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Abstract

Ultracool T (T = 500-1200 K) and Y dwarfs (T < 500 K) have historically been found only a few hundred
parsecs from the Sun. The sensitivity and wavelength coverage of the NIRCam instrument on board the James
Webb Space Telescope offer a unique method for finding low-temperature brown dwarfs in deep extragalactic
datasets out to multiple kiloparsecs. Here we report on the selection of a sample of 41 brown dwarfs and brown
dwarf candidates across the JWST Advanced Deep Extragalactic Survey in the GOODS-S and GOODS-N
regions. We introduce a new open-source Bayesian tool, Near-Infrared Fitting for T and Y dwarfs (NIFTY), to
derive effective temperatures, metallicities, and distances from JWST photometry. We find that 31 candidates
have fits consistent with T dwarf temperatures out to 5-6 kpc, and 10 candidates have fits consistent with Y dwarf
temperatures out to 1-2 kpc. The majority of the sources are best fit with subsolar metallicity models. We report
proper motions for 10 brown dwarf candidates (three are newly presented), and calculate the number density of T
and Y dwarfs as a function of temperature and distance above the Milky Way midplane. We further discuss how
Y dwarfs can serve as contaminants in the search for ultra-high-redshift galaxies. Together, these results
demonstrate the power of deep JWST extragalactic imaging to probe the coldest substellar populations far beyond
the solar neighborhood, providing new constraints on the Milky Way’s structure and brown dwarf demographics.

Unified Astronomy Thesaurus concepts: Brown dwarfs (185); T dwarfs (1679); Y dwarfs (1827); Halo stars (699);

Infrared astronomy (786); James Webb Space Telescope (2291)

Materials only available in the online version of record: figure set, machine-readable table

1. Introduction

The last several decades have seen the discovery of a large
number of ultracool brown dwarfs, objects with effective
temperatures lower than M dwarf stars (Te¢ < 2500 K). These
elusive sources are key to understanding the low-mass end
of the stellar initial mass function (IMF) (M < 0.07M).
Additionally, as these objects lie at masses that range between
stars and extrasolar planets, they are also of great interest for
exploring both star and planet formation. Brown dwarfs have
been broadly classified into three subclasses based on their
observed spectral type: L, T, and Y dwarfs, which have
effective temperatures of T ~ 1200-2000 K, ~500-1200 K,
and $500 K, respectively (J. D. Kirkpatrick et al. 1999,
2021a; J. D. Kirkpatrick 2005; A. J. Burgasser et al. 2000;
D. C. Stephens et al. 2009; M. C. Cushing et al. 2011;
S. K. Leggett et al. 2021). At increasingly lower temperatures,
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the observed spectra of brown dwarfs change significantly
based on the effects of molecular absorption, differing
atmospheric chemistry, the disappearance of clouds and,
eventually, the emergence of ices (A. Burrows et al. 1997;
A. S. Ackerman & M. S. Marley 2001; M. S. Marley et al.
2002; C. S. Cooper et al. 2003; C. V. Morley et al. 2012, 2014;
S. K. Leggett et al. 2013, 2015; A. J. Skemer et al. 2016).
Brown dwarfs do not have enough mass to undergo
sustainable nuclear fusion in their cores, and instead cool off
over time as they radiate their gravitational potential energy
(S. S. Kumar 1962, 1963; C. Hayashi & T. Nakano 1963). As a
result, they have low intrinsic luminosities, and based on their
temperatures, emit much of their flux in the near-IR. To date,
most known brown dwarfs have been discovered from large-
area near-IR photometric surveys like the Two Micron All-Sky
Survey (2MASS; M. F. Skrutskie et al. 2006), the UKIRT
Infrared Deep Sky Survey (UKIDSS; A. Lawrence et al.
2007), and the Wide-field Infrared Survey Explorer (WISE;
E. L. Wright et al. 2010) All-Sky Survey (R. M. Cutri et al.
2012), among others. The resulting brown dwarf samples span
a wide range of effective temperatures, ages, masses, and
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metallicities, although the majority have distances within
100 pc, due to the relatively bright flux limits of these surveys.
Currently, one of the coldest brown dwarfs known, WISE
J085510.83-071442.5 (Tess =~ 250 K), lies only 2 pc away
(K. L. Luhman 2014).

Searching for more distant brown dwarfs is of great interest,
given that there may be many more of these ultracool sources
in the Milky Way thick disk or even the halo. There have been
multiple low-metallicity subdwarfs discovered that are thought
to be associated with the halo (J. E. Gizis 1997; A. J. Burgasser
et al. 2003; N. Lodieu et al. 2010; D. J. Pinfield et al. 2012;
B. Burningham et al. 2014). A. C. Schneider et al. (2020)
reported the discovery of the 14-67 pc distant T dwarf WISE
1810055-1010023 (T.; ~ 800 K), which was estimated to
have both a low-metallicity atmosphere and a proper motion
consistent with objects in the Milky Way halo. Additionally,
A. M. Meisner et al. (2023) announced the discovery of a new
population of thick-disk halo T and Y dwarfs confirmed with
ground-based Gemini near-IR photometry. The T subdwarf
WISEA J153429.75-104303.3, more commonly known as
“The Accident,” has a metallicity consistent with [M/H]
= —2.22 £ 0.05, T = 502 £ 6 K (J. K. Faherty et al. 2025),
and a transverse velocity >200 km s~ ' (J. D. Kirkpatrick et al.
2021b). Finding larger numbers of these sources is crucial for
Milky Way kinematic studies, refining our current estimate of
binary brown dwarf frequency, and exploring the evolutionary
history of the Milky Way galaxy (A. J. Burgasser et al. 2007;
V. Joergens 2008; C. Fontanive et al. 2018; Z. H. Zhang et al.
2018, 2019; S. M. Factor & A. L. Kraus 2023).

The unprecedented photometric sensitivity in the near-
infrared offered by the James Webb Space Telescope (JWST)
has allowed brown dwarfs to be found at kiloparsec distances
that probe the Milky Way thick disk and halo (S. M. Wilkins
et al. 2014; B. W. Holwerda et al. 2018; K. N. Hainline et al.
2020), following pioneering work from Hubble Space
Telescope (HST) near-IR observations out to ~2 um
(R. E. Ryan et al. 2011; D. Masters et al. 2012; C. Aganze
et al. 2022). Brown dwarfs have often served as a contaminant
in searches for high-redshift quasars (S. J. Warren et al. 2007)
and Lyman-dropout galaxies (A. J. Bunker et al. 2004;
S. L. Finkelstein et al. 2010, 2015; P. A. Oesch et al. 2012;
S. M. Wilkins et al. 2014, among others), but only with
photometric detections out to 1-2 um. JWST’s wavelength
coverage allows for the estimation of the properties for these
distant sources using observations at 1-12 um (S. A. Beiler
et al. 2023, 2024a; S. K. Leggett & P. Tremblin 2023).

While most early JWST studies of ultracool dwarfs have
focused on previously discovered sources, a growing body of
work has emerged that introduces new samples of brown dwarf
candidates found in JWST/NIRCam datasets, including
GLASS, JWST Advanced Deep Extragalactic Survey
(JADES), CEERS, UNCOVER, and COSMOS-Web
(M. Nonino et al. 2023; K. N. Hainline et al. 2024a;
A. Y. A. Chen et al. 2025). These photometrically selected
sources have best-fit temperatures consistent with T and Y
dwarfs, and several exhibit high proper motions. A very small
(currently ~5) subsample of these candidates has been
spectroscopically observed, revealing their distances and low
atmospheric metallicity (A. J. Burgasser et al. 2023; D. Lang-
eroodi et al. 2023; K. N. Hainline et al. 2024b; Z. Tu et al.
2025a, 2025b; D. H. Li et al. 2026; S. J. Morrissey et al. 2026).
These studies demonstrate the ubiquity of ultracool brown
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dwarf candidates in line with Milky Way predictions, and,
given the power of JWST pure parallel surveys with NIRCam
observations (e.g., PANORAMIC and SAPPHIRES, F. Sun
et al. 2025; C. C. Williams et al. 2025), it is likely that many
hundreds of sources remain undiscovered across the wealth of
archival extragalactic observations that exist.

Understanding the selection and properties for these
ultracool brown dwarfs is especially vital given current and
planned large-area surveys: The Dark Energy Survey (Dark
Energy Survey Collaboration et al. 2016), SPHEREx
(J. J. Bock et al. 2026), LSST from the Vera Rubin
Observatory (Z. Ivezi¢ et al. 2019), Euclid (Euclid Collabora-
tion et al. 2025), and the Nancy Grace Roman Telescope
(R. Akeson et al. 2019) deep and wide area surveys, among
others. Researchers using data from the Dark Energy Survey
announced the discovery of 11,745 LO to T9 dwarfs selected
photometrically (A. Carnero Rosell et al. 2019). C. Domingu-
ez-Tagle et al. (2025) used EUCLID Data Release 1
observations to discover 11 late L and T dwarfs. LSST will
help characterize substantial populations of cool L-type
subdwarfs (LSST Science Collaboration et al. 2009), while
SphereX will find and characterize >40 T and Y dwarfs (O.
Doré et al. 2014) across the mission (see J. Gagné et al. 2026
and Z. Tu et al. 2026 for early results). The Roman Space
Telescope will allow for the discovery of brown dwarfs from
data taken as part of the High Latitude Survey, which can be
used to explore the structure of the Milky Way (B. Holwerda
et al. 2023). Crucially, however, many of these planned
surveys will only attain observations at wavelengths short of 2
pm, and as the coldest Y dwarfs peak at 4-5 um, observations
with JWST/NIRCam and MIRI provide a critical complement
to understand the full demographics of the ultracool dwarf
population.

This paper serves to expand the search for brown dwarfs
across a significantly larger area from K. N. Hainline et al.
(2024a, hereafter H24), who presented an initial 11 candidate
brown dwarfs in GOODS-S, three candidates in GOODS-N,
and seven candidates in CEERS (M. B. Bagley et al. 2023;
S. Finkelstein et al. 2023) selected photometrically from within
the first JADES public data release area. These authors fit the
photometry for these sources with brown dwarf atmospheric
models and presented proper motions for seven sources across
the sample that corresponded to transverse velocities from
~30-120 kms~'. Subsequent JWST /NIRSpec spectroscopic
observations of brown dwarfs from the H24 sample have
resulted in a number of confirmations, including the source
JADES-GS-BD-9 presented in K. N. Hainline et al. (2024b).

In this paper, we look for brown dwarfs across the full
JADES Data Release 5 (DR5) footprint (M. Rieke et al. 2023;
B. D. Johnson et al. 2026; B. E. Robertson et al. 2026) and
present 25 sources in GOODS-S and 16 sources in GOODS-N
using updated NIRCam color selection criteria designed to
include the coldest brown dwarfs from the comprehensive
JADES survey. The early public data release from which
candidates were found in H24 was only 125 arcmin?, while the
DRS footprint is almost 3 times larger, 309.5 arcmin®. In this
paper, we combine the updated NIRCam data with longer-
wavelength MIRI photometric data for 11 candidates to
explore their spectral energy distributions (SEDs) and discuss
how they separate from line-emitting galaxies and “little red
dots” (LRDs; J. Matthee et al. 2023). LRDs, thought to be
powered by growing supermassive black holes, are observed to
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be very compact, and have similar colors to brown dwarf
candidates, with blue 1-3 ym slopes and very red 3-5 pum
slopes for those at z > 5. The sensitivity and wavelength
coverage offered by JADES make this dataset ideal for finding
ultradistant brown dwarfs. Unlike H24, we do not include the
CEERS data in our present analysis, but instead focus on the
JADES GOODS-S and GOODS-N areas. To fit the full
sample, we also introduce NIFTY, a Bayesian brown dwarf
photometric fitting package, which we use to derive properties
and uncertainties for our sample of brown dwarfs and brown
dwarf candidates from NIRCam and MIRI photometric fits.
NIFTY is open-source, and we use three different model sets
to explore the effective temperatures, distances, and metalli-
cities of our sample.

We have structured this search for low-temperature brown
dwarfs as follows. We introduce the full JADES DRS dataset
and photometry in Section 2, and we discuss how we select
brown dwarf candidates in Section 3. In Section 4, we describe
NIFTY, including the models we make use of and the details
of our fitting procedure. We discuss the results from the fitting,
properties of individual interesting sources, and present
measured proper motions for a few additional candidates in
Section 5. We discuss source on-sky and number densities, and
explore how the coldest Y dwarfs might be mistaken for high-
redshift (z > 20) galaxies in Section 6, using the recently
discovered source “Capotauro” (G. Gandolfi et al. 2025a) as an
example. Finally, we conclude and point toward future
avenues of research in Section 7. In Appendix A we provide
the fluxes for each source, and in Appendix B, we provide
tables and SEDs for the output parameters for each object in
our full sample. Throughout the paper, we refer to the sources
we select as “brown dwarfs and brown dwarf candidates,”
owing to the detection of proper motions and the spectroscopic
confirmation for a number of these sources, including JADES-
GS-BD-9 (K. N. Hainline et al. 2024b). Throughout this paper,
photometric magnitudes will be provided in the AB system
(J. B. Oke 1974).

2. JADES and SMILES Observations and Data Reduction

In this section, we describe the near- and mid-IR photo-
metric observations that form the basis for our selection and
analysis of the brown dwarf candidates. We describe the
JADES NIRCam observations, their reduction, and photo-
metric measurements in Section 2.1. In GOODS-S, we can
also use observations made by JWST/MIRI as part of both
JADES as well as the Systematic Mid-infrared Instrument
Legacy Extragalactic Survey (SMILES; G. H. Rieke et al.
2024) programs, which can be used in fitting the sources at
longer wavelengths. These data will be briefly described in
Section 2.2.

2.1. JADES DR5 NIRCam Observations

JADES is a comprehensive observing program designed by
the JWST/NIRCam and NIRSpec instrument teams, who
combined Guaranteed Time Observations (GTO) with NIR-
Cam, NIRSpec, and MIRI across the two well studied fields:
GOODS-S (R.A. = 53.126, decl. = —27.802) and GOODS-N
(R.A. = 189.229, decl. = +62.238). The photometry that we
use in this study comes from JADES DRS5, where the
collaboration has sought to combine JWST/NIRCam data
from multiple JADES observational programs across
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GOODS-S and GOODS-N with those from multiple other
GO programs, as described in the DRS paper (B. D. Johnson
et al. 2026). The final survey footprint from which we selected
our brown dwarfs and brown dwarf candidates has varying
filter selection and observational depth. Using a 0”2 diameter
circular aperture, the F444W 100 photometric depth for a point
source in the JADES GOODS-S observations is 28.96 AB mag
across the wide “medium” depth region, 29.57 AB mag in
the smaller area “deep” regions, and then 29.79 AB mag in the
much smaller area “deepest” region. For GOODS-N, the
depths are consistent, although slightly shallower in the largest
area medium region. For this study, we searched for brown
dwarf candidates across a total survey area of 408 arcmin?,
which includes 244 arcmin® in GOODS-S (with 155 arcmin®
of JADES coverage) and 164 arcmin® in GOODS-N (with
112 arcmin® of JADES coverage).

The raw observational data were assembled by the
JADES team, and reduced, stacked, and mosaicked following
the procedure outlined in B. E. Robertson et al. (2023),
S. Tacchella et al. (2023), D. J. Eisenstein et al. (2023), and
B. D. Johnson et al. (2026). For selecting brown dwarfs, we
used fluxes measured using 0”2 diameter circular apertures,
with aperture corrections derived from empirical JWST/
NIRCam point-spread functions (PSF), where we assumed
point-source morphologies for our sources (see Z. Ji et al.
2023, for more details). The measurement of photometry and
its uncertainties for the JADES catalogs we used is discussed
in detail in B. E. Robertson et al. (2026). For the JADES
photometry, the underlying Poisson error from flux counts is
combined with sky flux uncertainties estimated from random
apertures measured across the mosaic to produce the final
errors that we use. We refer the reader to B. E. Robertson et al.
(2026) for a full discussion. We selected brown dwarfs using
the NIRCam filters F115W, F150W, F277W, F410M, and
F444W, which have deep coverage across the majority of the
GOODS-S and GOODS-N footprints.

For fits to the sources, we used both the 072 diameter
circular aperture fluxes, and for sources with MIRI coverage,
we utilized fluxes measured using a larger 0”5 diameter
circular aperture to help mitigate the effects of the extended
JWST/MIRI PSF as compared to NIRCam. For GOODS-S,
we fit to the JWST/NIRCam filters FO90W, F115W, F150W,
F162M, F182M, F200W, F210M, F250M, F277W, F300M,
F335M, F356W, F410M, and F444W. For GOODS-N, we fit
to the JWST/NIRCam filters FO9OW, F115W, F150W,
F162M, F182M, F200W, F210M, F277W, F300M, F335M,
F356W, F410M, and F444W.

In order to explore whether these sources have proper
motions from earlier observations, we searched for detections
in HST Advanced Camera for Surveys (ACS) and Wide Field
Camera 3 (WFC3) mosaics, which we discuss in Section 5.4.
We use the HST/ACS and HST/WFC3 mosaics from the
Hubble Legacy Fields (HLF) v2.0 for GOODS-S and v2.5 for
GOODS-N (25" x 25 for GOODS-S, and 20!5 x 20!5 for
GOODS-N, G. D. Illingworth et al. 2013; K. E. Whitaker
et al. 2019). We use data in the HST/ACS F435W, F606W,
F775W, F814W, and F850LP filters, as well as HST/WFC3
F105W, F125W, F140W, and F160W.

2.2. JADES and SMILES MIRI Observations

The JADES footprint in GOODS-S has some of the deepest
extragalactic MIRI observations taken to date, which we can
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include for aiding with fits to the brown dwarf candidate SEDs.
We combined two programs, the JADES MIRI parallels, with
observations with the F770W, F1280W, and F1500W filters
taken across relatively small areas (24.3, 19.4, and
24.0 arcminz, respectively), and SMILES, which covered the
center of the JADES footprint in GOODS-S (~34 arcmin?)
with F560W, F770W, F1000W, F1280W, F1500W, F1800W,
F2100W, and F2550W. However, the data become shallower
at longer wavelengths (5o flux sensitivities of 0.21-17uly
from 5.6-25 um). For our fits, we utilize MIRI data in the
F560W, F770W, F1000W, and F1280W filters, as our models
only have predicted fluxes at <15 pm. Please see G. H. Rieke
et al. (2024), S. Alberts et al. (2024a), and S. Alberts et al.
(2024b) for more information about the reduction and depth of
the MIRI footprint in GOODS-S. Currently, this is the only
comprehensive search for brown dwarfs that utilizes MIRI
photometry, following work done exploring brown dwarfs in
the mid-IR from the Spitzer Space Telescope and AKARI
(M. C. Cushing et al. 2006; I. Yamamura et al. 2010; T. Tsuji
et al. 2011). Given the importance of the mid-IR for
understanding the atmospheres of low-mass objects
(S. A. Beiler et al. 2023, 2024a; B. E. Miles et al. 2023;
G. Suarez & S. Metchev 2023; J. M. Vos et al. 2023;
A. M. McCarthy et al. 2025), the study of these sources offers
a unique opportunity to constrain models out to ~15 pm.

3. Selecting Brown Dwarfs

In H24, the authors select brown dwarfs from JADES
photometric data using a combination of common wide-band
NIRCam colors. Specifically, they defined selection criteria
that used F277W —F444W, F115W —F277W, and
F115W — F150W colors to select objects with a “V-shaped”
SED that arises from brown dwarf atmospheric absorption at
1.5-3.5 pym by molecules such as NHs, H,, H,O, and CHy,
leading to blue observed 1.5-2 um colors and red 3—4.5 ym
colors. The authors chose these specific filters as they were
commonly used across the majority of the JWST extragalactic
surveys including JADES, CEERS, and COSMOS-Web and
many others. They also required that mpssqw ap < 28.5, but
did not make cuts on signal-to-noise ratio (SNR) for any
additional filters. The selection criteria from H24 were refined
using predicted colors derived from the Sonora Cholla brown
dwarf atmospheric models from M. S. Marley et al. (2021) and
T. Karalidi et al. (2021).

