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A B S T R A C T 

We conducted a search for brown dwarf candidates in a James Webb Space Telescope deep field around A2744 to investigate 
the space density of these objects at kiloparsec distances. Our methodology employed an initial selection based on 

phot ometric colours, follow ed by spectr al energy distribution fit ting t o both st ellar atmospheric models and high-redshift 
galaxy t emplat es. This approach yielded two robust T dwarf candidates and one possible L subdwarf candidate. The T 

dwarfs have estimated Galactic heights of 0.43 and 0.86 kpc, likely residing near the outer edges of the Galactic thin and 

thick discs, respectively. We measure a T dwarf surface number density of 0.094 arcmin 

−2 in the UNCOVER field, lower 
than previous predictions but consistent at the order-of-magnitude level. We also provide space number density estimates 
for T5–T8.9 dwarfs across different effective temperature and spectral type bins, finding that T5–T7 dwarfs out to 2 kpc have 
significantly lower densities than their solar neighbourhood counterparts, whilst T8 dwarfs within the thick disc exhibit 
densities comparable to local values. Our analysis demonstrates that broad-band near- to mid-infrared photometry provides 
high sensitivity to late-T dwarfs but is relatively less sensitive to L and early-T dwarfs. Spectroscopy is typically required 

to distinguish photometric candidates of L dwarfs, early-T subdwarfs, and high-redshift galaxies in JWST deep fields. This 
study demonstrates the potential for expanding our understanding of brown dwarf distributions and characteristics at 
unprecedented distances, offering new insights into substellar populations beyond the solar neighbourhood. 

Key wor ds: br own dwarfs – stars: late-type – g alaxies: high-r edshift. 
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 INTRODUCTION  

rown dwarfs (BDs) are substellar objects that bridge the mass 
ap between the most massive gaseous planets and the lowest 
ass stars, typically ranging from 0.01 to 0.08 M � (C. Hayashi &

. Nakano 1963 ; S. S. Kumar 1963 ; Z. H. Zhang et al. 2019 ; M. S.
arley et al. 2021 ; G. Chabrier et al. 2023 ). Unlike main-sequence

tars, BDs lack sufficient mass to sustain steady hydrogen fusion 

n their cores and instead rely primarily on their initial thermal
nergy, cooling continuously over time. 

Three spectral classes have been established to classify BDs 
ccording to their effective temperature ( T eff ) ranges and spec-
r al char acteristics: L dw arfs (2300 K � T eff � 1300 K; J. D. Kirk-
atrick et al. 1999 ; E. L. Martín et al. 1999 ), T dwarfs (1300 K
 T eff � 500 K; A. J. Burgasser et al. 2002 ), and Y dwarfs ( T eff �

00 K; M. C. Cushing et al. 2011 ). The discovery and characteri-
ation of BDs are crucial for constraining the initial mass func-
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ion and advancing our understanding of ultracool e x oplanetary 
tmospheres. 

Statistically, the majority of BDs in the Milky Way have spectral
ypes later than T5 (C. Reylé et al. 2021 ). These cool BDs have
ffectiv e t emperatures ( T eff ) below ∼1000 K and emit most of 
heir flux in the near-infrared (NIR) and mid-infrared, making 
hese wavelengths optimal for their det ection. How ev er, due t o
he limited depths of large-area surveys, most known T5 + dwarfs
re located within 20 pc of the Sun (e.g. J. D. Kirkpatrick et al.
021 ). 

The launch of the James Webb Space Telescope ( JWST ) has
shered in a new era of BD research. Its Near Infrared Camera
NIRCam; M. J. Rieke et al. 2023 ) provides photometric data from
.6 to 5.0 μm with unpr ecedented depth, r eaching AB magni-
udes of ∼30. This capability enables the detection of distant 
Ds beyond the Galactic plane. Several studies hav e predict ed the
umber of BDs observable in JWST deep surveys (R. E. Ryan &
. N. Reid 2016 ; C. Aganze et al. 2022 ; C. M. Casey et al. 2023 ),
nd multiple BD candidates have been identified in JWST deep 

ultiband imaging surveys (K. Glazebrook et al. 2023 ; M. Nonino
 This is an Open Access article distributed under the terms of the 
/by/4.0/ ), which permits unrestricted reuse, distribution, and 
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t al. 2023 ; P.-Y. Wang et al. 2023 ; B. W. Holwerda et al. 2024 ; K.
. Hainline et al. 2024a , 2025 ; A. Y. A. Chen et al. 2025 ). Using its
 ear Infrar ed Spectr ograph (NIRSpec; P. J akobsen et al. 2022 ),

everal of these BD candidates in JWST deep fields have been
pectroscopically confirmed (D. Langeroodi & J. Hjorth 2023 ; A.
. Burgasser et al. 2024 ; K. N. Hainline et al. 2024b ; Z. Tu et
l. 2025a , 2025b ; Morrissey et al. 2025 ). 

We aimed to identify new BD candidates through spectral en-
rgy distribution (SED) model fitting using data from the JWST
ycle 1 treasury progr amme Ultr adeep NIRSpec and NIRCam
bserVations before the Epoch of Reionization (UNCOVER; R.
ezanson et al. 2024 ) and the Cycle 2 MegaScience Survey (K.
. Suess et al. 2024 ). In this paper, we present two robust late
 dwarf candidates and one possible L subdwarfs identified in

he Abell 2744 field. Section 2 describes our selection method for
D candidates. Section 3 presents the properties of the new BD
andidates. In Section 4 , we discuss the Galactic distribution of 
NCOVER BDs. Finally, we summarize our findings in Section 5 .

 B RO  WN  D  WARF  C A N D I DAT E  

D E N T I F I C AT I O N  

.1 UNCOVER and MegaScience surveys 

he UNCOVER second data release (DR2; J. R. Weaver et al.
024 ) features a ‘SUPER’ catalogue with photometry derived from
ptimally selected colour apertur es, impr oved star and artefact
dentification, and complet e cov er age of all av ailable JWST imag-
ng over Abell 2744 (49 arcmin 

2 ). The third data release (DR3;
. A. Suess et al. 2024 ) combines UNCOVER and MegaScience
ata, expanding the filter set to include additional NIRCam and
IRISS medium bands and providing photometric redshifts de-

iv ed using Prospect or- β (B. Wang et al. 2023 ). All catalogues
re based on F444W PSF-matched imaging, with bright cluster
alaxies and intracluster light subtracted. 

Object detection was performed on a noise-equalized long-
 avelength image (F277W + F356W + F444W) (S. Fujimoto et

l. 2025 ). Noise equalization homogenizes the noise distribution
cross the image by applying w eight ed corrections, ensuring a
onsist ent signal-t o-noise ratio (SNR) det ection threshold. This
pproach enhances the reliability of faint source detection and
educes spurious detections. The resulting catalogues provide
hot ometry, phot ometric redshifts, and rest-frame fluxes derived
sing eazy (Easy and Accur ate R edshifts from Yale; G. B. Bram-
er, P. G. van Dokkum & P. Coppi 2008 ). 

