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A B S T R A C T 

We present the Ultracool Dwarf Companion Catalogue of 278 multiple systems, 32 of which are newly disco v ered, each with at 
least one spectroscopically confirmed Ultracool Dwarf, within a 100 pc volume-limited sample. This catalogue is compiled using 

the Gaia Catalogue of Nearby Stars for stellar primaries and the Gaia Ultracool Dwarf Sample for low-mass companions and 

includes 241 doubles, 33 triples, and 4 higher-order systems established from positional, proper motion, and parallax constraints. 
The catalogue seeks to identify probable benchmark systems within 100 pc to obtain model-independent astrophysical parameters 
of Ultracool Dwarfs. Chance alignment probabilities are calculated to e v aluate the physical nature of each system. Astrometric 
and photometric data from Gaia Data Release 3 and the Two Micron All Sky Survey are included for all objects. We identify 

potential unseen companions using a combination of the renormalized unit weight error, image parameter determination statistics, 
non-single star solutions, and photometric blending as provided by Gaia , identifying hierarchical Ultracool triple systems. Our 
catalogue includes 17 White Dwarf – Ultracool Dwarf systems, whose ages are determined using cooling models. We also use 
the Gaia FLAME results and the BANYAN � procedures to age 40 and 34 systems, respectively, and derive mass estimates 
from evolutionary models. 

Key words: binaries: general – brown dwarfs – stars: low-mass. 
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 I N T RO D U C T I O N  

aia Data Release 3 (DR3; Gaia Collaboration et al. 2023a ) was
ade publicly available on 2022 June 13, building on the Gaia Early
ata Release 3 (EDR3; Gaia Collaboration et al. 2021a ), which

ontains astrometric solutions (parallax, sky position ( α, δ), and
roper motions) for 1.468 billion sources, with a limiting magnitude
f G ∼ 21 mag and a brightness limit of G ∼ 3 mag. Advances
n EDR3 have helped in the search for real binary systems as
he median uncertainties in parallaxes and one-dimensional proper

otions hav e impro v ed from 0.165 to 0.120 mas and from 0.280
o 0.123 mas yr −1 , respectively, at G = 18 mag (Lindegren et al.
021 ). The impro v ements in accurac y are more significant at brighter
agnitudes, with the median parallax uncertainty at G = 13 mag

mproving from 0.029 to 0.015 mas and proper motion precision
mpro v ed by a factor of 2 (El-Badry, Rix & Heintz 2021 ). This
mpro v ed precision enables the distinction of widely separated binary
ystems at distances greater than what is possible by using Gaia Data
elease 2 (DR2; Gaia Collaboration et al. 2018 ). 
DR3 enhances the capabilities of EDR3 by including object

lassifications for 1.8 billion sources, with approximately 470 million
 E-mail: s.baig@herts.ac.uk 
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ources having derived astrophysical parameters from low-resolution
P/RP spectra (Andrae et al. 2023 ), such as the ef fecti ve temperature
 T eff ), surface gravity (log g ), metallicity ([M/H]), age, and distance,
etermined from low-resolution G RP / G BP ( G < 18.25 mag) and
pectra from the Radial Velocity Spectrometer (RVS) ( G < 15 mag).
ne of the key features of DR3 is the inclusion of non-single star

NSS) solutions with ∼813 000 sources, of which approximately
70 000 have astrometrically derived acceleration solutions (non-
inear proper motion). This provides a unique opportunity to inde-
endently estimate the masses of unseen companion stars in binary
ystems, particularly for cooler and fainter companions, that have
reviously been challenging to observe directly. 
Ultracool Dwarfs (UCDs) are cool ( T eff ≤ 2700 K) low-mass

bjects that straddle the stellar substellar mass boundary (0.075 M �).
CDs are defined as objects with an M7 or later spectral type,
hich includes both low-mass stars and Brown Dwarfs (BDs)

Kirkpatrick, Henry & Irwin 1997 ; Rajpurohit et al. 2013 ), and
hus define the boundary between stellar hydrogen-burning stars and
egenerate BDs (Smart et al. 2019 ). Observable UCDs are located
t close distances because of their intrinsic faintness, with a limited
umber expected to be detected by the Gaia mission, with most
-dwarfs observed no further than 80 pc away (Smart et al. 2019 ).
onsequently, our study is confined to within 100 pc to ensure the

nclusion of the majority of potentially detectable UCDs, aligning
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ith the observational capabilities of Gaia . Although Gaia may 
ot be an ideal instrument for studying low-mass, faint, red stars,
ts precision in trigonometric parallax and proper motion, combined 
ith the vast amount of data available from DR3, provide an excellent 
pportunity to study and establish a catalogue of UCD companion 
ystems. The study of low-mass UCDs has gained prominence in 
ecent years, and an early example is the disco v ery of the T-dwarf
l229B, which was found to be in a companion system with an

arly M-dwarf (Nakajima et al. 1995a ). This disco v ery led to the
etermination of the system properties, as reported by Leggett et al. 
 2002 ). 

Multiple-star systems provide valuable information for stellar 
hysics because the fundamental physical properties of one compo- 
ent can be used to infer the properties of other components (Serenelli
t al. 2021 ). Astrophysical properties are difficult to measure for
ow-mass objects due to their faintness; however, UCDs in multiple 
ystems with well-defined main sequence (MS) primary companions 
brighter in the G -band) can constrain the properties of secondary 
CD objects, such as their composition and age (Pinfield et al. 
006 ). By assuming coe v ality, the de generac y between the mass
nd age of BDs can also be broken (Faherty et al. 2010 ). Recent
dvances in astronomical technologies have led to a notable increase 
n the number of directly imaged UCDs that have masses determined 
ndependently from evolutionary models. These benchmark systems 
id in the e v aluation and refinement of pre v ailing stellar and sub-
tellar models (Crepp et al. 2013 , 2015 , 2016 ; Currie et al. 2020 ;
randt 2021 ; Chen et al. 2022 ; Li et al. 2023 ), spectral synthesis,
nd atmospheric retrie v als (Wang et al. 2022 ). 

Our understanding of BDs has been largely informed by theoretical 
odelling progress, with iterative refinements of existing models and 

he introduction of no v el substellar models to capture the intricacies
f BD evolution (Baraffe et al. 1995 ; Marley et al. 1996 ; Baraffe
t al. 2002 ; Saumon & Marley 2008 ; Burrows, Heng & Nampaisarn
011 ). Post-formation, BDs cool o v er sev eral million years following
 mass-luminosity-age relationship, which forms the backbone of the 
forementioned evolutionary models. 

A key issue in employing substellar models arises from the 
arge modelling uncertainties. These uncertainties are particularly 
ronounced in measurements of age, luminosity, and [Fe/H], posing 
ignificant barriers to the ef fecti ve use of evolutionary models and
D cooling theories. Examination of BD benchmarks with substellar 
odels highlights underestimated luminosities of young BDs as seen 
ith HD 130948BC (Dupuy, Liu & Ireland 2009 ) and o v erestimated

uminosities for older BDs such as HD 4113C shown by Cheetham 

t al. ( 2018 ). The spectra of UCDs display strong alkaline absorption
ines and broad molecular absorption bands that are influenced 
y surface gravity , metallicity , and ef fecti ve temperature (Cruz,
irkpatrick & Burgasser 2009 ). Despite attempts to establish a 

orrelation between these spectral features and UCD properties, 
his relationship suffers from a significant level of dispersion and 
 limited sample size. These inconsistencies underpin the necessity 
f an expanded sample of UCD benchmark systems to facilitate a 
ore e xhaustiv e e v aluation of the existing cooling models. 
The utilization of wide-field surv e ys, such as the Two Micron

ll Sky Survey (2MASS; Skrutskie et al. 2006 ), Sloan Digital 
k y Surv e y (SDSS; Margon 1999 ), the Wide-field Infrared Surv e y
xplore (WISE; Wright et al. 2010 ), The UKIRT Infrared Deep 
k y Surv e y (UKIDSS; La wrence et al. 2007a ), The Visible and
nfrared Surv e y Telescope for Astronomy (VISTA; Sutherland et al. 
015 ), and the first Panoramic Survey Telescope and Rapid Response
ystem release (PS1; Tonry et al. 2012 ) has led to the disco v ery of
ew UCDs and the characterization of their binarity, as demonstrated 
n Burgasser et al. ( 2000 ); Burningham et al. ( 2009a , b ); Faherty
t al. ( 2010 ); Zhang et al. ( 2010 ); Day-Jones et al. ( 2011 ); Pinfield
t al. ( 2012 ); Luhman et al. ( 2012b ); Gomes et al. ( 2013 ); dal
onte et al. ( 2020 ). The advent of Gaia has greatly increased the
cope for identifying benchmark UCDs binary systems; Marocco 
t al. ( 2017 ) estimates 2960 resolvable UCD benchmarks from
aia alone, identifying 13 new benchmark UCD systems in their 

nalysis. 
This study aims to assist in establishing reliable ages and masses

f these elusive objects while increasing the current sample size 
f benchmark UCDs. The Ultracool Dwarf Companion Catalogue 
hereafter UCDC) opens new avenues for exploring the formation 
ariances between MLTY dwarfs compared with more massive stars, 
onstraining the Present-day Mass Function, spatial distribution, and 
inary fraction in the wider context of galactic star formation and
volution. 

The remainder of this paper is organized as follows: In Section 2 ,
e discuss the creation of the UCDC, calculation of the false positive
robability and draw comparisons with The Fifth Catalogue of 
earby Stars (CNS5). Section 3 describes the use of the renormalized
nit weight error (RUWE), blended photometry, and Gaia NSS 

olutions to identify close-compact UCD binary systems. Section 
 describes the estimation of age and mass from White Dwarf (WD)
UCD binaries, the Gaia Final Luminosity Age Mass Estimator 

FLAME) and BANYAN � (Gagne et al. 2019 ). Finally, we present
 summary and final remarks in Section 5 . 

 C A  TA L O G U E  C R E A  T I O N  

.1 The Gaia ultracool dwarf sample 

he Gaia Ultracool Dwarf Sample (GUCDS), developed by Smart 
t al. ( 2019 ), provides a catalogue of over 20 000 objects spanning
pectral types M7–M9, L, T, and Y, as well as companion objects.
he spectral types for approximately 80 per cent of these objects
ere spectroscopically confirmed estimates for the remainder were 
erived from photometry. The GUCDS collates photometric informa- 
ion from various surv e ys by incorporating data from 2MASS, PS1,

ISE, and Gaia , if available. In addition, GUCDS supplements UCD 

ntries with astrometry, mainly from Gaia or ground-based surv e ys.
oughly 25 per cent of UCDs within the GUCDS are fainter than

he Gaia detection limit, and thus the inclusion of ground-based 
bservational data of UCDs beyond Gaia ’s detection limit provides 
 larger pool of UCDs companions. To assemble the UCD sample for
his study, the GUCDS was restricted to spectroscopically confirmed 
CDs within 100 pc ( � ≥ 10 mas, within 3 σ error), yielding 4530

elected UCDs. 

.1.1 UCD spectral classifications 

n initial catalogue that included photometric and spectrally clas- 
ified UCDs was produced using the GUCDS (see Section 2.2 for
etails on the catalogue creation process). We performed a TAP query 
o cross-match the initial catalogue with the SIMBAD TAP service 
Egret, Wenger & Dubois 1991 ) using a 10 arcsec search limit to
ccount for discrepancies in position. SIMBAD typically provides 
pectral types along with a bibcode reference, if available for an
bject, along with a quality letter (ranging from A to E, with A being
he best). We cross-matched our sample of UCDs to identify any with
hotometric spectral classifications in the GUCDS that now have 
pectral classifications available for inclusion in the final catalogue. 
MNRAS 533, 3784–3810 (2024) 
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Figure 1. Distribution of the number of systems by the log of projected 
physical separation (s) between constituents. The blue histogram represents 
the original cuts described in Section 2.2 , and the gold unfilled histogram 

represents the adapted cuts described in Section 2.3 . The difference in systems 
per bin is represented in the centre of each histogram bar. 
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e found that the spectrally classified UCDs in the GUCDS were
enerally in good agreement with SIMBAD entries, with variations
n spectral types primarily due to incorrect object matching and slight
iscrepancies in subclasses resulting from differences in the selected
tudies. Ho we ver, these dif ferences were not significant for the UCD
tatus of catalogue members. 

Seven UCDs with photometric spectral types in the GUCDS are
dentified with a spectral type from this search. SIMBAD does not
larify whether the spectral typing listed is spectrally or photomet-
ically based; thus, a literature re vie w of these seven objects was
onducted, revealing four UCDs having true spectral classifications,
ith the remaining objects being photometrically estimated. 
Four additional UCDs were spectrally confirmed, resulting in four

ew companion UCDs: 

(i) SDSS J154005.12 + 010208.8 : Classified as an M9 in Kiman
t al. ( 2019 ) with optical spectra listed as ‘brighterL’ from the SDSS
k yserv er Szalay et al. ( 2001 ). 

(ii) SDSS J155738.27 + 335602.1 : Classified as M9e (Kiman et al.
019 ) with the SDSS optical spectra as ‘fainterL’. 
(iii) SDSS J144633.50 + 363126.1 : Classified as an M9 (Kiman

t al. 2019 ), and listed as an L-dwarf from the SDSS optical spectra.
(iv) 2MASS J15104761 −2818234 : classified as M9 in (Gizis

002 ), in further agreement with Triaud et al. ( 2020 ) as M9 in both
he optical and NIR spectra. 

Three UCDs were rejected because of the following photometric
lassifications: 

(i) 2MASS J01015311 + 1528195 : Listed as an M9.5 in Zhang et al.
 2011 ), but it does not have an SDSS spectrum and its spectral type
as been photometrically estimated from SDSS colours. 

(ii) SDSS J091817.14 + 264037.2 : Classified as an M7 in Schmidt
t al. ( 2015 ) through photometric estimation of its spectral type based
n SDSS colours. 
(iii) 2MASS J13171150 + 1849232 : Given a photometrically esti-
ated spectral type of M9V in West et al. ( 2011 ) without an available
DSS spectrum. 

.1.2 GCNS 

he purpose of the Gaia Catalogue of Nearby Stars (GCNS; Gaia
ollaboration et al. 2020 ) is to provide a high-quality catalogue
f nearby objects within a 100 pc radius of the Sun, utilizing data
rom EDR3. The catalogue includes all Gaia sources with � >

 mas, with spurious objects systematically remo v ed using a random
orest classifier and Bayesian distance probability function. Distance-
imited samples often contain contamination from distant sources
ith unreliable parallaxes due to poor astrometric fitting, for which

he random forest classifier is ef fecti v e at remo ving, as shown in Fig. 1
f Gaia Collaboration et al. ( 2020 ). The catalogue includes 339 312
ources, with completeness expected to be approximately 95 per cent
or objects up to spectral type M7 and decreasing completeness
or later spectral types with L8 objects only complete up to 10 pc.
he GCNS magnitude distribution peaks at G ∼ 20.4 mag and only
ontains objects that are identified in Gaia . Faint objects that are not
etected by Gaia are therefore missed in the GCNS but included
n the GUCDS, which includes ground-based observations of faint
tars and photometrically identified objects, such as those described
y Skrzypek, Warren & Faherty ( 2016 ). 
The GCNS is a useful resource for studying binary systems, as

t provides a concise and reliable subsample of the entire Gaia
atalogue that operates at similar distances to the UCDs that are
NRAS 533, 3784–3810 (2024) 
irectly observable. Nearby stars in the GCNS typically have well-
efined astrophysical parameters, which make them potentially ideal
s primaries in benchmark systems. 

.2 Initial catalogue 

e initially searched for UCD companion systems between the
UCDS and GCNS by adopting the criteria used by Smart et al.

 2019 ). The criteria consist of four separate cuts, and all systems
ust satisfy the conditions to be considered as a companion. 

