIC Applying the first method (i.e., using the 2002 dataset only,
image. By comparison with the detection limit of the faintedpr source and background), we obtain a pn count rate of

sources in the combined image, we estimate a 3 sigma upf#f5+0.57)x 10 cts s in the 03-12 keV band. By compar-
limit to the EPIC pn count rate of4 x 10 cts s in the 03— ing the count rates in three separate narrow bands (0.3-1 keV,

12 keV band. 1-2 keV, 2-12 keV) we notice that the source has a soft spec-

Instead, SN 2002ap is detected as an X-ray source in tHém. In fact, the countrate in the 2-12 keV bandfteeted by
2002 February observation, both in the EPIC pn and in tee@me residual contamination from the nearby hard spectrum
EPIC MOS images. A preliminary estimate (Sutaria et ajource CXOU J013623:354458, and should be considered
2002) yielded an observed flux of7*9$3x 10 erg cnr2s™t  @n upper limit to the hard X-ray emission from SN 2002ap.

’ For MOS1, the corrected count rate on 2002 February 2 was

1 All the count rates listed here and hereafter have already bd@i0+2.7)x 10~ cts s%; for MOS2, (78 +2.9)x 10* cts s
corrected for the enclosed energy fraction and the vignetting. The low number of source countsX0 counts in each of the

2.1. Log of the observations

2.2. Count rates for SN 2002ap
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two detectors) does not allow a significant colour determina- » B

tion from the MOS's. | 4

We then applied the second method, analysing tfferdi ‘
ence in the emission at the position of SN 2002ap between | \
2002 and 2003. We used twofidirent source extraction radii:(,n\
for a 12’ radius, we obtain that the pn count rate in 2002 was < |-
higher than in 2003 by (B + 0.5) x 1073 cts s? in the Q3—
12 keV band. When a 30circle is used, the ¢tierential pn
count rate is (D + 0.7)x 10-3 cts st in the same energy band.= Ve
Applying the same method to the MOS1 dataset, we obtain o | s 1 1 e
a differential count rate of (8 + 2.8) x 107 cts s? in the T %720 ke
0.3-12 keV band when we use a”1Bxtraction region, and R
(6.9+3.8)x 10~ cts s for a 30’ circle. For MOS2, the count T |
rates are (b+2.9)x10“cts st and (75+3.8)x 104 cts s?, R R S
respectively. These values are consistent with the respective pn =~ ~9° 04 EHOLBM y <H+M*f§ —0 0
and MOS count rates determined from the 2002 dataset alone

with the previous method, confirming that the contribution dfig. 1. Observed colours of SN 2002ap on 2002 February 2. Here
SN 2002ap in 2003 is negligible. S is the pn count rate in the.®-1 keV bandM is the rate in the

. 1-2 keV band, andH the rate in the 2-12 keV band (as listed in
Taking the average of the three measurements for each de- X
le 1). The curves show the expected colours for some simple one-

FeCtor' we obtain the pn, MOS1 and MOS2 count rates “Stgad two-temperature Raymond-Smith spectral models, at varying col-
in Table 1. In the same table we have also reported the coypi, densities. Along each curve, we plotted the colours correspond-
rates in separate energy bands. The errors quoted in Table J@@QO ny = (0.5,1.0,2.0,5.0,7.5,10) x 10°* cmr2 (column density

the errors in the mean from the three measurements (Gausgigfeasing from the bottom to the top along each curve).

propagation).

We point out that the analysis presented in this section su-
persedes the preliminary report on the X-ray colors and lumi-
nosity of SN 2002ap published in Sect. 4.2 of Soria & Kongbtain an upper limit fony from the optical observations. We
(2002). In that paper, we said that the source was very hardshmll discuss this issue in Sect. 3.1.
fact, this was caused by contamination from the nearby hard \we then assumed that the spectrum could be approxi-
source CXOU J01362348.54458, which has been properlynated by one or two optically-thin thermal-plasma components
subtracted here with the help of the Chandra datasets. (Raymond-Smith models )SPEG with solar abundance), and
we investigated the range of temperatures and column densi-
ties consistent with the observed colours. We found (Fig. 1)
that the spectrum is inconsistent with single-temperature mod-
The low signal-to-noise ratio of the pn spectrum does not &Is atkT 2 1 keV. The observed X-ray colours are consis-
low a meaningful model fitting ilKSPEC However, we can tent for example with a single-temperature model vkith ~
at least constrain the spectrum of SN 2002ap by compar@®§ keV andny ~ 5x 10°* cm?; or with kT ~ 0.75 keV
its soft and hard X-ray colours with the colours expected f@ndnu ~ 3 x 10°* cm. If we take the lowest allowed value
some simple spectral models. The count rates inferred for #fent ~ 5 x 10°° cm™, the observed colours implyT =~
three pn narrow bands on 2002 February 2 (Table 1) are f85 keV. We cannot rule out two-temperature models, for ex-
dicative of a soft spectrum. The conversion from count rat@§ple, withkTy ~ 0.5 keV, kT, ~ 2 keV,ny ~ 1 x 10°* cm?,
to emitted fluxes is strongly dependent on the absorbing c#ibere we have normalized the two components so that each
umn density_ The foreground Galacticl ldolumn density in contributes half of the emitted flux in the3-12 keV band.
the direction of M 74 has been estimated a8 102° cmm2 However, two-temperature models including a hot component
(D|Ckey & Lockman 1990) From the interste”ar dust maps dwth kT 2 5 keV are inconsistent W|th the SOft CO|0UI’S Observed
Schlegel et al. (1998), a reddeniB¢B — V) = 0.072+ 0.012 for this source.
is obtained at the position of SN 2002ap. Using the empirical We calculated the fluxes for some representative single-
relationny = 1.79 x 10?*A, = 573 x 10?*E(B - V) cm2 temperature models consistent with the observed colours
(Predehl & Schmitt 1995), wheray is the extinction in the (Table 2). As noted earlier, most of the X-ray flux is detected
V band, a Galactic column density; = 4.2705 x 10?° cm?  below 2 keV. We estimate an emitted luminosity in th8-0
is derived. To this value, we need to add the intrinsic absodkeV band ranging from a few times ¥0to ~10°® erg s*
tion due to the circumstellar material. For this componer{fjepending on the spectral model), and an emitted luminosity
optical spectroscopic analysis of the INR lines shows that in the 2—-12 keV band 0£1.2 x 10°¢ erg s* for all spectral
Ny = (1.15+ 0.05) x 10?° cm? (Takada-Hidai et al. 2002). models. However, given the large uncertainties in the back-
Hence, we can take % 10°° cm as a lower limit on the total ground subtraction, we can takel x 10°” erg s as a safe
absorbing column density. However, the X-ray spectrum maypper limit for the emitted luminosity in the hard band. A dis-
be more absorbed than the optical emission, hence we cartaate of 7.3 Mpc has been assumed.

