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ABSTRACT

Context. Understood to be a microquasar in the Galactic center re@&®5 1758258 has not yet been unambiguously identified
to have an opticahear-infrared counterpart, mainly because of the high ratisa and the historic lack of suitable astrometric
stars, which led to the use of secondary astrometric solsitidlthough it is considered with 1E 17482942 as the prototypical
microquasar in the Galactic center region, the Galactmioif both sources has not yet been confirmed.

Aims. We attempt to improve previous astrometry to identify a ¢daie counterpart to GRS 175858. We present observations
with the Gran Telescopio de Canarias (GTC), in which we trgetect any powerful emission lines that would infer an eydtactic
origin of this source.

Methods. We use modern star catalogues to reanalyze archival imdgbs GRS 1758258 field in the optical and near-infrared
wavelengths, and compute a new astrometric solution. Videramalyzed archival radio data of GRS 17388 to determine a new
and more accurate radio position.

Results. Our improved astrometric solution for the GRS 17288 field represents a significant advancement on previotssvemd
allows us to identify a single optigakar-infrared source, which we propose as the counterp@mR8 1758-258. The GTC spectrum
of this source is however of low signal-to-noise ratio anégloot rule out a Galactic origin. Hence, new spectral obbsens are
required to confirm or discard a Galactic nature.

Key words. X-rays: stars — Radio continuum: stars — Infrared: genebérays: binaries

1. Introduction Marti et al. 2002). These X-ray and radio observations igev
. . . us with a very accurate sub-arcsec position, which is essen-

GRS 1758258 is one of the two brightest persistenfiy 1 find an opticahear-infrared counterpart in the crowded
hard X-ray sources in the Galactic center region and bgsigs of the Galactic center region. Unfortunateljoets made
Io_ngs to_the . class_of Galactic microquasars (see €. fhrthis sense have been unable to unambiguously propose a sin
Mirabel & Rodriguez 1999 for a general discussion of Miye source as the possible counterpart to GRS 2258, mainly
croquasar properties). Originally discovered in hard ¥sra §,e tg the absorption towards the Galactic center regiorirend
(Sunyaev et al. 1991;_Goldwurm etal. 1994), GRS 17258 early lack of suitable astrometric standards (Marti e1888;
was classified as a microquasar after the detection of raggisiein et al 2002).
bipolar jets emanating from it, extending ovefl’” and ending
with the formation of two radio lobe$ (Rodriguez etal. 1992  In this work, we have taken advantage of the existence of
Although it is considered, together with 1E 17462P42 modern star catalogues, which allow us to improve the astrom
(Mirabel et al. 1992), the prototypical microquasar in thetry of the GRS 1758258 field in the optical and near-infrared
Galactic center region, its morphology is reminiscent of wavelengths. We also present a new and more accurate radio
Fanardt-Riley Il galaxy and an extragalactic origin cannot b@osition of this microquasar that we derived based on a revi-
ruled out. sion of archival data. As a result, we find that there is onlg on

The radio source proposed as the exciting core opticafinfrared object astrometrically coincident with the accu-
the GRS 1758258 microquasar lobes is found to coinrate GRS 1758258 X-ray and radio positions, which we pro-
cide with a Chandra X-ray source [(Heindl & Smith 2002; pose as its counterpart. Furthermore, we report the firsitses
of a follow-up observation with the Gran Telescopio de Ceasar
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Fig. 1. Left. Large-scale radio map of GRS 17588 at 6 cm wavelengths (adapted from Marti et al. 2002). dereral core of

the microquasar is labelled VLA-C. The collimated jets erithwhe formation of two radio lobes (VLA-A and VLA-B). VLA-D

is considered to be a likely non-related radio souRight. Central core of GRS 175&58 at 6 cm, obtained in this work after
combining all the A-configuration VLA data in Tablé 1. Radiontours correspond to -3, 3, 5, 7, 9, and 11 times the rms noise
of 30 uJy. The synthesized beam of this high resolution map is stawime bottom left corner, its size beinI¥. x 0”46 with a
position angle of 1%3. The 90% confidence error circles@fiandra and VLT positions are also shown.