(i) Projected separation : The angular separation (arcsec) be-
ween the two candidates, ρ, must satisfy: 

( arcsec ) < 100 � ( mas ) , (1) 

here � is the parallax (mas) of the UCD. The formulation of
corresponds to a physical separation of 100 000 au, which is a

onserv ati ve upper limit for the possible projected separation (s).
ide binaries are subject to very small (absolute) gravitational

otential energies. The separation limit will ensure the binding
nergy criterion is met, U g = GM 1 M 2 /s> 10 33 J, for a 0.1 + 2 M �
inary system (Caballero 2009 ; Dhital et al. 2010 ). It is expected
hat the occurrence of real binaries is significantly less likely beyond
his distance, as the galactic tidal field becomes proportional to
he gravitational attraction between the two candidates. The point
t which the tidal field becomes stronger than the gravitational
ttraction is the Jacobi radius r j (full deri v ation can be found in
iang & Tremaine 2010 ). A more liberal criterion was implemented
y El-Badry et al. ( 2021 ), taking the limit of ρ to allow for physical
eparations between components to be as large as 1 pc, which is
oughly double our limit. Ho we ver, the study was not limited to just
ystems with a UCD component. 

(ii) Parallax : The difference in parallaxes � 1 and � 2 (represents
he primary and secondary, respectively, both in mas) must satisfy: 

� < max 
[ 
1 . 0 , 3 

√ 

σ 2 
� 1 

+ σ 2 
� 2 

] 
, (2) 
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here 	� is the difference between the parallaxes and σ� 1 and σ� 2 

re the errors of the primary and secondary objects, respectively. 
n general, we require a 3 σ consistency; ho we ver, if 	� < 1, a
aximum difference threshold of 1 mas is used. For the GUCDS, 

he median parallax error across all UCDs is approximately 1 
as, justifying the selection of this value. El-Badry et al. ( 2021 )

hows a correlation between underestimated parallax errors and poor 
strometric fitting from Gaia by considering the RUWE and image 
arameter determination (IPD) quantities, most notably from sources 
ith G > 13 as they are fit with a 1D Line Spread Function (LSF),

hus inherently leading to biases for poor astrometric fitting for close 
ources. 

(iii) Proper motion : The proper motions of the two candidates in 
 wide binary are expected to have similar v alues; ho we ver, they are
ot identical because of the effects of orbital motions. To account for
ignificant orbital motion, μ (proper motion of the UCD) should be 
ithin 10 per cent of the difference in the total proper motion. 

μ < 0 . 1 μ, (3) 

here 	μ is the difference in the total proper motion, determined 
y 

μ = 

[
( μα, 1 − μα, 2 ) 

2 + ( μδ, 1 − μδ, 2 ) 
2 ) 
]1 / 2 

, (4) 

here δ and α denote the right ascension and declination, respec- 
ively, and the proper motions in the right ascension and declination 
irections are denoted by μα and μδ . It should be noted that μα =
α cos δ, which is the local tangent plane projection of the proper 
otion vector in the direction of increasing right ascension, DR3 

ata includes this in the raw value, and thus does not need to be
ccounted for. 

(iv) Direction of proper motion : We assume that binary systems 
ave common proper motions and any slight differences in their 
irection would be due to orbital motion. To account for this, a 15 ◦

olerance is applied, as follows: 

θ < 15 ◦, (5) 

here 	θ is the difference between the proper motion direction. 

As outlined in section 2.3 of Smart et al. ( 2019 ), there are
cknowledged shortcomings in using these binary criteria. One 
lausible reason for these shortcomings is the significant contribution 
f the orbital motion of the system to the objects’ proper motion,
esulting in a proper motion difference that exceeds the initially set
0 per cent tolerance. It is also appropriate to highlight that the
riteria initially applied to DR2 data may not be directly translatable 
o DR3 data. 

.3 Adaptation of binary criteria 

e reflect on the choices made in our initial search (Section 2.2 ) with
n example of the well-established K3 + L1.5 companion system GJ
048A + GJ 1048B (Gizis, Kirkpatrick & Wilson 2001 ), which does
ot meet our binary criteria because the proper motion difference 
xceeds the initial 10 per cent tolerance limit at ∼13 per cent. The
arge proper motion (PM) discrepancy indicates that the system 

s sufficiently close and slow enough that the orbital motions are 
ignificant to the contribution of the PM. We note that El-Badry et al.
 2021 ) provides a different approach to the PM criteria, describing
hat wide binary systems should be consistent with Keplerian orbits; 
o we ver, employing this method still results in the failure of this
ystem to pass our binary criteria. 
a  
This study aims to create a detailed catalogue of UCD companion
ystems. Thus, we relax the proper motion difference to 20 per cent
 	μ < 0 . 2 μ) to include GJ 1048A + GJ 1048B and other potentially
issed systems. To maintain consistency with the PM amplitude, 

he PM direction tolerance is increased to 	θ < 36 ◦. The adapted
riteria produce an additional 41 systems from 46 newly included 
bjects. We have three additional systems that could have significant 
rbital motions as the y hav e separations of < 1000 au. The inclusion
f all new systems is due to the adjusted PM tolerance, as none of
hese systems exceeded the original directional tolerance specified 
n the initial criteria. The total systems per separation bin for both
riteria is displayed in Fig. 1 . The adapted criteria distribution closely
ollows the initial criteria except for log(s/au) = 4.5 ( ∼30 000 au).
l-Badry et al. ( 2021 ) explains that contamination rates increase
ith separation, and binary separation distributions decrease o v er the

ame separation range. The increase in binary candidates at log(s/au) 
 4.5 marks the point at which these contaminants dominate the

ample. In this case, an additional 31 systems are included with
eparations of log(s/au) ≥ 4.5. Given the leniency of the criteria, 
dditional spurious systems may be included, coupled with new 

eal systems. It should be noted that 13 systems with log(s/au) ≥
.5 are either triples or higher-order multiples. A distant tertiary 
ompanion can be included at these separations in regions with 
igh stellar density. Ho we ver, as El-Badry et al. ( 2021 ) elucidates,
here is a high probability of chance alignment (optical doubles) at
hese distances, and it is predicted that removing resolved triples and
oving groups would result in a maximum loss of 15 per cent of real
ultiples, as there are indeed bound systems at these separations. It
as decided that resolved triples, higher-order systems, and systems 
ithin moving groups would remain in the catalogue to prevent the

oss of genuine multiples. 
Despite the more liberal criteria, known UCD systems still fail 

o make the UCDC, owing to significant orbital motion effects and
arge parallax differences. We are aware of two systems which are
isted in Table 1 . HD 212168 and CPD-751748 B form a companion
ystem (Raghavan et al. 2010 ), which was not included because the
M difference between the two systems is ≈43 per cent. We also find
D 212168 to be in a wide companion with an M8 UCD, DENIS

222644.3 −750342, suggesting a missed triple system due to the 
mission of CPD-75 1748 B. 
TYC-3424-215-1 and TYC-3424-215-2 form a wide binary as 

uggested by Andrews, Chaname & Agueros ( 2017 ) with an angular
eparation ρ = 6.0 9 arcsec, which fails to satisfy the parallax
riterion. TYC-3424-215-1 and TYC-3424-215-2 are identified as 
ide companions to 2MASS J09073765 + 4509359 (Smart et al. 
019 ; Hartman & L ́epine 2020 ; Kervella, Arenou & Th ́evenin 2022 ).
e find only TYC 3424-215-1 and 2MASS J09073765 + 4509359 as

 double system ( � = 26.99 ± 0.12 and 26.74 ± 0.27 mas); ho we ver,
YC 3424-215-2 has a significantly larger parallax ( � = 31.77 ±
.66 mas) and thus is not included. 

.3.1 False positives 

 alse positiv es (FPs) are inherent in statistical binary samples arising
rom chance alignments with an increasing false positive probability 
FPP) as the separation between companions increases (El-Badry 
t al. 2021 ). Detailed consideration of the FPP must be performed to
nsure a robust sample of physically associated companion systems. 
e compute the FPP for each system and present the methodology

elow. 
We first consider the probability that a star in the GCNS has an

ngular separation ( ρ) comparable to that of the true companion
MNRAS 533, 3784–3810 (2024) 
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M

Table 1. Known systems that have failed the adapted cuts described in Section 2.3. 

DN ID G � μα μδ μ

(mag) (mas) (mas yr −1 ) (mas yr −1 ) (mas yr −1 ) 

HD 212168 6357835694518769408 5.98 42.72 57.39 12.83 57.39 
CPD-751748B 6357835488360338560 8.38 42.69 33.33 −3.79 33.33 
TYC 3424-215-2 1009609617150473600 9.48 31.77 74.48 −29.63 80.15 
2MASS J09073765 + 4509359 1009608650782545280 18.98 26.74 68.57 −36.74 77.79 

Note: DN – Disco v ery name, ID – Gaia source ID. 
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 ρcomp ) in our sample ( P prox ). We find the total number of objects
ith ρ ≤ ρcomp ( N sep ) in the GCNS and the total number of objects

n the GCNS within 100 000 au ( N 100k ) to the primary. To mitigate
he bias of FPs arising from genuine physical companions, we have
xcluded all companion stars of the primary objects in each system
ithin the GCNS. The GCNS provides a table of resolved binary

ompanions, which we cross-reference with the UCDC, identifying
50 sources. Subsequently, any additional matches are categorized
s FPs. 

 prox = 

N sep 

N 100k 
. (6) 

There are instances in which no object in the GCNS has ρ ≤ ρcomp 

i.e. N sep = 0). This is typical for the tightest binary separations or
reas where GCNS objects are sparse. To resolve instances of N sep 

 0, we uniformly expand the parameter space to allow a larger
eparation. This is achieved by proportionally scaling both N sep 

nd N 100k , for example, considering 5 times the initial separation
 5 N sep / 5 N 100k ) . This scaling was required for 34 systems, accounting
or ∼12 per cent of the catalogue. 

This scaling approach is premised on the uniformity of surface
ensity within the GCNS, as suggested by the distribution of selected
ources in fig. 1 of Gaia Collaboration et al. ( 2021b ). Ho we ver, it
s acknowledged that localized non-uniformities exist, such as the
 v erdensity in the Hyades and the Galactic plane due to their larger
tellar density and structural complexity . Consequently , the scaling
f parameters, although uniform, may lead to slightly conserv ati ve
stimations of true companions in the plane and, conversely, be
arginally optimistic for less populated areas. 
The probability a star within 100 000 au has a similar parallax of

he primary is calculated as: 

 plx = 

N plx 

N 100k 
, (7) 

 plx is the relative number of objects with a parallax within 3 σ of the
rimaries parallax. To address instances where the number of stars
ithin the original 3 σ parallax range is insufficient ( N plx = 0), we

dapt our approach by expanding the area of the sky we consider. This
ethod involves searching for common parallax objects at further

istances, for instance, extending the search from 100 00 au ( N 100k )
o 200 000 au ( N 200k ). This increased range allows us to consider a
roader set of stars that are still statistically significant in terms of
heir parallax similarity to the primary companion. This expansion
s based on the assumption of a constant parallax distribution across
he sky, which suggests that the relative distribution of parallax
alues does not significantly vary with the position of the stars, thus
n ef fecti ve way to capture a more representative sample without
istorting the underlying distribution given the non-uniformity in
arallax distribution. 
A strong covariance exists between parallax and PM; combining

 plx and the probability of having a star with a similar PM to the
rimary ( P pm 

) into a single probability calculation may not accurately
NRAS 533, 3784–3810 (2024) 
eflect the individual influences of parallax and PM. To resolve this
ssue, we separate the calculation of P pm 

by considering only those
bjects within N plx . By limiting our analysis to objects within N plx ,
e increase the likelihood that similarities in PM reflect a genuine
hysical association, reducing the potential confounding effects of
imilar motions observed at varying distances. The PM similarity is
hen assessed within this subset: 

 pm 

= 

N pm 

N plx 
, (8) 

 pm 

represents the number of stars within the 3 σ parallax range that
lso have a total proper motion within 20 per cent of the primary
arget. It should be noted that as the PM criterion is based on the
ystem’s total PM, faster-moving objects will naturally exhibit a
arger range in their 20 per cent PM allowance, consequently leading
o increased detection of FPs. 

We also e v aluate the probability of the direction of the PM ( P dir )
or each object within N 100k , where N dir represents the total objects
ith a PM direction < 36 ◦ or > 324 ◦ compared with the primary

arget: 

 dir = 

N dir 

N 100k 
. (9) 

e note that cases of N pm 

= 0 and N dir = 0 are treated in a manner
nalogous to instances of N plx = 0. 

We consider the hypothesis (H) that a candidate binary is a FP, i.e.
 line of sight association whose GCNS measurements (or evidence
) are consistent with binarity. Thus, the fraction of which FPs could
rise in the GCNS parameter space is: 

 GCNSFP = P prox × P plx × P pm 

× P dir . (10) 

To calculate the FPP, P ( H | E), we apply Bayes Theorem: 

 ( H | E) = 

P ( H ) P ( E| H ) 

P ( H ) P ( E| H ) + P ( ¬ H ) P ( E|¬ H ) 
, (11) 

here 

(i) P ( E| H ), denoted as P GCNSFP , is the likelihood function, rep-
esenting the likelihood of a chance alignment given the evidence
 P prox , P plx , P pm 

, P dir ). 
(ii) P ( ¬ H ) is given as P comp × 1 

N 100 k 
, signifying the prior probabil-

ty that the primary has a companion, multiplied by the probability of
electing the correct companion from the initial sample of candidate
ompanions. We choose to be P comp = 0.075 from the UCD binary
raction in Bardalez Gagliuffi et al. ( 2019 ). 

(iii) P ( H ) is 1 − P ( ¬ H ), the prior probability for a false positive
efore evidence is taken into account. 
(iv) P ( E|¬ H ) is the probability of observing the specific evidence

iven that the hypothesis of chance alignment is false, and the
etected companion is a true physical associate of the primary. This
robability is set to 1.0, reflecting the certainty that such evidence
ill be present in every instance where the companion is a genuine
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Figure 2. Cumulative number of false positives ( P CFP ) as a function of 
binary separation. 
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hysical companion. The evidence is not merely coincidental but is 
n expected signature of physical binary or multiple-star systems. 

To calculate the probability of the UCDC containing a FP, we first
etermine the probability of having no FPs in the sample, P ( FP = 0).
Let p i denote the probability of the i-th system being a FP. The

robability of the i-th system not being a FP is 1 − p i . The probability
f having no FPs in the entire catalogue ( N ) is then given by the
roduct of the probabilities that each individual system is not a FP: 

 ( FP = 0) = 

N ∏ 

i= 1 

(1 − p i ) , 

this product yields P ( FP = 0) = 0 . 33. 
The probability of having a FP in the sample is computed by

ubtracting the probability of having no FPs from 1: 

 ( FP ) = 1 − P ( FP = 0) = 1 − 0 . 33 = 0 . 67 . 

Additionally, we calculate the cumulative number of FPs, ( P CFP ),
hich is the sum of the individual FP probabilities: 

 CFP = 

N ∑ 

i= 1 

p i . 

In this case, P CFP is 1.09, as depicted in Fig. 2 , illustrating a
rogressive increase in the cumulative likelihood of encountering a 
P as a function of the logarithmic projected separation, log(s). This
bserved trend is attributable to an increased presence of background 
bjects as binary separation increases. The true binary separation 
istribution is known to decrease monotonically with increasing 
inary separation (El-Badry & Rix 2018 ). Given the comparatively 
maller binding energies characteristic of UCD companion systems, 
t is reasonable to anticipate that a FP would be more likely at smaller
eparations compared to what is reported by El-Badry et al. ( 2021 ),
hich examines all binary systems irrespective of mass, observing 
 steep increase in cumulative distribution function (CDF) of FPs at 
og(s) = 4.5. This stems from the inherent physical properties of UCD 

ystems, where smaller binding energies imply a higher susceptibility 
o disruption at lower separation, thereby altering the CDF-FP profile 
hen compared to binary systems of all mass ranges. In Fig. 2 ,

og(s) ∼3 marks the point at which FPs become more probable, and
otably, at log(s) = 4.5, there is a steep ascent in the likelihood of
 FP. This inflexion point signifies where the contamination of the 
atalogue is likely to dominate. The alignment of our results with 
hose presented by El-Badry et al. ( 2021 ) reinforces the interpretation
hat FPs are more pre v alent at larger separations, and this should be
 consideration in the analysis and vetting of candidates in such
atalogues. 

