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ABSTRACT

Context. The local census of very low-mass stars and brown dwarfs is crucial to improving our understanding of the stellar-substellar
transition and their formation history. These objects, known as ultra-cool dwarfs (UCDs), are essential targets for searches of potentially
habitable planets. However, their detection poses a challenge because of their low luminosity. The Gaia survey has identified numerous
new UCD candidates thanks to its large survey and precise astrometry.
Aims. We aim to characterise 60 UCD candidates detected by Gaia in the solar neighbourhood with a spectroscopic follow-up to
confirm that they are UCDs, as well as to identify peculiarities.
Methods. We acquired the near-infrared (NIR) spectra of 60 objects using the SOFI spectrograph between 0.93 and 2.5 µm (R∼ 600).
We identified their spectral types using a template-matching method. Their binarity is studied using astrometry and spectral features.
Results. We confirm that 60 objects in the sample have ultra-cool dwarf spectral types close to those expected from astrometry.
Their NIR spectra reveal that seven objects could host an unresolved coolest companion and seven UCDs share the same proper
motions as other stars. The characterisation of these UCDs is part of a coordinated effort to improve our understanding of the Solar
neighbourhood.

Key words. surveys – brown dwarfs – stars: late-type – stars: low-mass – infrared: stars

1. Introduction

M dwarfs (≲0.6 M⊙) are the most prominent stars in the Galaxy
and account for ∼ 60% of the stellar budget in the solar neigh-
bourhood (Bochanski et al. 2010; Reid & Gizis 1997; Reylé
et al. 2021b). Objects with spectral types later than M7, with
a temperature lower than 2800 K (e.g. Rajpurohit et al. 2013)
have been defined as ultra-cool dwarfs (hereafter, UCDs) by
Kirkpatrick et al. (1997), and contains the less massive stars,

⋆ Reduced spectra are available at the CDS via anonymous ftp
to cdsarc.cds.unistra.fr (130.79.128.5) or via https://
cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/685/A6
⋆⋆ Based on observations made with the ESO New Technology Tele-

scope at the La Silla Observatory under programme 106.214E.001 and
108.22G4.001.

as well as brown dwarfs, encompassing the stellar–substellar
transition.

The study of UCDs atmospheres is complex, due to their
low temperature, necessitating the inclusion of the effects of dust
and condensate in their surface layers (Tsuji et al. 1996; Allard
et al. 2001, 2013). In addition, the possible formation of clouds
(Ackerman & Marley 2001; Saumon & Marley 2008) and strong
vertical mixing due to eddy diffusion (Noll et al. 1997; Geballe
et al. 2009; Phillips et al. 2020) complicates our understand-
ing. To describe the stellar–substellar transition, at which the
hydrogen is no longer burning in a stable way, new equations
of state have been developed (Fernandes et al. 2019; Chabrier
& Debras 2021; Chabrier et al. 2023). These descriptions of
different mechanics occurring inside cool objects, associated
with atmosphere models, allow for the evolution of UCDs to
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be modelled and for estimations of their masses and ages to be
obtained.

Observations of UCDs spanning the variety of their spec-
tral types, ages, and atmospheres illustrate model limitations on
the overall shape of spectra, and further constrain them (Beiler
et al. 2023). Large surveys and spectroscopic follow-ups of red,
cold, and low-luminosity objects have provided a sufficient sam-
ple to statistically study UCDs. Luminosity functions have been
built to determine the density of UCDs in the solar neighbour-
hood (Cruz et al. 2007; Reylé et al. 2010; Bochanski et al. 2010).
Moreover, indicators of spectral binarity (Burgasser et al. 2010,
2011; Bardalez Gagliuffi et al. 2014) permit to estimate the frac-
tion of unresolved objects in surveys and to correct luminosity
functions for that effect (Bardalez Gagliuffi et al. 2019).

However, the identification of UCDs requires the detection
capability of faint, elusive objects that emit most of their light
in the near-infrared (NIR). Bardalez Gagliuffi et al. (2019),
using the UCD density found up to 20 pc from the Sun, esti-
mated that the UCD census is incomplete within 25 pc of the
Sun, with 69–80% of M7-L5 catalogued. The Gaia space mis-
sion (Gaia Collaboration 2016) offers a new way to discover
UCD candidates based on astrometry and photometry. Using
a theoretical approach, Sarro et al. (2013) estimated that more
than 40 000 objects should be observed by Gaia. Thanks to
its complete sky coverage, the satellite permits to unveil the
optical emissions of UCDs down to a G-magnitude of ∼20.5.
The unprecedented precision of the parallaxes obtained by the
satellite allows for the selection of the coolest objects based on
their locus in colour-absolute magnitude diagrams, avoiding the
contamination from giant stars. With the Gaia Data Release 2,
Reylé (2018) compiled a set of 14 200 UCD candidates, with
more than a thousand of them within 50 pc of the Sun, which
was completed by the candidates found by Smart et al. (2019);
Scholz (2020). Using the Gaia Data Release 3, Gaia Collabo-
ration (2021); Sarro et al. (2023) acquired new candidates and
their parallaxes. These new discoveries are now being studied
via spectroscopic follow-ups.

In this study, we acquire the spectra of UCD candidates
to confirm their spectral type. These new spectra also allow
us to improve our understanding of the physics and atmo-
spheric processes occurring in these cool objects and to search
for unresolved binaries. Here, we present the spectra of 60
UCD candidates, acquired with the SOFI spectrograph at the
New Technology Telescope (NTT) in la Silla observatory. In
Sect. 2, we describe the sample, the acquisition, and reduction of
the spectra of these candidates. In Sect. 3, we discuss the method
used to obtain spectral types of the UCD candidates and confirm
that most of the objects are UCDs. In Sect. 4, we discuss peculiar
objects, common parallax and proper motion binaries and spec-
tral binaries present in our sample. We present our conclusions
and give our perspectives on the use of this sample in Sect. 5.

2. Sample description, acquisition, and reduction

2.1. Target selection

Numerous Gaia UCD candidates have been revealed by Reylé
(2018); Smart et al. (2019) and Scholz (2020). The spectroscopic
confirmation of the closest ones, corresponding to 228 targets,
is driven by a coordinated effort from different observatories
and instruments. Our observations monitored 60 UCD candi-
dates, which is an initial phase towards the full publication of
this spectroscopic study. The 13 candidates that are closer than

25 parsec are contained in the complete Catalogue of Nearby
Stars 5 (Golovin et al. 2023).

