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M33 X-8 is the closest example of a persistent ULX and, with luminosity of a few 103° erg s—!,
it marks the faint end of the ULX luminosity function. We report here the results of a Swift-XRT
6-year monitoring campaign of this source that extends to 16 years its monitoring in the soft X-
ray band. We find that M33 X-8 shows a low flux variability and no significant spectral variation
along the monitoring. The time-averaged spectrum can be well described by a thermal model,
either in the form of a slim disk, or as a combination of a Comptonized corona and a standard
accretion disk.
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Figure 1: Top panel: data and best fit model (with model DISKPBB) for the average M33 X-8 spectrum.
Lower panels: residuals for the best fitting spectral models.

1. Introduction

Ultraluminous X-ray sources are point-like, off-nuclear objects observed in many nearby
galaxies (e.g. [1, 2]). Their isotropic luminosity between ~ 10*° and ~ 10*! erg s=! in the X-
ray band, the paucity of information in other energy bands, and their variegated phenomenology
[3], led to the formulation of several hypotheses to explain their nature (and indeed they may form
an heterogenous class of sources): from the presence of an intermediate mass black hole (IMBH,
with Mgy ~ 100 — 1000Mg, [4, 5]) in a sub-Eddington accretion regime, to super-critical accretion
onto a stellar mass black hole [6] or a beamed/collimated radiation [7, 8].

M33 X-8 [9] is the closest (~ 820 kpc, [10]) example of a persistent ULX, whose X-ray
luminosity (a few 10*erg s~!) makes it belong to the faint end of the ULX luminosity distribution.
Its position is roughly coincident with the center of its host galaxy, but the upper limit derived
by [11] on the mass of the nucleus of M33 (1500M,) and the detection of a ~ 106 d periodical
modulation [12] rules out the possibility that the source is a low luminosity AGN. On the other
hand no optical counterpart could be identified, due to the extreme crowding of the field.

2. The Swift-XRT monitoring: analysis and results

Swift-XRT [13] observed the central region of M33 fifteen times between December 2007 and
June 2013, for a total exposure time of 115 ks. The source shows no significant spectral variability
along the monitoring, so we performed our analysis on the spectrum obtained cumulating the data
over the entire monitoring. We tested several models commonly used to describe the spectra of
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ULXs. M33 X-8 is characterized by a spectrum that can be equally well described either by a slim
disk model or by a two component disk-corona model.

2.1 The disk-corona model

To test the corona+disk scenario, we fitted the spectra using a model consisting of accretion
disk and Comptonized emission (DISKBB and COMPTT in XSPEC, respectively). Our results sug-
gest the presence of a cool (~ 0.6 keV) disk plus a warm (electron temperature 1.3 keV) optically
thick (7 ~ 11) corona. This set of values, already observed in this and in other ULX sources (e.g.
[6]), breaks the similarity between ULXs and Galactic black hole binaries, where a Comptonized
corona over the disk is observed to be hotter (kT2 50 keV) and thinner (7 < 1) (e.g. [14]). In the
case of ULXs, the strong radiation pressure resulting from a high accretion rate may induce impor-
tant outflows from the inner part of the disk, resulting in a thick and warm Comptonizing wind that
blocks the view to the inner and hottest part of the disk. When the radiation pressure decreases, the
wind weakens and its photospheric radius gets smaller, exposing the inner (hotter) part of the disk
[15].

2.2 The slim disk model

The slim disk hypothesis has been already proposed as a physically consistent description of
the spectrum of M33 X-8 by [16], [17] and [18]. In fact, a slim disk, where advective energy
transport dominates over radiative cooling [19, 20]), can be invoked to explain supercritical accre-
tion: in such a disk, a lower radiation pressure allows for a super-critical accretion rate, and can
provide a moderate super-Eddington luminosity. This scenario can be modelled with a modified
version of the standard accretion disk, with a different slope for the temperature radial dependence
[21]. Assuming T o< R7P, a value of p=0.75 indicate a standard disk, expected for sources in a pure
thermal state, while a value p=0.5 describes a slim disk. The value of the temperature gradient
p that better fits our data is 0.60 4+ 0.02 (with a inner temperature of ~ 1.43 keV), not consistent
with the standard disk value of 0.75, thus implying that the disk is in an advective regime, with a
super-critical accretion rate: according to [21], for a mass of ~ 10M,, the observed luminosity and
temperature are consistent with a mass accretion rate of a factor of 10 higher than the critical rate.

3. A 16-year long-term monitoring

Figure 2 shows the 0.3—10 keV 16-year long term light curve of M33 X-8. The observed
fluxes for the Swift XRT pointings are derived from using the DISKPBB best fit model for each
single observation. We report also the 0.3-10 keV flux observed in the past by SAX [22], Chandra
[23, 24], XMM [17], and Suzaku [18]. The source shows a weak flux variability over the entire
XRT monitoring (that spans over a time baseline of ~ 6 years), with an average 0.3-10 keV flux
of (1.5740.02) x 10~!! erg cm™2 57!, and variations of < 15% around this value. The average

luminosity, assuming isotropic emission at the distance on 820 Mpc is ~ 1.3 x 10*° !

erg s~ ', and
locates it at the low luminosity end of the known ULX sample. The flux variations observed with
Swift are consistent with what observed with the other satellites that recorded a luminosity between

1.0 and 1.6x10%* erg s~'. Significant long-term flux variability is commonly observed in ULX,
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Figure 2: Long term light curve of M33 X-8. Each point corresponds to a single observation. The luminosity
on the right axis has been evaluated assuming a distance of 820 kpc. We have associated an arbitrary 5%
statistical error to the BeppoSAX, Chandra and Suzaku points. The horizontal line represents the Eddington
luminosity for a 10Mg, black hole.

but the variability amplitude observed in M33 X-8 is lower than that observed in other persistent
ULXs, that may reach a factor of ~ 5 in flux amplitude, as shown, e.g., by [25].

We have also compared the spectral shape of M33 X-8 as observed in different epochs. To
this aim we have used as a probe the spectral parameters obtained from a power law-+disk model
both for the data analysed in this work and for all the datasets where this information is available
in literature: albeit phenomenological, this model has the advantage of having been used to suc-
cessfully fit the data in all past studies. Thus it can be used as a comparison, although care must
be drawn from deriving from this direct physical quantities. Figure 3 shows the value of the disk
temperature (right panel) and of the power law slope (left panel) as a function of the observed flux.
The result is a substantial invariance of the spectral shape along the history of the source, at least
within the sensitivity of the data.
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