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ABSTRACT

Context. The James Webb Space Telescope (JWST) has uncovered a diverse population of extreme near-infrared dropouts, including ultra-high-
redshift (z > 15) galaxy candidates, dust-obscured galaxies challenging theories of dust production, sources with strong Balmer breaks (possibly
compact active galactic nuclei in dense gas-rich environments), and cold, substellar Galactic objects.
Aims. This work presents Capotauro, a F356W-dropout identified in the CEERS survey with a F444W AB magnitude of ∼27.68 and exhibiting
a sharp flux drop by >3 mag between 3.5 and 4.5 µm, being nondetected below 3.5 µm. We investigated its nature and constrained its properties,
paving the way for follow-up observations.
Methods. We combined JWST/NIRCam, MIRI, and NIRSpec/MSA data with HST/ACS and WFC3 observations to perform a spectrophotometric
analysis of Capotauro using multiple SED-fitting codes. Our setup is tailored to test z ≥ 15 as well as z < 10 dusty, Balmer-break or strong-line
emitter galaxy solutions, and the possibility of Capotauro being a Milky Way substellar object.
Results. Among extragalactic options, our analysis favors interpreting the sharp flux drop of Capotauro as a bright (MUV ∼ −21.5) Lyman
break at z ∼ 32, consistent with the formation epoch of the first stars and black holes, with only ∼0.5% of the redshift posterior volume lying
at z < 25. Lower-redshift solutions struggle to reproduce the extreme break, suggesting that if Capotauro resides at z < 10, it must show a
nonstandard combination of high dust attenuation and/or prominent Balmer breaks, making it a peculiar interloper. Finally, our analysis indicates
that Capotauro’s properties could be consistent with it being a very cold (i.e., Y2-Y3 type) brown dwarf or a free-floating exoplanet with a record-
breaking combination of low temperature and large distance (Teff ≤ 300 K; d & 130 pc, up to ∼2 kpc).
Conclusions. While present observations cannot determine Capotauro’s nature, our analysis points to a remarkably unique object in all plausible
scenarios. This makes Capotauro stand out as a compelling target for follow-up observations.
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1. Introduction

The James Webb Space Telescope (JWST; Gardner et al.
2006, 2023) has greatly enhanced our ability to identify
and characterize faint near-infrared (NIR) dropout sources,
objects that drop out of detection in the bluest available NIR
filters. Due to JWST’s unparalleled sensitivity at wavelengths
>2 µm, NIR dropout selections have become a powerful tool
for uncovering new classes of objects that were previously
inaccessible. Indeed, JWST NIR dropout searches success-
fully pushed Lyman-break galaxy confirmations to z ∼ 14
(Carniani et al. 2024; Naidu et al. 2025b), spurring efforts to
extend dropout selections into even redder JWST/NIRCam
bands in search of ultra-high-redshift (z & 15) candidates
(Yan et al. 2023; Austin et al. 2023; Harikane et al. 2023;
Donnan et al. 2023; Pérez-González et al. 2023; Kocevski et al.
2025; Pérez-González et al. 2025; Castellano et al. 2025;
Gandolfi et al. 2026; Whitler et al. 2025). Although some mod-
els, such as FLARES (Lovell et al. 2021; Wilkins et al. 2023),
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are able to reproduce the observed number densities up to at least
z < 13 without enhancements, the observed excess of bright
galaxies at z > 9 (e.g., Naidu et al. 2022; Castellano et al. 2022;
Sun et al. 2023; Finkelstein et al. 2023, 2024) could still point to
processes such as enhanced star formation efficiency, a different
initial mass function (IMF), rapid baryon assembly (e.g., weak
feedback), bursty and/or stochastic star formation, or low dust
attenuation (Dekel et al. 2023; Ferrara et al. 2023; Ciesla et al.
2024; Lapi et al. 2024; Trinca et al. 2024; Yung et al. 2024a;
Ferrara et al. 2025; Mauerhofer et al. 2025; Somerville et al.
2025). If such mechanisms are already in place by z ∼ 9−10,
then the detection of candidates at z ≥ 15 could provide critical
insights into the underlying physics responsible for this excess.

However, given the depth of current surveys, the selec-
tion of ultra-high-redshift candidates (expected to appear as
dropouts at λ & 2 µm in JWST/NIRCam imaging) is complicated
by contamination from lower-redshift sources. Via diverse and
often astrophysically interesting mechanisms, several classes
of foreground objects can produce a sharp decrease in flux
at the short-wavelength end of their NIR emission, mimicking
a Lyman break and, in general, reproducing the photometric
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signatures expected for z ≥ 15 objects (e.g., Vulcani et al. 2017;
Gandolfi et al. 2026; Castellano et al. 2025).

