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Preliminary resultson a Virtual Observatory
search for companionsto Luyten stars

J. A. Caballero, F. X. Miret, J. Genebriera, T. Tobal, J. 6laid. Montes

Abstract The Aladin sky atlas of the Virtual Observatory has shownealpow-
erful and easy-handling tool for the discovery, confirmatend characterisation of
high proper-motion, multiple stellar systems of large safian in the solar vicinity.
Some of these systems have very low mass components (atatifiereivn dwarf
boundary) and are amongst the least bound systems foundetoWilth projected
physical separations of up to tens of thousands astronbonits, these systems
represent a challenge for theoretical scenarios of foonaif very low-mass stars
and brown dwarfs. Here we show preliminary results of a ntwietual” search of
binary systems and companions to Luyten stars with propd¢ionbetween 0.5
and 1.0arcsecd.

1 Introduction

On the one hand, Caballero (2007b) showed that a minimum0af58 % of the
solar-neighborhood dwarfs with spectral types later th&anOMi.e. with very low
massesM < 0.1M,) are part of multiple systems of wide separation-(100 AU).
On the other hand, most of the objects in the New Luyten TwdhEe(NLTT) cata-
logue (Luyten 1979) are nearby late-type dwadfs(30 pc) and solar-like stars with
very high proper motions. As a matter of fact, the primarysstd the two multiple
systems whose common proper motions were first measuredlisll@a (2007b)
are two stars in the NLTT catalogue, Koenigstuhl 2A (NLTT 234early M) and
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Koenigstuhl 3A (NLTT 57119, F8V). Koenigstuhl 2AB is one bktlowest mass,
widest binaries yet found; Koenigstuhl 3ABC is the wides¢farchical, triple) sys-
tem with an L-type componenp(= 7.530+ 0.007 arcmin; = 11900+ 300 AU).
Koenigstuhl 3C (also known as 2MASS J23310161-04061934%) ahmass at the
stellar-substellar boundary.

The primary star in the binary system Koenigstuhl 1AB, disred by Ca-
ballero (2007a) using an identical search method, althdughtoo faint for ap-
pearing in the NLTT catalogue, had been also previouslyléabd in a catalogue
of high proper motion objects (Liverpool-Edinburgh suryBypkorny et al. 2003).
Koenigstuhl 1AB is the second widest system wih + Mg < 0.2Mg (p =
1.2956+0.0012arcminy = 1800+170AU); the widest system, 2M0126-50 AB,
was afterwards discovered by Artigau et al. (2007). The ingnze of systems with
very low binding energies for theoretical scenarios of fation of substellar ob-
jects have been already discussed in detail in, e.g., PlaareBal. (2005), Billeres
et al. (2005), Burgasser et al. (2007), and Artigau et al0{20They can also be
used as a “test particle” to investigate the gravitatiomdéptial of the Galaxy (Ca-
ballero 2007a).

Given the relatively small amount of field late-type stard Brown dwarfs stud-
ied by Caballero (2007b; he investigated only 173 targéts3, natural to design
a new massive survey to explore a larger quantity of dwaifsceSthe larger the
proper motion of a system is, the easier the confirmation afraon proper mo-
tion in a defined time base line is, one should look for compamandidates to
the fastest stars. The vast majority of them were tabulated by, as théereamay
guess, in the NLTT catalogue, which tabulates several tétisoosand stars with
proper motions larger thamo tenths arcseconds per annum ¢ 0.2 arcsecat).
Salim & Gould (2003) improved the astrometry of about 36 ODthese stars from
(optical) USNO-A and (near-infrared) 2MA$Riata. Our results will complement
other searches for Luyten binaries with high proper mot{erg. Oswalt et al. 1988;
Ryan 1992; Allen et al. 2000; Lépine et al. 2002; Salim & Gb2003; Chanamé &
Gould 2004; Levine 2005).

2 Analysis

We have used the survey method described in Caballero (2Q00&b), but with
a slight difference: instead of using the SuperCOSMOS Seidrchive (Hambly
et al. 2001), we have employed the USNG3Bhd 2MASS catalogues and, in an
intensive and extensive way, the Virtual Observatory toladin (Bonnarel et al.
2000). Although the astrometric precision and depth of USBIOare worst than
those of SuperCOSMOS, we have still some fundamental atyest USNO-B1

1 USNO-A: U.S. Naval Observatory catalogue of astrometandards (Monet et al. 1998).
2 2MASS: Two Micron All Sky Survey (Skrutskie et al. 2006).
3 USNO-B1: U.S. Naval Observatory catalogue of astrometendards (Monet et al. 2003).
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Fig. 1 Colour-inverted, 16 10 arcmirt-size, ESO POSS1 Red (J1950.3#) and POSS2 UKST
Red (J1989.176right) images centred on the known common proper motion system0s1%0
(NLTT 36000, sd:K4) and vB 7 (NLTT 35991, M7V). Angular seption and position angle of
the system ar@ ~ 2.21 arcmin and =~ 214 deg. It was identified in the proper motion diagram
centred on the primary. North is up and East is left. The higiper motion star to the Southeast
of the system is LP 174-32, which has a different spatialarglo

