A&A 521, A12 (2010)
DOI: 10.1051/0004-6361/201014948
© ESO 2010

A8§tronomy
Astrophysics

A spectroscopy study of nearby late-type stars, possible members

of stellar kinematic groups™* - **>***
J. Maldonado!, R. M. Martinez-Arndiz?, C. Eiroa', D. Montes?, and B. Montesinos®

! Universidad Auténoma de Madrid, Dpto. Fisica Te6rica, Médulo 15, Facultad de Ciencias, Campus de Cantoblanco, 28049 Madrid,

Spain

e-mail: jesus.maldonado@uam.es

Universidad Complutense de Madrid, Dpto. Astrofisica, Facultad Ciencias Fisicas, 28040 Madrid, Spain

3 Laboratorio de Astrofisica Estelar y Exoplanetas, Centro de Astrobiologia, LAEX-CAB (CSIC-INTA), ESAC Campus, PO BOX 78,
28691 Villanueva de la Caflada, Madrid, Spain

Received 6 May 2010 / Accepted 1 June 2010
ABSTRACT

Context. Nearby late-type stars are excellent targets for seeking young objects in stellar associations and moving groups. The origin
of these structures is still misunderstood, and lists of moving group members often change with time and also from author to author.
Most members of these groups have been identified by means of kinematic criteria, leading to an important contamination of previous
lists by old field stars.

Aims. We attempt to identify unambiguous moving group members among a sample of nearby-late type stars by studying their kine-
matics, lithium abundance, chromospheric activity, and other age-related properties.

Methods. High-resolution echelle spectra (R ~ 57 000) of a sample of nearby late-type stars are used to derive accurate radial veloc-
ities that are combined with the precise Hipparcos parallaxes and proper motions to compute galactic-spatial velocity components.
Stars are classified as possible members of the classical moving groups according to their kinematics. The spectra are also used to
study several age-related properties for young late-type stars, i.e., the equivalent width of the lithium Li 1 6707.8 A line or the Ry
index. Additional information like X-ray fluxes from the ROSAT All-Sky Survey or the presence of debris discs is also taken into
account. The different age estimators are compared and the moving group membership of the kinematically selected candidates are
discussed.

Results. From a total list of 405 nearby stars, 102 have been classified as moving group candidates according to their kinematics. i.e.,
only ~25.2% of the sample. The number reduces when age estimates are considered, and only 26 moving group candidates (25.5% of

the 102 candidates) have ages in agreement with the star having the same age as an MG member.

Key words. stars: late-type — stars: kinematics and dynamics — open clusters and associations: general

1. Introduction

The past years have been very productive in identifying small
associations and kinematic groups of young late-type stars in
the solar vicinity. Although the study of moving groups (MGs)
goes back more than one century, their origin and evolution
remain still unclear, and this term is commonly used in the
literature to indicate any system of stars sharing a common
spatial motion. The best-studied MGs are the so-called clas-
sical MGs. Examples are Castor, IC2391, Ursa Major, the
Local Association and the Hyades (e.g. Montes et al. 2001b;
Lopez-Santiago et al. 2006, 2009, 2010, and references therein).

* Based on observations collected at the Centro Astronémico
Hispano Alemdn (CAHA) at Calar Alto, operated jointly by the Max-
Planck Institut fiir Astronomie and the Instituto de Astrofisica de
Andalucia (CSIC) and observations made with the Italian Telescopio
Nazionale Galileo (TNG) operated on the island of La Palma by
the Fundaciéon Galileo Galilei of the INAF (Istituto Nazionale di
Astrofisica) at the Spanish Observatorio del Roque de los Muchachos
of the Instituto de Astrofisica de Canarias.

** Appendices and Tables 1, 5-15 are available in electronic form at
http://www.aanda.org
*** Table 1 is also available in electronic form at the CDS via anony-
mous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg. fr/viz-bin/qcat?]/A+A/521/A12

Article published by EDP Sciences

In the classical theory of MGs developed by Eggen (Eggen
1994), moving groups are the missing link between stars in open
clusters and associations on one hand and field stars on the
other. Open clusters are disrupted by the gravitational interac-
tion with massive objects in the Galaxy (like giant molecular
clouds), and as a result, the open cluster members are stretched
out into a “tube-like” structure and dissolve after several galac-
tic orbits. The result of the stretching is that the stars appear, if
the Sun happens to be inside the “tube”, all over the sky, but
they may be identified as a group through their common space
velocity.

Clusters disperse on time scales of a few hundred years
(Wielen 1971); therefore, most of these groups should be mod-
erately young (~50-650 Myr). However, Eggen’s hypothesis is
controversial and some of the MGs may also be the result of res-
onant dynamical structures. For instance, Famaey et al. (2007)
studied a large sample of stars in the Hyades MG, and deter-
mined that it is a mixture of stars evaporated from the Hyades
cluster and a group of older stars trapped at a resonance. MGs
may also be produced by the dissolution of larger stellar aggre-
gates, such as stellar complexes or fragments of old spiral arms.

The young MGs (8-50 Myr) are probably the most immedi-
ate dissipation products of the youngest associations. Examples
of such associations are TW Hya, S Pic, AB Dor, n Cha, €
Cha, Octans, Argus, the Great Austral complex (GAYA), and
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the Hercules-Lyra association (Zuckerman & Song 2004; Torres
et al. 2008; Fuhrmann 2004; Lépez-Santiago et al. 2006; Montes
2010). Some of the young MGs are in fact related to star-forming
regions like the Scorpius-Centaurs-Lupus complex (Zuckerman
& Song 2004), Ophiuchus or Corona Australis (Makarov 2007).

The availability of accurate parallaxes provided by the
Hipparcos satellite became a milestone in the study of MGs.
Statistical, unbiased studies of large samples of stars have con-
firmed the existence of the classical MGs and have given rise
to new clues and theories about the origin of such structures.
Examples of these studies are those by Chereul et al. (1999),
Asiain et al. (1999), Skuljan et al. (1999), and Antoja et al.
(2008).

Identifying a star or group of stars as members of an MG is
not a trivial task, and in fact, lists of members change among
different works. Most members of MGs have been identified
by means of kinematic criteria; however, this is not sufficient
since many old stars can share the same spatial motion of
those stars in MGs. For example, Lopez-Santiago et al. (2009)
show that among previous lists of Local Association mem-
bers, roughly 30% are old field stars. The membership issue
can be partially solved if high-resolution spectroscopy is used.
Recent studies have shown that stars belonging to a given MG
share similar spectroscopic properties (e.g. Montes et al. 2001a;
Lopez-Santiago et al. 2009, 2010). These studies exploit the
many advantages of the nearby late-type stars. First, spectra of
late-type stars are full of narrow absorption lines, allowing de-
termination of accurate radial velocities. In addition, it is un-
likely that an old star by chance shares chromospheric indices
or a lithium abundance similar to those of young solar-like stars,
which provides means for assessing the likelihood of member-
ship of a given star that are independent of its kinematics (e.g.
Soderblom & Mayor 1993b).

In this paper we present a search for classical MG mem-
bers by analysing the kinematic and spectroscopic properties of
a sample of nearby late-type stars. Section 2 describes the stel-
lar sample and the observations and data reduction are described
in Sect. 3. A detailed analysis of the kinematic properties of the
stars is given in Sect. 4. Age indicators for solar-like stars are
analysed in Sect. 5. A combination of the results from Sects. 4
and 5 is used in Sect. 6 to analyse the MG membership of the
stars. Section 7 summarizes our results.

2. The stellar sample

Our reference stellar sample consists of main-sequence (lumi-
nosity classes V/IV-V) FGK stars located at distances less than
25 pc. The stars have been selected from the the Hipparcos cata-
logue (ESA 1997), since it constitutes a homogeneous database
especially for distance estimates — parallax errors are typically
about 1 milliarcsec. In this work we have taken the revised
parallaxes computed by van Leeuwen (2007) from Hipparcos’
raw data. No other selection criteria have been applied to the
sample.

