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ABSTRACT

Context. The Lupus dark cloud complex is a well-known, nearby low-mass star forming region, probably associated with the Gould
Belt. In recent years, the number of stellar and substellar Lupus candidate members has been remarkably increased thanks to the cores
to disks (c2d) Spitzer Legacy Program and other studies. However, most of these newly discovered objects still lack confirmation of
their membership to the dark clouds.
Aims. By using available kinematical information, we want to test the membership of the new Lupus candidate members proposed
by the c2d program and by a complementary optical survey. We also plan to investigate the relation between the proper motions and
other properties of the objects, in order to get some clues about their formation and early evolution.
Methods. We compile a list of members and candidate members of Lupus 1, 3 and 4, together with all available information on their
spectral types, disks and physical parameters. Using Virtual Observatory tools, we cross-match this list with the available astrometric
catalogues to get proper motions for our objects. Our final sample contains sources with magnitudes I < 16 mag and estimated masses
& 0.1M�.
Results. According to the kinematic information, our sources can be divided into two main groups: The first one contains sources
with higher proper motions in agreement with other Gould Belt populations, and whose spatial distribution, optical and near-infrared
colours and disk composition are all consistent with these objects belonging to the Lupus clouds. In the second group, sources have
lower proper motions with random orientations and they are mostly located outside the cloud cores; hence, their association with the
Lupus complex is more doubtful. We investigate the properties of the higher proper motion group, but cannot find any correlations with
spatial location, binarity, the presence of a circumstellar disk, or with physical properties such as effective temperature, luminosity,
mass or age.
Conclusions. We conclude that the lower proper motion group probably represents a background population or mixture of populations
unrelated to the Lupus clouds. The higher proper motion group, on the other hand, has properties consistent with it being a genuine
population of the Lupus star forming region. More accurate proper motions and/or radial velocity information are required for a more
detailed study of the kinematic properties of the Lupus stellar members.

Key words. stars:low-mass, brown dwarfs – stars: formation – stars: pre-main sequence – stars: luminosity function, mass function
– astronomical database: miscellaneous – virtual observatory tools

1. Introduction

The Lupus dark cloud complex consists of six molecular clouds,
named Lupus 1 to 6 (Tachihara et al. 1996, 2001). In terms of
angular extent, it is one of the largest low-mass star forming
complexes in the sky (nearly 20◦ across, with galactic longitudes
334◦ < l < 352◦ and latitudes 5◦ < b < 25◦), and it contains one
of the richest associations of T Tauri stars (TTS). The clouds are
projected against the Scorpius-Centaurus OB association, a vast
complex at an average distance of about 140 pc from the Sun.
This is one of the main structures of the Gould Belt, a young,
expanding ring-like arrangement of OB associations, molecular
clouds and other tracers of star formation that dominates the so-
lar neighbourhood up to a distance of 600 pc (e.g. Comerón et
al. 1994; Pöppel 1997). The estimated distance of 140-220 pc to
the Lupus clouds matches well that of the Scorpius-Centaurus
association, strongly suggesting a physical relationship between
both entities.

The first studies of the stellar content identified at least 65
TTS within the complex, most of them classical T Tauri stars
(CTTS), that is, young stars with indications of ongoing accre-
tion in their spectra (e.g. Schwartz 1977; Krautter 1991; Hughes

et al. 1994). Later studies, the majority of them focused on the
Lupus 3 cloud, used different techniques to increase the stellar
and substellar census of the complex (e.g. Nakajima et al. 2000;
Comerón et al. 2003; López Martı́ et al. 2005; Allen et al. 2007).
A peculiarity of the Lupus region is that the distribution of stel-
lar spectral types is dominated by M-type objects, in contrast
to other low-mass star-forming regions (e.g. Appenzeller et al.
1983; Hughes et al. 1994; Wichmann et al. 1997a). The only
exception are the two intermediate-mass Herbig Ae/Be stars
HR 5999 and HR 6000 in the Lupus 3 cloud.

Three of the clouds, namely Lupus 1, 3 and 4, have been the
target of Spitzer observations within the Cores to Disks (c2d)
Legacy Program (Allers et al. 2006; Chapman et al. 2007; Merı́n
et al. 2008). This study, one of the most comprehensive sur-
veys in the complex, confirmed the youth of many previously
suspected members of the region, and it also provided a list of
about hundred low-mass candidate members based on the pres-
ence of excess in their spectral energy distributions (SEDs) at
infrared wavelengths, where warm dust dominates the emission.
Therefore, most of the objects presented by the c2d program
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are surrounded by circum(sub)stellar disks and/or envelopes (so-
called “class I and II sources”).

In a recent paper, Comerón, Spezzi & López Martı́ (2009,
hereafter Comerón et al. 2009) reported on a broad-band optical
(RIz) survey on the Lupus clouds with the WFI mosaic cam-
era at the ESO/MPG 2.2m telescope on La Silla, complemented
with JHKs photometry from 2MASS. In their surveyed areas,
which overlap almost completely with the areas observed by
the c2d program, they identify about 130 new low-mass candi-
date members of Lupus. Although their estimated ages are in the
same range as the known members, these new candidate mem-
bers are only moderately concentrated towards the dark clouds,
and very few of the objects show infrared excess (that is, they are
mostly so-called “class III sources”). Thus, the discovery of this
new population poses interesting questions about the origin and
early evolution of the stellar content of the Lupus complex as a
whole. Comerón et al. analysed several possible formation sce-
narios that may have led to the observed populations. They also
widely discussed the probability that the new diskless candidate
members belong to an unrelated foreground population associ-
ated with the Gould Belt, which they held as unlikely given their
apparent association with the dark cloud cores.

Kinematic information can help to shed more light on this
issue, by providing further evidence of the membership of these
objects to the same clustered structure as the known Lupus
members. Moreover, the kinematic properties of the members
of a given region or association hold important clues about
its history. Some formation models predict that the early dy-
namical evolution of the parent proto-stellar cluster should lead
to mass-dependent kinematic distributions (Kroupa & Bouvier
2003), while other numerical simulations predict similar kine-
matic properties over the whole mass spectrum (Bate et al. 2003;
Bate 2009). A number of surveys have used proper motions to
identify and confirm new low-mass members in young associa-
tions and clusters (e.g. Moraux et al. 2001; Kraus & Hillenbrand
2007; Bouy & Martı́n 2009; Caballero 2010), and various au-
thors used radial velocity measurements to study the kinematic
properties of young low-mass objects (e.g. Joergens & Guenther
2001; Joergens 2006; Jeffries et al. 2006; Maxted et al. 2008).

In this paper, we make use of proper motions from astromet-
ric catalogues and of Virtual Observatory1 (VO) tools to inves-
tigate the kinematic properties of the Lupus members and can-
didate members. Our goals are to provide further evidence for a
common origin of all these objects, to test their association with
the Lupus dark clouds, and to look for correlations between the
proper motions and other physical properties of the objects, aim-
ing at a better understanding of the formation of the stellar and
substellar population within the Lupus complex.

2. Proper motions of Lupus members and
candidate members

Our Lupus candidate members are the YSOs in Lupus 1, 3 and
4 provided by the c2d program (Merin et al. 2008) and the disk-
less cool stars identified in the optical WFI survey by Comerón
et al. (2009). We also incorporated the previously known mem-
bers of these clouds from the recent review by Comerón (2008).
The three catalogues were cross-matched to avoid repeated en-
tries and joint to produce a single catalogue for the complex.
Table 1 gives the number of objects provided by each work. The
compiled lists included 90, 208 and 33 objects in Lupus 1, 3 and
4, respectively, making 331 in total. We note that most of these

1 http://www.ivoa.net

Table 1. Number of objects in each catalogue

Catalogue Lupus 1 Lupus 3 Lupus 4 All
Previous 13 43 9(a) 65
c2d 17 124 18 159
WFI 65 72 6 143
Compiled(b) 90 208 33 331
USNO-B1 30 55 8 93
SSS 80 163 23 266
PPMX 28 21 2 51
UCAC3 69 96 13 178

Notes.
(a) Comerón (2008) erroneously lists as Lupus 4 members six objects
actually belonging to the Norma 1 cloud, which are not considered in
the present work.
(b) Objects included in several catalogues have been counted once.

sources still lack spectroscopic confirmation of their youth and
membership to the Lupus complex.

