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Abstract

While stars are often found in binary systems, brown dwarf binaries are much rarer. Brown dwarf-brown dwarf
pairs are typically difficult to resolve because they often have very small separations. Using brown dwarfs
discovered with data from the Wide-field Infrared Survey Explorer (WISE) via the Backyard Worlds: Planet 9
citizen science project, we inspected other, higher-resolution, sky surveys for overlooked cold companions. During
this process, we discovered the brown dwarf binary system CWISE J0146—0508AB, which we find has a very
small chance alignment probability based on the similar proper motions of the components of the system. Using
follow-up near-infrared spectroscopy with Keck/NIRES, we determined component spectral types of L4 and L8
(blue), making CWISE J0146—0508AB one of only a few benchmark systems with a blue L dwarf. At an
estimated distance of ~40pc, CWISE J0146—0508AB has a projected separation of ~129 au, making it the
widest-separation brown dwarf pair found to date. We find that such a wide separation for a brown dwarf binary

may imply formation in a low-density star-forming region.

Unified Astronomy Thesaurus concepts: Brown dwarfs (185); L dwarfs (894)

1. Introduction

Several of the first brown dwarf discoveries were part of
binary systems with a stellar component, such as GD 165 B
(Becklin & Zuckerman 1988) and Gl 229B (Nakajima et al.
1995). The first brown dwarf binary systems, defined here as
systems where both components are below the hydrogen-
burning minimum mass (~0.07 M. ; Saumon & Marley 2008),
required the use of high-resolution imaging (e.g., Martin et al.
1998; Martin et al. 1999) or high-resolution spectroscopic
monitoring (e.g., Basri & Martin 1999). As with the binary
fraction for stars, the brown dwarf binary fraction can help to
put constraints on substellar formation theories (e.g.,
Bate 2009). The stellar multiplicity fraction decreases sig-
nificantly with decreasing primary mass, from ~69% for
A-type stars (De Rosa et al. 2014) to ~25%-30% for M-type
stars (Ward-Duong et al. 2015; Winters et al. 2019). This
decreasing binary fraction continues across the stellar—sub-
stellar boundary, with measured brown dwarf binary fractions
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typically between ~10% and 20% (e.g., Burgasser et al. 2006b;
Radigan et al. 2013; Aberasturi et al. 2014; Fontanive et al.
2018). Further, the semimajor axis distribution decreases
significantly for substellar objects, with brown dwarf-brown
dwarf separations typically of a few au (e.g., Artigau et al.
2011; Faherty et al. 2020).

There are ~50 resolved, field-age brown dwarf binaries
(Bardalez Gagliuffi et al. 2015; Faherty et al. 2020), and their
median separation is ~4 au. Only four systems have separa-
tions wider than 20 au (one of which is a hierarchical triple;
Radigan et al. 2013), with the widest system known to date
being SDSS J1416+1348AB (Burgasser et al. 2010b; Burning-
ham et al. 2010; Scholz 2010), with a projected separation of
~89 au. There are several known brown dwarf pairs with wider
separations at very young ages (e.g., Chauvin et al. 2004;
Luhman 2004; Close et al. 2007; Béjar et al. 2008; Luhman
et al. 2009; Strampelli et al. 2020; De Furio et al. 2021), though
some of these systems may still be disrupted, depending on the
density of their birth environment. Note that some very wide L
+L and L+T binaries exist (e.g., Faherty et al. 2020; Marocco
et al. 2020), but in these cases, the L-type component is most
likely stellar.