Among the potential interlopers, sources with substantial
dust obscuration can appear as NIR dropouts, despite residing
at z � 15. The high-extinction–low-mass (HELM) systems
(Bisigello et al. 2023, 2025, 2026) exhibit low stellar masses
(〈log M∗/M�〉 ∼ 7.3) but extreme dust attenuation (〈AV〉 ∼ 4.9),
which challenges the conventional expectation that dust content
scales positively with stellar mass if dust was produced predomi-
nantly by evolved stars and supernovae (Scalo & Slavsky 1980).
Indeed, the NIR color-magnitude properties of HELM galaxies
can overlap with those expected for ultra-high-redshift objects
(Gandolfi et al. 2026; Castellano et al. 2025), with the first typ-
ically residing at z < 1, with a tail extending up to z ∼ 7
(Bisigello et al. 2026). At the opposite extreme in terms of stellar
mass, F200W-dropout searches have also revealed JWST/MIRI-
detected red monsters at z & 6, suggesting that massive heavily
obscured systems with substantial dust reservoirs were already
in place at early cosmic epochs (Rodighiero et al. 2023).

At the same time, ultra-high-redshift object searches may
be contaminated by foreground sources with sharp Balmer
breaks, originating from mature stellar populations or, per-
haps, from even more exotic mechanisms. Indeed, JWST
has recently revealed a number of compact objects featuring
extremely sharp Balmer breaks (Wang et al. 2024; Kokorev et al.
2024; Matthee et al. 2024; Weibel et al. 2025; de Graaff et al.
2025b; Naidu et al. 2025a; de Graaff et al. 2025a; Taylor et al.
2025; Hviding et al. 2025). With effective radii typically below
100 pc, some of these sources are related to the mysterious
little red dots (LRDs), a population of very compact, red
objects uncovered by JWST (Barro et al. 2024; Kocevski et al.
2025; Guia et al. 2024; Euclid Collaboration: Bisigello et al.
2026; Kocevski et al. 2025), whose spectral energy distributions
(SEDs) are often misfit for ultra-high-z galaxies when dedi-
cated templates are not used to fit their properties (Hviding et al.
2025). Intriguingly, LRDs featuring sharp Balmer breaks dis-
play broad H and He emission and feature weak metal lines,
a spectrum difficult to reconcile with evolved stellar popula-
tions. Instead, these sources could be powered by a central ion-
izing engine – such as a super-Eddington accreting black hole
embedded in hot, dense gas – and could feature a broad-line
region resembling a stellar atmosphere (Madau & Haardt 2024;
Lambrides et al. 2024; Pacucci & Narayan 2025). Recent liter-
ature examples of such candidates include the Cliff at zspec =

3.55 (de Graaff et al. 2025a), MoM-BH*-1 at zspec = 7.76
(Naidu et al. 2025a) and CAPERS-LRD-z9 at zspec = 9.288
(Taylor et al. 2025).

Another well-known class of contaminants in z ≥ 15
galaxy searches are strong line emitters, which are foreground
galaxies whose intense nebular emission lines in the NIR can
dominate broadband fluxes and mimic the photometric contin-
uum expected from ultra-high-redshift sources. A prominent
example is CEERS-93316, which was initially identified as a
zphot ∼ 16 candidate based on its JWST/NIRCam photometry
(Donnan et al. 2023; Harikane et al. 2023; Pérez-González et al.
2023), but later confirmed via spectroscopic follow-up to lie at
zspec ∼ 4.9 (Arrabal Haro et al. 2023).

Finally, cold substellar Milky Way objects such as brown
dwarfs (BDs), characterized by sharp atmospheric molecular
absorption features (Wilkins et al. 2014; Langeroodi & Hjorth
2023; Holwerda et al. 2024; Hainline et al. 2024; Euclid
Collaboration: Weaver et al. 2025; Euclid Collaboration:

Žerjal et al. 2026; Euclid Collaboration: Mohandasan et al.
2025; Euclid Collaboration: Dominguez-Tagle et al. 2025;
Luhman 2025), can mimic the photometric signatures of
extragalactic NIR dropouts such as dusty sources (e.g.,
Holwerda et al. 2024) and, less prominently, LRDs (with sample
contamination of up to 20%; e.g., Pérez-González et al. 2024,
although other works find this contamination to be negligi-
ble; Hviding et al. 2025; Greene et al. 2025), as well as those
expected for ultra-high-redshift galaxies. While Milky Way sub-
stellar objects with temperatures of &400–500 K exhibit a char-
acteristic drop-off at ∼4 µm, they can typically be distinguished
from ultra-high-redshift galaxy candidates due to their residual
emission around 1 µm (e.g., Holwerda et al. 2024; Leggett 2024;
Tu et al. 2025). However, this identification becomes more chal-
lenging for colder substellar objects, where the flux at bluer
NIR wavelengths vanishes, leaving behind a sharp break in the
SED that can mimic the signature of a ultra-high-redshift source.
Searches for BDs were previously limited to the solar neigh-
borhood (i.e., up to ∼20 pc; Chen et al. 2025). However, thanks
to its sensitivity in the NIR, JWST has opened a new window
for BD searches in the Milky Way’s thick disk and halo (e.g.,
Nonino et al. 2023; Langeroodi & Hjorth 2023; Burgasser et al.
2024; Hainline et al. 2025; Morrissey et al. 2025).