To get proper motion measurements of the Lupus candi-
date members, we cross-matched the merged catalogue with
four astrometric catalogues which are available within the VO.
These catalogues were the USNO-B1 (Monet et al. 2003),
the SuperCOSMOS Sky Survey (SSS) (Hambly et al 2001),
the Positions and Proper Motions-Extended (PPMX) catalogue
(Röser et al. 2008), and the Third US Naval Observatory CCD
Astrograph Catalog (UCAC3) (Zacharias et al. 2010). We took
advantage of VO tools for this task. VO is a project designed to
provide the astronomical community with the data access and
the research tools necessary to enable the exploration of the dig-
ital, multi-wavelength universe resident in the astronomical data
archives. In particular, to perform our cross-match, we made use
of the Multiple Cone Search utility of TOPCAT2, an interactive
graphical viewer and editor for tabular data that allows the user
to examine, analyse, combine and edit astronomical tables.

A matching radius of 2′′ was used for all the catalogues, cho-
sen after checking different values (1′′, 2′′, 3′′, 10′′) and finding
0.7′′ and 0.4′′ for the average separation and standard deviation,
respectively, in the worst case. After this step, we retained all
sources whose proper motion errors were not set to zero and had
been computed using more than two epoch positions, and in the
case of UCAC3 with object classification flag (ot) lower than
3, meaning it is a good star. After purging the data, the num-
ber of counterparts with proper motion data in USNO-B1, SSS,
PPMX, and UCAC3 were 93, 266, 51, and 178, respectively.
Table 1 gives the number of objects with valid counterparts in
each Lupus cloud.

We compared the results of the cross-match with each cat-
alogue. Note that it is not possible to combine the data for the
different astrometric catalogues because not all catalogues use
the same reference system. After the comparison, we decided to
use only the data provided by UCAC3 in the general analysis,
for the following reasons: USNO-B1 did not provide proper mo-
tions lower than 6 mas/yr; due to its lower sensitivity, the number
of counterparts found in PPMX is very low compared to UCAC3
or SSS; and in the case of SSS, although it provided the largest
number of counterparts, the typical error of the proper motions is
about twice the typical error of UCAC3. Thus, UCAC3 provided
us with a large data set, which has a suitable cover in proper mo-
tion and with reasonable errors for our study. Therefore, only the
UCAC3 data will be considered in the following.

2 http://www.star.bris.ac.uk/∼mbt/topcat/

2
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The UCAC3 catalogue is an all-sky survey containing about
100 million objects, 95% of them with proper motions, cover-
ing a dynamical range of 8-16 mag in the R band. Its positional
accuracy is about 15 to 100 mas per coordinate, depending on
magnitude. The proper motion errors range from 1 to 10 mas/yr,
depending on magnitude and observing history; however, some
systematic errors may be present in the proper motions of stars
with R ≥ 14.

Our final sample has 178 sources, the vast majority of them
in Lupus 1 and 3. They correspond with the 77%, 46%, and 39%
of the total number of sources included in our compiled lists of
Lupus 1, 3, and 4, respectively.

3. Kinematic groups towards the Lupus clouds

The left panel of Fig. 1 shows the vector point diagram for
the sources included in the UCAC3 astrometric catalogue. We
clearly see two distinct groups, which are associated to the two
peaks seen in the proper motion distribution (right panel): The
first group (“Group A” in the following) is formed by sources
with higher proper motions, the mean value being around µ ∼
28 mas/yr; while the objects belonging to the second group
(“Group B”) have lower proper motions, with a mean close to
µ ∼ 8 mas/yr.

We carefully checked the reliability of the two groups mak-
ing use of all the information provided by the UCAC3 catalogue.
We did not find any photometric bias nor any particular flag
or warning suggesting that one of the groups could be spuri-
ous or of worse quality than the other. Therefore, according to
the UCAC3 data both groups are equally reliable. Moreover, be-
cause both groups are also recognized in the three clouds sepa-
rately (in Lupus 4 less clearly due to the low number of sources),
they do not seem to be related to any particular cloud, but rather
to the Lupus sky area as a whole.

As a further check, we created vector point diagrams using
the data from USNO-B1, SSS, and PPMX. A detailed compar-
ison between these diagrams, taking into account the different
errors and sensitivities of the data sets, shows a very good agree-
ment.

The conclusion is that both Group A and B are probably real,
that is, that the Lupus members and candidate members can be
divided into two main populations. We list the objects belonging
to each of these groups in Tables 2 and 3. The nature of these
populations and their relation to the Lupus dark clouds is dis-
cussed in Sect. 4.1 below.

There are sources whose proper motion components make
their location in the vector point diagram compatible, within the
given errors, with either of the groups. These ambiguous cases
are labeled in Tables 2 and 3. We also identify a number of
sources with clearly discrepant proper motions, which are dis-
cussed in the Appendix A.

4. Analysis and discussion

4.1. Origin of the kinematic groups

In order to clarify their origin and relation to the Lupus complex,
we carefully analysed the properties of the sources included in
Groups A and B. Figs. 2 to 4 show the current spatial location
of the sources included in the UCAC3 catalogue and their ex-
pected displacement within 105 Myr. We see that most of the
Group A sources have similar proper motion directions (towards
the South-West), suggesting a common origin. The Group B
sources, on the other hand, exhibit a variety of proper motion

Fig. 5. Photometric properties of the Lupus members and candidate
members. Upper panel: I-magnitude distribution for Groups A and
B (filled and blank histogram, respectively). Middle panel: (I, R − I)
colour-magnitude diagram for the Lupus objects. Group A and Group
B sources are indicated with open circles and dots, respectively. The
thick solid and dashed lines are the 1 and 10 Myr isochrones, respec-
tively, from the models by Baraffe et al. (1998). Lower panel: (J − H,
H − Ks) colour-colour diagram for the Lupus objects. The thin dashed
and solid lines correspond to the giant and dwarf loci, respectively, from
Bessell & Brett (1988). An extinction vector of 5 mag according to the
law by Cardelli et al. (1989) is also indicated. Other symbols as in the
previous panel.

directions, in the majority of cases totally discrepant with the
one followed by Group A. This suggests that Group B may be
formed by populations of various origins.

In Lupus 3, we also see differences in the spatial distribution
of the sources: The objects in Group A tend to be more concen-
trated towards the cloud core than the objects in Group B, which
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Fig. 1. Vector point diagram (left panel) and proper motion histogram (right panel) for the Lupus sources included in the UCAC3 catalogue. A few
sources with very large proper motion have not been plotted (see Table A).

tend to avoid the densest areas of the cloud. Outside the core,
however, the distributions of both groups are indistinguishable.
These differences in spatial distribution are not evident, however,
in either of the other two clouds.

Most of the Lupus members confirmed spectroscopically be-
long to Group A, because the majority of studies have focused on
the cloud cores. The only exceptions are Par-Lup3-2 (M6) and
Sz 105 (M4), both in Lupus 3, which seem to belong to Group
B, although their locations in the vector point diagram are not
very far from the Group A sources.3

It is also noteworthy that Group B seems to be composed al-
most exclusively by diskless stars (class III sources) according to
the literature (Merı́n et al. 2008; Comerón et al. 2009). The only
exceptions are 160708.6-394723 and 161148.7-381758, which
seem to harbour accretion disks (they are class II sources). On
the contrary, Group A includes both stars with and without disks
(see discussion in Sect. 4.3.3). This suggests that Group B repre-
sents, as a whole, a later evolutionary stage than Group A, since
disks are expected to be found around newly formed stars and to
dissipate with time.