The 60 potential UCDs of this sample were selected as vis-
ible during the timeframe and location of our observations (see
Sect. 2.2). They are drawn from the 50 pc UCD candidates sam-
ple or because they have common parallaxes and proper motions
with other stars (Sect. 4.3). They are shown on the colour-
absolute-magnitude diagrams in Fig. 1, superimposed with the
Gaia Catalogue of Nearby Stars (Gaia Collaboration 2021).
Their names, Gaia identifiers, parallaxes, proper motions, and
tangential velocities are listed in Table D.1.

Two objects with peculiar colours are highlighted on Fig. 1.
J0347+0417 has a redder G − GRP colour than the rest of the
sequence. This behaviour is not present in its 2MASS colours.
We find that it has a relatively high Gaia RUWE1 (1.27) and
a positive IPD_ frac_multi_peak2 (5), which can be correlated
with partially unresolved binarity. The object is also very tight
in the sky with Gaia DR3 3271777035212786944, with which it
shares common parallaxes and proper motions (see Sect. 4.3), a
source that was not resolved in 2MASS images. Further details
on this source are given in Sect. 4.4, explaining the red Gaia
colours. J0412-0734 is very red in G − J, due to a very poor
photometry in the J-band (U quality flag in the 2MASS survey).

2.2. Spectra acquisition

Observations were carried in remote mode, during three nights
in December 2020 and three nights in March 2022, under the
programmes 106.214E.001 and 108.22G4.001, with the SOFI
spectrograph (Moorwood et al. 1998) located on the New Tech-
nology Telescope in la Silla. The spectrograph was set with a 1′′
slit and in a low-resolution mode, with the blue and red grisms,
allowing to observe the 0.90 − 2.53 µm range with a resolution
R ∼ 600. Objects were observed in an AB–BA pattern, dither-
ing around the slit. Exposure times varied from 20 s to 15 min
for the blue arm and from 20 s to an hour for the red arm,
depending on the J and Ks magnitudes of the observed objects.
Telluric standard stars were regularly observed during the night
and were drawn from the ESO List of InfraRed Telluric Stan-
dards3, namely, F and G stars. Standard calibration images were
also captured.

2.3. Reduction

The 2D spectra and calibration images are cross-talk corrected
following the SOFI user manual.4 Flats were combined and
averaged over each three-nights observation periods, and then
applied to observations images. The wavelength correction is
applied using a 5-degree polynomial, through IRAF/pyraf tasks
identify, reidentify, and fitcoords. The sky emission in the NIR
was removed by subtracting the A–B images along the slit and
further cleaned out by using a sky residuals estimate obtained
by a rolling average along the wavelength axis. The spectra
and uncertainties were extracted from images with the IRAF
apall task in the onedspec context. The telluric corrections and

1 Re-normalised unit weight error ; quantifies the goodness-of-fit of
the Gaia astrometric solution.
2 Percentage of windows, for which the IPD algorithm has identified
a double peak, meaning that the detection may be a visually resolved
double star.
3 https://www.eso.org/sci/observing/tools/standards/
IRstandards/Standards_list.html
4 https://www.eso.org/sci/facilities/lasilla/
instruments/sofi/doc/manual/sofiman_2p50.pdf
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Fig. 1. Observed UCD candidates on a zoomed Gaia MG - G − J and G −GRP diagrams: UCDs are coloured by their obtained spectral type, as
explained in Sect. 3. The two circled UCDs have peculiar colours (see text). Subdwarfs candidates are represented by crosses (see Sect. 4.1). Peculiar
objects are represented by triangles (Sect. 4.2). The UCDs with common parallaxes and proper motions with another system are represented by
diamonds (see Sect. 4.3) and those in (potentially) unresolved binary systems by squares (Sect. 4.4). The grey points are the sources from the Gaia
Catalogue of Nearby Stars, with a RUWE < 1.4. The insets illustrate the locus of our sample on entire Gaia Catalogue of Nearby stars colour-
absolute magnitude diagrams.

flux calibrations were done using packages affiliated with pyraf
and Astropy, as well as SPLAT (see Sect. 3.1). Telluric correc-
tions and flux calibrations make use of the Pickles (1998) stellar
library,5 with model spectra with the closest spectral types to the
observed standards. This reduction procedure is drawn from the
one used by the PESSTO survey (Smartt et al. 2015). The signal-
to-noise ratios (S/Ns) of the resulting spectra vary from ∼110
to ∼ 750 between objects and the average is ∼300. The reduced
spectra have been made publicly available.6

3. Spectral classification

3.1. Methods

To derive the spectral-types of our sample of UCD candi-
dates, we used a template-matching method. Using the SpeX
Prism Library Analysis Toolkit (SPLAT, Burgasser & Splat
Development Team 2017), we query the SpeX Prism Library
(SPL) for a set of spectra of objects with already-assigned spec-
tral types from early M to late L, with a S/N greater than 30
and that have not been identified as spectral binaries. The result-
ing set contains 670 low-resolution spectra (R ∼ 120 for most of
the objects). It includes reference UCD spectra, such as the ones
defined by Kirkpatrick et al. (2010), but also peculiar ones: low
and very-low gravity objects revealed by Cruz et al. (2009), low-
metallicity subdwarfs (Lodieu et al. 2019a), or unusually blue
and red M/L dwarfs (Kirkpatrick et al. 2010).

Each SOFI UCD candidate spectrum C[λ] was smoothed to
a lower resolution using a Gaussian window, in order to reach

5 https://www.eso.org/sci/observing/tools/standards/
IR_spectral_library.html
6 Through the Vizier service at CDS.

R ∼ 200. Then, template spectra T [λ] issued from the SPL
were linearly interpolated to a common wavelength scale and
compared to C[λ] using a weighted χ2 statistic,

χ2
T ≡
∑
{λ}

w[λ]

 C[λ] − αT [λ]√
σC[λ]2 + σT [λ]2

2 ,
following the method proposed by Cushing et al. (2008). We
adopt a vector of weights w[λ] where each pixel is weighted by its
spectral size (wi ∝ ∆λi) to avoid a bias towards the blue region of
the spectra, where the spectral sampling is greater than in the red
regions (Cushing et al. 2008). Also, α is a scaling factor minimis-
ing the χ2 between a template and an observed spectrum, while
σC[λ] and σT [λ] are the noise spectra of SOFI observations
and of templates, respectively. The S/N of the templates being
much lower than the one of SOFI observations, it is essentially
the one that is taken into account during the analysis. Following
Bardalez Gagliuffi et al. (2019), the template comparisons are
made on the 0.95 − 1.35 µm, 1.45 − 1.8 µm, and 2.0 − 2.35 µm
regions of spectra, to avoid strong telluric absorption wavelength
ranges. Then, the spectral type of UCD candidates are derived
by averaging the spectral types of the best-matching templates,
weighted by their χ2

