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Abstract

Ultracool and brown dwarf candidates (do < 125 pc, |b| > 8°) were identified via multiband and astrometric data from
CatWISE (W W>), 2MASS (J HKj), and Gaia DR3 (G, Ggp, 7, (g, tts). N =~ 11.8 x 103 candidates emerged once simul-
taneously constrained by color and absolute magnitude criteria (e.g., G — W > 1.75(G — J) — 2.25), whereby ~ 350 sources
are absent from the Gaia Ultracool Dwarf (UCD) catalog. Spectral types were approximated using a hybrid Mg — M, sig-
moid that offers additional temperature coverage in certain cases. Subsequent efforts may focus on extending sampling to the
deeper NIR VVVX footprint that partly encompasses the Galactic plane, and over the long-term spectroscopically (in)vali-
dating candidates missing from the Gaia UCD database.

Keywords Brown dwarfs (185) - M dwarf stars (982)

ing the population of known ultracool dwarfs, for exam-
ple, Reylé (2018) exploited Gaia DR2 to identify 679 new
L-dwarf candidates. Smart et al. (2019) likewise employed
Ultracool dwarfs occupy the M7V and later spectroscopic =~ DR2 and detailed 695 targets (M8-T6), of which 20 were
regime (e.g., Kirkpatrick et al. 1997). Continued census  newly discovered multiple systems. Golovin et al. (2023)

efforts may facilitate delineating the hydrogen-deuterium  compiled the Fifth Catalogue of Nearby Stars (CNS5), and
fusion boundary and other insightful transitions (e.g., Di-
eterich et al. 2014), and more broadly, brown dwarfs are lu-
crative targets for exoplanet search campaigns (e.g., Delrez
et al. 2018). Indeed, the multiplanetary TRAPPIST-1 system
features an M8V host (Gillon et al. 2017). Toward expand-

1 Introduction

characterized 701 brown dwarfs within d < 25 pc.

In this study, CatWISE (W W,, Marocco et al. 2021),
2MASS (J H K, Cutri et al. 2003), and Gaia DR3 (G, Ggp,
T, W, Ms, Gaia Collaboration et al. 2023b) are mobilized
to expand the population of ultracool dwarfs (e.g., add to

[ Daniel Majaess the Gaia Ultracool Dwarf (UCD) catalog, Creevey et al.
Daniel. Majaess @msvu.ca 2023; Sarro et al. 2023, and references therein). An empha-

sis is placed on leveraging multiband and astrometric crite-
Department of Chemistry and Physics, Mount Saint Vincent
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Scotia, Canada W1 W, photometry, and for example, Marocco et al. (2021)

ria to mitigate false-positives. CatWISE provides enhanced

Instituto de Astrofisica, Dep. de Fisica y Astronomia, Facultad de note the temporal baseline is markedly enhanced relative to

Ciencias Exactas, Universidad Andres Bello, Av. Ferndndez ALLWISE. Gaia provides key astrometric constraints which
Concha 700, Santiago, Chile fosters matching to absolute magnitudes endemic to the ul-

Vatican Observatory, Specola Vaticana, Vatican City, V-00120, tracool domain (e. g, Reylé 2018, DR2). Speciﬁcally, Kirk-
Vati City S
atiean ity State patrick et al. (2024, 20 pc sample) supplied a calibrating

Departamento de Fisica, Universidade Federal de Santa Catarina,
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Brazil photometric cuts (Figs. 1, 2), and is utilized to construct a

dataset that is exploited to help unveil ultracool dwarfs via

Osservatorio Astronomico di Roma, INAF, Via di Frascati 33, hybrid spectral type estimator across the temperature do-
Monte Porzio Catone, 00078, Italy main (Fig. 3).
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Fig. 1 Ultracool candidates
identified by pairing MIR
CatWISE, NIR 2MASS, and
optical Gaia DR3

(N~ 11.8 x 103, dgy <125 pc,
|b| > 8°), and adopting 151
conservative photometric and
astrometric criteria to mitigate
false-positives (§2). N >~ 350 16F
sources are absent from the Gaia
UCD database (Fig. 2), while
11,402 targets are found therein.
The candidate distribution 17r
aligns with the trend delineated
by the red datapoints (M7 and
cooler, Kirkpatrick et al. 2024) 18k
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2 Analysis

Photometric culling criteria stemmed from an analysis of
the Kirkpatrick et al. (2024) dataset (Fig. 1), and in partic-
ular the M7V designated LSR J05154-5911. Breadth was
afforded for photometric uncertainties and peculiarities by
adopting a 0™.2 buffer, relative to that star’s absolute mag-
nitudes (G, Grp, J, H, K5, W1, W>). Similarly, the implied
colors G—Ggrp,G—J,G— Wi, J — K were likewise ad-
justed by that amount (e.g., J — K = 4.5). Subsequent cuts
of Wi — W >0.1and G — W > 1.75(G — J) — 2.25 were
implemented to mitigate a redward G — J plume (see also
§2.1 of Sarro et al. 2023). 2MASS photometry was restricted
to QFlg=AAA, and uncertainties in all bands were required.
The forthcoming Euclid survey shall provide a marked im-
provement relative to 2MASS limits (e.g., AJ >~ 7™M.5), al-
though with less spatial coverage (i.e., ~~ 1 all-sky). Indeed,
the aforementioned faintness constraints on T dwarfs are ap-
parent in Fig. 2 (see also Reylé 2024, their Fig. 5), and a
subset of culling criteria are highlighted thereon.

The following constraints were adopted to reduce paral-
lax uncertainties from offsetting absolute magnitudes: & > 8
mas (do < 125), RUWE < 1.4, and RPIx > 8 (parallax over
error, e.g., 100 was selected by Reylé 2018). The RUWE
criterion ensured that the optimal 5-parameter Gaia solu-
tion was utilized, and hence all candidates feature proper
motions. A positional criterion of |b| > 8° was imposed
to lessen confusion from different objects, and minimize
the introduction of hotter reddened stars. A separate initia-
tive will build upon existing efforts (Beamin et al. 2014;
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Mejias et al. 2022) to investigate ultracool dwarfs within the
VVV/VVVX footprint (i.e., covering portions of the Galac-
tic plane, Minniti et al. 2010; Saito et al. 2012, 2024). For ex-
ample, Mejias et al. (2022) indicated the following could be
ultracool dwarfs: Gaia EDR3 5697747496563028352 (M9),
5990656908867751808 (M7), 6062219761378864128 (M7),
5257810972787599360 (M7), 5409811755160786048 (M7),
5323745691499188736 (M7), 5693793442288873984 (M7).