.3.2 The 200pc sample 

nitially, the UCDC was compiled within a 200 pc distance limit;
o we ver, while late M-Dwarfs are observable with Gaia o v er this
istance, their detection is limited by the Gaia magnitude limit as
ompleteness for late M-dwarfs falls beyond 80 pc (Gaia Collabora- 
ion et al. 2020 ). We opt to use the GCNS as we know it is complete
p to 100 pc, and the distance limit is similar to the distance at
hich M-dwarfs are complete in Gaia . The reduction in the distance

imit has resulted in the loss of some genuine UCD companion
ystems, such as the known hierarchical quadruple system 2MASS 

04414565 + 2301580 AabBab (Bowler & Hillenbrand 2015 ). Other 
ompanions in nearby Star Forming Regions (SFRs) are invariably 
xcluded from the UCDC as the focus is to construct a local sample
ut to 100 pc and not to be complete out to local SFRs that exist
eyond 100 pc, as discussed in Gagn ́e et al. ( 2018 ). 

.4 Known UCD companion systems not identified in the 
CDC 

ne of the challenges in the study of UCD companion systems is
he lack of astrometric data. Gaia , while providing comprehensive 
ve-parameter astrometric solutions, is limited to objects with G < 

1 mag, leaving many fainter UCDs without the astrometric solutions 
ecessary to investigate potential binarity . Additionally , resolution 
imitations are also a factor to consider, as Gaia is unable to resolve
qual-mass systems below ∼0.2 arcsec (Gaia Collaboration et al. 
023a ). 
To mitigate these limitations, the UCDC was established using 

rimarily Gaia -derived astrometric data, supplemented by additional 
bjects, provided in the GUCDS. Despite these measures, there exists 
 selection of UCDs companion systems, known from direct imaging 
nd characterization in the existing literature, that were initially 
 v erlooked in the UCDC due to the lack of independent or Gaia
ased astrometric solutions. These systems are presented in Table 2 
nd have been included in the catalogue by adopting the astrometric
olution of their primary companion. 

.5 Comparisons with the CNS5 

he Fifth Catalogue of Nearby Stars (CNS5; Golovin et al. 2023 ) is
 comprehensiv e inv entory of all nearby objects up to a 25 pc volume
imit, including basic astrometric and photometric parameters. The 
atalogue contains parallaxes from infrared ground-based surv e ys 
nd 541 non- Gaia UCDs from Best et al. ( 2021 ) and Kirkpatrick
t al. ( 2021 ). The CNS5 contains 5931 objects, complete up to G

19.7 mag, including a total of 701 UCDs. As the CNS5 distance
imit o v erlaps with the UCDC and both are assembled using similar
rocedures, a comparison is useful to determine any discrepancies 
n UCD companion systems. A comparison of the UCDC and CNS5
as conducted using a 10 arcsec radius to account for the positional
ariances of non- Gaia objects due to differences in epochs. The
ross-match yielded 127 matches, including 26 non- Gaia objects 
hereas the UCDC contains 144 objects with � ≥ 40 mas. A notable

haracteristic of the CNS5 is its inclusion of only visual binaries, as
pectroscopic systems have been excluded from the catalogue. This 
elective inclusion accounts for the discrepancy in the number of 
atched objects within 25 pc. 
MNRAS 533, 3784–3810 (2024) 
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Table 2. Companion systems with constituents lacking astrometric data that have been included in the Ultracool Dwarf Companion Catalogue (UCDC). 

SN DN ID � μα μδ

(mas) (mas yr −1 ) (mas yr −1 ) 

J0027 + 2239A 

1 LP 349–25 2799992744809482112 70.78 ± 0.43 392.72 ± 0.47 −186.59 ± 0.40 
J0027 + 2239B LP 349–25B – – – –
J0122 −2439A 

2 2MASS J01225093 −2439505 5040416186560252416 29.64 ± 0.03 120.22 ± 0.03 −123.56 ± 0.02 
J0122 −2439 2MASS J01225093 −2439505b – – – –
J1106 + 2754 3 2MASS J11061197 + 2754225 731881226310429056 49.27 ± 1.22 −270.81 ± 1.24 −451.85 ± 1.22 
J1106 + 2754B 2MASS J11061197 + 2754225B – – – –
J1121 −1313B 

4 LP 732–94 3562157781229213312 69.49 ± 0.18 −472.25 ± 0.33 −46.26 ± 0.21 
J1121 −1313 LHS2397aB – – – –
J1217 + 1427A 

5 HIP 59 933 3921176983720146560 15.45 ± 0.08 −103.15 ± 0.09 −37.55 ± 0.07 
J1217 + 1427 2MASS J12173646 + 1427119 3921177219942653696 – – –
J1256 −1257A 

6 2MASS J12560215 −1257217 3526198184723289472 47.27 ± 0.47 −272.46 ± 0.57 −190.24 ± 0.50 
J1256 −1257 VHS J1256 −1257B – – – –
J1324 −5130A 

7 HIP 65426 6070080754075553792 9.30 ± 0.03 −33.92 ± 0.03 −18.92 ± 0.03 
J1324 −5130 HIP 65426b – – – –
J1423 + 0116A 

8 HD 126053 3654496279558010624 57.27 ± 0.04 223.53 ± 0.05 −478.28 ± 0.03 
J1423 + 0116 ULAS J142320.79 + 011638.2 – – 224.00 ± 0.57 −477.75 ± 0.42 
J1454 + 1606 9 BD + 162708 1187851653287128576 100.7 ± 0.05 279.34 ± 0.08 −117.96 ± 0.10 
J1454 + 1606B BD + 162708b 1187851653287128576 – – –
J1735 + 2634 10 LP 388–55 4594186745414679680 64.33 ± 0.75 141.58 ± 0.63 −289.13 ± 0.83 
J1735 + 2634B LP 388–55B – – – –
J2004 + 1704A 

11 15 Sge 1821708351374312064 56.27 ± 0.04 −387.47 ± 0.04 −419.50 ± 0.03 
J2004 + 1704 15 Sge B – – – –
J2246 + 3319A 

12 HIP 112422 1890840149267988992 15.46 ± 0.81 159.06 ± 0.65 24.79 ± 0.80 
J2246 + 3319 2MASS J22461844 + 3319304 – – – –
J0219 −3925A 

13 2MASS J02192210 −3925225 4963614887043956096 24.85 ± 0.09 103.70 ± 0.07 −34.58 ± 0.08 
J0219 −3925B 2MASS J02192210 −3925225B 4963614887043331072 – – –
J1339 + 0104A 

14 HD 118 865 3663438298389132416 16.50 ± 0.02 −95.58 ± 0.03 −48.19 ± 0.02 
J1339 + 0104 HD 118865B – – – –
J0429 −3123 15 2MASS J04291842 −3123568 4872659466967320576 58.79 ± 0.14 65.82 ± 0.15 99.58 ± 0.16 
J0429 −3123B 2MASSI J0429184 −312356B – – – –
J2005 + 5424A 

16 Wolf 1130 2185710338703934976 60.30 ± 0.03 −1159.52 ± 0.04 −904.01 ± 0.03 
J2005 + 5424B Wolf 1130 B – – – –
J2005 + 5424 Wolf 1130 C – – – –
J0004 −4044 17 GJ 1001 A 4996141155411983744 81.22 ± 0.03 677.68 ± 0.03 −1505.62 ± 0.03 
J0004 −4044B GJ 1001 B 4996141155411984128 82.35 ± 0.26 668.89 ± 0.23 −1498.24 ± 0.20 
J0004 −4044C GJ 1001 C – – – –
J0024 −2708 18 LHS 1070 2322561156529549440 129.32 ± 0.13 −92.74 ± 0.11 695.96 ± 0.12 
J0024 −2708B LHS 1070B – – – –
J0024 −2708C LHS 1070C – – – –
J0223 + 5240A 

19 HIP 11161 452046549154458880 12.65 ± 0.03 −81.12 ± 0.03 −61.06 ± 0.03 
J0223 + 5240B Gaia DR3 452046549149685504 452046549149685504 12.44 ± 0.07 −82.74 ± 0.09 −55.14 ± 0.13 
J0223 + 5240 2MASS J02233667 + 5240066 – – – –
J1047 + 4026 20 LP 213–67 779689606794219136 40.43 ± 0.07 −298.29 ± 0.07 −33.26 ± 0.07 
J1047 + 4027 LP 213–68 779689533779300736 39.47 ± 0.33 −301.66 ± 0.30 −33.98 ± 0.33 
J1047 + 4027B LP 213–68B – – – –
J1112 + 3548 21 GJ 417A 761919883981626752 44.05 ± 0.02 −249.19 ± 0.02 −151.40 ± 0.03 
J1112 + 3548B GJ 417B 761918578311083264 42.24 ± 1.05 −236.90 ± 0.88 −149.79 ± 1.04 
J1112 + 3548C GJ 417C – – – –
J1450 + 2354 22 Gl 564 1265976524286377856 54.95 ± 0.03 144.40 ± 0.02 31.66 ± 0.04 
J1450 + 2354C Gl 564 B – – – –
J1450 + 2354B Gl 564 C – – – –
J2203 −5647 23 eps indi A 6412595290592307840 274.84 ± 0.10 3996.66 ± 0.09 −2536.19 ± 0.09 
J2204 −5646B eps Indi Ba 6412596012146801152 270.66 ± 0.69 3981.98 ± 0.60 −2466.83 ± 0.63 
J2204 −5646C eps Indi Bb – – – –
J2331 −0405A 

24 HD 221 356 2633449134434620288 38.71 ± 0.02 178.13 ± 0.03 −191.84 ± 0.02 
J2331 −0405 ∗∗ GZA 1B 2633449095780158720 38.54 ± 0.36 169.94 ± 0.40 −194.59 ± 0.30 
J2331 −0406 2MASSW J2331016 −040618 2633426216489127296 38.51 ± 0.16 176.34 ± 0.17 −189.38 ± 0.13 
J2331 −0406B 2MASSW J2331016 −040618B – – – –

Note: Binarity references: 1 F orv eille et al. ( 2005 ), 2 Bowler et al. ( 2013 ), 3 Bardalez Gagliuffi et al. ( 2014a ), 4 Masciadri et al. ( 2003 ), 5 , 12 , 19 Deacon et al. 
( 2014a ), 6 Gauza et al. ( 2015 ), 7 Chauvin et al. ( 2017 ), 8 Deacon et al. ( 2012b ), 9 Skrutskie, Forrest & Shure ( 1987 ), 10 Law, Hodgkin & Mackay ( 2006 ), 11 Liu 
et al. ( 2002b ), 13 Artigau et al. ( 2015a ), 14 Burningham et al. ( 2013 ) 15 Siegler et al. ( 2005 ) 16 Mace et al. ( 2013b ), 17 Leinert et al. ( 1994 ), 18 Rajpurohit et al. 
( 2012 ), 20 Gizis et al. ( 2000b ), 21 Kirkpatrick et al. ( 2000 ), 22 Potter et al. ( 2002 ), 23 Scholz et al. ( 2003 ), 24 Gauza et al. ( 2012 ). Binarity reference – bibliographic 
code associated with the initial disco v ery of the binary nature; SN – Short name; DN – Disco v ery name; ID – Gaia source ID. 
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Table 3. Objects identified as part of a companion system in the UCDC but not in the CNS5. 

SN DN ID � Companion SN Projected separation 
(mas) (au) 

J2237 + 3922 G 216–7B 1908305165624662272 47.6 ± 0.14 J2237 + 39221 71.1 
J1239 + 5515A HD 110463 1571411233756646656 44.01 ± 0.02 J1239 + 5515 4630 
J0821 + 1443A 2MASS J08213173 + 1443231 652005932802958976 43.9 ± 0.02 J0821 + 1443 5470 

Note: SN – Short name; DN – Disco v ery name; ID – Gaia source ID. 
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.5.1 Omissions from the CNS5 

nlike the UCDC, the CNS5 employs a binary criterion that 
mits a parallax constraint and adopts an alternative proper motion 
ondition. A comparison with the UCDC reveals 20 objects that 
re not classified as part of a companion system in the CNS5 but
eature in the UCDC, some of which belong to systems found 
pectroscopically and thus not considered to be discrepant. The 
isual binaries identified in the UCDC, but not in the CNS5, are
isted in Table 3 . The individual stars are included in the CNS5;
o we v er, the y are not recognized as part of a companion system. The
NS5’s proper motion constraint, as used by El-Badry et al. ( 2021 ),
xcludes these multiples as bona fide Common Proper Motion (CPM) 
ystems. Equation (3) in Golovin et al. ( 2023 ) imposes a constraint
n the CNS5, which requires objects to have a parallax consistent 
ith 40 mas within 3 σ� 

and σ� 

≤ 10 mas. This restriction results in
he exclusion of possible UCD companions from the CNS5, as they 
re not considered to be within 25 pc with sufficient reliability. The
CDC includes J0102 + 0355, an L9 UCD (Schneider et al. 2016 )

long with a wide companion, J0102 + 0355A, with a separation 
f ρ = 9.87 arcmin. Although J0102 + 0355 has a � = 40.2 ±
.8 mas, satisfying the 25 pc criterion, J0102 + 0355A has a � =
4.99 ± 0.037, which falls outside of this range and consequently 
as been excluded from the CNS5. The uncertainty in the parallax 
easurement for J0102 + 0355 allows the system to remain in the
CDC despite the large difference in the parallax. Two triple systems

isted in the UCDC are not included in the CNS5, J2201 + 3222
nd J1927 −4833. In both cases, the companions of these UCDs
ie beyond 25 pc. Finally, J1112 + 3548BC is unresolved in Gaia
onsisting of a L4.5 + L6 in a wide triple system with J1112 + 3548
Kirkpatrick et al. 2001b ). Although J1112 + 3548BC is known to
he CNS5 and is mentioned in table A.1 of Golovin et al. ( 2023 ), it
s not included because of the constraints imposed by equation (2)
n Golovin et al. ( 2023 ), which aims to eliminate false astrometric
olutions. 

.5.2 Omissions from the UCDC 

o locate the UCD binaries in the CNS5, a limit of M G ≥ 13.54 mag
as implemented, following the photometric relations of Kiman 

t al. ( 2019 ) for an M7. This was necessary because spectroscopic
lassifications were not available for all objects in the CNS5. 
pplying this criterion yielded a subset of 108 objects, of which 
3 were present in the UCDC. The remaining objects were excluded 
ue to a lack of available spectra or non-UCD classifications. 
Three UCD companion systems are included in the CNS5, but 

ot in the UCDC. Two of the systems, Smethells 79, and its
ompanion UCAC4 238–179131 and G9–38AB fail due to large 
arallax differences. Although the systems have similar positions 
nd space motions, the parallax difference between the constituents 
f each system exceeds the 3 σ tolerance in equation (2 ) of Section
.2 . G9–38AB, which consists of an M7v + M7v pair (Newton et al.
014 ), was first disco v ered in Pettersen ( 1985 ). 
2MASSI J2249091 + 320549 (J2249 + 3205) is listed in the CNS5
s part of a binary system with a non- Gaia object, with the
ompanion’s astrometry sourced from Best et al. ( 2020 ). No com-
anions for J2249 + 3205 were identified in either the GUCDS or
he GCNS, explaining its absence in the UCDC. The absence of
ny indications of binarity, such as a resolved double or partially
esolved Point Spread Function (PSF) in high-resolution images 
rom the Wide-Field Near-Infrared Camera (WFCAM) mounted on 
he United Kingdom Infrared Telescope (UKIRT; Lawrence et al. 
007b ), suggests that J2249 + 3205 may indeed be a single star.
his hypothesis is further supported by the lack of mention of the
inarity for J2249 + 3205 in Best et al. ( 2020 ). Furthermore, follow-
p observations utilizing the Near Infrared Camera and Multi-Object 
pectrometer (NICMOS) on the Hubble Space Telescope ( HST ; 
actor & Kraus 2022 ) likewise provided no evidence of binarity
or J2249 + 3205. We therefore posit J2249 + 3205 is not in a binary
ystem, given the evidence discussed. 