https://orcid.org/0000-0002-1420-1837
https://orcid.org/0000-0002-1420-1837
https://orcid.org/0000-0002-1420-1837
https://orcid.org/0000-0002-6294-5937
https://orcid.org/0000-0002-6294-5937
https://orcid.org/0000-0002-6294-5937
https://orcid.org/0000-0001-9004-803X
https://orcid.org/0000-0001-9004-803X
https://orcid.org/0000-0001-9004-803X
https://orcid.org/0000-0002-6523-9536
https://orcid.org/0000-0002-6523-9536
https://orcid.org/0000-0002-6523-9536
https://orcid.org/0000-0002-7260-5821
https://orcid.org/0000-0002-7260-5821
https://orcid.org/0000-0002-7260-5821
https://orcid.org/0000-0001-6251-0573
https://orcid.org/0000-0001-6251-0573
https://orcid.org/0000-0001-6251-0573
https://orcid.org/0000-0001-7896-5791
https://orcid.org/0000-0001-7896-5791
https://orcid.org/0000-0001-7896-5791
https://orcid.org/0000-0002-1125-7384
https://orcid.org/0000-0002-1125-7384
https://orcid.org/0000-0002-1125-7384
https://orcid.org/0000-0003-4269-260X
https://orcid.org/0000-0003-4269-260X
https://orcid.org/0000-0003-4269-260X
https://orcid.org/0000-0002-2387-5489
https://orcid.org/0000-0002-2387-5489
https://orcid.org/0000-0002-2387-5489
https://orcid.org/0000-0002-2592-9612
https://orcid.org/0000-0002-2592-9612
https://orcid.org/0000-0002-2592-9612
https://orcid.org/0000-0001-8170-7072
https://orcid.org/0000-0001-8170-7072
https://orcid.org/0000-0001-8170-7072
https://orcid.org/0000-0001-7780-3352
https://orcid.org/0000-0001-7780-3352
https://orcid.org/0000-0001-7780-3352
https://orcid.org/0000-0003-2478-0120
https://orcid.org/0000-0003-2478-0120
https://orcid.org/0000-0003-2478-0120
https://orcid.org/0000-0003-2094-9128
https://orcid.org/0000-0003-2094-9128
https://orcid.org/0000-0003-2094-9128
https://orcid.org/0000-0002-5370-7494
https://orcid.org/0000-0002-5370-7494
https://orcid.org/0000-0002-5370-7494
https://orcid.org/0000-0003-4714-3829
https://orcid.org/0000-0003-4714-3829
https://orcid.org/0000-0003-4714-3829
https://orcid.org/0000-0001-8662-1622
https://orcid.org/0000-0001-8662-1622
https://orcid.org/0000-0001-8662-1622
https://orcid.org/0000-0001-5284-9231
https://orcid.org/0000-0001-5284-9231
https://orcid.org/0000-0001-5284-9231
http://astrothesaurus.org/uat/185
http://astrothesaurus.org/uat/894
https://doi.org/10.3847/2041-8213/ac51d8
https://crossmark.crossref.org/dialog/?doi=10.3847/2041-8213/ac51d8&domain=pdf&date_stamp=2022-02-17
https://crossmark.crossref.org/dialog/?doi=10.3847/2041-8213/ac51d8&domain=pdf&date_stamp=2022-02-17
http://creativecommons.org/licenses/by/4.0/

THE ASTROPHYSICAL JOURNAL LETTERS, 926:1.12 (8pp), 2022 February 20

Brown dwarf binaries are most commonly found through
either spectral decomposition (e.g., Burgasser et al. 2010a;
GeiBler et al. 2011; Bardalez Gagliuffi et al. 2014; Marocco
et al. 2015) or high-resolution imaging (e.g., Reid et al. 2001;
Bouy et al. 2003; Burgasser et al. 2003; Gizis et al. 2003;
Burgasser et al. 2006b; Liu et al. 2006; Reid et al. 2006; Dupuy
& Liu 2012; Aberasturi et al. 2014; Bardalez Gagliuffi et al.
2015; Opitz et al. 2016), with a small number of low-mass
systems found through radial velocity (e.g., Basri &
Martin 1999; Blake et al. 2008) or astrometric (e.g., Sahlmann
et al. 2013) monitoring. Until now, only one field brown dwarf
binary has been discovered as a resolved pair in wide-field
survey images: the previously mentioned SDSS J1416
+1348AB, which was resolved in UKIDSS images (Burgasser
et al. 2010b; Burningham et al. 2010; Scholz 2010).

In this paper, we present the discovery of the wide brown
dwarf binary CWISE J014611.20—050850.0AB. We describe
its discovery in Section 2 and our follow-up spectroscopic
observations in Section 3. We present our analysis and
discussion of the system in Sections 4 and 5.