)/ (H+

1 T5=0.5 keV

2.3. Flux and luminosity of SN 2002ap
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Table 1. XMM-Newtoncount rates for SN 2002ap on 2002 February 2, in units of && s. The rates have been corrected for the telescope
vignetting and the finite size of the extraction region. The values listed here are the averages of the results obtained with the three measure
described in Sect. 2.2.

Instrument Count rate Count rate Countrate  Count rate
(0.3-120) keV  (03-1) keV  (1-2) keV  (2-12) keV

EPIC pn 2718+ 34 195+ 26 82+16 03+20

EPIC MOS1 B+18

EPIC MOS2 6+19

Table 2. Observed and emitted fluxes of SN 2002ap on 2002 February 2, for tifeedt spectral models consistent with the observed X-ray
count rates in the EPIC pn and MOS bands (Table 1). A distance of 7.3 Mpc has been assumed. Fluxes are in tfis@tht? s

Instrument Flux Flux Flux Flux
(0.3-120) keV  (03-1) keV (1-2)keV (2-12) keV

model:ngy = 5 x 10?* cm2; kT,s = 0.50 keV;Z = Z,

pn observed flux 2+06 28+04 19+04 02+12
MOS1 observed flux 0+10
MOS2 observed flux 4+10
pn emitted flux 25 +£31 215+29 39+0.8 02+12
MOS1 emitted flux 21 +51
MOS2 emitted flux 21 +52

model:ny = 3x 107 cm?; kT,s = 0.75 keV;Z = Z,

pn observed flux 2+06 29+04 20+04 02+12
MOS1 observed flux 4+11
MOS2 observed flux 2+11
pn emitted flux 12 +15 92+12 31+07 02+12
MOS1 emitted flux D+24
MOS2 emitted flux 1m+24

model:ngy = 0.5x 10?* cm?; kT,s = 0.85 keV;Z = Z,,

pn observed flux D+06 28+04 20+04 02+12
MOS1 observed flux 4+11
MOS2 observed flux 2+11
pn emitted flux D+07 36+05 20+04 02+12
MOS1 emitted flux H+13
MOS2 emitted flux D+13

2.4. Two “ultra-luminous” sources?

before, in the B-12 keV band. It was also undetected in both
Chandraimages from 2001. We refined the spectral analysis
Two variable X-ray sources were detected XyIM-Newton presented in Soria & Kong (2002) by co-adding the pn and
with peak emitted luminositiez10*erg s*. One of them, MOS data (thus increasing the significance of possible line fea-
XMMU J013636.5-155036, was detected only in the 2002ures), with a program written by M. Page, and by using up-
February EPIC observation (Soria & Kong 2002). It was nefated response matrices and more recent calibration files in the

found in the 2003 January co-added EPIC image, from whigias, The combined EPIC spectrum from 2002 February is well
we estimate that it was at least 30 times fainter than 11 months
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fitted (y2 = 30.9/36) by a simple power law with ~ 1.9, and
total (Galactic plus intrinsic) absorptiop ~ 1.8 x 10°* cm2
(Table 3). This corresponds to an emitted luminosity6 x
10*°erg st in the 03-12 keV band. Adding a blackbody ori,
multicolor disk-blackbody componentat ~ 0.15 keV does
not improve the fit significantlyy? = 27.8/34). An absorbed
multicolor disk-blackbody model does not provide a good fi
(best-fitkTi, = 1.2+ 0.2 keV, buty? = 47.9/36). We also anal-
ysed the lightcurve but found no periodicity in the 1-10000 S
range. The count rate is consistent with the source being con-
stant over the duration of the 200MM-Newtonobservation. =
Its emitted luminosity in 2003 must be5 x 10°" erg st in

the 03-12 keV band. The upper limit, at thes3significance
level, was estimated with the assumption df & 1.9 power- e
law spectrum and totaly = 1.8 x 10?1 cm2. 0 5000 10* 1.5x10* 2x10*

Time (s)

The other bright source in the M74 field,
CXOU J13651.1154547, is detected in botfChandra Fig. 2. Lightcurve of CXOU J136514154547 for theXMM-Newton
and both XMM-Newton observationd In the first three 2003 January observation. The data have been binned into 700 s inter-

: . . T : vals. The count rate plotted here is the total rate that would have been
g?;e;;\?vtl?hnosuslgsgggggg dztr\(/)vri]t% ;3251(3:2?: g\S/e;Stllgreseczlsed%hected by the three EPIC instruments combined, in 1812 keV
. ' 9 9 b%nd, if the source had been observed on-axis.

order of magnitude (Krauss et al. 2003). If we assume that
this source belongs to M 74 and is not a background AGN

typical luminosities inferred from the 2001-2002 data were
~5 x 10% ergs! in the faint state, with peaks of up tobmc is used, the temperature of the seed thermal component