In this study, we have updated the selection criteria based on
the growing evidence that brown dwarfs selected from
extragalactic datasets are at large distances and have subsolar
metallicities (A. J. Burgasser et al. 2023; K. N. Hainline et al.
2024a, 2024b; A. Y. A. Chen et al. 2025), which will lead to
significantly redder 1.0-1.5 ym colors as compared to solar or
supersolar metallicity sources. We introduce an updated
selection based on both the newly measured JADES DRS5
colors for the brown dwarf candidates from H24 and the
predicted brown dwarf colors estimated across a range of
metallicities from the Sonora EIf Owl models (S. Mukherjee
et al. 2024; S. Mukherjee et al. 2025; N. F. Wogan et al. 2025).
Additionally, while in H24 the authors restrict their sources to
those with mpsaaw ap < 28.5, we only require F444W flux
SNR >5 (measured in a 0”2 diameter circular aperture) to
allow for fainter sources that may include farther and cooler
dwarf candidates. We plot our color selection criteria in
Figure 1. Our initial color criteria rely on finding sources with
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red 2.7-4.4 um colors:
(F277TW — F444W) > 1.0 1)

and, then, depending on photometric availability, the sample
assembled in this paper satisfies either:

(F277TW — F444W) > 4.0 x (F115W — F150W) 2)
or
(F277TW — F444W) > 4.0 x (F410M — F444W). 3)

The F277W — F444W color limit is identical to that in H24,
while we have updated our secondary color to allow for
slightly redder F115W — F150W colors to select the low-
metallicity Sonora EIf Owl models. We focus on
F410M — F444W color since, as shown in the middle panel of
Figure 1, the F410M — F444W colors for brown dwarfs
change little as a function of metallicity for the Sonora Elf Owl
models. However, a number of current JWST extragalactic
surveys do not include deep F410M coverage, so we propose
an alternate color selection without the need for F410M.

Our revised selection criteria do permit a large number of
extragalactic sources. Specifically, one of the primary
contaminants in samples of brown dwarfs are the previously
mentioned LRDs, as well as galaxies with strong [O III]
A4959,5007 line emission at z ~ 7. Many of these sources are
compact and, in the case of the LRDs, can have visual
morphologies similar to brown dwarfs: the D. Langeroodi
et al. (2023) and A. J. Burgasser et al. (2023) UNCOVER
sources were initially selected as interesting LRD candidates.

As a way of removing these extragalactic sources, we
further require that:

(F115W — F277W) < —0.5 “4)
and

(F277W — F444W) > 0.4 x (F115W — F277W) + 1.9.
&)

In Figure 1, we show all three color spaces for our selection.
We depict the underlying JADES GOODS-S color space with
gray contours and our final 41 brown dwarf candidates
as tan circles with black outlines. We additionally plot the
colors derived from the Sonora EIf Owl models with the
[M/H] = +1.0 plotted as downward triangles, the those
with [M/H] = +0.0 plotted as squares, and finally those with
[M/H] = —1.0 plotted as upward triangles, to show the spread
in color as a function of metallicity. The Sonora EIf Owl
model points are colored by the effective temperature of the
brown dwarf, as shown in the color bar on the right side of the
figure. We show the color rejection from Equations (4) and (5)
with a black hashed region in the rightmost panel, and the
sources from which it was derived: a sample of LRDs in the
literature assembled in GOODS-S and GOODS-N by
P. G. Pérez-Gonzilez et al. (2024), P. Rinaldi et al. (2024),
and D. D. Kocevski et al. (2025), plotted with small red points.

In the rightmost panel of Figure 1, we show the
F277TW — F444W versus F115W — F277W colors of our
sample, and additionally plot the brown dwarf selection for the
brown dwarfs chosen from COSMOS-Web in A. Y. A. Chen
et al. (2025) with a black dotted—dashed line. Their selection
was based on model colors, and has a broad overlap with our
own color selection region. While the relaxed F277W —
F444W criteria from A. Y. A. Chen et al. (2025) (>0.9 instead
of >1.0) as compared to our fiducial selection would have a
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Figure 1. Color criteria used to select brown dwarf candidates in this work. In each panel, the colors of the underlying JADES GOODS-S population are represented
with contours. Our 41 selected JADES brown dwarf candidates are shown using tan circles with black outlines. To show the colors spanned by brown dwarf models,
we plot predicted color tracks derived from the Sonora EIf Owl models with downward triangles ((M/H] = +1.0), squares ([M/H] = 0.0), and upward triangles
(IM/H] = —1.0), with the points colored by the T, values as shown in the color bar on the right. In each panel, we plot the color criteria used in the paper with black
dashed lines. Left: F277W — F444W color plotted against F115W — F150W color. Middle: F277W — F444W color plotted against F410M — F444W color. There
are sources outside the selection criteria in each panel as we only require selection using either the F277W — F444W vs. F115W — F150W or the F277W — F444W
vs. F410M — F444W criteria. Right: F277W — F444W color plotted against F115W - F277W color, where we show, in a gray hashed region, an additional color
criterion designed to reject LRDs. We show a sample of GOODS-S and GOODS-N LRDs from P. G. Pérez-Gonzilez et al. (2024), P. Rinaldi et al. (2024), and
D. D. Kocevski et al. (2025) as small red points. To help exclude these LRDs while including each of our candidates, we suggest a refined selection criteria, which

we plot as a red dashed line.

minimal effect on the sources we find in JADES, we note that
their secondary color limit would result in a large number of
LRDs being chosen along with brown dwarfs. Given the large
number of brown dwarf candidates with a spread of colors in
our own sample, and the desire for a cleaner selection, we
suggest a revised color criteria from A. Y. A. Chen et al.
(2025):

(F277W — F444W) > 0.9 (6)

and
(F277W — F444W) > (F115W — F277W) + 1.7, 7

which we show with a red dot dashed line in the rightmost
panel. This updated selection would encompass all of our
candidates, while also removing the majority of the contam-
inating LRDs.

Following the color selection of our sources, we performed
visual inspection in order to remove obvious data reduction
artifacts like bad pixels near the edges of mosaics, or sources
that are obvious extragalactic sources (from their morpholo-
gies, or from fits to galaxy models; see Section 5.5). After
visual inspection, we ended up with 25 sources in GOODS-S,
and 16 sources in GOODS-N. Each of the GOODS-S and
GOODS-N brown dwarfs and brown dwarf candidates
introduced in H24 are also selected with our updated
photometry and color criteria.

Owing to their sizes, brown dwarfs will be unresolved in
NIRCam imaging data, and we investigated the compactness
of our color selected sources to help in differentiating brown
dwarf candidates from extragalactic sources. To explore the
sizes of the JADES catalog sources, we calculated a
“compactness ratio” by comparing the fluxes measured using
a 0”5 diameter circular aperture to those measured using a
072 diameter circular aperture. As these fluxes have had
aperture corrections applied that are appropriate for point
sources, the compactness ratio for unresolved sources should
be near 1, while extended objects will have compactness ratios

significantly larger than 1. For the 41 sources in our final
brown dwarf candidate sample, we find that all but two have a
compactness ratio consistent with 1 within the associated
uncertainties. One of the final two sources (JADES-GN-BD-3)
has a larger compactness ratio, as it is smeared in the DRS
mosaic owing to its proper motion. The other source (JADES-
GS-BD-17) appears to be a brown dwarf in front of a
background galaxy. We will discuss both of these sources in
more detail in Section 5.3.

We plot the positions of the final brown dwarfs and brown
dwarf candidate sources across the GOODS-S and GOODS-N
NIRCam footprints in Figure 2. In these figures, we provide
the JADES outlines in blue, and the larger area from DRS in
gray for both GOODS-S and GOODS-N. In the GOODS-S
panel, we plot the SMILES MIRI survey area in light red, and
the ancillary F770W, F1280W, and F1500W MIRI observa-
tions from the JADES MIRI parallels in dark red. We present
the IDs, positions, and fluxes for these sources in Tables 3 and
4 in Appendix A. In this table, we provide either the fluxes
measured in 0”2 diameter circular apertures, or for the 11
GOODS-S sources with MIRI coverage, we instead include
0”5 diameter circular apertures to more accurately account for
the larger MIRI PSF, indicated in a column in both tables. The
area over which we searched for candidates was smaller than
the total area of the survey given the need for filter coverage
with JWST/NIRCam F115W, F277W, F444W, and either
F150W or F410M. When looking only at these areas, the total
GOODS-S area we searched over was 204.5 arcmin?, and the
total GOODS-N area we searched over was 105.0 arcminz, for
a total area of 309.5 arcmin”. Excitingly, from Figure 2, it can
be seen that in six cases (three in GOODS-S and three in
GOODS-N), candidates were found outside of the JADES
footprint, within the PANORAMIC parallel area that has
been included as part of the DR5 JADES data release. We
refer to these sources with the prefix “PANO” in subsequent
tables and analyses to highlight them: PANO-GS-BD-18,
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each panel, and we indicate a 5" scale bar for reference in each panel.

PANO-GS-BD-19, PANO-GS-BD-25, PANO-GN-BD-13,
PANO-GN-BD-14, and PANO-GN-BD-15.

4. NIFTY: Near-Infrared Fitting for T and Y Dwarfs

The large number of photometrically selected brown dwarfs
and brown dwarf candidates discovered in JWST extragalactic
surveys presents a new frontier for cold dwarf studies. In H24,
the authors fit their sources with a x* minimization scheme
that utilized brown dwarf atmospheric models that covered a
fairly sparse parameter space. While this technique would
result in a “best-fit solution,” it is not optimal for providing
robust error estimates on derived properties, or a way to
explore the degeneracies between the inferred parameters. To
that end, as a way for researchers to quickly fit JWST NIRCam
and MIRI photometry for potential brown dwarfs, we
developed a method similar to that outlined in A. Y. A. Chen
et al. (2025), utilizing a Bayesian framework for comparing
the observed photometry to a suite of brown dwarf atmo-
spheric models. We developed an open-source Python
package, NIFTY (Near-Infrared Fitting for T and Y Dwarfs),
which is hosted on a public GitHub repository.’NIFTY is
designed to fit photometric observations from JWST /NIRCam
and MIRI and makes use of the Markov Chain Monte Carlo
(MCMC) sampler emcee (D. Foreman-Mackey et al. 2013) to
explore the posterior distributions for the model parameters.

We have designed NIFTY to fit photometry with three
suites of brown dwarf atmospheric models: Sonora Elf Owl
(S. Mukherjee et al. 2024, 2025; N. F. Wogan et al. 2025),
LOWZ (A. M. Meisner et al. 2021; L. Michael 2021), and
ATMO2020++ (A. M. Meisner et al. 2023)."* These models
were chosen to span a large range of L, T, and Y dwarf
temperatures, while also allowing for an exploration of how
metallicity can be retrieved from photometry alone, and

"3 hitps: //github.com/kevinhainline/NIFTY
' hitps: / /www.erc-atmo.eu/?page_id=322

whether, given the potential distances for these sources, low-
metallicity models are preferred over those at solar metalli-
cities. We specifically use the N. F. Wogan et al. (2025)
updated Sonora Elf Owl model spectra, which include the
corrected CO, concentrations and quench point. In addition,
the models used by NIFTY are cloud-free, which will
primarily impact fits to sources at >1200 K, where clouds
have more of an impact on the observed SED. From
evolutionary models (M. W. Phillips et al. 2020; M. S. Marley
et al. 2021; C. V. Morley et al. 2024), a source at 10 Mypijer
will cool to 1200 K in <20 Myr, while a source at 50 Myypiter
will take ~2 Gyr. For the distant, likely old, sources we are
exploring in this study, cloud-free models are therefore
appropriate. In the future, we will update NIFTY to include
additional models, including the Sonora “Diamondback”
cloudy substellar models (C. Morley et al. 2024; C. V. Morley
et al. 2024) and the Sonora “Flame Skimmer” models, which
extend the Elf Owl models to colder effective temperatures
and lower surface gravities (K. A. Crotts et al. 2025; J. Mang
et al. 2025, in preparation; note that these models are not yet
public).

NIFTY requires, first, that these models are interpolated
across their free parameters in logarithmic space, and we
provide scripts for this purpose in the NIFTY github
repository. For each model, there are gaps where, for a given
set of parameters, an atmospheric model was not produced
(which is more common at the low-temperature, low-
metallicity regions of parameter space), and we interpolate
each model across these gaps (which includes extrapolation in
a few specific edge gaps) as part of the creation of the final
interpolation model. We use the resulting interpolation model
within NIFTY to explore the parameter space and compare the
models to the photometry. We present the free parameters
used, and their ranges, for each model in Table 1. We refer to
the individual papers that present each model for further
discussion of the underlying physics and chemistry involved in
each model. Notably, the ATM02020++ models do not vary
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Table 1

NIFTY Model Parameters and Ranges
Parameter Sonora EIf Owl LOWZ ATMO2020++
Tetr 275-2400 K 500-1600 K 250-1200 K
log(g) 3-5 3.5-5.25 2.5-5.5
[M/H] —1.0-1.0 -2.5-1.0 —-1.0-0.3
log(K,,) 2.0-9.0 —1.0-10.0
Cc/0 0.5-2.5 0.1-0.85

the Eddy diffusion parameter K, or C/O, leading to two fewer
free parameters as compared to Sonora EIf Owl and LOWZ. In
this paper, while we will present and compare the output
parameters for our brown dwarfs and brown dwarf candidates
using all three model sets, we will adopt the Sonora EIf Owl
models as our “fiducial” models for use in figures and in our
discussion.

NIFTY assumes flat priors on each individual parameter,
and currently each brown dwarf is modeled at 1 Jupiter radius,
which is used in scaling the normalization of the final model to
estimate the distance. The normalization of each model is
proportional to (R/D)Z, where R is the radius of the brown
dwarf, and D is its distance from the Sun. We ran NIFTY on
the sample discussed in Section 3, using the 072 and 0”5
diameter circular aperture photometry presented in Tables 3
and 4. We do not fit the HST photometry for the sources owing
both to the fact that these objects are intrinsically faint at <1
pm, and that any proper motion may result in sources that
move outside of the aperture from the JADES NIRCam
detection image. We have visually inspected each source in the
HST/ACS images for F435W, F606W, or F775W filters
shortward of 0.8 um to make sure that none are detected. For
the GOODS-S sources, we include the MIRI observations if
they are detected in a given MIRI filter out to F1280W owing
to the fact that the models only extend out to 15 pm. For each
source, in order to avoid bright data points disproportionately
influencing the fits, we institute a maximum SNR on individual
fluxes of 20, which can be tuned within NIFTY. We fit each
source with the Sonora EIf Owl, LOWZ, and ATM0O2020++
models, and report the 16th, 50th, and 84th percentile output
parameter from the fits in Table 6 in Appendix B. In these
tables, we include the free parameters T, log(g), and [M/H]
for all three model sets, and log(K,,) and C/O for the Sonora
Elf Owl and LOWZ models. We also include a best-derived
distance in parsecs for each source from the fit, and a reduced
x* value derived from comparing the observed fluxes to the
50th percentile fluxes in each filter. In a few instances, where
there were more free parameters than data points, the reduced
X~ is unable to be calculated. For those sources where the Xfe i
can be calculated, the values are largely near one, except in a
few notable cases that we will discuss below. We will discuss
the results from the fits in the next section.

The uncertainties recovered by NIFTY for many of the
sources in our sample, and especially the brightest sources, are
small, as can be seen in Table 6. These uncertainties are driven
largely by the small observed photometric errors from the
JADES catalogs, and we consider them to be underpredicted,
as they do not take into account uncertainties from the models
themselves, as can be seen in the variance between fits to the
same data from the LOWZ, ATM02020, and Sonora EIf Owl
fits. Across the sample, we find median inter-model differences
(defined as half the range in inferred values for each source) of

Hainline et al.

ATt mea = 46 K, Alog(@)meda = 0.4, A[M/H]peq = 0.2, and
Adistance,.q = 170 pc. Additional systematic uncertainty
arises from our assumption of a fixed radius. Brown dwarf
radii span approximately 0.6-1.2 Rjupier (S. Sorahana et al.
2013; Z. Tu et al. 2024); within the NIFTY framework, this
primarily affects the inferred distances, introducing an
additional uncertainty of ~30%.

We also use the reduced y? values reported in Table 6 to
estimate the degree to which the photometric uncertainties may
be underestimated. Under the assumption that deviations from

Xfe 4 = 1 are dominated by these underestimated flux errors,

the typical values of Xfe 4 imply that the uncertainties are too
small by a factor of ~1.5. To assess the impact of this effect,
we re-fit the sample using the Sonora Elf Owl models with flux
uncertainties scaled by this factor. The resulting parameter
uncertainties increase accordingly: the uncertainties in T
increase by a factor of 1.45, those in log(g), log(K,,), [M/H],
and C/O by a factor of ~1.2, and those in distance by a factor
of 1.41.

Similarly, there are likely additional sources of uncertainty
from the use of linear interpolation on the model grids in
NIFTY. To explore this latter point, Z. Tu et al. (2024)
performed a set of “leave-one-out” validation tests on their
own Bayesian fitting code using the Sonora EIf Owl models,
finding that the process of model linear interpolation results in
larger differences at 4-5 um than at shorter wavelengths,
although they were fitting to full near-IR spectra, and so this
effect is mitigated somewhat owing to the photometric fits in
NIFTY. Overall, these effects indicate that systematic
uncertainties, both from model assumptions and photometric
error characterization, dominate over the formal statistical
uncertainties returned by the MCMC fits. As such, the
uncertainties we provide for the fits to the sources in this
paper should be treated as strict lower limits.

We plot a sample SED fit and corner plot for an NIFTY fit
to JADES-GS-BD-1 using the Sonora EIf Owl models in
Figure 3. The fit is quite good, with Xfe 4 = 2.62, largely owing
to the bright fluxes and small uncertainties. This source is also
detected at 7 pm with MIRI, helping to constrain the fit at
longer wavelengths. The Sonora Elf Owl fit to this source
returns a temperature Topr = 9783(3, K, at a distance of
800 + 60 pc. This source appears in H24, with a best-fit
temperature using fits to the Sonora Cholla models (using a
simpler x* minimization algorithm) of 1150 K, but at a similar
distance of 749 pc. The difference in temperature can also be
attributed to the usage of MIRI F770W photometry, which was
not included in the fits in H24, demonstrating the importance
of mid-IR photometry to provide better constraints on the
physical properties. The final SEDs and corner plots derived
from the NIFTY fits are available in Zenodo via doi:10.5281/
zenodo.20127944.

From Figure 3, we can see that the specific gravity and eddy
diffusion parameters are not well constrained, and they run up
against the edge of the Sonora EIf Owl ranges. While Te¢,
distance, and [M/H] are fairly well probed by broadband
photometry given the wavelength range spanned by our
photometry, log(g) and log(K,,) have narrower, more degen-
erate spectral diagnostics. Specifically, changing log(g) alters
the atmospheric pressure structure, which in turn affects
pressure-broadened absorption wings, as well as collision-
induced absorption from H, and the detailed shapes of
molecular bands. In the broad JADES photometry, much of
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Figure 3. Top right: example NIFTY Fit to Source JADES-GS-BD-1. The JWST NIRCam and MIRI photometry is plotted in black, corresponding to the 2" x 2"
thumbnails below. The NIFTY median SED, and a 1o confidence interval, is plotted in red, with the median photometry in each filter shown with red squares. On the
plot, we indicate the NIFTY parameters resulting from a fit with the Sonora Elf Owl models. We also plot a fit to the NIRCam photometry with galaxy templates
using EAZY with a gray line and with gray squares indicating the model photometry, and provide the raw EAZY minimum x> Left: the corner plot showing the
posterior distributions for the free parameters from the Sonora Elf Owl fit to JADES-GS-BD-1.

that information is averaged over and difficult to observe given
the uncertainties, especially for lower-temperature sources
with fainter 1-3 pm flux emission. Those changes are also
highly degenerate, with other parameters already present in the
models, especially cloud properties, metallicity, and to some
extent, T The eddy diffusion parameter log(K,,) is more
difficult to constrain from photometry, as this primarily acts
through nonequilibrium chemistry rather than the full thermal
continuum. Again, the subtle spectroscopic signatures that can
be used to estimate eddy diffusion are degenerate with things
like atmospheric metallicity [M/H], C/O, and the overall
normalization of the continuum. The NIFTY fits may prefer
one edge of the allowed log(g) or log(K,,) range simply
because the likelihood is relatively flat across much of that
parameter, not because the photometry demands an extreme
surface gravity or mixing efficiency. As a result, we caution
the interpretation of these results, especially when compared to
a parameter like T.¢, which is more robustly constrained. To
test this interpretation, we would need to extend the boundaries
on these parameters within atmospheric models, but also we
could examine either additional photometry at wavelengths
sensitive to these subtle changes, or more realistically, near-to-
mid-IR spectroscopy for these sources.

