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Some of the Ultraluminous X-Ray (ULX) sources have assediateak radio counterparts, but
so far none of them has been detected on milliarcsecondss@beservations with the very long
baseline interferometry (VLBI) technique would be crud@alunveil the real nature of ULXs,
however detecting sources so faint is very challenging. UbX at the center of M33 is very
close to us and hence a good target to study. Here we give aggsoreport, so far including 2
sessions of our e-EVN monitoring programme of this source.
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1. Ultraluminous X-ray Sources

Ultraluminous X-Ray (ULX) sources, discovered in the 1980s, are pointidn-nuclear ob-
jects that have X-ray luminosities betweerfdand 18* erg s [[ll,Bl]. Considering the Eddington
limit for an accreting object with isotropic X-ray emission, masses betweetn1DIO00 M, were
implied [2]. This indicated the presence of a new type of objects, Intermediate Mask Boles
(IMBH). The IMBH interpretation has a number of difficulties howeverr Egample, formation
of these systems in sufficient numbers is problem@]c Alternatively, mildly beamed massive
X-ray binaries could explain most of the ULX propertig.[ Should some of the most nearby
ULXs host an IMBH, these could be revealed by their compact radio emissidetectable levels
for sensitive VLBI arraysf]]. Milliarcsecond (mas) scale resolution is required to be able to dis-
tinguish the emission coming from or dominated by radio nebulae related to ULs.would
be expected if ULXs are related to objects similar to the well known Galactigbireary SS433,
that is embedded in the W50 supernova remright [

2. M33 X-8

M33 X-8 is an ULX with a 1-10 keV luminosity of 10%%° erg s [[f]. The distance to
the galaxy was considered to be 795 kg, [though recent results have pointed out a value of
approximately 950 kpdl[3]. The ULXs is found very close to the centre of M33. Detection of a
106 days periodicity in X-ray luminosity by ROSAT (Rdntgensatellit) indicates e emission
is coming from a single source, rather than a number of sgirs@n arcsecond scales, Trejo,
Rodriguez & Marti ] detected faint emission from the M33 nucleus. At 20 dn~(1.5"), a
source with 20QuJy was found, which is according to 2MASS (The 2-micron All Sky Suyvey
coincident with the M33 centre. At 3.6 cnd (~ 0.4”), two unresolved sources were found with
flux densities of 40 and 51Jy. The first one is coincident with the centre of the galaxy and the
second one a bit off centre to the North.

In this work we are interested in the detection of the radio emission of the ULemn the mas
scale. To reach the requireduSy/beam noise level, long integrations are required by current VLBI
arrays. There is an advantage in splitting this integration time to several ®pbdbservation,
since the radio source might be very variable. Our initial goal was to @arrp-epoch e-EVN
observations (including Arecibo in the array) at the highest possiblerdsta So far two epochs
have been scheduled. Using the e-VLBI technique instead of diskdiegowould let us carry
out the full program on a shorter timescale (not limited to the regular EVNegs and as an
additional advantage any flaring activity from the main target or otherdatek sources near the
centre of M33 would be immediately noticed. With the combination of the data framusa
epochs one may detect the quiescent emission if the source is compagt betier upper limit
to its flux density.

3. Observations and data processing

The first observing session took place on 10 February 2009. Thererstén the array included
Arecibo, Medicina, Onsala, Torun, Westerbork and Cambridge. Becalivarious problems, the
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Figure 1. Naturally weighted image of the secondary phase-calibatthe position RA 01h 33m 29.289s
DEC 30d 45’37"493 (J2000). The peak brightness is 8 mJy/b#aencontour levels are multiples of 700
pJy/beam. The beam is 238.96 mas oriented at a position angle-d36.6 degrees.

76m Lovell Telescope (at Jodrell Bank) and the 100m Effelsbergaetescould not participate
(then a re-observation was granted). The observations were cauied 1.6 GHz in dual polar-
ization using 2-bit sampling, at a total data rate per telescope of 512 Mypsib& was limited
to 256 Mbps, and the MERLIN telescopes were limited to 128 Mbs. The totaleibg time was
about 5.7 hours, with 2.8 hours on target. During the second epoch-22 Zpril 2009 Effelsberg
and the Lovell Telescope were present, and in addition a MERLIN outstatsnadded, Darn-
hall. Out of the 8 hours total observing time 3.5 hours were spent on thettafpe ULX was
phase-referenced to J0137+3122 in both experiments, which is a anigltompact calibrator just
1 degree away. As a secondary candidate phase-calibrator, wedddudl0 mJy faint source
in the phase-reference cycle, which was identified in a short e-EVNhr@008. This secondary
calibrator is only~7 arcminutes away from the target. The sequence for the observatiens wa
J0137+31224 1 min) - sec. cal.£ 1 min) - M33 X-8 (~ 3 min) - J0137+3122~ 1 min), and so
forth.

The AIPS astronomical package was used to process the data in thedtaraseer. We used the
measured antenna gains and system temperatures for amplitude calibragarwd ran the AIPS
task FRING on J0137+3122 and applied the solutions to all sources. atadat the secondary
calibrator were then self-calibrated and imaged. The obtained phase sslfitben CALIB were
transferred to the target. This step did not give a significant improveni¢né eesult, indicating
that there were no large residual phase errors left in the data afterghpHase-reference step.
In Fig. 1 we show a naturally weighted image of the secondary phaseatalipwhich shows a
resolved structure.

4. Preliminary results and discussion

We still have no detection of the target in the first two observation epoclsingUhatural
weighting we could derive upper limits for both epochs. For the first onenssured rms noise



e-VLBI observations of M33 X-8 Alfonso Trejo

was 24uJy/beam and 13Jy/beam for the second epoch. At the end of the campaign we expect
to get a much improved noise level from the combined data. The above negdaslestill not
sufficient to show if any of the components detected@jyare compact. Furthermore, as we still
do not have a detection, we can set a limit of 5 sigma level qgi&Fbeam for a variable source.

From the fundamental plane of black hole activity relatif,[L1]] one may give an approxi-
mate upper limit to the black hole mass from the observed X-ray luminosity, angbgies limit of
radio flux density at GHz frequencies. For a 1000 MBH at the distance of M33 withy ~ 10°°
erg s ! one may expect to see a radio source at a few hunadgdevel. The resolved nature of the
200 uJy source in the centre of M33 with the VL[ already makes this scenario unlikely. If the
40-50uJy VLA components remain undetected in the combined VLBI observationsythikl be
constrained further. With the data available at this time, our result is in agreewth the upper
limit of 1500 M, from velocity dispersion measurements in the bulge of the gafB&j [
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