A 25” matching radius was selected between Gaia and
2MASS, and thereafter relative to CatWISE. The criterion
bolstered the detection of higher proper motion dwarfs.
Sources that passed the aforementioned suite of criteria were
classified as ultracool candidates (Fig. 1). Reassuringly, the
curvature of the ultracool sequence emerges, and since it
is unveiled primarily by limits inferred from an upper-end
M7V calibrator: that implies the sample is primarily bona
fide ultracool dwarfs. Indeed, 71% overlap with the Gaia
UCD catalog’s golden subsample (Gaia Collaboration et al.
2023a), 11,402 from a total of 11,753 sources presented
here are in the broader UCD database (i.e., 97%, whereby
the full UCD catalog extends to & > 1.7 mas and features
94 x 10 entries). That points to ~ 350 missing datapoints.
Relative to Reylé (2018), Smart et al. (2019), and Golovin
etal. (2023, CNSS5), from the missing sources 42, 27, and 12
overlap, accordingly. N 2~ 276 remain after removing dupli-
cates with one preliminary candidate featuring d < 25 pc
(3591011474602344320), and the mode is approximately a
magnitude fainter than the overlapping UCD sample (i.e.,
G ~20™.6). That subset partly emerges from DR3 improve-
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Fig.2 Ultracool dwarf candidates absent from the Gaia UCD. Possibly
=~ 77% are not featured in complementary catalogs examined, how-
ever, there may be research the authors are inevitably unfamiliar with,
and duplicates may exist. Long-term spectroscopic follow-up shall
proceed for brighter targets (e.g., a potential offshoot of the envisioned
KMOS VVVX-GalCen initiative), which will eliminate false-positives
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emerging solely from photometry and astrometry, and owing to con-
fusion arising from the sampling radius. Gray regions represent color
and absolute magnitude cuts, and the dearth in candidates arises from
faintness limits (e.g., 2MASS J < 16™.3, and for Gaia G see Fig. 5 in
Reylé 2024). Hence an advantage of VVVX and Euclid

Fig.3 My, (blue datapoints) 5 ,
can provide spectral coverage . Mw
toward cooler brown dwarfs. A © svmm—— | memame o 1
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ments and additional sampling of fainter targets, relative to
DR2.

Figure 1 hosts &~ 11.8 x 103 candidates, and the data
will be made available as a CDS VizieR catalog. Table 1
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Table 1 (Continued)

=
o
n

W2 Ref.

W

Ggrp

p (masyr—1)

7 (mas)

Gaia DR3

3

12.93
14.16

13.11

13.75
14.79
14.47
13.65
14.67

14.36
15.32
14.93
14.39

18.90 15.31
19.25
18.72
15.11

19.10
18.99

20.45

393

37.5

1816087549148430848
4228935888971277824
2663586537698797184

=)
=

14.35
14.15

16.07
15.70
15.35
15.87

20.71

112

11.5

=)
=

S19

13.97
12.47
14.23

20.33

104
209
257

12.3

L4

CNS5

12.92
14.41

20.63

39.7

2233222229000888064
2420682536264210944

3

20.61

15.8

The complete findings shall be available on CDS VizieR, and a portion of the database is relayed in terms of quantity and columns (e.g., the VizieR catalog will exhibit astrometric and photometric

uncertainties). References include Reylé (2018, R18), Smart et al. (2019, S19), and Golovin et al. (2023, CNS5). Photometry stems from 2MASS (Cutri et al. 2003), CatWISE (Marocco et al. 2021),

and Gaia DR3 (Gaia Collaboration et al. 2023b)

relays a subset of the information to be presented, such
as a column indicating whether a target is featured in the
Gaia UCD golden sample (UCD_golden), the broader Gaia
UCD (UCD), Reylé (2018, R18), Smart et al. (2019, S19),
Golovin et al. (2023, CNS5), or potentially missing (—). Ad-
mittedly, there is research the authors are invariably unaware
of, and overlap may exist. Tefr £ ATefr from the Gaia UCD
will be added to the VizieR catalog for overlapping entries,
and rounded to the nearest integer.

Spectral type approximations were deduced via a sig-
moid weighted Mg — Mw, function, in tandem with esti-
mates from Reyl€ (2018) for overlapping entries. My, pro-
vides complimentary constraints owing to increasing cover-
age across later spectral types (blue datapoints in Fig. 3).
The sigmoid issues hotter dwarfs spectral types inferred
from Mg, and thereafter a smooth transition occurs across
early-L (M, = 10.3) where estimates are from both Mg
and M, , and subsequently cooler candidates rely on My, :

SpT,, = w(42.52 — 5.70Mg + 0.225M%) + (1 — w)
X (—56.94 +9.02My, — 0.233M3,) (1)

w = (1 + ' OMw; =103)y-1

M7V was adopted as the spectral type index number SpT,, =
7, L0 is 10, and TO is 20 (see also Reylé 2018). The cited
spectral type is merely indicative (Table 1), and the approach
may be unsuitable for other objectives.

A reddening vector Ag/E(G — J) ~ 1.44 is displayed
in Fig. 1 (Wang and Chen 2019, their Table 3). Importantly,
an effort was made to minimize the impact of dust obscu-
ration by instituting the |b| > 8° cutoff, together with an
upper distance limit (d < 125 pc, and the median is >~ 70
pc). Confusion arising from a background source in con-
cert with reddening may foster false-positives for a compar-
atively marginal subsample, an assertion underpinned by the
dataset naturally adhering to the intrinsic curvature of the
calibrating sample (Figs. 1, 2).