.2 Initial selection by colours 

oth models and observed spectra (M. S. Marley et al. 2021 ; S.
. Beiler et al. 2024 ) demonstrate that T dwarfs exhibit sup-
ressed flux in the F277W band due t o wat er and methane ab-
orption features, as well as collision-induced absorption from
 2 –H 2 (CIA H 2 ; e.g. A. Borysow, U. G. Jorgensen & C. Zheng

997 ). Consequently, T dwarfs display blue F115W−F277W and
150W −F277W colours, alongside red F277W −F444W colours,
s reflected in their SEDs (e.g. P.-Y. Wang et al. 2023 ; K. N.
ainline et al. 2024a ). Fig. 1 pr esents UNC OVER sour ces in
115W −F277W versus F277W −F444W and F150W −F277W ver-
us F277W−F444W colour–colour spaces, together with theoret-
cal colours of ultracool dwarfs from the Sonora Bobcat models
M. S. Marley et al. 2021 ). 
NRAS 547, 1–14 (2026) 
To identify cool BDs from UNCOVER based on their sup-
ressed flux in the F277W band, we applied the following criteria:

 277 W − F 444 W ≥ 1 (1) 
 115 W − F 277 W ≤ 0 OR F 150 W − F 277 W ≤ 0 . (2) 

e applied equations ( 1 )–( 2 ) (see Fig. 1 ) to the UNCOVER DR2
nd DR3 data bases, prioritizing DR3 data for objects common
o both r eleases. Fr om a total of 81 459 sources, 768 preliminary
andidat es w ere select ed. Fig. 2 presents the flowchart of our
election process. JWST magnitudes for selected BD candidates
re listed in Table 1 . 

.3 SED fitting to stellar atmospheric models 

ig. 3 (upper panel) presents the JWST NIRSpec/PRISM spec-
rum and NIRCam SED of the T6 dwarf standard SDSS
162414.37 + 002915.6 (SD1624; S. A. Beiler et al. 2024 ). The pho-
ometric SED of SD1624 exhibits distinctive features, including
ux suppression in the F277W band and peaks near 1.2 and
.0 μm arising from water, methane, and CIA H 2 absorption.
 otably, thr ee or mor e photometric bands ar e r equir ed to r e-

eal these peaks in the SED (e.g. F356W, F410M, and F444W
or the 4.0 μm peak). These characteristics indicate that BD can-
idates can be identified based on their SEDs across ∼1–5 μm.
urthermor e, Fig . 3 (lower panel) demonstrates that the best-
tting ATMO model spectrum (M. W. Phillips et al. 2020 ) to the
IRCam SED of SD1624 closely r epr oduces its NIRSpec spec-

rum (upper panel). Fig. 4 (middle-left panel) shows the NIRCam
ED of another T6 dwarf, UNCOVER-BD-2 (A. J. Burgasser et al.
024 ), along with its best-fitting ATMO model ( T eff = 1000 K,
og g = 5 . 5 , [M / H] = 0 . 0 ), which closely matches its best-fitting
OWZ model (A. M. Meisner et al. 2021 ) derived from its NIRSpec
pectrum ( T eff = 1000 K, log g = 5 . 25 , [M / H] = 0 . 0 ). This con-
ordance between the model fits and observed spectra validates
he efficacy of using SED features for T dwarf identification and
haracterization. 

To determine the atmospheric properties of the 768 colour-
elect ed BD candidat es, w e construct ed their SEDs using phot o-
etric data from UNCOVER and fitted their observed SEDs to

arious atmospheric models using the Virtual Observatory SED
nalyzer (VOSA; A. Bayo et al. 2008 ; C. Rodrigo et al. 2024 ).
ur SED fitting process employed different sets of atmospheric
odels available through VOSA: B T-Set tl (M. Asplund et al. 2009 ;
. Caffau et al. 2011 ; F. Allard, D. Homeier & B. Freytag 2012 ),
TMO (M. W. Phillips et al. 2020 ), C. V. Morley et al. ( 2012 , 2014 ),
nd D. Saumon et al. ( 2012 ). B T-Set tl models pr ovide thr ee pa-
 ameters: T eff , surface gr avity ( log g), and metallicity [M/H], while
he other models are limited to solar metallicity. We selected only
ources with more than three photometric data points and SNR ≥
 for fitting. The final result was determined by selecting the
odel that yielded the lowest χ2 value. 
SED fit ting w as performed with VOSA using a χ2 -
inimization method, with the reduced χ2 defined as: 

2 
r = 

1 
N − n p 

N ∑ 

i =1 

( Y i, o − M d Y i, m 

) 2 

σ 2 
i, o 

, (3) 

here Y i, o ( Y i, m 

) is the observed (model) flux density, M d is the
ilution factor, and σi, o is the photometric uncertainty of the i
h data point. The degr ees of fr eedom N − n p (wher e N is the
umber of valid photometric points and n p is the number of 

ree fitting parameters) are explicitly considered to account for
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Figure 1. JWST NIRCam colour–colour diagrams showing the three new BD candidates (red circles) and three known BDs (black diamonds) in the 
UNC OVER field. Gr ey points r epr esent all sour ces in the UNC OVER catalogue, with black contour lines indicating the 25th, 50th, 68th, 75th, 95th, and 
99th percentiles of the source density distribution. Solid black lines delineate our selection criteria defined in equations ( 1 )–( 2 ). Coloured points show 

theor etical pr edictions fr om the Sonora atmospheric models (M. S. Marley et al. 2021 ) for T eff ranging from 400 to 2200 K (in steps of 50 K for T eff < 1000 K 

and 100 K for T eff > 1000 K), with surface gravities of 4 . 0 ≤ log g ≤ 5 . 5 and metallicities of [M / H] = 0 . 0 (upper panels) and [M / H] = −0 . 5 (lower panels). 
The colour scale indicat es t emper ature, tr ansitioning from or ange (hot t est) t o blue (coolest). Models with identical log g values are connect ed by lines: red 
( log g = 4 . 0 ), orange ( log g = 4 . 5 ), green ( log g = 5 . 0 ), and blue ( log g = 5 . 5 ). Model magnitudes have been conv ert ed from the Vega to the AB photometric 
system using the following offsets: 0.97 (F115W), 1.14 (F150W), 1.53 (F277W), and 2.97 (F444W). 
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M

Figure 2. Flowchart of our selection process. The number of remaining 
candidates at each step is indicated. 
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arying N across targets. All photometric errors are propagated
hroughout the fitting process. For data points with σi, o = 0 , an
djusted uncertainty σi = (δ + 0 . 1) Y i, o (where δ = Max (σi /Y i, o ) )
s assigned following the VOSA protocol. Data points exhibiting
nfrar ed e x cess ar e e x cluded fr om the fitting, and parameter un-
ertainties are estimated from model grid steps or Monte Carlo
imulations. 

Most best-fitting models have solar metallicity and are derived
rom either B T-Set tl or ATMO, which yield similar fitting results.

e present ATMO model spectra with fitted SEDs for six objects
n Fig. 4 , as these lower resolution, solar-metallicity models pro-
ide optimal visualization and are statistically favoured. 

