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Abstract. In an attempt to increase the number of known microquasargdes et al. (2002) have presented a long-term
project focused on the search for new objects of this typeyTgerformed a cross-identification between X-ray and radio
catalogs under very restrictive selection criteria forrsea with|b| < 5°, and obtained a sample of 13 radio-emitting X-ray
sources. Follow-up observations of 6 of these sources Wt A provided accurate coordinates, which were used dier
optical counterparts for all of them. We have observed tsessources with the EVN and MERLIN at 5 GHz. Five of the six
objects have been detected and imaged, presentifeyetit morphologies: one source has a two-sided jet, thieeeohave
one-sided jets, and one source is compact. With all the ptlgsgvailable information, we conclude that two of the smgrare
promising microquasar candidates in our Galaxy.
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1. Introduction Nevertheless, the lack of meaningful statistical studexsanse
i of the small population of microquasars with known jet véloc
Microquasars are stellar-mass black holes or neutrontars yioq hrevents any definitive statements of this kind beiagen

mimic, on smaller scales, many of the phenomena seen in AqNgefore, it is worth searching for new microquasars ireord
and quasars. Microquasars have been found in X-ray b'n%yincrease the known population

systems, where a compact object accretes matter from a com-
panion star. Radio Emitting X-ray Binaries (REXBs) withael ~ In this context, the sources to search for are REXBs,
tivistic radio jets, like SS 433, GRS 194505, GRO J165540 Which are in fact microquasar candidates. To this end, a
or Cyg X-3, are good examples of microquasars (see Mirabelgoss-identification between the X-ray ROSAT all sky Bright
Rodriguez 1999 for a detailed review), while other wellwmo Source Catalog (RBSC) (Voges et al. 1999) and the NRAO
sources like LS k61 303 could turn out to be new relativis-YLA Sky Survey (NVSS) (Condon et al. 1998) was made for
tic jet sources (Massi et al. 2002). With the recent additibn sources withib| < 5° under very restrictive selection crite-
LS 5039 (Paredes et al. 2000), Cyg X-1 (Stirling et al. 2001ip, and the obtained results have been presented in Paper I.
and XTE J1556564 (Hannikainen et al. 2001) to the microA sample containing 13 sources was obtained, and 6 of them
guasar group, the current known number of this kind of saurc&ere observed at radio Wavelengths in order to obtain radio
is 14, among~ 50 REXBs within the~ 280 known X-ray bi- Spectra and their variability, as well as accurate radia-pos
naries (Liu et al. 2000; Liu et al. 2001). Recent studies of niions, which allowed the authors to discover the correspond
croquasars can be found in Castro-Tirado et al. (2001).  ing optical counterparts for all of them. At the end of this
As pointed out in Sect. 1 of Paredes et al. (2002, hergidy; two of the sources, namely 1RXS J00144380201
after Paper I), the number of known microquasars remaf@d 1RXS J013106:4612035 were classified as promising
still small, especially when trying to study them from a stdPicroquasar candidates. The remaining four sources were
tistical point of view. An interesting aspect of microquessis classified as weaker candidates _for a number of reasons.
their possibility of being related to unidentified high-egyey- 1RXS J042201.68485610 shows a highly inverted spectrum at

ray sources, as suggested by Paredes et al. (2000). Moyedvgh radio frequencies and an optical counterpart sligexly
some parameters like the jet velocity, seem to be related!§gded. 1IRXS J062148:174736 is an object extended in the

the mass of the compact object (i.e., with its potential wellOPtical. IRXS J072259-873131 presents a one-sided radio

jet at arcsecond scales, supporting the possibility ofdeix
Send offprint requests to: M. Ribo, tragalactic. And finally, 1RXS J072418-871508 is a known
e-mail:mribo@am.ub.es quasar.
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Table 1. MERLIN positions for the five detected target sources, otgdivia phase-referencing. The uncertainties quoted étattyet sources
were provided by thewrrr task inars (measuring in the phase-referenced image) and do not imdystematic errors. The positions of all
phase-reference calibrators except 1RXS J072418.8508 have an accuracy better than 1 mas.