.6 The ultracool dwarf companion catalogue 

he UCDC comprises 598 objects, including 241 double systems, 
3 triple systems, and four systems with four or more components
higher-order), making 278 systems in total. Of these systems, 32 
re newly disco v ered, including 29 doubles and three triple systems.
n example of a system from the catalogue is presented in Table 4 .
or brevity, Table 4 does not display the error columns; the complete
atalogue includes errors and can be accessed online. Fig. 3 presents
he Colour Magnitude Diagram (CMD) of the UCDC along with the

S, which is primarily an approximate representation used in this 
nd subsequent figures. A running median of the absolute magnitude 
as computed across discrete colour bins. To present this running 
edian with a functional form, a polynomial fitting technique was 

sed, with a 6th-degree polynomial tailored to the median data: 

 G 

= 

6 ∑ 

i= 1 

a i ( G − G RP ) 
i + 1 . 903 , (12) 

here a 1 = 22.47, a 2 = −149.2, a 3 = 300.5, a 4 = −291.5, and a 5 =
35.9, a 6 = 24.7. 
Although it offers an illustrative insight, it is worth noting that the

rovided polynomial equation is merely an estimation. 
While this catalogue represents a concerted effort to capture 

 significant subset of UCD multiple systems, it is important to
onsider the caveats of the UCDC. The catalogue’s dependence on a
anual literature re vie w to search for UCD multiple systems lacking

strometric constraints means that there are potential real systems 
issed or close companions resolved in the literature not included. 
e identify real systems that fail our binary criteria from a literature

earch, indicating the possibility of more systems also missed due 
o the limitations of the literature search. Our UCD sample is solely
rom the GUCDS, meaning that any UCDs within 100 pc that are not
ound in either the GCNS or GUCDS are consequently missed. 
MNRAS 533, 3784–3810 (2024) 
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Figure 3. CMD of the UCDC catalogue in G –G RP . Each point on the plot represents a single object, with the colour of the point indicating the spectral type. 
Objects that have G –G RP ≥ 1.77 and M G 

≥ 12.84 are defined as ‘Unresolved Binaries’ (explained in Section 3.2 ). Note: The 59 non- Gaia objects in the UCDC 

are not included in this figure as no Gaia photometry exists for them. The spectral types provided by the GUCDS have been used for this figure, of which some 
non-UCD objects are photometrically estimated. 
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 IDENTIFIC ATION  O F  UNRESOLV ED  U C D  

INARIES  

.1 Finding binaries from astrometric solutions 

enoyre, Belokurov & Evans ( 2022 ) presents a catalogue of un-
esolved candidate binary systems in the GCNS identified from
strometric deviations alone. This study uses the RUWE, which is
 rescaling of the unit weight error (UWE) from the five-parameter
strometric solution, to account for the astrometric error. The UWE
NRAS 533, 3784–3810 (2024) 

l  
s calculated using the entire Gaia catalogue and is dominated by
bjects beyond the 100 pc limit of the GCNS. This results in distant
bjects having an inordinate weighting of the RUWE due to the
olume of objects of similar colour further than 100 pc. To correct
or this bias, Penoyre et al. ( 2022 ) rescaled the RUWE by finding
 correction factor based on the apparent magnitude and colour of
ach source o v er a uniform sample (GCNS), resulting in the local
nit weight error (LUWE). A well-behaved single star is expected to
ave a LUWE value of approximately 1.0, and any value significantly
arger than this may indicate the possibility of unresolved binarity.
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Table 5. Objects in the UCDC which exceeds the LUWE (Penoyre et al. 2022 ) criteria for a single source listed with their respective companions. 

SN ID RUWE LUWE ρ SpT amplitude multi peak Companion SN Companion SpT 

( ′′ ) (%) 

J0021 −4244 4992141475707360 640 2.54 2.50 77.8 M9V 0.16 0 J0021 −4245 M6 
J0025 + 4759A 392562179 817077120 18.4 18.4 217.5 F8 0.023 22 J0025 + 4759 L4 
J0122 + 0331A 2562742595373569280 2.83 2.86 44.8 G5V 0.073 1 J0122 + 0331 L1 
J0219 + 1943 87135785400708 992 9.41 8.19 1120 – 0.050 0 J0221 + 1940 M8 
J0429 −3123 4872659466967320576 5.07 2.02 0.06 M7V 0.059 79 J0429 −3123B –
J0805 + 5109 935430721585996800 46.0 34.9 0.16 – 0.17 77 J0805 + 5113 L1 
J0840 + 2313A 666141254 289307264 5.41 4.80 351.6 M3 0.015 0 J0840 + 2313 M7 
J0850 −03181 5762038930729097728 6.77 5.88 8.84 M1 0.029 36 J0850 −0318 M8V 

J0900 + 3205A 712049433864692352 2.19 2.23 35.3 F2 0.031 0 J0900 + 3205 L1V 

J0907 + 4509B 1009609617150473600 6.94 6.70 301.1 – 0.017 0 J0907 + 4509 L0 
J0933 −2752A 5633969259436187648 4.82 3.92 29.3 – 0.001 1 J0933 −2752 M7V 

J1043 −17061 3557078484185457280 6.70 5.80 17.02 M4 0.029 0 J1043 −1706 M9 
J1121 −1313 3562157781229213312 3.12 2.53 0.03 M8V 0.037 0 J1121 −1313B L7V 

J1217 + 1427A 3921176983720146560 3.04 3.07 38.1 F8 0.011 0 J1217 + 1427 L1 
J1238 + 6219A 1583589939940520960 6.29 4.55 44.6 – 0.006 2 J1238 + 6219 L0 
J1316 + 5735A 1566 379112632896384 6.87 5.84 43.04 M3 0.027 0 J1316 + 5735 M9 
J1419 + 2041 1252184211771920128 13.7 13.6 57.9 – 0.028 0 J1419 + 2042 M7V 

J1449 −0117A 3650384 995128745472 10.8 9.22 90.70 M1e 0.046 0 J1449 −0117 M8 
J1559 + 4403 1384769474242031616 13.9 11.9 5.62 M2.0Ve 0.004 0 J1559 + 4404 M8 
J1606 + 2253A 1206502600310698880 21.0 21.2 35.3 – 0.010 0 J1606 + 2253 M8 
J1712 −0507A 4364702279101280256 18.6 16.3 5.92 G0 0.034 0 J1712 −0507 sdM7 
J1743 + 85264 1724494760222303872 24.4 20.8 29.7 M2.0V 0.016 0 J1743 + 8526 L5 
J1839 + 4424B 2117179153332367232 2.80 2.74 21.9 M9 0.22 0 J1839 + 4424A L2 
J2147 −26441 6810425 909217925760 2.40 2.36 214.8 M7Ve 0.15 0 J2147 −2644 –
J2325 + 4608A 1938529473261040640 5.56 5.41 7.24 M8 0.13 70 J2325 + 4608B L2 
J0856 + 3746A 719505638825948928 15.2 12.2 891.1 – 0.011 0 J0856 + 3746 M8 
J1047 + 4027 779689533779300736 2.78 2.12 0.16 M8 0.11 0 J1047 + 4027B L0 
J1627 + 33283 1325653136360249856 27.6 25.0 9.26 K7V 0.016 0 J1627 + 3328 M9 
J1924 −6826B 6421889221867428096 5.20 4.58 1500 – 0.007 5 J1924 −6826 M9 
J2126 −8140A 6348514275456913792 2.91 2.54 217.5 M1Ve 0.051 24 J2126 −8140 L3 

Note: RUWE – renormalized unit weight error; LUWE – local unit weight error; amplitude – ipd gof harmonic amplitude; multi peak – ipd frac multi peak. 
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pecifically, unresolved binarity is defined as LUWE > 2 and 
 LUWE > − LUWE 

3 , where 	 LUWE is the difference in LUWE
etween DR2 and EDR3. 

In this study, as in Penoyre et al. ( 2022 ), UCDC systems have been
dentified through astrometry alone. The cleaning of spurious sources 
n the GCNS and strict binarity criteria imposed by Penoyre et al.
 2022 ) results in only 1 per cent of the catalogue being occupied
y the low-mass regime, which significantly reduces the number 
f potential systems for analysis. Ho we ver, despite this numerical 
imitation, the high-resolution and precise measurements provided by 
he GCNS and LUWE datasets not only help to confirm the existing
ompanion candidates identified through astrometry but also allow 

or the potential disco v ery of ne w, pre viously o v erlooked systems.
he catalogue produced by Penoyre et al. ( 2022 ) contains 22 699
bjects with Gaia source IDs, which were cross-matched with the 
CDC, resulting in 30 matched objects, listed in Table 5 with their

espective companions. The LUWE values are smaller in most cases, 
ndicating o v erestimated RUWE values for these objects. Notably, 
 RUWE ≥ 1.4 is indicative of a non-single source (NSS) and thus
 poor astrometric solution, of which 110 objects in the UCDC
xceed. 

From the matched systems, there are four with ρ < 0.18 arcsec, 
hich is smaller than the Gaia limit for distinguishing between indi-
idual sources. Any separation below this is considered a duplicate 
nd remo v ed from the Gaia catalogue (there are some exceptions; see
indegren et al. 2021 ), indicating that these objects are in companion
ystems with non- Gaia objects. Given that the separations are smaller
han the Gaia limit, it can be assumed that the companions are likely
esponsible for the observed astrometric deviations. 

To explore the likelihood of hidden binarity, we utilize 
wo measurements from Gaia : ipd gof harmonic amplitude and 
pd frac multi peak . The former measures the significance of the
canning angle in PSF fitting indicating elongation and the presence 
f partially resolved objects. The latter quantifies the percentage of 
cans in which two peaks are visible in the image, thereby revealing
he potential presence of a secondary source. The image parameter 
etermination (IPD) quantification is most significant below 2 arcsec 
as displayed in fig. 18 of El-Badry et al. 2021 ), but is limited
o 0.18 arcsec, meaning that the IPD measurements are sensitive 
etween this range, both measurements are included in Table 5 . 

The UCDC omits sources in Gaia with two-parameter solutions 
ue to the lack of parallax and proper motion, as only the positional
ata is given for these sources. If such a UCD is in a close companion
ystem, it will not be identified because of the selection criteria
xplained in Section 2.3 ; ho we ver, assuming that the primary has a
ull solution, the IPD flags and RUWE should give an indication of
n unresolved companion, provided a notable astrometric deviation 
s measured. 

The objects listed in Table 5 are shown in Fig. 4 . Fig. 4 a exhibits
emarkably red UCDs, which are difficult to explain by intrinsic 
roperties such as age, atmosphere, or composition alone. This 
uggests that the G RP values for these UCDs may be inherently biased
ue to possible blending effects (see Section 3.2 for further detail)
rom the unresolved companion. The longer baseline of the G –K s 
MNRAS 533, 3784–3810 (2024) 
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(a) (b)

Figure 4. CMD of sources that exceed the LUWE criteria, as listed in Table 5 , are depicted for two different colour indices: G –G RP on the left (3a) and G –K s on 
the right (3b). The regions encompassed by the black dashed lines represent the UCD sample which the subplots focus on. The colour of the marker represents 
the LUWE of each star. 

c  

c  

i  

m  

o

3

W  

U  

f  

i  

e  

(  

g  

J  

a  

k  

v  

p  

t  

L
 

i  

m  

n  

i  

b  

g  

f  

t  

p  

a  

c  

l  

(  

p  

t  

p  

1  

p  

f  

D  

U  

n  

I  

L  

a  

s
 

c
=  

t  

e  

n  

a  

(  

J  

B  

e  

w  

m
 

s  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/533/4/3784/7737679 by guest on 23 Septem
ber 2024
olour should provide a more robust representation of the underlying
ompanion systems among the UCDs. This is evident as the UCDs
n Fig. 4 b appear to be residing on the binary main sequence, with

ost of these systems located abo v e the MS, including the non-UCD
bject, an expected photometric signature of unresolved binarity. 

.1.1 Notable systems found from LUWE 

e can immediately judge the usefulness of the LUWE as 4/7
CDs in Table 5 have been studied in previous literature, identi-

ying close low-mass companions that are unresolvable to Gaia ,
ncluding J1047 + 4027 (Close et al. 2003 ), J1121 −1313 (Masciadri
t al. 2003 ), J0429 −3123 (Siegler et al. 2005 ), and J0021 −4244
Basri & Reiners 2006 ). Studying a sample of the non-UCD tar-
ets in Table 5 also re veals kno wn close companions including
1559 + 4403 (Bowler et al. 2015b ), J2126 −8140A(Bowler 2016 )
nd J1712 −0507A (Schneider et al. 2011 ). As these systems are
nown to be close companions, their identification through LUWE
alidates this approach as an effective measure for detecting binarity,
articularly in the realm of low-mass, closely bound systems that
ypically elude resolution by Gaia. The remaining 3 UCDs in the
UWE sample are discussed below: 
(i) J2325 + 4608A lacks a SIMBAD entry; ho we ver, it was studied

n Marocco et al. ( 2020b ), as they also noticed a significant o v erlu-
inosity ( ∼2.5 mag) abo v e the MS. The y concluded that this was

ot a consequence of an equal-mass binary, as this would result
n only 0.75 mag ele v ation abo v e the MS and the redness cannot
e indicative of youth, as it is not known in any young moving
roups known in BANYAN �. The possibility of contamination
rom a background object was also discussed, but disregarded, as
his is an improbable scenario. J2325 + 4608A shows no signs of
eculiarity in its photometry in 2MASS, ALLWISE, or PS1, but
NRAS 533, 3784–3810 (2024) 
ll absolute magnitudes are o v erluminous. Marocco et al. ( 2020b )
onducted the study using Gaia DR2 data, which for this object
acked IPD values, which indicate a strong possibility of binarity
 ipd gof harmonic amplitude = 0.126, ipd frac multi peak = 70
er cent), which cannot be attributed to its wide companion due to
he large angular separation between them ( ρ = 7.2 arcsec). The
arallax also differs from � D R 3 = 21.53 ± 0.29 mas and � D R 2 =
9.13 ± 0.48 mas, resulting in the object appearing redder from DR3
hotometry G– G RP = 1.76 mag compared to 1.59 mag of DR2 and
ainter in DR3 M G = 13.28 mag compared to M G = 12.84 mag in
R2 but still too o v erluminous to suggest an equal-mass companion.
KIRT UHS- J band (Dye et al. 2018 ) imaging is a vailable b ut shows
o discernible elongation of the PSF. Given the significant redness,
PD flags, and poor single-solution astrometric fit indicated by a large
UWE, we propose that this is most likely an unresolved binary with
n underestimated parallax uncertainty contributing to the observed
ignificant o v erluminosity. 

(ii) J1839 + 4424B is an M9 (Cruz et al. 2003 ) with a BD
andidate companion J1839 + 4424A (Reyl ́e 2018 ), separated by ρ
 21.9 arcsec. From Fig. 4 b, the object resides ∼0.75 mag abo v e

he MS making the position on the CMD consistent with a near-
qual mass binary companion. The IPD flags suggest a degree of
on-isotropic structure, which can be seen in the UHS- J band, with
 slight elongation observed to the southwest. A nearby Gaia source
ID = 2117179153330392320), positioned 1.8 arcsec away from
1839 + 4424B in the sky, has a parallax of � = 2.91 ± 0.12 mas.
oth objects are faint ( G > 18 mag), suggesting an inherent bias may
xist with the IPD flags as the images are collapsed to 1D (for objects
ith G > 13 mag) with similar brightness and close separation, which
ay explain the problematic astrometric solutions observed. 
(iii) J2147 −26441 resides ∼0.75 mag abo v e the MS in Fig. 4 b

uggesting a near-equal mass binary companion. Despite no known
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aia source existing within ∼1 arcsec, there are blended transits for
 RP and G BP (1/47 and 2/41 transitions, respectively), suggesting 

hat a companion is on the fringe of what is resolvable to Gaia
nd is scan-angle-dependent, which is corroborated by its large 
pd gof harmonic amplitude = 0.15, with some elongation in the 
SF predominately in the south in i -band of PS1. This also explains

he unusual redness in G –G RP = 1.68, which is significantly higher
han that expected for a typical M7 ( G –G RP = 1.46, Kiman et al.
019 ). Intriguingly, J2147 −26441 has been catalogued in the Gaia 
earby Accelerating Star Catalogue (GNASC) (Whiting et al. 2023 ). 
he GNASC and implications of proper motion anomalies (PMa) for 

he identification of UCD binaries are further discussed in Section 
.3 . J2147 −26441 is found to be accelerating, displaying a notable
5 σ confidence) PMa. This could be indicative of a gravitationally 
ound companion affecting the motion of J2147 −26441, hence 
inting at binarity. 