The sample is most likely complete for FG-type stars; i.e.,
it constitutes a volume-limited sample since the Hipparcos cata-
logue is complete for these spectral types. In the case of K-type
stars, Hipparcos is incomplete beyond ~15 pc; however, the
number of the K-type stars is high enough for our purposes.
The final selection contains 126, 220, and 477 stars of spectral
types F, G and K respectively. In this contribution we present our
first results for an observed subsample of 405 stars. The com-
pleteness of the observed sample can be seen in Fig. 1 where the
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Fig. 1. Number of stars versus distance (normalized to 25 pc) for the
F stars (green), G stars (orange), K stars (red) and for the observed
405 stars. Fits to cubic laws are plotted in blue.

number of objects is plotted as a function of distance, and the
distribution fits well a cubic law, which indicates that they are
homogeneously distributed. M-type stars have in principle been
excluded from this study; nevertheless, six M-type stars, mem-
bers or candidate member of MGs, which exhibit high levels of
chromospheric activity and are suspected to be young, have been
included in order to better understand the properties of such stel-
lar groups.

The observed stars are listed in Table 1, and Fig. 2 shows
the HR diagram of the sample. Several stars are clearly un-
der the main sequence: HIP 4845, HIP 42525, HIP 49986,
HIP 57939, HIP 72981, and HIP 96285. Hipparcos’ spectral
types for these stars are quite similar to those reported in
other catalogues such as Wright et al. (2003), Skiff (2009), or
SIMBAD. Only for HIP 72981 is incomplete, giving simply
“K:”, whereas SIMBAD gives M1 and the most updated ref-
erence in Skiff (2009) gives M2. However, the colour index
B —V = 1.17 suggests an early type, around K5. HIP 42525 is a
star in a double system and has a large uncertainty in the parallax
(0 = £15.51 mas). Stars with uncertainties over 10 milliarcsec
are identified with a symbol { in Table 1. The original selection
(and therefore the observations) of the sample was made before
the release of the revised Hipparcos parallaxes (van Leeuwen
2007), and some of our stars are now out of the 25 pc distance be-
cause their revised parallaxes are slightly smaller. These stars are
identified with a symbol & in Table 1. The most “extreme” case
is HIP 1692 whose parallax has changed from 43.42 + 1.88 mas
to 3.23 + 1.43 mas. This new parallax places the star in the giant
branch as is clearly shown in Fig. 2 (square in the upper right
corner).

3. Observations and data reduction

High-resolution spectra of 315 stars were obtained at the Calar
Alto (Almeria, Spain) and La Palma (Canary Islands, Spain)
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Fig. 2. HR Diagram for our sample of nearby late-type stars. F-type
stars are plotted with circles; G-type stars with triangles; K-type stars
with squares and M-type stars with stars.

observatories during eight observing runs. Some stars (the most
active ones) were observed more than once.

The Calar Alto observations were taken with the fiber op-
tics echelle spectrograph FOCES (Pfeiffer et al. 1998) attached
at the Cassegrian focus of the 2.2 m telescope. FOCES spec-
tra have a resolution of ~57000 and cover a spectral range
A4 3800-10000 A. La Palma observations were done at the
3.56 m Telescopio Nazionale Galileo (TNG) using the cross
dispersed echelle spectrograph SARG (Gratton et al. 2001). In
this case the resolution and spectral range are ~57 000 and A4
4960—10110 A, respectively. Further details are given in Table 2.

The spectra were reduced using the standard procedures in
the IRAF! packages imred, ccdred, and echelle, i.e. overscan,
scattered light correction, and flat-fielding. Spectral orders were
extracted with the routine apall and were normalized using the
IRAF task continuum in order to compare the intensity of the
lines and to measure equivalent widths. Thorium-Argon spectra
were used for wavelength calibration. Figure 3 shows examples
of representative stars in different spectral regions.

Since observations were done from northern observatories,
most targets have 6 > —25°. Therefore additional spectra from
public libraries have also been analysed. Specifically, 90 spectra
were taken from the public library “S*N” (Allende Prieto et al.
2004), which contains spectra taken with the 2dcoudé spectro-
graph at Mc Donald Observatory and the FEROS instrument at
the ESO 1.52 m telescope in La Silla. Both the resolution and
the spectral range are similar to those of our own observations
(R ~ 57000, 11 3620-9210 A). FEROS spectra contribute par-
tially to covering for the lack of southern targets.

4. Kinematic analysis
4.1. Radial velocities

Radial velocities were measured by cross-correlating order by
order, using the IRAF routine fxcor, the spectra of our pro-
gramm stars with spectra of radial velocity standard stars of sim-
ilar spectral types (Table 3), taken from Barnes et al. (1986),

' IRAF is distributed by the National Optical Astronomy Observatory,
which is operated by the Association of Universities for Research in
Astronomy, Inc., under contract with the National Science Foundation.

Table 2. Observing runs between 2005 and 2008.

Date Instrument Spectral range Orders Dispersion FWHM
A (Ajpixe) ()

July 05 FOCES  3470-10700 111  0.04-0.13 0.07-0.42
Jan.06 FOCES  3470-10700 111  0.05-0.13 0.09-0.39
Feb.06 SARG  5600-10000 50  0.02-0.04 0.09-0.14
Dec. 06 FOCES  3640-10700 106  0.05-0.13 0.09-0.22
Jan.07 SARG  5600-10000 50  0.02-0.04 0.09-0.14
Apr.07 SARG  5600-10000 50  0.02-0.04 0.10-0.13

07A* FOCES  3470-10700 106  0.04-0.13 0.09-0.25
Nov.08 SARG  5600-10000 50  0.02-0.04 0.09-0.14

Notes. @ First semester 07. Service Mode.

Beavers et al. (1979), and Udry et al. (1999a,b). Spectral orders
with chromospheric features and prominent telluric lines were
excluded when determining the mean radial velocity. Typical
uncertainties are between 0.15 and 0.25 kms~!, while maxi-
mum uncertainties are around 1-2 km s~!. Column 9 of Table 1,
gives our results for the radial velocities. A large number
of stars in our sample (51) are known spectroscopic binaries
and are listed in The 9th catalogue of spectroscopic binaries
(Pourbaix et al. 2004, hereafter SB9) and The 3rd Catalogue of
Chromospherically Active Binary Stars (Eker et al. 2008). They
are identified in Table 1 with the label “Spec. Binary”. For those
stars we have considered the radial velocity of the centre of mass
of the system.

We have compared our results with radial velocity esti-
mates by Kharchenko et al. (2007, hereafter KH07), Nordstréom
et al. (2004, hereafter NOO4), Valenti & Fischer (2005, hereafter
VFO05), and Nidever et al. (2002, hereafter NI02). These values
are also given in Cols. 10 to 13 of Table 1. Of the 405 stars in
our sample, 366 are found in KHO7, and the differences among
the radial velocity values in that work and our results are less
than 2 kms~! for 290 stars, i.e., 79.2% of the common stars.
A comparison with the NO0O4 data shows that, for 215 out of
251 common stars (i.e. 85.6%), the corresponding differences
between the radial velocities are less than 2 kms™'. A similar
result, 85.3% (177 out of the 151 common stars), is found when
considering VF05 data. The comparison with NI02 is even bet-
ter, because 179 out of 190 stars (i.e. 94.2%) show differences
lower than 2 kms™!.

Figure 4 illustrates these comparisons. One can see that the
differences are slightly greater with KHO7, likely because of the
non-homogeneous origin of their radial velocities values, mainly
taken from The general catalogue or radial velocities (Barbier-
Brossat & Figon 2000).

4.2. Identification of moving group candidates

Soderblom & Mayor (1993a) argued that, in order to be convinc-
ingly classified as a kinematic group, a group of stars should be
moving through space at the same rate and in the same direc-
tion, and they should share the same velocity in the direction
of the Galactic rotation V. This is because while motions in U
and W lead to oscillations of the star about the mean motion of
the group, diffusion in V removes the star from its cohort for-
ever. However, stars identified as group members show different
structures tilted in the (U, V) plane, i.e., do not form flat bars o
ellipses with small oy (e.g. Skuljan et al. 1997), and therefore
both U, V velocity components must be used to define more re-
alistic membership criteria.
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Fig. 3. FOCES spectra of representative stars in the Ca II IRT regions, Ha, NaI Dy, D,, and Ca 11 H & K regions.