2. Discovery

The Backyard Worlds: Planet 9 (BYW) citizen science
project is a collaborative effort between professional astron-
omers and citizen scientists from around the world (Kuchner
et al. 2017). One of the main goals of the project is to create a
more complete census of substellar members of the solar
neighborhood. The BYW project has so far made numerous
contributions to the census of solar neighborhood members
(e.g., Bardalez Gagliuffi et al. 2020; Meisner et al. 2020;
Kirkpatrick et al. 2021; Schneider et al. 2021). The project has
also been adept at discovering cold companions to nearby stars
(e.g., Faherty et al. 2020; Faherty et al. 2021; Jalowiczor et al.
2021; Rothermich et al. 2021).

The BYW project uses data from the Wide-field Infrared
Survey Explorer (WISE; Wright et al. 2010) to identify brown
dwarf candidates. In an effort to identify previously unknown
brown dwarf binaries, we have examined each brown dwarf
candidate found through the BYW project for evidence of
binarity in existing imaging surveys with higher resolution than
WISE. These surveys include Pan-STARRS1 (Chambers et al.
2016), the VISTA Hemisphere Survey (VHS; McMahon et al.
2013), the UKIRT Hemisphere Survey (UHS; Dye et al. 2018),
and the Dark Energy Survey (DES; the Dark Energy Survey
Collaboration 2005). This search of over 3000 brown dwarf
candidates returned ~10 candidate binaries based on proxi-
mity, available colors, and proper motions. We have obtained
follow-up spectroscopy for both components of one of the most
promising binary candidates, CWISE J014611.20—050850.0A
and CWISE J014611.20—050850.0B (hereafter CWISE J0146
—0508AB; Marocco et al. 2020), which was prioritized for
follow-up observations because it had clear detections in
multiple surveys (Figure 1). The remaining brown dwarf
candidates will need similar follow-up observations to confirm
their binary status.

Based on its significant proper motion, CWISE J0146
—0508A was submitted as an object of interest by citizen
scientists Nikolaj Stevnbak, Sam Goodman, Melina Thévenot,
Dan Caselden, and Frank Kiwy. The inspection of archival
images of CWISE J0146—0508A from Pan-STARRSI1, VHS,
and DES revealed a possible resolved companion at a
separation of ~3” (Figure 1). While the CatWISE 2020 catalog
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has an entry at the position of the putative secondary, the
measured proper motions from the CatWISE 2020 catalog are
significantly different than CWISE J0146—0508A, likely due
to the sources being blended in the WISE images. The
positions and photometry from each survey for both compo-
nents of the pair are listed in Table 1.

3. Observations
3.1. Keck/NIRES

To measure the spectral types of CWISE J0146—0508A and
CWISE J0146—0508B, we observed both components with the
Near-Infrared Echellette Spectrometer (NIRES; Wilson et al.
2004) located on the Keck II telescope on UT 2020 October 22.
NIRES provides R ~ 2700 spectra from 0.9 to 2.45 ym. For
each component, eight 300 s exposures were taken for total on-
source integration times of 2400s. Each target was nodded
along the slit in an ABBA pattern. The A0 star HD 216807 was
observed for telluric correction purposes. The spectra were
extracted using a modified version of the SpeXTool package
(Vacca et al. 2003; Cushing et al. 2004). We achieved a signal-
to-noise ratio (S/N) of 400 and 1000 for the J and K peaks of
the A component, respectively, and 50 and 200 for the J and K
peaks of the B component. The final reduced spectra are shown
in Figure 2.

4. Analysis
4.1. Spectral Types

Spectral types for each component were determined by
comparing J-band morphologies to near-infrared spectral
standards from Burgasser et al. (2006a) and Kirkpatrick et al.
(2010). We found a best-fit type of L4 £ 0.5 subtypes for the A
component and L8 0.5 subtypes for the B component
(Figure 2). CWISE J0146—0508B appears bluer than the L8
spectral standard, and we therefore give it a spectral type
designation of L8 (blue). Neither spectrum shows signs of
being a spectral binary according to the spectral indices of
Bardalez Gagliuffi et al. (2014, 2015).

4.2. Proper Motion and Chance Alignment Probability

Though CWISE J0146—0508A has an entry in the Gaia
EDR3 catalog (Gaia Collaboration et al. 2021), it includes no
measured proper-motion or parallax values. This is likely
because CWISE J0146—0508A has a Gaia G magnitude of
20.99, which is fainter than the nominal G = 20.7 mag survey
limit.