.2 Binarity from blended photometry 

he Gaia mission utilizes a 3.5 × 2.1 arcsec window to extract 
ntegrated mean fluxes for both the G BP and G RP bands (Evans
t al. 2018 ). Ho we ver , in situations in volving sources nearby each
ther, such as crowded fields or binary systems, the integrated mean 
ux may be o v erestimated because of blending effects, where the
earby secondary source contributes to the measured flux of the 
rimary source. The effects of blending diminish as the difference 
n brightness between the sources increases, as the CCD window 

s generally assigned to the brighter source. The G -band is de-
ermined from profile fitting to a two-dimensional PSF for G ≤
3 mag and a one-dimensional line spread function (LSF) otherwise 
Gaia Collaboration et al. 2016 ). The dissimilarity in photometric 
easurement techniques results in the G -band being less prone to 

ias from variations in the background level or proximate sources. 
s for DR3, there are no provisions for managing multiple sources
ithin the same window (De Angeli et al. 2023 ). 
Blending effects on UCDs may lead to an o v erestimation of the
 RP flux because these sources emit primarily in the near-infrared 

NIR) region. Using the G –G RP colour yields a relatively reliable G
ux and an o v erestimated G RP flux. Consequently, blended sources
ppear significantly redder on a CMD than well-modelled single stars 
further elaborated in Golovin et al. 2023 ). A targeted approach is
ecessary to systematically investigate the effects of blending. One 
seful strategy involves defining a specific region in the CMD phase 
pace, where blending impacts can be most readily identified. Fig. 3 
ighlights the region where blending effects are likely to be observed, 
enoted as ‘Unresolved Binaries’. We concentrated on the reddest 
bjects in our sample, primarily because the blending effects become 
arkedly pronounced among such objects. By constraining the phase 

pace of the CMD, we established a limiting magnitude of M G ≥
2.84 mag. This decision was based on empirical evidence from one 
f the brightest identified M7 objects in the Rho Ophiuchi star cluster,
ScoCTIO 128 (Ardila, Mart ́ın & Basri 2000 ). Notably, this star

xhibits a G of 18.52 mag, is relatively close, situated at a distance of
36.3 ± 4.4 pc, and is young, with an estimated age of approximately
1 Myr (Pecaut, Mamajek & Bubar 2012 ), and thus makes for a
ensible choice when restricting the maximum brightness of UCDs. 
rawing on the spectrophotometric correlations delineated by Kiman 

t al. ( 2019 ), we infer that an L6 spectral type object in the G –G RP 

omain should register a value of 1.77 mag ( G –G RP ∼ 1.47 mag for
n M7). Given that a substantial fraction of the objects discernible 
o both Gaia and the UCDC likely belong to a preceding spectral
ategory, this range was deemed appropriate for our constraints. 
s shown in Fig. 5 , the objects that fall within this demarcated
egion clearly deviate from the broader catalogue trends, revealing 
hemselves as potential outliers. These objects are outlined in Table 6 ,
long with the details of their associated companions. Several objects 
ighlighted in Table 6 have been the subject of previous studies and
re outlined as follows: 

(i) ( J2200 −3038A + J2200 −3038B ): This is a known M9 +
0 resolved binary with a separation of ρ = 1.09 arcsec ( ≈35 au),
s detailed in Burgasser & McEl w ain ( 2006b ). This system was
bserved using NASA’s Infrared Telescope Facility (IRTF) SpeX 

nstrument (Rayner et al. 2003 ), and both objects were resolved on
he north–south axis, with the northern component being brighter 
n all MKO bands. Smart et al. ( 2019 ) investigated this system
s it was an outlier residing 3 σ away from the MS in G –G RP 

MD. It was concluded that G RP for the brighter component was
 combination of fluxes from both objects in the system. The high-
esolution imaging of this system reported by Burgasser & McEl w ain
 2006b ) unequivocally confirms it as a bound double system with no
ther nearby sources, making the conclusion by Smart et al. ( 2019 )
he most probable explanation. 

(ii) ( J1550 + 1455 + J1550 + 14553 ): 2MASS
15500845 + 1455180AB is a well-studied binary system comprising 
f an L3.5 and L4 dwarfs, first discussed by Burgasser et al. ( 2009b ).
DSS (Margon 1999 ) initially classified this object as a galaxy due

o the extended PSF in the i and z bands, which aligns with a faint,
arginally discernible companion towards the north. 
(iii) ( J0025 + 4759A + J0025 + 4759 ): J0025 + 4759 is a well-

nown and e xtensiv ely studied equal-mass L4 + L4 binary system
hat was initially resolved and characterized by Reid et al. ( 2006 ).
o we ver, this has not been resolved by Gaia , implying that G RP is
erived from the flux contributions from both sources. J0025 + 4759
s also known to be a distant companion to the spectroscopic binary
0025 + 4759A first disco v ered by Reid et al. ( 2006 ). 

(iv) ( J0219 −3925A + J0219 −3925B ): The M6 J0219 −3925A
s a member of the Tucana–Horologium association (30–40 Myr) 
ith a low-gravity L4 γ companion. The two objects are separated by
 arcsec with masses of 113 ± 12 and 13.9 ± 1.1 M Jup , respectively, as
eported by Artigau et al. ( 2015b ). The error in G RP for the companion
s large ( σG RP = 0.121 mag), which is consistent within 1 σ of what
e expect an L4 to be in G –G RP . 
(v) ( J0753 −6338 + J0753 −6338B ): Mugrauer et al. ( 2007 ) clas-

ified J0753 −6338B as having its own close companion consisting of
n M7/8 and L2/3 dwarfs, which is unresolvable to Gaia , explaining
 large number of blended transits and o v erall redness. 

(vi) ( J0903 −0637 + J0903 −06378 ): Initially observed as a
ingle object in 2MASS (2MASS J09033514 −0637336), it was 
lassified as an M7 in Cruz et al. ( 2003 ). Ho we ver, Best et al.
 2018 ) serendipitously disco v ered this is a tightly bound visual
inary system. Both objects have been resolved in Gaia and PS1;
he i images show a flux difference between the objects of 0.10 ±
.03 mag, and the difference in G -band is ∼0.11 mag (Best et al.
018 ). 
(vii) ( J0915 + 0422A + J0915 + 0422 ): Initially classified as an

5 dwarf, (Cruz et al. 2007 ), J0915 + 0422 was subsequently imaged
sing the HST , revealing a closely separated binary system. This
ystem consists of two nearly equal luminosity components, both 
f which were initially classified as L4. A follow-up mid-resolution 
pectral analysis in the optical range was conducted reclassifying 
oth objects as L6 (Reid et al. 2008b ). Further investigations using
he SpeX spectrograph and low-resolution spectra ( R ∼ 75–120) 
Schneider et al. 2014 ) led to the reclassification of the system as an
7; ho we ver, these observ ations did not resolve both components. 
MNRAS 533, 3784–3810 (2024) 
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M

Figure 5. Systems that include at least one significantly red UCD, as discussed in Section 3.2 and detailed in Table 6 . Objects depicted with triangular markers 
correspond to spectroscopically confirmed UCDs, while those marked with circles are either non-UCDs or have yet to undergo spectroscopic follow-up to 
confirm their UCD status. Blue markers pass our criterion for blending ( G RP blended/ G RP obs ≥ 0.5), and red-coloured markers are not deemed to be blended. 
Companions within a system are interconnected by grey lines. The region enclosed by the red-dashed lines is explained in Section 3.2 . Names are provided for 
UCDs that have been classified as blended. All objects from the UCDC are o v erlaid in gre y. Isolated objects with no connecting lines represent systems where 
the companion lacks a published G RP value and, consequently, cannot be visually represented in this figure. 
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(viii) ( J1239 + 5515A + J1239 + 5515 ): J1239 + 5515 is a closely
eparated binary system ( ρ = 0.21 arcsec) with an L5 combined NIR
pectral type as reported by Gizis et al. ( 2003 ), which is unresolved
n Gaia . 

(ix) ( J1735 + 2634 + J1735 + 2634B ): J1735 + 2634 was initially
dentified as a binary system by Law et al. ( 2006 ) with subsequent

ass estimations for the individual components produced in Dupuy
 Liu ( 2017 ). Given that Gaia has not resolved the low-mass

econdary, the observed excess in the G RP band is likely a cumulative
ontribution from both the components of the system. 

(x) J2331 −0405 : J2331 −0405 (HD 221356D), first disco v ered
nd characterized as an L1 dwarf by Gauza et al. ( 2012 ) is a
NRAS 533, 3784–3810 (2024) 
ell-known companion to HD 221356, forming a quadruple system
ith the binary system 2MASSW J2331016 −040618, first resolved
y Close et al. ( 2002 ). J2331 −0405 does not indicate unresolved
inarity from either the IPD or RUWE values or any blended
ransits. The 2MASS photometry flags indicate that the photometry
s unreliable (UUB), and the VHS photometry from Gauza et al.
 2012 ) appears bluer than expected for an L1 with a J –K s =
.008 ( J –K s ∼ 1.32 for an L1, Kiman et al. 2019 ). This can be
artly explained by the fact that HD 221356 is slightly metal-poor
[Fe/H] = −0.26). 

The systems presented below have not been identified with close
ompanions: 
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Table 6. Systems with at least one unusually red object as detailed in Section 3.2 and displayed in Fig. 5 with their respective companions. 

SN ID ρ SpT G G –G RP amplitude multi RUWE G RP G RP 

(arcsec) (mag) (mag) peak obs blended 

J0025 + 4759A 392562179817077120 217.5 F8 7.41 0.51 0.02 22 18.41 54 30 
J0025 + 4759 392555995065552000 – L4 20.84 2.20 0.18 29 – 0 0 
J0112 −7031 4690935350520872064 1.36 M7 18.27 1.94 0.02 1 1.10 25 21 
J0112 −7031B 4690935350519379712 – – 18.29 2.01 0.03 0 1.05 17 15 
J0219 −3925A 4963614887043956096 3.91 M6 14.98 1.40 0.01 0 2.92 72 3 
J0219 −3925B 4963614887043331072 – L4 21.05 1.82 0.05 0 – 7 0 
J0657 −40197 5563853506012603776 0.80 M7.5 17.82 2.24 0.03 20 1.19 26 26 
J0657 −4019 5563853506009853568 – – 17.89 2.31 0.12 7 1.33 8 8 
J0753 −6338 5287961677550103424 7.24 G5V 7.81 0.51 0.03 0 1.09 61 0 
J0753 −6338B 5287961677547964928 M7 17.82 1.94 0.05 2 1.13 43 35 
J0903 −0637 5756675238129804032 1.14 M7 18.30 1.99 0.11 20 2.63 39 39 
J0903 −06378 5756675238130543104 – – 18.39 1.84 0.04 3 1.09 3 3 
J0915 + 0422A 579379032258351488 2.11 L6 20.43 2.26 0.07 3 1.05 17 17 
J0915 + 0422 579379032258066432 – L7 20.58 2.45 0.24 0 – 4 4 
J1239 + 5515A 1571411233756646656 2038 K3V 7.99 0.66 0.01 0 0.97 55 0 
J1239 + 5515 1571292108543541504 – L5 20.43 2.12 0.43 14 – 48 1 
J1250 + 04553 3705763723623026304 10.5 – 13.56 1.11 0.04 0 1.06 65 1 
J1250 + 0455 3705763723623660416 – M8 20.46 2.19 0.15 8 1.51 50 1 
J1317 + 18491 3938910834965369984 0.70 M9V 17.27 2.22 0.26 39 1.73 21 21 
J1317 + 1849 3938910830669894016 – – 17.28 2.23 0.23 40 2.51 17 17 
J1347 −76101 5789842624864892288 17.1 M1 10.80 0.97 0.01 0 0.98 45 0 
J1347 −7610 5789842620561789568 – L0 18.76 1.89 0.04 24 1.97 35 3 
J1517 −5851A 5877059048308526720 217.6 A3 4.06 0.11 0.03 0 1.91 52 0 
J1517 −5851 5877057330286155648 – L1 19.47 1.81 0.03 1 1.30 31 31 
J1550 + 1455 1192782138303692800 0.88 L3.5 20.18 2.00 0.01 0 1.05 54 54 
J1550 + 14553 1192782134013894144 – – 20.87 – 0.06 0 1.10 0 –
J1735 + 2634 4594186745414679680 0.04 M7.5 15.87 1.80 0.19 59 8.73 50 1 
J1735 + 2634B – L0 – – – – – – –
J2200 −3038A 6616442994033876480 0.99 M9 18.46 1.99 0.03 12 1.36 47 47 
J2200 −3038B 6616442994033876352 – L0 19.08 – 0.03 0 1.19 0 –
J2203 −5647 6412595290592307840 – K5V 4.32 0.71 0.005 0 1.148 45 0 
J2204 −5646B 6412596012146801152 75.70 T1 18.06 2.00 0.01 8 4.30 44 42 
J2204 −5646C – – T6 – – – – – – –
J2331 −0405A 2 633449134434620288 12.46 F7V 6.36 0.44 0.06 0 0.96 20 0 
J2331 −0406 2633426216489127296 442.2 M8 17.20 1.57 0.03 2 1.15 21 21 
J2331 −0406B – 442.2 L3 – – – – – – –
J2331 −0405 2633449095780158720 – L1 18.53 1.84 0.04 0 1.20 7 0 

Note: G RP obs – number of observations (CCD transits) that contributed to the integrated RP mean flux; G RP blended – number of RP blended transits. 

 

2  

s  

s
c
c

c
(  

a  

G
p
o
f
c
s

 

a  

J
L
i

J  

t  

a  

a  

t
J  

c
a

 

a  

J  

s
l  

s
b  

w
 

t  

r
T  

≈  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/533/4/3784/7737679 by guest on 23 Septem
ber 2024
(i) J0112 −7031 + J0112 −7031B : This system, recognized as
MASS J01122168 −7031235 (Mason et al. 2020 ) with an M7
pectral type, as detailed in Cruz et al. ( 2003 ). Considering the small
eparation between the two companions and the absence of other 
elestial bodies nearby, it is plausible that these objects mutually 
ontribute to their blended appearance. 

(ii) J0657 −40197 + J0657 −4019 : J0657 −4019 was previously 
lassified as an M7.5, and reported for its moderate H α variability 
Cruz et al. 2003 ; Lee, Berger & Knapp 2010 ). J0657 −4019 is not
cknowledged as a binary system in the current literature. Ho we ver,
aia data reveals two closely situated sources, both of which are 
otentially subjected to blending effects due to their proximity to each 
ther ( ρ = 0.80 arcsec). This suggests the need for high-resolution 
ollo w-up observ ations to adequately identify and characterize both 
omponents. Given the nearly identical G -band magnitudes of these 
ources, this system may be an equal-mass binary system. 

(iii) J1250 + 04553 + J1250 + 0455 : J1250 + 0455 is classified as
n M8.5 (Cheng et al, in prep) and found as a wide companion with
1250 + 04553. Photometric spectral classification is estimated as an 
1 (Skrzypek et al. 2015 ), indicating a slight discrepancy between 

ts spectral and photometric classification. The spectral features of 
1250 + 0455 give further indications that this is not a typical late-M
ype object, as the FeH absorption features at ∼1.0 and ∼1.2 μm
re weaker than expected the H 2 O features at ∼0.9 and ∼1.1 μm
re stronger than for a typical late-M UCD. The separation between
he companions cannot explain the unusual redness exhibited by 
1250 + 0455, with no other nearby Gaia source suggesting a hidden
ompanion contributing to the additional excess flux. This assertion 
ligns with the high RUWE and significantly large IPD flags. 

(iv) J1317 + 18491 + J1317 + 1849 : J1317 + 18491 is classified
s an M9V by West et al. ( 2011 ). Gaia reveals a secondary source,
1317 + 1849, nearby ( ρ = 0.70 arcsec), indicating a tight companion
ystem. This interpretation is further supported by the significantly 
arge IPD flags and RUWE for both sources. All the transits for both
ources are blended, explaining the considerable redness observed for 
oth objects. Given the similarity in the G -band for both components,
e infer that this system is a near equal-mass binary. 
(v) J1347 −76101 + J1347 −7610 : Initially classified as L0.0 in

he NIR (Kendall et al. 2007a ), J1347 −7610 appears considerably
edder in G–G RP despite the small percentage of blended transits. 
he J –H value from 2MASS aligns with the L0 classification ( J –H
0.76, Kiman et al. 2019 ). Ho we ver, the ipd frac multi peak and
MNRAS 533, 3784–3810 (2024) 
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Table 7. Unresolved UCD companion candidates found in the GNASC 

(Whiting et al. 2023 ) and also feature in the UCDC. 