In summary, the diverse and often astrophysically intrigu-
ing nature of all the contaminants discussed above underscores
the challenge of reliably distinguishing genuine z ≥ 15 sources
from interlopers while relying on photometric data alone in NIR
dropout searches. As a result, any robust search for ultra-high-
redshift galaxies must carefully account for these interlopers,
even when they occupy a narrow region of parameter space.

Here we present a spectrophotometric study of Capotauro1

(RA = 214.887376, Dec = 52.797809), an F356W-dropout found
in the Cosmic Evolution Early Release Science (CEERS) sur-
vey, originally included in the sample by Gandolfi et al. (2026)
(ID U-100588). Capotauro is robustly detected only in the two
reddest available JWST/NIRCam bands (F410M, S/N ∼ 4.6
and F444W, S/N ∼ 12.5; see Table A.1), with no detec-
tion in any other JWST/NIRCam, MIRI, or HST/ACS or
WFC3 band. Capotauro’s photometry is also complemented by
a short-exposure (∼ 0.8h) JWST/NIRSpec PRISM spectrum.
We explore whether this combination of photometry and spec-
troscopy may be compatible with an ultra-high-redshift galaxy
or a lower-redshift object (i.e., an extreme Balmer-break system,
a strong-line emitter, a dusty source or a combination of these) or
even a Milky Way substellar object. We assess each of these sce-
narios against the current available dataset, with the aim of pro-
viding a baseline characterization to guide future observational
follow-ups of Capotauro.

This paper is structured as follows. In Section 2 we describe
the available data and the setup exploited for their analysis.
In Section 3 we present the results of our analysis and dis-
cuss the nature of Capotauro in several different scenarios. In
Section 4 we draw our conclusions. In this work we adopt a refer-
ence Planck Collaboration VI (2020) cosmology and a Chabrier
(2003) IMF; all magnitudes are expressed in the AB system
(Oke & Gunn 1983).

1 Capotauro is the ancient name of the mountain now known as Corno
alle Scale, located in the Tuscan-Emilian Apennines (Italy), continuing
the naming convention used in Gandolfi et al. (2026).
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2. Data and setup

2.1. Imaging

Our analysis relies on JWST/NIRCam imaging data obtained
within the CEERS survey program (ERS Program 1345, P.I. S.
Finkelstein; Finkelstein et al. 2025). CEERS covers ∼90 arcmin2

of the Extended Groth Strip (EGS; Davis et al. 2007) field with
JWST imaging and spectroscopy through a 77.2 hours Direc-
tor’s Discretionary Early Release Science Program. CEERS
JWST/NIRCam observations are available in bands F115W,
F150W, F200W, F277W, F356W, F410M, and F444W. Supple-
mentary coverage in the F090W band is provided by the Cycle
1 GO program 2234 (P.I. E. Bañados). CEERS JWST/NIRCam
pointings were previously targeted by HST observations both
with the Advanced Camera for Surveys (ACS; covering F435W,
F606W and F814W) and Wide Field Camera 3 (WFC3; cover-
ing F105W, F125W, F140W and F160W) as part of the Cos-
mic Assembly Near-infrared Deep Extragalactic Legacy Sur-
vey (CANDELS; Grogin et al. 2011; Koekemoer et al. 2011).
We complement our dataset with v0.2 JWST/MIRI imaging
obtained within the Cycle 2 GO 3794 survey MIRI EGS Galaxy
and AGN (MEGA; P.I. A. Kirkpatrick; Backhaus et al. 2025,
custom reduction obtained via private communication). All
available bands and the related depths are reported in Table A.1,
while Figure B.1 shows 1.2′′ × 1.2′′ cutouts of Capotauro in all
the bands utilized in this work.

2.2. Photometry

To characterize the properties of Capotauro, we exploited the
photometry derived within the public CEERS ASTRODEEP-
JWST catalog2 (Merlin et al. 2024) based on CEERS DR 0.5 and
0.6. Such catalog leverages carefully chosen detection parame-
ters designed to maximize the detection of high-redshift faint
extended objects, using a stacked F356W+F444W detection
image. We also used novel mid-infrared JWST/MIRI photom-
etry from the MEGA survey to extend the wavelength range of
our analysis and better constrain the nature of the source.

The photometry for Capotauro is presented in Appendix A,
while flux measurements are displayed in the last column of
Table A.1. Unfortunately, F105W observations do not cover
Capotauro, whereas F435W, F140W and F090W observa-
tions are unavailable in the ASTRODEEP-JWST catalog. How-
ever, such observations are available in the CEERS UNI-
CORN catalog (Finkelstein et al., in prep.). A crossmatch
between ASTRODEEP-JWST and the CEERS UNICORN cat-
alog revealed that Capotauro is also undetected (i.e., S/N ≤ 2)
in F435W, F140W and F090W. We verified that the inclusion or
exclusion of these upper limits in the SED-fitting procedure does
not alter our results whatsoever.