3 Conclusions

A catalog of N ~ 11.8 x 10° ultracool and brown dwarf
candidates was produced (Figs. 1, 2), and is tied to ob-
servations from CatWISE, 2MASS, and Gaia DR3. Kirk-
patrick et al. (2024) ultracool dwarf observations were uti-
lized to infer the applied absolute magnitude and photomet-
ric color cuts. This initiative semi-independently contributes
to overarching efforts aiming to characterize the relatively
local ultracool demographic (e.g., Reylé 2018; Smart et al.
2019; Reylé€ et al. 2021; Sarro et al. 2023; Kirkpatrick et al.
2024; Ravinet et al. 2024). The catalog shall be posted to
CDS VizieR (Table 1), and contains approximate spectral
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types inferred from a hybrid Mg — M, function (Fig. 3,
Eqgn. (1)). In this instance a sigmoid was implemented to
modulate the transition between Mg and My, estimators
across early-L.

A key next step is beginning a longer-term spectro-
scopic initiative to (in)validate candidates as done previ-
ously (e.g., VVV BD001 and WISE 2121-6239, Beamin
et al. 2013, 2015). That undertaking may emerge as an off-
shoot from the forthcoming KMOS VVVX-GalCen project,
and the observations may focus on brighter candidates ab-
sent from the Gaia UCD. For example, Beamin et al. (2013)
acquired spectra for the L-dwarf VVV BDO0O01 using the
Folded-port InfraRed Echellette at the Magellan Baade tele-
scope. Furthermore, bypassing or complementing the op-
tical Gaia G-band faint limit by relying on NIR VVVX
(r & ) could result in expanded ultracool dwarf statis-
tics (e.g., Beamin et al. 2013 exploited VVV photometry
to establish 7 for VVV BD001), and determinations of
such parallaxes continue improving. That may partly fos-
ter the identification of simultaneous color-color and ab-
solute magnitude-color slope discontinuities across numer-
ous passbands, which could aid demarcate pertinent tran-
sitions such as increasing atmospheric condensates, or the
hydrogen-deuterium fusion boundary. More broadly atmo-
spheric parameters, metallically dependencies, and binaries
may be characterized (e.g., Ravinet et al. 2024).

However, the deeper NIR VVVX footprint partly en-
compasses the Galactic plane where false-positives increase
from confusion and reddening, and thus enhanced judicious-
ness is warranted. For example, earlier M-dwarfs near the
M7V ultracool boundary may seep into the domain via red-
dening. For coverage beyond the Galactic plane the Eu-
clid survey shall considerably surpass 2MASS J H limiting
magnitudes, and can be paired with Gaia. Furthermore, the
next release of low-resolution Gaia XP spectra shall provide
a pertinent dataset for validating candidates (see also Sarro
et al. 2023, and discussion therein).

Acknowledgements This research relied on initiatives such as CDS,
NASA ADS, arXiv, 2MASS, WISE (CatWISE), Gaia, and staff at the
Gaia Help Desk. TapVizieR and Gaia UCD access were facilitated by
python and vibcoding in Gemini 3. D. Minniti gratefully acknowledges
support from the Center for Astrophysics and Associated Technologies
CATA by the ANID BASAL projects ACE210002 and FB210003, and
by Fondecyt Project No. 1220724. R. K. S. acknowledges support from
CNPq/Brazil through projects 308298/2022-5 and 421034/2023-8.

Author contributions D. M. conducted the analysis and wrote the
manuscript, D. Minniti was the impetus behind tackling the subject,
and all authors contributed pertinent insight and reviewed the work.

Funding information Funding was not directed toward this specific
work.

Data availability All data are available on CDS VizieR or within the
published works cited.

@ Springer

Declarations

Competing interests The authors declare no competing interests.

References

Beamin, J.C., Minniti, D., Gromadzki, M., Kurtev, R., Ivanov, V.D.,
Beletsky, Y., Lucas, P., Saito, R.K., Borissova, J.: One more
neighbor: the first brown dwarf in the VVV survey. Astron.
Astrophys. 557, 8 (2013). https://doi.org/10.1051/0004-6361/
201322190. arXiv:1308.3216 [astro-ph.SR]

Beamin, J.C., Ivanov, V.D., Kurtev, R., Gromadzki, M., Pefia Ramirez,
K., Minniti, D.: Proper motions and brown dwarfs with the VVV
survey. Mem. Soc. Astron. Ital. 85, 761 (2014)

Beamin, J.C., Ivanov, V.D., Minniti, D., Smart, R.L., Muzié, K.,
Mendez, R.A., Beletsky, Y., Bayo, A., Gromadzki, M., Kurtev,
R.: Spectrophotometric characterization of high proper mo-
tion sources from WISE. Mon. Not. R. Astron. Soc. 454(4),
4054-4065 (2015). https://doi.org/10.1093/mnras/stv2241. arXiv:
1509.07507 [astro-ph.SR]

Creevey, O.L., Sordo, R., Pailler, F., Frémat, Y., Heiter, U., Thévenin,
F., Andrae, R., Fouesneau, M., Lobel, A., Bailer-Jones, C.A.L.,
Garabato, D., Bellas-Velidis, 1., Brugaletta, E., Lorca, A., Orde-
novic, C., Palicio, P.A., Sarro, L.M., Delchambre, L., Drimmel,
R., Rybizki, J., Torralba Elipe, G., Korn, A.J., Recio-Blanco, A.,
Schultheis, M.S., De Angeli, F., Montegriffo, P., Abreu Aram-
buru, A., Accart, S., Alvarez, M.A., Bakker, J., Brouillet, N.,
Burlacu, A., Carballo, R., Casamiquela, L., Chiavassa, A., Con-
tursi, G., Cooper, W.J., Dafonte, C., Dapergolas, A., de Laverny,
P., Dharmawardena, T.E., Edvardsson, B., Le Fustec, Y., Garcia-
Lario, P., Garcia-Torres, M., Gomez, A., Gonzalez-Santamaria,
1., Hatzidimitriou, D., Jean-Antoine Piccolo, A., Kontiza, M., Ko-
rdopatis, G., Lanzafame, A.C., Lebreton, Y., Licata, E.L., Lind-
strgm, H.E.P., Livanou, E., Magdaleno Romeo, A., Manteiga,
M., Marocco, F., Marshall, D.J., Mary, N., Nicolas, C., Pallas-
Quintela, L., Panem, C., Pichon, B., Poggio, E., Riclet, F., Robin,
C., Santoveiia, R., Silvelo, A., Slezak, 1., Smart, R.L., Soubi-
ran, C., Siiveges, M., Ulla, A., Utrilla, E., Vallenari, A., Zhao,
H., Zorec, J., Barrado, D., Bijaoui, A., Bouret, J.-C., Blomme,
R., Brott, L., Cassisi, S., Kochukhov, O., Martayan, C., Shulyak,
D., Silvester, J.: Gaia Data Release 3. Astrophysical parame-
ters inference system (Apsis). I. Methods and content overview.
Astron. Astrophys. 674, 26 (2023). https://doi.org/10.1051/0004-
6361/202243688. arXiv:2206.05864 [astro-ph.GA]