Target sources Phase-reference calibrators

1RXS name a (J2000.0) 6 (J2000.0) Source name a (J2000.0) 6 (J2000.0)

J001442.2580201 0014™ 42512822+58°02 0172460 | JOO0%5706 0007M4847110+57°06 1074540
+0500013 +070022

J013106.4612035  0131M07523210+61°20 33’3752 | JO147584C0 01"4746°54380+58°40' 4479750
+0%00014 +070016

J062148.2174736 0821 47575264+17°47 350818 | J0630-1738 06'30M07525870+17°3812/9300
+0500006 +070017

J072259.5073131 0%722"5968188-07°31' 34/8009 | 1RXS J072418.3071508 07'24M17°2912 —-07°15207339
+0500011 +070022

J072418.3071508 07'24"1752912 -07°15 207339 | J0730-116 0730M1951125 -11°41'12/601
+0%0007 +07010

2 Position from Patnaik et al. (1992).

b Position from Browne et al. (1998).

¢ This position was obtained from VLA observations (listedha line below).
4 The entries in this line correspond to VLA observations @aper |).

In this paper we present Very Long Baseline InterferometAstronomical Image Processing Systemirq, developed
(VLBI) observations of these six sources, aimed at revgaliand maintained by the US National Radio Astronomy
possible jet-like features at milliarcsecond scales. Weeidee Observatory). We did not detect 1RXS J04220:4.85610. All
the observations and the data reduction in Sect. 2, presentdther sources were detected, and accurate positions ftarthe
results and a discussion in Sect. 3, and we summarize our figdt radio sources were obtained via phase-referencingerlhe
ings in Sect. 4. positions, presented in Table 1, were used latern gsiori

information for the VLBI correlation. The position given in
] ] Table 1 for the quasar 1RXS J072418031508 was obtained
2. Observations and data reduction from the VLA observations presented in Paper |. The posi-

We observed the six sources studied in Paper | simultafi@n of 1RXS J072259-8073131 is deduced from the phase-
ously with the Multi-Element Radio-Linked Interferometefeférence fiset relative to 1RXS J072418:071508 provided

Network (MERLIN) and the European VLBI Network (EVN)PY MERLIN.

on February 29tfMarch 1st 2000 (23:30-23:05UT) at 5 GHz.  To image the sources, we averaged the data in frequency

Since some of the target radio sources were faint, we sch@fd exported them to be processed into théedénce map-

uled the observations introducing phase-reference @alibPing softwareoiemar (Shepherd et al. 1994), where we time-

tors with cycle times of around 7 min (compatible witfveraged the data in 32 s bins after careful editing.

the expected coherence times). Apart from the calibrators

presented in Table 1, 4C 61.02 was used as calibrator 5)_5,. EVN

1RXS J013106-4612035,and TXS 0422496 and NRAO 150

for 1RXS J042201.8485610. We also observed the fringeThe EVN observations were performed with the following ar-

finder DA 193 and the MERLIN flux density calibrator 3C 286ray (name, code, location, diameterjtéisberg, EB, Germany,

Single dish flux density measurements were carried out wit®0 m; Jodrell Bank, JB, U.K., 25 m; Cambridge, CM, U.K.,

the MPIfR 100 m antenna infielsberg, Germany. 32 m; Westerbork, WB, The Netherlands < m; Medicina,

MC, Italy, 32 m; Noto, NT, Italy, 32 m; Shanghai, SH, China,

21 MERLIN 25 m; Toruh, TR, Poland,_32 m; and Ons_ala85,_ON, Sv_veden,
o 25 m. Data were recorded in MKIV mode with 2-bit sampling at

MERLIN is a connected radio interferometer across Englardh6 Mbps with left hand circular polarization. A bandwidth o

with baselines reaching up to 217 km length. This array 064 MHz was used, divided into 8 intermediate frequency (IF)

served with 2-bit sampling at dual polarisation with twodke bands.

of 16 channels, each channel of 1 MHz bandwidth. We anal- The data were processed at the EVN MKIV correlator at

ysed the left hand circular polarisation data excluding otiee Joint Institute for VLBI in Europe (JIVE), in Dwingeloo,

channel at both edges of the band, yielding a final bandwidlthe Netherlands. The correlator integration time was of 4 s.

of 14 MHz. The correlator integration time was of 4 s. A first post-processing analysis was also carried out at JIVE