Through SED fitting with VOSA, we obtained atmospheric
odel spectra that matched the observational data. VOSA suc-

essfully identified best-fitting models for 71 of the 768 prelim-
nary candidates. We then used the T eff values inferred from
tmospheric models t o det ermine the spectral types of our BD
andidates based on established empirical correlations (J . D . Kirk-
atrick et al. 2021 ). We retained only candidates with T eff <

300 K and 3 . 5 ≤ log g ≤ 5 . 5 as inferred by their best-fitting mod-
ls, since this range corresponds to theoretical expectations for
Ds (M. S. Marley et al. 2021 ). Sev ent een objects satisfied our T eff 
nd log g constraints. We subsequently carried out visual inspec-
ions of their images, and three objects were removed owing to
ery poor F444W band detections. 

.4 NIRSpec spectra validation 

mong our 14 BD candidates, UNCOVER-DR3-45661 and
NCOVER-DR3-51651 have been spectroscopically confirmed as
Ds through NIRSpec observations, designated as UNCOVER-
D-2 (T6) and UNCOVER-BD-3 (T8–T9), respectively (A. J. Bur-
asser et al. 2024 ). The best-fitting stellar models to the SEDs of 
NC OVER-BD-2 (Fig . 4 , middle-left panel) and UNCOVER-BD-
 (Fig. 4 , top-left panel) provide significantly better fits than their
est-fitting galaxy t emplat es (see Table 2 ). 

UNC OVER-BD-2 e xhibits a well-defined F410M band peak
haracteristic of cool BDs, enabled by high-quality multiband
etections spanning 3–5 μm. The e x cellent agr eement between
he observed SED and theoretical models across this broad wave-
ength r ange demonstr at es the pow er of JWST ’s multiband pho-
ometry for identifying and characterizing cool substellar objects.
NCOVER-BD-3 similarly shows a robust SED model fit with

eliable detections and a sufficiently cool T eff to reveal both the
NRAS 547, 1–14 (2026) 
-shaped feature centred at F277W and the characteristic F410M
and peak. 

UNCOVER-BD-1 (sdT1; A. J. Burgasser et al. 2024 ) was not re-
overed in our initial search, as its F277W − F444W = 0.97 colour
alls marginally below our selection threshold (equation 1 ). Fig. 1
llustrates that models with [M/H] = −0 . 5 exhibit slightly bluer
277W − F444W colours compared to solar-metallicity models.
or comparison, we fitted UNCOVER-BD-1’s SED using VOSA

ollowing the same pr ocedur e applied to our other candidates.
ig. 4 (bottom-left panel) shows UNCOVER-BD-1’s SED with its
est -fitting solar -metallicity model ( T eff = 1600 K, log g = 5). This
ED fitting result differs significantly from the best-fitting LOWZ
odel to its NIRSpec spectrum ( T eff = 1300 K, log g = 5.0, [M/H]
 −1 . 0 ; A. J. Burgasser et al. 2024 ). This discrepancy arises be-

ause UNCOVER-BD-1 is a metal-poor BD, whereas ATMO mod-
ls are limited to solar metallicity . Consequently , ATMO models
avour higher T eff values to compensate for metal-poor spectral
eatures. This finding suggests that our SED fitting may overes-
imate T eff for metal-poor BDs, potentially causing early-type T
ubdwarfs to be missed or misclassified as warmer L dwarfs in
olour- or SED-based searches. SEDs may not contain sufficient
nformation to disentangle early-T subdwarfs from late-L dwarfs
hrough model fitting. 

To validate our SED-based selection, we searched for spectra of 
he remaining tw elv e BD candidat es in the UNCOVER catalogue
hrough the Mikulski Archive for Space Telescopes (MAST; A.

arston et al. 2018 ). Four candidates have been observed with
IRSpec in prism mode: UNC OVER-DR3-9334, UNC OVER-
R3-10065, UNCOVER-DR3-12259, and UNCOVER-DR3-41096 

Table A1 ). We extracted their NIRSpec spectra using the NIR-
pec analysis tool msaexp (G. Brammer 2022 ). 

Fig. A1 presents the NIRSpec spectra of these four objects.
edshifted absorption features arising from the Lyman- α forest
nd Balmer break in their spectra reveal that all four are high-
 edshift g alaxies (e.g . fig . 17, I. G. B . Wold et al. 2025 ). Ly αλ1216 ,
e iii λ3869 , H γ , H β, and [O iii ] λ5007 appear in UNCOVER-
R3-9334. Ly α, H γ , H β, H α, and [O iii ] λ5007 appear in both
NCOVER-DR3-10065 and UNCO VER-DR3-41096. UNCO VER-
R3-41096 also exhibits a reddened component beyond 3 μm.
NCOVER-DR3-12259 has a lower redshift and shows only

he Balmer br eak. UNC OVER-DR3-10065 and UNC OVER-DR3-
1096 were reported as unconfirmed broad-line active galactic
uclei (AGN) under the designations UNCOVER-DR1-571 and
NC OVER-DR1-20080, with r edshifts of 6.74 and 7.04, r espec-

ively (J. E. Greene et al. 2024 ). 
We measured the redshifts of these four galaxies using the iden-

ified spectral featur es. UNC OVER-DR3-9334 and UNCOVER-
R3-12259 have redshifts of 7.19 and 2.62, respectively, accord-

ng to our measurements. We also confirmed the redshifts of 
NCOVER-DR3-10065 and UNCOVER-DR3-41096 as measured
y J. E. Greene et al. ( 2024 ). 

.5 Comparison of stellar and galactic SED fitting 

s demonstrated in Section 2.4 , our candidate list is contami-
ated by high-r edshift g alaxies e xhibiting colours similar to those
f BDs. To identify additional potential contaminants among the
emaining eight candidates lacking NIRSpec spectra, we com-
ared the χ2 

V values from our VOSA stellar model SED fitting
Section 2.3 ) with the χ2 

E values from eazy galactic t emplat e SED
tting in the SUPER catalogue of UNCOVER DR3 (K. A. Suess
t al. 2024 ). 
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Table 1. JWST AB magnitudes of three known BDs and three new BD candidates in the UNCOVER field. 