The optical and near-infrared photometry provided by Merı́n
et al. (2008) and Comerón et al. (2009) can help to clarify the
nature of Group B. As shown in the upper panel of Fig. 5, this
group represents, as a whole, a brighter sample than Group A,
which includes a significant amount of sources with I > 12 mag.
However, for similar I magnitudes, the Group B stars tend to
have redder R−I colors, as seen in the (I, R−I) colour-magnitude
diagram (central panel of Fig. 5), a fact that suggests higher
extinction. Finally, in the near-infrared colour-colour diagram
(lower panel of Fig. 5) we see that, with a couple of exceptions,
the Group B sources tend to be located along the reddening band
for giants, although this locus can also be occupied by reddened
young stars of late K and early M spectral types. The Group
A sources, on the other hand, have colours more consistent with
reddened mid-to-late M-dwarfs or young stars with near-infrared
excess.

All these facts (lower proper motions, different proper mo-
tion directions, virtual lack of sources with disks, optical and
near-infrared colours) strongly suggest that Group B represents

3 We note that Sz 105 has a known companion (Ghez et al. 1997)
at ∼ 10′′, which is also included in UCAC3 (source 100-192094). The
average proper motion of both sources has values consistent with mem-
bership to Group B.

a population (or a mixture of populations) located behind the
dark clouds, and probably unrelated to the complex. The true
nature of these objects cannot be discerned with the optical and
infrared photometry alone, and needs to be clarified with spec-
troscopy. Group A, on the other hand, has properties consistent
with it being a genuine population of the Lupus star forming re-
gion.

4.2. Comparison to other populations

In an attempt to throw more light on the origin of the two kine-
matic groups identified towards the Lupus clouds, and their rela-
tionship to larger structures, we compared their proper motions
with those of other Gould Belt populations. Like in the case of
Lupus, we performed a Multiple Cone Search in the UCAC3
catalogue to get proper motion measurements for these compar-
ison objects. Fig. 6 shows again the vector point diagrams for
the Lupus sources, where we have overplotted the objects from
the populations discussed below.

4.2.1. ROSAT pre-main sequence stars in the area of the
Lupus clouds

Krautter et al. (1997) reported on the discovery by the ROSAT
X-ray satellite of an extended population of weak-lined T Tauri
stars (WTTS) towards the Lupus clouds, which greatly exceeds
in number the CTTS population coincident with the cloud cores.
Some of these WTTS are seen projected onto regions of high
obscuration, while others are located far from the cloud cores.
In addition, the estimated age of this dispersed population is
older than that of the previously known Lupus stellar members.
Wichmann et al. (1997b) argued that the age (up to 5-6 107 yr)
and spatial distribution of the ROSAT stars are consistent with
their belonging to the Gould Belt rather than to the Lupus clouds
themselves, whose mean age is estimated to be around 5 Myr.

The UCAC3 catalogue contains counterparts for 91 of the
136 ROSAT stars from Krautter et al. (1997). These sources are,
with a few exceptions, located in the same area as Group A in
the vector-point diagram of Fig. 6, a fact that suggests that both
populations may have a similar origin. Only six ROSAT stars
are seen detached from this group, and a couple of them, namely
RXJ1506.9-3714 and RXJ1605.5-3846, are located in the Group
B area.
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4.2.2. Members of the Upper Scorpius association

The Upper Scorpius (USco) OB association belongs to the
largest Scorpius-Centaurus structure within the Gould Belt.
Thus, it is located not far from the Lupus clouds. Over the last
decade, it has been one of the most targeted star forming regions
for the search and study of low-mass stars and very low-mass ob-
jects. Combining samples of USco members from the literature,
Bouy & Martı́n (2009) recently performed a kinematic study of
the low-mass population in this region using the USNO-B1 and
UCAC2 catalogues. We performed the Multiple Cone Search in
the UCAC3 catalogue using the same compiled list as these au-
thors, kindly provided to us by H. Bouy. It is important to note
that all the sources studied by Bouy & Martı́n (2009) have spec-
troscopic confirmation of youth.

The USco UCAC3 sample contains 129 of the 514 objects
in the list of Bouy & Martı́n. In Fig. 6 we see that the ma-
jority of them are coincident in proper motion with our Group
A sources, again suggesting a similar origin. Nonetheless, nine
stars have proper motions that seem to be in agreement with
Group B. Of them, one star, USco J161026.4-193950, had been
identified as a kinematic member of Upper Scorpius by Bouy
& Martı́n (2009). Another source, USco J155744.9-222351, is
classified as an outlier by these authors. The remaining ob-
jects (UScoCTIO 31, UScoCTIO 36, USco J160132.9-224231,
USco J160545.4-202308 and USco J161021.5-194132) do not
have available proper motions in the work by Bouy & Martı́n
(2009).

In summary, the proper motions of the Group A sources are in
full agreement with those of other Gould Belt populations, a fact
that reinforces the idea that this group, and hence the Lupus dark
cloud complex, is associated to this large structure. A few stars
from other Gould Belt structures have similar proper motions to
those of the Group B sources; however, they are very few, and
without further information (e.g. radial velocities), we cannot
rule out that this coincidence is just a matter of chance due to
the projection of their true spatial motions on the sky.

4.3. Properties of the Lupus kinematic members

Our kinematic analysis has shown that the sources in Group A
are likely to be members of the Lupus star forming region, while
Group B seems to represent a background population. In partic-
ular, about one third of the Group A sources have been spectro-
scopically confirmed as pre-main sequence stars. The definitive
confirmation of youth for the rest of the objects needs to await
for spectroscopy; nonetheless, due to the good agreement of their
proper motions with those of the confirmed members, we expect
contamination to be minimal.

In the following discussion, we thus consider all the stars in
Group A, and only the stars in that group, as probable Lupus
members. This group contains 75 stars, of which 25 have spec-
troscopic confirmation of their status. Note that the embedded
and/or highly extincted population, as well as the lowest-mass
members of the Lupus complex (M < 0.1M� ), are certainly
missing in this sample, due to the relatively bright magnitude
limit of the astrometric catalog.

4.3.1. Spatial location

As shown in Figs. 2 to 4, the Group A sources (our Lupus
kinematic members) exhibit similar proper motions in all three
clouds, as expected if these clouds belong to the same large
structure. Moreover, these sources can be divided into two sam-
ples according to their spatial location: a first, more numerous
group of objects that are seen concentrated towards the cloud
cores, and a second group of stars which are dispersed around
the densest cloud areas. However, no evident difference is seen
between the in- and the off-cloud population, neither in proper
motion moduli nor in proper motion direction. This seems to
confirm that both samples belong to the same structure. It also
suggests that the location of the outer sources is not the conse-
quence of these objects being ejected from their parental birth
sites.

Two stars (Sz 92 and SSTc2d J160734.3-392742) seem to
be moving differently in Fig. 3, as though they were escaping
from the Lupus 3 cloud. These sources are located to the right
edge of the Lupus group in the vector point diagram, slightly
detached from the rest (see left panel of Fig. 7). We could re-
strict our selection in the vector point diagram to avoid these
runaway sources; however, the fact that one of them (Sz 92) has
been confirmed spectroscopically as a member of Lupus sug-
gests that their discrepant proper motions may have a different
cause rather than non-membership. Dynamical interactions with
other cloud members or unresolved binary companions may be
responsible for the measured discrepant proper motions. Given
the large errors, it is also possible that more accurate measure-
ments are able to reconcile their proper motions with those of
the majority of Lupus members.

4.3.2. Binarity

Since the presence of unresolved nearby sources in the im-
ages used for the construction of the UCAC3 catalogue can af-
fect the proper motion measurements, we checked the binarity
of our probable Lupus members. Our sample includes 12 re-
ported visual binaries and one triple system, Sz 130 (Reipurth &
Zinnecker 1993; Ghez et al. 1997; Merı́n et al. 2008). They are
labeled in Table 2. We do not find any relation between the pres-
ence of a companion and the proper motion modulus or direction
of the system; in other words, not all the discrepant objects are
known multiple systems, nor all known multiple systems have
discrepant proper motions.