T statistic. The best-matching templates are
selected as the ones with χ2

T ≤ 2χ2
min, where χ2

min is the mini-
mal statistic found in the template list. This procedure ensures
that we may avoid wrongly classifying templates in the template
sample, in which, for example, some M8 are borderline objects
with features of M7 or M9. The 2χ2

min threshold retrieves about
ten templates, which is sufficient to filter such misclassifications.
We verified that with a higher threshold, the impact on the deter-
mined spectral type is of at most 0.5 spectral type. However, the
best fits with peculiar templates will be missed when averaging
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Fig. 2. Distribution of the spectral types of our sample.

on a larger sample dominated by classical templates. For compar-
ison purposes, we also perform the template-matching analysis
using only the blue (0.95− 1.6µm) and red (1.6− 2.35µm) ends
of candidates spectra, separately — and excluding the telluric
regions. We then visually verified the template-matches to con-
firm the UCD candidates spectral-types, using the blue or red
spectral-types in case of disagreement between observations and
full-templates matches. This visual inspection also permits to
verify if the best-matching spectral type is peculiar.

The spectral types found using only blue or red part of spec-
tra are close to the ones using the entire spectrum. Using the blue
part alone leads to spectral types on average 0.2 subtypes later,
with a standard deviation of 0.5 subtypes around that average.
Using the red part alone leads to on average very close results,
with no subtype offset, but that are more dispersed, with a stan-
dard deviation of 0.8. This (slightly) larger dispersion can be
explained by the relatively small number of features in the H
and Ks bands of UCDs, which do not change much across close
spectral types, compared to the various molecules and absorp-
tion lines appearing in the J-band, as shown in Fig. A.1–A.4.
These longer wavelengths are an interesting area of study, as they
are more sensitive to metallicity because of collision-induced
absorption of molecular hydrogen at low temperatures.

3.2. Results

In Table D.2, we give the names, Gaia DR3 IDs, magnitudes,
and spectral types of our UCD candidates samples. We show
their spectra on figures in Appendix A. We also show the spec-
tra of J0721-3104 (M3), and J2349-2627 (M5), which are binary
companions to observed UCDs (see Sect. 4.3).

We present on Fig. 2 the distribution of the spectral types
assigned to the objects of our sample. We confirm that all candi-
dates have spectral types later than M7, except three. J0721-3105,
J0958-5344 and J1845-2535 are M6.5 stars according to their
near-infrared spectra. This spectral type is compatible with these

M-dwarfs being UCDs, given the uncertainties of the classifi-
cation method. The latest spectral-type object in the sample is a
L4.5. The spectral types of six objects have already been studied:

– J0309-1354 is a peculiar M8.5 that was identified as an
unsure M6 in the optical range by Kirkpatrick et al. (2016).
Its peculiarities are discussed in the next section.

– J0052-2705 was studied in the optical by Liebert & Ferguson
(1982) and identified as a peculiar M7.5, and we identify it
as having a spectral type of M8.5 in the NIR.

– We find that J0703+0711, a M8, was identified with the same
spectral type in the optical by Cabello et al. (2019).

– J0109-0343 was identified as a M9 in the optical by Reid
et al. (2003), and we find it is a L0.5.

– J0412-0734 is identified as a peculiar L2 by Kirkpatrick et al.
(2021) in the NIR. We identify it as having the same spectral
type and peculiarity, which we discuss in the next section.

– J0155+0950 is found to be a L4.5, compatible with the L4
classification found by Burgasser et al. (2010).

The published spectral types obtained from NIR spectra are in
accordance with our measurements and the differences originate
from using different methods and template samples to find spec-
tral types. Moreover, differences between spectral types obtained
from NIR and optical spectra are common, as these wave-
length ranges probe different regions of the UCDs atmospheres
(Kirkpatrick et al. 2010).

We compare our results with various methods to derive
spectral types, either from photometry, spectral indices and
template-fitting methods. In the top panel of Fig. 3, we compare
the spectroscopic spectral type to the photometric (MG) type,
published by Reylé (2018) and used to select UCD candidates
in Gaia DR2. We find that the published spectral types relatively
close to our results, with photometric types slightly later than
the spectroscopic ones, with an on-average difference of +0.4
subtypes and a standard deviation of 1.0 subtype.

Additionally, Reylé (2018) published absolute-magnitude
and colour-spectral type relations, which provide photometric
spectral types given the astrometry of UCD candidates. Using
these, we compared the photometric types obtained from the
2MASS J,H,Ks absolute magnitudes to our results: The MJ
photometric types differ by +0.4 ± 1.1 types compared to our
spectroscopic types, while MH and MKs types are later by
0.6 ± 1.1 and 0.8 ± 1.2. We also show in the second panel of
Fig. 3 the photometric types based on the G − J colour, which
are (on average) 0.3 ± 2.7 later than the spectroscopic ones. The
outlier point, with a photometric spectral type of T1.5 is J2349-
2627, a L2.5 found in a binary system, discussed in Sect. 4.
The G − GRP colour estimate photometric types with an offset
of −4 ± 2.0 compared to the spectroscopic ones (third panel).
This large difference in spectral type determination is explained
by the spectral energy distribution of UCDs, which are predom-
inantly radiating in the NIR. As can be seen in Fig. 1, the colour
of the M and early L UCDs does not vary much with spectral
type, resulting in a poor spectral type determination with this
colour. We thus note that absolute magnitude relations perform
better than colours ones, and should be preferred if an accurate
estimation of distance is available.

Additionally, Allers & Liu (2013) used four gravity-
insensitive indices issued from McLean et al. (2003); Slesnick
et al. (2004) and Allers et al. (2007), all based on H2O features, to
derive spectral types from NIR spectra. We compare the results
given by the average of the indices to the spectral type of the
template-fitting method. We find that the spectral types obtained
with this method are similar to the ones found in our study, with a
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Fig. 3. Comparison between the spectral types obtained with Reylé
(2018) MG, G − J, G − GRP photometric spectral types (first, second,
and third panels from top, respectively) and Allers & Liu (2013) spectral
indices (bottom panel). Dashed lines show the identity lines plus/minus
one spectral type. Symbols are the same as those used in Fig. 1.

small offset and dispersion of 0.13± 0.90, as visible in the lower
panel of Fig. 3.

3.3. Effective temperatures

We derived effective temperatures for the UCDs by comparing
them with synthetic spectra. Our approach relies on maximis-
ing the likelihood L between model spectra M[λ] and UCD
candidate NIR-spectra C[λ],

L ∝ −
1
2

∑
{λ}

w[λ]
[
C[λ] − αM[λ]
σC[λ]

]2
,

where α is left as a free parameter. Spectral regions used for the
fit are the same as for Sect. 3.1. The parameter space is explored
through a Markov chain Monte Carlo (MCMC) approach, relying
on the implementation of the emcee Python package (Foreman-
Mackey et al. 2013) and assuming uniform priors.