Galactic spatial-velocity components (U, V, W) were com-
puted using our radial velocity results listed in Table 1, together
with Hipparcos parallaxes (van Leeuwen 2007) and Tycho-2
proper motions (Hgg et al. 2000). To compute (U, V, W) we fol-
lowed the procedure of Montes et al. (2001b) who updated the
original algorithm of Johnson & Soderblom (1987) to epoch
J2000 in the International Celestial Reference System (ICRS) as
described in Sect. 1.5 of The Hipparcos and Tycho Catalogues’
(ESA 1997). To take the possible correlation between the astro-
metric parameters into account, the full covariance matrix was
used in computing the uncertainties. To identify possible mem-
bers of MGs we proceeded in two steps:

— i) Selection of young stars. Young stars are assembled in a
specific region of the (U, V) plane with (=50 kms™ < U <
20 km s_l; —30kms ' <V<0km s_l), although the shape is
not a square, see Fig. 5.
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— ii) Selection of possible members of MGs with small V dis-
persion. Considering previous results (Skuljan et al. 1997,
1999; Montes et al. 2001b), a dispersion of 8 km s~! in the
U, V components with respect to the central position of the
MG in the (U, V) plane is allowed. The same dispersion is
considered when taking the W component into account.

One hundred two stars of the sample have been classified
as possible members of the different MGs: 29 for the Local
Association, 29 for the Hyades, 18 for the Ursa Major, 19 for
1C 2391, and 7 for Castor. Column 2 of Table 4 lists these num-
bers, while the specific stars are listed in Tables 9 to 13. Their
contents are described in Appendix A. Another 78 stars have
been selected as young disc stars. These stars are inside or in
the boundaries that determine the young disc population, but
their possible inclusion in one of the stellar kinematic groups is
not clear. The identified young disc stars are given in Table 14.
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Table 3. Radial velocity standard stars.

Star SpT V.xoy, Reference
(kms™")
HD 102870  F8V 4.30 a
HD 50692 GOV —-15.05 a
HD 84737 GO0.5 6.0+ 1.1 b
HD 20630 G5V 18.0+ 1.0 b
HD 159222 G5V -51.60 a
HD 82885  G8III 14.40 a
HD 65583 G8V 14.80 a
HD 144579  G8V -59.45 a
HD 182488 G8V —-21.55 a
HD 102494 GO9IV~ -22.1+0.3 c
HD 62509  KOIII 32+03 c
HD 100696  KOIII 02+0.5 b
HD 3651 KOV -3296+0.8 b
HD 38230 KoV -29.25 a
HD 136442 KOV  -45.6+0.8 b
HD 92588  KIIV ~ 435+0.3 d
HD 10476 K1V~ -339+09 b
HD 73667 K1V -12.10 a
HD 124897 K2III  -53+0.3 c
HD 4628 K2V -10.1+0.4 d
HD 82106 K3V 29.75 a
HD 139323 K3V —-67.20 a
HD 29139  KSIII  54.29+0.2 c

References. a) Udry et al. (1999b); b) Barnes et al. (1986); c) Udry
et al. (1999a); d) Beavers et al. (1979).

Figure 5 shows the (U, V) and (W, V) planes, usually known as
Bottlinger’s diagrams, for these stars.

4.3. Eggen’s astrometric criteria

To test whether a star “belongs” to a kinematic group, Eggen
tried to establish “strict” criteria for MG-membership (Eggen
1958, 1995). Eggen’s criteria basically treat MGs, whose stars
are extended in space, like open clusters whose stars are con-
centrated in space. Therefore, it is assumed that the total space
velocities of the stars in the MG are parallel and move towards
a common convergent point. The same relations of the moving-
cluster method for the total and tangential velocities are applied,
but taking into account only the components of the proper mo-
tion (u) oriented towards the convergence point (v) and the com-
ponent of the proper motion oriented perpendicularly to the great
circle between the star and the convergence point (7). The total
(V1) and tangential velocity (denoted as Peculiar Velocity, PV,
by Eggen) can be combined to define a predicted radial veloc-
ity (oc).

The first membership criterion, namely the peculiar velocity
criterion, is to compare the proper motion of the candidate to the
proper motion expected if the star were a member of the MG;
i.e., the candidate is accepted as an MG member if the ratio 7/v
or PV/ Vi is “sufficiently small”. Eggen (1995) considered a
candidate to be a member if its peculiar velocity is less than 10%
of the total space velocity.

The second membership criterion, the radial velocity crite-
rion, compares the observed and the predicted radial velocities.
Eggen (1958) considered a star to be a member if the difference
between both radial velocities is less than 4-8 kms™'. A more
detailed discussion of these criteria can be found in Montes et al.
(2001b).
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Table 4. Number of MGs candidates according to Eggen’s criteria.

Group Total stars ~ Both criteria  Only PV Only p.
Local association 29 14 9 1
1C2391 19 3 7 5
Castor 7 2 0 4
Ursa Major 18 6 1 7
Hyades SC 29 9 5 9

Table 4 gives the number of stars in each MG that satisfy
both criteria (Col. 3), only the peculiar velocity criterion (Col. 4),
and only the radial velocity criterion (Col. 5). Only a low per-
centage of the MGs members selected in the previous section
satisfies both criteria (from ~49% in the Local Association to
roughly 16% in the IC 2391 MG). The results for individual stars
are given in Cols. 8 and 9 of Tables 9 to 13. For both PV (Col. 8)
and p. (Col. 9) criteria, there is a label, “Y” or “N”, which indi-
cates if the star satisfies the criteria.

Eggen’s criteria are not conclusive since they assumed a con-
stant V within the stars of a given MG. Anticipating some of the
results in Sect. 6, some stars for which both age estimates and
(U, V, W) components indicate that they are probable MG mem-
bers do not satisfy these criteria.
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satisfy at least one of the Eggen’s criteria.

5. Age estimates

Members of a given MG should be coeval and moderately young
(only several Myr old, see Sect. 1) therefore it is expected that
MGs members share age related-properties, such as similar chro-
mospheric emission or lithium abundance. This provides the
means of assessing the likelihood of membership for a given star
that is independent of its kinematics.

5.1. Lithium abundance

Lithium abundance in late-type stars is a well-known age in-
dicator since this element is destroyed as the convective mo-
tions gradually mix the stellar envelope with the hotter (T ~
2.5 x 10° K) inner regions. However, it should only be regarded
as an additional age indicator when compared with others since
Li T equivalent width has a wide spread at a given age and
mass, and consequently, the relation lithium-age is poorly con-
strained. Furthermore, for late K, M-type stars, lithium is burned
so rapidly that it is only detectable for extremely young stars.
Thus, the use of Li I as an age tracer is biased toward young
stars, and it only provides low limits for stars of the age of the
Hyades or older.

An age estimate of the stars in our sample can be carried out
by comparing their Li I equivalent width, with those of stars in
well known young open clusters of different ages (e.g. Montes
et al. 2001a; Lopez-Santiago et al. 2006). Lithium EWs have
been obtained using the IRAF task sbands, performing an in-
tegration within a band of 1.6 A centred in the lithium line. At
the spectral resolution of our observations, the Li16707.8 A line
is blended with the Fe 1 6707.41 A line. To correct for a pos-
sible contamination by Fe I, Soderblom et al. (1990) obtained
an empirical relationship between the colour index (B — V) and
the Fe T equivalent width, measured in stars that showed only
the Fe 1 feature and no Li I. Soderblom’s equation was obtained
by using main-sequence and subgiant stars, so it does not ac-
count for possible luminosity-class effects. Therefore we have
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built a new relationship, using only main-sequence stars without
lithium detected in the spectrum:

Fe I(EW) = (0.020 + 0.005)(B — V) — (0.003 + 0.0015)(A). (1)
Which is fairly similar to the one obtained by Soderblom:
Fe I(EW) = 0.040(B — V) — 0.015(A). 2)

The EWs obtained are shown in Col. 10 in Tables 9 to 13, for
each individual MG and in Col. 6 in Tables 14 to 15 for the stars
classified as Other young disc stars and for the stars not selected
as possible MGs, respectively.

Figure 6 shows the EW Li I versus colour index (B — V)
diagram. We have overplotted the upper envelope of the Li I
EW of 1C2602 (10-35 Myr) given by Montes et al. (2001a),
the Pleiades cluster (78—125 Myr) upper envelope determined
by Neuhaeuser et al. (1997), and the lower envelope adopted by
Soderblom & Mayor (1993a), as well as the Hyades open cluster
(600 Myr) envelope adopted by Soderblom et al. (1990). These
clusters cover the range of ages of the MGs studied here (35—
600 Myr).