~8 x 10%° during the flares. Variability over shorter timescalel§ constrained to be0.26 keV (90% confidence level). Using
(~100 s) was also observed. Spectral analysis showed ti§ Comptonization model compyithe seed photon temper-

the X-ray emission was harder when the source was brighdyré i5<0.23 keV. Finally, we checked that the observed
(Krauss et al. 2003). spectrum is not consistent with an absorbed multicolor disk-

b vsis for the 200EMM-N b .. blackbody 2 = 1.56 for 18 d.o.f.). Using the power-law spec-
ata analysis for the -Newtonobservation IS 5| 1qdel, we obtain an emitted fluxalx 1013 ergcm? st

complicated by the location of the source on a CCD gap il jhe 03-12 keV band; for the bme model, the flux i€k

the pn. We eliminated the contamination of spurious evenfs 13 erg cnt2s°L. At the assumed distance of M 74, the emit-

along the chip edge by extracting only *flag-0" & "pattern-0', 4 luminosity is~8 x 10°8 erg s* for both spectral models.
events. Fortunately, the source is locatefliciently far away

. : S . . As an aside, we note that XMMU J01362F%155005 is
from any chip gaps in the MOS. Taking into account vignettin . ; : :

; . . . another bright transient source seen in 2002 (when it had a hard
(the source is Boff-axis) and the fraction of pn events lost in

) ) ) : power-law spectrum and a luminosi® x 10°8 erg s!, Soria
Fhe _chlp gap, we obtained the combined EPIC lightcurve ShO\gnKong 2002) but not in 2003, nor in the previo@handra
in Fig. 2. The observed count rate appears to be much less \@Qéervations
able than in 2001 and 2002, with no signs of strong flares. We '

carried out Fourier analysis of the data but found no significant
periodicity in the 1-10000 s range. 2.5. Colour and luminosity distribution of the other

The co-added pn and MOS spectrum can be fitted in the X-ray sources
0.3-12 keV band with a simple power-law with~ 2.5 + 0.5,

0.1

ate (cts

0.05
T
|

count—

o -

Lo 1.2/ 2_ In addition to an individual study of SN 2002ap,
absorbed by a total column density ~ 1.7 10* e (y, = XMMU J013636.5-155036 and CXOU J0136514154547,

1.16 for 18 d.o.f.; Fig. 3 and Table 4). Adding a multicolouf™ ™" : NS
black-body component or using comptonized black-body moﬁf—e investigated the color and luminosity distribution of the

els (e.g., comptt, bmc or thcompds XSPEQ does not sig- iscrete source population in M 74, to distinguistfetient

o . ) A hysical classes of sources and estimate the relative fraction
nificantly improve the fit. When the Comptonization modé! S
. y improv ! pronizatl of X-ray binaries (XRBs) and supernova remnants (SNRs).

The spatial resolution of th&¥MM-NewtonEPIC cameras is

2 This source was not discussed in Soria & Kong (2002) becaudgt suficient to resolve many faint sources in the inner disk;
in that paper we focussed only on transient sources newly detecteditgrefore, we used the co-added 2001 Ju@toberChandra
XMM

8 Two candidate “ultra-luminous” sources in the field of nearby 4 The bmc model (Shrader & Titarchuk 1999) describes the thermal
galaxies have recently been recognised as background A®Nbulk motion Comptonization of a blackbody seed-photon compo-
(Masetti et al. 2003; Foschini et al. 2002). The possibility thatent.

CXOU J13651.1154547 is a background object was discussed by® Comptt (Titarchuk 1994) approximates the seed-photon input
Krauss et al. (2003), but considered unlikely in the absence of aspectrum with the Wien tail of the blackbody spectrum. Thus, it is
radio or optical counterpart. simpler but less accurate than the bmc model.
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. bt o4, 7 777777 1 Table 4. XSPEC best-fit parameters for CXOU J13654154547
% oo ¥ 1 in 2003 January, from the combinedVM-NewtonEPIC dataset.
8o - T 4 Mhca=05x 10" cm?as in Table 3.
E Ll ] model: wabg, x wabsx power-law
Eol i Ny (X107t cm?) 1.2'58

- : it : : e r 24&811
s " | + Kpi (x10°9) 251
N + it 1 ]

[ St L Lk S SRR K2 @or) 116 (19)

0.5 1 2 5 10
channel energy (keV) Los-12 (X]'Og8 erg sl) Sotgg

Fig. 3. Spectrum of CXOU J13651+1154547 for theXMM-Newton

2003 January observation. The pn and MOS spectral data have been model: wabga x wabsx bmc
re-sampled and co-added to produce a combined EPIC spectrum. The
background-subtracted spectrum has then been grouped to achieve a 1 a2 +4.3
: . . . . : ny (x10%t cm?) 1.2+43
signal-to-noise ratio-4 for each bin. The fitted model is an absorbed 015
power-law of index” ~ 2.5. Thp (keV) 0137973
r 2229%
_ Kbme (x1077) 9.213%
Table 3. XSPEC best-fit parameters for the X-ray spectrum of '
XMMU J013636.5155036 in 2002 February, from the combined )
XMM-Newton EPIC dataset. The foreground line-of-sight absorp- X, (d.o.f.) 1.25 (16)
tion column densityny ca has been fixed at.® x 10?* cnr?. See Los 12 (x10%8 erg s1) 7712

http://heasarc.gsfc.nasa.gov/docs/xanadu/xspec for a full
description of the XSPEC spectral models.

model: wabga x wabsx power-law ACIS count rate-10-3, and at most 1 of the 5 brightest sources
(count rate>3 x 107%) may be from the background. After re-

Ny (X107 cm?) 1398 moving the estimated fraction of AGN at various fluxes, we

r 1.97+021 obtain that the true slope of the cumulative count rate distri-

o bution ise ~ -0.9 (@ ~ —0.8 for sources more luminous

Kpi (x10°°) 40757 than~10°8erg s?; this is in agreement with the slope found
by Soria & Kong 2002).

x? (d.o.f.) 0.86 (36) A power-law luminosity function is consistent with the dis-

Los_12 (x10% erg s1) 1,601 tribution observed in disks of other spiral galaxies with moder-

ately active star formation (e.gr,~ —0.8 in M 101, see Pence
etal. 2001 ~ —1.1--0.9 in the disk of M 31, see Kong et al.
2003). A steeper power-law index & —1.7) is generally ob-
served in spiral bulges, which are dominated by old stellar pop-
ulations, while flatter slopes(~ —0.5) are typical of starburst
ACIS-S observations for this study, achieving a detection limjalaxies (e.g., the Antennae and M 82; see Zezas & Fabbiano
of ~10* ACIS-S cts st. 2002 and references therein).