2.3. Spectrum

Capotauro was one of the targets of the Cycle 3 pro-
gram CANDELS-Area Prism Epoch of Reionization Survey
(CAPERS; GO-6368; P.I. M. Dickinson; see, e.g., Donnan et al.
2025; Taylor et al. 2025; Kokorev et al. 2025). The source was
observed in a single configuration of the JWST/NIRSpec micro-
shutter assembly (MSA) using a standard three-point nodding
pattern, repeated twice. A cross-dispersion dither in the observ-
ing sequence caused the MSA bar structure to obscure the source
in half of the exposures, which were therefore discarded from the

2 http://www.astrodeep.eu/astrodeep-jwst-catalogs/

data combination, leading to a total exposure of t = 2844.83 s
(∼0.8 h).

The spectrum is displayed in Figure 1 as a function of
observed-frame wavelength, and exhibits a rising continuum
redward of ∼4 µm. The emission peak at λ ∼ 4 µm is likely spu-
rious, as it coincides with a region of elevated noise in the RMS
map, suggesting it originates from a cluster of noisy pixels rather
than genuine line emission. However, we highlight in the top
panel of Figure 1 a possible line emission feature at λ ∼ 3.63 µm,
which is formally detected at S/N > 5. This tentative line does
not correspond to any clear noise cluster in the spectral RMS
map, and spans three contiguous pixels in the 1D spectrum,
corresponding to 36226 Å, 36334 Å, and 36442 Å respectively,
while the tabulated spectral resolution is ∼2.2 px. However, as
we visually inspected the three separate, nodded exposures cov-
ering Capotauro, we verified that this tentative feature is more
prominent in a single exposure in particular, casting doubts on
its reliability. We thus decided not to force our SED-fitting setup
to reproduce this feature, while opting to keep it as an informa-
tive check against our solutions. The potential implication of this
line will therefore be discussed in the following sections, but we
do not include these considerations in the final assessment of the
various options, deferring to future observations the final confir-
mation (or otherwise) of this feature.

We rebinned Capotauro’s spectrum using a bin size of ∆λ =
0.1 µm (the red line in the bottom panel of Figure 1). The red
shaded area was computed as the standard error of the mean ∆ fi
in each bin, given by ∆ fi = σi/Ni, with Ni being the number of
original flux measurements in the i-th bin, and σi being their
sample standard deviation. The overall trend of the rebinned
spectrum supports the possibility of a rising continuum from
λ & 4 µm toward the mid-infrared, severely constraining the pos-
sibility of Capotauro being a strong line emitter galaxy (e.g.,
CEERS-93316).

2.4. SED-fitting setup

To obtain estimates of Capotauro’s physical properties in
an extragalactic scenario, we performed photometry-only and
spectrophotometric fits with three different SED-fitting codes:
BAGPIPES (Carnall et al. 2018), CIGALE (Boquien et al. 2019),
and ZPHOT (Fontana et al. 2000). Appendix D provides an in-
depth review of our SED-fitting setup, which is designed to
account for all possible galaxy solutions across the full redshift
range, including interlopers that occupy a small redshift proba-
bility distribution’s volume, such as strong line emitters (see the
discussion in Gandolfi et al. 2026).

To test the hypothesis of Capotauro being a Milky Way
substellar object, we analyzed the source’s photometry using
the Sonora Cholla cloudless chemical-equilibrium BD atmo-
sphere models (Marley et al. 2021; Karalidi et al. 2021), cov-
ering ranges of 200 K < Teff < 2400 K in effective temper-
ature, 3 < log g < 5.5 cm s−2 in surface gravity, 0.52 MJ <
M < 108 MJ in mass (with MJ representing units of Jupiter
masses), and log [M/H] = −0.5, 0, 0.5 in terms of metal-
licities in solar units, with all templates provided at a refer-
ence distance of 10 pc. Moreover, we performed a consistency
check of the Sonora Cholla best-fit results by fitting the pho-
tometry of Capotauro with the ATMO 2020 template library for
very cool BDs and self-luminous giant exoplanets (Phillips et al.
2020). These templates span ranges of 200 K < Teff < 3000 K
in effective temperature, 2.5 < log g < 5.5 cm s−2 in sur-
face gravity, 1.05 MJ < M < 78.57 MJ in mass and solar
metallicity.
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3. Results