5. Results

In this section we describe the results of our NIFTY fits to
the brown dwarf and brown dwarf candidates and discuss
individual sources. We also explore proper motions derived
from data taken of GOODS-S and GOODS-N over the last
several decades, and finally, we introduce an additional
sample of candidates with weaker evidence for being brown
dwarfs.

5.1. Brown Dwarf Properties from NIFTY

The NIFTY fits to our brown dwarf and brown dwarf
candidates provide constraints on the effective temperature,
specific gravity, metallicity, and distances. From the Sonora
EIf Owl fits, we find 10 (nearly a quarter of the entire sample)
sources with effective temperatures consistent with them being
Y dwarfs at 7o < 500 K: JADES-GS-BD-4, JADES-GS-BD-
5, JADES-GS-BD-8, JADES-GS-BD-18, JADES-GS-BD-21,
JADES-GN-BD-5, JADES-GN-BD-§, JADES-GN-BD-9,
JADES-GN-BD-11, and JADES-GN-BD-18. There are a few
additional sources with fit effective temperatures within 1o of
500 K. The majority of the sources have effective temperatures
from NIFTY fits with the Sonora Elf Owl models between 500
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Figure 4. SED plots for the brown dwarf and brown dwarf candidates in our sample (black points in each panel), along with the Sonora Elf Owl fits and lo
confidence interval from NIFTY (red region), with the median NIFTY fit photometry plotted as red squares. In each panel, we indicate 20 upper limits with
downward facing arrows. We also provide the Sonora Elf Owl model parameters in each panel, and below each SED, we plot 2” x 2” thumbnails for the majority of
the filters that were used to observe these sources.

(The complete figure set (41 images) is available in the online article.)

and 1200 K, indicating that they are T dwarfs. In Appendix B, 4-5 pm, with 20 upper limits at shorter wavelengths consistent
we provide the output NIFTY properties for all of the sources with the best-fit model fluxes.

in Table 6, and we plot the SEDs and thumbnails for the In Figure 5 we plot the best-fit effective temperature
sources in Figure 4 and the accompanying figure set. We can from NIFTY fits to the Sonora EIf Owl models against the
see that many of the Y dwarf candidates are only detected at estimated distances of the sources. Confirming prior work in
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Figure 5. Best-fit effective temperature plotted against distance for the brown dwarf candidates selected in this work, derived using the Sonora EIf Owl models. The
primary sample is plotted with black circles. In the background, we color the plot in three ranges, showing rough temperatures for L, T, and Y dwarfs. Additionally,
we plot the CEERS brown dwarf candidates presented in H24 with gray squares, and the COSMOS-Web brown dwarf candidates presented in A. Y. A. Chen et al.
(2025) with gray diamonds. For both of these samples, we re-fit the measured photometry from those studies with NIFTY using the Sonora Elf Owl models. To aid in
understanding the distribution of sources, with dashed lines we plot the maximum distance allowable for Sonora Elf Owl models with F444W flux = 100 nJy, 20 nly,
10 nJy, and 5 nJy. We are able to detect Y dwarfs out to ~2 kpc with JADES, demonstrating the power of deep NIRCam imaging.

D. Langeroodi et al. (2023), A. J. Burgasser et al. (2023), H24,
and A. Y. A. Chen et al. (2025), deep extragalactic JWST
imaging has opened the door for the detection of brown dwarf
candidates out to many kiloparsecs. To help understand the
distribution of sources in Figure 5, we calculated the maximum
distance a model brown dwarf could be recovered given a
temperature and an NIRCam F444W detection flux, which we
plot with dashed lines in Figure 5. From left to right, we can
see the maximum distance we can detect a source depends on
the temperature such that, for surveys with 5-10 nJy flux
limits, like JADES, Y dwarfs can be observed out to 2-3 kpc,
T dwarfs out to 6-7 kpc, and L dwarfs at even farther
distances. The distribution of the recovered JADES brown
dwarfs and brown dwarf candidates roughly follows these
curves, demonstrating that potentially more distant brown
dwarfs exist within the field, but are currently too faint to be
observed.

For comparison to literature samples, we also plot in
Figure 5 brown dwarf candidates from both the CEERS and
COSMOS-Web surveys. In order to accurately compare to the
JADES sources, we re-derive temperatures and distances using
NIFTY to fit the photometry (using the Sonora EIf Owl
models) provided in H24 (see Table 1 in that paper) for the
CEERS sources and from A. Y. A. Chen et al. (2025; see Table
2 in that paper) for the COSMOS-Web sources. The properties
of these sources are plotted as gray symbols and largely lie at
higher temperatures, in line with the shallower observational
depths of both the CEERS and COSMOS-Web surveys. The
deep JADES photometry with multiple filters at >3 pm allows
for the detection of faint Y dwarf candidates, confirming the
initial results from H24. In the top panel of Figure 6, we use
the direction toward each extragalactic field and the NIFTY
Sonora EIf Owl best-fit distances to plot the distribution of all
of the sources of their heights with respect to the Milky Way
midplane, with the thin-disk and thick-disk scale heights
indicated, as adopted from K. Vieira et al. (2023). While the
bulk of the sources have distances consistent with those in the
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Milky Way thick disk, there is a large distribution of distances
associated with both the Milky Way thick disk, thin disk, and
halo populations (M. Juri¢ et al. 2008), and we caution that
distance alone cannot uniquely determine to which part of the
Milky Way each source originates from. In A. J. Burgasser
et al. (2023), the authors use a model for the Milky Way to
compare their UNCOVER spectroscopically confirmed brown
dwarf distances to the thin disk, thick disk, and halo
populations, finding that the fraction of thick-disk sources
exceeds thin-disk sources at ~1.4 kpc, while the halo sources
only outnumber thick-disk sources at ~6 kpc. While we will
discuss both metallicity below and proper motions for these
sources in Section 5.4, we caution that these objects, especially
those that have smaller scale heights, could belong to the
thin disk.

It might be expected that, for more distant brown dwarfs, if
they originate from the thick disk and halo of the Milky Way,
they would have lower metallicities (G. Gilmore et al. 1995;
A. J. Burgasser et al. 2005; J. Y. Cheng et al. 2012;
A. M. Meisner et al. 2021). To explore this, in the bottom
panel of Figure 6 we plot the same sources as in Figure 5,
showing the best-fit metallicity [M/H] against the height
above the Milky Way midplane from NIFTY fits using the
Sonora Elf Owl model. We bin these sources by height and
plot median values and 1o distributions within the bins for
both the JADES and JADES+CEERS+4-COSMOS-Web sam-
ples. From the points and the binned median values, we notice
that the metallicities of the sources become more subsolar
(negative) at larger heights above the Milky Way midplane,
although with considerable noise introduced by the difficulty
in measuring precise metallicity values from photometric fits.
Above the thick-disk scale height (~1.4 kpc), the JADES
brown dwarf candidates are entirely subsolar.

Brown dwarf atmospheric metallicity is difficult to estimate
from photometry alone, and there is a concern that perhaps the
trend seen in Figure 6 may be a result of an observational bias.
To explore this, we created a sample of 100,000 simulated
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Figure 6. Top: stacked histogram of heights for the GOODS-S (blue),
GOODS-N (red), CEERS (orange), and COSMOS-Web (gray) brown dwarfs
and brown dwarf candidates above the Milky Way midplane. The bulk of the
population has heights consistent with the thick disk, with a smaller number
having heights that put them outside the thick disk, albeit with large
uncertainties. Bottom: best-fit metallicity plotted against height for each
source above the Milky Way midplane for the brown dwarf candidates
selected in this work, derived using the Sonora EIf Owl models. The points are
the same as what is shown in Figure 5. We also plot median (and 1o ranges)
metallicities in bins of height with the red (JADES alone) and blue (JADES
combined with the CEERS and COSMOS-Web candidates) stars. At the right
edge of the plot, we show the two sources (JADES-GN-BD-6 and JADES-
GN-BD-7) that lie at >4 kpc in our modeling, indicating their metallicities. At
larger heights above the midplane, the binned median of the metallicity
declines. In both panels, we plot with a dotted line the approximate scale
height of the Milky Way thin disk (280 pc), and with a dotted—dashed line the
scale height of the thick disk (797 pc), from K. Vieira et al. (2023).

brown dwarfs using the Sonora EIf Owl models where we
uniformly sampled from the effective temperature, metallicity,
log(g), [M/H], and C/O values (see Table 1), and placed them
between 0 and 4 kpc from the Earth, in line with the bulk of the
sources in our sample. We then added noise to the resulting
flux values in line with the observed noise properties in
JADES, and explored which sources were selected using the
criteria discussed in Section 3. When we looked at the fraction
of sources selected as a function of simulated height above the
galactic midplane and [M/H], we do see a bias toward
selecting lower metallicity sources at larger heights above the
midplane. Only 31% of the full sample of simulated sources
with heights of >2 kpc above the midplane and supersolar
metallicities are selected by our color and SNR criteria,
compared to the 49% of simulated sources at subsolar
metallicity. At lower heights, we find that 52% of simulated
sources with supersolar metallicity at <2 kpc are selected, and
70% of simulated sources at subsolar metallicity are selected.
These results and conclusions do persist out to larger distances,
but the fraction of sources selected is significantly lower due to
them being quite faint.

This observational bias is predominantly driven by the fact
that, at larger simulated heights, sources with supersolar
metallicity are more likely to have faint F444W fluxes with
SNR < 5. At 4-5 pm, an opacity window primarily from H,O
allows for a view deeper into the atmosphere of a brown dwarf.
At supersolar metallicities, increased opacity due to the effects
of H,O, CO, and CH, will lower the observed F444W flux.
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This can be seen in the gray lines in Figure 1, where the
F277W — F444W color becomes significantly bluer for super-
solar metallicity brown dwarfs at a given effective temper-
ature. If there are distant brown dwarfs at supersolar
metallicities in deep extragalactic datasets, they would require
increased F444W observational depth to detect them in our
sample.

As an additional test of whether fits to the near-to-mid-
infrared photometry with NIFTY are biased toward subsolar
metallicities, we also adapted the code to fit a sample of local
sources with observations compiled in the UltraCoolSheet."
We selected a sample 25 sources with IR spectral types TO to
T8 (Tesf = 500-1400K), and fit a combination of Pan-
STARRS z and y, 2MASS J, H, and Ks, Maunakea
Observatory synthetic Y, J, H, and K, WISE W1, and W2,
and Spitzer IRAC Chl1 and Ch2 photometry using the Sonora
Elf Owl models. The resulting fits have similar effective
temperatures to the “teff_atmo” values derived in A. Sanghi
et al. (2023) (a median offset of AT,y = 54K, with a scatter of
124 K) and distances as compared to the “dist_formula” values
reported in the UltraCoolSheet (a median offset of Ad = 0 pc,
with a scatter of 8 pc). As these sources are all within 70 pc,
they should primarily have solar or supersolar metallicities,
and we find that 18 of the 25 sources (72%) have best-fit
[M/H] >0 from NIFTY, with only five sources in this
subsample (20%) having significant (>10) subsolar metalli-
cities, all with [M/H] > —0.4. These results support the
observed subsolar metallicities for our primary sample, as
shown in Figure 6.

To further explore how the NIFTY fits compare for the
three different models, we adopt for our brown dwarfs
and brown dwarf candidates, we plot the temperature, distance,
and metallicity [M/H] comparison both between the
ATMO2020++ and Sonora Elf Owl, and the LOWZ and
Sonora EIf Owl models in Figure 7. In each panel, we show a
one-to-one relation with a dashed line, and in three of the
panels, we show the minimum or maximum values for that
particular model (if they exist within the plot area; see Table 1)
with a dotted—dashed line. The left column shows a
comparison of the best-fit effective temperatures, and outside
of how the LOWZ models are limited to T dwarfs
(Tegr > 500 K), the fit values are very similar across all three
model sets, with the majority being consistent within 1o. There
is a trend such that the ATMO2020++ model fits result in
slightly larger effective temperatures (by 3%), and the LOWZ
model fits result in slightly smaller effective temperatures (by
1%) than the Sonora Elf Owl fits. In the middle column, we plot
a comparison of the distances between the model fits, which are
similar within 1o for all three model sets. Distance is derived
from the normalization of each model to the photometry.

In the right panel of Figure 7, we plot the NIFTY best-fit
[M/H] parameter comparison between the models. Recovering
accurate metallicity values from limited photometric data is
difficult, and this is reflected in the large uncertainties and the
large spread in the comparison between the values from each
model. In general, the ATMO2020++ metallicities are higher
(70% have higher metallicity values), with more scatter,
than those predicted from Sonora EIf Owl. The relationship
between the LOWZ and Sonora EIf Owl models is
significantly tighter, although the larger model range explored

'3 http:/ /bit.ly /UltracoolSheet, W. M. I. Best et al. (2025).
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Figure 7. Comparison between NIFTY output parameters from fits to the brown dwarf and brown dwarf candidates. In the top row, we plot, from left to right, the
temperature, distance, and [M/H] comparison between the ATMO2020++ (y-axis) and Sonora EIf Owl (x-axis) fits, with red points. In the bottom row, we plot the
same comparisons, but for the LOWZ models (y-axis) and the Sonora EIf Owl (x-axis) models, in blue points. We use a dashed line to show a one-to-one relationship
in each panel, and a dotted—dashed line shows the minimum model temperature of 500 K for the LOWZ models in the bottom-left panel, and a maximum model
metallicity of [M/H] = 0.3 for the ATM0O2020-++ models in the top right, and [M/H] = 1.0 for the LOWZ models in the bottom right. While the fit temperatures
and distances are largely similar between the models, the metallicities have larger uncertainties and generally show a more scattered comparison between the model
fits to the photometry. The distances derived from the ATMO2020++ models are slightly larger than what are derived from the fits to the Sonora Elf Owl models,
but consistent within the uncertainties. The LOWZ models allow for lower [M/H] values, and while the Sonora EIf Owl and LOWZ models agree, there are a
number that have LOWZ best-fit models at lower metallicities than those derived using the Sonora Elf Owl models.

by the LOWZ models allows for individual sources to be fit at
significantly subsolar metallicities. From the fits, 61% of our
candidates have LOWZ metallicities below what is predicted
from Sonora EIf Owl, and eight sources (20%) have LOWZ
fits with [M/H] < —1.0, the lowest metallicity probed by the
Sonora Elf Owl models.

5.2. A Comparison of Brown Dwarf Candidate Photometry to
Extragalactic Models

While Figure 1 demonstrates that brown dwarfs have
dissimilar colors from the bulk of the underlying population
of galaxies within the JADES catalogs from which these
sources were chosen, it would be helpful to explore whether
the colors and fluxes for these sources can be replicated with
galaxy templates. To that end, we re-fit the observed NIRCam
photometry using EAZY (G. B. Brammer et al. 2008), which
uses X~ minimization to find a best-fit combination of
templates and redshift for sources. We follow the procedure
outlined in K. N. Hainline et al. (2023), B. E. Robertson et al.
(2026), and K. N. Hainline et al. (2026), fitting each source
with a suite of 16 templates that span a wide variety of colors
and have been shown to accurately fit JADES galaxies, and we
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adopt the minimum y? fit to calculate the EAZY photometric
redshift. Because the EAZY templates do not include a model
for mid-IR dust emission, we do not include the MIRI
photometry in the fit, and we re-fit our brown dwarf candidates
without the MIRI photometry for an accurate comparison. As
discussed in Section 4, we do not use the HST fluxes in either
fit. In Figures 3 and 4, we include the minimum XzEAZY fit
with a thin gray line, along with the model EAZY photometry
plotted with gray squares.

We compared both the resulting raw y? fluxes for both
the NIFTY and EAZY fits to each source as well as the
Bayesian information criterion (BIC), which folds in the
number of free parameters and number of data points used
in each fit. The majority of the GOODS-S and GOODS-N
JADES candidates are better fit with NIFTY. The fraction
of sources with a lower NIFTYY? is 90%, and 73% of the
sources have have Ayx? > 10. Similarly, 80% of the full
brown dwarf sample has positive ABIC > 2 in favor of the
NIFTY fit, 66% of the sample has ABIC > 6, and 63% has
ABIC >10. When we look at the sources with worse
NIFTY fits than EAZY, they fall into two broad categories.
The first are sources with EAZYzpno < 0.3 (two sources:
JADES-GN-BD-7 and PANO-GN-BD-13), which we can
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reject owing to the nondetections in the observed HST
bands for both, in contrast with the prediction from the
EAZY fit. The second class are sources where zypo > 10
(three sources, JADES-GS-BD-4, JADES-GN-BD-11, and
JADES-GN-BD-16). All three of these sources are only
significantly detected at >3 pm, so the comparison between
NIFTY and EAZY fits is only driven by three or four data
points. Notably, as can be seen from the EAZY fits, the
resulting combined-template fits are extremely red to the
point of being unphysical. We discuss a similar source from
the literature, Capotauro (G. Gandolfi et al. 2025a), at
length in Section 6.2. The final sample consists of sources
with Zphee > 7.5 (two objects: JADES-GS-BD-20 and
JADES-GN-BD-4), where the source is best fit as an LRD
with strong optical emission from [O III] AA4959,5007 and
Hp boosting the F410M and F444W fluxes. In both of these
sources, the flux at <2.5 pum is very faint, and the NIFTY
fits underpredict the F277W flux. Fully disentangling which
sources are brown dwarfs and which are galaxies, in the
absence of proper motions, will require a deep spectro-
scopic campaign. In Section 5.5, we will further discuss a
subsample of additional sources that exist at the boundary
between brown dwarf and galaxy colors.

5.3. Notes on Individual Sources

In this section, we discuss a subsample of eight notable
brown dwarfs and brown dwarf candidates in more detail in
order to explore source environment, indicate if spectra exist
for any object, and describe sources at temperature and
distance extrema.

JADES-GS-BD-5. This brown dwarf, which was first
described in H24, is the lowest-temperature source across the
full sample, with an estimated T.;=322"3 K from the NIFTY
fit with the Sonora Elf Owl models, and 330tZ, K from the
ATMO2020++ fits (the LOWZ models do not go below 500
K). Owing to its brightness and distance (only 70 pc), it is
significantly detected in all four MIRI photometric bands we
use, with an excellent fit (Xfe 4 = .17, slightly increased due to
the high photometric SNR). This source was targeted with
JWST/NIRSpec prism-resolution spectroscopy as part of
JWST GO 5997 OASIS: Observing All phases of Stochastlc
Star formation. The reduction and analysis of this spectrum
will be a part of an upcoming study (K. N. Hainline et al. 2026,
in preparation).

JADES-GS-BD-7. This source from H24 has very consistent
results from the three models used in NIFTY, although the
predicted ATMO2020++ distance is 1.375-9; kpc, significantly
farther than the 0.9 kpc from the Sonora Elf Owl and LOWZ
models. JADES-GS-BD-7 was initially found by P. A. Oesch
et al. (2012) and S. Lorenzoni et al. (2013), the former study
claimed it was likely a brown dwarf from the observed colors.
It was a target for NIRSpec prism spectroscopy as part of the
JADES “Deep-HST” campaign (A. J. Bunker et al. 2024;
F. D’Eugenio et al. 2025), but it had moved off of the NIRSpec
Multi-Shutter Array (MSA) slit placed at the location from the
initial HST observation (see Figure C3 in A. J. Bunker et al.
2024, who first reported the proper motion). However, the
source is sufficiently bright enough that the reduced spectrum
from the JADES data release does show flux in agreement with
the observed photometry confirming that the object is a brown
dwarf. Fits to the spectroscopic flux for this source will be part
of a forthcoming paper.
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JADES-GS-BD-9. This source was spectroscopically con-
firmed as a 800-900 K (T5 - T6) dwarf at a distance of 1.8-2.3
kpc in K. N. Hainline et al. (2024b), where the authors also
discovered proper motion for this source that helped support
the idea that the object was a member of the Milky Way halo.
The NIFTY photometric fits we performed are largely in
agreement with the results from fits (using a x> minimization
algorithm) to the NIRSpec spectrum in that paper, although the
NIFTY distances (1.3—-1.8 kpc depending on the model used)
are lower than what was predicted for the source from the
spectrum (1.8-2.2 kpc); this could be driven by the slit loss
correction used in normalizing the NIRSpec spectrum.