Model spectra are linearly interpolated from the most recent
BT-Settl CIFIST grid (Allard et al. 2012, 2013, 2014; Baraffe
et al. 2015). This new grid,7 provided by D. Homeier (priv.
comm.), computed with the PHOENIX atmosphere code
(Hauschildt et al. 1997; Allard et al. 2001) and using solar
abundances from Caffau et al. (2011), permits to determine
the atmospheric parameters of UCDs. It was previously used
at higher temperatures, to characterise properties, and particu-
larly the metallicities, of M dwarfs (Hejazi et al. 2020, 2022;
Zhang et al. 2023). In this work, we focus on the determina-
tion of the effective temperatures. We fixed the surface gravity
at log g = 4.5 [dex], metallicity and alpha-enrichment at solar
abundance ([Fe/H] = 0, [α/Fe] = 0), and interpolate the models
only in effective temperatures, that are spaced by 100 K between
1500 and 2900 K. The surface gravity and the metallicity of
objects will be studied using various atmosphere models in a
future work. On the left panel of Fig. 4, we show their temper-
ature, determined from their near-infrared spectra, as function
of the near-infrared spectral types. Put in comparison with the
relations derived by Stephens et al. (2009) and Filippazzo et al.
(2015) that associate UCD spectral types to temperatures and
that are very close in this spectral type range, we observe that
these temperatures are in agreement with the ones expected
from the two relations. Moreover, 55 objects observed in our
sample have effective temperatures determined by the Extended
Stellar Parametrizer for UCDs ESP-UCD (Sarro et al. 2023).
The right panel of Fig. 4 shows the difference between the
ESP-UCD temperatures and our determinations. The scattering
between the two temperatures is about 200 K. The hottest UCDs
have a higher effective temperature than the estimation obtained
from the optical Gaia observations (ESP-UCD). We provide the
derived temperatures on Table D.1, obtained from the posterior
median, together with the standard deviation of the sample, as
the posterior is typically Gaussian (an example is shown in the
Appendix C).

4. Binaries and peculiar cases

In the sample, we have found objects that exhibit certain pecu-
liarities. Here, we review objects that are best-matched with
peculiar spectra, as well as objects showing signs of unre-
solved binarity. We also identified objects in wide binaries in the
sample, which we highlight in this section. We searched for non-
single sources in our sample in the Gaia non-single-stars tables
7 Not yet made available to the public.
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Fig. 4. Comparison between the temperatures (blue) against the spectral types found in this work (left). The Stephens et al. (2009) and Filippazzo
et al. (2015) spectral-type–Teff relations are also shown in orange and green. Comparison between the temperatures found in this work and those of
the Gaia ESP-UCD pipeline (right). The identity line is plotted in grey as well as the identity line ±300 K. Symbols are the same as those used in
Fig. 1.

(Halbwachs et al. 2023), and found none. In addition, we checked
whether any of the observed UCDs could be members of nearby
young clusters or associations. Using the online BANYAN Σ tool
(Gagné et al. 2018), a Bayesian analysis tool that compares the
kinematics of objects with the one of such structures, we found
that none of our objects have been found to be members of such
structures.

4.1. Suspected subdwarfs

Four objects in our sample appear blue or are well-matched by a
subdwarf spectrum. These objects are suspected to have a low-
metallicity. We attempted to recover their radial velocities using
the Na I doublet (11 385 Å, 11 410 Å) and the K I doublets
(11 692 Å, 11 778 Å and 12 437 Å, 12 529 Å), without success
due to the low resolution of spectra.

In this section, we detail their peculiarities, and attempt to
determine if they belong to an old population of stars. Similarly
to Kirkpatrick et al. (2021), we used Nissen (2004) kinemat-
ics criteria to separate fast-moving stars of the thick disk (with
Vtot > 85 km s−1) and of the halo (with Vtot > 180 km s−1) from
slowly moving stars, which may belong to any population, from
the thin disk to the halo. These kinematics criteria are indica-
tive. A measurement of their metallicity and abundances of
α-elements would bring further constraints on the determina-
tion of their population. Figure 5 shows the Toomre diagrams
of the four potential subdwarfs. As we do not have indication
about their radial velocity, we allow it to range from −300 to
+300 km s−1 and visually assess whether they might be mem-
bers of an old stellar population. Their spectra are visible on
Fig. A.4.

– J0052-6201 resembles to a M7.0 subdwarf. It appears as
slightly blue (G − GRP = 1.435 ± 0.000, J − Ks = 0.783 ±
0.048) without being remarkable relatively to objects in that

Fig. 5. Position on Toomre diagram of the four potential subdwarfs (see
text), assuming different radial velocities (in red: markers are spread out
every 50 km s−1, varies from −300 to 300 km s−1). Background dots are
sources from the Gaia Catalogue of Nearby Stars, with known radial
velocities: halo stars are displayed in green, thick disk stars are in black,
and thin disk stars are in blue.

part of the colour-absolute magnitude diagram. It has a high
proper motion, with a tangential velocity of 122±0.1 km s−1,
making it the fastest object in the sample, which could indi-
cate an old age. We verify in its Toomre diagram that the
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object is likely a halo or a thick disk member, indepen-
dently of its radial velocity, explaining its resemblance to a
subdwarf.

– J0555-5402 has a slightly higher absolute magnitude than
J0052-6201 and resemble an object in between a dwarf
and subdwarf (d/sd) M7.0. It is also slightly blue in Gaia
bands, (G −GRP = 1.435 ± 0.000) but not in 2MASS bands
(J − Ks = 0.888 ± 0.059). It has a tangential velocity of
79±0.1 km s−1. Its Toomre diagram shows it might be a very
fast thin disk member, but that depending on its radial veloc-
ity, it could belong to any population. As it is matched both
by a d/sd and standard M7 templates, it may be either a dwarf
or a subdwarf.

– J0309-1354 is a particularly blue M.8.5, whose spec-
tra match closely the NIR spectrum of WISEPC
J010637.07+151852.8. This template object is analysed
by Kirkpatrick et al. (2011) as having a slightly subsolar
metallicity from its blue colour, and having high proper
motion. Similarly, J0309-1354 is bluer in G − J colour
relative to the rest of the sample (G − J = 4.21 ± 0.03) and
exhibits large (projected) proper motions, with µ = 0.7 ± 0.2
arcsec yr−1, corresponding to a tangential velocity of
108 ± 0.4 km s−1. Its kinematics are compatible with
kinematics of the thick disk or halo stars.