The MERLIN data reduction was carried out at Jodrellhe data were processed usiags. A first a priori vis-
Bank Observatory, using standard procedures within th®lity amplitude calibration was performed using antenna
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gains and system temperatures measured at each antennawEhaveraged the flerent Gaussians. We linked the flux density
fringe fitting (rinG) Of the residual delays and fringe ratescale by observing primary calibrators such as 3C 286, 3C 48,
was performed for all the radio sources. No fringes wemr NGC 7027 (see e.g. Kraus 1997; Peng et al. 2000). We list
found for 1RXS J0422014#485610 and 4C 61.02. Fringes fothe single dish flux density measurements in the second col-
many baselines were missing for 1RXS J00144880201, umn of Table 2. The flux density values for the main VLBI
1RXS J0621484174736 and TXS 0422496. calibrators were of B+ 0.1 Jy for 3C 286, and.9 + 0.2 Jy for

To improve the fringe detection on all baselines fdpA 193.
1RXS J001442.2580201 and 1RXS J062148174736 we
used t_he delay, rate, and phase solutions from their corge-Results and discussion
sponding phase-reference calibrators (JG®Y06, £18 sep- . _ o .
aration, and J06360L738, £59 separation) and interpolated/Ve present all the imaging results in Figs. 1-5, and the image
them to the target sources using thes taskcLcaL. We fringe- parameters in Table 2. The total flux density values for the di
fitted the target sources again using narrower search wisdd@&rentimages diverge from each other and from the singfe dis
and obtained solutions for all baselines. A similar attemypt Measurements, due to the amplitude self-calibration jssoice
1RXS J042201.8485610 (with respect to TXS 042286 and all cases. Therefore, those values should be consideréd wit

NRAO 150) was unfruitful. Belsberg was used as referenceare. The minimum contours in the images are those listed as
antenna throughout thees data reduction process. Snmin in Table 2, while consecutive higher contours scale with

We then averaged the data in frequency and exported th%l/mz- Here follows a detailed discussion on each source.
to be imaged and self-calibrated mrmap. Thea priori visi-
bility amplitude calibration was not flicient to reliably image 3.1, 1RXS J001442.2+580201 and its two-sided jet
the weakest radio sources. We improved that by first imaging ) ) o )
in pirmar the calibrator sources JO05706, J01475840, and AS €an be seen in our images, shown in Fig. 1, this source ap-
J0630-1738, with appropriate amplitude self-calibration. W@ears point-like at MERLIN resolution, partially resolviedhe
deduced correction factors for each antenna, these being dgPered EVN-MERLIN image and clearly resolved at EVN
sistent for the three radio sources within 2%. We corredted tScales. In this last case, it shows a two-sided jet-likecstru
amplitude calibration back imes and exported the data agairfur® roughly in the north-south direction, with brightemeo

into piemap, Where the final imaging was performed after edionents towards the south. The trends are visible in theigos
ing and averaging of the visibilities in 32 s blocks. phases, giving us confidence that the structure observedt is n

a consequence of sidelobes or imaging artifacts. In theedpe
o EVN+MERLIN images, the structure extends up to 20-30 mas
2.3. Combining EVN and MERLIN outside of the core, and more clearly towards the north. This

. discrepancy could be due to calibration problems.
The EVN and MERLIN arrays have one common baseline, be- Model fitting of the EVN visibilities with circular

tween JB and CM, which allows to combine both data sets a@%ussians provides a parametrization of the inner streictur

map them t(_)gether. We processed the data Wi,thi_m nor- gie components reproduce the visibilities. The centrallwas
der to combine both arrays. The B1950.0\) coordinates of - g mJy, with a FWHM of 0.4 mas. Towards the north, one
the MERLIN data had to be corrected to the ones of the EV mpon’ent (N2) of 0.6 mJy.at 3.6 mas (PALC" FWHM

for the same reference system (J2000.0) withix. Then, the 0.7 mas) and another one (N1) of 0.5 mJy at 8.6 mas (PA. 2

MERLIN data were self-calibrated with the EVN images (Se(?xtended over 3 mas) are needed. Brighter components are
below), and the phase solutions were limited to the long

MERLIN baselines. The MERLIN data were imaged and t esent southwards, one (S2) of 1.1 mJy at 5.0 mas (P.A, 177

HM of 0.8 d the oth S1) of 0.4 mJy at
peak-of-brightness of both data sets were checked to be sirirg 7 mag (PA T%SI)ZV%EM bil(())w (e)rsonqzsg ) o mly &

lar. As a next step, the EVN data were averaged in frequency
If we assume that components S1 and N1 correspond to a
to correspond to the MERLIN data. Thes headers of bothagl%-r of plasma clouds ejected at the same epoch near the com-
Qi

data sets were modified conveniently to mat<_:r_1 together, t object and perpendicularly to the accretion disk, we ca
the weighting of both data sets was also modified to be eq

with wrmob. Finally, both data sets were concatenated (usi%%ur:t?éi:some parameters of the jets by using the following
pBcoN) and exported toirmap to be imaged with dferent data

weighting in (, v) distance (tapering) after time averaging i
32 s bins.