Table 1. VLA archival observations used in this paper The data of each project were separately processed using the
AIPS software package of NRAO following the standard pro-
Date Project # of visibilities  Time on source cedures for continuum calibration of interferometers. ddita
2003 Jul31 AR523 249953 2807 s sets were merged into a singlefile, from which we computed
2004 Oct16 AR545 200182 1280's our final map using natural weights. Radio contours cornedpo
2006 Jan 30  AR570 151035 2153 s ing to the core of GRS 175858 are shown in the right panel

of Fig.[d. Our new and more accurate radio position, namely

R.A.(J2000¥ 18'01M12340 and DEC.(J2008) —25°44'36"3,

was fitted in the image plane. Although it has a statisticadrer
2. GRS 1758-258 revisited in the radio of 0”04 in both coordinates, we conservatively adopt an uncer-

tainty of 0/1 to consider any possible systematics. Our declina-
The National Radio Astronomy Observatory (NRAO) archivgion value difers 0’5 from a previous result also derived with
contains huge amounts of radio data frorffefient sources that the VLA at 6 cm in the A-configuration and using the same cal-
has accumulated over the years. Sometimes, several obsesvaibrator source[(Mirabel & Rodriguez 1994). This apparest d
can be combined to produce a single deep radio map and ¢gspancy may be caused by the position of the phase calibrato
analyzed with an aim dierent from the one it was originally having been refined since those old observations, leadirg to
planned. Similar approaches have been conducted by oup greHift of nearly @.3 almost completely in declination towards the
for X-ray binaries showing how useful archival data can le®(ssouth. Hence, our result represents an improvement of the ra
e.g.Sanchez-Sultil et al. 2008; Mufioz-Arjonilla et alOZp dio position of the GRS 175858 core with respect to previous

In the context of this work, we explored the NRAO archiveneasurements (Mirabel & Rodriguez 1994; Marti et al. 2002
to improve the position of the core of GRS 175%58. For this

purpose, we restricted the selection criteria to thoseraxgats . .
carried out with the Very Large Array (VLA) in its extended>: 1h€ optical/near-infrared counterpart of GRS
A-configuration and with on-source times higher than a thou- 1758-258

sand seconds. Taklé 1 shows the observations used in this pa- Reanalyzing archival data

per, all of them at the 6 cm wavelength. The total on-source

time amounted to almost 2 h. Observations were made in tWbe improved radio position of GRS 175858, and the present
IF pairs of 50 MHz bandwidth each. The phase calibrator usddy availability of modern star catalogues in the nearairgd,
was always 1751-253 which is locatetl &way from the tar- such as the Two Micron All Sky Survey (2MASS), motivated
get and has a position code B in the VLA Calibration MaBualus to refine the old astrometry, which had been obtained in two
steps because of the historic lack of suitable reference sta

1 <httpy/www.vla.nrao.edfastrgcaliymanuaicsource.htrit the field (Marti et al. 1998). The total combined error irstbid
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Fig. 2. Left. Ks—band image corresponding to the central core of GRS 4258 taken with the VLT and the ISAAC instrument in
2003. The arrow points at the location of the near-infragttédate counterpaRRight. Zoomed detail of the map on the left. Radio
contours corresponding to the central core of GRS 1258 at 6 cm are shown, superimposed onKlgeband image. Contour
levels are 4,5, 7, 9, and 11 times the rms noise qi. B0

paper was close to’]1 and a candidate counterpart could not berigin for this counterpart of GRS 1758258, and therefore to
unambiguously proposed at that time. know if we should carry on considering it as an archetypical
Hence, we reanalyzed archival images at optical and ne&alactic microquasar.

infrared wavelengths of the GRS 175%8 field. In particular, The observations were performed on May 21 and June 30

we used images in thR and | bands obtained with the ES02009. The slit was aligned with the parallactic angle to mini

New Technology Telescope (NTT) in 1998, and in #agband mize light loss due to atmospheric refraction. The grism-cov

taken with the Very Large Telescope (VLT) in 2003 in a projeatred the 3700 — 10 000 A spectral range, and the integratan ti

by Heindl and collaborators. Astrometry was recalculatestldl  amounted to 2.3 hours. All frames were reduced using standar

on the data of more than 30 stars within our field whose acqwocedures for sky background subtraction, flat-fieldimgl, ex-

rate positions were retrieved from the 2MASS catalogue. Thection of the spectrum, based on the IRARage processing

total combined astrometric error i806 for the NTT maps and system. Unfortunately, the seeing conditions, the weakioés

0718 for the VLT image. As a result, among the three camur target, and our high air-mass value even at transit tame r

didate counterparts of GRS 175858 that were proposed al-dered the observation veryfficult. Figurd8 shows the resulting

most a decade ago, only one of them remains consistent witbisy spectrum, after wavelength calibration and continaor-

both the VLA andChandra positions (see Fig$l1 amd 2 andnalization. The shortest wavelengths covered by the grimm a

their right panel zooms). Approximate photometry was calcunot shown since no signal is detected above the noise.