SN SpT multi peak amplitude RUWE χ2 

J1453 + 1543 M7.5 0 0.036 1.23 33.61 
J2147 −26441 M7.5e 0 0.148 2.40 56.15 
J2325 + 4608A M8 70 0.126 5.557 257.4 
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UWE values suggest an unseen secondary source semi-resolved by
aia . 
(vi) J1517 −5851A + J1517 −5851 : J1517 −5851 is a con-

rmed wide BD companion to J1517 −5851A (Smith et al. 2015 ).
1517 −5851 has a J –K s value of 1.33 mag, which resides between
he average values for L1 and L1.5 dwarfs (Faherty et al. 2013 ), and
ts corresponding J , H , and K s values align with the mean values of
hese dwarf classes (Dupuy & Liu 2012 ). These measurements rule
ut the possibility of an unresolved hidden companion of a similar
pectral type. Although there are no clear indications of blending or
inarity, it resides in a densely populated stellar region, potentially
ontributing to the unusual flux observed in G RP . 

.3 Binarity from long time-baseline astrometry 

lthough radial velocity (RV) measurements or transits can provide
ccurate mass measurements, directly imaged UCDs and planets face
 challenge in determining their mass. Direct imaging is sensitive to
arge projected separations between substellar objects and their host
bjects that correspond to longer orbital periods and larger semimajor
xes. This makes it challenging to compute the masses of substellar
ass companions, which often require submilliarcsecond precision

Holl et al. 2023 ). Precise astrometric measurements or RVs o v er a
ignificant portion of the orbit are necessary to measure the mass of
he directly imaged UCDs, which can be limited by the long orbital
eriods involved (Dupuy, Brandt & Brandt 2022 ). 
The availability of precise absolute astrometry from Gaia , com-

ined with pre-existing Hipparcos astrometry, has enabled compar-
sons of widely spread astrometric measurements. By combining the
Ms from both the Hipparcos and Gaia epochs, an acceleration
nonlinear PM) in the plane of the sky can be obtained. When
ombined with RV measurements, projected separation, and posi-
ion angles, the data necessary to determine the dynamical mass
ithout requiring observational data for a significant portion of the
rbit are obtained (Brandt, Dupuy & Bowler 2019 ). This approach
uccessfully determined masses of BD companions with long orbital
eriods, such as Gl 229 B ( ∼240 years) (Brandt et al. 2020 ) as well
s shorter periods ( ∼30 years) of β Pic B (Dupuy et al. 2019 ). 

Gaia DR3 introduced astrometric orbital solutions that assist in
etermining the mass of companions, extending to the planetary mass
egime. The Gaia astrometric non-single star (NSS) analysis includes
ources that fail the single-star model; thus, a double-star model was
sed to determine the complete orbital solution for one companion
Holl et al. 2023 ). DR3 provides 169 227 NSS orbital astrometric
olutions 1 that are compatible with an acceleration solution, found
n the DR3 table gaiadr3.nss acceleration astro . 

The GUCDS catalogue was passed through the NSS ‘binary’
ipeline to find detections of signals caused by substellar companions
Gaia Collaboration et al. 2023b ). The GUCDS (an older version was
sed for this study, Smart et al. 2017 ) was manually input into the
inary pipeline as it only considers stars with G ≤ 19 mag. This
esulted in the determination of the orbital solution for 13 GUCDS
bjects, including nine new binary candidates (these objects are
ategorized as nss solution type – OrbitalTargetedSearch), of which
wo are found in the UCDC: J2200 −3038A and J0219 −3925A.
hese potential binary candidates are prime candidates for subse-
uent observations to characterize further and confirm their binarity.
heir association with brighter primary stars in wide companion
NRAS 533, 3784–3810 (2024) 
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ystems furthers their significance and positions them as valuable
enchmarks for stellar studies. 
We crossmatched the gaiadr3.nss acceleration astro with the

CDC to determine if the accelerations detected are due to the
CD companions known in the UCDC, yielding three matches:

0122 + 0331A, J1449 −0117A, and J1606 + 2253A. Using Kepler’s
hird law, assuming a companion UCD mass of 0.1 M � and incli-
ation ( i ) = 0, we estimate the orbital period for the systems. The
eriods are far larger ( > 100 years) than the 3.5-year baseline of Gaia
R3, given the Hipparcos–Gaia baseline is best suited for detecting
rbital periods of a few decades, while Gaia is most ef fecti ve at short
apid orbits with periods of several years, thus, we cannot confidently
ay the accelerations detected are from our wide companions or an
nresolved companion. 
A table of masses is derived from the NSS solutions presented

n the gaiadr3.nss two body orbit table. The masses are listed in
aiadr3.binary masses and represent the estimated masses of the
rimaries and unresolved companions. We find 14 objects when
ross-matching with the UCDC, all of which were non-UCDs. Some
nseen companions have substellar masses at lower mass confi-
ence levels ( m2 lower in gaiadr3.binary masses ); for example,
D + 75 510 that gives a lower companion mass of ∼0.006 M � but
ith large uncertainties, further data or follo w-up observ ations are

equired to characterize the inner companion accurately. 
The Gaia Nearby Accelerating Star Catalogue (GNASC) (Whiting

t al. 2023 ) provides 29 684 high-confidence (5 σ ) accelerating
tar candidates within 100 pc from a supervised machine-learning
lgorithm trained on The Hipparcos Gaia Catalogue of Accelera-
ion (Brandt 2021 ), DR2, and EDR3. The GNASC is sensitive to
hanges in the proper motion between DR2 and EDR3 astrometry,
dentifying objects not found in gaiadr3.nss acceleration astro .
otably, the GNASC still contains 96 per cent of all objects found

n gaiadr3.nss acceleration astro , highlighting its co v erage and
f fecti veness. There are 46 common stars between the UCDC and
NASC, of which 12 are UCDs with three new binary candidates

isted in Table 7 . The χ2 in Table 7 constitutes the difference
etween a linear drift model and the reported proper motions between
he Hipparcos catalogue and EDR3 (Brandt 2021 ). A χ2 = 28.75
orresponds to a ‘5 σ ’ (99.7 per cent) confidence of non-linear motion,
hich the GNASC adopts for its selection criteria. 

 AG ES  A N D  MASSES  O F  U C D S  

CDs are characterized by their optical spectra, which exhibit strong
nd broad potassium lines, and their near-infrared spectra, which
isplay the absorption bands of water, methane, and ammonia.
hese features are sensitive to [Fe/H] and surface gravity, both
f which serve as age proxies (Marocco et al. 2017 ). Most UCDs
ith stellar masses stabilize at a specific spectral type on the MS

fter a fe w Myrs. Ho we ver, substellar objects are devoid of a long-
erm energy source, continuously cooling and evolving through
ubsequent spectral types. 

https://www.cosmos.esa.int/web/gaia/dr3
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Historically, constraining the age and mass of UCDs has pro v en
hallenging due to the continuous evolution and cooling of Brown 
warfs, resulting in a de generac y between their observed parameters 

nd their age, mass, and metallicity. The dynamical mass of an 
stronomical object can be measured if it is part of a companion
ystem with a short orbital period. Ho we ver, the census of UCD
asses remains relatively limited (Dupuy & Liu 2017 ; Brandt et al.

021 ; Chen et al. 2022 ; Feng et al. 2022 ), and age indicators are
ypically the dominant uncertainty when estimating UCD masses 
Sanghi et al. 2023b ). Members of young moving group and the
pplication of gyrochronology on host stars, ho we v er, can pro vide
ore accurate ages for low-mass stars (Carmichael et al. 2021 ; 
agn ́e et al. 2023 ). To estimate the masses of the UCDs, we
rst ascertain their ages and bolometric luminosities, and then 

nterpolate the masses using the evolutionary tracks provided by 
araffe et al. ( 2015 ) for stellar objects and Phillips et al. ( 2020 ) for

ubstellar ( < 0.075 M �) objects. Our interpolation method consists
f calculating the minimum Euclidean distance between the nearest 
ass tracks and UCD. A weight that is inversely proportional to 

he minimum distance is then assigned to each track. Finally, we 
alculate the estimated mass as the weighted average of the two 
ass tracks, using the aforementioned weights. 

.1 Bolometric luminosities 

e assume all systems are coe v al, and thus we infer the ages of UCDs
n our sample from their primary companion. Given that we have 
ccurate distance estimates for most UCDs from Gaia parallaxes, 
e can compute the bolometric luminosity ( L bol ). We opt to use the
 bol o v er T eff to infer mass as systematic differences remain between
bserved spectra and synthetic spectra persist due to complexities 
n the atmosphere, metallicity, and age thus fitting observed spectra 
emain uncertain. L bol integrates over all wavelengths and is less 
ensitive to model errors than flux corrected in a single bandpass. 

We utilize the bolometric corrections (BCs) of Sanghi et al. ( 2023a ) 
nd in particular the BC K s FLD relation for UCDs lacking evidence of
outh or not known to be in young moving groups (YMGs) and the
C K s YNG relation for those UCDs in YMGs. Sanghi et al. ( 2023a )
ighlights a concern using the J -band (both MKO and 2MASS)
or BCs for young objects due to a large discrepancy between 
bserved BCs and their best-fit relation for spectral ranges L5–L7. 
his discrepancy is not present when using the K s -band and thus we
pted to use M K s 

for our corrections. 
Since the bolometric magnitude, M bol , is: 

 bol = M K s 
+ BC , (13) 

t follows that the uncertainty on M bol , denoted as σM bol , is: 

M bol = 

√ 

σ 2 
M Ks 

+ σ 2 
BC , (14) 

here σM Ks 
and σBC are the uncertainties in the absolute magnitude 

n the K s band and the BC , respectively. σBC is the rms around the fit
s given by Sanghi et al. ( 2023a ). 

Given the bolometric magnitude, M bol , and its uncertainty, σM bol , 
he bolometric luminosity, log ( L/L �), and its corresponding uncer- 
ainty, σlog ( L/L �) , are calculated as: 

log ( L/L �) = −0 . 4 × ( M bol − M bol , �) , (15) 

log ( L/L �) = 0 . 4 × σM 

, (16) 
bol 
here M bol , � is the solar bolometric magnitude ( M bol , � = 4.74).
hus, the error in the luminosity ratio is directly proportional to the
rror in the bolometric magnitude, scaled by the factor of 0.4. 

.2 Systems with a white dwarf companion 

ccurately constraining the ages of cool and faint UCDs is chal-
enging; ho we ver, one method to constrain UCD ages is to exploit
esolved White Dwarf-UCD systems. By utilizing photometric data, 
istance, and chemical composition of the WD, we can interpolate 
rom WD cooling models to determine the age of the WD and, by
xtension, the UCD companion under the assumption of coe v ality
Bergeron, Leggett & Ruiz 2001a , b ; Fouesneau et al. 2019 ). In cases
here the progenitor star has a large mass, it will have a short lifetime

nd the age of the WD (and UCD) will be approximately the same
s the WD cooling age. This age can be calculated accurately from
xisting cooling models and the initial–final mass relations (IFMR) 
Day-Jones et al. 2008 ). Adopting the criteria used in El-Badry & Rix
 2018 ), we define WDs as M G > 3.25( G BP –G RP ) + 9.63, and limit
 –G RP < 0.7 mag, assuming negligible extinction within 100 pc;
ence, no correction is made. We identified 17 WD-UCD systems, 
onsisting of 14 doubles, 2 triples, and 1 higher-order system. In
ases of triple or higher multiplicity, we considered only the WD and
CD. 

.2.1 UCD a g es from white dwarf companions 

he Gaia mission has significantly impro v ed our ability to accurately
easure the photometry of WDs, highlighting the need to develop 
ethods to easily transform WD photometry into physical parame- 

ers. To determine the cooling ages, we utilize the publicly available
ource code, WDWARFDATE (Kiman et al. 2022 ). WDWARFDATE uses
 Basyiean framework to derive the age and masses of the WD and its
rogenitor based on its T eff and log g , we use the values from Gentile
usillo et al. ( 2021 ) for these parameters. The cooling ages and mass
f the WD are computed from the cooling models of the Montreal
hite Dwarf Group (B ́edard et al. 2020 ). The IFMR of Cummings

t al. ( 2018 ) is used to calculate the progenitor mass, and the lifetime
f the progenitor (MS age) is determined from the Modules for
xperiments in Stellar Astrophysics Isochrones and Stellar Evolution 
racks (MIST; Choi et al. 2016 ; Dotter 2016 ), thus giving the total
ge of the WD as the cooling age + MS age. The largest source of
rror on the total age is due to the IFMR as the large uncertainty
rom the initial mass correlates with the uncertainty in the MS age,
omparatively, the Gaia parallax and photometric uncertainties are 
egligible compared to the IFMR error. We assumed solar metallicity 
nd stellar rotation of v / v crit = 0 for each fit. Table 8 displays
he derived physical parameters of the UCDC WDs, considering 
nly pure hydrogen and helium (DA/DB) atmospheres with H- 
hick envelopes ( M H 

M ∗ = 10 −4 ) and H-thin env elopes, respectiv ely

 

M H 
M ∗ = 10 −10 ) as the Montreal cooling models are limited to these two
cenarios. The Cummings-PARSEC (Cummings et al. 2018 ) IFMR 

rom the PARSEC-isochrones (Bressan et al. 2012 ) is adopted for
1256 −62023. We adopt the IFMR of (Williams, Bolte & Koester
009 ) for the solutions of J1208 + 0845A. J0807 −6618A has data
rom literature only. 

Fig. 6 displays the ages of the WDs and their UCD companions.
he position of the UCD companion can confirm the age of a
D, as the eldest WDs are typically companions of the faintest

nd coolest UCDs in the sample. An example is J1256 −62023 +
1256 −6202, which is one of the oldest systems shown in Fig. 6 .
MNRAS 533, 3784–3810 (2024) 
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Table 8. Derived parameters for WDs and their UCD companions in the UCDC. In cases where a WD’s spectral type is unknown in the literature, 
both DA and DB scenarios were tested. 