– J0813-5232 is an L3 with high proper motions (µ = 0.8± 0.4
arcsec yr−1, Vtan = 88 ± 0.7 km s−1). Its kinematics are the
ones of a thick disk or halo member. It is closely matched
by the spectrum of WISEA J071552.38-114532.9 from
Kirkpatrick et al. (2014), and appears bluer than standard L3
spectra. It is slightly blue in its J − Ks colour.

4.2. Objects with peculiar spectra

We found five UCDs with peculiar spectra that resemble pre-
viously published peculiar object spectra and/or for which no
standard or template spectra are found to match them visually. In
this section, we detail their peculiarities, relative to other objects
of similar spectral types:

– J0325+1412 is a blue M.8.5, whose spectrum matches the
NIR spectrum of WISEPC J010637.07+151852.8, an object
with subsolar metallicity analysed by Kirkpatrick et al.
(2011). It has a rather low tangential velocity of 34 ±
0.4 km s−1, typical of a disc star.

– J0552-0002 is a blue M9 that resembles to SIMP J22030176-
0301107, a peculiar M9.5 observed by Robert et al. (2016).

– J0827-5216 is found to be a peculiar L1. In Sect. 4.4, we
identify it as a spectral binary, explaining its peculiarity.

– J0517-2816 is a blue L1, and its spectrum is similar to the
one of J14403186-1303263 (Kirkpatrick et al. 2010). Simi-
larly to this source, J0517-2816 appears slightly bluer than a
main-sequence star in the 2MASS J −Ks, H −Ks and J −H
colours. It does not show peculiarities in Gaia colours.

– J0412-0734 was previously identified as a peculiar L2 by
Kirkpatrick et al. (2021). It appears particularly blue in
2MASS J-Ks colour (J − Ks = 0.32 ± 0.03). It has rela-
tively high proper motions, with µ = 0.59± 0.03 arcsec yr−1.
However, this does not convert to a high tangential velocity
(47 ± 0.2 km s−1), the star being at 16 pc from the Sun. It is
well-matched by the spectrum of SIMP J1811556+272840, a
peculiar L2.5 observed by Robert et al. (2016).

4.3. Common parallaxes and proper motion objects

We observed a set of UCDs that we found to be part of a binary
system from common parallaxes and proper motions in Gaia

Fig. 6. Binary system spectra. The primaries are shown in black, the
secondaries in red. From top to bottom: 2MASS J23495194-2627594
(M5), J2349-2627 (L2.5); 2MASS J07215434-3104365 (M3), J0721-
3105 (M6.5); and J0943-2009 (M7.5), J0943-2010 (M8.5).

DR2 (Smart et al. 2019; Reylé et al. 2021a), where companions
to UCD candidates are identified through following criteria:

ρ < 100ϖ,

∆ϖ < max[1.0, 3σϖ],

∆µ < 0.1µ,

∆θ < 15◦.

Here ρ is the query radius, corresponding to a maximum pro-
jected separation of 100 000 AU from the source star, which is
a conservative upper limit according to Caballero (2009). Also,
∆ϖ is the parallax range in the line-of-sight around the UCD
candidate, ∆µ is the difference in proper motion, and ∆θ is the
angular difference between the proper motions vectors.

The seven binary systems components proper motions, par-
allaxes, and spectral types are listed in Table 1. We use CoMover
(Gagné et al. 2021), which uses parallaxes, proper motions, and
sky position of sources to assess the probability that objects are
indeed in common proper motions and gravitationally bound. All
systems are found to have a 99% co-moving probability.

For three systems, we were able to have both components
on the same field of view and oriented the slit to acquire the
spectra of the second component of the systems (see Fig. 6).
For the remaining systems, we only acquired the spectra of the
UCD companion. An additional binary system, composed of
J0347+0417 and Gaia 3271777035212786944, is found in Gaia
DR3 but not DR2, due to a lack of parallax for the second object.
These objects are not resolved by the ground spectrometer, as
they are less distant than 0.75′′. The observed spectrum shows
signs of spectral binarity (see Sect. 4.4).

We find that J0529-6357 (2MASS J05294026-6357091)
is a M7.5 companion to the white-dwarf Gaia DR2
4757030391786232576 spotted by Gaia, from its clear position
in the white-dwarf sequence on the colour-absolute magnitude

A6, page 7 of 22



Ravinet, T., et al.: A&A, 685, A6 (2024)

Table 1. Binary systems found from common parallaxes and proper motions, with at least a UCD candidate in their components.

Name Spectral type RA Dec µRA µDec Parallax
deg deg mas yr−1 mas yr−1 mas

2MASS J23495194-2627594(a) M5.0 357.4676880 –26.4661806 237.744 72.853 23.274
J2349-2627 L2.5 357.4723326 –26.4647437 237.085 73.130 21.905

2MASS 07215434-3104365 M3.0 110.4767231 –31.0778963 52.475 −227.870 41.1380
J0721-3105 M6.5 110.4802981 –31.0885526 57.029 –229.768 41.048

J0943-2009 M7.5 145.8666910 –20.1648161 –221.041 180.053 19.937
J0943-2010 M8.5 145.8661622 –20.1676840 –219.376 179.819 19.932

Gaia DR2 4757030391786232576 WD 82.3906350 –63.9487136 166.109 –4.879 14.048
J0529-6357 M7.5 82.4196342 –63.9525915 165.976 –3.968 14.122

J0945-4120 M8.0 146.3288956 –41.3450184 -144.533 83.965 17.139
2MASS 09450332-4115209 M5? 146.2629519 –41.2554272 –145.015 84.615 17.357

J1456-5059 M8.5 224.1588143 –50.9860720 –419.117 –128.584 31.110
2MASS 14563857-5059174 M3? 224.1576894 –50.9887596 –420.868 –146.202 30.799

J0347+0417 M8 56.7820854 4.2981726 113.323 –49.331 30.928(b)

Gaia DR3 3271777035212786944 M9.5? 56.7820761 4.2983795 121.010 –45.425 31.00

Notes. “?” denotes an unconfirmed spectral type, issued from photometric relations of Reylé (2018) or Hawley et al. (2002). (a)Identified in the
RAVE survey (RAVE DR6, Steinmetz et al. 2020) as a 0.10 M⊙, 9 Gyr star, with a radial velocity of 12.00 ± 3.85 km s−1. (b)Analysed as a spectral
binary, see Sect. 4.4.

diagram. However, it is not possible to disentangle it from being
a DA or a DB white dwarf from its locus on the colour-absolute
magnitude diagram. Its total age can be obtained similarly to
what was done by Lodieu et al. (2019b). Using Tremblay et al.
(2011); Bergeron et al. (2011); Blouin et al. (2018) and Bédard
et al. (2020) white-dwarfs cooling models, the cooling-age
of the white dwarf can be obtained. The initial-to-final mass
relation of El-Badry et al. (2018) permits to obtain its progenitor
mass, and its age is found using the Padova evolutionary models
(Bressan et al. 2012). Thus, we find that the white dwarf could be
a DA white dwarf with a total age of 7.7 Gyr. Using evolutionary
models from Baraffe et al. (2015), we find that the ultra-cool
dwarf, at such ages, should be a 0.08–0.095 M⊙ object, lying in
the stellar regime.