lated in theKs image by estimating the zero point after com-

paring the instrumental magnitudes of ten stars in the field w

the corresponding ones in the 2MASS catalogue.Rheagni- 4. Discussion

tude derived here for GRS 175858 is clearly consistent with
revious measurements (Eikenberry et al. 2001). Magnétirde . -

?he R and | bands were directly retrieved fror% thegoriginaPOSecl on the VLTKs—band image. The proposed optjcalar-

K (Marti 1 “Th ; lis 'nfrared candidate counterpart, which is the only one thaisk
xo'ltab(le[%n etal. 1998). These apparent magnitudes aredis trometrically coincident withChandra and VLA positions of

the core of GRS 175858, is clearly seen. It turns out to be
a weak and highly absorbed source that is barely detected to-
3.2. GTC follow-up observations wards the blue. Theffsets from the improved radio position are
i i i i Aacoss =~ 0716 andAé ~ 0714, which are clearly consistent
We carried out spectroscopic observations using the 10 m G{\h astrometric errors.
and the OSIRIS instrumenat the Observatorio de La Palma  The GTC spectrum of the candidate counterpart of GRS
(Spain) in long-slit mode. Our goal was to obtain a spectrufiysg-258 shown in Fig[13 is probably also contaminated by
of the optical candidate counterpart of GRS 17388, and the {hose of the two stars that are justl” away. Apart from some
GTC with OSIRIS in a low-resolution spectral mode seemed &\|yric features, no spectral lines were confidently obeer
appropriate combination to use for such a weak source. B iq\evertheless, the lack of strong emission lines, which woul
was to identify any absorption or emission feature that@ald e yisible even in a contaminated spectrum if GRS 17758
low us to discriminate between a Galactic or an extrag@acjere a sort of nearby active galaxy (e.g., a Seyfert or a FR-Il

Figure[2 again shows the GRS 17558 radio map superim-

2 <httpy/www.iac.egprojecfOSIRIS> 8 Zhttpy/iraf.noao.edi>
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Table 2. Magnitudes of the candidate counterpart to GRS

1758-258
oL | Filter  Observation Apparent Interstellar  Dereddened
M date magnitude extinction magnitude
R 1998 Mar26 2%+03®  63+05 17+06

I 1998 Mar26 211 +0.3® 40+0.3 25+05
Ks 2003 Aug23 1®+02® 094+ 0.07 13+0.3

0

- @ Magnitude retrieved from a previous wofk (Marti et al. 7998
@ @ | ®) Magnitude computed in the present work
= i
6000 ‘ 8000 ‘ 10000 a non-stellar component such as an accretion disk remadals un
Wavelength (A) tered.

Despite the challenge to interpret spectroscopic observa-
tions, the main contribution of this work has been the identi
cation of a serious candidate to the opticahr-infrared coun-
terpart of GRS 1758258 based on accurate astrometric coinci-
dence. This opens the possibility of investigating the tratire
of this source. Additional spectroscopic observation§Bim-
class telescopes and adaptive optics at southern locatiens-
is consistent with the usual interpretation of GRS 17E83 as a quired to confirm its Galactic (or extragalactic) origin aimcthe
source within the Galaxy. However, in this case, the ecitytr former case, to more clearly classify its spectral type.
of the orbit of the star would need to be very high to fill its Rec owledgements. The authors  acknowledge support by grant

i . . : kn
Iobe if a 18.45 d period were assume.d (Roth_stem et aI_. 20(ﬁ‘A2007-68034-C03-02 from the Spanish government, and EED
Smith et al. 2002). The problems raised by this inconsigtenfunds. This has been also supported by Plan Andaluz de Igaein,
will require further attention to unveil the true physicakgario Desarrollo e Innovacion of Junta de Andalucia as resegrcup
behind GRS 1758258. FQM322 and excellence fund FQM-5418. J.A.C. is a researchbee
. . f the Consejo Nacional de Investigaciones Cientificasgndkgicas
In the absence of conclusive spectroscopic data, OMNICET), Argentina. The NRAO is a facility of the NSF opte
broad-band photometry can place broad constraints on er cooperative agreement by Associated Universities, This
physical nature of GRS 175&58. An interstellar extinction publication makes use of data products from the Two MicronSkly
of AV ~ 84 mag was estimated fo”owing a Similar ap_SUrVey, which is a joint project of the University of Massashtts