WD SN WD SpT T eff log(g) WD mass Cooling age Total age UCD SN UCD SpT UCD mass 
(K) (dex) (M �) (Gyr) (Gyr) (M Jup ) 

J1424 + 0917A DA4.1 1 12 390 ± 194 8.05 ± 0.02 0 . 64 + 0 . 01 
−0 . 01 0 . 39 + 0 . 02 

−0 . 02 2 . 32 + 2 . 5 −0 . 69 J1424 + 0917 L4 74 . 9 + 2 . 5 −2 . 6 

J1455 + 3725 DA 

2 8042 ± 169 8.09 ± 0.06 0 . 64 + 0 . 03 
−0 . 03 1 . 23 + 0 . 13 

−0 . 11 3 . 22 + 3 . 7 −0 . 87 J1454 + 3718 L0 81 . 6 + 1 . 5 −2 . 0 

J1455–2757 DA 7192 ± 331 8.48 ± 0.11 0 . 89 + 0 . 07 
−0 . 07 3 . 70 + 0 . 62 

−0 . 71 3 . 93 + 0 . 57 
−0 . 62 J1453–2744 L0.0 85 . 6 + 3 . 1 −3 . 1 

DB 7057 ± 330 8.43 ± 0.12 0 . 82 + 0 . 09 
−0 . 11 3 . 27 + 0 . 63 

−0 . 86 3 . 68 + 0 . 63 
−0 . 53 – – –

J0030–3739A DA 

3 7272 ± 100 7.95 ± 0.04 0 . 57 + 0 . 02 
−0 . 02 1 . 36 + 0 . 08 

−0 . 08 8 . 12 + 4 . 4 −3 . 5 J0030 −3739 M9 86 . 2 + 2 . 2 −3 . 1 

J1245 + 1204A DA 

4 6612 ± 175 8.04 ± 0.09 0 . 62 + 0 . 05 
−0 . 04 1 . 97 + 0 . 32 

−0 . 22 5 . 01 + 5 . 1 −1 . 6 J1245 + 1204 L1 88 . 3 + 5 . 6 −5 . 8 

J1600–2456A DA 4359 ± 190 7.99 ± 0.17 0 . 61 + 0 . 05 
−0 . 04 8 . 99 + 0 . 89 

−1 . 00 11 . 72 + 1 . 97 
−1 . 13 J1600–2456 M7V 88 . 4 + 2 . 1 −4 . 1 

DB 4412 ± 142 7.98 ± 0.17 0 . 61 + 0 . 05 
−0 . 04 7 . 42 + 0 . 49 

−0 . 50 10 . 57 + 2 . 74 
−1 . 51 – – –

J0154 + 4819 DA 9762 ± 118 7.97 ± 0.03 0 . 59 + 0 . 02 
−0 . 02 0 . 66 + 0 . 04 

−0 . 03 6 . 36 + 4 . 7 −3 . 1 J0154 + 4819B M9 90 . 3 + 2 . 5 −1 . 9 

DB 9571 ± 121 7.87 ± 0.04 0 . 54 + 0 . 04 
−0 . 02 0 . 63 + 0 . 03 

−0 . 03 9 . 30 + 3 . 4 −3 . 7 
J2354–3316B DA 

1 8560 ± 75 7.96 ± 0.02 0 . 58 + 0 . 01 
−0 . 01 0 . 90 + 0 . 03 

−0 . 03 7 . 68 + 4 . 3 −3 . 4 J2354–3316 M9 90 . 6 + 1 . 6 −1 . 6 

J1257 + 3347 DA 4416 ± 691 8.06 ± 0.67 0 . 63 + 0 . 08 
−0 . 05 7 . 97 + 2 . 3 −2 . 8 10 . 85 + 2 . 34 

−2 . 72 J1258 + 3336 M8V 90 . 7 + 2 . 6 −4 . 1 

DB 4430 ± 535 8.02 ± 0.66 0 . 62 + 0 . 08 
−0 . 05 7 . 36 + 1 . 1 −1 . 4 9 . 87 + 2 . 9 −1 . 7 

J1330 + 1403 DA 5658 ± 220 8.10 ± 0.16 0 . 63 + 0 . 06 
−0 . 04 3 . 82 + 1 . 4 −0 . 93 6 . 61 + 3 . 7 −1 . 5 J1330 + 1353 M8 91 . 6 + 2 . 6 −2 . 8 

DB 5531 ± 215 8.02 ± 0.17 0 . 60 + 0 . 05 
−0 . 04 4 . 55 + 0 . 90 

−0 . 93 8 . 17 + 4 . 0 −1 . 90 
J1401–0223 DA 5481 ± 248 7.91 ± 0.19 0 . 61 + 0 . 05 

−0 . 04 4 . 14 + 1 . 5 −1 . 1 8 . 05 + 3 . 9 −2 . 1 J1401–0221 M8 93 . 3 + 6 . 8 −3 . 7 

DB 5386 ± 228 7.84 ± 0.18 0 . 47 + 0 . 11 
−0 . 08 3 . 13 + 1 . 5 −0 . 81 –

J1208 + 0845A DA 

5 4930 ± 77 7.88 ± 0.07 0 . 51 + 0 . 03 
−0 . 03 4 . 80 + 0 . 80 

−0 . 74 9 . 32 + 2 . 9 −1 . 8 J1208 + 0845 M9 96 . 4 + 2 . 6 −3 . 5 

J1605–20011 DA 5125 ± 180 7.99 ± 0.15 0 . 60 + 0 . 05 
−0 . 04 5 . 57 + 1 . 3 −1 . 3 9 . 27 + 3 . 3 −1 . 9 J1605–2001 M7V 100 + 2 . 8 −4 . 0 

DB 5053 ± 157 7.94 ± 0.13 0 . 59 + 0 . 04 
−0 . 03 5 . 85 + 0 . 61 

−0 . 65 10 . 1 + 3 . 1 −2 . 2 
J1153 + 2854 DA 5647 ± 382 8.22 ± 0.26 0 . 64 + 0 . 10 

−0 . 05 4 . 62 + 2 . 0 −1 . 5 7 . 27 + 3 . 1 −1 . 9 J1153 + 2901 M8V 101 + 4 . 9 −5 . 2 

DB 5512 ± 376 8.13 ± 0.27 0 . 62 + 0 . 07 
−0 . 04 4 . 78 + 1 . 3 −1 . 3 7 . 75 + 3 . 4 −1 . 8 

J0428 + 1658 DA.2.0 1 24 200 ± 486 8.12 ± 0.03 0 . 70 + 0 . 02 
−0 . 02 0 . 035 + 0 . 06 

−0 . 05 0 . 85 + 0 . 49 
−0 . 35 J0426 + 1703 M7V 133 + 6 . 2 −5 . 3 

J1256–62023 DA 4562 ± 182 7.91 ± 0.17 0 . 60 + 0 . 05 
−0 . 04 8 . 05 + 1 . 0 −1 . 1 11 . 44 + 2 . 22 

−1 . 41 J1256 −6202 sdL3 6 - 

DB 4588 ± 145 7.90 ± 0.16 0 . 51 + 0 . 09 
−0 . 08 5 . 83 + 1 . 3 −1 . 4 –

J0807–6618A DQ 

7 10250 a 8.06 a 0.62 a 0 . 67 + 0 . 04 
−0 . 04 

a 1 . 5 + 0 . 5 −0 . 3 
b J0807 −6618 Y1 8 ∼ 7 b 

Note. Instances in which ‘–’ appears indicate no solution could be found. T eff – ef fecti ve temperature of the WD, log(g) – surface gravity of the WD, 
Cooling age – the cooling age of the WD, Total age – age of the progenitor + cooling age, where the age of the progenitor is determined using an 
initial–final mass relations from (Cummings et al. 2018 ). Spectral type references: 
1 Gianninas, Bergeron & Ruiz ( 2011b ), 2 Eisenstein et al. ( 2006 ), 3 Day-Jones et al. ( 2008 ), 4 Kleinman et al. ( 2013 ), 
5 Kilic et al. ( 2010 ), 6 Zhang et al. ( 2019 ), 7 Subasavage et al. ( 2007 ), 8 Leggett et al. ( 2015 ). 
a – Subasavage et al. ( 2009 ), b – Luhman et al. ( 2012a ). 
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1256 −6202 displays a significant deviation from the MS, which
ndicates a subdwarf and metal-poor object. A follow-up study by
hang et al. ( 2019 ) on J1256 −6202 assigns a sdL3 spectral type,
rm halo membership, and [Fe/H] = −0.9. 

.3 Using FLAME ages to estimate UCD masses 

he Final Luminosity Age Mass Estimator (FLAME) provides a
arge, homogeneous, multiparametric sample constraining stellar

ass and evolutionary parameters for each Gaia source ( G <

8.25 mag) 2 FLAME processes the output spectroscopic parameters
rom the general stellar parametrizer (GSP) from BP/RP and G RVS 

pectra (GSP-Phot and GSP-Spec) with astrometry and photometry
ontributions to the output-deri ved e volutionary parameters (R, M,
, age) with upper and lower bound confidence levels. GSP-Phot
ims to characterize all single stars ( G < 19 mag) using time-
veraged, low-resolution BP/RP spectra, parallax, and G (Andrae
t al. 2023 ). GSP-Spec is based solely on a spectroscopic ap-
roach that estimates stellar parameters from the combination of
NRAS 533, 3784–3810 (2024) 

 https:// gea.esac.esa.int/ archive/ documentation/ GDR3/ FLAME 

&
 

i  
VS spectra of single stars with no additional information from
hotometric or spectrophotometric BP/RP data (Recio-Blanco et al.
023 ). The FLAME results from GSP-Phot inputs are found in the
strophysical parameters table while the outputs from GSP-Spec are
n the astrophysical parameters supp table. Where available we used
he values from GSP-Spec for age estimations. 

We cross-match the UCDC with the astrophysical parameters
nd astrophysical parameters supp tables, applying a cut where
ge flame upper < 10 Gyr, as the evolutionary tracks from Baraffe
t al. ( 2015 ) and Phillips et al. ( 2020 ) used to interpolate the masses
re limited to this age, resulting in 40 matches, 28 from GSP-Spec,
nd 12 from GSP-Phot, tabulated in Table 9 . 

.4 Using BANYAN � ages to estimate UCD masses 

ssuming coe v ality for objects formed in the same molecular
loud provides valuable age estimations for all members within the
ssociation, with a potential precision of a few Myr (Bell, Mamajek
 Naylor 2015 ). 
BANYAN � (Gagn ́e et al. 2020 ) is a Bayesian algorithm created to

dentify members of nearby young stellar associations within 150 pc

https://gea.esac.esa.int/archive/documentation/GDR3/Data_analysis/chap_cu8par/sec_cu8par_apsis/ssec_cu8par_apsis_flame.html
https://gea.esac.esa.int/archive/documentation/GDR3/Gaia_archive/chap_datamodel/sec_dm_astrophysical_parameter_tables/ssec_dm_astrophysical_parameters.html
https://gea.esac.esa.int/archive/documentation/GDR3/Gaia_archive/chap_datamodel/sec_dm_astrophysical_parameter_tables/ssec_dm_astrophysical_parameters_supp.html
https://gea.esac.esa.int/archive/documentation/GDR3/Gaia_archive/chap_datamodel/sec_dm_astrophysical_parameter_tables/ssec_dm_astrophysical_parameters.html
https://gea.esac.esa.int/archive/documentation/GDR3/Gaia_archive/chap_datamodel/sec_dm_astrophysical_parameter_tables/ssec_dm_astrophysical_parameters_supp.html
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Figure 6. Systems in the UCDC that have a WD and UCD component with minimum age and total age represented where available. A summary of the data 
is presented in Table 8 . Objects in common systems are joined by grey lines. Circular markers indicate the minimum age (cooling age) and squared markers 
specify the total age. Triangular markers represent the UCD companion. The UCD age is represented by the total age of the WD companion unless only the 
cooling age can be determined, in which case, the UCD marker represents that age. J0807 −6618A is represented without its companion as it is not seen by Gaia . 
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ith an age range ∼1–800 Myr. The algorithm compares in six-
imensional galactic coordinates and space velocities ( XYZUVW ) 
o the included associations to compute a membership probability 
f the associations and the field. It is worth noting that while
ANYAN � is a robust tool for this task, other alternative tools
re available, such as Clusterix 2.0 (Balaguer-N ́u ̃ nez et al. 
020 ). Gaia provides motions and positions for the UCDC and 
as thus queried using BANYAN � to disco v er UCDs that belong

o young stellar associations. To mitigate the false-positive rate 
percentage of field stars erroneously classified as members), we 
ocus on potential members with a membership probability threshold 
f ≥90 per cent. BANYAN � is capable of a 50 per cent detection rate
or true members considering only proper motion data. Ho we ver, the
nclusion of additional data, such as RVs and parallax es, impro v es
he confidence of detection at the same probability threshold. Specif- 
cally, it increases to 68 per cent when RVs and proper motion are
sed, 82 per cent when proper motion and parallax are considered
nd could peak at 90 per cent when all three parameters are 
sed. 
Given the variances in size, distance, and membership complete- 

ess of Moving Groups, different probability thresholds are required 
o maintain equi v alent true reco v ery rates across all groups. To
esolve this association-specific dependence, BANYAN � adjusts 
he Bayesian priors to unify the reco v ery rates for all Moving
MNRAS 533, 3784–3810 (2024) 
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Table 9. UCDs with age and mass solutions, as seen in Fig. 7 a. Ages are 
from Gaia FLAME, ages with ∗ indicate the use of GSP-Phot, and other ages 
are from GSP-Spec. The mass is given by Jupiter masses. Three objects were 
not included in this table as they had not been resolved in NIR sky surveys, 
lacking photometric data (M J ) and thus no mass estimation. SpT(P) – primary 
companion spectral type. 

SN SpT Mass Age V TAN SpT(P) 
(M Jup ) (Gyr) (kms −1 ) 

J1423 + 0116 T8p 23 . 9 + 3 . 1 −4 . 0 5 . 57 + 1 . 6 −1 . 6 43.0 ± 0.19 G1.5V 

J1646 + 5019 M7 58 . 2 + 34 
−0 . 20 0 . 24 + 2 . 4 −0 . 04 ∗ 61.9 ± 0.14 K3 

J2144 + 1446 T2.5 59 . 6 + 4 . 8 −5 . 9 4 . 46 + 0 . 93 
−0 . 93 ∗ 21.7 ± 0.05 G0V 

J1339 + 0104 T5 68 . 4 + 1 . 9 −1 . 9 4 . 63 + 0 . 73 
−0 . 73 ∗ 31.8 ± 0.78 F7V 

J1110 −2925 L2 71 . 7 + 8 . 0 −36 0 . 87 + 3 . 1 −0 . 67 14.3 ± 0.25 K5V 

J0122 + 0331 L1 74 . 6 + 6 . 1 −29 0 . 89 + 1 . 3 −0 . 69 37.8 ± 0.72 G5 

J1416 + 5006 L5.5 75 . 5 + 0 . 90 
−0 . 90 6 . 33 + 0 . 96 

−0 . 99 75.3 ± 1.2 G5 

J1450 + 2354C L4 78 . 6 + 5 . 8 −0 . 80 5 . 29 + 0 . 93 
−0 . 93 ∗ 12.8 ± 0.014 F9IV 

J1112 + 3548B L4.5 79 . 0 + 4 . 1 −1 . 3 5 . 09 + 0 . 98 
−0 . 96 ∗ 31.4 ± 0.38 G2 

J0223 + 5240 L1.5 79 . 5 + 1 . 8 −1 . 8 2 . 95 + 0 . 48 
−0 . 50 32.2 ± 1.62 F5 

J1800 + 1505 L1 81 . 2 + 1 . 1 −1 . 8 3 . 59 + 0 . 40 
−0 . 39 24.3 ± 0.42 G5IV 

J1217 + 1427 L1 81 . 6 + 0 . 80 
−1 . 4 4 . 93 + 0 . 76 

−0 . 76 ∗ 25.7 ± 3.4 F8 

J1022 + 4114 L0 82 . 3 + 2 . 5 −1 . 9 2 . 72 + 0 . 35 
−0 . 33 33.6 ± 0.30 F7V 

J1632 + 3505 L0.5 82 . 6 + 2 . 2 −0 . 90 3 . 71 + 1 . 4 −2 . 1 ∗ 17.7 ± 0.097 K0 

J0900 + 3205 L1.5 86 . 4 + 3 . 4 −1 . 5 1 . 79 + 0 . 40 
−0 . 40 ∗ 33.1 ± 1.4 F2 

J1030 + 0052 M8 87 . 1 + 3 . 8 −38 1 . 99 + 4 . 6 −1 . 8 49.4 ± 2.2 –

J1450 + 4617 L0 89 . 2 + 2 . 3 −2 . 6 3 . 02 + 0 . 39 
−0 . 38 71.2 ± 1.15 F8 

J1141 + 4116 L0 89 . 4 + 2 . 1 −2 . 3 2 . 18 + 0 . 27 
−0 . 26 21.6 ± 0.72 F5 

J2244 −00291 M9 89 . 8 + 7 . 5 −2 . 0 2 . 50 + 0 . 99 
−1 . 5 18.1 ± 0.61 G5V 

J0025 + 4759 L4 91 . 4 + 1 . 7 −2 . 4 5 . 06 + 0 . 80 
−0 . 84 57.2 ± 1.2 F8 

J1518 + 5328 M9 92 + 1 . 5 −3 . 0 2 . 44 + 2 . 8 −2 . 2 77.2 ± 1.71 –

J1637 + 2443 M9V 92 . 7 + 3 . 5 −3 . 4 2 . 18 + 0 . 40 
−0 . 41 54.7 ± 1.64 F5 

J2331 −0406 M8 93 . 6 + 2 . 2 −2 . 2 5 . 28 + 0 . 94 
−0 . 99 31.9 ± 0.069 F7V 

J1320 + 0957 M7.5 95 . 9 + 3 . 9 −30 1 . 67 + 3 . 5 −1 . 5 49.6 ± 0.21 K2 

J1606 + 2253 M8 101 + 3 . 3 −5 . 4 3 . 95 + 0 . 95 
−1 . 0 49.2 ± 0.52 G0 

J1204 + 3437 M7 101 + 2 . 4 −26 2 . 27 + 3 . 7 −2 . 1 85.5 ± 0.53 K4 

J1421 + 30551 M8v 101 + 6 . 4 −16 3 . 07 + 4 . 0 −2 . 9 43.0 ± 0.41 –

J2226 −7503 M8 103 + 3 . 9 −3 . 3 6 . 09 + 0 . 89 
−0 . 88 6.7 ± 0.0013 G0V 

J0255 + 2136 M7.5 104 + 5 . 5 −3 . 2 5 . 83 + 1 . 1 −1 . 0 63.6 ± 0.77 F8 

J1210 + 1858 M7 107 + 3 . 9 −29 3 . 00 + 6 . 1 −2 . 8 35.6 ± 0.11 K3V 

J1346 + 2208 M9V 109 + 6 . 4 −3 . 2 0 . 42 + 2 −0 . 2 ∗ 13.2 ± 0.23 –

J1606 + 1748 M7V 110 + 4 . 0 −6 . 0 7 . 98 + 1 . 7 −1 . 7 ∗ 20.5 ± 0.24 –

J2307 + 0520 M7 114 + 3 . 4 −5 . 6 3 . 76 + 5 . 9 −3 . 6 71.2 ± 0.78 –

J0835 + 1714 M7V 115 + 8 . 9 −4 . 4 5 . 38 + 3 . 5 −3 . 1 39.7 ± 0.47 K0 
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roups. As a result, the probability threshold does not precisely
eflect membership probability but rather serves as a functional value
hat enables uniform classification performance across all Moving
roups. As these associations are young, we expect no significant
erturbation from other non-member stars to have occurred; thus, all
embers should share similar space velocities UVW with typical

elocity dispersions < 3 km s −1 (Gagn ́e et al. 2020 ). Objects for
hich the separation in UVW space is not closer than 3 km s −1 from

he centre of the associated BANYAN model were excluded. This
nalysis results in 35 potential matches, once non-UCD companions
re excluded, from which 28 UCD-derived mass estimations are
btained, as tabulated in Table 10 . The seven objects without mass
stimates are due to a lack of an age estimate or log ( L/L �).
NRAS 533, 3784–3810 (2024) 
volutionary tracks in relation to the age and log ( L/L �) of the UCDs
iscussed in Section 4 are presented in Fig. 7 . A similar analysis is
onducted by Gaia Collaboration et al. ( 2023c ) using UCDs from
mart et al. ( 2019 ) with companions possessing FLAME ages,
esulting in some o v erlap with our targets and exhibiting consistency
etween the masses derived from both studies. 