4.4. Spectral binaries

Spectral binaries are multiple systems not resolved through pho-
tometric surveys. They can be revealed through typical features
in their NIR spectra which are signatures of an unseen T-dwarf
companion (Burgasser et al. 2010). This method has been proved
to be efficient from the detection of such a companion with
HST high resolution imaging (Burgasser et al. 2011). To detect
the typical spectral binaries features, Burgasser et al. (2010);
Bardalez Gagliuffi et al. (2014) developed a set of 13 indices
with 12 relations between them. They allow for the spectra of
single stars to be distinguished from M/L+T dwarf spectral bina-
ries. The indices are described in Table 3 of Bardalez Gagliuffi
et al. (2014) and originate from the shape of the J, H, and K
bands and of the behaviour of different molecules (H2O,CH4)
in UCD atmospheres. The 12 relations permit to define regions
on indice–indice diagrams, in which spectral binaries are more
often located. However, a spectral binary will not be seen as
such by all indices-indices relations, and single UCD spectra
might also verify some of these relations. Bardalez Gagliuffi
et al. (2014) defined a spectrum as showing strong signs of being

a from binary when eight or more relations are verified, weak
signs if between four and eight relations are verified; otherwise,
the spectrum is likely to come from a non-binary. The spec-
tra of objects detected as binary candidates have to be visually
checked: as discussed by Bardalez Gagliuffi et al. (2014), this
method can produce erroneous results for blue objects, which
can be mistaken for binaries.

We report that J0827-5216 exhibits strong signs of being
a spectral binary, selected by 11 out of 12 indices. Using the
template-fitting method described in Bardalez Gagliuffi et al.
(2014), we find that it might be a L2.5 + T3.5 binary, as shown in
Fig. 7. Its H-band notably show a dip, caused by CH4 absorp-
tion in the T-dwarf atmosphere, which is not present in the
atmosphere of brown dwarfs with earlier spectral types.

We also find that 17 objects in our sample exhibit weak char-
acteristics of M/L + T binaries. Following Bardalez Gagliuffi
et al. (2014), we computed the F-test statistic between binary and
single templates matching the spectra. This statistic represents
the confidence level that the binary template is likely to be a
better match than the single one. Burgasser et al. (2010) consid-
ered that the confidence level, computed with an F-test to reject
the null hypothesis, should be >99% for an object to be a spec-
tral binary, while Bardalez Gagliuffi et al. (2014) chose it to be
>90% for being a binary candidate, complemented with a visual
inspection. In Table 2, we list seven objects that are potential
spectral binaries, with an F-test score greater than 90%. We also
show the matching spectral types for the primaries, secondaries,
as well as the best matching single spectral type. Their spectra
are available in the appendix.

Among these objects, we report that J0347+0417 (which
is in a binary system with Gaia DR3 3271777035212786944)
is flagged as a potential spectral binary due to the presence
of CH4 in the spectra. It might be composed of a M7.5 and
a T2.0 according to our analysis. Using the MG-spectral type
relation of Reylé (2018), we find that the two Gaia resolved
components should have spectral types of M7.5 and M9.5.
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Table 2. Potential spectral binaries and their spectral types.

Shortname Gaia DR3 ID F-test Primary Secondary Single Score

J0924-6655 5247231368807380224 0.99 M8 T3.5 M7 Weak
J0010-0746 2429635550212644608 0.96 M7.5 T2.0 M7.5 Weak
J0006+0439 2741783362285662592 0.98 M8 T1.5 M8 Weak
J0347+0417 3271777035211085312 0.91 M7.5 T2.0 M8 Weak
J1150-2850 3480933043353667328 0.96 M9.5 T4 M9 Weak
J1906-0515 4206320171755704320 0.99 M9: T3.5 M9.5 Weak
J0827-5216 5321416174249027584 0.99 L2.5 T3.5 L2 Strong

Fig. 7. Spectrum of J0827-5216 and template spectra of its component, a
L2.5 (red) and a T3.5 (blue), as well as their composite template (green).
The H-dip caused by methane absorption of the T dwarf atmosphere is
indicated by the star symbol.

Thus, J0347+0417A (M7.5), Gaia DR3 3271777035212786944
(M9.5?), and J0347+0417B (T2.0) might form a triple-UCD
system.

We also find that J1906-0515 (Gaia DR3
4206320171755704320), identified as a M9 + T3.5, has a
large RUWE in Gaia DR3 (2.48) and a positive IPD frac multi
peak (1). Moreover, its parallax varied between DR2 and DR3
(from 49.12 mas to 54.64 mas). These are strong signs of
unresolved binarity, making the object a robust spectral binary
candidate.

5. Conclusions

We obtained the NIR spectra and spectroscopic spectral types of
60 objects selected from the catalogues of Reylé (2018); Smart
et al. (2019); Scholz (2020), using the SOFI spectrometer. These
UCD candidates are closer than 50 pc or part of binary systems
with common parallaxes and proper motions. Using SPLAT
(Burgasser & Splat Development Team 2017) to analyse their
near-infrared spectra, a template-matching method is applied to
confirm that 57 candidates are UCDs. The remaining three are

photometric M7s that we find to be M6.5s. We thus comple-
mented the local census of objects within 50 pc with new M
to L dwarf spectra.

Using the precise astrometry and photometry of Gaia, UCD
candidates can be selected through their absolute magnitude
and can be assigned photometric spectral types. In this work,
we show that MG-spectral types of Reylé (2018) found for the
observed UCD candidates are similar to our spectroscopic types
down to 1 subtype. We find the use of colours-spectral type rela-
tions offer worse results, with photometric spectral types that
have a precision of three subtypes compared to the spectroscopic
ones. This illustrates that Gaia observations can lead to an accu-
rate estimation of the number of UCDs observed by the satellite.
We are thus confident about the nature of the thousands of UCD
candidates selected using Gaia magnitudes and parallaxes.

We find that six objects we observed have already published
spectral types. These are close to the ones we obtain, particu-
larly if they were observed in the near-infrared. If the published
spectral types were issued from the optical range, they slightly
differ from our determination, as spectra acquired in these bands
do not probe the same regions of the UCDs atmospheres.