Ha — Mr _ da—dr
Ma+ i Oa+dr

% cosg = 1)

B being the velocity of the clouds in units of the speed of light
2.4. Flux density measurements at the 100 m antenna ¢ the angle between the direction of motion of the ejecta and
in Effelsberg the line of sight anqi, andu, the proper motions of the ap-
proaching and receding components, respectively (Mir&bel
We interleaved cross-scans (in azimuth and elevation)thih Rodriguez 1999). Although we do not know the epoch of ejec-
100 m Hfelsberg antenna to measure the radio source flux déion of the clouds, we can cancel the time variable by usieg th
sities (A. Kraus, private communication). We fitted a Gaassi relative distances to the codz andd;, as expressed in Eqg. 1.
function to the flux-density response for every cross-saad, Since both variableg,and co9, take values betweenOand 1, it
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Table 2. Flux densities and parameters used to produce the imagégsnl~5.

Single dish Arrag
1RXS name Ses (taper FWHM) beam size P.A. Sio Speak Shin
[mJy] [M2A] [mas]x[mas] T[] [mJy] [mJybeam'] [mJybeam?]
J001442.2580201 6.5:0.9 M 57x51 37 6.2 5.8 0.1
E+M (10) 7.7x7.2 -4 10.1 9.9 0.18
E 1.77x0.86 -20 115 7.0 0.15
J013106.4612035  20.1:0.6 M 71x 39 -63 175 17.9 0.5
E+M (15) 7.8x6.2 -75 19.2 18.7 0.8
E 1.04%x 0.99 -1 17.6 11.6 0.4
J042201.8485610 <5 — — — — — —
J062148.2174736 7.20.7 M 88x 39 24 5.8 5.6 0.2
E+M (8) 13.1x11.1 -24 6.0 6.8 0.3
E 8.8x4.1 47 7.0 6.4 0.3
J072259.5073131 67.%1.1 M 115x 66 4 66.0 62.9 0.7
E+M (15) 9.5x7.3 -61 521 41.9 0.9
E 5.74x 1.12 11 46.9 36.2 0.9
J072418.3071508 282.24.1 M 120x 64 8 301.0 285.7 0.9
E+M (10) 11.7x9.8 -61 287.0 263.4 2.0
E 5.73x 1.02 11 248.0 184.8 0.7

a8 M: MERLIN. E+M: EVN+MERLIN, FWHM of the tapering function (weighting of visiliies) in parenthesis. E: EVN.
b Values with low SNR in the Gaussian fits.

I I I [ I " T 0\ ]
" MERLIN °0 " VN +MERLIN (10M)) o LEVN ] ’
[ N1
200 B
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0+ 0 _
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Fig. 1. Images of 1RXS J001442:380201 using the dlierent arrays and with the parameters given in Table 2. The anxis are in mas. A

(u, v)-tapering with a FWHM at 10 M has been used to perform the combined EAKNERLIN image. In the EVN image, N1, N2, S2 and S1
indicate the components discussed in the text.

is clear that knowing cosd allows us to compute a lower limit of the components using the following equation (Mirabel &
for the velocity Bmin) and an upper limit for the angl®{.y). Rodriguez 1999):
The same applies for the S2 and N2 components. In Table 3

1/(k—a
we list the positions of the components obtained from model (Sa/Sr) e _ 1
fitting, together with the derived values frg8p, andémay for €00 = T(a) ’ (2)
each one of the pairs. The slightlyfidirent results obtained us- (Sa/sf) +1

ing pair 1 or 2, could be due to the fact that the position f?/\r/hereSa ands,
the S1 component obtained with model fitting happens to ber
the lower part of this elongated component, hence incrgas
B cosd, or to intrinsic diferent velocities for each one of th
pairs. Hereafter we will use > 0.20+ 0.02 andd < 78 + 1°.