JADES-GS-BD-10. This source, explored in H24, was first
identified as a brown dwarf from HST data in E. R. Stanway
et al. (2003) (as object SBMO3#5), and then discussed again
in A. J. Bunker et al. (2004) (as object 2140). It has an
excellent Sonora EIf Owl NIFTY fit to the data (Xfe g = 245)
with high-SNR detections in MIRI F5S60W, F770W, F1000W,
and F1280W, indicating an effective temperature of T
=979"1¢ K, and a distance of only 250 + 1 pc.

JADES-GS-BD-14. This source has the second-brightest
F444W flux (F, paaaw = 1994 £+ 2 nlJy) in the sample. While
JADES-GS-BD-14 is not in the GOODS-S SMILES footprint,
it sits in a JADES parallel region with deep MIRI F770W and
F1280W coverage. The F1280W flux (F, riasow = 3851 +
352 nly) is quite bright, and notably, it is almost 4 times
brighter than the predicted NIFTY fit flux at 12.8 yum. The
F770W flux is consistent with the prediction, however,
indicating that the excess of flux is only apparent at longer
wavelengths. None of the other brown dwarfs and candidates
with MIRI detections have such a discrepant MIRI flux
between the observations and the model, and it is unclear what
might be causing the observed flux excess. In some brown
dwarfs, this excess could be a sign of warm dust emission from
disks around the dwarf (B. Riaz et al. 2006; A. L. Morrow
et al. 2008), an effect also seen in free-floating planetary mass
objects (B. Damian et al. 2025). This flux excess may reflect a
limitation of the models to accurately account for the full range
of colors for these sources at long wavelengths. Future MIRI
spectroscopic observations of this and the other MIRI detected
sources in our sample would be of interest in order to
strengthen our models and understand the emission from these
sources at longer wavelengths.

JADES-GS-BD-17. This source has boosted FO90W,
F200W, F277W, and F335M flux as compared to the NIFTY
Sonora EIf Owl fit, and we measure a compactness criterion
value (see Section 3) for the source of 1.3. This object appears
to be a brown dwarf candidate in front of a background galaxy
that contaminates the source fluxes through our circular
apertures (see the thumbnails in the Figure 4 figure set).
Owing to the potential contamination, the photometry of this
source is consistent with being a galaxy at z ~ 7.5, where
[O 1] AM959, 5007 nebular line emission would be boosting
the flux in the F410M and F444W filters, and Lya emission
would be boosting F115W. If we assume this source were a
distant galaxy, we can estimate a UV slope by fitting the
F150W, F200W, and F277W 0”2 diameter circular aperture
photometry of Syy = —2.49 £ 0.19. This value is significantly
bluer than the bulk of the sources in this redshift range within
JADES (Buv.med = —2.16709¢ for sources at zpmeq = 7.57;
M. W. Topping et al. 2023). With this in mind, we choose to
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include JADES-GS-BD-17 in our final sample because of the
quality of the fit to the NIFTY models.

JADES-GN-BD-3. This source, which was first discovered
in H24, was found to have a high proper motion between the
HST/WFC3 and JWST/NIRCam imaging, which we re-
measure from the JADES DR5 mosaics: 07070 + 07005 yr—".
In JADES DRS5, updated parallel imaging from the PANORA-
MIC survey (C. C. Williams et al. 2025) is included to produce
the final stacked mosaic. Because this PANORAMIC data was
taken 2 yr after the original JADES imaging in GOODS-N, the
source has moved, resulting in two peaks in the final mosaic.
We measure a difference between the original JADES position
(from F410M) and the PANORAMIC position (from F444W)
of 07084 + 0”004, which results in a proper motion of
0”044 + 07002 yrfl, smaller than the value from H24, but
broadly consistent, given the extremely small separation
between the JADES and PANORAMIC positions, and the
uncertainty with which the exact date of the HST/WFC3
observation can be ascertained (see Section 5.4).

JADES-GN-BD-6 and JADES-GN-BD-7. These two brown
dwarf candidates are the farthest from the Sun in the sample,
both with estimated NIFTY Sonora Elf Owl distances of ~5-6
kpc, consistent with each other within the large distance
uncertainties. While the NIFTY fit for JADES-GN-BD-6 has
X?e 4 = 0.38, the fit for JADES-GN-BD-7 is worse, with

Xfe ¢ = 3.25, primarily due to the boosted F277W and F335M
fluxes compared to the model. Notably, however, the two
sources are only 11”8 from each other on the sky, which, at 5
(6) kpc, corresponds to only 0.286 (0.343) pc, or 59,000
(70,748) au. Additionally, JADES-GN-BD-6 is 3”8 removed
from a third source, JADES ID 1148239, also with fluxes and
colors consistent with a brown dwarf (NIFTY Sonora EIf Owl
distance of 7.0 = 1.2 kpc), although this object is significantly
fainter than the neighbors, and we removed it from our primary
brown dwarf candidate sample, which we will discuss in more
detail in Section 5.5.

These two brown dwarf candidates are outliers compared to
the rest of the sources in the sample, and there is some concern
that they may be galaxies. Following the analysis that
we presented for JADES-GS-BD-17 previously, we can
estimate a UV slope for JADES-GN-BD-6 by first assuming
a photometric redshift (zpho, = 7.46), and then fitting the
F150W, F200W, and F277W 0”2 diameter circular aperture
photometry for the source. We estimate a slope of
Buv = —3.78 £ 0.35, which is significantly bluer than the
bulk of the population of galaxies at z = 7-8 (M. W. Topping
et al. 2023). JADES-GN-BD-7, on the other hand, is too faint
at 1 ~ 3 um to properly make the same estimation. At such
faint observed fluxes, spectroscopic confirmation for distant
sources such as JADES-GN-BD-6 and JADES-GN-BD-7 will
be challenging, but crucial for disentangling brown dwarfs and
high-redshift galaxies.

5.4. Proper Motions

Given the matched astronomy between the JWST/NIRCam
and HST images provided as part of JADES DRS5 (B. D. Joh-
nson et al. 2026), there is an opportunity to search for proper
motion for our brown dwarf candidates. The astrometric
alignment for JADES was done using a large number of Gaia
DR3 star positions observed across GOODS-S and GOODS-
N, as discussed in B. D. Johnson et al. (2026). Both the HST
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and JWST images were both drizzled onto the same Gaia
reference frame, and there is a <2 mas median offset between
the individual filter mosaics and the reference stars used. We
searched through the full sample for proper motion between
HST/ACS, HST/WFC3, and JWST/NIRCam observations.
We also searched between multiple epochs of the NIRCam
observations, as well. From the updated JADES DRS5
reduction, all six of the JADES sources with proper motions
from H24 (JADES-GS-BD-1, JADES-GS-BD-5, JADES-GS-
BD-7, JADES-GS-BD-10, JADES-GS-BD-11, and JADES-
GN-BD-3) have proper motions consistent with the previous
measurement, outside of JADES-GS-BD-1, where our
updated measurement for the separation between the HST/
WFC3 F160W and JWST/NIRCam F150W centroids is
0”07 + 0702, below the value of 0”12 in H24. A proper
motion for JADES-GS-BD-9 was derived in K. N. Hainline
et al. (2024b), and we confirm this proper motion with JADES
DRS. As mentioned in the previous section, we also were able
to make an independent confirmation of the proper motion for
JADES-GN-BD-3.

Because our color criteria allowed for selection of fainter
sources than what was found in H24, it is not surprising that
fewer were detected in HST/ACS or WFC3 for potential
proper-motion measurements. For the new candidates not
discussed in H24, we also looked at Spitzer/IRAC observa-
tions at 3.6 and 4.5 um taken as part of the GOODS Spitzer
Legacy program (M. Dickinson et al. 2003) to search for our
sources, but the majority were too faint to be detected. The
source that is potentially bright enough, JADES-GN-BD-15, is
outside the GOODS Spitzer Legacy mosaic in GOODS-N.

For this study, we measured proper motions for three
additional sources not introduced in H24 or K. N. Hainline
et al. (2024b): JADES-GS-BD-14, JADES-GS-BD-22, and
JADES-GN-BD-10. We found proper motions between the
JWST/NIRCam F200W and F210M images, as well as the
HST/ACS F814W and F850LP and the NIRCam positions for
JADES-GS-BD-14, and the HST/WFC3 and the NIRCam
positions for both JADES-GS-BD-22 and JADES-GN-BD-10.
Across the whole sample, when we include the proper motions
from H24, there is observed proper motions for 10 of the 41
brown dwarf candidates (24%) providing strong evidence that
they are members of our galaxy.

To estimate proper motions for the new sources, we
followed the procedure outlined in H24, where we used the
photutils python package to measure centroids indepen-
dently for each image, and then measured the offsets between
the centroids. We plot the thumbnails for the sources with
newly derived proper motions, along with the new estimate of
proper motion from JWST for JADES-GN-BD-3, along with
the measured separations, in Figure 8. Here, for JADES-GS-
BD-14, we plot the thumbnails and centroid positions for
both F814W and F850LP, and find similar separations
(0”79 + 0709 and 0782 4+ 0708, respectively) from the
FO90W position. We additionally plot the NIRCam F210M
and F200W images, where we measure a smaller separation
(0706 £ 0”701) owing to the smaller time baseline between the
observations. We note that the observed proper motion is in the
same direction from the HST through to the NIRCam images
(roughly southwest).

Using the separation between the HST and NIRCam
positions for the three new sources, and the dates when the
HST images were taken (derived from querying the STScl
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Figure 8. Newly uncovered proper motions for three brown dwarf candidates. In the top row, we plot the HST/ACS F814W, F850LP, and JWST/NIRCam FO90W
thumbnails for JADES-GS-BD-14, where the measured position of the source in the HST images is indicated with a blue circle, and the position of the source in the
NIRCam image is indicated with a red circle in each panel. The separation from both the F814W and F850LP images (0779 4+ 0709 and 0782 + 0”08, respectively)
to the FOO0W image is consistent within the uncertainties. In the second row, on the left, we plot the same source, but with proper motion detected between the
JWST/NIRCam F200W and F210M images. On the right, we show the HST/WFC3 F160W and JWST /NIRCam F150W thumbnails for JADES-GS-BD-22, and in
the bottom row, we plot the proper motion for JADES-GN-BD-3 on the left and JADES-GN-BD-10 on the right. In each panel, we also provide a scale bar in the

bottom left.

Mikulski Archive for Space Telescopes for the observations in
these filters at the source positions), we estimated proper
motions for these sources measured in arcseconds per year. We
note that the HST mosaics we used are a combination of
observations taken across multiple programs, and while we
have attempted to ascertain the exact observational dates for
the portions of the surveys that overlap with each source, there
is an additional uncertainty when comparing the dates of the
HST observations to the NIRCam observations, which will
effect the final proper-motion estimates. This will primarily
effect JADES-GS-BD-1, JADES-GS-BD-7, JADES-GS-BD-
10, JADES-GS-BD-11, JADES-GS-BD-22, and JADES-GN-
BD-10, while the other sources where proper motions were
detected were confirmed with NIRCam to NIRCam observa-
tions. For JADES-GS-BD-14, we estimate a proper motion of
0707 + 0”01 yr ' from the HST/ACS F814W and F850LP to
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FO90W NIRCam images, and 0706+ 0701 yr' from the
NIRCam F210M to F200W images, consistent between the
two methods within the uncertainties. For JADES-GS-BD-22,
we estimate a proper motion of 07004 4 07001 yr~", and for
JADES-GN-BD-10, we estimate a proper motion of
07021+ 070014 yr—'. We can use these proper motions to
estimate transverse velocities assuming their Sonora EIf Owl
distances and the equation: vy = 4.74 ud, where vy is the
transverse velocity in kilometers per second, p is the proper
motion in arcseconds per year, and d is the distance in parsecs.
We calculate a transverse velocity of vz = 102 + 15 km s~ !
for JADES-GS-BD-14 (from the F200W to F210M proper
motion), vy = 8 + 2 km s~ for JADES-GS-BD-22, and
vr=128 & 15 km s~ for JADES-GN-BD-10, which is among
the highest transverse velocities across the entire sample,
owing to the estimated distance (1.29 + 0.09 kpc from the
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Table 2
Measured Proper Motion and Transverse Velocities

Object Name Filters 1 vl

(mas yr ") (km s~ "?
JADES-GS-BD-1 F160W", F150W 8 £ 2 30 £ 24
JADES-GS-BD-5 F277W, F300M 50 £ 20 17 +
JADES-GS-BD-7 F125W", F115W 18 £ 2 78 + 10
JADES-GS-BD-9 F444W, F444W 2 +£1 20 £+
JADES-GS-BD-10 F160W", F150W 18 £ 1 21 £ 1
JADES-GS-BD-11 F125W®, F150W 48 £ 10 162 + 40
JADES-GS-BD-14 F814W", FO90W 70 £ 10 102 £+ 15
? F850LP°, FOOOW 70 £ 10 102 £+ 15
” F200W, F210M 60 £ 10 88 £ 15
JADES-GS-BD-22 F160W", F150W 4 +1 8 £ 2
JADES-GN-BD-3 F410M, F444W 4 £ 2 96 + 8
JADES-GN-BD-10 F160W", F150W 21 £ 1 128 £+ 15

Notes.

 Transverse velocities (v;) computed using estimated distances from NIFTY
and the Sonora EIf Owl models.

® The proper motions and transverse velocities presented for these sources will
suffer from additional uncertainty owing to the difficulty in ascertaining the
exact date of the HST observations from which the proper motions were
measured, given the large range in dates of HST programs that observed
GOODS-S and GOODS-N.

NIFTY fits with the Sonora EIf Owl models). We report our
observed proper motions and estimated transverse velocities
assuming the Sonora Elf Owl distances (including the sources
where we re-measured the proper motions from H24) in
Table 2.

5.5. Additional Sources with Less Confidence

The vast majority of the sources detected in JADES are
extragalactic, with the brown dwarf candidates serving as
“contaminants” to galaxy samples. In the rightmost panel in
Figure 1, it can be seen that a small number of the literature
LRDs (five LRDs outside of our rejection criteria from
Equations (4) and (5), and only four above the revised color
criteria we introduce and plot with a red dotted—dashed line in
the Figure) have NIRCam colors that are similar to our
candidate brown dwarfs. Through visual inspection, we can
reject these LRDs, which are otherwise compact and very red,
but have fluxes at <2.5 pum that are significantly dissimilar
from brown dwarfs. However, by only using two colors
(derived from only three photometric data points), as in the
F277TW — F444W versus F115W — F277W color—color plot,
LRDs can have similar colors to brown dwarfs. However, even
with multiple color criteria, it is significantly more difficult to
disentangle brown dwarf candidates and possible galaxies
when they are more intrinsically faint.

In this section, we will discuss a sample of 11 sources that
were identified by the selection criteria discussed in Section 3,
but due to their faint fluxes (none are detected with HST, and
none are observed to have proper motions) and, in a few cases,
the way in which their SED can be well fit by galaxy models,
we consider them to have weaker evidence of being true brown
dwarf candidates. Each of these sources was identified during
visual inspection, and fit with NIFTY, and we present the
fluxes for these sources in Table 5 in Appendix A, and plot the
SEDs for this sample with fits to the Sonora Elf Owl models in
Figure 9.

16

Hainline et al.

Figure 9 demonstrates the variety of sources with fluxes and
colors consistent with brown dwarfs. Five out of the 11 sources
have an F444W flux <10 nJy, and the maximum F444W flux
across the whole subsample is 30.8 nJy for JADES ID 529251.
In three cases (JADES ID 75935, 2013332, and 2015879), the
source is only solidly detected at >4 pm, which would be
expected for very faint brown dwarfs. Unsurprisingly, the
Sonora EIf Owl fits for these three sources are solid, with
Xfe 4 = 1.07 — 3.67 for those with enough photometric detec-
tions to allow for a reduced x* to be calculated. Owing to the
fact that JADES ID 1148837 is near the edge of the FOOOW
mosaic, we did not use this flux in the fit, and the final Sonora
EIf Owl fit Xfe 4 = 3.09 is the largest value among these
sources.

Notably, these sources, due to their being faint, have
distances that range from 1.16-7.73 kpc. The most distant
source, JADES ID 81388, has an excellent NIFTY Sonora EIf
Owl fit (x2, = 1.30) with T =13087 1 K, with detections in
seven NIRCam filters. If we assume the source is at z ~ 7, we
would measure a UV slope of only Gyy = —1.58 4+ 0.16 (in a
fit that doesn’t include the F115W flux, which may be boosted
by Lya emission), which is similar to what would be expected
for galaxies at this redshift. Similarly, for JADES ID 323111,
also predicted to be at a distance above 7 kpc, we would
estimate fyyv = —1.52 £+ 0.5 if it were a galaxy at z ~ 7. For
these faint sources, the lack of detection at FO90W (or the lack
of coverage in some cases, like in ID 534025) could either be
because of the intrinsic faint predicted flux for a distant brown
dwarf, or an Ly« break.

More confusing are the sources, like JADES 75935,
1253547, and 2015879, where the source primarily appears
at 3-5 pm. Only F444W is detected at an SNR > 3 for JADES
ID 2015879, and while the fluxes are consistent with it being a
440K 'Y dwarf (with a highly uncertain F150W detection at an
SNR = 2.6), it is difficult to say whether or not this object is a
brown dwarf or some other strong nebular line-emitting galaxy
with a weak stellar continuum. Cold, distant Y dwarfs would
appear in our survey with fluxes and colors similar to what we
find for these sources, but the lack of solid photometric
detections promotes skepticism.

6. Discussion

This sample of ultracool T and Y dwarfs and candidates
offers a unique opportunity to explore the boundary between
star and planet formation. In this section, we explore updated
number counts and space densities based on our sample, as
well as samples from the literature, and then we discuss how
these faint, red sources can be mistaken for high-redshift
galaxies.

6.1. Estimating Brown Dwarf Number Densities

Our final sample contains 41 brown dwarfs and brown
dwarf candidates, sourced from across a total of 309.5 arcminz,
for a total of 0.13 dwarfs at T < 1200 K per arcmin® (0.12
per arcmin® in GOODS-S, and 0.15 per arcmin® in GOODS-
N). If we use the NIFTY Sonora EIf Owl fits, we find 0.03 Y
dwarfs per arcmin®, and 0.10 T dwarfs per arcmin®. For
comparison, H24 published 14 brown dwarf candidates across
a smaller survey area of 125 arcmin® in GOODS-S (67
arcmin®) and GOODS-N (58 arcmin®), yielding a total brown
dwarf number density of 0.112 per arcmin’, with 0.02 Y
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Figure 9. SED plots for the 11 sources in our sample with weaker evidence for being a brown dwarf, with similar points and NIFTY parameters as is provided in

Figure 4.

dwarfs per arcminz, and 0.09 T dwarfs per arcmin®. While the
previous selection criteria and ability to model temperatures
below 500 K differ from the updated approach presented in
this work, the final values are broadly consistent.

In R. E. Ryan & I. N. Reid (2016), the authors estimated the
number density of TO-T5 (roughly T = 1000-1300K;
A. J. Burgasser et al. 2002) brown dwarfs in multiple deep
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extragalactic fields using a star and brown dwarf luminosity
function estimate and a model for the Milky Way. Summing
across all observed magnitudes, and combining the thin and
thick-disk estimates, they reported an estimate of 0.034 TO-T5
brown dwarfs per arcmin’ in GOODS-S, and 0.033 TO-T5
brown dwarfs per arcmin® in GOODS-N. We only find 0.016
TO-T5 brown dwarfs per arcmin® across our entire sample, half
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the estimate from R. E. Ryan & I. N. Reid (2016), likely owing
to our color selection criteria, which puts an upper limit on the
sources we might detect of Ty < 1200 K.