Even though CWISE J0146—0508A and CWISE J0146
—0508B are resolved in the CatWISE 2020 catalog, they are
blended in WISE images (Figure 1), making their CatWISE
measured proper motions potentially unreliable. For this
reason, we calculated the proper motion of each component
using the available astrometric measurements for which this
pair is well resolved. We used the single-epoch positions of
each component from the NOIRLab Source Catalog (NSC)
DR2 (Nidever et al. 2021) and Pan-STARRS1 DR2 (Flewel-
ling 2018). The NSC contains single-epoch measurements from
the Dark Energy Camera (DECam) on the CTIO 4 m. For
CWISE J0146—0508A, there are 31 single-epoch NSC DR2
detections and 55 single-epoch Pan-STARRS1 DR2 detections.
For CWISE J0146—0508B, there are 22 single-epoch NSC
DR2 detections and nine single-epoch Pan-STARRS1 DR2
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Figure 1. Survey images of CWISE J0146—0508AB. From top left to bottom right: VHS (H), AIWISE (W2), Pan-STARRS] three-color (g/i/y), and DES three-
color (g/r/z). While it is difficult to resolve CWISE J0146—0508AB in the AIIWISE image, it is clearly resolved as a double in the VHS, Pan-STARRS, and DES
images. Note also that the reddish color of each component in the Pan-STARRS1 and DES images indicates very red optical colors, typical of cold brown dwarfs.

Each image is 1’ x 1.

detections. For both objects, these positional measurements
span a range of just over 9 yr, from 2009 to 2018. There are
significantly fewer Pan-STARRS1 DR2 detections of CWISE
J0146—0508B than CWISE J0146—0508A because CWISE
JO146—0508B was not detected with the i-band filter in any
epoch (CWISE J0146—0508A has 19 i-band detections) and is
near the 50 Pan-STARRSI single-epoch detection limits of
20.9 mag at the z band and 19.7 mag at the y band (Chambers
et al. 2016).

We calculated proper motions using a least-squares fit
weighted by the quoted uncertainty of each astrometric
measurement. For CWISE J0146—0508A, we find g,
= 79.144+1.10 and ps = —214.404+1.03mas yr '. For
CWISE J0146—-0508B, we find 1, = 83.94 +3.43 and ;s
= —210.33 = 3.35mas yr '. These values are fully consistent
with the proper-motion values given in the NSC DR2 for
CWISE J0146—0508A (i, = 81.79+198 and ;s
= —218.51 +1.93mas yr ') and CWISE J0146—0508B (1,
= 80.524+4.85 and ji5 = —214.01 £4.75 mas yr ).

The small separation of this pair (~3") and the similarity of
their proper-motion components (within ~10) suggests that
this is likely a physical pair. We use the CoMover code
(Gagné et al. 2021; Schneider et al. 2021) to evaluate the

possibility that this pair is the result of a chance alignment. We
find a >99% probability that this is a physically associated pair.

4.3. Distance/Separation

Kirkpatrick et al. (2021) provided relations between absolute
magnitude and spectral type for L-, T-, and Y-type brown
dwarfs within 20 pc. Using their relations for J and H, we find a
distance of 41.5£2.5pc for CWISE J0146—0508A and
40.0+3.0pc for CWISE J0146—0508B using weighted
averages for J and H. We give a conservative estimate for
the distance of the pair of 41 £ 5 pc.

The average separation between CWISE J0146—0508A and
CWISE J0146—0508B from NSC DR2 and Pan-STARRSI1
DR2 measurements is 3”14 + 0”8. Using our distance estimate
and measured separation, we find a projected separation of
129 £ 15 au for this pair. We account for inclination angle and
eccentricity effects when converting to a physical separation
following Dupuy & Liu (2011) and find a separation
of 1491,9* au.
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Table 1

Properties of CWISE J0146—0508AB Components

Parameter CWISE J0146—0508A CWISE J0146—0508B
This Work

Y (mas yr— 1) 79.14 £ 1.10 83.94 +3.43
s (mas yr—") —214.40 4 1.03 —210.33 £3.35
Spec. type L4 L8 (blue)
Ter (K) 1720 = 150 1340 + 140
Mass (My,,)" 72+6 66 + 10
CatWISE 2020