3.1. Capotauro as a brown dwarf

Milky Way substellar objects such as cold BDs exhibit strong
molecular absorption features that can induce sharp NIR breaks.
To assess whether Capotauro could be a galactic interloper,
we first examined its morphology in the F444W band (where
the source has the highest S/N ratio) to check if it is signifi-
cantly resolved. Using the petrofit (Geda et al. 2022), GALFIT
(Peng et al. 2002), and GALIGHT (Ding et al. 2021) codes, we
independently found that Capotauro’s F444W light distribution
is typically fitted by an empirical PSF-convolved Sérsic profile
(Sérsic 1963) with half–light radius larger than the PSF (re =
0.05′′−0.07′′) and nonzero best-fit ellipticities up to e ∼ 0.9.
However, these values are typically unconstrained (as are the
Sersic index n and the concentration), as it is demonstrated by
the fact that they can be comparably well reproduced by a sim-
ple point spread function3 (PSF). Appendix C details this pro-
cedure, while we show in Figure C.1 the F444W segmentation
map of Capotauro retrieved by petrofit compared to the sim-
ulated band’s PSF. To further check if Capotauro is resolved
in the F444W band, we also compared its radial profile4 to 89
F444W PSF sources that were injected into the F444W image
and rescaled to match its flux (originally 100, with 11 excluded
due to overlapping with extended sources), as well as to a spec-
troscopically confirmed F444W-detected BD (JWST/NIRSpec
MSA ID 1558; Holwerda et al. 2024). All such radial profiles
were measured in circular apertures. Within 0.15′′ from its cen-
ter, Capotauro displays spatial anisotropy, departing from typi-
cal PSF or BD profiles at a 1–2σ level (see Fig. 2, top left panel).
We therefore conclude that these tests are statistically inconclu-
sive, due to the extreme faintness of the object, that prevents us
from definitely measuring its spatial extent.

To further evaluate the substellar object hypothesis, we per-
formed fits to Capotauro’s photometry using the Sonora Cholla
library described in Section 2.4. To assess which templates could
reproduce Capotauro’s sharp break, we computed its break
strength as the flux ratio bs = ( fF444W + fF410M)/2/ fF356W, with
fi being the flux within a certain band. Since Capotauro is non
detected in the F356W band, we adopted as the 1σ fF356W flux
estimate the error on Capotauro’s F356W flux measurement.
Doing this, we obtain as a lower limit on the break strength
the value bs ≥ 15.5. Among 1131 templates, 306 satisfy this
threshold, favoring low-temperature (Teff < 600 K) and low-
mass (M . 63 MJ) BDs (Fig. 2, top right panel).

We then fitted the 306 valid templates to Capotauro’s
F410M and F444W detections following the approach of
Nonino et al. (2023). For each template, synthetic fluxes
were scaled via bounded scalar minimization in log space
(scipy.optimize.minimize_scalar) to match Capotauro’s
fluxes, minimizing the reduced χ2, with bounds of ±6 dex around
an initial flux-ratio estimate. Eventually, 156/306 templates
yielded χ2

red < 2, showing how the fit remains highly degener-
ate due to limited photometric constraints. However, only 41 of
the 156 templates with χ2

red < 2 predict F356W fluxes equal or
below Capotauro’s F356W 1σ upper limit (see Figure 2, bot-
tom panel). These templates predict rather unconstrained sur-
face gravity accelerations (between 3.25 and 5.5 in cm s−2) and
masses (between 1 and 63 MJ), as well as effective temperatures
always below 400 K, which would place Capotauro in the Y BD

3 All the PSFs used in this work are empirical ones.
4 We re-centered Capotauro’s radial profile to the source’s brightest
pixel, which is 1 pixel away from the coordinates’ position.

class (i.e., the coldest class possible for BDs, with temperatures
between 200 and 500 K; Cushing et al. 2011). Indeed, models
with Teff > 450 K predict rising SEDs toward the blue, violating
Capotauro’s F115W 1σ limit. This best-fit temperature range
is confirmed by photometry fits performed exploiting the ATMO
2020 library, whose best-fit template (displayed in Figure 3) is
characterized by Teff = 300 K (and log g = 5.5 cm s−2, although
this parameter is almost unconstrained by our fits), which would
put Capotauro on the cusp between the Y2 (∼300−350 K) and
Y3 (∼250−300 K) BD subclasses. However, if presently known
Y2 and Y3 BDs are typically found at distances .20 pc (e.g.,
Dupuy & Kraus 2013; Luhman et al. 2014), our best-fit routines
return distances between 127 pc and 1.8 kpc.

Furthermore, we assessed constraints on Capotauro’s
proper motion using a 2.3 yr baseline between the CEERS
JWST/NIRCam imaging (December 2022) and CAPERS
JWST/NIRSpec spectroscopy (March 2025). The synthetic pho-
tometry extracted from the PRISM spectrum in Capotauro’s
detection bands is brighter of a factor 1.47 ± 0.37 (F410M)
and 1.39 ± 0.16 (F444W), indicating a ≤2.5σ consistency
between the two epochs, which aligns with typical spectropho-
tometric discrepancies observed in other similar analysis (see,
e.g., Roberts-Borsani et al. 2024). The absence of significant
spectrum–photometry flux loss (consistent within the errors with
a constrained JWST/NIRSpec source centering) leads us to
adopt the slitlet long side reduced by 0.072′′ as the source’s
proper motion upper limit, giving µ . 0.137′′ yr−1.

Figure 4 details a comparison between this estimate and the
proper motion of six known Y BDs and the expected proper
motions for different dynamical regimes (i.e., thin disk, thick
disk and galactic halo). Such comparison shows how the esti-
mated proper motion for Capotauro is sensibly lower than the
proper motion of other known similarly cold BDs and in general
agreement with our estimated distances in the range 102−103 pc.