Nearly 4% of the stars are between the Pleiades envelopes,
consistent with an age of ~80 Myr. Roughly 8% of the stars are
between the Hyades and the Pleiades lower envelope with an age
similar to those stars in the Ursa Major ~300 Myr. Stars with
lithium EW below the Hyades envelope are likely to be older
than 600 Myr. They are around the 23% of the sample. Thus,
approximately 35% of the stars are moderately young (younger
than 1 Gyr). Roughly 50% of the stars lie below the Pleaides
lower envelope (but not below the Hyades’ one). For these stars
we can only state that they should be older than the Pleiades.
Finally, stars with no photospheric Li I detected are expected to
be older than 1 Gyr (around 15% of the whole sample).

Concerning spectral types, the majority of the F stars are
in the Hyades-like region of the diagram, with only five out
of 61 stars in the Pleiades-like region. For G-type stars, 71 out
of 129 are in the Hyades-like region, 34 in the Ursa Major-like
region and only HIP 63742 shows an EW comparable to those
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Fig.6. Li I vs. (B — V) diagram. Lines indicate the envelopes for the
IC 2602 (green), Pleiades (red), and Hyades (dashed blue).

stars in the Pleiades. Finally, six out of 209 K-type stars are in
the Pleiades-like region and 15 in the Ursa Major-like.

The stars with the largest Li1 EW are HIP 46816, HIP 46843,
HIP 13402, HIP 63742 HIP 75809, HIP 75829 (in this order).
According to their kinematics, HIP 46816 has been classified in
the young discs stars category, whereas the three other stars have
velocity-components (U, V, W) in the boundaries of the Local
Association (discussed in some detail in Sect. 6.1).

5.2. Stellar activity indicators

It is well known that for cool stars with convective outer-layers,
chromospheric activity and rotation are linked by the stellar dy-
namo (e.g. Kraft 1967; Noyes et al. 1984; Montesinos et al.
2001) and both (activity and rotation) diminish as the stars
evolve. Thus, activity/rotation tracers, such as R’HK, Lx or rota-
tional periods are often used to estimate stellar ages (for a recent
detailed work on this subject see Mamajek & Hillenbrand 2008).

5.2.1. Chromospheric emission: Ca Il H & K lines

The stellar chromospheric activity is usually quantified by the
R} index, defined as the ratio of the chromospheric emis-
sion in the cores of the broad Ca m H & K absorption lines
to the total bolometric emission of the star (e.g. Noyes et al.
1984). The Ry, values used in this work were taken from
Martinez-Arndiz et al. (2010) since they were obtained from the
spectra in this paper. For those stars with no R}, value in
Martinez-Arndiz et al. (2010), the R, values have been taken
from the literature (see references in Appendix A).

Several relations between log R}, and stellar chromospheric
age are available in the literature (e.g. Soderblom et al. 1991).
In this paper we take those given by Mamajek & Hillenbrand
(2008, Eq. (3)):

log(t/yr) = =38.053-17.912 log R}y — 1.6675logR%,  (3)

which is valid between log R, values of —4.0 and -5.1 (i.e. log
of 6.7 and 9.9). Although the stars used in the calibration of
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Fig.7. logR vs. (B — V) colour. The position of the Pleiades
(~120 Myr), Hyades (600 Myr), and M67 (4 Gyr) stars are indicated
with dotted lines (Mamajek & Hillenbrand 2008). The position of the
Sun is also shown with a dotted circle. Dashed lines are the limits for
very active, active, inactive, and very inactive stars, according to Henry
et al. (1996).

Eq. (3) are all stars with (B — V) < 0.9, we assume it holds for
the entire (B — V) range of our stars. As in the case of the lithium
abundance, activity indicators are also biased towards younger
stars. The accuracy of Mamajek’s relation is 15-20% for young
stars (younger than 0.5 Gyr), but beyond this age, uncertainties
can grow up to more than 60%. The log R}, values and derived
ages are shown in Cols. 11 and 12 in Tables 9 to 13, and Cols. 7
and 8 in Tables 14 to 15.

Figure 7 shows the log R}, versus (B—V) diagram of stars in
clusters of known ages. Following Henry et al. (1996), we used
log Ry to classify stars into “very inactive” (log Ry < =5.1),
“inactive” (=5.1 <log R}, <—4.75), “active” (—=4.75 <log Rj; <
—4.2), and “very active” if log R, > —4.2. The percentages of
stars in each region are 8%, 47%, 41%, and 4%, respectively.
Mean log R}, value for inactive stars is —4.93 with a standard
deviation of 0.09, and (log R};,) = —4.53 with a standard devia-
tion of 0.13 for active stars. These numbers are quite similar to
those found by Henry et al. (1996) and Gray et al. (2003).

Most of the stars in the “very active” category are, ac-
cording to their kinematics, candidate members to MGs. HIP
46843 and HIP 86346 (Local Association), HIP 21482, and
HIP 25220 (Hyades), HIP 8486 (Ursa Major), HIP 66252
(IC2391) HIP 33560 and HIP 46816 (young disc popula-
tion). Three of the stars in this “very active” region, namely
HIP 45963, HIP 21482 and HIP 91009 are well-known vari-
able chromospherically active binaries (included in The 3rd
Catalogue of chromospherically active binary stars Eker et al.
2008). In those systems, stellar activity/rotation are enhanced
by tidal interaction with the companion star, leading to high
levels of chromospheric and coronal emission, up to two or-
ders of magnitude higher than the level expected for a single
star with the same rotation period (Basri et al. 1985; Simon &
Fekel 1987; Montes et al. 1996). Therefore their log Ry, values
cannot provide any information on their age or membership to
MGs. Lithium abundance is also affected in this kind of system:s,
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showing overabundances with respect to the typical values for
single stars of the same mass and evolutionary stage (Barrado y
Navascués et al. 1997).

5.2.2. Coronal emission: ROSAT data

In addition to their chromospheric activity, the rapid rotation of
young stars drives a vigorous stellar dynamo, producing a strong,
coronal X-ray emission. Even though there are Lx values already
published in several catalogues (e.g. Hiinsch et al. 1999), in or-
der to be self-consistent we have re-computed them with the
revised Hipparcos parallaxes (van Leeuwen 2007) used in this
work.

To compute Lx, we searched for X-ray counterparts in the
ROSAT All-Sky Survey Bright Source Catalogue (Voges et al.
1999) and the Faint Source Catalogue (Voges et al. 2000). To
determine the X-ray fluxes we used the count rate-to-energy flux
conversion factor (Cx) relation given by Fleming et al. (1995):

Cx = (8.31 +5.30 HR1)10 2ergcm™ counts ™. 4)

Where HR1 is the hardness ratio of the star in the ROSAT
energy band 0.1-2.4 KeV. Combining the X-ray count rate,
fx(counts s7!), and the conversion factor Cx with the distance
D, the stellar X-ray luminosity Lx(erg s~') can be estimated:

Lx = 4nD*Cx fx. (5

Figure 8 shows the fractional X-ray luminosity Lx/Lgo versus
the colour index (B — V). Bolometric corrections were derived
from the (B—V) colour by interpolating in Flower (1996, Table 3)
Data for the Pleaides (Stauffer et al. 1994) and Hyades (Stern
et al. 1995) clusters have been overplotted for a comparison.
Approximately 23% of the stars are in the Pleiades region of the
diagram, 51% of the stars are in the Hyades region, and ~26%
of the stars are below the Hyades’ sequence.

To compute the stellar age from the X-ray luminosity, we
followed the work by Garcés et al. (2010, in prep):

Lx =6.3X 10~ Lgol (t<T1) (6)
Lx = 1.89x 108 7715 (7 > ;).

With 7; = 2 x 102°L;%%, and both Lx and Lg, are expressed
in erg/s and 7 is given in Gyr. Cols. 13 and 14 in Tables 9 to 13
show the Lx/Lgo values and derived ages, while in Tables 14
to 15 these data are in Cols. 9 and 10.

The critical parameter 7; marks the change from a non-
saturated regime in which there is an inverse relation between the
stellar rotation and Lx and the saturated regime in which the star
reaches a maximum Ly such that Lx/Lg ~ 1073 (e.g. Pizzolato
et al. 2003, and references therein). Only one star, HIP 86346,
is in the saturated regime. For this star, Eq. (6) only provides an
upper limit to the age, close to the “real” age of the star. This star
is discussed in some detail in Sect. 6.1.