R.A. (J2000) (deg) 26.5467046 26.5458109
decl. (J2000) (deg) —5.1472375 —5.1473468
W1 (mag) 13.779 £ 0.028 15.069 £ 0.027
W2 (mag) 13.507 £ 0.029 14.753 4+ 0.029

Pan-STARRS1 DR2

R.A. (J2000) (deg) 26.54666153 26.54576435
decl. (J2000) (deg) —5.14708987 —5.1472229
i (mag) 20.692 £ 0.020

Z (mag) 19.125 £ 0.019 20.476 £+ 0.032
y (mag) 18.074 £ 0.012 19.379 £ 0.124
DES DR1

R.A. (J2000) (deg) 26.546694 26.545828
decl. (J2000) (deg) —5.147201 —5.147353

i (mag)

20.136 +0.011

22.089 £ 0.061

z (mag) 18.588 £ 0.006 20.055 £ 0.020
Y (mag) 18.057 £ 0.008 19.572 £ 0.028
VHS DR6

R.A. (J2000) (deg) 26.5465517 26.5456781
decl. (J2000) (deg) —5.1469086 —5.147062
J (mag) 15.818 £ 0.005 17.420 £ 0.018
H (mag) 15.044 + 0.006 16.524 £ 0.019
Ky (mag) 14.347 + 0.006 15.790 £ 0.021
Note.

 Estimated using the Phillips et al. (2020) evolutionary models.

4.4. Physical Properties (Effective Temperature, Age,

and Mass)

Using our derived spectral types and a spectral type
uncertainty of +0.5 subtypes, we find effective temperature
(T.) values of 1720 4+ 150 and 1340 4+ 140 K for CWISE
J0146—0508A and CWISE J0146—0508B, respectively, using
the spectral type versus T relation from Kirkpatrick et al.

(2021).

Neither CWISE J0146—0508A nor CWISE J0146—0508B
show any signs of youth in their spectra, as a low surface
gravity will typically show weakened absorption features from
FeH and alkali lines and stronger absorption from VO (Allers
& Liu 2013). We find a gravity classification of FLD-G for
CWISE J0146—0508A using the classification scheme of
Allers & Liu (2013). The Allers & Liu (2013) gravity
classification method does not extend to L8 spectral types, so
is not applicable to CWISE J0146—0508B. We note that most
young, late L-type brown dwarfs are significantly redder than
field-age standards (e.g., Gizis et al. 2012; Faherty et al. 2013;
Liu et al. 2013; Schneider et al. 2014; Kellogg et al. 2016;
Schneider et al. 2016). On the other hand, CWISE J0146
—0508B is bluer than the L8 standard (Figure 2). This is also
seen in the measured J — K color of CWISE J0146—0508B
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(1.63 mag), which is on the blue end of the field-age L8 J — K
color distribution (~1.78 +0.16 mag; Faherty et al. 2016). A
blue color is generally attributed to thin condensate clouds
and/or old age (e.g., Cushing et al. 2010; Burgasser et al.
2010b) or perhaps viewing geometry (Vos et al. 2017).
Therefore, CWISE J0146—0508B is a compelling benchmark
target for clarifying the nature of the blue L dwarf population.
These characteristics imply that the CWISE J0146—0508AB
system is not young.

While a blue near-infrared color is a trait common to low-
metallicity, old (10 Gyr) subdwarfs, CWISE J0146—0508B is
not nearly as blue as the sdL7 standard from Greco et al.
(2019). Brown dwarfs with spectral types of sdL7 or sdL8 in
Zhang et al. (2018) have J — K colors between 0.9 and 1.3 mag,
much bluer than that found for CWISE J0146—0508B (1.63
mag). Further, CWISE J0146—0508A is a good match to the
L4 standard at all wavelengths. Using the proper motion we
derived for CWISE J0146—0508A and our estimated distance
from Section 4.3, we find a tangential velocity for this system
of ~44kms™', consistent with the thin disk population (e.g.,
Nissen 2004). We therefore conclude that CWISE J0146
—0508A and CWISE J0146—0508B are not subdwarfs. We
assume a conservative age range of 0.5-10 Gyr for this pair.