We also carried out follow-up analyses of objects having
common parallaxes and proper motions in our sample, and pro-
vide spectra of UCD candidates companions. We are able to
constrain the mass and age of J0529-6357 thanks to its white
dwarf binary companion, Gaia DR2 4757030391786232576.

Additionally, we retrieved the indices of spectral binaries
in our sample. We found a strong binary candidate, 2MASS
J08270052-5216277, which we expect to be a L2.5+T3.5. We
also retrieve six objects with weaker indices of being spectral
binaries, but whose composite template binary spectra are in bet-
ter agreement with the observed one than with single templates.
One of the objects, J0347+0417, is potentially a triple-UCD
system.

The UCD spectra and spectral types will be used in forth-
coming studies. They can be compared with various atmosphere
models covering the stellar-substellar transition effective temper-
atures (Teff < 2700 K) to derive their stellar parameters. These
derivations will improve our knowledge about the atmospheric
properties at the stellar-substellar transition and can be used to
detail the wavelength region where the atmosphere modelling
must be improved.

This sample is part of a greater survey that has the objective
to complete the local census of nearby UCDs. Within 30 parsecs,
328 M7-M9.5 and 236 L0-L5.5 UCDs have been spectroscopi-
cally confirmed (extension of the catalogue from Smart et al.
2017). Although our analysis does not contribute significantly to
the characterisation of L dwarfs, it increased by 15% the number
of confirmed M-type UCDs. Starting from the 20 parsec sample
and applying a simple volume scaling, we estimated that about
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22% of M7-L5.5 UCDs are missing in the 30 parsecs sample and
are still yet to be discovered, observed, or spectroscopically con-
firmed. This census can be used to constrain formation processes
in the solar neighbourhood, such as the multiplicity of low-mass
stars and UCDs, and the stellar mass distribution at the end of
the main sequence.
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Appendix A: Spectra of the UCD candidates

Fig. A.1. SOFI spectra (filled lines) of observed objects, together with standard spectra of the same spectral type (dashed lines, rounded to the
nearest integer subtype). Object names and spectral types are annotated on the figure.
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Fig. A.2. SOFI spectra (filled lines) of observed objects, together with standard spectra of the same spectral type (dashed lines, rounded to the
nearest integer subtype). Object names and spectral types are annotated on the figure.
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Fig. A.3. SOFI spectra (filled lines) of observed objects, together with standard spectra of the same spectral type (dashed lines, rounded to the
nearest integer subtype). Object names and spectral types are annotated on the figure.
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Fig. A.4. SOFI spectra (filled lines) of the peculiar objects of Sect. 4, together with standard spectra of the same spectral type (dashed lines, rounded
to the nearest integer subtype), and in dotted blue the best matching templates. Object names and spectral types are annotated on the figure.
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Appendix B: Composite spectra of spectral binaries

Fig. B.1. Spectrum of J1906-0515 and template spectra of its component, a M9 (red) and a T3.5 (blue), as well as their composite template (green).

Fig. B.2. Spectrum of J0924-6655 and template spectra of its component, a M8 (red) and a T3.5 (blue), as well as their composite template (green).
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Fig. B.3. Spectrum of J0006+0439 and template spectra of its component, a M8 (red) and a T1 (blue), as well as their composite template (green).

Fig. B.4. Spectrum of J1150-2850 and template spectra of its component, a M9.5 (red) and a T4 (blue), as well as their composite template (green)
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Fig. B.5. Spectrum of J0010-0746 and template spectra of its component, a M7.5 (red) and a T2 (blue), as well as their composite template (green).

Fig. B.6. Spectrum of J0347+0417 and template spectra of its component, a M7.5 (red) and a T2 (blue), as well as their composite template (green).
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Appendix C: Corner plot

Fig. C.1. Corner plot from the fitting process of Teff and the scale parameter α (Section 3.3), for J0304-2435.
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Appendix D: Tables describing observed objects

Table D.1. Shortnames, RA, DEC, parallaxes ϖ, proper motions, and tangential velocities of the UCDs candidates observed by
SOFI.