We note that the separation of the reported companions is rel-
atively large (between 1 and 10′′, except for Sz 74, whose com-
panion is located at 0.24′′), as most of them have been identified
in visual searches. To date, the vast majority of companions still
lack confirmation of their youth and membership to the Lupus
clouds. We tried to throw more light on this issue by looking for
proper motion measurements for these companions in UCAC3.
However, due to their faintness, they are not included in this cat-
alogue. The only exception is the reported companion to Sz 91
in Lupus 3, for which we find a possible counterpart at 8.3′′ to
the South-East (UCAC3 102-194472, µα cos δ = 12.1 mas/yr,
µδ = −40.6 mas/yr). The proper motion of the combined sys-
tem looks compatible with its belonging to the Lupus kinematic
group.

4.3.3. Stars with and without disks

According to the analysis of their spectral energy distributions
(SEDs) performed by Merı́n et al. (2008) and Comerón et al.
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(2009), our UCAC3 sample contains 36 stars with disks (class
II sources) and 37 diskless stars (class III sources), as well as
one star thought to possess a disk and a circumstellar envelope
(a class I source), namely Sz 102 in Lupus 3. Another source
(160836.2-392302, also in Lupus 3), could be in an intermediate
state between class I and II (Comerón et al. 2009), but it will
be considered a class II source in the following. According to
these numbers, the disk fraction in our kinematic member list
is about 50%, lower than the 70-80% estimated by Merı́n et al.
(2008) in their c2d S pitzer survey. Although this could suggest
that our sample is incomplete in terms of disks, we note that
a significant fraction of the diskless stars in our sample come
from the survey by Comerón et al. (2009), which was published
after Merı́n et al.’s study. Our estimated disk fraction is in any
case within the range observed in other star forming regions of
similar ages (Haisch et al. 2001; Mamajek 2009), so we believe
it is quite representative of the disk composition of the Lupus
population down to about 0.1M� (corresponding to I ∼ 14.5 mag
at the age and distance of the Lupus clouds, according to Baraffe
et al. 1998).

We searched for correlations between the existence of a disk
and the proper motion properties of the objects. In Fig. 7, we
show the vector-point diagram and the total proper motion his-
tograms for the objects in our member list, divided by SED class
(class I and II versus class III). The proper motions of class I-II
and class III are indistinguishable with the available data.

As already reported by previous authors (e.g. Hughes et al.
1994; Merı́n et al. 2008; Comerón et al. 2009), most of the ob-
jects located outside the cloud cores are diskless stars, and thus
theoretically more evolved than the in-cloud population, which
consists mainly on stars with disks. However, the estimated ages
of both groups are similar (Comerón et al. 2009). A possible
explanation for the apparently faster evolution of the off-cloud
population would be that these sources had been ejected from
their parental birth sites, hence being devoid of circumstellar
material to accrete. However, as stated in Sect. 4.3.1 above, the
fact that the proper motions of these sources are very similar to
those of the in-cloud population seems to contradict this picture.
Comerón et al. (2009) proposed that the off-cloud population
formed after the passage of one or more shock fronts associ-
ated with evolved supernova remnants, triggering the collapse of
pre-existing cloudlets. The outside-in collapse produced by this
scenario, as opposed to the inside-out collapse of the cores em-
bedded in the clouds, may explain the different disk properties
of both populations. Another alternative explanation would be
the dissipation of unshielded disks by the ultraviolet radiation
of O-stars from the Scorpius-Centaurus OB association, but this
mechanism is more doubtful given the distance of the associa-
tion to the Lupus clouds.

4.3.4. Spectral types and physical parameters

Spectral types are related to the effective temperature of the ob-
jects and, in the case of PMS stars, they are also directly re-
lated to the mass. Bouy & Martı́n (2009) investigated the rela-
tion between proper motion and spectral type for their sample
of Upper Scorpius members, and found no correlation between
these parameters. We now attempt to make a similar check with
our Lupus kinematic members.

As mentioned previously, only 25 objects in our member list
have spectral types available in the literature. Except for three
K-type stars (Sz 102, Sz 133 and Sz 118), they span the range
M0-M6, often with only two or three objects in each subclass.

In order to increase our sample, we made use of effective
temperatures instead of spectral types. The temperatures were
estimated in two different ways: For those sources with pub-
lished spectral types, we transformed the spectral types into tem-
peratures using the scale by Luhman et al. (2003). Since some
authors (e.g. Barrado y Navascués et al. 2004) have found dis-
crepancies of up to 200 K between the Luhman scale and other
temperature estimations, we consider an error of 200 K for these
Te f f values. For the rest of sources, we directly took the effec-
tive temperatures provided by Comerón et al. (2009; see their
Tables 4 and 9), derived by fitting the SEDs of the objects us-
ing model spectra from Hauschildt et al. (1999) and Allard et al.
(2000). For Te f f < 4000 K, these authors again estimate an error
of ±200 K in their temperature values. We note that the Luhman
scale was set to be compatible with the Baraffe et al. (1998) evo-
lutionary models, based on the same atmospheric models used
by Comerón et al. for their SED fitting.

It is important to remark that Comerón et al. only attempted
to fit the stellar photospheres of the objects, thus assuming any
contribution from the disk or the accretion to the total flux to be
negligible. As a consequence, their fits are less reliable for stars
with strong accretion and/or high near-infrared excesses; indeed,
Comerón et al. (2009) caution that, in such cases, too high ef-
fective temperatures and extinctions are derived. The number
of stars in our member list with reliable fits in that work is 28
(twenty diskless stars and eight stars with disks), of which 10
have published spectral types. Hence, we have effective temper-
atures derived from the SED fitting for 18 objects, most of them
class III sources. Together with the 25 stars with spectral types,
this makes a sample of 43 sources. The estimated effective tem-
peratures range between 5000 and 3000 K, with a majority of
stars having Te f f < 4000 K, as expected for M-type objects.

Fig. 8 shows the proper motion components of our objects
plotted against effective temperature. The plots show no corre-
lation between these parameters. No clear trend is seen either
when stars with and without disks are considered separately.

Using the parameters from the SED fitting, Comerón et al.
(2009) also derived absolute luminosities, masses and ages for
the objects from the evolutionary models by Baraffe et al. (1998)
and Chabrier et al. (2000). They assumed a distance of 200 pc
to the complex. According to their results, the 28 stars with
reliable fits in our member list have masses between 0.1 and
1.4M�, luminosities in the range 0.08-1.1L� (except for one ob-
ject, Sz 118, with L = 4.3L�) and estimated ages younger than
15 Myr. We used this subsample to look for correlations between
the proper motions and the physical parameters of the objects.
However, as shown in Fig. 9, no clear variations of the proper
motions with luminosity, mass or age are seen. More accurate
proper motion measurements would be required to reveal any
eventual trend with the physical properties of our objects.

5. Conclusions

Our kinematical analysis of the Lupus members and candidate
members has unveiled two main groups of sources. The first
one, our Group A, has proper motions, spatial distribution and
colours consistent with it being a genuine population of the star
forming complex. Besides, we have shown that the proper mo-
tions of the sources in this group are consistent with those of
other Gould Belt populations, thus reinforcing the idea of a phys-
ical connection between the dark clouds and this large structure.
The second group, our Group B, has lower proper motions with
random directions, and the sources in this group tend to avoid
the location of the cloud cores. In addition, the optical and near-
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infrared colours of these objects are consistent with them be-
ing reddened giants. All this suggests that Group B represents a
background population or mixture of populations, probably un-
related to the Lupus clouds. However, the fact that a few spec-
trocopically confirmed members of Lupus and of other Gould
Belt structures have locations in the vector point diagram that
are consistent with Group B leaves open the possibility that this
group may contain some other true Lupus members, but whose
proper motions are, for some reason, discrepant respect to the
majority of objects belonging to the complex.

We have investigated any possible relationship between the
proper motions and other properties of these sources, such as
spatial location, binarity, the presence of an accretion disk, and
several physical parameters (effective temperature, luminosity,
mass, age), but we have found no evident trends with the avail-
able data. In particular, we do not see differences between the
objects located within the cloud cores and those located outside
these cores. This suggests that the dispersed population has not
been ejected from the densest cloud areas, but actually formed
outside the cores. More accurate proper motions, hopefully com-
bined with radial velocity information, can unveil any possible
trend hidden to the precision of the proper motions used here,
and will help to throw more light on the formation process of the
stellar content of the Lupus clouds.