Seventy-four X-ray sources (not including two obvious Colour-colour plots (Figs. 4 and 5) are affiextive way of
foreground stars) are detected withvdetectat>3.50 signif- separating the discrete sources into separate physical groups:
icance inside thé@,s ellipse of M 74, in theChandraACIS- soft and hard XRBs, SNRs and supersoft sources. We chose the
S image (Appendix A.1). The cumulative count rate distribwolourindices [H-M)/(H+M+S),(M-S)/(H+M+S)], fol-
tion (Fig. 4) is fitted by a simple power-law of index ~ lowing Prestwich et al. (2003). The spectral models overplotted
—-1.0, for the 46 sources detected with an ACIS count raite the diagrams are: power-laws with photon indi€es 1.3,
>3 x 10 cts s, which we take as the completeness limif” = 1.7 andI’ = 2.0 (characteristic of XRBs in the hard state);
Assumingny = 1 x 10?1 cm?, and a power-law spectrumdisk-blackbody with inner-disk temperaturk$;, = 0.5 keV
with T = 1.7, this corresponds to an emitted luminositand kT;, = 1.0 keV (typical of XRBs in the soft state);
~2 x 10°” erg s1. Using the results of th€handralMs Deep optically-thin, single-temperature thermal plasmakdts =
Field South exposure (Rosati et al. 2002), we estimate that(es keV (typical of SNRs); blackbody &fTy, = 0.1 keV (typ-
many as 20 of these 46 sources may be background AGN. W&l of supersoft sources). Along each model line, the column
also estimate that 3 to 5 of the 11 sources detected with @gansity increases from the bottom to the top (models 1 and 2)
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Fig. 4. Cumulative count-rate distribution (“luminosity function”) for Fig. 5. X-ray colour-colour plot of the 46 brightest sources (those with
the 74 sources found inside tibgs ellipse in the combine@€handra an average count rate3 x 107* cts s1) found inside theDs ellipse
observations. For each source, the count rate plotted here is the avéiM 74 in the twoChandraobservations. The three bands &Bes=
age of the 2001 June and October count rates. Two obvious foregrod®-10 keV; M = 1.0-20 keV; H = 2.0-80 keV. We overplotted
stars are not included. See Sect. 2.5 for an estimate of the backgrotiedexpected colours for some basic spectral models, which help us
AGN contribution. separate the fferent physical classes of sources. Along each model
curve, the absorbing column density increases from the bottom to top
(models 1-2) or clockwise (models 3-7). For comparison, we also
plotted the approximate colour that SN 2002ap would have had in
or clockwise (models 3-7): fromy = 5 x 10°° cm? (line-of- 2002 February if it had been observed®andraACIS-S3.
sight foreground absorption for M 74) tg; = 5 x 10°* cm2
for the blackbody model, toy = 7.5 x 10?* cm? for the
optically-thin thermal plasma model, tyy = 2 x 10°? cm™
for the disk-blackbody models, and g = 5 x 10?? cm2 for I
the power-law models. In calculating the expected colours for 2
each of those spectral models, we took into account the time-
dependent degradation of the ACIS detector at soft channel
energies. ot
We also plotted in Figs. 5 and 6 the approximate colougs o
that SN 2002ap would have had if it had been observed with
the ACIS-S detectér The source colours fall in the region ofg
the diagam which in star-forming galaxies is usually populatgd _ + 1
by thermal SNRs (e.qg., Prestwich et al. 2003; Soria & Wu 2003; < [ rone ]

Soria & Kong 2003). N ;x.: ;Swo.o keV
r \ * 6; r:1:7
. 7

T

T
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3.1. The X-ray behaviour of SN 2002ap T o5 0 0.5 1

(H=M)/(H+M+S)

Type Ic SNe are rare occurrences in nearby galaxies, and .
ype Iy yd aIglg.G.X-ray colour-colour plot of all the sources found inside g

thﬁy r?re ﬁnly Tafe'}/ opsel’r,ved in ;hf] X.-rays. IJ; IS n(;]t Cle%rllipse of M 74 in the twaChandraobservations, without error bars.
whether t_ ereis a t_yplca X-ray behaviour. In fact, the tWQ‘he three energy bands and the spectral models have been chosen like
best-monitored previous cases of type Ic X-ray SNe, 199dIriq 5.

and 1998bw, have substantiallyfidirent X-ray light curves at
early times (Fig. 7). SN 1998bw exhibited early X-ray emis-
sion (detected bBeppoSAXin the Q1-10 keV range, starting

10 hours after the explosion (Pian et al. 2000). The initial de-

rates in the three bands depends of course on the assumed sp gl i was slow: only a factoe2.5 over the first 6 months. An
model and absorption, but these variations are small for the rang —New_tormeasurement nearly 4 years later shows th"’_‘t the
column densities and temperatures considered in Table 2. We c&if@y decline must have been faster at later epochs (Fig. 7;
verted the colours using the correct response matrices generatedi®n et al. 2003). In contrast, SN 19941 was not detected by
the CIAO and SAS software, rather than the default (pre-launch) BOSATuntil day 82 after the explosion (Immler et al. 1998).
sponses from PIMMS. However, its late-epoch temporal behaviour (i.e. after day 82),

6 The conversion between théMM-Newtonand Chandra count
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Following the self-similar analytical approximation of
| $ | Fransson et al. (1996), and of Chevalier & Fransson (1994),
E i one can parameterise the radial density prgfilef the ejecta
L i % | asafunction of time, asp = Kt=3(r/t)™", wherer is the radial
distance from the centre of the progenitor; the proportionality
L $ 4 constantK depends on the velocity of the ejecta at the
¢ f reverse shock (maximum velocity of the ejecta at any given
40 +— —{ time); the choice of the power-law indexdepends on the type
of progenitor star. The circumstellar wind density can be
- 4 parameterised as:
9 M (ro)s

Pw =
47rvwr§ r

Los 2 kev (erg s71)