: - ... and the Infrared Processing and Analysis Ce¢@@lifornia Institute
proach to that of Predehl & Schmitt (1995) and con&den@‘ Technology, funded by the National Aeronautics and Space

a column density towards GRS 17588 of Ny ~ (1.5 + Administration and the National Science Foundation in t18AUThis
0.1) x 10?2 cm2 (Mereghetti etal. 1997). We also computegbaper is based on observations made with ESO Telescopes hath
the valuesAx, Ay, and Ag using the relations reported bySilla Paranal Observatory under programme 41.D-038%. This
Rieke & Lebofsky (1985). Assuming a Galactic center distan®aper is also based on observations collected with the Gelasdopio

85 knc. deredd d ’ itud fth did de Canarias (GTC) at Observatorio del Roque de los Muchachos
of 8.5 kpc, dereddened magnitudes of the candidate Co@mteriy 5 paima, Canary Islands) operated by the Instituto deofistca
to GRS 1758258 are obtained. The results of our final revisege Canarias (IAC). We also thank the anonymous referee, avhos
photometry are summarized in Table 2. We searched for ary posnstructive comments helped us to significatively impribve paper.
sible variability of the proposed counterpart in the ESOves.
A total of 11 observing nights of data were available, olgdin Ref
with VLT and the ISAAC instrument in th&s—band. No vari- elerences
ability was detected with amplitude larger thaf.5 mag on a Eikenberry, S. S., Fischer, W. J., Egami, E., & DjorgovskiGS2001, ApJ, 556,
timescale of weeks. ThKs dereddened magnitude is roughly Idl A Cordier B.. Paul. J. et al. 1994. Nature. a0

: ; ~ ; wurm, A., Cordier, B., Paul, J., et al. , Nature,,

consistent with an early A-type main sequence star. Howevggslmgl A 3 Bandyopadnyay, R M., & Blundell. K. M. 2008NRAS, 394,
the corresponding colourR¢E 1) ~ —0.8 and ( — K) ~ +1.2 are 2947
inconsistent with this or any other spectral type. In a G#ac Heindl, W. A. & Smith, D. M. 2002, ApJ, 578, L125
context, this may be indicative of the optigadar-infrared lu- Marti, J., Mereghetti, S., Chaty, S., Mirabel, I. F., Galdd., & Rodriguez, L. F.
minosity being dominated by a non-stellar component (amy., = 1998, A&A, 338, L95

. . arti, J., Mirabel, I. F., Rodriguez, L. F., & Smith, I. A0@2, A&A, 386, 571
accretion disk) as we would expect from a low-mass X-ray bM—ereghem’ S.. Cremonesi, D., Haardt, F., et al. 1997, AgS, 829

nary. Qn the other hand, we Car_mOt rule out the pOSSibi_mly th\/lirabel, I. F., Rodriguez, L. F., Cordier, B., Paul, J. & lreb, F. 1992, Nature,
this might be caused by the brighter stis (=~ 13.7), which 358, 215
is located very close to our proposed candidate counteapart M!fage:' : E i Eogrjguez, I[ E iggg, ﬁlf,fgﬁogfigg
; abel, I. F., odriguez, L. F. s , 37,
mayé conta:)mmatg t%(; pho;qmetry meven after_ we halve Cafeﬂm fioz-Arjonilla, A. J., Marti, J., Combi, J. A., et al. 200A&A, 497, 457
tried to subtract itsféects. Since a dierent extinction law may pyegeni, p. & Schmitt, J. 1995, A&A, 293, 889
_explaln the dlsqepant colour_s, we compytec_i them agaioviell Rieke, G. & Lebofsky, M. 1985, ApJ, 288, 618
ing the conversions of near-infrared extinctionsfp towards Rodriguez, L. F., Mirabel, I. F. & Marti, J. 1992, ApJ, 4015 _
the nuclear bulge described|by Gosling et al. (2009). Desp Rothsten D. M., Bikenberry, 5. 8. Chatteriee, S., Egamibiorgovsid, S. G,
. . ) : Heindl, W. A. , ApJ, 580, L61
duferent_form of the extinction law, the d_erlved colours do NQL, chez-Sutil, J. R.. Marti, J.. Combi, J. A., et al. 2008A, 479, 523
substantially change compared to those listed in Table Bcele smith D. M., Heindl, W. A. & Swank, J. H. 2002, ApJ, 578, L129

our conclusion of contamination by either the nearby stdnor Sunyaev, R., Churazov, E., Gilfanov, M., et al. 1991, A&A72429

Fig. 3. Noisy spectrum of the proposed GRS 17288 optical
counterpart. Only telluric features {n the figure) are obvious.
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