UNCOVER ID F090W F115W F140M F150W F162M F182M F200W F210M 

UNCOVER-DR3 −44489 – 28.12 ± 0.15 – 27.91 ± 0.12 – – 27.87 ± 0.13 –
UNCOVER-DR3 −45661 29.30 ± 0.22 27.29 ± 0.05 29.67 ± 0.75 28.08 ± 0.09 27.44 ± 0.11 29.39 ± 0.35 28.75 ± 0.16 28.02 ± 0.15 
UNCOVER-DR3 −51651 – 28.03 ± 0.10 – 28.83 ± 0.26 – – 29.72 ± 0.44 –
UNCOVER-DR3 −7408 29.80 ± 0.52 27.35 ± 0.07 – 28.28 ± 0.17 – – 29.07 ± 0.21 –
UNCOVER-DR3 −8009 29.61 ± 0.29 27.80 ± 0.06 – 28.42 ± 0.13 – – 29.26 ± 0.16 –
UNCOVER-DR3 −59579 28.91 ± 0.33 28.07 ± 0.14 – 27.67 ± 0.14 – – 28.17 ± 0.15 –

Name F277W F300M F335M F356W F410M F444W F460M F480M 

UNCOVER-DR3 −44489 28.02 ± 0.10 – – 27.44 ± 0.04 26.95 ± 0.05 27.19 ± 0.06 – –
UNCOVER-DR3 −45661 29.00 ± 0.15 28.77 ± 0.20 29.47 ± 0.36 26.69 ± 0.03 26.80 ± 0.08 26.95 ± 0.03 27.41 ± 0.16 27.22 ± 0.12 
UNCOVER-DR3 −51651 29.24 ± 0.23 – – 27.69 ± 0.05 26.02 ± 0.18 25.61 ± 0.01 25.88 ± 0.25 –
UNCOVER-DR3 −7408 28.83 ± 0.13 – – 27.46 ± 0.04 25.54 ± 0.02 25.58 ± 0.01 – 25.69 ± 0.05 
UNCOVER-DR3 −8009 29.07 ± 0.14 – – 27.72 ± 0.04 26.17 ± 0.03 26.45 ± 0.02 – 26.67 ± 0.11 
UNCOVER-DR3 −59579 28.92 ± 0.27 – – 28.04 ± 0.14 – 27.90 ± 0.11 – –

Figure 3. Upper panel: JWST NIRSpec/PRISM spectrum and NIRCam 

photometry of the T6 dwarf standard SD1624. The transmission profiles 
of NIRCam filters used in the UNCOVER survey are shown below the 
spectrum. Lower panel: best -fitting solar -metallicity ATMO model ( T eff = 

1100 K, log g = 5 . 5 ) to the NIRCam photometry of SD1624 (red points). 

g  

b
o  

t  

g

(
t  

h  

f  

T  

t  

m
i

m
(  

t  

d

(  

m  

7
N  

G
t  

fi

U
s  

t  

t

3

A
n  

a
s  

c
w
f
t  

t  

f
Teff 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/547/1/stag227/8471544 by guest on 10 M
arch 2026
The χ2 
V and χ2 

E values of the best-fitting stellar models and 

alactic t emplat es ar e pr esented in Table A1 . Fig . A2 shows the
est-fitting stellar models (ATMO) and galaxy templates for five 
bjects. We employed eazy to fit the SEDs of these objects using
he fix ed r edshifts fr om UNC OVER DR3 to obtain the best-fitting
alaxy t emplat es. 

Our analysis revealed that one of these eight candidates 
UNCOVER-DR3-68341) was significantly better fitted by galaxy 
 emplat es than by stellar models ( χ2 

E < 0 . 5 χ2 
V ), indicating a

igher likelihood of being a galaxy rather than a BD. We there-
or e e x cluded UNC OVER-DR3-68341 fr om our BD candidate list.
he best-fitting galaxy t emplat e yields a χ2 

E value of 0.3, substan-
ially lower than the χ2 

V value of 9.3 for the best-fitting stellar
odel. This r esult str ongly suggests that UNC OVER-DR3-68341 

s a galaxy at a redshift of z ∼ 7 . 69 . 
UNC OVER-DR3-72947 and UNC OVER-DR3-3847 (Fig . A2 , 
iddle panels) were marginally better fitted by galactic templates 

 χ2 
E = 4.1, 4.0) than by stellar models ( χ2 

V = 5.3, 6.1). However,
hese differ ences ar e not statistically significant enough to draw
efinitive conclusions for these two objects. 
While UNCOVER-DR3-13700 and UNCOVER-DR3-15552 

Fig. A2 , bottom panels) showed significantly better fits to stellar
odels ( χ2 

V = 1.3, 1.4) than to galaxy templates ( χ2 
E = 19.4,

0.1), both sources suffer from poor detection quality in multiple 
IRCam images, as illustrated in the bottom panels of Fig. A2 .
iven these unreliable photometric measurements, we removed 

hem from our BD candidate list to ensure the robustness of our
nal sample. 
The r emaining thr ee candidates (UNC OVER-DR3-7408, 

NC OVER-DR3-8009, and UNC OVER-DR3-59579) wer e 
ignificantly bet ter fit ted by stellar models than by galaxy
 emplat es, suggesting a higher likelihood of being BDs rather
han galaxies. These objects are further discussed in Section 3 . 

 B RO  WN  D  WARF  C A N D I DAT E S  

fter applying our complete selection criteria, we identified three 
ew BD candidat es. JWST phot ometry for these three candidat es,
long with the three previously known UNCOVER BDs, is pre- 
ented in Table 1 . Fig. 4 (right panels) displays the SED fits and
orresponding JWST images for the three new BD candidates, 
hile Table 2 summarizes the atmospheric parameters derived 

rom their best-fitting ATMO models. We determined spectral 
ypes for these candidates by applying the T eff –spectral type rela-
ion from J. D. Kirkpatrick et al. ( 2021 ) to the T eff values obtained
rom our SED fitting. This analysis yielded two candidates with 

 consistent with T dwarfs and one consistent with L dwarfs. 
MNRAS 547, 1–14 (2026) 
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Figure 4. Best -fitting solar -metallicity ATMO models (blue spectra) to the observed SEDs (red points) of three known BDs (left-hand panels) and three 
new BD candidates (right-hand panels). JWST NIRCam postage stamp images (F090W , F115W , F150W , F200W , F277W , F356W , F444W; 1 arcsec ×
1 arcsec field of view) are shown below each corresponding SED, with north up and east to the left. Int erst ellar extinction ( A V ) was fixed at 0.0 for all fits. 
For UNCOVER-BD-1, NIRSpec spectr al fit ting (A. J. Burgasser et al. 2024 ) yields a best-fitting LOWZ model (A. M. Meisner et al. 2021 ) with T eff = 1300 
K, log g = 5 . 0 , and [M / H] = −1 . 0 . The best-fitting galaxy t emplat e t o UNCOVER-DR3-59579 is also ov erplott ed. 
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Table 2. VOSA and eazy SED fitting results of UNCOVER BDs to ATMO models and galaxy t emplat es. 