Most of the stars included in the “very inactive” category
defined before do not have ROSAT data, and for the few of
them that do, X-ray data place them below the Hyades’ sequence
(Fig. 8). Lithium abundance shows a similar behaviour, and these
stars are below the Hyades’ envelope or do not show lithium at
all. Although some of them have been identified by means of
their kinematics as young disc stars or MG members, age diag-
nostics show that they are, however, old stars. For the stars in the
“very active” category, the situation is the opposite one. All of
them have ROSAT data, and most of them have fractional X-ray
luminosities similar to those of the Pleiades (Fig. 8). They also
show higher lithium abundances than the “very inactive” or the
“inactive” stars.
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Fig. 8. Fractional X-ray luminosity log(Lx/Lge1) vs. colour index B—V.
Stars classified as “very active” and “very inactive” according to their
log R} value are plotted in red and green colours, respectively.

5.2.3. Age from stellar rotation: gyrochronology

Stars are born with relatively high rotational velocities. In the
course of their evolution, rotation decreases due to the loss of
angular momentum with stellar winds and magnetic breaking
(Weber & Davis 1967; Jianke & Collier Cameron 1993; Aibéo
et al. 2007). Thus stellar rotation can be used to estimate stellar
ages, and it is well known that solar-type stars follow a law of the
form Pre; o 1/ (Skumanich 1972). Subsequent works have re-
fined this relationship, e.g., by establishing a mass dependence in
the evolution of rotational periods (e.g. Kawaler 1989) or deriv-
ing a rotation-age relationship as a function of the stellar colour
(Barnes 2007; Mamajek & Hillenbrand 2008).

To compute ages, we follow the relationship given by
Mamajek & Hillenbrand (2008):

Prot = 0.407((B = V) — 0.495)03% {0566 (7)

With the age of the star, ¢, given in Myr and the period in days.
Rotational periods have been taken from Noyes et al. (1984),
Baliunas et al. (1996), Saar & Osten (1997), and Messina
et al. (2001). Unfortunately, only 17.3% of the stars have mea-
sured rotational periods. Rotational periods and derived ages are
given in columns 15 and 16 in Tables 9 to 13 and Cols. 11
and 12 in Tables 14 to 15. Figure 9 shows the rotation period
for the stars of our sample as a function of the colour index
(B — V). Percentages of Pleiades-like, Hyades-like, and older
stars are 22%, 28%, and 50% respectively. All stars with rotation
periods lower than seven days are MGs candidates. The fastest
rotator is HIP 86346 with a period of only 1.8 days, while the
slowest ones are HIP 3093 and HIP 104217 with 48 days.

5.2.4. Discussion

Figure 10 shows the age distribution for the different activity in-
dicators. The results can be compared with those of Mamajek &
Hillenbrand (2008, Fig. 14). Chromospheric age shows an en-
hancement of the star formation rate in the last 2 Gyr, then the
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Fig. 9. Rotation periods vs. (B — V) colour. Data from the Pleiades were
taken from Prosser et al. (1995), whereas data from the Hyades are from
Radick et al. (1987). Three gyrochrones (at the ages of the Pleiades,
Hyades, and the Sun) have been overplotted for a comparison.

distribution becomes more or less flat. We do not find a clear
minimum at 2 Gyr, the so-called Vaughan-Preston gap (Vaughan
& Preston 1980). ROSAT ages are biased towards stars younger
than 3—4 Gyr; i.e., older stars have negligible (or undetectable)
X-ray emission, and therefore their distribution does not offer
information on the stellar formation history. As far as rotational
ages are concerned, there are not enough stars with measured
rotational periods to draw robust conclusions.

Although the agreement between the ROSAT and the chro-
mospheric distribution is overall good, when considering indi-
vidual stars there can be discrepancies, which can for to differ-
ent reasons. For example, some stars present variability in their
levels of activity, which leads to very different age estimates if
the activity indicators are taken in different epochs of the ac-
tivity cycle. For example, HIP 37349 is a known variable ob-
served three times: log R}, values are —4.54, —4.57, and —4.28
(Martinez-Arndiz et al. 2010), which lead to ages 800, 950, and
115 Myr, respectively, while the ROSAT-derived age is 1.17 Gyr,
which is compatible with 800-950 Myr but not with 115 Myr. In
addition, stellar rotation can be influenced by tidal interaction
in binary systems, leading to completely different ages. Finally
there could be other aspects like possible mismatches of X-ray
sources with their optical counterparts.

5.3. Additional criteria
5.3.1. Presence of debris discs

It is now well established that debris discs are more common
around young stars (e.g. Habing et al. 2001; Zuckerman et al.
2004; Siegler et al. 2007). As stars age they are on average or-
bited by increasingly fewer dust particles so a high value of
the fractional dust luminosity, fy, can be used as an additional
indicator of youth. There is evidence that debris systems of
high infrared luminosity are more intimately linked to young
stellar kinematic groups than the majority of normal stars (e.g
Modr et al. 2006); indeed, several of the stars with the strongest
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Fig.10. Age distribution for chromospheric-derived ages (black solid
line), ROSAT ages (blue line), and rotational ages (red line).

infrared excesses are members of MGs (e.g., 8 Pic, Barrado y
Navascués et al. 1999).

However, fy is a rather inaccurate age diagnostic. First, the
amount of excess emission shows large differences among stars
within the same age range (e.g Siegler et al. 2007, Fig. 7). Even
though stars with significant excess emissions should in princi-
ple be young, no further information can be given without addi-
tional age estimates. Moreover, there are relatively old systems
(age 2500 Myr) with high f; values (f3 =~ 1073) possibly associ-
ated with stochastic collisional events.

Stars with known infrared excesses and their inclusion to
MGs are given Table 5. As shown in that table, the IR excesses of
those stars are relatively moderate (fy =~ 1075) and most stars with
excess are not related to MGs. For example, the three stars with
the largest IR-excess (HIP 76375, HIP 40693, and HIP 32480)
are old field stars. Both kinematics and activity-derived age con-
firm this.

5.3.2. Metallicity

Moving group members are supposed to have formed in the
same molecular cloud, so, they should have similar metallic-
ity. Local Association and Ursa Major members are expected
to have metallicities compatible with the solar value. Recently,
Soderblom et al. (2009) have obtained [Fe/H] = +0.03 for
a sample of 20 Pleaides’ stars with statistical and systematic
uncertainties of +0.002 and +0.05, respectively. For members
of the Ursa Major Group, Boesgaard & Friel (1990) found
[Fe/H] = -0.085, o = 0.021. Hyades’ members should be
slightly metal rich [Fe/H] = +0.14, o = 0.05. Therefore
we discard very metal-poor stars as “good” MG candidates.
Considering that the “old” (2 Gyr) and metal-rich MG HR1614
has a mean metallicity of [Fe/H] = +0.19 = 0.06 (Feltzing &
Holmberg 2000), stars with metal overabundances over ~+0.20
should also be discarded.
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Reliable spectroscopic determinations of the metallicity for
our stars were taken from the literature (Fuhrmann 2008, 2004,
Santos et al. 2004; Sousa et al. 2008; Takeda et al. 2005;
Valenti & Fischer 2005). When no spectroscopic metallicities
were found there, they were computed from Stromgren indices
(Hauck & Mermilliod 1997) by using the calibrations given by
Schuster & Nissen (1989). These values are given in Cols. 17
(Tables 9 to 13) and 13 (Tables 14 to 15).

An inspection of the metallicities obtained reveals that
there are no MGs candidates among the most metal-poor stars.
However, some MGs candidates have positive metallicities. This
is especially evident in the Hyades MG where the 45% of the
candidates are more metal-rich than the Sun. Between them we
find HIP 43587 and HIP 67275, which are among the most metal
rich in our sample, [Fe/H] = +0.35, [Fe/H] > +0.30, respec-
tively, and they both are known to have planets. As we will see
in Sect. 6.2, their age estimates confirm that they are old stars
and not “good” Hyades’ members.