are the flux densities of the approaching and
gEeding components, respectivddgquals 2 for a continuous

Bt and 3 for discrete condensations, anid the spectral index

of the emission $, « v*®). However, the equation above is
only valid when the components are at the same distance from

the core. If thisis not the case (i.d;,< dy), the ratioS,/ Sy will
A similar approach to obtain the jet parameters of thee lower than the one that should be used in Eq. 2 (because the

source can be performed thanks to the brightness asymmdiry density decreases with increasing distance from the)cor
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Table 3. Model fitted positions of the components in thewards the northwest in the EVN image. Model fitting with cir-
1RXS J001442.2580201 radio jets and obtained jet parameters. cular Gaussian components can reproduce the observeittvisib
ities as follows: a central 15.4 mJy component with 0.64 mas
Comp. Distance P.A. Benin Omax FWHM, and a northwest 2.1 mJy component with a FWHM of

[mas] F1 [°] 0.74 mas, located at 1.8 mas in P-A.3°. As can be seen, this
last component is located at a distance-c2 times the beam
size from the core.

N1 86+03 2 023+002 771
N2 36+02 -10 0.16+0.02 81lx1

S2 50+01 177 | 016+002 81+1 Using the fact that we do not detect a counter-jet, we can
s1 137+03 177 | 023+002 77«1 use Eq. 2 rep_lacm@r W|th_th_e 3 level value. This, of course,
will only provide a lower limit tog cosd, expressed as follows:
1/(k-
(Sa/30) " -1 "
. .. [3C0SH > . 3
(k-
In consequence, Eq. 2 only allows us to obtain a lower limit fg (83/30) /(k=a) 1

B cosb.
In order to use this approach we will consider= 3, Using S, = 21 mJy, 3r = 0.30 mJy (the & value has
because the components seem to be discrete condensatlg®y) taken as the root mean square noise in the image),
ande = —0.20 + 0.05, according to the overall spectral in—0.05+ 0.05 (see Paper I), arid= 3 to be consistent with the
dex reported in Paper |, since we do not have spectral indewest limit, we obtairg cosd > 0.31+ 0.05 (8 > 0.31+ 0.05
information of the components. The use of the flux densiti@gdé < 72+ 3). Hence, a lower limit oB > 0.3 is obtained,
obtained after model fitting give8cosd > 0.09 + 0.04 for pointing towards relativistic radio jets as the origin of tlon-
the S2-N2 pair angcos? > —0.07 + 0.08 for the S1-N1 gated radio emission present in the EVN image. Although the
pair. This last value is certainly surprising, althoughahde one-sided jet morphology at mas scales is found mostly in ex-
explained by the fact that the S1 flux density obtained aftéagalactic sources, it is also present in some galacticBREX
model fitting does not account for the total flux of this plasméke Cyg X-3 (Mioduszewski et al. 2001) or LS+461 303
cloud. In fact, better estimates of the flux densities cantbe dMassi et al. 2001). Hence, we cannot rule out a possiblegala
tained summing together the flux densities of thesx com-  tic nature on the basis of the detected morphology.
ponents obtained within each one of the four plasma clouds. As done for the previous source, we can compare the VLA
This yields togcosd > 0.13 + 0.05 for the S2-N2 pair and position with the MERLIN one, and find that theyfidir in
Bcosd > 0.17 + 0.02 for the S1-N1 pair, in good agreemenpa cosé = 39 + 10 mas andAs = -0.8 + 10 mas. If the
with the values computed using the distances from the compgisets are real, this would imply, coss = 64+ 16 mas yr?
nents to the core, shown in Table 3. andus = -1 + 16 mas yr’. Hence, it seems possible that we
If we compare the VLA position reported in Paper | witthave detected a proper motion in right ascension at &evel.
the MERLIN position in Table 1 we can see that they affedi However, we must be cautious since, as in the previous dese, t
ent. In fact, taking into account the errors, the MERENLLA ~ phase-reference sources and observing frequencies viiere di
position dfsets can be expressed as:coss = 16+ 10 mas entin each observation.
andAs = 27 + 10 mas. Assuming that theftérence in po- Overall, these results are indicative of relativistic maits,
sition is due to intrinsic proper motions and considering tfand hence, together with the results reported in Papemwall
time span between both observations, 224 days, we obtalf o0 classify this source as a promising microquasar catelid
Uacoss = 26+16 mas yrt andu; = 44+ 16 mas yrt. Although
a proper motion of the source would clgarly indicate its wHcr 3.3. 1RXS J042201.0+485610, a non-detected source
quasar nature, because no proper motion would be detected in
an extragalactic source, we must be cautious with this tesul
First of all, the phase-reference sources whefiedint in the This radio source was marginally seen in the cross-scans car
VLA and MERLIN observations, as well as the observing fraied out in Hfelsberg. In fact, this is compatible with the low
quencies from which positions were estimated. On the otHirx density of 23 + 0.4 mJy at 1.4 GHz listed in the NVSS.
hand, none of these results exceeds the&8lue, preventingto The source was not detected with MERLIN or with the EVN,
state that a proper motion has been detected. mainly due to problems with the phase-reference sources, as
Summarizing, our results indicate that this source egeinted outin Sect. 2.2. In fact, as discussed in Paper |, ¥\LA
hibits relativistic radio jets with3 > 0.20 and, therefore, configuration observations showed a flux density of 0.4 mJy
together with the results reported in Paper |, we considar5 GHz and an inverted spectrum with a spectral index up to
1RXS J001442.2580201 as a very promising microquasar = +1.6, suggesting thermal radio-emission resolved at higher
candidate. angular resolutions. However, we cannot exclude the pibssib
ity of having a highly variable source.