Cutri, R.M., Skrutskie, M.F., van Dyk, S., Beichman, C.A., Carpenter,
J.M., Chester, T., Cambresy, L., Evans, T., Fowler, J., Gizis, J.,
Howard, E., Huchra, J., Jarrett, T., Kopan, E.L., Kirkpatrick, J.D.,
Light, R.M., Marsh, K.A., McCallon, H., Schneider, S., Stien-
ing, R., Sykes, M., Weinberg, M., Wheaton, W.A., Wheelock, S.,
Zacarias, N.: VizieR Online Data Catalog: 2MASS All-Sky Cata-
log of Point Sources (Cutri+ 2003) (2003)

Delrez, L., Gillon, M., Queloz, D., Demory, B.-O., Almleaky, Y., de
Wit, J., Jehin, E., Triaud, A.H.M.J., Barkaoui, K., Burdanov, A.,
Burgasser, A.J., Ducrot, E., McCormac, J., Murray, C., Silva Fer-
nandes, C., Sohy, S., Thompson, S.J., Van Grootel, V., Alonso, R.,
Benkhaldoun, Z., Rebolo, R.: SPECULOQOS: a network of robotic
telescopes to hunt for terrestrial planets around the nearest ul-
tracool dwarfs. In: Marshall, H.K., Spyromilio, J. (eds.) Ground-
based and Airborne Telescopes VII. Society of Photo-Optical In-
strumentation Engineers (SPIE) Conference Series, vol. 10700,
p- 107001. (2018). https://doi.org/10.1117/12.2312475

Dieterich, S.B., Henry, T.J., Jao, W.-C., Winters, J.G., Hosey,
A.D., Riedel, A.R., Subasavage, J.P.: The solar neighborhood.
XXXII. The hydrogen burning limit. Astron. J. 147(5), 94


https://doi.org/10.1051/0004-6361/201322190
https://doi.org/10.1051/0004-6361/201322190
https://arxiv.org/abs/1308.3216
https://doi.org/10.1093/mnras/stv2241
https://arxiv.org/abs/1509.07507
https://arxiv.org/abs/1509.07507
https://doi.org/10.1051/0004-6361/202243688
https://doi.org/10.1051/0004-6361/202243688
https://arxiv.org/abs/2206.05864
https://doi.org/10.1117/12.2312475

Ultracool and brown dwarf candidates identified via CatWISE-2MASS-Gaia DR3

Page 7 of 9 85

(2014). https://doi.org/10.1088/0004-6256/147/5/94. arXiv:1312.
1736 [astro-ph.SR]

Gaia Collaboration, Creevey, O.L., Sarro, L.M., Lobel, A., Pancino,

E., Andrae, R., Smart, R.L., Clementini, G., Heiter, U., Korn,
AlJ., Fouesneau, M., Frémat, Y., De Angeli, F., Vallenari, A.,
Harrison, D.L., Thévenin, F., Reylé, C., Sordo, R., Garofalo,
A., Brown, A.G.A., Eyer, L., Prusti, T., de Bruijne, J.H.J., Are-
nou, F., Babusiaux, C., Biermann, M., Ducourant, C., Evans,
D.W., Guerra, R., Hutton, A., Jordi, C., Klioner, S.A., Lammers,
U.L., Lindegren, L., Luri, X., Mignard, F., Panem, C., Pourbaix,
D., Randich, S., Sartoretti, P., Soubiran, C., Tanga, P., Walton,
N.A., Bailer-Jones, C.A.L., Bastian, U., Drimmel, R., Jansen,
F.,, Katz, D., Lattanzi, M.G., van Leeuwen, F., Bakker, J., Cac-
ciari, C., Castafieda, J., Fabricius, C., Galluccio, L., Guerrier, A.,
Masana, E., Messineo, R., Mowlavi, N., Nicolas, C., Nienartow-
icz, K., Pailler, F., Panuzzo, P, Riclet, F., Roux, W., Seabroke,
G.M,, Gracia-Abril, G., Portell, J., Teyssier, D., Altmann, M., Au-
dard, M., Bellas-Velidis, 1., Benson, K., Berthier, J., Blomme, R.,
Burgess, P.W., Busonero, D., Busso, G., Canovas, H., Carry, B.,
Cellino, A., Cheek, N., Damerdji, Y., Davidson, M., de Teodoro,
P., Nufiez Campos, M., Delchambre, L., Dell’Oro, A., Esquej, P.,
Fernandez-Herndndez, J., Fraile, E., Garabato, D., Garcia-Lario,
P, Gosset, E., Haigron, R., Halbwachs, J.-L., Hambly, N.C.,
Hernéndez, J., Hestroffer, D., Hodgkin, S.T., Holl, B., Janfen,
K., Jevardat de Fombelle, G., Jordan, S., Krone-Martins, A., Lan-
zafame, A.C., Loffler, W., Marchal, O., Marrese, P.M., Moitinho,
A., Muinonen, K., Osborne, P., Pauwels, T., Recio-Blanco, A.,
Riello, M., Rimoldini, L., Roegiers, T., Rybizki, J., Siopis, C.,
Smith, M., Sozzetti, A., Utrilla, E., van Leeuwen, M., Abbas,
u., Abrahém, P., Abreu Aramburu, A., Aerts, C., Aguado, J.J.,
Ajaj, M., Aldea-Montero, F., Altavilla, G., Alvarez, M.A., Alves,
J., Anders, F., Anderson, R.I., Anglada Varela, E., Antoja, T.,
Baines, D., Baker, S.G., Balaguer-Nuiiez, L., Balbinot, E., Ba-
log, Z., Barache, C., Barbato, D., Barros, M., Barstow, M.A., Bar-
tolomé, S., Bassilana, J.-L., Bauchet, N., Becciani, U., Bellazzini,
M., Berihuete, A., Bernet, M., Bertone, S., Bianchi, L., Binnen-
feld, A., Blanco-Cuaresma, S., Boch, T., Bombrun, A., Bossini,
D., Bouquillon, S., Bragaglia, A., Bramante, L., Breedt, E., Bres-
san, A., Brouillet, N., Brugaletta, E., Bucciarelli, B., Burlacu, A.,
Butkevich, A.G., Buzzi, R., Caffau, E., Cancelliere, R., Cantat-
Gaudin, T., Carballo, R., Carlucci, T., Carnerero, M.I., Carrasco,
J.M., Casamiquela, L., Castellani, M., Castro-Ginard, A., Chaoul,
L., Charlot, P., Chemin, L., Chiaramida, V., Chiavassa, A., Chor-
nay, N., Comoretto, G., Contursi, G., Cooper, W.J., Cornez, T.,
Cowell, S., Crifo, F., Cropper, M., Crosta, M., Crowley, C., Da-
fonte, C., Dapergolas, A., David, P.,, de Laverny, P.: Gaia Data
Release 3. A golden sample of astrophysical parameters. Astron.
Astrophys. 674, 39 (2023a). https://doi.org/10.1051/0004-6361/
202243800. arXiv:2206.05870 [astro-ph.SR]