UNCOVER ID Name SpT 

a T eff (K) log g χ2 
V z χ2 

E 

UNCOVER-DR3 −44489 UNCOVER-BD −1 b L5.1 +1 . 5 
−1 . 3 1600 ± 134 5.0 14.8 6.97 67.4 

UNCOVER-DR3 −45661 UNCOVER-BD −2 b T5.8 ± 0.6 1000 ± 93 5.5 1.3 7.32 214.6 
UNCOVER-DR3 −51651 UNCOVER-BD −3 b T9.6 +0 . 8 

−0 . 7 500 ± 82 5.0 3.5 1.20 111.0 
UNCOVER-DR3 −7408 UNCOVER-BD −4 T9.1 +0 . 8 

−0 . 7 550 ± 82 5.0 6.7 1.10 216.5 
UNCOVER-DR3 −8009 UNCOVER-BD −5 T7.9 ± 0.7 700 ± 93 5.5 5.6 7.19 133.3 
UNCOVER-DR3 −59579 – L5.1 +1 . 8 

−1 . 5 1600 ± 167 5.0 0.7 6.97 16.2 
a Based on T eff in Fig. 4 and spectral type – T eff correlation (table 13, J. D. Kirkpatrick et al. 2021 ). 
b Known BDs confirmed by NIRSpec spectroscopy (A. J. Burgasser et al. 2024 ). 
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Fig. 1 shows the locations of our three new BD candidates and
he three known UNCOVER BDs in colour–colour space, demon- 
trating how they populate the region defined by our selection 

riteria. Fig. 6 shows the spectral type versus F277W − F444W
olour correlation for the three known BDs and the three new 

D candidat es compared t o predictions (table 2 of A. J. Burgasser
t al. 2024 ) based on atmospheric models with [M/H] = 0 and
M/H] = −0.5 (M. S. Marley et al. 2021 ). The successful recovery
f UNCOVER-BD-2 and UNCOVER-BD-3 validates our colour 
election methodology, while the identification of three addi- 
ional candidates with photometric properties consistent with 

ubstellar objects suggests that deeper JWST surveys will con- 
inue to reveal the faint, distant BD population. 

.1 Two robust T dwarf candidates 

NC OVER-DR3-7408 (her eafter UNC OVER-BD-4) r epr esents 
he coolest BD candidate in our sample (Fig. 4 , top-right panel).
he object is det ect ed across nine NIRCam bands from F090W

o F480M (Table 1 ) and exhibits the highest mid-infrared flux
mong our candidates in the F277W–F480M range. The best- 
tting ATMO 2020 model ( χ2 

V = 6.7) yields T eff = 550 K, corre-
ponding to a spectral type of T9.1 +0 . 8 

−0 . 7 for field dwarfs. This stellar
odel significantly outperforms the eazy galaxy fit ( z = 1.10, χ2 

E 
 216.5), strongly supporting a BD interpretation. The object’s 

r ominent mid-infrar ed e x cess closely r esembles the spectral
haracteristics of confirmed late-T dwarfs such as UNCOVER- 
D-3 (A. J. Burgasser et al. 2002 ), leading us t o designat e it as
NCOVER-BD-4. 
UNC OVER-DR3-8009 (her eafter UNC OVER-BD-5) also ex- 

ibits robust detections across nine NIRCam bands from F090W
o F480M (Table 1 ). The best-fitting ATMO 2020 model ( χ2 

V = 5.6)
ndicates T eff = 700 K, providing a substantially better fit than the
azy galaxy t emplat e ( z = 7.19, χ2 

E = 133.3). The object’s SED,
articularly its enhanced mid-infrared flux, displays the charac- 
eristic profile of a T dwarf (Fig. 4 , middle-right panel). Based on
hese compelling photometric properties, we designate this object 
s UNCOVER-BD-5. The T eff (700 K) of UNCOVER-BD-5 corre- 
ponds to a spectral type of T7.9 ± 0.7 for field dwarfs. We note
hat the bright source west of UNCOVER-BD-5 is a back gr ound
tar at a photometric distance of several tens of kiloparsecs. 

.2 A possible L subdwarf 

NCOVER-DR3-59579 shows a significantly better fit to stellar 
odels than to galaxy templates (Fig. 4 , bottom-right panel). Its

ED displays a V-shaped profile similar to that of UNCOVER- 
D-1, with a flux minimum at F277W. Although the absence of 
410M phot ometry prev ents full charact erization of the 4 μm
eak, the object exhibits clear detections across most NIRCam 

ands, supporting its classification as a BD candidat e. Not e that
he F090M band flux is not included in the SED fitting because it
ppears undet ect ed in the F090W band image. 

UNC OVER-DR3-59579 shar es notable similarities with 

NCOVER-BD-1, the T1 subdwarf with T eff = 1300 K and 

M/H] = −1 beyond the thick disc (A. J. Burgasser et al. 2024 ).
he best-fitting solar-metallicity ATMO model yields T eff = 

600 K for UNC OVER-DR3-59579, corr esponding to a spectral 
ype of L5.1 +1 . 5 

−1 . 3 for field L dwarfs. How ev er, its Galactic height
 Z = −2719 −498 

+421 pc; Section 4.1 ) beyond the thick disc and
pectral similarities to UNCOVER-BD-1 suggest it may possess 
ubsolar metallicity . Consequently , its true T eff could be cooler
han indicated by solar-metallicity models, potentially placing it 
n the late-L or early-T subdwarf regime. 

.3 SED fitting to low metallicity models 

he newly identified distant UNCOVER BDs may possess subso- 
ar metallicities, as both UNCOVER-BD-1 and UNCOVER-BD-3 
re confirmed to be metal-poor . W e fitted the SEDs of the UN-
OVER BDs listed in Table 1 to LOWZ models, which incorporate

ubsolar metallicity atmospheres (A. M. Meisner et al. 2021 ). The
OWZ models span a T eff range from 500 to 1600 K. Since the

nformation that can be derived from broad-band SEDs is limited 

ue to their inherently low spectral resolution, we constrained 

he ranges of several insensitive paramet ers. We adopt ed a fixed
og K zz = 2.0, which has a relatively minor impact on spectral
rofile variations. We restricted our analysis to models with C/O 

atios of 0.1 and 0.55, as metal-poor BDs t end t o exhibit low er C/O
alues (e.g. Wolf 1130C; A. J. Burgasser et al. 2025 ). We limited the
etallicity range to −2 . 0 ≤ [M/H] ≤ 0 . 0 , int erpolat ed t o st eps of 

.1 dex. We employed only models with fixed log g values of 5.0,

.25, and 5.5 dex. As distant T dwarfs, these UNCOVER BDs are
ery likely more massive than 0.03 M � and older than 1 Gyr (e.g.
g. 5; Z. H. Zhang et al. 2019 ), implying log g ≥ 5 . 0 de x accor ding

o the Sonora Bobcat models (M. S. Marley et al. 2021 ). 
To fit the observed SEDs of these UNCOVER BDs, we first

onv olv ed the LOWZ model spectra through the relevant filter
andpasses to obtain the corresponding synthetic photometry. 
e then fitted these model SEDs to the observed SEDs of the UN-
OVER BDs. The best-fitting model for each object was selected 

ased on the minimum χ2 
L across all fits. Fig. 5 presents the best-

tting LOWZ models to the SEDs of these UNCOVER BDs. Three
pectroscopically confirmed UNCOVER BDs are included in our 
tting sample for method validation and comparison. The fitting 
 esults ar e pr esented in Table 3 . 
MNRAS 547, 1–14 (2026) 
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M

Figur e 5. Best-fitting L OWZ models (black lines and diamonds) to the SEDs (r ed cr osses) of thr ee known BDs (left panels) and three BD candidates 
(right panels). The model parameters T eff , log g, [M/H], C/O, and log 10 K zz (fixed at 2.0), along with the χ2 

L values of the fits, are indicated. 
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The SED fitting result ( T eff = 1000 K, log g = 5.25, [M/H] =

.0) by LOWZ models for UNCOVER-BD-2 is consist ent t o that
f spectr al fit ting (A. J. Burgasser et al. 2024 ) and VOSA fitting
esult by ATMO models (Fig. 4 ). This is partially due to the wide
av elength cov erage of JWST filt ers from F090W t o F480M. Mid

 o lat e-T dwarfs also hav e mor e distinguishable featur es than
arlier type BDs. 