To better compare our sample size with the literature, we
also estimated the number densities of sources, taking into
account the maximum distance we could discover a brown
dwarf within JADES. Assuming a limiting F444W flux of 5
nJy for JADES in both GOODS-S and GOODS-N, we used the
Lynden-Bell-Woodroofe-Wang (LBWW)  nonparametric
maximum-likelihood estimator (D. Lynden-Bell 1971;
M. Woodroofe 1985; M.-C. Wang et al. 1986). The LBWW
estimator was designed to be used with randomly truncated
data, here, for example, a source at a given distance and
effective temperature is observable only if its predicted F444W
flux, computed from our Sonora Elf Owl model interpolator,
exceeds the survey flux limit at that distance. We explored the
JADES sources presented in this study as well as the number
densities for both the A. Y. A. Chen et al. (2025) COSMOS-
Web sources and the H24 CEERS sources using our NIFTY
fits to their photometry. For the CEERS survey sources, we
assumed a limiting flux density based on the minimum F444W
magnitude used in H24 of 14.5 nly, across an area of 90.8
arcmin’. For the COSMOS-Web sources, we assume a limiting
flux density of 40.6 nJy, and an area of 874.8 arcminz, as
reported by A. Y. A. Chen et al. (2025). We repeated our
calculation for each survey assuming the limiting flux densities
for their selection and their survey volumes, as well as a
combined sample. As part of this analysis, we verified the
random truncation assumption required by LBWW using the
Efron-Petrosian independence test (B. Efron & V. Petros-
ian 1992), which estimates the Kendall rank correlation
coefficient 7 but with truncated data. A value of 7T near zero
indicates no correlation, supporting the LBWW method. We
explored two distributions, number density versus effective
temperature (7 = 0.27 and p = 0.14 for the combined sample),
and number density versus |Z| (7 = 0.13, p = 0.53). We find
no statistically significant evidence for correlation between the
variables and the truncation limit, supporting the applicability
of the LBWW estimator. Uncertainties on the number densities
were estimated by bootstrap resampling over the posterior
parameter distributions from the NIFTY fits, recomputing the
truncation limits at each draw.

In Figure 10, we plot the number densities for our brown
dwarfs and brown dwarf candidates as a function of
temperature (top panel), and absolute Milky Way vertical
height (bottom panel). In both panels, the vertical error bars
correspond to the Monte Carlo uncertainties on the number
densities, and the horizontal error bars correspond to the bin
sizes we use. Our results in bins of effective temperature
demonstrate that the number density of sources only mildly
declines to higher effective temperatures, seen both in the
combined sample, but also in the JADES and CEERS sources.
The COSMOS-Web sources, which span a larger area, but at
shallower depth, do not show a significant change in number
density across the temperature range we explore, although this
is complicated by the different filter availability and selection
criteria between the A. Y. A. Chen et al. (2025) sample and our
own. These results agree with predictions of the LFs for low-
mass stellar and substellar objects from (J. D. Kirkpatrick
et al. 2021a), which peak out to 400-500 K, with a steady
decline to 1200 K, with the exact slope dependent on
underlying star formation rates and the IMF.
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In the bottom panel of Figure 10, we can see that all of the
surveys indicate a dropoff in the number densities at absolute
heights above 600 pc, as would be expected given results for
the stellar population of the Milky Way as estimated with Gaia
sources (K. Vieira et al. 2023). The turnover at small heights is
likely driven by the small area of the sky subtended by each
survey, and their positions away from the plane of the Milky
Way. At high Galactic latitude (b ~ —54° for GOODS-S,
b ~ 85° for GOODS-N) even sources at modest distances of a
few hundred parsecs project to |Z| values of several hundred
parsecs. As a result, the small |Z| bins are populated only by
the nearest sources, of which there are very few given the
small survey solid angle.

JWST has opened the door on a new, and abundant
population of ultracool dwarfs with predicted distances where
they may be probing multiple distinct regions of the Milky
Way. As can be seen in Figure 6 and the right panel of
Figure 10, these brown dwarfs and brown dwarf candidates
have distances that are consistent with the Milky Way thick
disk, a conclusion that is supported by their high transverse
velocities, and subsolar metallicities. Follow-up spectroscopy
for some of the distant brown dwarfs presented in UNCOVER
in D. Langeroodi et al. (2023) and A. J. Burgasser et al. (2023),
as well as JADES-GS-BD-9 in K. N. Hainline et al. (2024b)
helps to confirm that a subsample are members of the halo.
The estimate of accurate proper motions requires long time
baselines for deep observations, which is currently only
attainable in a few extragalactic fields, like GOODS-S and
GOODS-N; however, with future surveys, like both LSST and
the deep observations from Roman, more proper motions
will be observed for these abundant brown dwarf candidates.
The observed transverse velocity for JADES-GS-BD-9,
~200 km s~', is estimated for a source at around 2 kpc
distance from the Earth, demonstrating that the current
sensitivity and time baseline for GOODS-S would allow for
stringent kinematic limits on even halo brown dwarf candidates.

Our results also support the need for spectroscopic follow-
up of the candidates. Beyond just confirming their origin as
brown dwarfs, the degeneracies seen between parameters from
the NIFTY fits points to a need for deep JWST/NIRSpec and
MIRI spectroscopy, which can better constrain the atmo-
spheric metallicity for T and Y dwarfs. Recent JWST/
NIRSpec spectroscopy of T dwarf Wolf 1130C (A. J. Burgas-
ser et al. 2025) and Y dwarf WISEA J153429.75-104303.3
(J. K. Faherty et al. 2025) have shown intriguing evidence for
complex molecules (phosphine and silene, respectively) in
brown dwarfs only seen in solar system objects Saturn and
Jupiter, due in part to the low metallicity of these objects. As
can be seen in Table 6, from photometry alone, it is relatively
difficult to estimate precise Eddy diffusion parameters, or C/O
ratios. The Eddy diffusion parameter is degenerate with
metallicity at ~4-5 ym (S. Mukherjee et al. 2024), which
we observe for the coldest and faintest brown dwarf candidates
in our sample. In addition, many of the colder brown dwarfs
and brown dwarf candidates in our sample have very faint
fluxes at 1-3 pm, which may be interpreted as clouds that are
absorbing the hotter emission from deeper in the brown dwarf
(C. V. Morley et al. 2012). Only deep spectroscopy will help to
break these degeneracies, find evidence of these clouds, refine
future cloud models, and understand the exact metallicity and
the existence of molecules (like phosphine; see S. A. Beiler
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Figure 10. Brown dwarf candidate number density (sources per pc ) plotted
in bins of (top) effective temperature and (bottom) Milky Way disk scale
height for multiple surveys. We use Lynden-Bell-Woodroofe-Wang (LBWW)
nonparametric maximum-likelihood estimator, as described in the text, to
account for the truncated data given the different flux limits and survey sizes
from which the brown dwarf candidates were selected. The JADES GOODS-S
and GOODS-N source number densities are plotted in black, and we also
include number densities derived from NIFTY Sonora ElIf Owl fits for the
CEERS brown dwarf candidates (at an F444W limiting flux of 14.5 nJy,
orange points) from H24 and the COSMOS-Web sources (at an F444W
limiting flux of 40.6 nJy, gray points) from A. Y. A. Chen et al. (2025). We
also show the number densities for the combined samples in each panel with
blue points. The top panel indicates that the number density of sources flattens
to lower effective temperatures, while the bottom panel demonstrates the
falloff with increasing height above the galactic midplane, in line with
observations of stars from Gaia.

et al. 2024b) in brown dwarf atmospheres for this new
population of cold, distant subdwarfs.

6.2. Ultracool Brown Dwarfs Masquerading as High-redshift
Galaxies: The Case of Capotauro

As discussed in Section 1, historically, brown dwarfs were
misidentified as possible high-redshift galaxies in HST surveys
(see A. J. Bunker et al. 2004; S. L. Finkelstein et al.
2010, 2015; P. A. Oesch et al. 2012; S. M. Wilkins et al.
2014); indeed, some of the sources in our brown dwarf sample
were first discovered in searches for Ly« dropouts at 0.9 pm.
With the launch of JWST, the thermal emission and
atmospheric absorption from ultracool brown dwarfs can be
mistaken for Ly« break at 3—4 um. Recently, G. Gandolfi et al.
(2025a) presented JWST/NIRCam and MIRI photometry, and
NIRSpec prism spectroscopy of a source found in the CEERS
survey, which they named “Capotauro” (originally “U-
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100588” in G. Gandolfi et al. 2025b). This source is only
detected significantly in JWST F410M and F444W, and the
spectrum, while at low SNR, agrees with the observed
photometry. The authors explore multiple explanations for
the origins of this source and favor the conclusion that
Capotauro is an Lya dropout galaxy at z ~ 32. Their analysis
also indicates that the object may also be a Y dwarf with
T <300 K at d = 0.1-2kpc, or even a free-floating
exoplanet. The authors are skeptical of these stellar and
planetary conclusions due to the lack of observed proper
motion for the source (they derived an upper limit of <07137
yr ") and the predicted rarity of ultracool sources in the
CEERS footprint (~0.01) based on extrapolations of the
number density from models presented in J. D. Kirkpatrick
et al. (2021a).

We fit the JWST/NIRCam and MIRI photometry (from
Table A.1 of G. Gandolfi et al. 2025a) for Capotauro with
NIFTY, and derive excellent fits to the photometry for the
Sonora EIf Owl and ATM02020++ models (Xfe ¢ = 0.62 and
0.42, respectively). The LOWZ models do not probe to the
temperatures required to accurately fit the photometry for this
source, and so overpredict the F356W flux. We derive
temperatures that are slightly larger, but still in agreement
within the uncertainties, with what is presented in G. Gandolfi
et al. (2025b): T.;;=342"57 K for the Sonora EIf Owl model
fits and T.;=32473% K for the ATMO2020++ model fits.

Similarly, we derive distances of d = 600735 pc for the
Sonora EIf Owl model fits and d = 4507]3) pc for the

ATMO2020++ model fits. Both model fits indicate a subsolar
metallicity ((M/H] ~ —0.34-0.39) for the object. The best-fit
NIFTY Sonora Elf Owl model for the Capotauro fluxes agrees
with the faint JWST/NIRSpec spectrum that the authors
present in their study.

To explore the origin of this source, we can compare it with
the GOODS-S and GOODS-N brown dwarfs and brown dwarf
candidates in our sample. Capotauro is very similar to JADES-
GS-BD-21 and JADES-GN-BD-16 in that both of these
sources are only significantly detected in F410M and F444W,
and both have fits below T < 400 K, with best-fit distances
of ~0.9—1 kpc. In addition, the source has many similarities to
JADES-GS-BD-5, the coldest source in our sample, an object
with both a detected proper motion and a spectrum confirming
it as a brown dwarf (K. N. Hainline et al. 2026, in preparation).
If we scale the observed F444W fluxes for each of these
objects to match what was presented in G. Gandolfi et al.
(2025a) for Capotauro (F444W flux = 30.7 4= 2.4 nly), we find
in each case that the fluxes short of F444W all agree with what
was observed for Capotauro within the uncertainties.

To reiterate, if JADES-GS-BD-5 were at 400-600 pc and
observed in the shallower CEERS field, it would look almost
identical to Capotauro, with nondetections in the filters
blueward of 4 ym. The upper limit on the proper motion
(<0137 yr~ ") for Capotauro is consistent with the fit distance
(see Figure 4 of G. Gandolfi et al. 2025a), the faint observed
fluxes, and the relatively short time baseline (2.3 yr) between
observations. As a comparison, each of the proper motions we
observe for our sample and report tn Table 2 are significantly
below this upper limit.

From the 10 Y dwarf candidates in our sample, we estimate
that there would be ~2.9 Y dwarfs across the 90.8 arcmin?
spanned by the CEERS survey, significantly in excess of the
value of 0.01 given by G. Gandolfi et al. (2025a). If we only
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use the four objects in our sample with Sonora EIf Owl
effective temperatures <400 K to estimate a number density,
we would still expect to find 1.2 sources below this
temperature within CEERS. We note that only two of the
sources (JADES-GS-BD-5 and JADES-GN-BD-5) are brighter
than Capotauro at 4.4 pm, while the other two sources,
JADES-GS-BD-21 and JADES-GN-BD-16, have F444W flux
above 13.4 nly, the 50 flux limit presented in M. B. Bagley
et al. (2023) for the CEERS Epoch 1 NIRCam mosaics. As the
CEERS field has only a slightly higher absolute galactic
latitude (59°) than GOODS-S (54°) and GOODS-N (55°), the
number density estimate from JADES should be comparable to
what would be expected in CEERS. It is very likely that
Capotauro is an ultracool Y dwarf, which is still of interest
given its extreme temperature and the existence of an NIRSpec
spectrum for the source.

These results demonstrate how these ultracool brown dwarfs
continue to be contaminants in Lyman-dropout samples,
although now, with the NIRCam wavelength range, they will
seemingly mimic z ~ 30 galaxies. If the sources discussed in
Section 5.5 are brown dwarfs, there may even be larger
predicted number densities of Y dwarfs that will only appear in
shallow surveys at ~4 pum, as discussed at length in
K. N. Hainline et al. (2024a). Further deep spectroscopy is
crucial for confirming these sources and updating our models
of distant brown dwarf number counts.

7. Conclusions

We searched through the 309.5 arcmin® JADES DRS area in
GOODS-S and GOODS-N to find brown dwarfs and brown
dwarf candidates among the many hundreds of thousands of
galaxies, expanding on the earlier work from H24 in a prior
data release. Deep extragalactic fields observed by NIRCam
offer an exciting opportunity to find ultracool dwarfs at T
< 1200 K out to multiple kiloparsecs. The primary conclusions
of this study are as follows:

1. With updated color selection criteria, we find a sample of
41 brown dwarfs and brown dwarf candidates across the
survey. Our new criteria recover the full sample of
GOODS-S and GOODS-N sources presented in H24.
Our new criteria are designed to utilize both common
NIRCam filters seen in extragalactic surveys, and the
less-commonly used F410M filter if available, and we
further tune our selection to reject red galaxies,
like LRDs.

2. We present NIFTY, Near-Infrared Fitting for T and Y
dwarfs, an open-source code designed to compare JWST
NIRCam and MIRI photometry to cutting-edge brown
dwarf atmospheric models in a Bayesian framework.
With NIFTY, we fit each source in our selected sample
and produced best-fit parameters and uncertainties,
where we include MIRI 5-12.8 ym fluxes for 11 of the
sources in the sample.

3. From the NIFTY fits, we find that 10 out of the 41
sources have photometry consistent with being at T
< 500 K (Y dwarfs), and the remaining 31 sources are at
500 K < T. < 1200 K (T dwarfs), at distances out to
5-6 kpc from the Sun; although, the majority are fit at
<3 kpc. In addition, while atmospheric metallicity is
difficult to ascertain from photometry, the majority of the
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sample is best fit at subsolar metallicities, and we find
that at larger heights above the galactic midplane, our
brown dwarf candidates have decreasing atmospheric
metallicities, in line with expectations and observations
of thick disk and halo stars.

4. We find broad agreement between the NIFTY derived
temperatures and distances from the Sonora EIf Owl,
LOWZ, and ATM0O2020++ models, although metalli-
city has larger scatter.

5. Three of the sources that are new to this paper and not
presented in H24 have proper motions: JADES-GS-BD-
14, JADES-GS-BD-22, and JADES-GN-BD-10. In total,
10 of the 41 sources (24%) in our sample have observed
proper motions.

6. Caution must be taken in exploring ultrafaint brown
dwarf candidates given the potential for selecting line-
emitting galaxies at z ~ 7.5, where [O III] A\4959,5007
may boost both F410M and F444W and mimic a brown
dwarf 4-5 pym bump, along with faint or no FO90W flux,
as would be observed in an Ly« dropout at this redshift.

7. Taking into account the maximum distance at which we
could find brown dwarf candidates in our survey, we
estimate the number density of brown dwarfs as a
function of temperature, demonstrating that brown dwarf
number densities increase to lower temperatures
(~3 x 107* pc for ultracool Y dwarf sources with
T = 300-450). In addition, our results demonstrate
how ultracool dwarf number densities drop by almost an
order of magnitude as a function of distance from the
Milky Way midplane.

While deep near- to mid-IR spectra will be required to
confirm these sources, early spectroscopic results for photo-
metrically selected candidates have already demonstrated the
efficacy of this approach (A. J. Burgasser et al. 2023;
D. Langeroodi et al. 2023; K. N. Hainline et al. 2024b). A
future paper will discuss the observed spectra for both JADES-
GS-BD-7 and JADES-GS-BD-5, the latter of which has an
NIFTY fit to both NIRCam and MIRI photometry with the
Sonora EIf Owl models of only 322739 K. This work will also
expand NIFTY to allow for spectroscopic fits. These sources,
and their spectra, are fundamental for expanding our under-
standing of the atmospheres of brown dwarfs at low
metallicities.
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Appendix A
Source Fluxes

In Table 3 and 4, we provide the source IDs, positions, and
072 or 0”5 diameter circular aperture fluxes (as indicated) for
both NIRCam and MIRI bands for our sample of brown dwarf
and brown dwarf candidates. We indicate a lack of filter
coverage with a dash in each table. Similarly, in Table 5, we
provide the source IDs, positions, and 072 diameter circular
aperture NIRCam fluxes for the tentative candidates discussed
in Section 5.5.
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Table 3