1)
| ® SN 1998bw i | _ . .
whererg is a reference radius corresponding to the mass-loss
O SN 2002ap (x 400) rateM /vy (ro = 10 cm in Fransson et al. 1996), ancb 1<
" % SN 1994 (x 160) s < 2 (Fransson et al. 1996). The mass-loss fdtex 5 x
39 IIII| 11 IIIII| 1 L1 IIIII| 1 L1 IIIII| 1 111y 10—7 Mo yr_l for the progenltor OfSN 2002ap (Berger Et al-
1 10 100 1000 2002). The stellar-wind velloutyW is generally pf the same .
order as the escape velocity from the progenitor star, that is
Days after GRB/SN ~10® km s in the case of type Ic SN progenitors. As noted
Fig. 7. The lightcurves of type Ic SNe 1998bw, 19941 and 2002ap @arlier, the low radio and hard X-ray luminosities of SN 2002ap
the 03-2 keV band. The datapoints for SN 1998bw and SN 19941 sgeem to rule out a relativistic speed for the ejecta: it is more
taken from Pian et al. (2003) and references therein, and from Immiiéely thatV ~ (1-3) x 10* km s7%, as is the case in most core-
etal. (2002), respectively. collapse SNe (e.g., Matzner & McKee 1999).
In the thin shell approximation, and assuming electron-ion
equipartition, the forward shock has a temperature

2

sampled byChandra(Immler et al. 2002), is consistent withkT; ~ 196 (n ~ 3) Vf keV ~ 15ovf keV, (2)
that of SN 1998bw (Fig. 7). n-s

The temporal behaviour of SN 2002ap is overall more sinwhereV, = V/(10*km s1), andus is the mean mass per parti-
ilar to that of SN 1998bw, in the sense that both SNe showel. ;5 is a function of chemical abundangg:= 0.61 for solar
prompt X-ray emission. The 2003 upper limit on the X-ray flugbundance, and, more generallp & us < 1. We have also
of SN 2002ap is at least 7 times fainter than the 2002 detectiegsumed > 3, n > s(Fransson et al. 1996). The temperature
this is roughly consistent with the decay rate of SN 1998by¥ the reverse shock is (Fransson et al. 1996):
(Fig. 7). The early X-ray detection of SN 1998bw may suggest 2 2
the presence of a jet, in which prompt, non-thermal radiatiqT, = (E) KT; = 196;15(3;5) Vf keV. ©)
can be éiciently produced, similar to GRB afterglow radia- -3 n-s
tion (see Pian et al. 2003). However, the absence of hard ®ie observed colours of SN 2002ap imply temperaturgs0
ray emission in SN 2002ap (the upper limit on the 2-12 kelT < 0.9 keV, suggesting that the emission comes from the
flux implies a luminosity at least a facter1000 lower than in reverse shock, and that the density gradient of the ejecta is very
SN 1998bw) argues against the presence of highly relativigeep, witm 2 20, from Eg. (3).
tic conditions at the forward (circumstellar) shock. This SN The cooling timescalé.,o of the reverse shock, at each
was also less radio-luminous than SN 1998bw (Berger et @ine t after the SN event, depends on's, V, M and v,
2002). The lower energy emitted in the X-ray and radio ban¢gg. (3.14) in Fransson et al. 1996). Takisg 2, andt = 5d
is consistent with the estimate of the total energy of SN 2002é&pne of theXMM-Newtonobservation), one obtains:
(5 x 10°* erg s1), which is an order of magnitude smaller \/5:34 ”
than in SN 1998bw (Mazzali et al. 2002). While the consigeoo = 1.5 % 10’ 4 — w3
tency of the temporal X-ray behaviour of SN 2002ap with that _ (N=3)(n-4) (" -2** M
of SN 1998bw could support its classification as a hypernoweereM_g is the mass-loss rate in units of f0M,, yr-1, and
suggested on the basis of optical observations (Mazzali etwls the wind speed in units of £&km s*. Forn 2 20, and
2002; Foley et al. 2003), the lower total energy may befiitsu vw3/M_s ~ 1, teoor * 107(V4/n)>34 d, i.e., only a few days
cient for the development of a strongly asymmetric explosioor, weeks. We would not expect the reverse shock to remain
as required for the formation of a GRB. Indeed, a search fadiative after a year.
gamma-ray signal during the week prior to the SN 2002ap ex- The total luminosity emitted by the reverse shock is (for

d, 4

plosion resulted in no detection (Hurley et al. 2002). s=2):
X-ray emission from a SN may originate either from the (n-3)(n—4) M_g
forward shock or from the reverse shock (e.g., Immler & = 16X 10¥V} ———-— — ergs™. (5)

. . . (n - 2)3 Uw,3
Lewin 2002 and Chevalier & Fransson 2002 for reviews).



R. Soria et al.: A second glance at SN 2002ap and the M 74 fieldXitiM-Newton 115

This simple approximation gives an emitted luminositgbservations in the future will be necessary to determine its
~10%" erg s, in agreement with the observations (Table 2) ifiuty cycle.
the absorbing column densityd4 0 cm™2. Onthe otherhand,  The other candidate ULX in M 74,
the same model predicts an X-ray luminosity from the forwa@XOU J013651.4154547, showed little variability in the
shock~10%1-10?2 erg s, entirely negligible (Fransson et al.2003 January observation, at a luminosity-@8fx 108 erg s™*.
1996). As the reverse shock cools down radiatively, a cold sh€ie persistent component of the X-ray emission was
is formed between the reverse shock and the contact discorfi-x 10 erg st in 2001 October and 2002 February (Krauss
nuity, with a column density that scalegn— 4) (V)1 (M/v,) et al. 2003). Hence, the “steady” X-ray luminosity appears
(Fransson et al. 1996). At= 5 d after the event, and for valuego be always less than the Eddington limit for a “canonical”
of the physical parameters suitable to SN 2002ap, this impliédl, BH. (This is still the case even for the larger distance to
an intrinsic column density(1-2) x 10°° cm2. M 74 assumed by Krauss et al. 2003.) The new observation
In conclusion, we argue that the low temperatlk& (= suggests that the X-ray spectrum in the non-flaring state is
- marginally softer than during flares, and that it is dominated by
0.8 keV) of the X-ray emission observed from SN 2002ap Ot e non-thermal (power-law) component, usually interpreted
2002 February 2 points to a radiatively-cooling reverse shoc '

as the origin of the X-rays. If so, the fact that it was already dﬁi Compton-scattered emission. Any additional blackbody or

tected 5 d after the event implies that the cool shell between %k-blackbody components (required to provide the soft seed