Our study has shown how the use of kinematical informa-
tion can complement photometric data to constrain the selection
of members of young star forming clusters, minimizing the con-
tamination of the samples. Currently available astrometric cat-
alogues are deep enough to provide proper motions for a sig-
nificant number of candidate members of nearby star forming
regions. Kinematic information can also help to better know the
formation process of these objects, especially if it can be com-
bined with physical parameters derived from SED fitting and/or
spectroscopic data. The Gaia mission of the European Space
Agency, whose launch is foreseen in 2012, will provide this in-
formation with unprecedented precision for most of the stars in
the sample studied here, allowing a three-dimensional study of
Lupus and other nearby star-forming regions.
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Appendix A: Outlier analysis

Some objects present proper motions which are clearly dis-
crepant from those of the stars in Group A and B. In this
Appendix, we discuss the reliability of the proper motion mea-
surements for these objects, which are listed in Table A.

Initially, nine sources were identified as outliers in the vector
point diagram: four in Lupus 1, four in Lupus 3, and one more
in Lupus 4. To check the reliability of the reported proper mo-
tions, we visually inspected these objects with peculiar proper
motion with Aladin. We compared and blinked two sets of im-
ages separated several decades in time, from the optical DSS-
1 and the near-infrared 2MASS surveys, to easily confirm the
high proper motion of our candidates. The 2MASS (Skrutskie

et al. 2006) sources and UCAC3 counterparts were superim-
posed on the images to assess the reliability of the cross-match.
Besides, we used other available astro-photometric databases,
such as the Astrographic Catalogue AC2000.2 (Urban et al.
1998), the SuperCOSMOS Sky Survey, the USNO-B Catalog
and the PPMX catalogue, to verify the peculiar proper motions.

From the original group of nine sources, six turned out to
have reliable proper motions that are discrepant from those of
Groups A and B. Figs. 2 to 4 show their location and their ex-
pected displacement after 105 yr. Although most of the outliers
are located outside the densest cloud areas, two stars (153940.8-
333941 in Lupus 1 and 160908.5-390213 in Lupus 3) are seen
towards the cloud cores. Note that the objects from Table A with
wrong proper motions are not plotted in these figures.

The proper motion values and directions differ greatly
among these sources. Three objects are seen not far, but clearly
detached, from Groups A and B in the vector point diagram, hav-
ing µ <∼ 50 mas/yr: 154344.5-335834 in Lupus 1 and 161001.1-
384315 and Sz 95 in Lupus 3. We note that this latter star has a
reported visual companion at a separation of ∼ 3′′ according to
Comerón (2008), but this second object has no UCAC3 counter-
part.

The remaining sources in the list of outliers have 50 < µ <
100 mas/yr, except for 154144.0-343530 in Lupus 1, which has
an even larger value, µ ∼ 270 mas/yr. Such high proper motions
suggest they might be foreground sources.

With a single exception (Sz 95), all these outliers are diskless
stars according to the SED analysis (Merı́n et al. 2008; Comerón
et al. 2009), a fact that is consistent with them belonging to the
field. However, we note that ejected members from star form-
ing regions are expected to possess only truncated disks, which
would thus dissipate much faster than disks around the in-cloud
population. Should some of them be members of the Lupus
clouds, these objects would have masses around 0.3-0.4M� ac-
cording to the SED fitting results by Comerón et al. (2009), very
close to the median mass of the stars in the region.
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Belén López Martı́ et al.: A proper motion study of the Lupus clouds using VO tools

Table A.1. Outliers in the Lupus vector point diagram

SSTc2d J Other names α (J2000) δ (J2000) UCAC3 µα cos δ µδ Notes
(mas/yr) (mas/yr)

Lupus 1 cloud
153928.3-344618 15:39:28.3 −34:46:18 111-179768 157.6 ± 5.6 −40.2 ± 5.6 1
153940.8-333941 15:39:40.8 −33:39:41 113-182897 −16.0 ± 3.7 −65.0 ± 2.5
154144.0-343530 15:41:44.0 −34:35:30 111-180079 −255.7 ± 10.2 −87.8 ± 9.8
154344.5-335834 15:43:44.5 −33:58:34 113-183752 −43.9 ± 1.6 −11.5 ± 1.6

Lupus 3 cloud
160539.8-384811 16:05:39.8 −38:48:11 103-200987 168.8 ± 6.9 -27.3 ± 7.5 1, 2
160752.3-385806 Sz 95 16:07:52.3 −38:58:06 103-202637 16.8 ± 8.4 −49.4 ± 15.3
160908.5-390213 16:09:08.5 −39:02:13 102-194972 −40.2 ± 8.3 −62.1 ± 3.2
161001.1-384315 16:10:01.1 −38:43:15 103-203772 22.7 ± 2.9 19.8 ± 2.8

Lupus 4 cloud
160111.6-413730 16:01:11.6 −41:37:30 097-208263 76.9 ± 28.2 50.0 ± 29.5 1

Notes.
(1) Wrong UCAC3 proper motion.
(2) This source has a reported visual companion without UCAC3 counterpart.

Kraus, A. L. & Hillenbrand, L. A. 2007, AJ 134, 2340
Krautter, J. 1991, in Reipurth, B. (Ed.): Low-Mass Star Formation in Southern

Molecular Clouds, ESO Scientific Report 11, 127
Krautter, J., Wichmann, R., Schmitt J. H. M. M. et al. 1997, A&AS 123, 329
Kroupa, P. & Bouvier, J. 2003, MNRAS 346, 369
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Fig. 2. Current spatial location of the Lupus sources from our UCAC3 sample in Lupus 1. Group A sources are indicated with red triangles, Group
B sources with blue circles and outliers with green asterisks. The lines show the expected displacement of these objects within 105 Myr. The
background image is a SFD dust map (Schlegel et al. 1998) showing the location of the cloud cores.

Fig. 3. Same as Fig. 2 for Lupus 3.
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Fig. 4. Same as Fig. 2 for Lupus 4.

Fig. 6. Comparison of proper motion components of the Group A and Group B sources (open circles and dots, respectively) with those of other
Gould Belt populations: Lupus ROSAT stars (filled squares, left panel) and Upper Scorpius members (filled triangles, right panel).
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Fig. 7. Left panel: Vector point diagrams for the Lupus kinematic members (our Group A). Class I/II sources are marked with filled circles, class
III sources with open squares. Right panel: Proper motion distribution for the whole sample (dashed histogram) and for the class I/II and class III
sources separately (hashed and blank histogram, respectively).

Fig. 8. Proper motion components of our Lupus kinematic members plotted against effective temperature. Solid and open symbols stand for
objects with and without spectroscopic confirmation of youth, respectively. Class II and class III sources are indicated with circles and squares,
respectively.
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Fig. 9. Proper motion components of the Lupus kinematic members plotted against luminosity, mass and age of the objects (upper, middle and
lower panels, respectively). Symbols as in Fig. 8

12
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Table 2. Group A sources (Lupus kinematic members)

SSTc2d J Other names α (J2000) δ (J2000) UCAC3 µα cos δ µδ Notes
(mas/yr) (mas/yr)