GOODS-S Brown Dwarf Candidate Photometry (nJy)
Object Name JADES ID RA. Decl. Diam. FO9OwW F115W F150W F200W F277TW
JADES-GS-BD-1 44120 53.026024 —27.867167 075 27.62 £ 5.26 25422 £ 35 13891 £ 3.46 87.31 £ 1.36 54.47 £ 2.04
JADES-GS-BD-2 20541 53.03629 —27.883734 075 17.71 + 1.85 108.01 + 2.22 67.55 £ 2.12 4449 £+ 1.68 2594 + 0.84
JADES-GS-BD-3 42611 53.056305 —27.868404 075 1.93 + 3.15 12.62 £+ 2.33 565 £ 1.44 4.14 + 193 —0.07 + 2.24
JADES-GS-BD-4 13985 53.076733 —27.889942 075 —0.7 £+ 2.05 376 £ 2.28 03 £ 1.51 1.83 + 1.6 0.33 £+ 1.31
JADES-GS-BD-5 190413 53.084038 —27.839346 075 —-137 £ 1.6 338 £ 1.27 206 £ 1.2 1.65 £ 1.34 9.11 £ 0.96
JADES-GS-BD-6 2950 53.103905 —27.908504 072 4.06 + 1.14 27.12 £ 0.99 1455 + 0.87 741 £ 092 62 + 047
JADES-GS-BD-7 101709 53.10554 —27.815155 075 159 £+ 2.89 118.06 + 1.81 59.81 £ 2.13 34.87 £ 2.07 21.06 £ 1.5
JADES-GS-BD-8 92415 53.13376 —27.825521 075 048 + 1.71 4.02 + 1.07 2.1 £ 0.99 0.72 + 0.99 0.55 + 0.87
JADES-GS-BD-9 106126 53.16114 —27.809166 075 256 £ 1.22 17.92 + 1.16 836 + 1.08 6.04 £+ 1.04 323 £ 0.71
JADES-GS-BD-10 192282 53.1618 —27.831615 075 311.83 £ 2.16 238435 £ 2.04 1342.19 £+ 1.67 956.95 £ 1.72 603.82 £ 0.93
JADES-GS-BD-11 140057 53.200314 —27.764128 075 045 + 2.65 38.78 + 2.13 18.73 + 1.86 6.64 + 1.89 9.12 £ 0.99
JADES-GS-BD-12 486694 52.938843 —27.78736 072 196 £ 1.18 352 £ 1.19 3.14 £ 1.09 0.86 = 1.03 382 £ 09
JADES-GS-BD-13 469315 52.98535 —27.755032 072 3.34 £+ 0.69 2482 + 1.08 11.58 + 0.82 5.19 £+ 0.62 6.4 £+ 047
JADES-GS-BD-14 433690 52.98979 —27.864613 075 160.45 + 2.59 1480.76 + 4.1 7940 £ 2.33 56345 £ 3.24 368.88 £+ 1.39
JADES-GS-BD-15 502828 53.005913 —27.821442 072 3.07 £ 049 20.52 + 047 10.39 + 0.58 533 £ 0.36 4.6 £ 041
JADES-GS-BD-16 495589 53.030766 —27.841581 072 —0.09 + 1.16 898 + 1.27 642 + 1.14 1.58 + 0.82 2.67 £ 0.77
JADES-GS-BD-17 2301 53.069588 —27.910807 072 291 £ 1.11 12.03 £ 0.94 7.01 £ 0.81 543 £ 0.69 5.15 £ 0.53
PANO-GS-BD-18 441205 53.078167 —27.927135 072 15.15 £ 248 9.12 £ 197 596 £+ 235 6.0 £ 1.73
PANO-GS-BD-19 501052 53.07999 —27.94288 072 28.5 £+ 2.88 18.46 + 2.23 833 £ 1.86 6.83 £ 2.06
JADES-GS-BD-20 318023 53.09535 —27.92108 072 —0.24 + 147 2.59 £ 0.89 343 + 1.24 09 £+ 098 3.01 £ 1.16
JADES-GS-BD-21 7646 53.09658 —27.89875 072 0.65 £ 1.0 —0.24 + 0.68 —0.81 + 0.53 036 + 0.6 0.52 + 0.57
JADES-GS-BD-22 128632 53.104652 —27.776674 072 118.15 + 1.22 1021.31 £+ 2.11 586.84 + 1.78 466.8 + 1.71 26479 + 0.98
JADES-GS-BD-23 153326 53.112896 —27.742144 072 7.78 £ 0.81 4279 + 0.8 3526 £ 1.03 11.39 = 097 2644 £ 09
JADES-GS-BD-24 233407 53.12898 —27.753494 072 —1.76 + 1.34 0.34 + 093 1.55 £ 0.98 0.08 + 0.93 132 £ 0.77
PANO-GS-BD-25 484735 53.16294 —27.937887 072 15.11 £ 0.49 6.16 £ 0.88 258 £+ 1.16 293 £ 0.59
Object ID F335M F356W F410M F444W F560W F770W F1000W F1280W
JADES-GS-BD-1 1382 £ 1.77 430.82 £+ 3.59 330.15 + 1.68 91.93 £ 16.11
JADES-GS-BD-2 2244 + 0.87 693 £ 0.9 181.76 £+ 1.57 128.17 £ 0.95 3284 + 442
JADES-GS-BD-3 029 £ 144 9.38 + 1.82 29.0 £ 343 21.48 £ 236 11.17 £ 5.53
JADES-GS-BD-4 031 + 148 5.19 + 1.08 23.15 £ 2.33 25.18 + 144 —1.53 £ 521 73.74 + 81.95
JADES-GS-BD-5 231 £ 0.98 65.78 £+ 0.88 50433 + 1.16 65523 £+ 1.08 352.76 + 50.63 33591 £+ 60.6 1552.62 + 135.99 1786.92 + 221.54
JADES-GS-BD-6 17.52 £ 0.68 59.17 £ 14 48.02 £+ 0.96
JADES-GS-BD-7 16.03 £+ 2.29 72.63 £+ 1.28 264.06 + 291 21347 + 1.61 12.87 + 49.73 —17.24 + 46.83 116.5 + 113.48 —16.56 + 200.5
JADES-GS-BD-8 0.44 £ 1.36 771 £ 0.7 5136 £ 1.5 512 £ 1.2 3537 £ 46.34 —37.63 + 46.31 —43.5 £+ 88.29 —190.87 + 202.6
JADES-GS-BD-9 231 £ 1.28 1558 £ 1.0 5384 £ 14 4328 £+ 1.29 —2.2 & 40.67 26.43 £ 48.49 3525 £ 127.08 —24.99 £ 203.05
JADES-GS-BD-10 37785 £ 1.51 1356.21 £+ 1.12 421234 + 23 3106.51 £+ 1.36 1905.18 + 51.36 1093.37 + 63.14 2057.29 + 15543 1649.16 + 203.41
JADES-GS-BD-11 737 £ 1.46 56.23 + 1.36 220.51 £ 1.57 180.22 + 1.34 7321 £ 5353 33.13 + 48.12 167.55 £ 102.52 49.14 £ 196.53
JADES-GS-BD-12 1.67 £ 144 124 + 0.81 3558 £ 144 28.62 £ 1.1
JADES-GS-BD-13 28.08 £+ 0.47 130.92 £+ 1.08 118.19 £+ 0.99
JADES-GS-BD-14 197.6 = 1.77 78443 + 1.35 264597 £+ 2.8 199452 £+ 1.96 595.88 + 2553 3851.33 + 3525
JADES-GS-BD-15 4.17 £ 0.8 12.69 £+ 044 3923 £ 0.8 28.07 £ 0.5
JADES-GS-BD-16 292 £ 143 1031 = 0.81 48.56 + 1.6 46.15 + 1.17
JADES-GS-BD-17 579 £ 1.22 13.0 £ 0.65 3344 £ 1.19 2543 £ 0.84 174.01 £ 93.82
PANO-GS-BD-18 39.03 £ 1.76 . 235.65 + 2.57
PANO-GS-BD-19 22.83 £ 2.03 4198 + 2.85
JADES-GS-BD-20 11.73 £ 0.99 23.55 £ 1.66 1931 £ 1.37
JADES-GS-BD-21 1.39 £ 1.71 1.5 £ 041 11.24 £+ 0.86 1533 £ 0.79
JADES-GS-BD-22 1458 + 1.36 50429 £+ 0.98 1564.37 £ 2.36 1130.0 £ 1.35
JADES-GS-BD-23 3256 £ 141 11459 £+ 0.76 27396 £+ 1.6 22031 £+ 1.19
JADES-GS-BD-24 222 £+ 1.76 14.46 £+ 0.77 4338 + 1.53 39.49 £ 1.01
PANO-GS-BD-25 13.5 £ 0.68 53.19 £ 0.72 3754 £ 1.23

0c 2unf 920z ‘(ddz7) €2Z:4001 “TYNINO[ TVOISAHIOULSY dH],

‘[& 19 QuI[uIey



€C

Table 4

GOODS-N Brown Dwarf Candidate Photometry (nJy)
Object Name ID R.A. Decl. Diam. FO90W FI115W F150W F200W
JADES-GN-BD-1 1003262 189.03618 62.23416 072 423 + 1.76 40.81 + 1.39 19.62 + 3.13 1032 + 2.37
JADES-GN-BD-2 1013184 189.118 62.26897 072 237 £ 151 2721 +£ 1.18 144 £ 1.95 742 + 095
JADES-GN-BD-3 1006775 189.20473 62.245564 072 6.16 + 0.81 68.68 + 0.64 29.77 £ 1.05 13.86 + 0.96
JADES-GN-BD-4 1000836 189.07454 62.222893 072 —0.91 £+ 1.64 359 £ 1.22 222 + 257 295 £ 1.52
JADES-GN-BD-5 1214440 189.22003 62.21018 072 —0.5 + 1.04 0.15 £ 0.75 —1.35 £ 091 0.71 + 0.67
JADES-GN-BD-6 1148319 189.26414 62.32691 072 093 + 1.3 6.17 + 1.65 3.65 + 1.1 1.82 + 0.93
JADES-GN-BD-7 1148179 189.27112 62.326435 072 6.95 + 2.07 064 £ 1.5 098 + 1.14
JADES-GN-BD-8 1207397 189.27115 62.320843 072 —0.61 £ 0.92 226 £ 1.15 1.38 +£ 091 1.62 +£ 0.94
JADES-GN-BD-9 1052050 189.3037 62.189587 072 048 £+ 0.63 132 £ 1.15 —1.25 + 1.08 —0.87 +£ 0.73
JADES-GN-BD-10 1139636 189.30457 62.2936 072 1292 + 1.11 8798 + 1.14 53.68 + 1.18 32.64 + 1.07
JADES-GN-BD-11 1193778 189.31387 62.15705 072 —0.18 + 0.54 —0.14 £ 0.8 —0.84 + 1.05 0.55 £ 0.72
JADES-GN-BD-12 1160357 189.39603 62.296005 072 27 £ 1.37 3412 +£ 1.28 17.49 + 0.96 10.7 £ 1.15
PANO-GN-BD-13 1246477 189.41893 62.193085 072 949 + 2.84 724 £ 191 1.74 + 243
PANO-GN-BD-14 1240204 189.47832 62.224022 072 19.68 + 3.47 1246 + 1.74 521 £ 247
PANO-GN-BD-15 1223231 189.48245 62.172085 072 548 £ 2.11 26.65 = 1.9 106 £ 2.2
JADES-GN-BD-16 1133501 189.48941 62.26455 072 0.6 £ 1.28 056 + 1.6 —0.95 + 0.89 1.95 + 1.32
Object ID F277TW F335M F356W F410M F444wW
JADES-GN-BD-1 9.13 + 1.56 3546 + 1.39 185.92 + 4.08 18225 + 2.2
JADES-GN-BD-2 522 £ 151 327 £ 1.97 2234 + 1.11 100.53 £+ 2.89 76.76 + 1.6
JADES-GN-BD-3 10.06 + 0.99 631 + 2.13 88.84 + 0.73 307.2 £ 3.11 58297 + 1.02
JADES-GN-BD-4 376 +£ 1.42 12.55 + 1.03 37.49 + 2.23 29.25 + 1.75
JADES-GN-BD-5 0.81 £ 0.72 1.15 £ 1.01 7.02 £ 0.77 3481 £ 1.5 3484 + 1.14
JADES-GN-BD-6 1.28 + 0.63 1.51 + 1.67 382 + 092 8.77 £ 141 6.64 + 1.06
JADES-GN-BD-7 223 + 0.8 296 + 1.28 6.26 + 1.01 1233 + 1.54 8.18 + 0.86
JADES-GN-BD-8 2.88 + 0.7 0.0 + 1.51 13.17 + 0.89 83.31 £+ 1.65 96.61 + 1.53
JADES-GN-BD-9 2.03 + 091 021 = 1.79 446 £+ 1.01 25.57 £ 2.02 25.18 £ 0.99
JADES-GN-BD-10 23.84 + 0.94 15.63 + 1.79 56.78 + 1.03 176.64 + 1.6 126.31 + 1.29
JADES-GN-BD-11 —0.2 + 0.84 1.08 + 1.41 225 + 0.98 11.21 £ 1.77 7.35 £ 0.98
JADES-GN-BD-12 12.84 + 0.82 13.1 £ 1.29 52.1 +£ 1.22 222.12 + 1.83 2003 £ 1.37
PANO-GN-BD-13 1.49 + 2.15 10.03 + 1.81 45.56 £ 2.76 3588 + 2.35
PANO-GN-BD-14 5.18 £ 2.05 34.61 £ 225 100.14 + 2.79
PANO-GN-BD-15 18.13 £ 1.4 7484 + 1.74 448.12 + 3.46 43549 + 498
JADES-GN-BD-16 1.18 +£ 0.88 1.02 £ 1.35 1.99 +£ 097 1397 + 1.02 17.74 + 1.16

0c 2unf 920z ‘(ddz7) €2Z:4001 “TYNINO[ TVOISAHIOULSY dH],

‘[& 19 QuI[uIey
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Table 5
Photometry for Tentative Brown Dwarf Candidates (nJy)

Object Name R.A. Decl. Diam. FO90W F115W FI150W F200W
JADES ID 75935 53.069565 —27.846165 072 0.09 £ 0.63 0.16 £ 0.43 0.18 + 0.49 0.57 £ 043
JADES ID 81388 53.066303 —27.840015 072 251 £ 1.55 6.59 + 1.03 3.61 £ 1.25 4.05 = 047
JADES ID 323111 53.138393 —27.892658 072 —-0.72 £ 1.26 44 £ 047 233 £ 0.78 23 £ 0.81
JADES ID 388873 53.169212 —27.888872 072 15.26 + 0.71 1426 + 2.94
JADES ID 529251 53.11507 —27.964632 072 12.56 + 2.73 12.67 + 2.15 4.83 £+ 226
JADES ID 534025 53.043034 —28.024458 072 12.56 + 2.57 6.15 £ 2.09 8.33 £ 2.06
JADES ID 1148837 189.38713 62.329243 072 392 £ 1.46 2.86 £ 1.2 191 £ 1.0 1.96 £ 1.03
JADES ID 1167677 189.25372 62.149643 072 —033 £ 1.13 717 £ 113 336 £ 147 247 £ 116
JADES ID 1253547 189.44133 62.138565 072 191 £ 1.02 5.57 £ 254 47 £ 2.15 278 £ 1.7
JADES ID 2013332 189.64673 62.220184 072 10.26 £+ 3.48 4.15 = 1.72 541 £+ 236
JADES ID 2015879 189.62143 62.2367 072 —1.78 £ 2.41 462 + 1.8 —0.76 £ 2.34
Object ID F277W F335M F356W F410M F444W
JADES ID 75935 034 + 0.43 0.76 + 0.46 1.1 £ 0.33 3.12 £ 0.66 43 £+ 049
JADES ID 81388 3.05 £ 0.83 749 £+ 0.89 12.02 £ 1.92 7.68 + 0.88
JADES ID 323111 1.79 £+ 0.61 284 £+ 0.74 723 + 098 5.06 + 0.82
JADES ID 388873 4.11 £ 0.65 5.17 £ 0.59 18.64 £+ 0.69 1195 £ 09
JADES ID 529251 6.87 + 222 159 £+ 1.93 30.8 + 2.66
JADES ID 534025 5.8 £ 1.51 923 £ 19 20.69 £ 2.39
JADES ID 1148837 043 £+ 0.76 —1.66 £ 1.28 373 £ 092 10.14 + 1.27 9.09 + 1.12
JADES ID 1167677 056 £ 1.0 1.52 £ 143 2.54 £ 0.89 10.61 £+ 1.89 701 £ 1.26
JADES ID 1253547 1.62 + 1.64 445 + 1.36 11.88 + 1.33
JADES ID 2013332 237 £ 1.61 594 £ 1.72 17.88 + 1.86
JADES ID 2015879 —1.08 £ 1.78 379 £ 1.81 2272 £ 1.96

Appendix B few instance where there were more free parameters than data

NIFTY Source Properties

In Table 6, we provide the source IDs and resulting NIFTY
fitted model parameters from fits to the Sonora EIf Owl,
LOWZ, and ATMO2020++ models. For each source, we
include the free parameters T, log(g), and [M/H] for all three
model sets, and log(K,,) and C/O for the Sonora EIf Owl and
LOWZ models. We also include the distances in parsecs from
the fit, and the reduced y? values derived from comparing the
observed fluxes to the 50th percentile fluxes in each filter. In a

24

points (for very faint sources, and sources at temperatures
where only the 4-5 im fluxes were observed), the reduced x>
is unable to be calculated. In the Figure 4 figure set, we plot the
SEDs and NIFTY Sonora Elf Owl fits for each of our sources.
For each object, we plot the observed fluxes with black points,
and we indicate 20 upper limits with downward facing arrows.
The median NIFTY SED is provided in red, with a 1o error
region shown with a solid light-red region, and the model
fluxes in each filter are shown with red squares.
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Table 6
NIFTY Fitting Output Properties
Object ID Model Tett log(g) log(K,,) [M/H] c/0 Distance iy
X) (cgs) (pc)
Sonora EIf Owl 978.04339 52192 3.0504 0.0+ 11433 800.0559 2.62
JADES-GS-BD-1 LOWZ 948.073%9 51594 5.2+ 0.0791 0.8+54 770.07839 2.08
ATMO2020 1015.07339 5.5501 - 0.0731 890.07359 12.82
Sonora EIf Owl 1160.07239 53703 2.9702 —0.1591 0.7508 1650.0f28}8 1.21
JADES-GS-BD-2 LOWZ 1083.01339 52701 4.8+12 0.1°94 0.6+ 1510.0+50:9 4.64
ATMO2020 1114.07339 55701 s —0.1791 o 1590.0780:0 10.69
Sonora EIf Owl 806.01712, 4.619% 6.0123 —0.4%9% 12493 2490.072800 0.7
JADES-GS-BD-3 LOWZ 766.07559 46492 6.6132 —0.2794 0.6192 2280.073509 0.66
ATMO2020 844. 0*3;8 43449 —0.6%94 2720.07809 1.29
Sonora EIf Owl 483.07890 4892 4. 3*“ —-0.793 12534 1380.073509 0.69
JADES-GS-BD-4 LOWZ 545.07319 44108 1.972§ —0.7594 0.7598 1550.073509 0.65
ATMO2020 498,009 50104 e —0.4%9% . 1280.073309 0.66
Sonora EIf Owl 322.0739 3.070] 7.3799 0.1734 0.9792 70.0719 5.17
JADES-GS-BD-5 LOWZ 500.0719 3.5501 20493 —1.571 0.870 380.0719° 43.79
ATMO02020 330.0729 25491 —0.6531 90.0719° 3.19
Sonora EIf Owl 929.073%9 50193 3.4+ —0.4791 1.2433 2120.071509 0.34
JADES-GS-BD-6 LOWZ 866.072 46704 56113 —0.3%91 0.710: 1840.073%0 0.45
ATMO02020 933.04339 55501 0.0591 2180.071300 10.18
Sonora EIf Owl 876.073¢9 49403 25108 —0.1751 0.8+92 920.04309 1.01
JADES-GS-BD-7 LOWZ 882.07369 50792 32439 —0.1501 0.6°0 930.07899 1.13
ATMO02020 894.01159 5.5501 0.0591 . 1000.07409 10.56
Sonora EIf Owl 486.07379 46108 4.6t};2 —0.4+04 1.4t8;g 920.051309 0.45
JADES-GS-BD-8 LOWZ 508.07140 48403 3413 —0.3%92 0.8+%4 940.0759 1.91
ATMO02020 404.07389 3354 —04793 460.0113%0 1.69
Sonora EIf Owl 778. o*é;g 5.0004 3.4 —0.093 0.8+93 1770.07330:9 0.86
JADES-GS-BD-9 LOWZ 697.0*539 48403 52129 0.2434 0.5+%4 1370.073%9 0.77
ATMO2020 806.07359 54701 0.2+31 1820.072%:9 2.12
Sonora Elf Owl 979.0+179 50793 6.0+79 0.070] 14758 250.0419° 2.45
JADES-GS-BD-10 LOWZ 989.0+149 4.803 55507 —0.1501 0.807 260.01]9° 1.56
ATMO2020 1050.ot}§_8 5.5751 —0.079! . 300.07199 11.84
Sonora EIf Owl 644.04379 4.3707 5271 —0.4103 0.6793 710045090 0.59
JADES-GS-BD-11 LOWZ 596.01330 42103 7.4+1¢ —-0.5793 0.6704 570.0+59%° 0.7
ATMO02020 656.07139 55751 0.2+91 700.07439 6.14
Sonora EIf Owl 720.04389 52402 6.5°31 —0.9+%] 0.8593 2260.071809 2.52
JADES-GS-BD-12 LOWZ 718.073%9 42408 7.3139 —1.5%93 0.713: 2160.073509 1.89
ATMO02020 592.0+21%0 34709 - —-0.893 - 1260.07183%° 1.23
Sonora EIf Owl 634.07219 3.8793 3.5089 —0.47%} 0.7+52 840.07839 2.12
JADES-GS-BD-13 LOWZ 590.07439 3.8793 5.9+ —0.5%92 0.7+3:4 690.071399 5.8
ATMO02020 652.07159 55501 s 0.2531 o 900.05509 24.05
Sonora EIf Owl 950.07139 54701 62493 0.1°34 15754 310.07199 9.13
JADES-GS-BD-14 LOWZ 987.07129 52701 51509 —0.079! 0.8+%4 340.07159 8.65
ATMO2020 1004.071¢8 55701 s 0.1 . 360.07150 19.79
Sonora Elf Owl 983.073%0 44403 48413 —0.4791 0.8793 2790.02199 1.67
JADES-GS-BD-15 LOWZ 906.07319 45403 7.6414 —0.3%94 0.7+34 2420.072409 3.35
ATMO2020 1079.0739 55751 —0.4791 3500.073%59 11.88

(This table is available in its entirety in machine-readable form in the online article.)