Finally, to estimate how rare a substellar object with Teff ∼

300 K at d & 130 pc would be in the area covered by the CEERS
JWST/NIRCam F444W image, we performed a first-order calcu-
lation using the empirical relations Teff(SpT) and MW2(SpT) from
Kirkpatrick et al. (2021). Here, SpT is a numeric index associ-
ated to the BD’s spectral type, while MW2 represents the WISE
W2 band absolute magnitude, with a pivot wavelength (∼4.6 µm)
approximating JWST/NIRCam F444W’s one. We then normal-
ized the local density by counting BDs per subtype within 20 pc
(i.e., the reference distance exploited by Kirkpatrick et al. 2021)
and assumed a vertical exponential density profile ρ(z) = ρ0 e−|z|/h
with scale height h = 225 pc, consistent with previous estimates
for cold BDs (e.g., Robin et al. 2003; van Vledder et al. 2016) and
calibrated by matching the number of Y0-type BDs observed in
the COSMOS field (Chen et al. 2025). For each BD subtype, we
also computed the maximum detection distance dmax at which its
apparent magnitude reaches the 5σ CEERS F444W depth (see
Table A.1). We then integrated ρ(z) up to dmax to compute the
effective volume probed by the survey. At the galactic latitudes
typical of CEERS, this computation yields an expected number
of Y2 BDs (i.e., Teff ∼ 320 K) of ∼0.02 and a detection probabil-
ity of P(≥ 1) ∼ 2.2%, while for Y3 BDs (i.e., Teff ∼ 280 K) we
obtain an expected number of ∼0.01 and a detection probability
of P(≥ 1) ∼ 0.9%. Table 1 subsumes the salient findings of this
section.

3.2. Capotauro as a free-floating exoplanet

The mass spectrum allowed by the remaining viable Sonora
Cholla templates discussed in Section 3.1 comprises substellar

A364, page 4 of 16



Gandolfi, G., et al.: A&A, 706, A364 (2026)

Fig. 1. Top panel: Capotauro’s complete JWST and HST photometry in AB magnitudes (left plot), with detections marked as circles and 1σ
upper limits as triangles. On the right we report Capotauro’s JWST/NIRCam F356W, F410M, and F444W 1.2′′ × 1.2′′cutouts (full multi-band
single and stacked cutouts are available in Figure B.1). Bottom panel: Capotauro’s 2D JWST/NIRSpec CAPERS spectrum as a function of the
observed-frame wavelength. The λ ∼ 3.63 µm potential emission feature is highlighted by a white circle. Below we report the extracted CAPERS
spectrum (dark gray line) with 1σ errors (light gray shaded area). The red curve denotes the spectrum rebinned into wavelength bins of width
∆λ = 0.1 µm. The surrounding red shaded band illustrates the standard error of the mean in each bin, while the black dashed line marks the zero
flux level. The inset displays all the available NIRspec PRISM slits of our CAPERS observations (red for those not containing the source, which
were rejected, and green for those containing the source).

objects with mass ≤13 MJ . For an object with solar metallic-
ity, such mass is insufficient to trigger deuterium fusion, the
hallmark process that defines BDs. According to the defini-
tion adopted by the International Astronomical Union, such an
object would therefore not qualify as a BD, but rather as a
free-floating gaseous exoplanet (i.e., an exoplanet not associ-
ated to any star). Indeed, JWST/NIRISS already detected six
rogue planet candidates in NGC 1333, a reflection nebula at
∼300 pc from Earth (Langeveld et al. 2024), but with tempera-
ture between 1500 and 2500 K. However, according to simula-
tions, JWST could in principle detect via direct NIR imaging
free-floating exoplanets with Teff ≤ 500 K, which could exhibit
F444W fluxes of the same order magnitudes of Capotauro
(Pacucci et al. 2013). This source could thus be the first exam-
ple of this class of substellar objects. After having analyzed the

properties of Capotauro in a Milky Way object scenario, we pro-
ceeded to characterize this source under the hypothesis that it is a
galaxy.

3.3. Capotauro as a z ∼ 30 galaxy

Our first SED-fitting runs with galactic templates and models
were performed adopting open redshift priors for BAGPIPES,
Cigale, and ZPHOT following the configurations described in
Section 2.4. For our BAGPIPES runs, we fitted both the photom-
etry alone as well as a combination of both photometry and the
available spectrum. For this latter fit, we masked the CAPERS
spectrum of Capotauro in the λ range 3.9 µm≤ λ ≤ 4.1 µm to
exclude the noise spike present in this part of the spectrum (see
Figure 1).
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Fig. 2. Top Left: Radial profile of Capotauro re-centered to its brightest pixel (black line) compared to the median profile of 89 empirical PSF
sources injected in the F444W image and flux-matched to Capotauro (in blue; the shaded area represents the 25–75 percentile range of the
89 profiles). An empirical CEERS F444W PSF profile (red line) is also displayed, as well as a spectroscopically confirmed F444W-detected
BD in CEERS (green dashed line; JWST/NIRSpec MSA ID 1558; Holwerda et al. 2024). Uncertainties are calculated as the standard error
on the mean flux within concentric 1 px annuli. Top Right: Lower limit on Capotauro’s break strength (dashed orange line) compared to that
of the Sonora Cholla cloudless BD atmosphere models (circles) for different effective temperatures, color-coded by their surface gravity value
(i.e., log g). Bottom: Rescaled F356W fluxes of the 41 χ2