3.2. 1RXS J013106.4+612035 and its one-sided jet

We show in Fig. 2 the images obtained after our observ%'—zl' IRXS J062148.1+174736, a compact source

tions. Although the source appears compact at MERLIN aid can be seen in our images, shown in Fig. 3, the radio source
EVN+MERLIN scales, there is a weak one-sided radio jet tis compact on all scales. In fact, model fitting of the EVN visi



6 M. Ribo et al.: EVN and MERLIN observations of microquasandidates at low galactic latitudes

T T T T I T I T I T I T I
40 .
r MERLIN ] EVN+MERLIN (15MA) 5 I EVN o |
- I ] I
200 |- . O
20 |- .
0+ 4 of 4 of .
720 [ —
200 |- .
7‘ = 7407. N *5’. N
L | L | L | L | L | L | L | L | | L L L L | L L L L |
200 0 —200 40 20 0 20  —40 5 0 -5

Fig. 2. Images of 1RXS J013106+4612035 using the fierent arrays and with the parameters given in Table 2. The axiés are in mas. A
(u, v)-tapering with a FWHM at 15 M has been used to perform the combined B\WNERLIN image.
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Fig. 3. Images of 1RXS J062148:174736 using the dierent arrays and with the parameters given in Table 2. The axiés are in mas. A
(u, v)-tapering with a FWHM at 8 M has been used to perform the combined EB\WNERLIN image.

bilities converges to a point-like radio source (the FWHM dEVN+MERLIN images show a clear one-sided jet towards the
a circular Gaussian tends to zero). We must note that whesanst, with a slight bent towards the south at larger coreraepa
this source was observed it was below the horizon in Stbns. The closure phases clearly show that the source tdepar
Therefore, the obtained beam size for the EVN image is largesm symmetry, with preferred emission to the east, bothén t
than the ones obtained for the other sources, as can be dd&RLIN and the EVN data sets. Two distinct components are
in Table 2, hence providing lower angular resolution than gresent in the EVN image, at 9 and 17 mas from the compact
the other cases. A comparison between the VLA and MERLIdbre (P.A. of 89 and 1T3respectively). Those components can
positions reveals that they are perfectly compatible withie be model fitted with elliptical Gaussians, yielding flux digies
errors, suggesting an extragalactic nature or a small prope of 3.7 and 2.8 mJy, respectively, for a core of 40.3 mJy.

tion if it turns out to be a galactic microquasar. Althougk th

compactness of the source is not indicative of a galactimor a Using again the fact that we do not detect a counter-jet, we
extragalactic origin, the extended optical counterpagiprted can use Eq. 3 witl$, = 3.7 mJy (the closest component to the
in Paper |, suggests an extragalactic origin for this saurce core in the EVN image),3 = 0.54 mJy (as previously done,
fact, the detected radio variability from 8 to 11 mJy within &1e lo value has been taken as the root mean square noise in
week reported in Paper |, is compatible with the compactndbg image)a = -0.25+ 0.2 (see Paper I), ankl = 3 to be

in an extragalactic object (see IDV phenomenon, Wagner @nsistent with the discrete nature of the components, taimb
Witzel 1995). Bcosh > 0.29+0.05, and hencg > 0.29+0.05and) < 73+3°.