ORCID iDs

https: //orcid.org /0000-0003-4565-8239
Jakob M. Helton ® https: //orcid.org/0000-0003-4337-6211
Brittany E. Miles @ https: //orcid.org/0000-0002-5500-4602
Jarron Leisenring © https: //orcid.org/0000-0002-0834-6140
Mark S. Marley ® https: //orcid.org/0000-0002-5251-2943
Sagnick Mukherjee © https: //orcid.org/0000-0003-1622-1302
Nicholas F. Wogan ® https: //orcid.org/0000-0002-0413-3308

Kevin N. Hainline

25

Andrew J. Bunker
Benjamin D. Johnson

9280-7594

Roberto Maiolino

Marcia Rieke

Pierluigi Rinaldi
Brant Robertson

Fengwu Sun

https: //orcid.org /0000-0002-8651-9879
https: //orcid.org/0000-0002-

https: //orcid.org,/0000-0002-4985-3819

https: //orcid.org /0000-0002-7893-6170

https: //orcid.org /0000-0002-5104-8245
https: //orcid.org/0000-0002-4271-0364

https: //orcid.org /0000-0002-4622-6617


https://orcid.org/0000-0003-4565-8239
https://orcid.org/0000-0003-4337-6211
https://orcid.org/0000-0002-5500-4602
https://orcid.org/0000-0002-0834-6140
https://orcid.org/0000-0002-5251-2943
https://orcid.org/0000-0003-1622-1302
https://orcid.org/0000-0002-0413-3308
https://orcid.org/0000-0002-8651-9879
https://orcid.org/0000-0002-9280-7594
https://orcid.org/0000-0002-9280-7594
https://orcid.org/0000-0002-4985-3819
https://orcid.org/0000-0002-7893-6170
https://orcid.org/0000-0002-5104-8245
https://orcid.org/0000-0002-4271-0364
https://orcid.org/0000-0002-4622-6617
https://doi.org/10.3847/1538-4357/ae6ce0

THE ASTROPHYSICAL JOURNAL, 1004:223 (27pp), 2026 June 20

Sandro Tacchella @ https: j/orcid.org/0000-0002-8224-4505
Christina C. Williams @ https: //orcid.org/0000-0003-
2919-7495

Christopher N. A. Willmer
9262-9997

https: //orcid.org,/0000-0001-

References

Ackerman, A. S., & Marley, M. S. 2001, ApJ, 556, 872

Aganze, C., Burgasser, A. J., Malkan, M., et al. 2022, ApJ, 924, 114

Akeson, R., Armus, L., Bachelet, E., et al. 2019, arXiv:1902.05569

Alberts, S., Williams, C. C., Helton, J. M., et al. 2024a, ApJ, 975, 85

Alberts, S., Lyu, J., Shivaei, L, et al. 2024b, ApJ, 976, 224

Astropy Collaboration, Price-Whelan, A. M., Sip6cz, B. M., et al. 2018, AJ,
156, 123

Astropy Collaboration, Robitaille, T. P., Tollerud, E. J., et al. 2013, A&A,
558, A33

Bagley, M. B., Finkelstein, S. L., Koekemoer, A. M., et al. 2023, ApJL,
946, L12

Beiler, S. A., Cushing, M. C., Kirkpatrick, J. D., et al. 2023, ApJL, 951, L48

Beiler, S. A., Cushing, M. C., Kirkpatrick, J. D., et al. 2024a, ApJ, 973, 107

Beiler, S. A., Mukherjee, S., Cushing, M. C., et al. 2024b, ApJ, 973, 60

Best, W. M. J.,, Dupuy, T. J., Liu, M. C,, et al. 2025, The UltracoolSheet:
Photometry, Astrometry, Spectroscopy and Multiplicity for 4000+
Ultracool Dwarfs and Imaged Exoplanets, v2.1.0, Zenodo, doi:10.5281/
ZENODO.4169084

Best, W. M. J,, Liu, M. C., Magnier, E. A., & Dupuy, T.J. 2021, AJ, 161, 42

Best, W. M. J., Magnier, E. A, Liu, M. C,, et al. 2018, ApJS, 234, 1

Bock, J. J., Aboobaker, A. M., Adamo, J., et al. 2026, ApJ, 999, 139

Brammer, G. B., van Dokkum, P. G., & Coppi, P. 2008, ApJ, 686, 1503

Bunker, A. J., Cameron, A. J., Curtis-Lake, E., et al. 2024, A&A, 690, A288

Bunker, A. J., Stanway, E. R., Ellis, R. S., & McMahon, R. G. 2004, MNRAS,
355, 374

Burgasser, A. J., Gerasimov, R., Bezanson, R., et al. 2024, ApJ, 962, 177

Burgasser, A. J., Gonzales, E. C., Beiler, S. A., et al. 2025, Sci, 390, 697

Burgasser, A. J., Kirkpatrick, J. D., Brown, M. E., et al. 2002, ApJ, 564, 421

Burgasser, A. J., Kirkpatrick, J. D., Burrows, A., et al. 2003, ApJ, 592, 1186

Burgasser, A. J., Kirkpatrick, J. D., Cruz, K. L., et al. 2006, ApJS, 166, 585

Burgasser, A. J., Kirkpatrick, J. D., & Lépine, S. 2005, ESASP, 560, 237

Burgasser, A. J., Reid, I. N., Siegler, N., et al. 2007, in Protostars and Planets
V, ed. B. Reipurth, D. Jewitt, & K. Keil (Univ. Arizona Press), 427

Burningham, B., Smith, L., Cardoso, C. V., et al. 2014, MNRAS, 440, 359

Burrows, A., Marley, M., Hubbard, W. B., et al. 1997, ApJ, 491, 856

Carnero Rosell, A., Santiago, B., dal Ponte, M., et al. 2019, MNRAS,
489, 5301

Chen, A. Y. A., Goto, T., Wu, C. K. W, et al. 2025, PASA, 42, e042

Cheng, J. Y., Rockosi, C. M., Morrison, H. L., et al. 2012, ApJ, 746, 149

Cooper, C. S., Sudarsky, D., Milsom, J. A., Lunine, J. I., & Burrows, A. 2003,
AplJ, 586, 1320

Crotts, K. A., Carter, A. L., Lawson, K., et al. 2025, ApJL, 987, L41

Cushing, M. C., Kirkpatrick, J. D., Gelino, C. R., et al. 2011, ApJ, 743, 50

Cushing, M. C., Roellig, T. L., Marley, M. S., et al. 2006, ApJ, 648, 614

Cutri, R. M., et al. 2012, yCat, 2, 311

Damian, B., Scholz, A., Jayawardhana, R., et al. 2025, AJ, 170, 127

Dark Energy Survey Collaboration, Abbott, T., Abdalla, F. B., et al. 2016,
MNRAS, 460, 1270

Deacon, N. R., Liu, M. C., Magnier, E. A., et al. 2014, ApJ, 792, 119

D’Eugenio, F., Cameron, A. J., Scholtz, J., et al. 2025, ApJS, 277, 4

Dickinson, M., Giavalisco, M. & GOODS Team 2003, in The Mass of
Galaxies at Low and High Redshift, ed. R. Bender & A. Renzini
(Springer), 324

Dominguez-Tagle, C., Zerjal, M., Sedighi, N., et al. 2025, ApJ, 991, 84

Doré, O., Bock, J., Ashby, M., et al. 2014, arXiv:1412.4872

Dupuy, T. J., & Kraus, A. L. 2013, Sci, 341, 1492

Dupuy, T. J., & Liu, M. C. 2012, ApJS, 201, 19

Efron, B., & Petrosian, V. 1992, AplJ, 399, 345

Eisenstein, D. J., Willott, C., Alberts, S., et al. 2026, ApJS, 283, 6

Euclid Collaboration, Mellier, Y., Abdurro’uf, et al. 2025, A&A, 697, Al

Factor, S. M., & Kraus, A. L. 2023, AJ, 165, 130

Faherty, J. K., Meisner, A. M., Burningham, B., et al. 2025, Natur, 645, 62

Finkelstein, S., Bagley, M., & Yang, G. 2023, Data from The Cosmic
Evolution Early Release Science Survey (CEERS), STScI/MAST, doi:10.
17909/Z7P0-8481

Finkelstein, S. L., Papovich, C., Giavalisco, M., et al. 2010, ApJ, 719, 1250

26

Hainline et al.

Finkelstein, S. L., Ryan, R. E., Jr., Papovich, C., et al. 2015, ApJ, 810, 71

Fontanive, C., Biller, B., Bonavita, M., & Allers, K. 2018, MNRAS, 479, 2702

Foreman-Mackey, D., Hogg, D. W., Lang, D., & Goodman, J. 2013, PASP,
125, 306

Gagné, J., Faherty, J. K., Ruiz Diaz, A., et al. 2026, arXiv:2604.22012

Gandolfi, G., Rodighiero, G., Bisigello, L., et al. 2026b, A&A, 708, A195

Gandolfi, G., Rodighiero, G., Castellano, M., et al. 2026a, A&A, 706, A364

Gilmore, G., Wyse, R. F. G., & Jones, J. B. 1995, AJ, 109, 1095

Gizis, J. E. 1997, AJ, 113, 806

Hainline, K. N., D’Eugenio, F., Sun, F., et al. 2024b, ApJ, 975, 31

Hainline, K. N., Eisenstein, D. J., Whitler, L., et al. 2026, arXiv:2601.15959

Hainline, K. N., Helton, J. M., Johnson, B. D., et al. 2024a, ApJ, 964, 66

Hainline, K. N., Hviding, R. E., Rieke, M., et al. 2020, ApJ, 892, 125

Hainline, K. N., Johnson, B. D., Robertson, B., et al. 2024, ApJ, 964, 71

Hayashi, C., & Nakano, T. 1963, PThPh, 30, 460

Holwerda, B., Pirzkal, N., Burgasser, A., & Hsu, C.-C. 2023, arXiv:2306.
12363

Holwerda, B. W., Bridge, J. S., Ryan, R, et al. 2018, A&A, 620, A132

Illingworth, G. D., Magee, D., Oesch, P. A., et al. 2013, ApJS, 209, 6

Ivezié, Z, Kahn, S. M., Tyson, J. A, et al. 2019, AplJ, 873, 111

Ji, Z., Williams, C. C., Tacchella, S., et al. 2024, AplJ, 974, 135

Joergens, V. 2008, A&A, 492, 545

Johnson, B. D., Robertson, B. E., Eisenstein, D. J., et al. 2026, arXiv:2601.
15954

Jurié, M., Ivezié, Z, Brooks, A., et al. 2008, ApJ, 673, 864

Karalidi, T., Marley, M., Fortney, J. J., et al. 2021, ApJ, 923, 269

Kirkpatrick, J. D. 2005, ARA&A, 43, 195

Kirkpatrick, J. D., Gelino, C. R., Faherty, J. K., et al. 2021a, ApJS, 253, 7

Kirkpatrick, J. D., Marocco, F., Caselden, D., et al. 2021b, ApJL, 915, L6

Kirkpatrick, J. D., Reid, I. N., Liebert, J., et al. 1999, ApJ, 519, 802

Kocevski, D. D., Finkelstein, S. L., Barro, G., et al. 2025, ApJ, 986, 126

Kumar, S. S. 1962, AJ, 67, 579

Kumar, S. S. 1963, ApJ, 137, 1121

Langeroodi, D., Hjorth, J., & Zhang, Z. 2023, ApJL, 957, L27

Lawrence, A., Warren, S. J., Almaini, O., et al. 2007, MNRAS, 379, 1599

Leggett, S. K., Morley, C. V., Marley, M. S., & Saumon, D. 2015, ApJ,
799, 37

Leggett, S. K., Morley, C. V., Marley, M. S., et al. 2013, ApJ, 763, 130

Leggett, S. K., & Tremblin, P. 2023, ApJ, 959, 86

Leggett, S. K., Tremblin, P., Phillips, M. W, et al. 2021, ApJ, 918, 11

Li, D. H,, Zhang, Z. H., Peng, H. H., et al. 2026, MNRAS, 547, stag227

Liu, M. C., Dupuy, T. J., & Allers, K. N. 2016, ApJ, 833, 96

Lodieu, N., Zapatero Osorio, M. R., Martin, E. L., Solano, E. &
Aberasturi, M. 2010, ApJL, 708, L107

Lorenzoni, S., Bunker, A. J., Wilkins, S. M., et al. 2013, MNRAS, 429, 150

LSST Science Collaboration, Abell, P. A., Allison, J.,, et al. 2009,
arXiv:0912.0201

Luhman, K. L. 2014, ApJL, 786, L18

Lynden-Bell, D. 1971, MNRAS, 155, 95

Marley, M. S., Saumon, D., Visscher, C., et al. 2021, ApJ, 920, 85

Marley, M. S., Seager, S., Saumon, D., et al. 2002, ApJ, 568, 335

Masters, D., McCarthy, P., Burgasser, A. J., et al. 2012, ApJL, 752, L14

Matthee, J., Naidu, R. P., Brammer, G., et al. 2024, ApJ, 963, 129

McCarthy, A. M., Vos, J. M., Muirhead, P. S., et al. 2025, ApJL, 981, L22

Meisner, A. M., Leggett, S. K., Logsdon, S. E., et al. 2023, AJ, 166, 57

Meisner, A. M., Schneider, A. C., Burgasser, A. J., et al. 2021, ApJ, 915, 120

Michael, L. 2021, LOWZ model atmosphere spectra, Harvard Dataverse,
doi:10.7910/DVN/SIRXUO

Miles, B. E., Biller, B. A., Patapis, P., et al. 2023, ApJL, 946, L6

Morley, C., Mukherjee, S., Marley, M., et al. 2024, The Sonora Substellar
Atmosphere Models: Diamondback, v2, Zenodo, doi:10.5281/ZENODO.
12734713

Morley, C. V., Fortney, J. J., Marley, M. S., et al. 2012, ApJ, 756, 172

Morley, C. V., Marley, M. S., Fortney, J. J., et al. 2014, ApJ, 787, 78

Morley, C. V., Mukherjee, S., Marley, M. S., et al. 2024, ApJ, 975, 59

Morrissey, S. J., Burgasser, A. J., de Graaff, A., McConachie, 1., &
Brammer, G. 2026, AJ, 171, 191

Morrow, A. L., Luhman, K. L., Espaillat, C., et al. 2008, arXiv:0802.1732

Mukherjee, S., Fortney, J. J., Morley, C. V., et al. 2024, ApJ, 963, 73

Mukherjee, S., Wogan, N., Mang, J., et al. 2025, The Sonora Substellar
Atmosphere Models. IV. EIf Owl: Atmospheric Mixing and Chemical
Disequilibrium with Varying Metallicity and C/O Ratios (Y- type Models),
v2, Zenodo, doi:10.5281/ZENODO.15150865