Lupus 1 Cloud
153805.7-341535 15:38:05.7 -34:15:35 112-181227 −5.6 ± 1.5 −3.3 ± 1.4
153905.2-341210 15:39:05.2 -34:12:10 112-181437 −8.3 ± 2.1 −6.6 ± 2.3
153927.8-344617 Sz 65, IK Lup 15:39:27.9 -34:46:17 111-179766 −21.7 ± 19.6 −17.5 ± 3.5
154009.4-342734 15:40:09.4 -34:27:34 112-181631 −31.0 ± 1.8 −29.1 ± 2.8
154013.7-340142 15:40:13.7 -34:01:42 112-181650 −4.7 ± 2.3 −15.1 ± 2.1 1
154018.5-342614 15:40:18.5 -34:26:14 112-181670 −19.3 ± 2.6 −25.2 ± 2.5
154122.0-344015 15:41:22.0 -34:40:15 111-180007 −27.1 ± 2.5 −21.7 ± 2.5
154148.3-350145 15:41:48.3 -35:01:45 110-180365 −19.9 ± 3.0 −22.3 ± 3.0
154201.8-345449 15:42:01.8 -34:54:49 111-180129 −17.9 ± 2.2 2.2 ± 2.2
154257.6-341928 15:42:57.6 -34:19:28 112-182163 −24.2 ± 4.8 −14.2 ± 3.9
154344.5-335834 15:43:44.5 -33:58:34 113-183752 −43.9 ± 1.6 −11.5 ± 1.6
154512.9-341731 Sz 68, HT Lup 15:45:12.9 -34:17:31 112-182463 −15.7 ± 1.8 −20.7 ± 1.2 2
154517.4-341829 Sz 69, HW Lup 15:45:17.4 -34:18:28 112-182467 −10.0 ± 6.8 −26.0 ± 13.2 2

Sz 70 15:46:43.0 -34:30:12 111-181035 −15.8 ± 4.5 −21.5 ± 3.9
Sz 71 15:46:44.7 -34:30:35 111-181040 −1.9 ± 6.5 −23.8 ± 2.5
Sz 72 15:47:50.6 -35:28:35 110-181840 −15.2 ± 2.5 −25.3 ± 2.5
Sz 73 15:47:56.9 -35:14:35 110-181858 −16.5 ± 4.2 −31.5 ± 5.3
Sz 74 15:48:05.2 -35:15:53 110-181875 −6.0 ± 24.0 −25.6 ± 5.5 2
Sz 75 15:49:12.1 -35:39:04 109-183258 −15.1 ± 2.8 −23.4 ± 2.5
Sz 76 15:49:30.8 -35:49:52 109-183338 −15.9 ± 2.0 −26.4 ± 2.0
Sz 77 15:51:47.0 -35:56:43 109-183891 −11.1 ± 2.1 −25.4 ± 1.4 2

Lupus 3 Cloud
RY Lup 15:59:28.4 -40:21:51 100-186413 −11.4 ± 1.3 −23.7 ± 1.2
EX Lup 16:03:05.5 -40:18:26 100-188355 −8.1 ± 7.4 −20.5 ± 3.3
Sz 86 16:06:44.3 -39:14:11 102-194310 −0.5 ± 8.2 −37.4 ± 11.4

160644.6-390432 16:06:44.6 -39:04:32 102-194315 −23.3 ± 4.3 −25.6 ± 7.6
160710.1-391104 Sz 90 16:07:10.1 -39:11:03 102-194459 −5.4 ± 7.3 −23.8 ± 4.0
160711.6-390348 Sz 91 16:07:11.6 -39:03:48 102-194468 −20.3 ± 7.5 −18.4 ± 5.6 3
160715.2-400342 Sz 92, Th 22 16:07:15.2 -40:03:42 100-191044 16.2 ± 3.2 −34.1 ± 3.3
160727.1-391601 16:07:27.1 -39:16:01 102-194531 −19.7 ± 2.3 −24.7 ± 7.4
160734.3-392742 16:07:34.3 -39:27:42 102-194554 18.8 ± 8.5 −22.9 ± 8.3
160749.6-390429 Sz 94 16:07:49.6 -39:04:29 102-194608 0.4 ± 4.1 −26.7 ± 4.0
160754.1-392046 16:07:54.1 -39:20:46 102-194634 6.3 ± 15.6 −19.8 ± 22.0 1
160758.7-392109 16:07:58.7 -39:21:09 102-194657 7.9 ± 11.3 3.4 ± 9.4
160812.6-390834 Sz 96 16:08:12.6 -39:08:33 102-194723 −9.1 ± 3.1 −22.2 ± 2.8
160817.4-390105 16:08:17.4 -39:01:05 102-194744 −18.4 ± 6.9 −29.1 ± 12.7
160821.8-390422 Sz 97, Th 24 16:08:21.8 -39:04:21 102-194777 −11.9 ± 4.6 −22.7 ± 3.7
160822.5-390446 Sz 98, HK Lup 16:08:22.5 -39:04:46 102-194779 −8.7 ± 3.6 −23.8 ± 3.4
160822.8-390058 16:08:22.8 -39:00:58 102-194781 −11.6 ± 3.6 −18.8 ± 3.5
160825.2-384055 16:08:25.2 -38:40:55 103-203004 −13.7 ± 3.5 −24.1 ± 5.6
160825.8-390601 Sz 100, Th 26 16:08:25.8 -39:06:01 102-194798 −19.6 ± 19.1 −21.9 ± 5.1 2
160827.8-390040 16:08:27.8 -39:00:40 102-194810 −9.1 ± 5.8 −19.9 ± 3.8
160828.4-390532 Sz 101, Th 27 16:08:28.4 -39:05:32 102-194814 −13.7 ± 10.1 −13.7 ± 9.8 1
160829.7-390311 Sz 102, Krautter’s star 16:08:29.7 -39:03:11 102-194820 4.6 ± 9.3 −31.0 ± 9.3
160830.3-390611 Sz 103, Th 29 16:08:30.3 -39:06:11 102-194825 −15.3 ± 16.1 −13.7 ± 8.6 1
160830.7-382827 16:08:30.7 -38:28:27 104-202988 −7.0 ± 2.1 −25.0 ± 4.3
160831.6-384729 16:08:31.6 -38:47:29 103-203065 −12.3 ± 6.7 −22.4 ± 3.0
160836.2-392302 16:08:36.2 -39:23:02 102-194850 −9.2 ± 3.6 −25.7 ± 3.2
160839.8-390625 Sz 106 16:08:39.8 -39:06:25 102-194868 −16.5 ± 16.1 −38.8 ± 17.4
160839.8-392922 16:08:39.8 -39:29:22 102-194869 −19.8 ± 7.8 −32.1 ± 6.9
160841.8-390137 Sz 107 16:08:41.8 -39:01:37 102-194875 −11.3 ± 6.3 −24.4 ± 6.2
160851.6-390318 Sz 110, Th 32 16:08:51.6 -39:03:18 102-194906 −8.7 ± 3.7 −24.6 ± 3.7
160853.2-391440 2MASS J16085324-3914401 16:08:53.2 -39:14:40 102-194910 −10.8 ± 11.4 −27.9 ± 11.3
160854.7-393744 Sz 111, Th 33 16:08:54.7 -39:37:44 101-192059 −10.6 ± 3.1 −21.6 ± 3.1
160855.5-390234 Sz 112 16:08:55.5 -39:02:34 102-194917 −11.8 ± 9.2 −18.0 ± 5.7 2
160901.8-390513 Sz 114, V908 Sco 16:09:01.8 -39:05:12 102-194945 −13.1 ± 4.9 −22.0 ± 3.5
160904.6-392112 16:09:04.6 -39:21:12 102-194958 −13.7 ± 3.8 −20.8 ± 4.1
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Table 2. Table 2: continued.