red < 2 Sonora Cholla BD templates versus their effective temperature, color-coded by
surface gravitational acceleration. These templates are compared to Capotauro’s 1σ upper limit (orange dashed line). For reference, we provide
Capotauro’s ATMO BD template best-fit temperature (T = 300 K), represented as a black dotted line.

Regardless of the code or setup adopted in the extragalac-
tic scenario, all our configurations consistently recover a pri-
mary solution for Capotauro at z ∼ 32, yielding compatible
best-fit estimates in terms of redshift (both in the photometry-
only and spectrophotometric fits). This solution is consistent
with interpreting the apparent rise in the CAPERS spectrum of
Capotauro at λ > 4 µm, combined with the nondetection in
the JWST/NIRCam bands at λ < 4 µm, as the signature of an
extreme Lyman-break galaxy, with the break located between
the F356W and F410M bands (see Figure 5). The estimated rest-
frame ultraviolet (UV) luminosity is MUV ∼ −21.5. Not sur-
prisingly, the detection probability of such a bright ultra high-
z object within the CEERS survey volume is extremely low,
amounting to ∼10−7 (when integrating z ∼ 30 predictions of the
UV luminosity function by Yung et al. 2024a, without enhance-
ments) or even ∼10−3 (adjusting the z ∼ 30 UV luminosity
function predicted by Yung et al. 2024a for a top-heavy IMF
boost and stochastic star-formation variability so to reproduce
the object’s brightness at these extremely high redshifts). We
note that if the tentative 3.63 µm line were real, a solution at
z ∼ 29 could remain viable by interpreting this feature as Lyman-
α emission.

Despite the consistent primary peak at z ∼ 31.7, there are a
number of lower-probability z < 15 solutions for Capotauro that
we characterize in the following sections, with ZPHOT predict-
ing the highest z < 10 solution volume due to the nature of the
libraries exploited by the code.

Due to the limited number of detections available, most
physical parameters derived from SED fitting are only loosely
constrained. Nevertheless, the best-fit stellar masses are consis-
tently found to be .109.5 M� within 1σ uncertainties, with good
agreement between BAGPIPES and CIGALE (whereas ZPHOT
returns an unconstrained estimate). The dust attenuation param-
eter AV exhibits a large scatter, with best-fit values consis-
tent with zero within 2σ in each of the fitting codes, includ-
ing our BAGPIPES runs adopting both the Calzetti et al. (2000)
attenuation model and the Small Magellanic Cloud (SMC) law
(Prevot et al. 1984; Bouchet et al. 1985). Similarly, star forma-
tion history (SFH)-related best-fit parameters – including the
metallicity, τdel (or tmax in the case of a log-normal SFH), and
the derived star formation rate – remain poorly constrained,
independently of the assumed SFH. In our BAGPIPES runs,
we explored both a delayed-exponential SFH (e.g., Ciesla et al.
2017; Chevallard et al. 2019) and a log-normal one (e.g.,
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Fig. 3. Capotauro’s CAPERS spectrum (gray line) and rebinned spec-
trum (see Figure 1) with HST and JWST/NIRCam photometry (black
circles, with 1σ upper limits depicted as triangles) compared to our
best-fit ATMO 2020 template (Phillips et al. 2020; blue line). For com-
parison, we report the JWST/NIRSpec PRISM spectrum of the coldest
known BD WISE J0855-0714 (Luhman et al. 2024; green line) and of
the Y0 BD WISE 0359-5401 (Beiler et al. 2023; orange line) rescaled
to match Capotauro’s JWST/NIRCam photometry (from d ∼ 2.28 pc to
d ∼ 307 pc and from d ∼ 13.6 pc to d ∼ 1.1 kpc respectively).

Table 1. Estimated properties of Capotauro in a Milky Way substellar
scenario.

Quantity Value

Teff 300 K (.400 K)
Spectral type Y2–Y3
Distance 127 pc–1.8 kpc
Mass 1–63 MJ
Surface gravity (log g) 3.25–5.5 cm s−2

Proper motion µ . 0.137′′ yr−1

Detection probability in CEERS P(Y2 ≥ 1) ∼ 2.2%, P(Y3 ≥ 1) ∼ 0.9%

Notes. Detection probabilities are computed as the likelihood of observ-
ing at least one BD of a given subtype within the CEERS survey vol-
ume.

Table 2. BAGPIPES, CIGALE and ZPHOT photometry-only best-fit results
adopting open redshift priors.