The subsolar metallicity of UNCOVER-BD-3 suggested by
pectr al fit ting (A. J. Burgasser et al. 2024 ) is not r ecover ed in our
ED fitting to LOWZ models. The best-fitting LOWZ model ( T eff 
 500 K, log g = 5.0, [M/H] = 0.0) also favours a slightly cooler

emperature. 
The best-fitting LOWZ model ( T eff = 600 K, log g = 5.25,

M/H] = 0.0) suggests solar metallicity for UNCOVER-BD-4,
NRAS 547, 1–14 (2026) 
hich is slightly warmer than UNCOVER-BD-3. The fitting re-
ult for UNCOVER-BD-4 should be more reliable than that for
NCOVER-BD-3 owing to its brighter magnitudes and the ad-
itional F090W band measurement. The derived T eff of 600 K
orresponds to a spectral type of T8.7 according to the spectral
ype–T eff relation (J . D . Kirkpatrick et al. 2021 ). This T eff is slightly
ower than that indicated by the F277W−F444W versus T eff corre-
ation (Fig. 6 a). The same discrepancy is observed for UNCOVER-
D-3. The F277W−F444W versus spectral type correlation in
ig. 6 (b) suggests that UNCOVER-BD-4 has a spectral type of 
T8, as it exhibits a slightly bluer F277W−F444W colour than

he T8–T9 type UNCOVER-BD-3. Since F277W−F444W colour
s a more direct observable than T eff , we adopt this spectral type
stimate. 
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Figur e 6. Model-pr edicted corr elations between T eff , spectral type, M F444W 

, M F277W 

, and F277W−F444W colour (table 2 of A. J. Burgasser et al. 2024 ). 
Black solid lines indicate [M/H] = −0 . 5 , while red dashed lines indicate [M/H] = 0 . BDs from Table 1 are ov erplott ed as circles (from A. J. Burgasser et al. 
2024 ) and diamonds (this work). BDs with solar and subsolar metallicities are plotted in red and black, r espectively. Open cir cles indicate alternative T eff 
values derived from spectral fitting (A. J. Burgasser et al. 2024 ). 

Table 3. Best-fitting LOWZ models to SEDs of UNCOVER BDs. The log K zz is fixed to 2.0. 

Name RA DEC T eff (K) [M/H] log g C/O χ2 
L SpT d (pc) a Z (pc) b 

UNCOVER-BD −1 3.537529188 −30.37016711 1400 −1 . 0 5.0 0.1 4.75 sdT1 ±1 c 2559 +311 
−277 −2102 −255 

+228 
UNCOVER-BD −2 3.546419158 −30.36624575 1000 0.0 5.25 0.55 1.82 T6 ±0.5 c 1426 +187 

−165 −1171 −154 
+136 

UNCOVER-BD −3 3.513893611 −30.35602421 500 0.0 5.0 0.55 4.38 T8.5 ±1 c 535 +84 
−73 −439 −69 

+60 
UNCOVER-BD −4 3.606273944 −30.44019765 600 0.0 5.25 0.55 7.32 T8 ±1 d 527 +66 

−59 −433 −54 
+48 

UNCOVER-BD −5 3.610599496 −30.43831400 750 −0 . 3 5.25 0.55 6.57 T7 ±1 d 1052 +135 
−119 −864 −111 

+98 
UNCOVER-DR3 −59579 3.510205211 −30.34087041 1600 −0 . 9 5.0 0.55 0.65 L7 ±1 e 3311 +607 

−513 −2719 −498 
+421 

a Based on correlations between spectral types and F444W-band absolute magnitudes (A. J. Burgasser et al. 2024 ). 
b Galactic height. 
c Classified by NIRSpec spectra (A. J. Burgasser et al. 2024 ). 
d Derived by F277W − F444W versus spectral type correlation in Fig. 6 -b. 
e Derived by spectral type–T eff correlation for L subdwarfs (Z. H. Zhang et al. 2018 ). 
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UNCOVER-BD-5 also benefits from full F090W to F480M band 

over age. The best-fit ting LOWZ model ( T eff = 750 K, log g = 5.25,
M/H] = −0 . 3 ) indicates subsolar metallicity for UNCOVER- 
D-5. This metallicity is consistent with thick disc membership, 
hich is further supported by its Galactic height ( Z = −864 +98 

−111 
c; see Section 4.1 ). A T eff of 750 K corresponds to a spectral
ype of T7.5 for field BDs. The F277W−F444W versus spec- 
ral type correlation in Fig. 6 (b) suggests a T7 classification for
NCOVER-BD-5. Considering the subsolar metallicity inferred 

rom its best-fitting model, we classify UNCOVER-BD-5 as a T7 
ubdwarf. 

The SED fitting to LOWZ models for UNCOVER-BD-1 yields 
 eff = 1400 K, log g = 5.25, and [M/H] = 0.0, r epr esenting a higher
emperature and identical metallicity compared to the spectral 
MNRAS 547, 1–14 (2026) 
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Figur e 7. Thr ee-dimensional distribution of BDs in Galactic coordi- 
nates, showing three known BDs (black crosses) and three new BD candi- 
dates (r ed cr osses) identified in the UNC OVER field (see Table 2 ). Galactic 
heights (3.7, 1.9, 0.7 kpc) of known BDs are based on their spectroscopic 
distances (A. J. Burgasser et al. 2024 ). Galactic heights of new BD can- 
didates are based on their photometric distances (Table 2 ). The viewing 
angle is set at azimuth = 280 ◦ and elevation = 6 ◦. Black and red points 
indicate the projections of these objects on to the Galactic plane ( X –Y ). 
The Galactic Centre is located at the origin (0, 0, 0), while the Sun’s posi- 
tion is marked by an orange filled circle at (8 . 178 , 0 , 0 . 021) kpc (GRAVITY 

Collaboration 2019 ). The inclined black ring with radius 8.178 kpc traces 
the Solar circle in the Galactic plane. The green and cyan rings mark the 
lower boundaries of the Galactic thin disc at Z = −0 . 4 kpc and thick disc 
at Z = −1 . 0 kpc, respectively. 

Figure 8. Common footprint (grey dots) with F277W, F444W, and 
F115W/F150W band photometry in the ‘SUPER ’ catalogue of UNCO VER 

and MegaScience DR3. Known BDs and new candidates in Table 2 are 
highlighted with red dots. 
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tting result (A. J. Burgasser et al. 2024 ). The best-fitting LOWZ
odel for UNCOVER-DR3-59579 ( T eff = 1600 K, log g = 5.0,

M/H] = −0 . 9 ) suggests subsolar metallicity, whilst yielding the
ame T eff as derived from the solar-metallicity ATMO model fit-
ing. This best-fitting model corresponds to a spectral type of sdL7
ccording to the spectral type–T eff relation for L subdwarfs (e.g.
g. 4; Z. H. Zhang et al. 2018 ). We retain UNCOVER-DR3-59579
s a BD candidate, as the characteristic 4 μm flux peak cannot be
erified due to the absence of F410M band measurements. 