Therefore, these results point towards relativistic rgetie as

the origin of the elongated radio emission presentin thgesa
3.5. 1RXS J072259.5-073131 and its bent one-sided

jet As pointed out for 1IRXS J013106+612035, the one-sided

jet morphology does not rule out a microquasar nature far thi
The images obtained at ftBrent resolutions are plotted inobject. However, the bending of the jet at such small angular
Fig. 4. The MERLIN image presents a compact structure wiitales resembles the ones seen in blazars. In fact, asaéport
some elongation eastwards, while the EVN and combingdPaper I, a one-sided arcsecond scale jet is also present in
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Fig.4. Images of 1RXS J072259.:873131 using the flierent arrays and with the parameters given in Table 2. The anxis are in mas. A
(u, v)-tapering with a FWHM at 15 M has been used to perform the combined B\WNERLIN image.
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Fig.5. Images of the already identified quasar 1RXS J072448/3508 using the flierent arrays and with the parameters given in Table 2.
The axes units are in mas. A,{)-tapering with a FWHM at 10 M has been used to perform the combined ENWNERLIN image.

VLA A configuration observations at 1.4 GHz, an unusual fe#he observations. It presents (Fig. 5) a one-sided pc-$eale
ture in the already known microgquasars. oriented towards the northeast, changing from a P.A: 6f°

A comparison between the VLA and MERLIN positiongt 5 mas from the core (EVN image) to°20p to 200 mas, at
reveals that they agree within the errors, suggesting aa-extMERLIN scales.
galactic nature or a small proper motion if it turns out to be a Model fitting of the EVN visibilities with circular
galactic microquasar. Gaussians reveals a compact core (0.7 mas FWHM) with

Overall, these results are indicative of relativistic mdi245-4 MJy, and two distinct components, one with 11.9 mJy
jets, although this source shows characteristics mordzsitoi  at 6-2 mas (P.A. 46 1.9 mas FWHM, presentin the right panel
blazars than to microquasars. image of Fig. 5) and another one with the size of the beam, a
flux density of 1.7 mJy at a distance of 29.6 mas in P.X. 27
(visible in the middle panel image of Fig. 5).

Using again the fact that we do not detect a counter-jet, we
can use Eq. 3 wits,; = 11.9 mJy (the closest componentto the
) ) ~core), Ir = 0.45 mIy,a = 0.07+ 0.02 (see Paper ), arld= 3
This radio source has recently been (March 2002) classifiedig pe consistent with the discrete nature of the compongmts,
a quasarin the _SIMBAQ database, an_d itis not any more & htaing coss > 0.51::0.04. Hence, an upper limit 6f< 60+3°
croquasar candidate. Itis catalogued in the Parkes-MIR®IR 514 a lower limit ofg > 0.51+ 0.04 is obtained, pointing to-

(Griffith et al. 1994) and the Texas Survey (Douglas et glqrgs relativistic radio jets as the origin of the elongattio
1996). It is listed as PMN J07240715 in the NED database,emjssijon present in the images of this already identifiedaua
and is the source WGA J0724-3715in Perlman et al. (1998),

who reported a faint and quite broadvi¢mission line (rest-
frameW, = 303 A, FWHM=4000 km s%), and classified
it as a Flat Spectrum Radio Quasar (FSRQ) wite 0.270. We have presented EVN and MERLIN observations of the
Nevertheless, we have reported here our observationdtgessix sources studied by Paredes et al. (2002) in their search
for this source, since it was a candidate when we performied microquasar candidates at low galactic latitudes. Tis fi

3.6. 1RXS J072418.3-071508, a quasar with a bent
one-sided jet

4. Summary
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Table 4. Summary of the obtained results after the VLA and opticakoketions (Paper 1), and the EVN and MERLIN observationg il
here. An asterisk indicates a non-expected behaviour foromuasars.