. o notons) are constrained to have temperat#@25 keV. If
reverse shock and the contact discontinuity was already opti- . : : .
: . : .confirmed, such a low temperature is consistent with a standard
cally thin. The ratio of mass-loss rate over stellar-wind velocit . . : . ) .
eometrically-thin accretion disk around an intermediate-mass

fogiﬁ;“iﬁcl;ﬁgtogg\zﬁ”)];Iglnn dgt:]heellfrc:i%r:gitd%??gg fa:) cr\rlssrsdt 2 (Makishima et al. 2000). Alternatively, it would also be
9¢ n y consistent with thermal emission from Compton-thick outflows

) > . -
shock (scallqg asM/uw)?). For type Ic SNe: wh|cf_1 originate King & Pounds 2003) which may occur for super-Eddington
from a massive but more compact progenitor, this factor m }é . . :

cretion ratesNl > Mgqq).

be ~10° times smaller than for type Il SNe (e.g., SN 199351; In the first three observations, hard X-ray flares were de-

SN 1999em). Hence, in the latter cases the cool shell is g?n— . :
i . o . ected on top of the persistent component, on timescales of a
erally optically thick to the soft X-ray emission until a few,

weeks or months after the event (Fransson et al. 1996; Im few thousand seconds. During the flares, the source exceeded

& Lewin 2002), and only hard X-ray emission from the forwar & 7M, Eddington limit by up to a factor of 10, but only

. L . . r short periods of time: none of the flares lasted longer than
shock may be detected in the initial phases. In this scenario, tf h. The rapid variability was interpreted (Krauss et al. 2003)
late X-ray detection of SN 1994l suggests a higheiw,, ratio ~~ P y P ]

for this object (Immler et al. 2002), than for SN 1998bw and> evidence of a beamed emission component, possibly asso-

SN 2002ap, despite all three being classified as type Ic even(igted with 2 J?t' It may r.]Ot be nece§sary 0 |r_1voke a ricro-
guasar scenario to explain the flares: short episodes of super-

The limited SN and the scarce temporal information d&ddington emission are sometimes also found in neutron-star
not allow us to measure the X-ray flux decline timescale RBs. For example, the high-mass XRB LMC X-4 shows a
SN 2002ap, and therefore we are unable to investigate in mpeesistent luminositg2 x 10%8erg s ~ Lgqq for a neutron
detail the density of the circumstellar medium as a functistar, with repeated burglisres (typical duratior 100 s) reach-
of radial distance from the SN, and the cooling timescale ofg peak luminositiest2 x 10°*°erg s* (Moon et al. 2003).
the shocked ejecta. More cases of type Ic SNe must be fohe “Rapid Burster” MXB 17368335 and GRO J17448 are
lowed with XMM-Newton to understand the emission protwo other examples of rapid, repeated flaring (Lewin et al.
cesses, constrain the parameters of the circumstellar medil@96). The X-ray bursts in these systems are generally thought
and detect possible deviations from isotropy in the geometrytofbe caused by the spasmodic release of gravitational poten-
the explosion. tial energy (“type-I1” bursts, as opposed to the thermo-nuclear

“type-I” bursts; e.g., Lewin 1995). However, the exact mech-

anism is still unclear and may feéir from source to source.
3.2. Nature of the brightest X-ray sources Thermal-viscous instabilities in the inner disk region have been

invoked to explain the inhomogeneous accretion (Cannizzo
Accreting X-ray sources are usually classified as “ultrd996, 1997). Alternatively, the flares have been attributed to
luminous” (ULXs) when they are persistently brighter than ththe accumulation and subsequent sudden release of accreting
"classical” Eddington limit of a~7 Mg BH (e.g., Colbert & matter at a centrifugal barrier; in the case of a neutron star, the
Mushotzky 1999; Roberts & Warwick 2000; Makishima et abarrier can be created by the magnetosphere of the rapidly ro-
2000). In 2002 February, XMMU J013636:555036 was the tating compact object (Bann 1977, 1979). Mass transfer insta-
brightest source in M 74 with a luminosityl.6 x 10*°erg s*, bilities or inhomogeneous winds from the companion star have
approximately constant over the 25-ks observation, and a fatso been suggested (Vogt & Penrod 1983). Further X-ray stud-
tureless power-law X-ray spectrum. Its location in a staies of CXOU J0136514154547 will be required to ascertain
forming region suggested that the source was a high-masswhether its flaring behaviour could be an example of type-I|
ray binary. However, the source was no longer detected in 2008rsts in a stellar-mass BH XRB, and to determine what phys-
its flux having declined by at least 30 times, and we cannieal mechanism is responsible for the intermittent accretion, or
determine how long the high state may have lasted. Repediatthe intermittent ejections in the micro-quasar scenario.
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3.3. X-ray colours of the point sources We have more accurately determined the X-ray colours
and luminosity of SN 2002ap five days after the event, and
The discrete X-ray sources are roughly clustered into thrggt an upper limit to its luminosity a year later. Unlike other
main groups in the colour-colour plots (Figs. 5 and 6). Firstlyell-studied core-collapse SNe (e.g., SN 1999em: Pooley et al.
“classical” supersoft sources have detectable emission onlyp02), SN 2002ap was not dominated by hard X-ray emis-
the soft band and are therefore locatedtt M)/(S+M+H) ~  sjon in its early stages. The X-ray colours observed in 2002
0, M-9)/(S+ M+ H) s -0.7. Secondly, a group of February were soft, suggesting that the dominant component
soft sources with detectable emission in the soft and mediyas optically-thin thermal emission &T < 1 keV. Assuming
band is located at0.7 < (M - S)/(S+ M + H) $ -0.2. an absorbing column densitl 0?* cm2, we estimate an emit-
It has been suggested (Prestwich et al. 2003) that therml luminosity of~5 x 10°” erg s in the 03-12 keV band,
SNRs dominate this class of sources. Thirdly, most XRBs hayg 2002 February 2. The emitted luminosity in the 2—12 keV
-02 5 (M -98)/(S+ M + H) s 05, with a broad spread in band is at least an order of magnitude lower. After 11 months,
(H-M)/(S + M + H). (See also Soria & Wu 2003 and Sorighe source was no longer detected, implying that its lumi-
& Kong 2003 for a discussion of colour-colour plots in othefosity had decreased by at least a factor of seven. We argue
nearby spiral galaxies, and Di Stefano & Kong 2003 for a clagrat the prompt soft X-ray emission was coming from the re-
sification of soft and supersoft sources.) A preliminary compaferse shock, and that this is consistent with a low mass-loss
ison between the twGhandraand twoXMM-Newtorobserva- rate and high stellar-wind velocity from the progenitor, as ex-

