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Abstract
Ultracool and brown dwarf candidates (d⊙ ≲ 125 pc, |b| > 8◦) were identified via multiband and astrometric data from
CatWISE (W1W2), 2MASS (JHKs), and Gaia DR3 (G, GRP , π , μα , μδ). N ≈ 11.8 × 103 candidates emerged once simul-
taneously constrained by color and absolute magnitude criteria (e.g., G−W2 ≥ 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 − MW1 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)

1 Introduction

Ultracool dwarfs occupy the M7V and later spectroscopic
regime (e.g., Kirkpatrick et al. 1997). Continued census
efforts may facilitate delineating the hydrogen-deuterium
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-

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
DR2 and detailed 695 targets (M8–T6), of which 20 were
newly discovered multiple systems. Golovin et al. (2023)
compiled the Fifth Catalogue of Nearby Stars (CNS5), and
characterized 701 brown dwarfs within d < 25 pc.

In this study, CatWISE (W1W2, Marocco et al. 2021),
2MASS (JHKs , Cutri et al. 2003), and Gaia DR3 (G, GRP ,
π , μα , μδ , Gaia Collaboration et al. 2023b) are mobilized
to expand the population of ultracool dwarfs (e.g., add to
the Gaia Ultracool Dwarf (UCD) catalog, Creevey et al.
2023; Sarro et al. 2023, and references therein). An empha-
sis is placed on leveraging multiband and astrometric crite-
ria to mitigate false-positives. CatWISE provides enhanced
W1W2 photometry, and for example, Marocco et al. (2021)
note the temporal baseline is markedly enhanced relative to
ALLWISE. Gaia provides key astrometric constraints which
fosters matching to absolute magnitudes endemic to the ul-
tracool domain (e.g., Reylé 2018, DR2). Specifically, Kirk-
patrick et al. (2024, 20 pc sample) supplied a calibrating
dataset that is exploited to help unveil ultracool dwarfs via
photometric cuts (Figs. 1, 2), and is utilized to construct a
hybrid spectral type estimator across the temperature do-
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 × 103, d⊙ ≲ 125 pc,
|b| > 8◦), and adopting
conservative photometric and
astrometric criteria to mitigate
false-positives (§2). N ≃ 350
sources are absent from the Gaia
UCD database (Fig. 2), while
11,402 targets are found therein.
The candidate distribution
aligns with the trend delineated
by the red datapoints (M7 and
cooler, Kirkpatrick et al. 2024)

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 J0515+5911. Breadth was
afforded for photometric uncertainties and peculiarities by
adopting a 0m.2 buffer, relative to that star’s absolute mag-
nitudes (G, GRP , J , H , Ks , W1, W2). Similarly, the implied
colors G−GRP , G−J , G−W1, J −Ks were likewise ad-
justed by that amount (e.g., J − Ks ≳ 4.5). Subsequent cuts
of W1 − W2 > 0.1 and G − W2 ≥ 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., ΔJ ≃ 7m.5), al-
though with less spatial coverage (i.e., ≃ 1

3 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: π > 8
mas (d⊙ ≲ 125), RUWE < 1.4, and RPlx > 8 (parallax over
error, e.g., 10σ 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;

Mejías 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, Mejías 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 π > 1.7 mas and features
94 × 103 entries). That points to ≃ 350 missing datapoints.
Relative to Reylé (2018), Smart et al. (2019), and Golovin
et al. (2023, CNS5), from the missing sources 42, 27, and 12
overlap, accordingly. N ≃ 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 ≃ 20m.6). That subset partly emerges from DR3 improve-



Ultracool and brown dwarf candidates identified via CatWISE-2MASS-Gaia DR3 Page 3 of 9 85

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

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 ≲ 16m.3, and for Gaia G see Fig. 5 in
Reylé 2024). Hence an advantage of VVVX and Euclid

Fig. 3 MW1 (blue datapoints)
can provide spectral coverage
toward cooler brown dwarfs. A
hybrid MG − MW1 function (see
text) was constructed to provide
approximate spectral types for
the ultracool dwarf catalog
assembled. A sigmoid regulates
the changeover from MG for
hotter candidates to MW1 for
cooler targets (Eqn. (1)). The
subsample presented stems from
Kirkpatrick et al. (2024)

ments and additional sampling of fainter targets, relative to

DR2.

Figure 1 hosts ≈ 11.8 × 103 candidates, and the data
will be made available as a CDS VizieR catalog. Table 1
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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. Teff ± ΔTeff 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 − MW1 function, in tandem with esti-
mates from Reylé (2018) for overlapping entries. MW1 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 (MW1 = 10.3) where estimates are from both MG

and MW1 , and subsequently cooler candidates rely on MW1 :

SpTn = w(42.52 − 5.70MG + 0.225M2
G) + (1 − w)

×(−56.94 + 9.02MW1 − 0.233M2
W1

) (1)

w = (1 + e10(MW1−10.3))−1

M7V was adopted as the spectral type index number SpTn =
7, L0 is 10, and T0 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 × 103 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 − MW1 function (Fig. 3,
Eqn. (1)). In this instance a sigmoid was implemented to
modulate the transition between MG and MW1 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, Beamín
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, Beamín et al. (2013)
acquired spectra for the L-dwarf VVV BD001 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
(π & μ) could result in expanded ultracool dwarf statis-
tics (e.g., Beamín et al. 2013 exploited VVV photometry
to establish π 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 JH 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).
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