Gaia Collaboration, Vallenari, A., Brown, A.G.A., Prusti, T., de Brui-

jne, J.H.J., Arenou, F., Babusiaux, C., Biermann, M., Creevey,
O.L., Ducourant, C., Evans, D.W,, Eyer, L., Guerra, R., Hutton,
A., Jordi, C., Klioner, S.A., Lammers, U.L., Lindegren, L., Luri,
X., Mignard, F., Panem, C., Pourbaix, D., Randich, S., Sartoretti,
P., Soubiran, C., Tanga, P., Walton, N.A., Bailer-Jones, C.A.L.,
Bastian, U., Drimmel, R., Jansen, F., Katz, D., Lattanzi, M.G.,
van Leeuwen, F., Bakker, J., Cacciari, C., Castafieda, J., De An-
geli, F, Fabricius, C., Fouesneau, M., Frémat, Y., Galluccio, L.,
Guerrier, A., Heiter, U., Masana, E., Messineo, R., Mowlavi, N.,
Nicolas, C., Nienartowicz, K., Pailler, F., Panuzzo, P., Riclet, F.,
Roux, W., Seabroke, G.M., Sordo, R., Thévenin, F., Gracia-Abril,
G., Portell, J., Teyssier, D., Altmann, M., Andrae, R., Audard, M.,
Bellas-Velidis, 1., Benson, K., Berthier, J., Blomme, R., Burgess,
P.W., Busonero, D., Busso, G., Canovas, H., Carry, B., Cellino,
A., Cheek, N., Clementini, G., Damerdji, Y., Davidson, M., de
Teodoro, P., Nuiiez Campos, M., Delchambre, L., Dell’Oro, A.,

Esquej, P., Fernandez-Hernandez, J., Fraile, E., Garabato, D.,
Garcia-Lario, P., Gosset, E., Haigron, R., Halbwachs, J.-L., Ham-
bly, N.C., Harrison, D.L., Hernandez, J., Hestroffer, D., Hodgkin,
S.T., Holl, B., JanBen, K., Jevardat de Fombelle, G., Jordan, S.,
Krone-Martins, A., Lanzafame, A.C., Loffler, W., Marchal, O.,
Marrese, P.M., Moitinho, A., Muinonen, K., Osborne, P., Pan-
cino, E., Pauwels, T., Recio-Blanco, A., Reylé, C., Riello, M.,
Rimoldini, L., Roegiers, T., Rybizki, J., Sarro, L.M., Siopis, C.,
Smith, M., Sozzetti, A., Utrilla, E., van Leeuwen, M., Abbas,
U., Abrahdm, P, Abreu Aramburu, A., Aerts, C., Aguado, J.J.,
Ajaj, M., Aldea-Montero, F., Altavilla, G., Alvarez, M.A., Alves,
J., Anders, F.,, Anderson, R.I., Anglada Varela, E., Antoja, T.,
Baines, D., Baker, S.G., Balaguer-Nufiez, L., Balbinot, E., Ba-
log, Z., Barache, C., Barbato, D., Barros, M., Barstow, M.A., Bar-
tolomé, S., Bassilana, J.-L., Bauchet, N., Becciani, U., Bellazz-
ini, M., Berihuete, A., Bernet, M., Bertone, S., Bianchi, L., Bin-
nenfeld, A., Blanco-Cuaresma, S., Blazere, A., Boch, T., Bom-
brun, A., Bossini, D., Bouquillon, S., Bragaglia, A., Bramante, L.,
Breedt, E., Bressan, A., Brouillet, N., Brugaletta, E., Bucciarelli,
B., Burlacu, A., Butkevich, A.G., Buzzi, R., Caffau, E., Cancel-
liere, R., Cantat-Gaudin, T., Carballo, R., Carlucci, T., Carnerero,
M.I, Carrasco, J.M., Casamiquela, L., Castellani, M., Castro-
Ginard, A., Chaoul, L., Charlot, P., Chemin, L., Chiaramida, V.,
Chiavassa, A., Chornay, N., Comoretto, G., Contursi, G., Cooper,
W.J., Cornez, T., Cowell, S., Crifo, F., Cropper, M., Crosta, M.,
Crowley, C., Dafonte, C., Dapergolas, A., David, M., David,
P, de Laverny, P, De Luise, F., De March, R.: Gaia Data Re-
lease 3. Summary of the content and survey properties. Astron.
Astrophys. 674, 1 (2023b). https://doi.org/10.1051/0004-6361/
202243940. arXiv:2208.00211 [astro-ph.GA]