SSTc2d J Other names α (J2000) δ (J2000) UCAC3 µα cos δ µδ Notes
(mas/yr) (mas/yr)

160906.2-390852 Sz 115 16:09:06.2 -39:08:52 102-194964 −16.8 ± 4.7 −23.4 ± 4.9
160915.7-385139 16:09:15.7 -38:51:39 103-203455 −21.6 ± 7.2 −24.2 ± 4.4
160937.4-391044 16:09:37.4 -39:10:44 102-195079 −3.4 ± 3.7 −1.8 ± 3.3
160942.6-391941 Sz 116, Th 36 16:09:42.6 -39:19:41 102-195093 −23.8 ± 3.1 −35.1 ± 3.6 2
160944.3-391330 Sz 117, Th 37 16:09:44.3 -39:13:30 102-195097 −14.7 ± 3.5 −26.6 ± 3.5
160948.6-391117 Sz 118 16:09:48.6 -39:11:17 102-195106 −19.8 ± 7.5 −16.9 ± 7.5
160957.1-385948 Sz 119 16:09:57.1 -38:59:48 103-203753 −15.4 ± 3.3 −34.0 ± 14.9
161012.2-392118 Sz 121, Th 40 16:10:12.2 -39:21:18 102-195162 −9.3 ± 3.5 −23.8 ± 3.5
161016.4-390805 Sz 122, Th 41 16:10:16.4 -39:08:05 102-195173 −17.6 ± 3.2 −24.0 ± 3.0
161034.3-381031 16:10:34.3 -38:10:31 104-203985 −22.0 ± 8.9 −15.7 ± 2.2
161041.9-382304 16:10:41.9 -38:23:04 104-204037 −11.2 ± 3.5 −35.2 ± 3.4
161051.6-385314 Sz 123, Th 42 16:10:51.6 -38:53:14 103-204003 −4.1 ± 5.9 −21.2 ± 3.5 2
161118.7-385824 16:11:18.7 -38:58:24 103-204143 −11.9 ± 3.9 −10.1 ± 2.9
161138.1-384135 16:11:38.1 -38:41:35 103-204233 −15.9 ± 2.6 −18.2 ± 2.4
161153.4-390216 Sz 124, Th 43 16:11:53.3 -39:02:16 102-195419 −19.0 ± 2.1 −20.9 ± 2.1
161207.6-381324 16:12:07.6 -38:13:24 104-204340 −9.9 ± 3.8 −20.2 ± 2.4
161243.8-381503 16:12:43.7 -38:15:03 104-204438 −8.0 ± 1.9 −16.5 ± 1.9 1

Lupus 4 Cloud
Sz 128 15:58:07.4 -41:51:48 097-206859 −13.5 ± 4.8 −20.5 ± 4.1
Sz 129 15:59:16.5 -41:57:09 097-207576 −8.7 ± 2.1 −21.0 ± 2.1

160000.6-422158 16:00:00.6 -42:21:57 096-205744 −9.0 ± 4.6 −20.1 ± 4.5 2
160002.4-422216 16:00:02.4 -42:22:15 096-205752 −12.7 ± 5.4 −25.6 ± 3.4 2
160031.1-414337 Sz 130 16:00:31.0 -41:43:37 097-208086 −1.8 ± 10.7 −18.8 ± 4.5 1, 2
160044.5-415531 MY Lup, IRAS 15573-4147 16:00:44.5 -41:55:31 097-208155 −11.4 ± 4.3 −22.9 ± 2.0
160049.4-413004 Sz 131 16:00:49.4 -41:30:04 097-208172 −8.9 ± 5.2 −31.8 ± 6.2
160329.4-414003 Sz 133 16:03:29.4 -41:40:03 097-208899 −4.0 ± 7.2 −36.0 ± 7.2 2

Sz 134 16:09:12.2 -41:40:25 097-211385 −14.3 ± 3.0 −19.5 ± 14.7

Notes.
(1) Ambiguous source (it could belong to either group).
(2) This source has a reported visual companion without UCAC3 counterpart.
(3) Reported visual companion (Ghez et al. 1997, ∼ 8.9′′) with UCAC3 counterpart.
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Table 3. Group B sources

SSTc2d J Other names α (J2000) δ (J2000) UCAC3 µα cos δ µδ Notes
(mas/yr) (mas/yr)

Lupus 1 Cloud
153652.8-340956 15:36:52.8 -34:09:56 112-180962 −5.2 ± 1.7 −0.1 ± 1.7
153654.1-342307 15:36:54.1 -34:23:07 112-180966 −7.1 ± 1.8 0.5 ± 1.8
153659.4-341425 15:36:59.4 -34:14:25 112-180979 −5.1 ± 1.6 −2.0 ± 1.6
153736.0-345902 15:37:36.0 -34:59:02 111-179553 0.6 ± 1.7 5.3 ± 1.7
153742.9-332034 15:37:42.9 -33:20:34 114-181267 −4.1 ± 1.4 0.2 ± 1.4
153745.7-342920 15:37:45.7 -34:29:20 112-181159 −9.0 ± 1.1 4.1 ± 1.1
153750.9-332722 15:37:50.9 -33:27:22 114-181289 −7.0 ± 1.7 0.1 ± 1.7
153753.2-343256 15:37:53.2 -34:32:56 111-179602 −12.6 ± 1.8 2.4 ± 1.8
153756.8-342117 15:37:56.8 -34:21:17 112-181197 −0.6 ± 1.7 5.8 ± 2.1
153805.7-341535 15:38:05.7 -34:15:35 112-181227 −5.6 ± 1.5 −3.3 ± 1.4
153808.7-343557 15:38:08.7 -34:35:57 111-179635 −6.5 ± 1.7 −0.6 ± 1.7
153820.2-350215 15:38:20.2 -35:02:15 110-179447 3.2 ± 1.6 0.8 ± 1.7
153821.4-341519 15:38:21.4 -34:15:19 112-181280 −6.6 ± 3.5 1.8 ± 3.6
153824.8-340629 15:38:24.8 -34:06:29 112-181300 −3.9 ± 1.6 1.5 ± 2.9
153831.6-331031 15:38:31.6 -33:10:31 114-181385 −5.9 ± 1.8 −4.1 ± 1.8
153859.5-343458 15:38:59.5 -34:34:58 111-179723 −22.2 ± 1.5 −7.3 ± 1.5 1
153900.3-345534 15:39:00.3 -34:55:34 111-179724 −8.1 ± 2.0 −4.3 ± 2.0
153902.1-342040 15:39:02.1 -34:20:40 112-181429 −6.9 ± 2.3 −4.4 ± 2.3
153905.2-341210 15:39:05.2 -34:12:10 112-181437 −8.3 ± 2.1 −6.6 ± 2.3
153922.3-334909 15:39:22.3 -33:49:09 113-182842 −11.0 ± 2.3 −0.7 ± 2.3
153929.0-340339 15:39:29.0 -34:03:39 112-181511 −7.9 ± 2.3 −3.8 ± 2.3
153929.2-334322 15:39:29.2 -33:43:22 113-182854 −16.1 ± 3.1 −1.0 ± 2.3
153930.5-342058 15:39:30.5 -34:20:58 112-181518 −0.6 ± 2.0 −2.2 ± 2.0
153932.6-335205 15:39:32.6 -33:52:05 113-182872 −6.6 ± 2.3 −3.5 ± 2.3
153933.2-350151 15:39:33.2 -35:01:51 110-179659 −6.0 ± 4.5 4.5 ± 2.4
153943.8-341506 15:39:43.8 -34:15:06 112-181558 −3.7 ± 1.7 2.4 ± 1.7
153950.8-340456 15:39:50.8 -34:04:56 112-181575 −8.8 ± 2.5 −5.1 ± 2.5
153955.6-341103 15:39:55.6 -34:11:03 112-181587 −21.5 ± 2.3 −2.9 ± 2.3
154006.1-343224 15:40:06.1 -34:32:24 111-179825 −9.4 ± 2.7 −3.5 ± 2.4
154006.9-332331 15:40:06.9 -33:23:31 114-181587 −3.2 ± 2.7 −2.4 ± 2.4
154013.7-340142 15:40:13.7 -34:01:42 112-181650 −4.7 ± 2.3 −15.1 ± 2.1
154033.8-342607 15:40:33.8 -34:26:07 112-181729 −4.5 ± 1.7 −9.8 ± 1.6
154038.1-341417 15:40:38.1 -34:14:17 112-181753 −14.3 ± 8.6 0.0 ± 2.5
154040.4-340455 15:40:40.4 -34:04:55 112-181764 −13.6 ± 1.8 −3.5 ± 1.4
154047.2-331347 15:40:47.2 -33:13:47 114-181775 −11.3 ± 3.2 −6.8 ± 1.7
154053.7-342745 15:40:53.7 -34:27:45 112-181810 −2.2 ± 2.8 2.0 ± 2.3
154116.9-335544 15:41:16.9 -33:55:44 113-183184 2.4 ± 2.3 −7.1 ± 2.3
154118.0-344301 15:41:18.0 -34:43:01 111-179990 −12.2 ± 1.9 −7.7 ± 1.9 1
154126.7-334732 15:41:26.7 -33:47:32 113-183205 −2.2 ± 2.0 −8.5 ± 2.0
154130.4-342759 15:41:30.4 -34:27:59 112-181935 −6.8 ± 2.2 3.2 ± 2.2
154136.0-342532 15:41:36.0 -34:25:32 112-181963 −0.7 ± 2.4 −0.6 ± 2.4
154136.0-343818 15:41:36.0 -34:38:18 111-180053 −13.8 ± 1.9 −3.0 ± 1.9
154149.5-334517 15:41:49.5 -33:45:17 113-183262 −5.0 ± 2.5 0.5 ± 2.4
154151.7-335809 15:41:51.7 -33:58:09 113-183268 −21.1 ± 2.6 −1.7 ± 1.7
154201.8-345449 15:42:01.8 -34:54:49 111-180129 −17.9 ± 2.2 2.2 ± 2.2
154344.5-335834 15:43:44.5 -33:58:34 113-183752 −43.9 ± 1.6 −11.5 ± 1.6
154401.4-340229 15:44:01.4 -34:02:29 112-182317 −5.8 ± 2.3 0.9 ± 2.3
154406.0-343238 15:44:06.0 -34:32:38 111-180557 −7.7 ± 2.6 −3.2 ± 2.5
154624.2-343443 15:46:24.2 -34:34:43 111-180973 −6.5 ± 4.4 −6.6 ± 2.3
154637.4-344307 15:46:37.4 -34:43:07 111-181011 −12.2 ± 5.7 −0.4 ± 3.1