tions shows that at least three brightl0** erg s*) candidate pected in type Ic events. Unlike for other type Ic events such as
XRBs exhibit spectral transitions between a harder and a sof 1998bw, there is no evidence of relativistic ejecta.

state. This is beyond the scope of this paper and is left to further Seventy-four discrete X-ray sources (not including two ob-

work. vious foreground stars) were detected insideDhagellipse in
Above our detection limit ok10™* ACIS-S cts s (Ly * the combinedChandraobservations, with a detection limit of

6 x 10°erg s for the spectral model assumed in Sect. 2.5),76 x 10*¢erg s* (completeness limi¢2 x 10°” erg s2). After

out of the 74 point sources are superséit (€ 100 eV), an- subtracting the estimated background AGN contribution, the

other 7 are in the soft subgroup. Of the remaining 60 sourc&sninosity distribution of the discrete sources is well modelled

about half are XRBs and the other half are likely to be backy a simple power-law of slope—-0.9, similar to the value

ground AGN. Hence, supersoft sources represent about 1bfferred for other moderately active star-forming spiral disks.

of the true galactic sources brighter than our detection lima&pout 15% of the true M 74 sources have soft colors consistent

and soft sources another 15%. Among the sources brighter thvth thermal SNRs: they are all fainter tha€handraACIS-S

3 x 10* ACIS-S cts s, none are supersoft, 2 are soft and 4dount rate of5 x 107 cts s, corresponding to emitted lumi-

are consistent with XRB colours (20 of them may be AGNhosities~2 x 10°*” erg s (for akT = 0.6 keV thermal plasma

Hence, the fraction of soft sources is less than 8%, much lowaodel andny = 10%t cm™2). All brighter sources are likely

than in more actively star-forming late-type spiral galaxies. F&RBs.

example, we can compare M 74 with M 83 (Soria & Wu 2003), We have studied the temporal and spectral behaviour

taking into account that the distance to M 8352 of the dis- of the two brightest X-ray sources previously found in

tance to M 74 (de Vaucouleurs et al. 1991; Thim et al. 2003). ip 74. XMMU J013636.5- 155036 (emitted luminosity1.6 x

M 83, soft sources represent more than 40% of the X-ray poig®® erg s! in 2002) is no longer detected in 2003 and

sources brighter than what would be the detection limit in okfust now be fainter than $ 103 erg s. The flaring source

M 74 study, and 25% of the sources in the brighter subgroupxou J013651.2154547 has settled into a soft state: its

This is consistent with the interpretation of the soft source@wer-law spectrum has photon indéx 2.5; any additional

as candidate X-ray SNRs: the number of detected SNRs a&harmal component is constrained to temperatsa5 keV.

given luminosity is related to the recent star-formation rate ing Juminosity shows only little variations around an average

galaxy, as well as to other factors such as the density of the yajue~8 x 10*8erg s. In the 21 ks of our 2003 January ob-

terstellar medium. A more comprehensive study of these issgesvation we did not find any of the hard flares (peak luminos-

is left to further work. ity ~10*erg s) detected in 2001-2002 (Krauss et al. 2003).
The nature of the super-Eddington bursts remains unclear: we
argue that they could either be due to beamed emission in a
microquasdgjet scenario (as proposed by Krauss et al. 2003),

4. Conclusion or be analogous to type-Il bursts in neutron star XRBs, ie due

) ) o to episodes of spasmodiatermittent accretion in addition to a
We investigated the X-ray source population in the 'at%teady sub-Eddington component.

type spiral M74. We took a neXMM-Newtonobservation

in 2003 January to study the evolution of the rare type Ic

SN 2002ap a year after the event, and monitor the variapicknowledgementsiVe thank Norbert Schartel for his assistance in
ity of two bright BH candidates. In addition, we used archivgpeXMM-NgwtonToo observatiqn, Miriam Krauss for s_ending us her
ChandraACIS observations from 2001 June and October to d&est Preprint, Mat Page and Kinwah Wu for useful discussions, and
termine the luminosity and colour distribution of all the othef" 2nonymous referee for flisr suggestions.

discrete sources.
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Appendix A: Chandra source list and count rates.
Table A.1. Source ID and average count rates (total and in three narrow bands) of the discrete X-ray sources detaadrbACIS-S in

the combined 2001 June—-October observation. The count rates are in unité ofsl®. Errors are &, with 30~ upper limits for sources not
detected in a certain band.