 G  A L ACT I C  D I S  T R I B U T I O N  

.1 Photometric distance 

ig. 6 (c) demonstrates that the F277W−F444W colour is well
orrelated with the F444W-band absolute magnitude ( M F444W 

).
e ther efor e used the F277W−F444W colours of these UN-
OVER BDs t o deriv e their M F444W 

values, and subsequently
stimat ed phot ometric distances by combining their observed
444W-band magnitudes with the M F444W 

corresponding to their
277W−F444W colours. These photometric distances are indi-
ated in Fig. 6 (c) and listed in Table 3 . 

The distance distribution of our candidates spans appr o xi-
ately 0.5–3.3 kpc and exhibits an inverse correlation with T eff .

his tr end r eflects the survey’s sensitivity limits, which constrain
he maximum detectable distance for BDs and decrease for cooler
bjects. Fig. 7 illustrates the Galactic distribution of these can-
idat es relativ e t o the Galactic Centre, the Sun, and the Milky
ay’s thin and thick discs. The two robust T dwarf candidates,
NC OVER-BD-4 and UNC OVER-BD-5, have Galactic heights of 
 = −433 −54 

+48 and −864 −111 
+98 pc, respectively, placing them near

he outer boundaries of the thin and thick discs. Notably, the L
ubdwarf candidate UNCOVER-DR3-59579 lies far beyond the
hick disc boundary. The metallicities of these three new BD
andidates, as inferred from the best-fitting LOWZ models, are
onsistent with their membership in the Galactic thin disc, thick
isc, and halo, respectively. 

.2 Survey area and depth 

o estimate the surface and space density of BDs in UNCOVER,
 e comput ed the footprint of the common ar ea cover ed by the
277W , F444W , and F115W/F150W band mosaic images in DR3
f the UNCOVER and MegaScience surv eys. Cov erage in these
ands is necessary for our initial colour selection (Fig. 1 ). We
uantified the footprint of the DR3 mosaic images via FITS
eader metadata and pixel data properties (R. Bezanson et al.
024 ; K. A. Suess et al. 2024 ). The per-pixel solid angular area
as calculated from the determinant of the WCS CD matrix el-

ments in the FITS primary header, which describe the linear
ransformation fr om pix el coor dinat es t o celestial coordinat es. As
he UNC OVER observations ar e arranged in a mosaic containing
ome unobserved/blank pixels, we masked the imaging array to
etain only valid observed pixels. We multiplied the number of 
alid pixels by the single-pixel angular area, obtaining a total
ffective sky coverage of 53.4 arcmin 

2 (see Fig. 8 ). 
Reliable identification of photometric candidates of T dwarfs in

NC OVER r equir es r obust detections across multiple NIRCam
ands, particularly in F277W where T dwarfs are faintest. Con-
equently, we define the survey depth using the F277W magni-
ude of the faintest object in our sample (UNCOVER-BD-3 with
277W = 29.24 AB mag) rather than the nominal UNCOVER
NRAS 547, 1–14 (2026) 
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Table 4. Space density of T5 + dwarfs based on two new robust BD 

candidates and two known BDs in the UNCOVER field. 

T eff 
a d max Z max Count Density b Density-K 

c 

(K) (kpc) (kpc) ( 10 −3 pc −3 ) ( 10 −3 pc −3 )

(900, 1050] 2.6 2.2 1 0.04 1.72 
(750, 900] 2.0 1.6 0 – 1.99 
(600, 750] 1.3 1.1 1 0.30 2.80 
(450, 600] 0.7 0.6 2 3.76 4.24 

SpT 

T5-5.9 2.6 2.2 0 – 1.18 
T6-6.9 2.0 1.6 1 0.09 1.45 
T7-7.9 1.3 1.1 1 0.30 1.52 
T8-8.9 0.7 0.6 2 3.76 3.54 
T9-9.9 0.3 0.2 0 – 1.86 
a The survey depth is defined by the faintest object in the sample (F277W 

= 29.24 for UNCOVER-BD −3). 
b Results from this paper. 
c Density based on BD sample within 20 pc of the Sun (table 15, J. D. 
Kirkpatrick et al. 2021 ). 
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imiting magnitudes. Fig. 6 (d) shows the F277W−F444W ver- 
us M F277W 

correlation, with UNCOVER BDs ov erplott ed using 
277W-band magnitudes adjusted for their respective distances. 

.3 Surface and space number densities 

ith the five T dwarfs identified in the UNCOVER field–
wo from this work (UNC OVER-BD-4, UNC OVER-BD-5) and 

hr ee fr om pr evious studies (UNC OVER-BD-1, UNC OVER- 
D -2, UNCOVER-BD -3), w e det ermine a surface density of 
.094 arcmin 

−2 over a covered area of 53.4 arcmin 

2 , to a limiting
epth of F277W = 29 . 24 mag (or F115W = 28 . 03 mag, based on
NC OVER-BD-3). This r esult can be compar ed with pr edictions
y C. Aganze et al. ( 2022 ), who employed the evolutionary models
f A. Burrows et al. ( 2001 ) and I. Baraffe et al. ( 2003 ) to estimate
urface densities of 0.18 and 0.17 arcmin 

−2 for field T dwarfs out
o 400 pc in the JWST /PASSAGE survey fields (A. Runnholm et al.
025 ), assuming a limiting depth of F115W = 27 mag (AB). How-
ver, direct comparison requires careful consideration of several 
actors, including Galactic latitude, Galactic height distribution, 
nd survey depth. 

Our measured surface density is approximately a factor of two 
ower than the C. Aganze et al. ( 2022 ) predictions, despite our
urvey being one magnitude deeper in the F115W band. This ap- 
ar ent discr epancy can be attribut ed t o differences in the sampled
alactic heights: whilst the C. Aganze et al. ( 2022 ) predictions

re limited to distances within 400 pc of the Galactic plane, all
 dwarfs in our sample hav e estimat ed Galactic heights beyond
00 pc, where the stellar density is expected to decline. Additional 
ystematic uncertainties in the C. Aganze et al. ( 2022 ) predictions
ay arise from the adopted Galactic density parametrization, 

he evolutionary models employed, and the assumed absolute 
agnitude–spectral type relations. Despite these differences, our 
easur ement r emains consistent with the C. Aganze et al. ( 2022 )

redictions at the order-of-magnitude level, particularly when 

ccounting for the substantial uncertainties arising from small 
umber statistics. 
Table 4 compares the space density of T5-T9 dwarfs within 

he UNCOVER detection cone – including UNCOVER-BD-2 and 

NC OVER-BD-3 fr om A. J. Burg asser et al. ( 2024 ) – with the local
opulation within 20 pc (J. D. Kirkpatrick et al. 2021 ), as a func-
ion of T eff and spectral type. The number density of T5–T7 dwarfs
n the UNCOVER cone ext ending t o 2.3 ∼2.0 kpc is substantially
ower than in the 20 pc sample, with only UNCOVER-BD-2 rep-
esenting this spectral range. Similarly, the T7 dwarf density out 
o ∼1.5 kpc falls significantly below solar neighbourhood values, 
 epr esented solely by UNCOVER-BD-5. In contrast, the T8-T8.9 
w arf density appears compar able to local v alues. This suggests
hat the number density of T8-T8.9 dwarfs remains relatively con- 
tant throughout the thick disc. This trend may partially reflect 
he extended cooling time-scales of thick disc BDs, most of which
av e ev olv ed t o lat e-T spectral types (e.g . fig . 5 in Z. H. Zhang et
l. 2019 ). 