Lupus 3 Cloud
160509.3-391203 16:05:09.3 -39:12:03 102-193467 −10.4 ± 7.5 −8.2 ± 3.1
160624.4-392158 16:06:24.4 -39:21:58 102-194148 0.0 ± 2.8 −5.9 ± 2.8
160659.5-390605 16:06:59.5 -39:06:05 102-194390 −1.4 ± 2.8 −13.4 ± 5.7 1
160702.6-391203 16:07:02.6 -39:12:03 102-194415 −6.4 ± 3.2 2.6 ± 3.2
160708.6-394723 16:07:08.6 -39:47:23 101-190770 −14.0 ± 5.4 −2.8 ± 3.3 2
160713.5-383525 16:07:13.5 -38:35:25 103-202192 −1.9 ± 17.8 0.4 ± 4.6
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Table 3. Table 3: continued.

SSTc2d J Other names α (J2000) δ (J2000) UCAC3 µα cos δ µδ Notes
(mas/yr) (mas/yr)

Sz 93 16:07:17.8 -39:34:05 101-190887 −3.0 ± 2.7 −9.0 ± 2.7
160732.3-383508 16:07:32.3 -38:35:08 103-202425 −7.4 ± 3.3 −0.8 ± 3.3
160734.3-392742 16:07:34.3 -39:27:42 102-194554 18.8 ± 8.5 −22.9 ± 8.3
160735.3-392507 16:07:35.3 -39:25:07 102-194557 −0.9 ± 3.6 6.1 ± 5.1
160745.9-385245 16:07:45.9 -38:52:45 103-202567 −14.2 ± 7.2 −1.0 ± 6.6
160747.4-392606 16:07:47.4 -39:26:06 102-194597 −5.1 ± 2.7 −4.7 ± 4.0
160758.7-392109 16:07:58.7 -39:21:09 102-194657 7.9 ± 11.3 3.4 ± 9.4
160803.0-385229 16:08:03.0 -38:52:29 103-202756 17.4 ± 3.3 −3.8 ± 3.3 2
160804.6-384558 16:08:04.6 -38:45:58 103-202775 3.9 ± 2.4 −0.3 ± 2.4
160829.3-383551 16:08:29.3 -38:35:51 103-203038 −3.5 ± 8.6 −4.8 ± 7.8
160835.5-390035 Par-Lup3-2 16:08:35.5 -39:00:35 102-194847 −7.8 ± 5.7 −10.6 ± 7.5 1

Sz 105 16:08:37.0 -40:16:21 100-192100 0.2 ± 6.9 −8.6 ± 3.7 3
160844.3-374443 16:08:44.3 -37:44:43 105-204594 3.1 ± 1.4 −1.8 ± 1.4
160846.4-393347 16:08:46.4 -39:33:47 101-191965 0.5 ± 15.6 −7.5 ± 6.2
160846.6-384112 16:08:46.6 -38:41:12 103-203212 6.0 ± 9.2 −1.4 ± 3.6
160855.6-392316 16:08:55.6 -39:23:16 102-194918 1.0 ± 11.4 −6.9 ± 4.1
160857.3-392849 16:08:57.3 -39:28:49 102-194927 −3.9 ± 3.1 0.7 ± 3.1
160903.7-385610 16:09:03.7 -38:56:10 103-203354 −0.9 ± 3.4 2.0 ± 2.8
160903.8-384126 16:09:03.8 -38:41:26 103-203355 −4.6 ± 3.5 1.7 ± 2.6
160917.6-392537 16:09:17.6 -39:25:37 102-195004 0.8 ± 3.0 −2.5 ± 2.8
160934.1-391342 16:09:34.1 -39:13:42 102-195072 −1.1 ± 5.6 −9.0 ± 5.6 1
160937.4-391044 16:09:37.4 -39:10:44 102-195079 −3.4 ± 3.7 −1.8 ± 3.3
160939.5-384431 16:09:39.5 -38:44:31 103-203637 5.4 ± 7.9 −11.7 ± 6.1 1
161013.5-384208 16:10:13.5 -38:42:08 103-203833 −1.6 ± 3.2 −9.0 ± 2.7 1
161032.6-374615 IRAS 16072-3738 16:10:32.6 -37:46:15 105-205237 −7.7 ± 6.8 5.4 ± 3.2
161033.2-383023 16:10:33.2 -38:30:23 103-203926 −3.1 ± 6.5 −12.0 ± 8.3 1
161034.5-381450 16:10:34.5 -38:14:50 104-203987 6.1 ± 3.0 −3.0 ± 7.6
161036.7-380927 16:10:36.7 -38:09:27 104-204003 −9.0 ± 1.4 −12.0 ± 2.4 1
161114.8-384618 16:11:14.8 -38:46:18 103-204118 −5.4 ± 6.1 1.6 ± 2.5
161118.7-385824 16:11:18.7 -38:58:24 103-204143 −11.9 ± 3.9 −10.1 ± 2.9 1, 2
161148.7-381758 16:11:48.7 -38:17:58 104-204298 −1.2 ± 6.1 −6.8 ± 15.5
161200.1-385557 16:12:00.1 -38:55:57 103-204299 8.0 ± 18.5 −7.2 ± 4.8 2
161200.9-383625 16:12:00.9 -38:36:25 103-204302 −0.1 ± 4.2 6.1 ± 2.3
161219.6-383742 16:12:19.6 -38:37:42 103-204359 −0.4 ± 8.6 −5.7 ± 3.3

Sz 125 16:12:30.1 -39:35:40 101-193738 −8.9 ± 3.5 1.7 ± 2.4
161251.7-384216 16:12:51.7 -38:42:16 103-204499 0.6 ± 3.1 −11.5 ± 8.1 1
161256.0-375643 16:12:56.0 -37:56:44 105-205869 −8.8 ± 10.4 0.1 ± 4.0
161341.0-383724 16:13:40.9 -38:37:24 103-204732 −15.3 ± 10.4 8.7 ± 7.5

Lupus 4 Cloud
155921.8-412808 15:59:21.8 -41:28:08 098-201434 −12.0 ± 5.6 −8.0 ± 2.8
160143.3-413606 16:01:43.3 -41:36:06 097-208357 −5.9 ± 12.0 −4.0 ± 5.6
160157.0-414244 IRAS 15585-4134 16:01:57.0 -41:42:44 097-208409 −5.8 ± 4.7 −8.5 ± 4.6 1

Notes.
(1) Ambiguous source (it could belong to either group).
(2) This source has a reported visual companion without UCAC3 counterpart.
(3) Reported visual companion (Ghez et al. 1997, ∼ 10′′) with UCAC3 counterpart.
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