.5 Verification of ages 

.5.1 Verification of a g e using variability 

aia DR3 provides time-series analysis for 10.5 million sources
rom the 34-month multi-epoch data summarized by Eyer et al.
 2023 ). Variability in UCDs was explored in Sarro et al. ( 2023 )
ighlighting UCDs with asymmetric G -band distributions that ex-
ibit significant dips in brightness (assumed to be eclipsing binaries)
nd bright outliers (believed to be flares). Variability is often a
seful indicator of youth, revealing information about their rotation
nd magnetic activity, with flaring UCDs in YMGs that have been
reviously observed and characterized (Gizis et al. 2017 ). The
aiadr3.vari summary table provides a summary of all the variable
bjects from all 17 variability tables in Gaia DR3, upon cross-
atching the gaiadr3.vari summary table with the UCDs listed

n Table 10 , we find that none of these objects are present in the
ariability summary. This result suggests that these particular UCDs
ither exhibit no noticeable variability within the observational time-
cale or their variability falls below the detection threshold of Gaia ’s
R3 data set. 

.5.2 Verification of a g e from kinematics 

he tangential velocities ( V TAN ) for all UCDs are included in
ables 9 and 10 . Halo stars typically mo v e faster than disc stars,
s younger disc members demonstrate less kinematic activity than
heir older counterparts because of fewer tidal perturbations from
earby celestial objects. A notably large tangential velocity ( V TAN ≥
00 km s −1 ) serves as a useful proxy for age, indicating potential
ow metallicity Halo stars. V TAN is especially useful in hard-to-
easure objects such as BDs, where obtaining the RV for full three-

imensional motion is challenging. Ho we ver, the analysis does not
how a clear correlation between the V TAN and age. The absence
f a discernible correlation between V TAN and the ages of UCDs
rovides reasons for caution regarding the accuracy of the Gaia
ges; ho we v er, it pro vides a statistically useful homogeneous all-sky
ample of ages. It should be noted that the use of V TAN as a proxy
or age may be somewhat limited, given that it captures only two
imensions of motion, lacking the radial velocity for a full three-
imensional kinematic picture. 
We analyse the Galactic components of our UCDs discussed in

ection 4 using a Toomre diagram with the usual criterion of Galactic
elocity components, U is towards the Galactic centre, V is in the
irection of the plane rotation, and W is perpendicular to the Galactic
lane, positi ve to wards the North Galactic Pole and are expressed
ith respect to the Local Standard of Rest. The UVW velocities

nd their respective errors are determined using the SteParKin
ode (Montes et al. 2001 ; Cifuentes et al. 2020 ) with error prop-
gation, following the method discussed in Johnson & Soderblom
 1987 ). 

Fig. 8 presents the kinematic distribution of the UCD sample,
ategorizing each into thin-disc, thick-disc, or Halo populations
rovides a reliable indirect approach to deducing their age, given the
istinct kinematic and age signatures of each population exhibits.
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Table 10. Overview of UCDs in young stellar associations identified using BANYAN �. Masses are derived from Figs 7 b and c. 

SN SpT Mass Age Group V TAN 

(M Jup ) (Myr) (kms −1 ) 

J2351 + 3010 L5.5 11 . 9 + 0 . 40 
−0 . 20 45 + 15 

−5 ARG 

2 29.6 ± 0.48 

J2249 + 0044 L3 γ 12 . 5 + 0 . 20 
−0 . 20 35 + 5 −5 OCTN 

1 15.1 ± 0.48 

J1340 −1101 L1 13 . 4 + 0 . 30 
−0 . 20 35 + 5 −5 OCTN 12.0 ± 0.42 

J0619 −5803 L1.0 13 . 5 + 0 . 20 
−0 . 20 45 + 11 

−7 CAR 

3 10.3 ± 0.26 

J2322 −6151 L2 γ 13 . 6 + 0 . 30 
−0 . 20 45 + 4 −4 THA 

3 22.9 ± 0.47 

J1617 −1858 s/sdM7 14 . 8 + 0 . 90 
−0 . 30 35 + 5 −5 OCTN 6.14 ± 0.21 

J0223 −5815 L0 γ 22 . 1 + 2 . 0 −2 . 1 45 + 4 −4 THA 20.0 ± 0.19 

J1102 −3430 M8.5 γ 25 . 3 + 10 
−4 . 4 10 + 3 −3 TWA 

3 19.9 ± 0.08 

J0518 −2756 L1 γ 26 . 2 + 1 . 1 −1 . 8 42 + 6 −4 COL 

3 8.86 ± 0.19 

J1510 −2818A M9 28 . 1 + 9 . 8 −1 . 9 45 + 15 
−5 ARG 21.5 ± 0.14 

J0225 −5837 M9 34 . 6 + 2 . 0 + 1 . 1 45 + 4 −4 THA 19.9 ± 0.08 

J1839 + 4424A L2 38 . 7 + 1 . 8 + 1 . 6 185 + 20 −20 Theia 213 4 30.1 ± 0.30 

J2331 −0405 L1 42 . 1 + 5 . 9 −3 . 0 149 + 51 
−19 ABDMG 31.8 ± 0.15 

J1510 −2818 M9 46 . 1 + 3 . 1 −2 . 1 45 + 15 
−5 ARG 22.2 ± 0.08 

J0856 + 3746 M8 53 + 4 . 5 −4 . 6 300 + 30 
−30 Crius 198 4 32.0 ± 1.40 

J0021 −4244 M9.5 53 . 7 + 5 . 5 −6 . 6 200 + 50 
−50 CARN 

5 32.2 ± 0.16 

J2331 −0406 M8 54 . 4 + 7 . 8 −3 . 8 149 + 51 
−19 ABDMG 

3 31.9 ± 0.07 

J1633 −6808B M8.5 70 . 5 + 3 . 2 −4 . 0 200 + 50 
−50 CARN 30.3 ± 0.02 

J1839 + 4424B M9 71 . 2 + 3 . 1 −4 . 7 185 + 20 
−20 Theia 213 30.8 ± 0.26 

J0458 + 1212 L0.5 74 . 4 + 1 . 0 −3 . 4 750 + 100 
−100 HYA 

6 18.8 ± 0.02 

J0410 + 1459 L0.5 79 . 8 + 2 . 1 −3 . 8 750 + 100 
−100 HYA 29.4 ± 0.98 

J0442 + 1754 L2–L3 80 . 1 + 1 . 6 −3 . 5 750 + 100 
−100 HYA 22.9 ± 0.70 

J1633 −6808A M8 84 . 4 + 9 . 0 −12 200 + 50 
−50 CARN 27.5 ± 0.06 

J1559 + 4404 M8 88 . 8 + 4 . 8 −4 . 6 162 + 2 −2 Oh 59 8 13.7 ± 0.04 

J1222 + 21401 M7V 92 . 9 + 1 . 7 −4 . 1 414 + 23 
−23 UMA 

7 10.0 ± 0.25 

J1231 + 2416 M7.3 122 + 4 . 0 −7 . 6 562 + 98 
−84 CBER 

9 6.27 ± 0.13 

J0426 + 1703 M7V 136 + 6 . 6 −7 . 5 750 + 100 
−100 HYA 23.6 ± 0.04 

J1004 + 5022 L3 β – – Crius 227 25.3 ± 0.12 

J0219 −3925B L4 γ – 45 + 4 −4 THA 20.9 ± 0.04 

J0903 −0637 M7 – 45 + 15 
−5 ARG 17.5 ± 0.23 

J0609 −3549 L4 – 149 + 51 
−19 ABDMG 6.27 ± 0.27 

J1131 −3436A M8.5/9 – 62 + 7 −7 CT 

10 20.7 ± 0.23 

J2045 −6332 L1 – 162 + 2 −2 Oh 59 24.6 ± 0.06 

J2331 −0406B L3 – 149 + 51 
−19 ABDMG –

Note. Age references: 1 Murphy & Lawson ( 2015 ); 2 Zuckerman ( 2018 ); 3 Bell et al. ( 2015 ); 4 Moranta et al. ( 2022 ); 5 Zuckerman et al. ( 2006 ); 6 Brandt & Huang 
( 2015 ); 7 Gagn ́e & Faherty ( 2018 ); 8 Oh et al. ( 2017 ); 9 Silaj & Landstreet ( 2014 ); 10 Gagn ́e et al. ( 2020 ). 
OCTN – Octans-Near association; ARG – Argus; CAR – Carina; THA – Tucana-Horologium association; COL – Columba; TWA – TW Hya; CARN – Carina 
Near; ABDMG – AB Doradus; HYA – Hyades cluster; UMA – Ursa major corona; CBER – Coma berenices; CT – Cas-Tau association. 
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he main drawback of this approach is the requirement of full three-
elocity components, UVW , which is an extremely difficult task, 
iven that RVs are required, which is inherently difficult to obtain for
CDs. This issue is circumvented by using the space motions from

he primaries, as RVs are widely available for brighter components. 
t is assumed that the UCDs have the same motions as their primary.
he distributions shown in Fig. 8 underscore this distinction, with 
ounger UCDs from Moving Groups, as identified by BANYAN �, 
redominantly populating the thin-disc, whereas older counterparts 
rom FLAME and WD ageing are more pre v alent within the thick-
isc or Halo realms. 
The use of space velocities offers a comprehensive view of 

he age distributions within our sample; ho we ver, indi vidual cases
equire further attention. The thin disc is thought to have originated
etween 8 and 10 Gyr ago (Torres & Garc ́ıa-Berro 2016 ; Kilic et al.
017 ), following a period of slowed major mergers and settling
f gaseous components. This results in a large variance in age
ithin the thin disc. For example, J1208 + 0845 has an estimated

ge exceeding 9 Gyr, as ascertained from its WD companion and
nambiguously situated in the thin disc from Fig. 8 ; its companion
s also verified as a thin disc member by Torres et al. ( 2019 ). This
s in contrast with younger YMG UCD members with sub-100 Myr
ges also existing in the thin disc. The sole Halo member depicted
n Fig. 8 is J1256 −6202. As discussed in Section 4.2.1 , this Halo
embership is consistent with the age and sub-dwarf classification of 

1256 −6202. 
MNRAS 533, 3784–3810 (2024) 
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M

(a)

(b) (c)

Figure 7. Evolutionary tracks for given masses and UCD positions in relation to log ( L/L �) as a function of age. The dashed lines represent substellar mass 
tracks ( < 0.075 M �) from (Phillips et al. 2020 ), while solid lines depict stellar mass tracks from (Baraffe et al. 2015 ). [Top (6a)]: UCDs with ages inferred from 

Gaia FLAME, where blue circular markers indicate GSP-Spec ages and red markers denote GSP-Phot ages. The green triangular markers denote UCDs with 
ages derived from a WD companion. [Bottom Left (6b)]: UCDs found in YMGs from BANYAN � with ages < 70 Myr. [Bottom Right (6c)]: UCDs found in 
YMGs from BANYAN � with ages > 70 Myr. The arrangement of Figs 6 b and 6c is chosen for readability purposes. The objects in 6 b and 6 c are not included 
in 6 a. 
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 DISCUSSION  

sing Gaia DR3 and a combination of the GCNS and GUCDS, we
dentify 278 multiple systems with at least one spectroscopically
etermined UCD, derived from astrometric constraints at a range of
eparations ( ∼few au – 100 000 au). The catalogue includes diverse
amples of objects spanning spectral types (M7–Y1), metallicities,
nd ages. We also provide a detailed description of the selection
riteria and methodology used in creating the catalogue to ensure its
NRAS 533, 3784–3810 (2024) 
ransparency and reproducibility as discussed in Section 2 and present
n example system in Table 4 . We analyse potential unresolved UCDs
n our sample in Section 3 , identified using the LUWE and colour
xcess from blended sources (additional flux from a nearby secondary
ource contributing to the UCDs measured flux). In Section 4 , we use
he coe v al nature of binaries to estimate the ages of 19 UCDs from
heir White Dwarf companion using WD cooling and IFMR models.
aia DR3 FLAME module provides ages of 40 UCDs and BANYAN
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Figure 8. Toomre Diagram for UCDs discussed in Section 4 . The dashed 

lines show the total space velocity, v tot ≡
√ 

U 

2 
LSR + V 

2 
LSR + W 

2 
LSR , at 50, 

70, and 180 km s −1 , where sources ≤50 km s −1 are typically thin disc, 
70 km s −1 ≤v tot ≤ 180 km s −1 are probable thick disc members (Nissen, 
McWilliams & Rauch 2004 ; Bensby, Feltzing & Oey 2014 ). 
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 finds 34 UCDs in YMGs with age estimates. The masses for these
CDs are estimated using current low-mass evolutionary models 

Baraffe et al. 2015 ; Phillips et al. 2020 ). 
The UCDC’s systems are benchmark UCDs. Inferring the age 

nd composition obtained from the primaries provides direct tests of 
urrent substellar models to help accurately define the hydrogen- 
urning limit and untangle the current age-mass de generac y of
Ds. The catalogue can also serve as a reference for surv e ys and
bservational programs targeting UCDs, allowing for more efficient 
nd ef fecti ve use of observ ation time. 

We have discussed some uses of the UCDC; ho we ver, as this study
as primarily concerned with the creation of the UCDC, below we 
ote some other possible uses for this sample: 

(i) Search for unresolved binarity : This study demonstrates that 
ome of our systems could harbour substellar companions that make 
rime follow-up imaging targets. If indeed there are unresolved 
ompanions, inferences on age and composition can be made based 
n the wide primary companion, if bright enough. 
(ii) Calibration of UCD a g es : We establish age estimations for 86

CDs, which in turn can be used to calibrate poorly calibrated age
ndicators for UCDs, which is especially useful when constraining 
eld UCD ages. 
(iii) Constraining the UCD binary fraction : UCD binary and 
ultiplicity fractions have been explored in previous literature, see 
ardalez Gagliuffi et al. ( 2019 ); dal Ponte et al. ( 2020 ). This sample
f UCD companion systems within 100 pc can be used to constrain
he general multiplicity fraction. Gravitational kicks from nearby 
bjects often perturb and break apart binary systems o v er time. Using
 TAN as an age proxy, the relationship between age and multiplicity 
an be studied (e.g. see Winters et al. 2019 , and references therein). 
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