6. Comparison between kinematic and age
estimates. Final membership.

Tables 9 to 13 show a summary of the kinematic and spectro-
scopic properties, as well as age estimates, of the stars which
are candidate members to the different MG, according to their
(U, V, W) velocity components. Each table refers to one specific
MG. This summary classifies the MGs candidates into three dif-
ferent categories, which are similar to the ones by Soderblom &
Mayor (1993a):

— Probable non-member: if the derived ages from the differ-
ent indicators agree, but they are in conflict with the object
having an age as an MG member;

— Doubtful member: if there is important disagreement among
the different age indicators, including here the assigned age
of the corresponding MG, or there is lack of information (i.e.,
some age indicators are not available);

— Probable member: if age indicators agree and also do with
the position of the star in the (U, V) plane.

The following subsections describe the membership of the stars
studied in this work and the properties of each MG individually

6.1. Membership and properties of the Local Association
candidates

The concept of a Local Association of stars was introduced
by Eggen (e.g. Eggen 1975). This association, also known as
Pleiades MG or Pleiades stream, includes stars in the Pleiades,
a Persei, and IC 2602 clusters, as well as stars in the Scorpius-
Centaurus star-forming region. In the past years, small associa-
tions or groups of very young stars have been detected among
Local Association members (AB Dor, TW Hydrae, 8 Pic, and
others). The spatial motions of these new associations are quite
similar, but they present a wide range in ages and distributions
around the Sun (e.g. Zuckerman & Song 2004), which leads to
the question of whether it is reasonable to consider the Local
Association as a single entity. Addressing this problem is beyond
the scope of this paper, so we consider the Local Association as
a single MG.

There are 29 stars (Table 9) that have velocity components
(U, V, W) consistent with the stars being candidates to the Local
Association. Eight out of the 29 stars do not satisfy other cri-
teria; i.e., their age estimates suggest that they are older than
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20-150 Myr commonly adopted for the Local Association, and
we consider them to be non-members; Seven out of the 29 stars
are considered as doubtful members while, 14 are good can-
didates, i.e., probable members. Although the number of can-
didates is too small to draw robust conclusions we can infer
that the contamination by old main-sequence stars vary from
roughly 25% to 50%.

Table 6 lists the candidates and our final classification
(Col. 3) for the Local Association stellar membership. Some
of our candidates have already been classified as members of
the young association around the star AB Dor or members of
the so-called Hercules-Lyra association introduced by Fuhrmann
(2004), which are listed in Cols. 4 to 6 of Table 6. All the pre-
viously proposed members of AB Dor or Hercules-Lyra fall into
our classification of probable Local Association members, with
the only exception of HIP 62523, which we have classified as a
“doubtful member”. Thirteen out of our 29 candidates have not
been included in these previous studies.

Among the Local Association members there are some inter-
esting stars:

— HIP 13402 (HD 17925): Although it is classified as an RS
CVn variable (Eker et al. 2008), Cutispoto et al. (2001)
shows that the binary hypothesis does not seem to be con-
sistent with the Hipparcos photometric data. The estimated
EW Li1=182.52 + 4.63 mA agrees with the 208 mA given
by Montes et al. (2001a) and the 197 mA given by Favata
et al. (1995), which suggests an age similar to the Pleaides
(=80 Myr). In addition, the different age estimates agree very
well and confirm that it is a young star; furthermore, the star
is known to have IR-excess at 70 um, see Table 5 (Trilling
et al. 2008). Thus, we consider that it is a reliable member of
the Local Association.

— HIP 18859 (HD 25457): This star is classified as a weak-line
T Tauri (e.g. Li et al. 2000), and has a remarkable infrared
excess of fy = 1.0 £ 0.2 x 107, Table 5 (Modr et al. 2006).
The EW Li I and age estimates confirm its young evolution-
ary state.

— HIP 86346 (HD 160934): This star is one of the few
Hipparcos’ M-type stars we have observed in this project.
Available spectral types in the literature vary between K7
to MO (Reid et al. 1995; Zuckerman et al. 2004). This ob-
ject is a flare star identified as a spectroscopic binary by
Gilvez et al. (2006). A close companion was detected us-
ing lucky imaging techniques by Hormuth et al. (2007). Our
radial velocities vary between —25.37 and —28.39 kms™!.
In all epochs the main optical activity tracers (Ca 1 IRT,
H,, Na1 D, D, Call H & K) are in emission. This star
is a very rapid rotator (for an M-type star) with vsini be-
tween 21 and 23 kms~'. Our EWs Li I measurements vary
from 11.1 to 55.7 mA and are agree with the 40 mA re-
ported by Zuckerman et al. (2004). ROSAT-age indicates a
star younger than 100 Myr (it is in the “saturated” regime in
the log Lx/Lpo vs. age diagram), the position of the star in
a colour-magnitude diagram (My = 7.55 = 0.15;(V - 1) =
2.58 +0.91) suggests it is a pre-main sequence star.

6.2. Membership and properties of the Hyades candidates

The Hyades MG group or Hyades Supercluster” has a venerable
history in the study of MGs since references to the Hyades MG

2 The terms moving group and supercluster are used here without
distinction.
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group go back in time to the first works in this area (Proctor
1869). It is commonly related with the Hyades and Praesepe
clusters, both of them with ages around 600 Myr. Recently,
Famaey et al. (2007) has found that the MG is in reality a mix-
ture of two different populations: a group of coeval stars related
to the Hyades cluster (the evaporating halo of the cluster) and a
second group of old stars with similar space motions. Age diag-
nostics analysed in Sect. 5 allow us, in principle, to distinguish
between the two populations.

There are 29 stars in the region of the (U, V, W) planes oc-
cupied by the Hyades MG. Eleven out of these 29 candidates
have been classified as probable members®, nine as probable
non-members, whereas the classification of the other nine stars
remains unclear (Table 10).

Our selection contains 14 stars in common with
Lépez-Santiago et al. (2010). A comparison between our
final classification and those given by Lépez-Santiago et al.
(2010) is shown in Table 7. There is good agreement with two
exceptions, HIP 17420 (for which our age estimates suggest an
old star) and HIP 19335 (discussed below).

We briefly describe some interesting stars concerning
this MG:

— HIP 19335 (HD 25998): This F7V star has been identified as
a T-Tauri star in the surroundings of the Taurus-Auriga star
formation region (Li & Hu 1998), although it is located at a
significantly shorter distance, 21 pc, than the commonly ac-
cepted distance of ~140 pc to that star forming region. The
Li1 EW = 93.1 +3.0 mA confirms its youth and agrees well
with the rest of age indicators, between 96 and 300 Myr. The
star has infrared-excesses at both Spitzer 24 um and 70 um
MIPS bands (Beichman et al. 2006). All this information
also confirms the youth of this star, but it is likely too young
to be a member of the Hyades MG.

— HIP 43726 (HD 76151): The Li 1 EW of 31.42+3.66 mA
of this star, as well as the estimated chromospheric and rota-
tional ages of ~1.0 Gyr, suggests that it is not a member of
the Hyades MG. Interestingly, this is a relatively old star with
a debris disc (Trilling et al. 2008; Beichman et al. 2006).

— HIP 67275 (HD 120136, T Boo): T Boo is one of the first
cases where an exoplanet was found (Butler et al. 1997).
There is a strong disagreement between the X-ray age es-
timate, 0.36 Gyr, and the chromospheric age, 4.78 Gyr.
Li 1 EW also suggests an old star. This agrees with other
published ages, 1.3 Gyr (Valenti & Fischer 2005), 2.1 Gyr
(Nordstrom et al. 2004), and 2.52 Gyr (Saffe et al. 2005).
It is therefore unlikely that HIP 67275 is a member of the
Hyades MG.

6.3. Membership and properties of the Ursa Major moving
group

The concept of a group of stars sharing the same kinematic
as Sirius goes back more than one century ago. Nowadays the
group includes more than 100 stars (Eggen 1992; Soderblom &
Mayor 1993b; King et al. 2003; Fuhrmann 2004; Ammler-von
Eiff & Guenther 2009). Eighteen stars have velocity components
(U, V,W) consistent with the star being a candidate for Ursa
Major (Table 11). Four out of the 18 stars do not satisfy other cri-
teria, and their age estimates indicate that they are older than the

3 To avoid confusion we recall that by “probable member” of the
Hyades supercluster we mean member of the group of coeval stars evap-
orated from the primordial Hyades cluster.

300 Myr commonly adopted for the Ursa Major MG. Another
eight out of the 18 stars are considered as doubtful members,
while six stars are probable members.