Shortname RA Dec ϖ σϖ µRA σµRA µDEC σµDEC Vtan σVtan

HMS DMS mas mas mas yr−1 mas yr−1 mas yr−1 mas yr−1 km s−1 km s−1

J0721-3104a 07:21:54.4 -31:04:40.4 41.138 0.016 52.475 0.016 -227.87 0.018 26.94 0.01
J2349-2627a 23:49:52.2 -26:27:58.3 23.274 0.018 237.744 0.016 72.853 0.016 50.63 0.04
J0958-5344 09:58:42.4 -53:44:51.0 46.074 0.039 242.005 0.043 -198.693 0.039 32.21 0.03
J0721-3105 07:21:55.3 -31:05:18.8 41.048 0.052 57.029 0.048 -229.768 0.061 27.34 0.03
J1845-2535 18:45:08.0 -25:35:18.1 34.849 0.091 200.831 0.092 -302.312 0.074 49.37 0.15
J0906-3548 09:06:42.0 -35:48:20.5 31.964 0.095 -143.549 0.083 69.212 0.097 23.64 0.06
J1221-4548 12:21:48.7 -45:48:41.6 30.154 0.129 -286.954 0.102 29.2 0.088 45.35 0.16
J0555-5402 05:55:15.1 -54:03:02.2 38.368 0.052 84.333 0.063 -631.34 0.068 78.68 0.11
J1755-0125 17:55:28.5 -01:26:03.4 34.649 0.115 -139.829 0.136 -210.216 0.11 34.55 0.08
J0833-5217 08:33:59.2 -52:17:17.3 26.505 0.089 -171.595 0.101 461.856 0.116 88.07 0.29
J1005-1202 10:05:16.6 -12:02:10.3 34.674 0.13 -105.083 0.134 -16.061 0.129 14.53 0.03
J0052-6201 00:52:17.8 -62:01:52.3 42.464 0.043 1085.154 0.058 132.136 0.057 122.03 0.11
J0529-6357 05:29:40.7 -63:57:09.3 14.122 0.261 165.976 0.352 -3.968 0.342 55.79 1.1
J1701-2115 17:01:07.1 -21:15:18.5 30.25 0.152 -107.039 0.181 -186.655 0.129 33.73 0.14
J0924-6655 09:24:12.9 -66:55:28.8 32.221 0.098 -242.823 0.13 89.626 0.12 38.07 0.1
J2355-5800 23:55:22.6 -58:00:04.3 35.522 0.049 389.49 0.043 -45.059 0.051 52.32 0.08
J1436-5721 14:36:52.5 -57:21:34.9 32.943 0.114 137.747 0.094 -94.4 0.103 24.02 0.08
J0010-0746 00:10:29.5 -07:46:50.7 34.18 0.12 94.293 0.133 -110.301 0.089 20.13 0.08
J1509-1932 15:09:24.1 -19:32:07.2 28.512 0.201 -392.17 0.274 -75.065 0.216 66.39 0.44
J0943-2009 09:43:28.0 -20:09:53.3 19.937 0.16 -221.041 0.175 180.053 0.153 67.81 0.53
J0703+0711 07:03:03.4 +07:10:54.7 37.558 0.113 137.498 0.098 -385.495 0.087 51.66 0.15
J1149-4012 11:49:48.9 -40:12:46.1 29.898 0.182 -565.921 0.132 -164.379 0.134 93.44 0.53
J0451+0305 04:51:14.3 +03:05:29.0 39.969 0.109 259.296 0.119 29.608 0.099 30.95 0.1
J1600-3205 16:00:38.5 -32:05:26.6 29.86 0.278 -24.77 0.342 -108.207 0.246 17.63 0.11
J1126-5507 11:26:31.9 -55:07:42.5 20.123 0.407 10.845 0.407 -19.914 0.369 5.35 0.08
J0006+0439 00:06:26.6 +04:39:07.9 36.617 0.137 322.529 0.174 -234.084 0.145 51.59 0.2
J0945-4120 09:45:18.9 -41:20:42.1 17.139 0.155 -144.533 0.136 83.965 0.152 46.26 0.41
J1939-5750 19:39:52.2 -57:50:32.0 46.897 0.094 75.261 0.077 114.179 0.078 13.82 0.04
J0833-5336 08:33:42.7 -53:36:35.0 50.379 0.049 -256.163 0.058 389.039 0.057 43.83 0.05
J0556+0802 05:56:08.5 +08:02:37.7 36.799 0.13 60.049 0.125 4.262 0.106 7.75 0.04
J0956-3811 09:56:03.5 -38:11:45.1 32.566 0.106 6.642 0.081 -225.363 0.096 32.82 0.08
J0531+0215 05:31:27.7 +02:15:49.8 31.713 0.219 23.661 0.22 8.861 0.185 3.78 0.07
J0347+0417 03:47:07.7 +04:17:53.4 30.928 0.154 113.323 0.155 -49.331 0.117 18.94 0.11
J1726-0415 17:26:21.7 -04:15:34.5 32.536 0.153 37.6 0.167 74.172 0.126 12.12 0.09
J0052-2705 00:52:54.8 -27:05:58.4 40.187 0.182 50.53 0.179 73.232 0.191 10.49 0.08
J0304-2435 03:04:32.2 -24:35:14.0 33.907 0.22 -39.33 0.15 -21.287 0.231 6.26 0.01
J0309-1354 03:09:33.6 -13:54:35.5 32.403 0.161 11.62 0.177 -737.651 0.172 107.91 0.43
J1906-5828 19:06:25.0 -58:28:26.1 37.519 0.129 -156.359 0.106 -24.023 0.097 19.99 0.06
J1906-0515 19:06:07.2 -05:15:05.1 54.644 0.481 216.472 0.384 -44.787 0.31 19.2 0.21
J0325+1412 03:25:29.0 +14:12:30.4 25.084 0.337 -69.65 0.356 -170.888 0.253 34.89 0.39
J1535-2113 15:35:27.5 -21:13:52.7 14.274 1.038 -36.533 1.302 -30.915 1.181 16.18 0.47
J0923-2727 09:23:30.5 -27:27:20.9 38.949 0.105 193.512 0.091 -4.305 0.091 23.55 0.08
J0943-2010 09:43:27.9 -20:10:03.7 19.932 0.179 -219.376 0.192 179.819 0.166 67.46 0.59
J1456-5059 14:56:38.1 -50:59:09.9 31.11 0.085 -419.117 0.087 -128.584 0.081 66.79 0.17
J0936-3346 09:36:54.5 -33:46:20.3 35.503 0.16 -299.51 0.109 57.356 0.123 40.72 0.16
J1824-3519 18:24:16.5 -35:19:21.6 38.657 0.16 20.969 0.193 33.923 0.156 4.89 0.05
J0552-0002 05:52:31.5 -00:02:11.2 39.222 0.208 181.64 0.234 77.984 0.203 23.9 0.17
J0611-5109 06:11:27.6 -51:09:09.1 33.908 0.162 139.103 0.235 273.832 0.181 42.95 0.23
J0936-2609 09:36:55.7 -26:09:42.7 54.171 0.078 36.571 0.077 -27.256 0.048 3.99 0.01
J0853-1738 08:53:11.7 -17:38:56.0 24.847 0.436 -40.884 0.486 -21.488 0.336 8.81 0.05
J0800-2325 08:00:48.7 -23:25:58.7 21.605 1.082 -39.999 0.789 -13.226 1.279 9.35 0.21
J0109-0343 01:09:51.6 -03:43:26.3 94.623 0.203 372.168 0.265 8.652 0.156 18.65 0.05
J0517-2816 05:17:58.7 -28:16:10.9 38.085 0.145 196.696 0.132 -144.576 0.171 30.39 0.12
J0533+0323 05:33:32.3 +03:23:15.9 24.919 0.226 -56.113 0.21 -99.393 0.171 21.74 0.15
J1150-2850 11:50:37.4 -28:50:16.6 29.584 0.208 -454.167 0.215 -214.067 0.147 80.44 0.46
J0827-5216 08:27:00.7 -52:16:26.8 26.04 0.31 88.203 0.354 50.441 0.385 18.51 0.31
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Table D.1. continued.

Shortname RA Dec ϖ σϖ µRA σµRA µDEC σµDEC Vtan σVtan

J0437-2517 04:37:31.7 -25:17:46.2 22.13 0.57 -153.603 0.483 -23.751 0.591 33.4 0.7
J0737-4051 07:37:00.9 -40:52:00.6 24.932 0.61 -60.572 0.681 -85.39 0.713 19.93 0.28
J0412-0734 04:12:46.9 -07:34:17.0 59.99 0.241 408.44 0.246 -429.43 0.191 46.83 0.17
J2349-2627 23:49:53.4 -26:27:53.1 21.905 1.129 237.085 0.813 73.13 0.738 54.26 2.89
J0813-5232 08:13:19.4 -52:31:50.2 43.054 0.342 -63.867 0.458 801.787 0.463 88.6 0.73
J0155+0950 01:55:03.9 +09:49:59.0 45.042 0.545 326.965 0.608 -88.075 0.518 35.65 0.5

Notes. (a) Not an UCD candidate, observed as in a binary system with a UCD candidate.
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