Gillon, M., Triaud, A.H.M.J., Demory, B.-O., Jehin, E., Agol, E.,

Deck, K.M., Lederer, S.M., de Wit, J., Burdanov, A., Ingalls,
J.G., Bolmont, E., Leconte, J., Raymond, S.N., Selsis, F., Turbet,
M., Barkaoui, K., Burgasser, A., Burleigh, M.R., Carey, S.J.,
Chaushev, A., Copperwheat, C.M., Delrez, L., Fernandes, C.S.,
Holdsworth, D.L., Kotze, E.J., Van Grootel, V., Almleaky, Y.,
Benkhaldoun, Z., Magain, P., Queloz, D.: Seven temperate terres-
trial planets around the nearby ultracool dwarf star TRAPPIST-
1. Nature 542(7642), 456460 (2017). https://doi.org/10.1038/
nature21360. arXiv:1703.01424 [astro-ph.EP]

Golovin, A., Reffert, S., Just, A., Jordan, S., Vani, A., Jahreif3, H.: The

fifth catalogue of nearby stars (CNSS5). Astron. Astrophys. 670,
19 (2023). https://doi.org/10.1051/0004-6361/202244250. arXiv:
2211.01449 [astro-ph.SR]

Kirkpatrick, J.D., Henry, T.J., Irwin, M.J.: Ultra-cool M dwarfs dis-

covered by QSO surveys. I: the APM objects. Astron. J. 113,
1421-1428 (1997). https://doi.org/10.1086/118357

Kirkpatrick, J.D., Marocco, F., Gelino, C.R., Raghu, Y., Faherty,

J.K., Bardalez Gagliuffi, D.C., Schurr, S.D., Apps, K., Schneider,
A.C., Meisner, A.M., Kuchner, M.J., Caselden, D., Smart, R.L.,
Casewell, S.L., Raddi, R., Kesseli, A., Stevnbak Andersen, N.,
Antonini, E., Beaulieu, P., Bickle, T.P., Bilsing, M., Chieng, R.,
Colin, G., Deen, S., Dereveanco, A., Doll, K., Durantini Luca,
H.A., Frazer, A., Gantier, J.M., Gramaize, L., Grant, K., Hamlet,
L.K., Higashimura, H., Hyogo, M., Jalowiczor, P.A., Jonkeren,
A., Kabatnik, M., Kiwy, F., Martin, D.W., Michaels, M.N., Pen-
drill, W., Pessanha Machado, C., Pumphrey, B., Rothermich, A.,
Russwurm, R., Sainio, A., Sanchez, J., Sapelkin-Tambling, F.T.,
Schiimann, J., Selg-Mann, K., Singh, H., Stenner, A., Sun, G.,
Tanner, C., Thévenot, M., Ventura, M., Voloshin, N.V., Walla,
J., Wedracki, Z., Adorno, J.I., Aganze, C., Allers, K.N., Brooks,
H., Burgasser, A.J., Calamari, E., Connor, T., Costa, E., Eisen-
hardt, PR., Gagné, J., Gerasimov, R., Gonzales, E.C., Hsu, C.-
C., Kiman, R., Li, G., Low, R., Mamajek, E., Pantoja, B.M.,
Popinchalk, M., Rees, J.M., Stern, D., Sudrez, G., Theissen, C.,
Tsai, C.-W., Vos, J.M., Zurek, D.: The backyard worlds: planet

@ Springer


https://doi.org/10.1088/0004-6256/147/5/94
https://arxiv.org/abs/1312.1736
https://arxiv.org/abs/1312.1736
https://doi.org/10.1051/0004-6361/202243800
https://doi.org/10.1051/0004-6361/202243800
https://arxiv.org/abs/2206.05870
https://doi.org/10.1051/0004-6361/202243940
https://doi.org/10.1051/0004-6361/202243940
https://arxiv.org/abs/2208.00211
https://doi.org/10.1038/nature21360
https://doi.org/10.1038/nature21360
https://arxiv.org/abs/1703.01424
https://doi.org/10.1051/0004-6361/202244250
https://arxiv.org/abs/2211.01449
https://arxiv.org/abs/2211.01449
https://doi.org/10.1086/118357

85 Page80f9

D. Majaess et al.

9 collaboration: the initial mass function based on the full-sky
20 pc census of ~3600 stars and brown dwarfs. Astrophys. J.
Suppl. Ser. 271(2), 55 (2024). https://doi.org/10.3847/1538-4365/
ad24e2. arXiv:2312.03639 [astro-ph.SR]

Marocco, E, Eisenhardt, P.R.M., Fowler, J.W., Kirkpatrick, J.D., Meis-
ner, A.M., Schlafly, E.F., Stanford, S.A., Garcia, N., Caselden,
D., Cushing, M.C., Cutri, R.M., Faherty, J.K., Gelino, C.R., Gon-
zalez, A.H., Jarrett, T.H., Koontz, R., Mainzer, A., Marchese,
E.J., Mobasher, B., Schlegel, D.J., Stern, D., Teplitz, H.I., Wright,
E.L.: The CatWISE2020 catalog. Astrophys. J. Suppl. Ser. 253(1),
8 (2021). https://doi.org/10.3847/1538-4365/abd805. arXiv:2012.
13084 [astro-ph.IM]

Mejias, A., Minniti, D., Alonso-Garcia, J., Beamin, J.C., Saito, R.K.,
Solano, E.: VVVX near-IR photometry for 99 low-mass stars
in the Gaia EDR3 catalog of nearby stars. Astron. Astrophys.
660, 131 (2022). https://doi.org/10.1051/0004-6361/202141759.
arXiv:2203.00786 [astro-ph.SR]