Table 8 shows a comparison between our classification and
those reported in the literature. There is good agreement spe-
cially in the stars classified as good members. Three candidates
of this MG are of special interest:

— HIP 42438 (HD 72905): this star is known to have infrared
excesses at 60 and 70 um (Spangler et al. 2001; Bryden et al.
20006). All age estimates agree with an age of ~300 Myr,
which indicate that it is a probable member of the group;

— HIP 71395 (HD 128311): this object is an example of a star
with a planetary system (Butler et al. 2003; Vogt et al. 2005)
in a debris disc (excess at 70 um found by Trilling et al.
2008). Our chromospheric-derived age of 430 Myr agrees
with the 390 Myr given by Saffe et al. (2005) and confirms
that this star is a probable member of the Ursa Major group;

— HIP 80337 (HD 147513): this star is also known to have
a planet (Mayor et al. 2004). Due to a problem with the
header’s spectra, no radial velocity could be obtained so
we have adopted the value given by NOO4. Measured Li 1
EW = 35.51 + 3.5 mA suggests that it is older than the
Hyades, which agrees with both chromospheric and rota-
tional ages, around 700 Myr. However the ROSAT age is
much shorter, only 370 Myr. Therefore, we have classified
this star as a “doubtful” member.

6.4. Membership and properties of the IC 2391 moving group

The identification of an MG related to the IC2391 cluster is
from Eggen (1991, 1995). Most of the stars listed as members
of this MG are in fact early-type star members of the cluster.
By using the member’s position in colour—-magnitude diagrams
Eggen obtained an age of ~100 Myr, within an interval spread-
ing from 80 to 250 Myr. Recently, Lépez-Santiago et al. (2010)
has suggested the presence of two subgroups mixed in the (U, V)
plane with ages of 200-300 and 700 Myr.

Table 12 summarizes our membership criteria for the
IC 2391 MG. Five out of 19 candidate stars have been classi-
fied as probable members, 10 as doubtful, and four as proba-
ble non-members. Our sample contains three stars in common
with Lopez-Santiago et al. (2010). We confirm that HIP 11072
is a doubtful member and HIP 59280 is a member of the old
subgroup, but our age estimates for HIP 25119 disagree with
Lépez-Santiago et al. (2010). We therefore consider this star as
a “non” member instead of a member of the old subgroup since
both chromospheric and ROSAT ages are around 3-5 Gyr.

We have identified four new stars as probable-members of
the young subgroup: HIP 19076, HIP 22263, HIP 29568, and
HIP 66252. In addition, HIP 71743 has been classified as a
probable member of the old subgroup. HIP 66252 (HD 118100,
EQ Vir) is known to have flares, and therefore chromospheric
and ROSAT ages can be greater than our estimates, although the
lithium abundance confirms that it is a young star. HIP 34567
(ages between 320 and 470 Myr) should remain in the “doubtful
category” since it is a known chromospherically active binary
(Eker et al. 2008).

6.5. Membership and properties of the Castor moving group

The Castor MG was originally suggested by Anosova & Orlov
(1991). This group includes, among other stars, three spectro-
scopic binaries (Castor A, Castor B, and YY Gem) and two
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V-1

Fig. 11. Colour-magnitude diagram for the Castor MG candidates. Pre-
main sequence isochrones from Siess et al. (2000) are plotted at 10, 20,
30 and 50 Myr.

prototypes of the 8 Pic stars (Vega and Fomalhaut). Barrado
y Navascués (1998) estimated an evolutionary age for this asso-
ciation of 200 + 100 Myr.

Only seven stars have been identified on the basis of their
kinematics as candidate members of this group (Table 13). Four
were classified as probable members and three as doubtful mem-
bers. HIP 29067 and HIP 109176 have been previously studied
in detail by Barrado y Navascués (1998), and since we obtain
similar results, we concentrate on the rest of candidates:

— HIP 12110 (HD 16270): there is a strong discrepancy be-
tween ROSAT and chromospheric ages, therefore the star re-
mains as a doubtful member;

— HIP 45383 (HD 79555): this star is a long-period astrometric
binary (Mason et al. 2001). Both ROSAT and chromospheric
ages agree with the star being coeval with Castor MG mem-
bers. As an additional test of youth, we plotted the star in a
My vs. (V — I) diagram (Fig. 11). The position of the star
in this diagram suggests an age around 35 Myr. Therefore
we conclude that HIP 45383 is a young star and a probable
Castor member;

— HIP 67105 (HD 119802): there is a strong discrepancy be-
tween ROSAT and chromospheric ages, therefore the star re-
mains as doubtful member;

— HIP 110778 (HD 212697): both ROSAT and calcium ages
agree with the star being coeval with the Castor MG. Since
this is a star in a multiple system, we have confirmed its
youth nature by using colour-magnitude diagrams.;

— HIP 117712 (HD 22378): this star is a known spectroscopic
binary. Chromospheric ages suggest a moderately young
star, between 600 and 860 Myr. The position of the star in
colour magnitude diagrams suggests also it is a young star,
and hence a probable Castor MG member.

7. Summary

In this paper we have addressed the problem of identifying un-
ambiguous MG members. Making use of a large quantity of data
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from the literature and data from our own spectroscopic obser-
vations, we were able to study the kinematics and age of the
nearby late-type population, identifying a considerable group of
stars that are members of moderately young (35-600 Myr) kine-
matic groups. Based on both the kinematics and different age
estimates, our results allow us to identify new members, confirm
previously suggested members of MGs, and discard previously
claimed members.

We find that approximately ~25% of the nearby stars can
be classified as members of MGs according to their kinemat-
ics, but that only 10% have ages that agree with the accepted
ages of the corresponding MG members. Specifically, we find
that among the stars studied in this work, the bona fide members
for each MG are 14 stars (out of 29 kinematic candidates) for
the Local Association, 11 (29 of kinematic candidates) for the
Hyades MG, six (out of 18 kinematic candidates) for the Ursa
Major MG, six (out of 19 kinematic candidates) for IC 2391, and
four (out of seven kinematic candidates) for the Castor MG.

Some of the bona fide members identified here have not been
reported before (at least to our knowledge), especially when
considering the less-studied groups: Hyades (four new proba-
ble members), IC 2391 (five new probable members), and Castor
(three new probable members). We find discrepancies with pre-
viously reported lists in eight stars. Additional observations are
required to identify new bona fide members in each group and to
address further investigations as suggested in Appendix B.
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Appendix A: Tables

Results produced in the framework of this project are published
in electronic format only. Table 1 is also available at the CDS via
anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5)
or via http://cdsarc.u-strasbg.fr/viz-bin/qcat?]/
A+A/vol/pg

Table 1 contains the following information: HIP number
(Col. 1), HD number (Col. 2), right ascension and declination
(ICRSJ2000) (Cols. 3 and 4), parallax and its uncertainty
(Col. 5), proper motions in right ascension and declination
with their uncertainties (Cols. 6 and 7), observing run identifier
(Col. 8), radial velocity used in this work and its uncertainty
(Col. 9), and radial velocities reported in KH07, NOO4, NI02,
and VFO5 works (Cols. 10 to 13) with their uncertainties, if
available. Column 14 contains important notes: spectroscopic
binaries radial velocities standards, and stars in chromospheri-
cally active binary systems are identified in this column.

Tables 9 to 13 contain the properties of the potential
candidates to MG members for the different MGs studied in
this work. These tables give: HIP number (Col. 1), (B — V)
colour (Col. 2), spatial-velocity components (U, V, W) with their
uncertainties (Cols. 3-5), Vo, V1, PV and p. as defined by
Eggen (Cols. 6-9), measured Li 1 EW (Col. 10), R;_LK value and
derived age (columns 11 and 12), log(Lx/Lgo) and derived age
(Cols. 13 and 14), rotational period and derived age (Cols. 15
and 16) and metallicity (Col. 17). For each Eggen’s criteria,
PV and p. (Cols. 8 and 9), there is label indicating if the star
satisfies the criteria (label “Y”’) or not (label “N”).

Tables 14 to 15 are similar to the previous ones, but they
show the properties of the stars classified as Other young disc
stars and stars not selected as possible MG members, respec-
tively.