IAU Name Count rate Countrate Countrate Count rate
(0.3-8) keV (03-1)keV (1-2)keV (2-8) keV
CXOU J013623F + 154458 57+12 08+04 23+07 18+ 0.6
CXOU J013623F + 154309 &H+15 13+04 40+ 10 34+09
CXOU J013625L + 154859 1P+14 29+06 101+11 47+07
CXOU J013626 + 154458 19+ 05 06+0.1 07+0.3 05+0.2
CXOU J0136267 + 154304 %5+12 01+01 22+0.7 32+09
CXOU J013628 + 154752 3A+19 121+12 126+12 87+10
CXOU J013628& + 154859 17+ 05 01+01 01+01 11+04
CXOU J013629D + 154319 12+04 02+01 05+0.2 05+02
CXOU J01362% + 154656 43+0.7 <0.1 <01 43+07
CXOU J01363@ + 154855 2+06 25+ 05 06+0.2 <0.1
CXOU J01363QL + 154520 &H+10 02+01 47+ 0.7 37+07
CXOU J013630% + 154519 A+11 27+06 39+07 29+0.6
CXOU J0136311 + 154458 45+ 0.8 <0.1 19+05 22+05
CXOU J01363717 + 154848 12+13 34+06 83+10 34+06
aCX0U J013631 + 154507 12+12 101+11 19+05 02+01
CXOU J01363% + 154657 31+06 02+01 11+04 18+ 05
CXOU J01363%3 + 154711 40+ 0.7 16+04 19+05 03+02
CXOU J01363%3 + 154227 2+06 <0.1 05+0.2 17+05
CXOU J01363%1 + 154953 17+ 05 04+0.2 03+01 10+03
CXOU J01363% + 154556 74 +09 22+05 29+0.6 22+05
CXOU J013635 + 155030 13+ 04 <0.1 08+0.3 05+02
CXOU J01363% + 154717 46+ 0.7 19+05 19+05 07+03
CXOU J0136377 + 154740 DV+10 27+06 34+06 29+06
CXOU J01363P + 154749 21+05 06+0.2 10+£04 03+02
CXOU J013638 + 154404 13+ 04 11+04 <0.2 <0.2
CXOU J013639D + 154755 5/7+08 20+£05 21+05 17+04
CXOU J013634 + 154309 3%+21 110+12 169+14 74+ 10
CXOU J013632 + 154600 0+06 15+04 10+03 01+01
CXOU J01363®B + 154744 12+11 <0.1 23+05 81+09
CXOU J0136391 + 154905 B+06 20+05 09+0.3 03+02
CXOU J01363% + 154830 24+ 0.6 16+04 05+0.2 01+01
CXOU J01363% + 154749 12+04 10+£04 01+01 <0.1
CXOU J01364@® + 154625 M1+07 25+ 05 14+04 <0.1
CXOU J01364@® + 154735 14+04 12+04 <0.1 <0.1
CXOU J01364( + 154928 @ +09 09+0.3 31+06 28+0.6
CXOU J01364® + 154713 0+09 25+05 22+05 22+05
CXOU J01364@ + 154647 40+0.7 10+04 17+04 12+04
CXOU J0136410 + 154705 17+ 05 04+0.2 06+0.2 04+02
CXOU J0136413 + 154650 10+04 03+01 04+0.2 02+01
CX0OU J01364%6 + 155117 20+05 <0.1 01+01 18+ 05
CXOU J0136416 + 154552 390+19 79+09 145+13 105+11
bCXOU J0136417 + 154701 187 + 15 6.7+0.9 73+09 48+07
CXOU J0136410 + 154721 11+04 12+04 <01 <01
CXOU J01364D + 154430 13+£04 12+04 01+01 01+01
CXOU J01364D + 154857 2+0.6 06+0.3 13+04 08+0.3
CXOU J013642 + 154701 2+05 16+04 03+01 01+01
CXOU J013642 + 154709 51+08 06+0.2 20+05 23+05
CXOU J013643 + 154742 45+ 0.7 10+03 18+04 10+04
CXOU J0136438 + 154357 5 +08 10+03 24+05 18+ 05

a Foreground star
b Nucleus of M 74
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Table A.1. continued.

IAU Name Count rate Countrate Countrate Countrate
(0.3-8) keV (03-1)keV (1-2)keV (2-8) keV
CXOU J0136438 + 155022 41+07 09+0.3 18+05 15+ 04
CXOU J013644 + 154908 21+ 06 04+0.2 13+04 09+03
CXOU J0136441 + 154818 311+19 53+08 165+13 94+10
CXOU J0136448 + 154629 40+0.7 32+06 05+0.2 03+02
CXOU J013644 + 154848 14+05 11+04 01+01 01+01
CXOU J01364® + 154546 %+09 17+04 14+04 20+05
CXOU J0136445L + 154837 14+04 01+01 05+0.2 08+0.2
CXOU J01364% + 154747 3r+07 15+ 04 13+04 02+02
CXOU J01364%3 + 154910 21 +06 05+0.2 11+04 10+04
CXOU J01364@ + 154422 110+ 1.2 19+05 58+0.8 31+06
CXOU J013646l + 154842 3+06 30+0.6 01+01 <01
CXOU J013646 + 154611 07+03 07+0.3 <0.1 <0.1
¢CX0U J0136474 + 154745 357+20 285+ 18 59+0.8 08+0.2
CXOU J013648) + 154445 18+ 05 03+0.2 13+04 02+01
CXOU J013648 + 154653 0+07 07+0.3 16+04 15+ 04
CXOU J0136449 + 154527 2+08 01+01 09+0.3 38+07
CXOU J01365@® + 154931 0+09 12+04 22+05 28+0.6
CXOU J01365@ + 154915 B+11l 27+0.6 39+07 21+05
CXOU J01365@ + 155117 13+04 <0.1 06+0.2 06+0.2
CXOU J0136511 + 154547 132+ 39 605+26 480+23 233+17
CXOU J0136512 + 154339 15+14 29+06 81+09 19+05
CXOU J01365188 + 155135 24+ 06 06+0.3 07+0.3 08+04
CXOU J013653 + 154737 AN+11 26+06 43+0.7 24+0.6
CXOU J013653 + 155008 62+09 13+04 32+06 11+04
CXOU J013653 + 154510 17+ 05 01+01 06+0.3 08+0.3
CXOU J0136538 + 154537 14+05 <0.1 01+01 13+04
CXOU J013654 + 154539 14+05 04+0.2 05+0.3 03+02
CXOU J01365%8 + 154631 5% +09 04+0.2 14+04 42+07

¢ Foreground star
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