Minniti, D., Lucas, P.W., Emerson, J.P.,, Saito, R.K., Hempel, M.,
Pietrukowicz, P., Ahumada, A.V., Alonso, M.V., Alonso-Garcia,
J., Arias, J.I., Bandyopadhyay, R.M., Barb4, R.H., Barbuy, B.,
Bedin, L.R., Bica, E., Borissova, J., Bronfman, L., Carraro, G.,
Catelan, M., Claria, J.J., Cross, N., de Grijs, R., Dékany, I.,
Drew, J.E., Farifia, C., Feinstein, C., Fernandez Lajus, E., Gamen,
R.C., Geisler, D., Gieren, W., Goldman, B., Gonzalez, O.A.,
Gunthardt, G., Gurovich, S., Hambly, N.C., Irwin, M.J., Ivanov,
V.D., Jordan, A., Kerins, E., Kinemuchi, K., Kurtev, R., Lopez-
Corredoira, M., Maccarone, T., Masetti, N., Merlo, D., Messineo,
M., Mirabel, I.F., Monaco, L., Morelli, L., Padilla, N., Palma, T.,
Parisi, M.C., Pignata, G., Rejkuba, M., Roman-Lopes, A., Sale,
S.E., Schreiber, M.R., Schroder, A.C., Smith, M., Sodré, L. Jr.,
Soto, M., Tamura, M., Tappert, C., Thompson, M.A., Toledo,
1., Zoccali, M., Pietrzynski, G.: VISTA Variables in the Via
Lactea (VVV): the public ESO near-IR variability survey of the
Milky Way. New Astron. 15(5), 433-443 (2010). https://doi.org/
10.1016/j.newast.2009.12.002. arXiv:0912.1056 [astro-ph.GA]

Ravinet, T., Reylé, C., Lagarde, N., Burgasser, A., Smart, R.L.,
Moya, W.H., Marocco, F., Scholz, R.-D., Cooper, W.J., Cruz,
K.L., Fernandez-Trincado, J.G., Homeier, D., Sarro, L.M.: Near-
infrared spectroscopic characterisation of Gaia ultra-cool dwarf
candidates. Spectral types and peculiarities. Astron. Astrophys.
685, 6 (2024). https://doi.org/10.1051/0004-6361/202347954.
arXiv:2402.09783 [astro-ph.SR]

Reylé, C.: New ultra-cool and brown dwarf candidates in Gaia DR2.
Astron. Astrophys. 619, 8 (2018). https://doi.org/10.1051/0004-
6361/201834082. arXiv:1809.08244 [astro-ph.SR]

Reylé, C.: Ultracool dwarfs in Gaia. In: Babusiaux, C., Reylé, C.
(eds.) EES2023: Proceedings of the Evry Schatzman School, p. 43
(2024). https://doi.org/10.48550/arXiv.2502.06198

Reylé, C., Jardine, K., Fouqué, P., Caballero, J.A., Smart, R.L.,
Sozzetti, A.: The 10 parsec sample in the Gaia era. Astron.
Astrophys. 650, 201 (2021). https://doi.org/10.1051/0004-6361/
202140985. arXiv:2104.14972 [astro-ph.SR]

Saito, R.K., Hempel, M., Minniti, D., Lucas, PW., Rejkuba, M.,
Toledo, I., Gonzalez, O.A., Alonso-Garcia, J., Irwin, M.J.,
Gonzalez-Solares, E., Hodgkin, S.T., Lewis, J.R., Cross, N.,
Ivanov, V.D., Kerins, E., Emerson, J.P., Soto, M., Amoéres, E.B.,
Gurovich, S., Dékany, 1., Angeloni, R., Beamin, J.C., Catelan, M.,
Padilla, N., Zoccali, M., Pietrukowicz, P., Moni Bidin, C., Mauro,
F.,, Geisler, D., Folkes, S.L., Sale, S.E., Borissova, J., Kurtev, R.,
Ahumada, A.V., Alonso, M.V., Adamson, A., Arias, J.I., Bandy-
opadhyay, R.M., Barb4, R.H., Barbuy, B., Baume, G.L., Bedin,
L.R., Bellini, A., Benjamin, R., Bica, E., Bonatto, C., Bronfman,
L., Carraro, G., Chene, A.N., Clarid, J.J., Clarke, J.R.A., Con-
treras, C., Corvillén, A., de Grijs, R., Dias, B., Drew, J.E., Far-
ifa, C., Feinstein, C., Fernandez-Lajts, E., Gamen, R.C., Gieren,
W., Goldman, B., Gonzdilez-Ferniandez, C., Grand, R.J.J., Gun-
thardt, G., Hambly, N.C., Hanson, M.M., Hetminiak, K.G., Hoare,

@ Springer

M.G., Huckvale, L., Jordan, A., Kinemuchi, K., Longmore, A.,
Lépez-Corredoira, M., Maccarone, T., Majaess, D., Martin, E.L.,
Masetti, N., Mennickent, R.E., Mirabel, I.LF., Monaco, L., Morelli,
L., Motta, V., Palma, T., Parisi, M.C., Parker, Q., Pefialoza,
F., Pietrzyniski, G., Pignata, G., Popescu, B., Read, M.A., Ro-
jas, A., Roman-Lopes, A., Ruiz, M.T., Saviane, I., Schreiber,
M.R., Schroder, A.C., Sharma, S., Smith, M.D., Sodré, L., Stead,
J., Stephens, A.W., Tamura, M., Tappert, C., Thompson, M.A.,
Valenti, E., Vanzi, L., Walton, N.A., Weidmann, W., Zijlstra, A.:
VVV DRI: the first data release of the Milky Way bulge and
southern plane from the near-infrared ESO public survey VISTA
variables in the Via Léctea. Astron. Astrophys. 537, 107 (2012).
https://doi.org/10.1051/0004-6361/201118407. arXiv:1111.5511
[astro-ph.GA]