References in Tables 9 to 15 are indicated in parenthesis:
(1) Martinez-Arndiz et al. (2010) (2) Baliunas et al. (1996); (3)
Duncan et al. (1991) calculated using equations in Noyes et al.
(1984); (4) Gray et al. (2003); (5) Gray et al. (2006); (6) Hall
et al. (2007); (7) Henry et al. (1996); (8) Jenkins et al. (2006);
(9) Saffe et al. (2005); (10) Wright et al. (2004); (11) estimated
form ROSAT-data using equation Al in Mamajek & Hillenbrand
(2008); (12) Noyes et al. (1984); (13) Saar & Osten (1997); (14)
Messina et al. (2001).

Appendix B: Further applications of MGs members

Lists of nearby MGs members constitute promising targets for
a wide variety of further investigations. We briefly summarized
some of them:

First, we investigated whether there is a connection between
the so-called “solar-analogues” (e.g. Porto de Mello & da
Silva 1997; Meléndez et al. 2009; Ramirez et al. 2009) and
MGs members. Taking as a reference the list of analogues
published by Gaidos et al. (2000), we have found 25 matches
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Table B.1. Solar analogues and their ascription to MGs. Label “Y” in-
dicates probable members, “?”” doubtful members, and “N” probable
non-members, respectively.

HIP MG  Membership  HIP MG  Membership
544 LA Y 46843 LA Y
1803 HS Y 54745 LA Y
5944 UMa Y 63742 LA Y
7576 LA Y 65515 LA Y
8362 1C2 N 71743 1c2 Y
8486 UMa Y 72567

15457 YD Y 74702 UMa N
22263  IC2 Y 77408 LA Y
26779 LA Y 80337 UMa ?
29525 YD Y 82588

29568  IC2 Y 94346 HS Y
42074 HS Y 107 350 LA Y
42333 HS Y 115331

42438 UMa Y 116613 HS Y

Notes. LA: Local Association; HS: Hyades; UMa: Ursa Major. IC2:
1C 2391; Cas: Castor.

between their list and our sample, where 22 out of these 25 stars,
have been classified as bona fide MG members. Another three
stars, HIP 29525, HIP 80337, and HIP 116613, also candidates
for MGs, satisfy Gaidos’ criteria for being considered as solar
analogues. These stars are listed in Table B.1. These “young-
suns” are essential to study the history and formation of our
own Solar System, indeed three of them, namely HIP 15457,
HIP 42438, and HIP 64394, are included in the ambitious project
The Sun in Time aimed at reconstructing the spectral irradiance
evolution of the Sun (e.g Ribas et al. 2005).

As we have shown in Sect. 5.3.1, debris discs are linked to
stars in MGs. It is therefore natural to check if there is a similar
relation between stars with known planets and MGs. Nineteen
stars of our sample have detected planets®, and seven of them
are MGs candidates: HIP 21482 (Hyades MG, but it is doubtful
member and in addition the planet is not confirmed); HIP 43587
(Hyades MG, but it is a doubtful member), HIP 71395 (Ursa
Major MG, probable member); HIP 80337 (Ursa Major, doubt-
ful member); HIP 95319 (IC 2391 MG, but doubtful member and
the planet is not confirmed); HIP 49669 and HIP 53721 (young
disc stars according to their kinematics, but their calcium ages
suggest that they are old stars).

Other applications are related to activity studies, i.e., flux-
flux and rotation-activity-age relationships (e.g Martinez-Arndiz
et al. 2010), or search programmes to detect stellar and sub-
stellar companions (e.g Hormuth et al. 2007). Finally, we point
out that an important fraction of the stars analysed in this paper
will be observed in the framework of the DUNES (DUst around
NEarby Stars) programme, an approved Herschel Open Time
Key Project with the aim of detecting cool faint dusty discs, at
flux levels as low as the Solar EKB (Maldonado et al. 2010;
Eiroa et al. 2010).

4 The Extrasolar Planets Encyclopedia, http://www.obspm. fr/
encycl/es-encycl.html
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Table 5. Stars with known debris discs.

A&A 521, A12 (2010)

HIP HD fa Reference MG Age
(1079 (Myr)

544 166 59 [4] LA 20-150

1599 1581 0.2-1.6 [4]

13402 17925 2244 [4] LA 20-150

15371 20807 0.4-1.5 [4]

16537 22049 8.3 [3]

16852 22484 1.2-43 [4] YD

18859 25457 102 [2] LA 20-150

19335 25998 2.7 [1] HS 600

22263 30495 2.0-3.0 [4] IC2391  35-55

23693 33262 0.2-1.1 [4]

27072 38393 0.77 [3] UMa 300

27435 38858 10 [1] YD

28103 40136 2.04 [3]

32480 48682 11 [1]

40693 69830 20 [2]

42430 73752 3.21 [3]

42438 72905 0.6-1.5 [4] UMa 300

43726 76151 0.4-1.0 [4] HS 600

51502 90089 0.85 [1]

62207 110897 1.4-23 [4]

64924 115617  1.9-3.3 [4]

65721 117176  1.8-7.7 [4]

71284 128167 0.49 [3]

71395 128311  1.3-2.7 [4] UMa 300

76375 139323 78.6 [3]

85235 158633 4.1 [1]

107350 206860  0.6-1.5 [4] LA 20-150

References. [ 1] Beichman et al. (2006); [2] Moor et al. (2006); [3] Rhee

et al. (2007); [4] Trilling et al. (2008).
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Table 6. Comparison between our final membership for the Local
Association and previous studies’.

Hercules-Lyra ~ AB Dor

HIP HD This work FU04  LO6 ZU04
544 166 Y Y Y

3979 4915 N

7576 10008 Y Y

7751 10360 N

12929 17230 N

13402 17925 Y Y ?

18859 25457 Y Y
19422 25665 ?

26779 37394 N

37288 ?

46843 82443 Y ?

54155 96064 Y ?

54745 97334A Y Y

57494 102392 ?

62523 111395 ? Y ?

63742 113449 Y ? Y
65515 116956 Y Y ?

69357 124106 N

72146 130004 ?

73695 133640 ?

75809 139777 Y Y ?

75829 139813 Y Y ?

77408 141272 Y Y ?

79755 147379 N

86346 160934 Y Y
105038 202575 ?

107350 206860 Y Y

108156 208313 N

115341 220221 N

Notes. " Label “Y” indicates probable members, “?” doubtful members
and “N” probable non-members, respectively.

References. FUO4: Fuhrmann (2004); ZU04: Zuckerman et al. (2004);
L06: Lépez-Santiago et al. (2006).
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Table 7. Comparison between our final memberships for the Hyades  Table 8. Comparison between our final memberships for the Ursa Major

MG and those given by Lépez-Santiago et al. (2010)" . MG and those previously reported in the literature’.
HIP HD This work  LS10 HIP HD This work  S0O93 KI03 FU04 LSI10
1803 1835 Y Y 5944 7590 Y Y
4148 5133 N 8486 11131 Y Y Y? Y Y
12709 16909 Y 27072 38393 N ? Y? Y
13976 18632 Y ? 27913 39587 ? Y Y Y
16134 21531 Y ? 33277 50692 N N ?
17420 23356 N Y 36827 60491 ? N?/? ?
18774 24451 ? 37349 61606A ? N? Y
19335 25998 N Y 42438 72905 Y Y Y? Y ?
21482 283750 ? 60866 108581 ?
25220 35171 ? Y 71395 128311 Y ? Y
40035 68146 N 72659 131156A Y Y ? Y ?
42074 72760 Y Y 73996 134083 N N? Y
42333 73350 Y 74702 135599 N ? Y
43587 75732 ? ? 80337 147513A ? Y N?/? Y
43726 76151 N 80686 147584 ? Y
44248 76943 ? 96183 184385 ?
46580 82106 Y 102485 197692 Y
47592 84117 N 108028 208038 ?
48411 85488 ? ?
63257 112575 ? References. S093: Soderblom & Mayor (1993b); KI03: King et al.
66147 117936 N (2003); FUO4: Fuhrmann (2004); LS10: Lopez-Santiago et al. (2010).
67275 120136 N ?
69526 124642 ) Notes. (? Label “Y” indicates probable members, “?”” doubtful mem-
72848 131511 Y bers and “N” probable non-members, respectively.
90790 170657 N
94346 180161 Y ?
96085 183870 ? ?
104239 200968 Y ?
116613 222143 Y ?

Notes. () Label “Y” indicates probable members, “?” doubtful mem-
bers and “N” probable non-members, respectively.
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