" ST 1.0 g00

covers the whole sky (not only the Southern Hemisphere, perf®OSMOS does),
a mathematical environment for plotting and selecting. (&lgtlab, IDL) is unnec-
essary, and, especially, Aladin allows to carry out an attve searchery quickly
(literally, in “a few mouse clicks”). An experienced indilial with a home internet
bandwidth can identify a common proper-motion companiardadate in less than
two minutes. The basic scheme of the analysis is as follow:

1. choose the Luyten star to which companion candidatedeiiearched for. We
have selected for investigation the 1947 stars (and whitaridyvin Salim &
Gould (2003) with proper motions in the interval 0.5-1.Geca®,

2. load a red 3@ 30 arcmirf Digitized Sky Survey image centred on the star in the
view window of Aladin,

3. load all the targets in the Simbad astronomical databadénathe 2MASS and
USNO-B1 surveys in a 15 arcmin-radius circle centred on the s

4. cross-match 2MASS and USNO-BL1 (in this order) with thed#fcross-matching
radius of 4 arcsec,

5. identify common proper motion pairs with 2MASS+USNO-Bdtat

a. plot a proper motion diagranmug vs. iy c0so) of the cross-matched sources
with VOplot,

b. mark the position of the Luyten star in the diagram,

c. study if there are objects in the area with proper motiamiar to those of
our star,

d. if there are, check that they are not faint optical/ne&ared sources with
incorrect USNO-B1 proper motions,
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Fig. 2 Colour-inverted, 16 10 arcmirt-size, ESO POSS1 Red (J1950.2iH) and POSS2 UKST
Red (J1996.389%ight) images centred on theew common proper motion system HD 126512
(NLTT 37293, FOV,dnip = 46.9+1.8 pc) and LSPM J1425+2035W (a poorly known high proper
motion star catalogued only by Lépine & Shara 2005). Angsegaration and position angle of the
system argp ~ 1.05arcmin and ~ 290 deg. It was identified with the Simbad “proper motion”
filter. The secondary has the optical/near-infrared magei and colours of a mid/late-K or early-
M dwarf atd ~ 50 pc. North is up and East is left.

6. identify common proper motion pairs with Simbad data:

a. activate the “proper motion” dedicated filter,
b. study if there are objects in the area with proper motiomdar to those of
our star,

7. and, finally, if a common proper motion pair candidate tsxisharacterise it in
detail. Given their brighness and wide angular separatioost of the pair can-
didates can be easily followed-up with small telescopeg @0 cm) at amateur
observatories.

We will give details on the steps of the analysis (includietgstion of the input
list of Luyten stars, data loading and cross-matching, @rapotion diagram and
candidate selection, and astrometric follow-up) in a footining paper.

3 Preliminary results

We give some preliminary results on our Virtual Observatmgrch for companions
to Luyten stars. Of the 1947 stars in the input catalogue pritiper motions in the
interval 0.5—1.0 arcsecd, we have identified 101 of such stars in 52 systems iden-
tified in common proper motion diagrams. All the systems aiespf Luyten stars
except for a hierarchical triple (GJ 421 ABC) and four biearivith secondaries
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Fig. 3 Colour-inverted, 1610 arcmiff-size, ESO POSS1 Red (J1952.54&ft) and POSS?2
UKST Red (J1992.664ight) images centred on the common proper motion system G 125-15
(NLTT 47904, M4.5, pulsation variable, X-ray) and G 125-84.TT 47903, M5-6:). Angular sep-
aration and position angle of the system are- 0.766+0.005 arcmin and® = 347.34-0.16 deg.

The absolute value of its common proper motigrs 0.16 arcseca, prevented the system to be
listed in the input catalogue. The binary was serendiplyoigentified in the proper motion dia-
gram centred on the high proper motion star BD+35 3659 (NLT909, F1, at about 1 arcmin to
the North of the pair). North is up and East is left.

not present in Salim & Gould (2003). From the unfinished asialgf systems pre-
selected with the Simbad “proper motion” filter, we have iifead 46 Luyten stars
in 24 binaries. The primaries with no Luyten star as a seagnaiee GJ 383 and
HD 126512 (see below). The analysis of another pre-selee8Luyten stars is
on-going.

The identified systems are subject to an astrometric cteaisation after classyf-
ing them into Luyten multiple systems with both componenthieHipparcos cat-
alogue, with only one component Hipparcos, and with no component iHippar-
cos. Most of the systems in the third group have been poorly atarised or not
characterised at all. Besides, we have serendipitoushifil 10 additional bina-
ries with proper motions less than 0.5 arcsetim the survey areas of the Luyten
stars in the input catalogue.

We show in Figd11]2 arid 3 three examples of binary systemsifigel in proper
motion diagrams and with the Simbad “proper motion” filtegluding an interest-
ing “serendipitous” pair. The system G 125-15 + G 125-14.(Bjgis a bright,
young, very wide, low-mass binary in the solar neighbouth@@aballero et al.,
in prep.). At onlyd ~ 17 pc, the most probable projected physical separation and
individual masses ard ~ 800 AU, Ma ~ 0.2M., andMg ~ 0.1M,, which corre-
spond to one of the lowest binding energies measured in aybibé being subject
of a detailed multi-epoch, multi-band, astrometric, pinoédric and spectroscopic
follow-up because Daemgen et al. (2007) proposed the pyitodse 300-500 Ma
old (i.e. individual masses could be lower).
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