Saito, R.K., Hempel, M., Alonso-Garcia, J., Lucas, P.W., Minniti, D.,

Alonso, S., Baravalle, L., Borissova, J., Caceres, C., Chené, A.N.,
Cross, N.J.G., Duplancic, F., Garro, E.R., Gémez, M., Ivanov,
V.D., Kurtev, R., Luna, A., Majaess, D., Navarro, M.G., Pullen,
J.B., Rejkuba, M., Sanders, J.L., Smith, L.C., Albino, PH.C.,
Alonso, M.V., Amores, E.B., Angeloni, R., Arias, J.I., Arnaboldi,
M., Barbuy, B., Bayo, A., Beamin, J.C., Bedin, L.R., Bellini, A.,
Benjamin, R.A., Bica, E., Bonatto, C.J., Botan, E., Braga, V.F,,
Brown, D.A., Cabral, J.B., Camargo, D., Caratti o Garatti, A.,
Carballo-Bello, J.A., Catelan, M., Chavero, C., Chijani, M.A.,
Claria, J.J., Coldwell, G.V., Contreras Peiia, C., Contreras Ramos,
R., Corral-Santana, J.M., Cortés, C.C., Cortés-Contreras, M.,
Cruz, P., Daza-Perilla, 1.V., Debattista, V.P., Dias, B., Donoso, L.,
D’Souza, R., Emerson, J.P., Federle, S., Fermiano, V., Fernandez,
J., Ferndndez-Trincado, J.G., Ferreira, T., Ferreira Lopes, C.E.,
Firpo, V., Flores-Quintana, C., Fraga, L., Froebrich, D., Galdeano,
D., Gavignaud, I., Geisler, D., Gerhard, O.E., Gieren, W., Gonza-
lez, O.A., Gramajo, L.V., Gran, F., Granitto, P.M., Griggio, M.,
Guo, Z., Gurovich, S., Hilker, M., Jones, HR.A., Kammers, R.,
Kuhn, M.A., Kumar, M.S.N., Kundu, R., Lares, M., Libralato,
M., Lima, E., Maccarone, T.J., Marchant Cortés, P., Martin, E.L.,
Masetti, N., Matsunaga, N., Mauro, F., McDonald, 1., Mejias, A.,
Mesa, V., Milla-Castro, F.P., Minniti, J.H., Moni Bidin, C., Mon-
tenegro, K., Morris, C., Motta, V., Navarete, F., Navarro Molina,
C., Nikzat, F., Nilo Castellon, J.L., Obasi, C., Ortigoza-Urdaneta,
M., Palma, T., Parisi, C., Pena Ramirez, K., Pereyra, L., Perez,
N., Petralia, I, Pichel, A., Pignata, G., Ramirez Alegria, S., Ro-
jas, A.F.,, Rojas, D., Roman-Lopes, A., Rovero, A.C., Saroon,
S., Schmidt, E.O., Schroder, A.C., Schultheis, M., Sgré, M.A.,
Solano, E., Soto, M., Stecklum, B., Steeghs, D., Tamura, M., Tis-
sera, P., Valcarce, A.A.R., Valotto, C.A., Vasquez, S., Villalon, C.,
Villanova, S., Vivanco Cédiz, F., Zelada Bacigalupo, R., Zijlstra,
A., Zoccali, M.: The VISTA Variables in the Via Lactea extended
(VVVX) ESO public survey: completion of the observations and
legacy. Astron. Astrophys. 689, 148 (2024). https://doi.org/10.
1051/0004-6361/202450584. arXiv:2406.16646 [astro-ph.GA]

Sarro, L.M., Berihuete, A., Smart, R.L., Reylé, C., Barrado, D.,

Garcia-Torres, M., Cooper, W.J., Jones, H.R.A., Marocco, F,
Creevey, O.L., Sordo, R., Bailer-Jones, C.A.L., Montegritfo,
P., Carballo, R., Andrae, R., Fouesneau, M., Lanzafame, A.C.,
Pailler, F., Thévenin, F., Lobel, A., Delchambre, L., Korn, A.J.,
Recio-Blanco, A., Schultheis, M.S., De Angeli, F., Brouillet,
N., Casamiquela, L., Contursi, G., de Laverny, P., Garci a-
Lario, P., Kordopatis, G., Lebreton, Y., Livanou, E., Lorca,
A., Palicio, P.A., Slezak-Oreshina, 1., Soubiran, C., Ulla, A.,
Zhao, H.: Ultracool dwarfs in Gaia DR3. Astron. Astrophys.
669, 139 (2023). https://doi.org/10.1051/0004-6361/202244507.
arXiv:2211.03641 [astro-ph.SR]

Smart, R.L., Marocco, F., Sarro, L.M., Barrado, D., Beamin, J.C., Ca-

ballero, J.A., Jones, H.R.A.: The Gaia ultracool dwarf sample
- II. Structure at the end of the main sequence. Mon. Not. R.
Astron. Soc. 485(3), 4423-4440 (2019). https://doi.org/10.1093/
mnras/stz678. arXiv:1902.07571 [astro-ph.SR]


https://doi.org/10.3847/1538-4365/ad24e2
https://doi.org/10.3847/1538-4365/ad24e2
https://arxiv.org/abs/2312.03639
https://doi.org/10.3847/1538-4365/abd805
https://arxiv.org/abs/2012.13084
https://arxiv.org/abs/2012.13084
https://doi.org/10.1051/0004-6361/202141759
https://arxiv.org/abs/2203.00786
https://doi.org/10.1016/j.newast.2009.12.002
https://doi.org/10.1016/j.newast.2009.12.002
https://arxiv.org/abs/0912.1056
https://doi.org/10.1051/0004-6361/202347954
https://arxiv.org/abs/2402.09783
https://doi.org/10.1051/0004-6361/201834082
https://doi.org/10.1051/0004-6361/201834082
https://arxiv.org/abs/1809.08244
https://doi.org/10.48550/arXiv.2502.06198
https://doi.org/10.1051/0004-6361/202140985
https://doi.org/10.1051/0004-6361/202140985
https://arxiv.org/abs/2104.14972
https://doi.org/10.1051/0004-6361/201118407
https://arxiv.org/abs/1111.5511
https://doi.org/10.1051/0004-6361/202450584
https://doi.org/10.1051/0004-6361/202450584
https://arxiv.org/abs/2406.16646
https://doi.org/10.1051/0004-6361/202244507
https://arxiv.org/abs/2211.03641
https://doi.org/10.1093/mnras/stz678
https://doi.org/10.1093/mnras/stz678
https://arxiv.org/abs/1902.07571

Ultracool and brown dwarf candidates identified via CatWISE-2MASS-Gaia DR3

Page 9 of 9 85

Wang, S., Chen, X.: The optical to mid-infrared extinction law
based on the APOGEE, Gaia DR2, Pan-STARRSI1, SDSS,
APASS, 2MASS, and WISE surveys. Astrophys. J. 877(2), 116
(2019). https://doi.org/10.3847/1538-4357/ablc61. arXiv:1904.
04575 [astro-ph.GA]

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.3847/1538-4357/ab1c61
https://arxiv.org/abs/1904.04575
https://arxiv.org/abs/1904.04575

	Ultracool and brown dwarf candidates identified via CatWISE-2MASS-Gaia DR3
	Abstract
	Introduction
	Analysis
	Conclusions
	References