1RXS name VLA obs. Optical obs. EVNMERLIN obs. Notes
Structure a Structure | mag.  Structure B 0]

J001442.2580201 compact -0.2 point-like 19.9  two-sided jet >0.20 <78 Promising candidate
J013106.4612035 compact -0.1  point-like 17.9  one-sided jet >0.31 <72 Promising candidate
J042201.8485610 compact +1.6* extended 17.5 not detected — —  Thermal source ?
J062148.2174736  compact +0.1 extended 17.6  compact — — Galaxy?
J072259.5073131 one-sided jet—-0.2  point-like 16.8  bent one-sided jet 0.29 <73  Blazar ?
J072418.3071508 compact +0.1  point-like 17.2 bent one-sided jet 0.51 < 60 Quasar (FSRQ)

one, namely 1RXS J001442.380201, displays a two-sidedscale Facilities programme under contract No. ERBFMGE©U093.
radio jet, which after analysis impligg > 0.20 + 0.02 and Part of the data reduction was done at JIVE with the suppothef
6 < 78+ 1°. 1RXS J013106-4612035, displays a one-sidedEuropean Community - Access to Research Infrastructuieraof
radio jet, requiringd > 0.31+ 0.05 andg < 72+ 3°. The third the Improving Human Potential Programme under contractH¥RR |-
one, namely 1RXS J042201%.085610, was not detected duélc):;tlgg9;g’logf5ih'\é"$& it'el:(lc') ';'e agfjeié,';/" a?'ggﬁ;‘;f;ge(gs:jﬂs
; , i . % inisteri iencia y i -
E_ORZ[(SSI?&SZ[;_)Z; 3257?/7; 2‘: r tgaezzsfo;?fzgn;tlgﬁ Eé(;:)elzm'l's der grant AYA2001-3092, as well as partial support by theogaan
' PP P ) 'I?Qeegional Development Fund (ERFEDER). During this work,

fifth ope, namely 1RXS ‘,]072259"673131’ displays a bentM. R. has been supported by two fellowships from CIRIT (Gatixt

one-sided radio jet, implying > 0.29+ 0.05andd < 73+ 3°.  ge Catalunya, ref. 1998 BEAI 200293 and 1999 FI 00199). J.4d. h

Finally, 1RXS J072418:3071508 shows also a bent one-sidegeen aided in this work by an Henri Chrétien Internationes@arch

jet, requirings > 0.51+ 0.04 andd < 60+ 3°. Grant administered by the American Astronomical Society has
After a detailed analysis of our data, we shoween partially supported by the Junta de Andalucia. Tlsisakeh has

in Table 4 a summary of the results obtained aftenade use of the NASAs Astrophysics Data System Abstracti&sr

the VLA and optical observations (Paper 1), and thef the SIMBAD database, operated at CDS, Strasbourg, Frandeof

EVN+MERLIN observations reported here. As can b#e NASA/IPAC_ExtragaIactic Data_base_ (NED_) which is operated by

seen, the first two sources, 1RXS J00144%20201 and the Jet Propulglon Labor.atory, Callfornllalnstltute ofFﬁeoIogy,"un-

1RXS J013106.4612035, are promising microquasar candﬁer contract with the National Aeronautics and Space Adstriaiion.

dates. 1RXS J042201:@85610 is probably of thermal nature

due to the highly inverted spectrum at high radio freques)cidreferences

while 1RXS J0621484174736 is probably an extragalactiGsrowne, I. W. A., Wilkinson, P. N., Patnaik, A. R., & Wrobel, M.

object due to the extended nature of the optical counterpart 1998, MNRAS, 293, 257

1RXS J072259.5073131 shows properties common t&astro-Tirado, A. J., Greiner, J., & Paredes, J. M. 2001,

blazars, while 1RXS J072418:871508 is an already identi-  Microquasars, Proc. of the Third Microquasar Workshop on

fied quasar. We note that 1RXS J07225933131 is bright ‘Galactic Relativistic Jet Sources’, (Kluwer Academic Rsifers,

enough at radio wavelengths to attempt am &bsorption _ Dordrecht, The Netherlands), Ap&SS, 276

experiment, that could allow to determine if this source ondon, J. J., Cotton, W. D., Greisen, E. W., etal. 1998, A3, 1693

. . . . ouglas, J. N., Bash, F. N, Bozyan, F. A, Torrence, G. W., &é/ol
galactic or not. In any case, optical spectroscopic obsiensa C. 1996, AJ, 111, 1945

of the first five sources are in progress, to clearly unveirthesrifith, M. R., Wright, A. E., Burke, B. F., & Ekers, R. D. 1994, ApJS
galactic or extragalactic nature. 90, 179
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