 SUMMARY  AND  CONCLUSIONS  

e conducted a systematic search for BD candidates in the JWST
NC OVER and Meg aScience surveys. Our methodology com- 
rised initial colour-based selection, followed by SED fitting to 
tellar models using VOSA and to high-redshift galaxy t emplat es
sing eazy . Thr ough ar chival sear ches on MAS T, we identified

our high-redshift galaxies via their NIRSpec spectra. Notably, the 
EDs of these four galaxies showed better fits to stellar models
han to galaxy templates, demonstrating the challenge of distin- 
uishing BDs with T eff � 900 K (spectral types earlier than T5)
r om high-r edshift g alaxies using NIRCam photometry alone. 

Our analysis identified a robust T8 dwarf candidate 
UNC OVER-BD-4), a r obust T7 subdwarf candidate (UNC OVER- 
D-5), and a possible L subdwarf candidate (UNCOVER-DR3- 
9579) in the UNCOVER DR3 catalogues. The two T dwarfs 
eside near the boundary between the Galactic thin and thick 

iscs. UNCOVER-DR3-59579, with a Galactic height of 2.7 kpc, 
ies well within the Galactic halo. UNCOVER-DR3-59579 
 xhibits SED featur es similar to UNC OVER-BD-1. Best-fitting
OWZ model suggesting it may be an late-L subdwarf. 
In the UNCOVER field, we determine a T dwarf surface density

f 0.094 arcmin 

−2 to a limiting depth of F115W = 28.03 mag,
ower than pr evious pr edictions but consistent at the order-of-

agnitude level. We also calculated BD space number densities 
ithin the UNCOVER detection cone. The number density of 
5–T6.9 dwarfs extending to 2.2 ∼1.6 kpc falls substantially be- 

ow solar neighbourhood values. The T7 dwarf density out to 
.1 kpc, while slightly higher, remains significantly lower than 

ocal measurement. Conversely, the number density of T8–T8.9 
warfs within the thick disc appears comparable to solar neigh- 
ourhood values. 

This study demonstrates the capability of JWST deep surveys 
o identify distant, cool substellar objects. Spectroscopic confir- 

ation and characterization of these candidates will refine dis- 
ance constraints and provide crucial insights into the Galactic 
istribution and properties of BDs, advancing our understanding 
f substellar formation and evolutionary processes. 
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P P E N D I X  A:  H I G H - R E D S H I F T  GAL A X I E S  

ND  AMBIGUOUS  OBJECTS  

able A1 presents four spectroscopically confirmed high-
 edshift g alaxies and one str ong phot ometric candidat e galaxy
UNCOVER-DR3-68341), as well as four ambiguous objects
UNC OVER-DR3-72947, UNC OVER-DR3-3847, UNC OVER-
R3-13700, and UNCOVER-DR3-15552) for which the
hotometry cannot reliably distinguish between high-redshift
alaxies and BDs. Notably, the SEDs of the confirmed galaxies
how better fits to substellar atmosphere models than to
alaxy t emplat es (Table A1 ), highlighting the limitations of 
D identification based solely on NIRCam photometry. The
IRSpec spectra of the four confirmed galaxies are displayed in
ig. A1 , while the SEDs of the other five objects are shown in
ig. A2 . 
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Table A1. NIRCam photometry of four spectroscopically confirmed high-redshift galaxies (rows 1–4) and one strong phot ometric candidat e galaxy 
(row 5), as well as four ambiguous objects (rows 6–9). The χ2 

V is for best ATMO model in VOSA SED fitting. The χ2 
E is for best galaxy t emplat e in eazy 

SED fitting. 

UNCOVER ID RA DEC F115W F150W F277W F444W χ2 
V χ2 

E z 

UNCOVER-DR3 −9334 3.580667631 −30.43479796 28.37 ± 0.19 28.32 ± 0.19 28.56 ± 0.13 27.45 ± 0.08 6.7 21.3 7.19 
UNCOVER-DR3 −10065 3.592419869 −30.43282806 28.52 ± 0.12 28.81 ± 0.18 28.68 ± 0.09 27.42 ± 0.04 18.0 39.5 6.73 
UNCOVER-DR3 −12259 3.571444921 −30.42698725 29.80 ± 0.60 28.34 ± 0.16 28.44 ± 0.15 27.31 ± 0.08 5.6 22.3 2.62 
UNCOVER-DR3 −41096 3.569595059 −30.37322117 28.44 ± 0.17 28.66 ± 0.17 28.87 ± 0.17 26.74 ± 0.03 24.4 31.3 7.04 
UNCOVER-DR3 −68341 3.466752147 −30.32039061 28.21 ± 0.13 28.03 ± 0.13 28.08 ± 0.11 27.04 ± 0.03 9.3 0.3 7.69 
UNCOVER-DR3 −72947 3.504801197 −30.30183467 28.93 ± 0.19 28.60 ± 0.22 28.83 ± 0.15 27.73 ± 0.04 5.3 4.1 8.19 
UNCOVER-DR2 −3847 3.603160115 −30.42908969 28.99 ± 0.41 29.36 ± 0.48 30.15 ± 0.66 28.54 ± 0.28 6.1 4.0 2.00 
UNCOVER-DR3 −13700 3.616062090 −30.42332913 29.01 ± 0.33 29.13 ± 0.56 29.72 ± 0.31 28.65 ± 0.17 1.3 19.4 7.30 
UNCOVER-DR3 −15552 3.608268145 −30.41879402 29.30 ± 0.28 31.62 ± 1.59 30.20 ± 0.36 28.81 ± 0.16 1.4 70.1 8.07 

Figure A1. NIRSpec spectra of four high-redshift galaxies. Identified redshifted spectral features Ly α λ1216 , [Ne iii ] λ3869 , H γ , H β, [O iii ] λ5007 , H α, 
and the Balmer break are indicated at the top of each panels. Their JWST images ( 1 arcsec on a side; north up, east to the left) are displayed at the bottom 

of each panel with filter names labelled. 
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Figure A2. The best-fitting galaxy and substellar models to the SEDs of one strong high-redshift galaxy candidates (top panel) and four ambiguous 
objects (middle and bottom panels). Their JWST images ( 1 arcsec on a side; north up, east to the left) are displayed at the bottom of each panel with filter 
names labelled. 
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