Using our derived T values and this age range, we find a
mass of 72 £ 6 Mj,, for CWISE J0146—0508A and 66 & 10
My, for CWISE J0146—-0508B using the evolutionary models
of Phillips et al. (2020). Uncertainties are determined in a
Monte Carlo fashion using a uniform probability distribution
for age over the range 0.5-10 Gyr and a normal distribution for
Tetr. We also calculate masses using the hybrid evolutionary
models of Saumon & Marley (2008) and find fully consistent
results of 74 &5 and 64 £ 10 My, for CWISE J0146—0508A
and CWISE J0146—0508B, respectively. While the current
mass estimate for CWISE J0146—0508A suggests that there is
a possibility that it is stellar and not a brown dwarf, previous
studies of the location of the stellar/substellar boundary have
found it to occur at a spectral type of ~L4 or earlier (Dieterich
et al. 2014; Dupuy & Liu 2017), making CWISE J0146
—0508A most likely substellar in nature. More precise mass
estimates for each component will require a tighter age
constraint.

5. Discussion

5.1. Binding Energy

Using the estimated separation (1491} au) and the masses

of CWISE J0146—0508A (72 £6 M,,,) and CWISE J0146
—0508B (66 &= 10 My,p), we calculate the binding energy of
this system. We find a binding energy of 4.0109 x10* erg.
This is one of the lowest binding energies found for field-age
brown dwarf-brown dwarf pairs (Faherty et al. 2020).
Previous investigations have found that wide brown dwarf
binaries with separations greater than a few tens of au are
exceptionally rare, especially at field ages. There have been
several efforts to describe the largest possible separations for
low-mass systems, both empirically (Reid et al. 2001;
Burgasser et al. 2003; Close et al. 2003; Dhital et al. 2010)
and theoretically (Zuckerman & Song 2009; Faherty et al.
2010). Specifically for brown dwarf binaries, Burgasser et al.
(2003) showed that being disrupted through chance encounters
with either a star or giant molecular clouds was unlikely, and
thus dissipation due to random encounters could not explain the
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young binaries from low-density regions (e.g., Taurus, Chamaeleon, and p Ophiuchus) are shown as gray squares. Dotted and solid lines show the instability regions
defined in Close et al. (2007), with dotted lines representing the maximum bound separations for cluster (left) and field (right) due to diffusion and solid lines
representing maximum separations due to close catastrophic encounters. These regions are most relevant to the young objects in high-density star-forming regions.

lack of wide brown dwarf binaries. Close et al. (2007)
performed a similar investigation considering birth environ-
ments, which they estimated to be several thousand times more
dense than the typical Galactic field. Therefore, a star or brown
dwarf would have a much higher probability of chance

encounters in its higher-density birth environment. They found
that 10 Myr in a dense cluster environment would be much
more disruptive for a binary brown dwarf than 10 Gyr in the
field. They suggested that the known young (<10 Myr) wide
(220 au) brown dwarf binaries are therefore in the process of
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being disrupted. This would explain why wide brown dwarf
binaries have been found in young clusters, but very few have
been found at field ages. However, we note here that the cluster
density used by Close et al. (2007), ny, ~ 1000 pc>, is likely
an underestimate for the densest star-forming regions, like the
Orion Nebula Cluster (ONC, n, ~ 3700 pc*3; De Furio et al.
2021), and a significant overestimate for low-density regions
such as Taurus (ny ~ 1-10 pcf3; Luhman 2018). This is further
complicated by the fact that cluster densities change as the
cluster ages (e.g., Parker 2014).