Nonino, M., Glazebrook, K., Burgasser, A. J., et al. 2023, ApJL, 942, L.29

Oesch, P. A., Bouwens, R. J., Illingworth, G. D., et al. 2012, ApJ, 745, 110

Oke, J. B. 1974, ApJS, 27, 21


https://orcid.org/0000-0002-8224-4505
https://orcid.org/0000-0003-2919-7495
https://orcid.org/0000-0003-2919-7495
https://orcid.org/0000-0001-9262-9997
https://orcid.org/0000-0001-9262-9997
https://doi.org/10.1086/321540
https://ui.adsabs.harvard.edu/abs/2001ApJ...556..872A/abstract
https://doi.org/10.3847/1538-4357/ac35ea
https://ui.adsabs.harvard.edu/abs/2022ApJ...924..114A/abstract
http://arXiv.org/abs/1902.05569
https://doi.org/10.3847/1538-4357/ad66cc
https://ui.adsabs.harvard.edu/abs/2024ApJ...975...85A/abstract
https://doi.org/10.3847/1538-4357/ad7396
https://ui.adsabs.harvard.edu/abs/2024ApJ...976..224A/abstract
https://doi.org/10.3847/1538-3881/aabc4f
https://ui.adsabs.harvard.edu/abs/2018AJ....156..123A/abstract
https://ui.adsabs.harvard.edu/abs/2018AJ....156..123A/abstract
https://doi.org/10.1051/0004-6361/201322068
https://ui.adsabs.harvard.edu/abs/2013A&A...558A..33A/abstract
https://ui.adsabs.harvard.edu/abs/2013A&A...558A..33A/abstract
https://doi.org/10.3847/2041-8213/acbb08
https://ui.adsabs.harvard.edu/abs/2023ApJ...946L..12B/abstract
https://ui.adsabs.harvard.edu/abs/2023ApJ...946L..12B/abstract
https://doi.org/10.3847/2041-8213/ace32c
https://ui.adsabs.harvard.edu/abs/2023ApJ...951L..48B/abstract
https://doi.org/10.3847/1538-4357/ad6301
https://ui.adsabs.harvard.edu/abs/2024ApJ...973..107B/abstract
https://doi.org/10.3847/1538-4357/ad6759
https://ui.adsabs.harvard.edu/abs/2024ApJ...973...60B/abstract
https://doi.org/10.5281/ZENODO.4169084
https://doi.org/10.5281/ZENODO.4169084
https://doi.org/10.3847/1538-3881/abc893
https://ui.adsabs.harvard.edu/abs/2021AJ....161...42B/abstract
https://doi.org/10.3847/1538-4365/aa9982
https://ui.adsabs.harvard.edu/abs/2018ApJS..234....1B/abstract
https://doi.org/10.3847/1538-4357/ae2be2
https://ui.adsabs.harvard.edu/abs/2026ApJ...999..139B/abstract
https://doi.org/10.1086/591786
https://ui.adsabs.harvard.edu/abs/2008ApJ...686.1503B/abstract
https://doi.org/10.1051/0004-6361/202347094
https://ui.adsabs.harvard.edu/abs/2024A&A...690A.288B/abstract
https://doi.org/10.1111/j.1365-2966.2004.08326.x
https://ui.adsabs.harvard.edu/abs/2004MNRAS.355..374B/abstract
https://ui.adsabs.harvard.edu/abs/2004MNRAS.355..374B/abstract
https://doi.org/10.3847/1538-4357/ad206f
https://ui.adsabs.harvard.edu/abs/2024ApJ...962..177B/abstract
https://doi.org/10.1126/science.adu0401
https://ui.adsabs.harvard.edu/abs/2025Sci...390..697B/abstract
https://doi.org/10.1086/324033
https://ui.adsabs.harvard.edu/abs/2002ApJ...564..421B/abstract
https://doi.org/10.1086/375813
https://ui.adsabs.harvard.edu/abs/2003ApJ...592.1186B/abstract
https://doi.org/10.1086/506327
https://ui.adsabs.harvard.edu/abs/2006ApJS..166..585B/abstract
https://ui.adsabs.harvard.edu/abs/2005ESASP.560..237B/abstract
https://ui.adsabs.harvard.edu/abs/2007prpl.conf..427B/abstract
https://doi.org/10.1093/mnras/stu184
https://ui.adsabs.harvard.edu/abs/2014MNRAS.440..359B/abstract
https://doi.org/10.1086/305002
https://ui.adsabs.harvard.edu/abs/1997ApJ...491..856B/abstract
https://doi.org/10.1093/mnras/stz2398
https://ui.adsabs.harvard.edu/abs/2019MNRAS.489.5301C/abstract
https://ui.adsabs.harvard.edu/abs/2019MNRAS.489.5301C/abstract
https://doi.org/10.1017/pasa.2025.25
https://ui.adsabs.harvard.edu/abs/2025PASA...42...42C/abstract
https://doi.org/10.1088/0004-637X/746/2/149
https://ui.adsabs.harvard.edu/abs/2012ApJ...746..149C/abstract
https://doi.org/10.1086/367763
https://ui.adsabs.harvard.edu/abs/2003ApJ...586.1320C/abstract
https://doi.org/10.3847/2041-8213/ade798
https://ui.adsabs.harvard.edu/abs/2025ApJ...987L..41C/abstract
https://doi.org/10.1088/0004-637X/743/1/50
https://ui.adsabs.harvard.edu/abs/2011ApJ...743...50C/abstract
https://doi.org/10.1086/505637
https://ui.adsabs.harvard.edu/abs/2006ApJ...648..614C/abstract
https://ui.adsabs.harvard.edu/abs/2012yCat.2311....0C/abstract
https://doi.org/10.3847/1538-3881/adea50
https://ui.adsabs.harvard.edu/abs/2025AJ....170..127D/abstract
https://doi.org/10.1093/mnras/stw641
https://ui.adsabs.harvard.edu/abs/2016MNRAS.460.1270D/abstract
https://doi.org/10.1088/0004-637X/792/2/119
https://ui.adsabs.harvard.edu/abs/2014ApJ...792..119D/abstract
https://doi.org/10.3847/1538-4365/ada148
https://ui.adsabs.harvard.edu/abs/2025ApJS..277....4D/abstract
https://ui.adsabs.harvard.edu/abs/2003mglh.conf..324D/abstract
https://doi.org/10.3847/1538-4357/adf72d
https://ui.adsabs.harvard.edu/abs/2025ApJ...991...84D/abstract
http://arxiv.org/abs/1412.4872
https://doi.org/10.1126/science.1241917
https://ui.adsabs.harvard.edu/abs/2013Sci...341.1492D/abstract
https://doi.org/10.1088/0067-0049/201/2/19
https://ui.adsabs.harvard.edu/abs/2012ApJS..201...19D/abstract
https://doi.org/10.1086/171931
https://ui.adsabs.harvard.edu/abs/1992ApJ...399..345E/abstract
https://doi.org/10.3847/1538-4365/ae3163
https://ui.adsabs.harvard.edu/abs/2026ApJS..283....6E/abstract
https://doi.org/10.1051/0004-6361/202450810
https://ui.adsabs.harvard.edu/abs/2025A&A...697A...1E/abstract
https://doi.org/10.3847/1538-3881/aca475
https://ui.adsabs.harvard.edu/abs/2023AJ....165..130F/abstract
https://doi.org/10.1038/s41586-025-09369-1
https://ui.adsabs.harvard.edu/abs/2025Natur.645...62F/abstract
http://arXiv.org/abs/10.17909/Z7P0-8481
http://arXiv.org/abs/10.17909/Z7P0-8481
https://doi.org/10.1088/0004-637X/719/2/1250
https://ui.adsabs.harvard.edu/abs/2010ApJ...719.1250F/abstract
https://doi.org/10.1088/0004-637X/810/1/71
https://ui.adsabs.harvard.edu/abs/2015ApJ...810...71F/abstract
https://doi.org/10.1093/mnras/sty1682
https://ui.adsabs.harvard.edu/abs/2018MNRAS.479.2702F/abstract
https://doi.org/10.1086/670067
https://ui.adsabs.harvard.edu/abs/2013PASP..125..306F/abstract
https://ui.adsabs.harvard.edu/abs/2013PASP..125..306F/abstract
http://arXiv.org/abs/2604.22012
https://doi.org/10.1051/0004-6361/202554009
https://ui.adsabs.harvard.edu/abs/2026A&A...708A.195G/abstract
https://doi.org/10.1051/0004-6361/202557061
https://ui.adsabs.harvard.edu/abs/2026A&A...706A.364G/abstract
https://doi.org/10.1086/117344
https://ui.adsabs.harvard.edu/abs/1995AJ....109.1095G/abstract
https://doi.org/10.1086/118302
https://ui.adsabs.harvard.edu/abs/1997AJ....113..806G/abstract
https://doi.org/10.3847/1538-4357/ad76a7
https://ui.adsabs.harvard.edu/abs/2024ApJ...975...31H/abstract
http://arXiv.org/abs/2601.15959
https://doi.org/10.3847/1538-4357/ad20d1
https://ui.adsabs.harvard.edu/abs/2024ApJ...964...66H/abstract
https://doi.org/10.3847/1538-4357/ab7dc3
https://ui.adsabs.harvard.edu/abs/2020ApJ...892..125H/abstract
https://doi.org/10.3847/1538-4357/ad1ee4
https://ui.adsabs.harvard.edu/abs/2024ApJ...964...71H/abstract
https://doi.org/10.1143/PTP.30.460
https://ui.adsabs.harvard.edu/abs/1963PThPh..30..460H/abstract
http://arXiv.org/abs/2306.12363
http://arXiv.org/abs/2306.12363
https://doi.org/10.1051/0004-6361/201832838
https://ui.adsabs.harvard.edu/abs/2018A&A...620A.132H/abstract
https://doi.org/10.1088/0067-0049/209/1/6
https://ui.adsabs.harvard.edu/abs/2013ApJS..209....6I/abstract
https://doi.org/10.3847/1538-4357/ab042c
https://ui.adsabs.harvard.edu/abs/2019ApJ...873..111I/abstract
https://doi.org/10.3847/1538-4357/ad6e7f
https://ui.adsabs.harvard.edu/abs/2024ApJ...974..135J/abstract
https://doi.org/10.1051/0004-6361:200810413
https://ui.adsabs.harvard.edu/abs/2008A&A...492..545J/abstract
http://arXiv.org/abs/2601.15954
http://arXiv.org/abs/2601.15954
https://doi.org/10.1086/523619
https://ui.adsabs.harvard.edu/abs/2008ApJ...673..864J/abstract
https://doi.org/10.3847/1538-4357/ac3140
https://ui.adsabs.harvard.edu/abs/2021ApJ...923..269K/abstract
https://doi.org/10.1146/annurev.astro.42.053102.134017
https://ui.adsabs.harvard.edu/abs/2005ARA&A..43..195K/abstract
https://doi.org/10.3847/1538-4365/abd107
https://ui.adsabs.harvard.edu/abs/2021ApJS..253....7K/abstract
https://doi.org/10.3847/2041-8213/ac0437
https://ui.adsabs.harvard.edu/abs/2021ApJ...915L...6K/abstract
https://doi.org/10.1086/307414
https://ui.adsabs.harvard.edu/abs/1999ApJ...519..802K/abstract
https://doi.org/10.3847/1538-4357/adbc7d
https://ui.adsabs.harvard.edu/abs/2025ApJ...986..126K/abstract
https://doi.org/10.1086/108658
https://ui.adsabs.harvard.edu/abs/1962AJ.....67..579L/abstract
https://doi.org/10.1086/147589
https://ui.adsabs.harvard.edu/abs/1963ApJ...137.1121K/abstract
https://doi.org/10.3847/2041-8213/acfeec
https://ui.adsabs.harvard.edu/abs/2023ApJ...957L..27L/abstract
https://doi.org/10.1111/j.1365-2966.2007.12040.x
https://ui.adsabs.harvard.edu/abs/2007MNRAS.379.1599L/abstract
https://doi.org/10.1088/0004-637X/799/1/37
https://ui.adsabs.harvard.edu/abs/2015ApJ...799...37L/abstract
https://ui.adsabs.harvard.edu/abs/2015ApJ...799...37L/abstract
https://doi.org/10.1088/0004-637X/763/2/130
https://ui.adsabs.harvard.edu/abs/2013ApJ...763..130L/abstract
https://doi.org/10.3847/1538-4357/acfdad
https://ui.adsabs.harvard.edu/abs/2023ApJ...959...86L/abstract
https://doi.org/10.3847/1538-4357/ac0cfe
https://ui.adsabs.harvard.edu/abs/2021ApJ...918...11L/abstract
https://doi.org/10.1093/mnras/stag227
https://ui.adsabs.harvard.edu/abs/2026MNRAS.547ag227L/abstract
https://doi.org/10.3847/1538-4357/833/1/96
https://ui.adsabs.harvard.edu/abs/2016ApJ...833...96L/abstract
https://doi.org/10.1088/2041-8205/708/2/L107
https://ui.adsabs.harvard.edu/abs/2010ApJ...708L.107L/abstract
https://doi.org/10.1093/mnras/sts325
https://ui.adsabs.harvard.edu/abs/2013MNRAS.429..150L/abstract
http://arXiv.org/abs/0912.0201
https://doi.org/10.1088/2041-8205/786/2/L18
https://ui.adsabs.harvard.edu/abs/2014ApJ...786L..18L/abstract
https://doi.org/10.1093/mnras/155.1.95
https://ui.adsabs.harvard.edu/abs/1971MNRAS.155...95L/abstract
https://doi.org/10.3847/1538-4357/ac141d
https://ui.adsabs.harvard.edu/abs/2021ApJ...920...85M/abstract
https://doi.org/10.1086/338800
https://ui.adsabs.harvard.edu/abs/2002ApJ...568..335M/abstract
https://doi.org/10.1088/2041-8205/752/1/L14
https://ui.adsabs.harvard.edu/abs/2012ApJ...752L..14M/abstract
https://doi.org/10.3847/1538-4357/ad2345
https://ui.adsabs.harvard.edu/abs/2024ApJ...963..129M/abstract
https://doi.org/10.3847/2041-8213/ad9eaf
https://ui.adsabs.harvard.edu/abs/2025ApJ...981L..22M/abstract
https://doi.org/10.3847/1538-3881/acdb68
https://ui.adsabs.harvard.edu/abs/2023AJ....166...57M/abstract
https://doi.org/10.3847/1538-4357/ac013c
https://ui.adsabs.harvard.edu/abs/2021ApJ...915..120M/abstract
http://arXiv.org/abs/10.7910/DVN/SJRXUO
https://doi.org/10.3847/2041-8213/acb04a
https://ui.adsabs.harvard.edu/abs/2023ApJ...946L...6M/abstract
https://doi.org/10.5281/ZENODO.12734713
https://doi.org/10.5281/ZENODO.12734713
https://doi.org/10.1088/0004-637X/756/2/172
https://ui.adsabs.harvard.edu/abs/2012ApJ...756..172M/abstract
https://doi.org/10.1088/0004-637X/787/1/78
https://ui.adsabs.harvard.edu/abs/2014ApJ...787...78M/abstract
https://doi.org/10.3847/1538-4357/ad71d5
https://ui.adsabs.harvard.edu/abs/2024ApJ...975...59M/abstract
https://doi.org/10.3847/1538-3881/ae40f1
https://ui.adsabs.harvard.edu/abs/2026AJ....171..191M/abstract
http://arXiv.org/abs/0802.1732
https://doi.org/10.3847/1538-4357/ad18c2
https://ui.adsabs.harvard.edu/abs/2024ApJ...963...73M/abstract
https://doi.org/10.5281/ZENODO.15150865
https://doi.org/10.3847/2041-8213/ac8e5f
https://ui.adsabs.harvard.edu/abs/2023ApJ...942L..29N/abstract
https://doi.org/10.1088/0004-637X/745/2/110
https://ui.adsabs.harvard.edu/abs/2012ApJ...745..110O/abstract
https://doi.org/10.1086/190287
https://ui.adsabs.harvard.edu/abs/1974ApJS...27...21O/abstract

THE ASTROPHYSICAL JOURNAL, 1004:223 (27pp), 2026 June 20

Pérez-Gonzilez, P. G., Barro, G., Rieke, G. H., et al. 2024, ApJ, 968, 4

Phillips, M. W., Tremblin, P., Baraffe, 1., et al. 2020, A&A, 637, A38

Pinfield, D. J., Burningham, B., Lodieu, N., et al. 2012, 422, 1922

Riaz, B., Gizis, J. E., & Hmiel, A. 2006, ApJL, 639, L79

Rieke, G. H., Alberts, S., Shivaei, L., et al. 2024, ApJ, 975, 83

Rieke, M., Robertson, B., Tacchella, S., et al. 2023, Data from the JWST
Advanced Deep Extragalactic Survey (JADES), STScI/MAST, doi:10.
17909/8TDJ-8N28

Rinaldi, P., Bonaventura, N., Rieke, G. H., et al. 2025, ApJ, 992, 71

Robertson, B. E., Tacchella, S., Johnson, B. D., et al. 2023, NatAs, 7, 611

Robertson, B. E., Johnson, B. D., Tacchella, S., et al. 2026, arXiv:2601.15956

Ryan, R. E., Jr., & Reid, I. N. 2016, AJ, 151, 92

Ryan, R. E., Thorman, P. A., Yan, H., et al. 2011, ApJ, 739, 83

Sanghi, A., Liu, M. C., Best, W. M. J., et al. 2023, ApJ, 959, 63

Schneider, A. C., Munn, J. A., Vrba, F. ], et al. 2023, AJ, 166, 103

Schneider, A. C., Burgasser, A. J., Gerasimov, R., et al. 2020, ApJ, 898, 77

Skemer, A. J., Morley, C. V., Allers, K. N., et al. 2016, ApJL, 826, L17

Skrutskie, M. F., Cutri, R. M., Stiening, R., et al. 2006, AJ, 131, 1163

Sorahana, S., Yamamura, 1., & Murakami, H. 2013, ApJ, 767, 77

Stanway, E. R., Bunker, A. J., & McMahon, R. G. 2003, MNRAS, 342, 439

Stephens, D. C., Leggett, S. K., Cushing, M. C., et al. 2009, ApJ, 702, 154

Sudrez, G., & Metchev, S. 2023, MNRAS, 523, 4739

Sun, F., Fudamoto, Y., Lin, X., et al. 2025, arXiv:2503.15587

27

Hainline et al.

Tacchella, S., Eisenstein, D. J., Hainline, K., et al. 2023, ApJ, 952, 74

Topping, M. W., Stark, D. P., Endsley, R., et al. 2024, MNRAS, 529, 4087

Tsuji, T., Yamamura, I., & Sorahana, S. 2011, ApJ, 734, 73

Tu, Z., Wang, S., Chen, X., & Liu, J. 2025a, ApJ, 980, 230

Tu, Z., Wang, S., Chen, X., & Liu, J. 2025b, ApJS, 281, 49

Tu, Z., Wang, S., Huang, H., Chen, X., & Liu, J. 2026, arXiv:2604.26771

Tu, Z., Wang, S., & Liu, J. 2024, ApJ, 976, 82

Vieira, K., Korchagin, V., Carraro, G., & Lutsenko, A. 2023, Galax, 11, 77

Vos, J. M., Burningham, B., Faherty, J. K., et al. 2023, ApJ, 944, 138

Wang, M.-C., Jewell, N. P., & Tsai, W.-Y. 1986, AnSta, 14, 1597

Warren, S. J., Mortlock, D. J., Leggett, S. K., et al. 2007, MNRAS,
381, 1400

Whitaker, K. E., Ashas, M., Illingworth, G., et al. 2019, ApJS, 244, 16

Wilkins, S. M., Stanway, E. R., & Bremer, M. N. 2014, MNRAS, 439, 1038

Williams, C. C., Oesch, P. A., Weibel, A., et al. 2025, ApJ, 979, 140

Wogan, N. F., Mang, J., Batalha, N. E., et al. 2025, RNAAS, 9, 108

Woodroofe, M. 1985, AnSta, 13, 163

Wright, E. L., Eisenhardt, P. R. M., Mainzer, A. K., et al. 2010, AJ, 140, 1868

Yamamura, 1., Tsuji, T., & Tanabé, T. 2010, ApJ, 722, 682

Zhang, Z. H., Burgasser, A. J., Gdlvez-Ortiz, M. C,, et al. 2019, MNRAS,
486, 1260

Zhang, Z. H., Pinfield, D. J., Galvez-Ortiz, M. C., et al. 2018, MNRAS,
479, 1383


https://doi.org/10.3847/1538-4357/ad38bb
https://ui.adsabs.harvard.edu/abs/2024ApJ...968....4P/abstract
https://doi.org/10.1051/0004-6361/201937381
https://ui.adsabs.harvard.edu/abs/2020A&A...637A..38P/abstract
https://ui.adsabs.harvard.edu/abs/2012MNRAS.422.1922P/abstract
https://doi.org/10.1086/502647
https://ui.adsabs.harvard.edu/abs/2006ApJ...639L..79R/abstract
https://doi.org/10.3847/1538-4357/ad6cd2
https://ui.adsabs.harvard.edu/abs/2024ApJ...975...83R/abstract
http://arXiv.org/abs/10.17909/8TDJ-8N28
http://arXiv.org/abs/10.17909/8TDJ-8N28
https://doi.org/10.3847/1538-4357/adfa10
https://ui.adsabs.harvard.edu/abs/2025ApJ...992...71R/abstract
https://doi.org/10.1038/s41550-023-01921-1
https://ui.adsabs.harvard.edu/abs/2023NatAs...7..611R/abstract
http://arXiv.org/abs/2601.15956
https://doi.org/10.3847/0004-6256/151/4/92
https://ui.adsabs.harvard.edu/abs/2016AJ....151...92R/abstract
https://doi.org/10.1088/0004-637X/739/2/83
https://ui.adsabs.harvard.edu/abs/2011ApJ...739...83R/abstract
https://doi.org/10.3847/1538-4357/acff66
https://ui.adsabs.harvard.edu/abs/2023ApJ...959...63S/abstract
https://doi.org/10.3847/1538-3881/ace9bf
https://ui.adsabs.harvard.edu/abs/2023AJ....166..103S/abstract
https://doi.org/10.3847/1538-4357/ab9a40
https://ui.adsabs.harvard.edu/abs/2020ApJ...898...77S/abstract
https://doi.org/10.3847/2041-8205/826/2/L17
https://ui.adsabs.harvard.edu/abs/2016ApJ...826L..17S/abstract
https://doi.org/10.1086/498708
https://ui.adsabs.harvard.edu/abs/2006AJ....131.1163S/abstract
https://doi.org/10.1088/0004-637X/767/1/77
https://ui.adsabs.harvard.edu/abs/2013ApJ...767...77S/abstract
https://doi.org/10.1046/j.1365-8711.2003.06546.x
https://ui.adsabs.harvard.edu/abs/2003MNRAS.342..439S/abstract
https://doi.org/10.1088/0004-637X/702/1/154
https://ui.adsabs.harvard.edu/abs/2009ApJ...702..154S/abstract
https://doi.org/10.1093/mnras/stad1711
https://ui.adsabs.harvard.edu/abs/2023MNRAS.523.4739S/abstract
http://arXiv.org/abs/2503.15587
https://doi.org/10.3847/1538-4357/acdbc6
https://ui.adsabs.harvard.edu/abs/2023ApJ...952...74T/abstract
https://doi.org/10.1093/mnras/stae800
https://ui.adsabs.harvard.edu/abs/2024MNRAS.529.4087T/abstract
https://doi.org/10.1088/0004-637X/734/2/73
https://ui.adsabs.harvard.edu/abs/2011ApJ...734...73T/abstract
https://doi.org/10.3847/1538-4357/adaf9f
https://ui.adsabs.harvard.edu/abs/2025ApJ...980..230T/abstract
https://doi.org/10.3847/1538-4365/ae112e
https://ui.adsabs.harvard.edu/abs/2025ApJS..281...49T/abstract
http://arXiv.org/abs/2604.26771
https://doi.org/10.3847/1538-4357/ad815a
https://ui.adsabs.harvard.edu/abs/2024ApJ...976...82T/abstract
https://doi.org/10.3390/galaxies11030077
https://ui.adsabs.harvard.edu/abs/2023Galax..11...77V/abstract
https://doi.org/10.3847/1538-4357/acab58
https://ui.adsabs.harvard.edu/abs/2023ApJ...944..138V/abstract
https://doi.org/10.1214/aos/1176350180
https://doi.org/10.1111/j.1365-2966.2007.12348.x
https://ui.adsabs.harvard.edu/abs/2007MNRAS.381.1400W/abstract
https://ui.adsabs.harvard.edu/abs/2007MNRAS.381.1400W/abstract
https://doi.org/10.3847/1538-4365/ab3853
https://ui.adsabs.harvard.edu/abs/2019ApJS..244...16W/abstract
https://doi.org/10.1093/mnras/stu029
https://ui.adsabs.harvard.edu/abs/2014MNRAS.439.1038W/abstract
https://doi.org/10.3847/1538-4357/ad97bc
https://ui.adsabs.harvard.edu/abs/2025ApJ...979..140W/abstract
https://doi.org/10.3847/2515-5172/add407
https://ui.adsabs.harvard.edu/abs/2025RNAAS...9..108W/abstract
https://doi.org/10.1214/aos/1176346584
https://doi.org/10.1088/0004-6256/140/6/1868
https://ui.adsabs.harvard.edu/abs/2010AJ....140.1868W/abstract
https://doi.org/10.1088/0004-637X/722/1/682
https://ui.adsabs.harvard.edu/abs/2010ApJ...722..682Y/abstract
https://doi.org/10.1093/mnras/stz777
https://ui.adsabs.harvard.edu/abs/2019MNRAS.486.1260Z/abstract
https://ui.adsabs.harvard.edu/abs/2019MNRAS.486.1260Z/abstract
https://doi.org/10.1093/mnras/sty1352
https://ui.adsabs.harvard.edu/abs/2018MNRAS.479.1383Z/abstract
https://ui.adsabs.harvard.edu/abs/2018MNRAS.479.1383Z/abstract

	1. Introduction
	2. JADES and SMILES Observations and Data Reduction
	2.1. JADES DR5 NIRCam Observations
	2.2. JADES and SMILES MIRI Observations

	3. Selecting Brown Dwarfs
	4. NIFTY: Near-Infrared Fitting for T and Y Dwarfs
	5. Results
	5.1. Brown Dwarf Properties from NIFTY
	5.2. A Comparison of Brown Dwarf Candidate Photometry to Extragalactic Models
	5.3. Notes on Individual Sources
	5.4. Proper Motions
	5.5. Additional Sources with Less Confidence

	6. Discussion
	6.1. Estimating Brown Dwarf Number Densities
	6.2. Ultracool Brown Dwarfs Masquerading as High-redshift Galaxies: The Case of Capotauro

	7. Conclusions
	Author Contributions
	Appendix A. Source Fluxes
	Appendix B. NIFTY Source Properties
	References