Figure 3 shows the projected separations and total masses for
all resolved binaries from Faherty et al. (2020), with each
component having a mass near the substellar boundary (<0.075
M,; Saumon & Marley 2008). All projected separations from
Faherty et al. (2020) are multiplied by 1.16 following Dupuy &
Liu (2011). To this list, we add the recent substellar binaries
discovered in the ONC from Strampelli et al. (2020) and De
Furio et al. (2021). Close et al. (2007) defined instability
regions based on gradual tidal diffusion and close catastrophic
encounters for field and cluster densities. Close et al. (2007)
suggested that the young brown dwarf binaries in the “Cluster
Unstable” region of Figure 3 will likely dissipate before joining
the field. Since the study of Close et al. (2007), there are now
three field-age binaries that reside in the “Cluster Unstable”
region: CWISE J0146—0508AB, SDSS J1416+1348AB
(Burgasser et al. 2010b; Burningham et al. 2010; Scholz 2010),
and WISE 2150—7520AB (Faherty et al. 2020). While the A
component of WISE 2150—-7520AB, with a spectral type of
L1, is likely stellar (Dieterich et al. 2014; Dupuy & Liu 2017),
it is just above the stellar/substellar boundary; thus, its survival
as a system is similarly puzzling as that of CWISE J0146
—0508AB and SDSS J1416+1348AB.

As discussed in Luhman (2012) and Todorov et al. (2014),
while most stars and brown dwarfs likely form in high-density
environments like the ONC, where wide brown dwarf binary
survival is unlikely, some fraction form in lower-density
regions like Taurus (Luhman et al. 2009) and Chamaeleon
(Luhman 2004), where the probability of survival is much
higher. It may be that systems such as CWISE J0146
—0508AB, SDSS J1416+1348AB, and WISE 2150
—7520AB formed in such a relatively low-density region,
allowing them to have survived as low-mass binaries at such
wide separations to field ages.

Resolved brown dwarf binaries are often found to be
valuable as benchmarks for measuring dynamical masses from
orbital monitoring (e.g., Konopacky et al. 2010; Dupuy &
Liu 2017). Assuming our measured separation is the true
semimajor axis of the system, and using the masses found in
Section 4.4, we find an orbital period of ~5000 yr. Therefore,
the ~9 yr of observations so far have covered less than 0.2% of
an orbital period. While it has recently been shown that
accurate orbital parameters can be produced with only a small
fraction of the orbit having been monitored (e.g., Blunt et al.
2017), obtaining a fraction of CWISE J0146—0508AB’s orbit
greater than a few percent would be beyond our lifetimes.

5.2. Future Work

The vast majority of the current census of known field brown
dwarfs was discovered with wide-field infrared surveys such as
2MASS or WISE. Subsequently, new higher-resolution
surveys have been produced, such as the VHS, UHS, Pan-
STARRSI, and DES. The process demonstrated in this paper
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shows the value of reexamining known or suspected brown
dwarf candidates for evidence of close companions. It is
possible that the examination of images from these surveys for
previously missed companions to known brown dwarfs may
prove similarly fruitful. By expanding this analysis to all
confirmed brown dwarfs, we would be able to develop a more
comprehensive census of exceptionally wide brown dwarf
binary systems. Such a survey would be complementary to
focused high-resolution imaging surveys (e.g., Bardalez
Gagliuffi et al. 2015; Fontanive et al. 2018) and other binary
identification techniques (e.g., Deacon et al. 2017) that may not
be sensitive to such wide companions. Further, the future
Roman Space Telescope (Spergel et al. 2015) and Euclid
(Laureijs et al. 2011) space missions will have Hubble Space
Telescope-like resolution in the near-infrared over large areas
of the sky, allowing for brown dwarf binary surveys at much
smaller separations than are currently achievable with ground-
based imaging surveys.

Such binaries have the potential to be used as valuable
benchmark systems for atmospheric retrievals, which can
determine chemical abundances, metallicities, and temper-
ature—pressure profiles (e.g., Line et al. 2015; Burningham
etal. 2017; Line et al. 2017; Zalesky et al. 2019; Gonzales et al.
2020). Presumably, CWISE J0146—0508A and CWISE J0146
—0508B formed out of the same cloud of gas and dust and
should therefore have similar elemental abundances. This pair
can then be used as a test for such retrieval methods. And,
because CWISE J0146—0508A has a two-parameter (R.A. and
decl.) solution in Gaia EDR3, we can expect a full five-
parameter solution (R.A., decl., parallax, and proper-motion
components) in a future Gaia release (Fabricius et al. 2021). As
a benchmark system containing a blue L dwarf, CWISE J0146
—0508AB may be able to elucidate the unique atmospheric
chemistry of such objects and help to probe cloud properties
across the L/T transition (Brock et al. 2021).
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