Quantity BAGPIPES CIGALE ZPHOT

z 31.90 ± 0.52 31.80 ± 0.70 31.55+1.5
−1.2∫

P(z < 25) dz 0 3.5 × 10−7 5.3 × 10−3

Notes. Here,
∫

P(z < 25) dz represents the integrated probability that
the object has a redshift below 25.

Diemer et al. 2017; Cohn 2018), always recovering a compati-
ble best-fit redshift within the errors.

The CIGALE fit including an AGN component supports
the z ∼ 31.7 solution using both the Dale et al. (2014) and
Skirtor (Stalevski et al. 2012, 2016) AGN models. The best-
fit AGN fraction, defined respectively as the AGN contribu-
tion to the total infrared luminosity in the 8–1000 µm range
(Dale et al. 2014) and to the total luminosity at 4000 Å (Skirtor),
is poorly constrained, spanning ∼10−70% within 1σ for both
AGN models. We report the best-fit photometry-only redshift
estimates in Table 2, and we display in the left panel of Figure 5
the open-priors best-fit SEDs for our BAGPIPES, CIGALE, and

Fig. 4. Upper limit on Capotauro’s proper motion (black dashed line)
compared to that of other known Y BDs as function of their distance
(colored circles). The colored lines show the relation µ = vtan/(4.74 d)
for different galactic components: thin disk (vtan ≤ 50 km s−1, solid),
thick disk (50 < vtan ≤ 200 km s−1, dashed), and halo (vtan > 200 km s−1,
dotted). The color scale indicates the different values of vtan. The gray
shaded area represents distance values excluded by the best-fit flux nor-
malization.

ZPHOT runs. The expected photometry from our BAGPIPES best-
fit SED is represented as red diamonds. This shows how in
such z ∼ 31.7 solution, Capotauro’s flux in the F410M and
F444W bands is tracing the galaxy’s Lyman break, while the
expected JWST/MIRI photometry is consistent with the avail-
able JWST/MIRI upper limits. Finally, the right panel of Figure 5
shows the redshift probability distribution P(z) for all of our runs.

3.4. Capotauro as a dusty/Balmer break galaxy at z < 10

Even if our SED-fitting runs with open redshift priors allocate
only ∼0.5% of the total P(z) integrated probability density to
z < 25 solutions for Capotauro, we still aim to characterize these
secondary solutions to discuss their likelihood, physical consis-
tency and potential interest.

The question arises of whether dust alone can reproduce at
z < 10 Capotauro’s infrared colors. To check this, we exploited
the SWIRE template library (Polletta et al. 2007), which con-
sists of a broad range of empirical SEDs for star-forming and
active galaxies. Each template was dust-attenuated using the
Calzetti et al. (2000) extinction law with varying AV values from
0 to 20, redshifted to five representative values (z = 1, 3, 5, 7, 10),
and convolved with the JWST/NIRCam and MIRI transmis-
sion curves (F356W, F444W, F770W). For each case, we com-
puted synthetic photometry and derived the color tracks as a
function of dust attenuation. In Fig. 6, we show the ranges of
F356W-F444W and F444W-F770W colors spanned by all dust-
attenuated SWIRE templates for the selected redshifts.

Adopting 1σ upper limits for the nondetections in F356W
and F770W (orange dashed line in Figure 6), the results show
that no combination of SWIRE templates, redshift (z ≤ 10),
and dust attenuation can simultaneously satisfy both color condi-
tions. Instead, adopting 3σ upper limits for the nondetections in
F356W and F770W (black dashed line in Figure 6), the allowed
parameter space increases, though still requiring extremely high
dust attenuations at all redshifts. The parameter space allowed
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Fig. 5. Left panel: Results of our open-redshift SED-fitting runs based on Capotauro’s photometry. Observed fluxes (black dots; 1σ limits as
triangles) are compared to the best-fit SEDs from BAGPIPES (red), CIGALEwith a Dale et al. (2014) AGN component (yellow), and ZPHOT (purple).
The red diamonds indicate synthetic photometry from the BAGPIPES fit. The gray line shows Capotauro’s spectrum from the CAPERS survey. The
inset shows the P(z) distributions from all three codes (linear scale). Right panel: Normalized logarithmic redshift probability distribution yielded
by BAGPIPES (red), CIGALE (yellow), and ZPHOT (purple). The black dashed line represents the average best-fit redshift between our BAGPIPES,
CIGALE, and ZPHOT runs. We report redshift values of secondary P(z) peaks for CIGALE and ZPHOT.

Fig. 6. Left: F356W-F444W colors of the SWIRE library templates (Polletta et al. 2007) dust-attenuated following the (Calzetti et al. 2000) law
for different reference redshifts vs. Av. Each colored region spans the variability of the templates within the library. The orange horizontal dashed
line indicates the observed 1σ lower limit for Capotauro’s color, while the dashed black line represents the 3σ estimate. The shaded gray areas
mark the color space incompatible with the observed constraints. Right: Same, but for the F444W-F770W color. The orange and black dashed
lines represent the observed 1 and 3σ upper limits for Capotauro’s color.

for SWIRE templates under these 3σ limits is shown in Figure 7
(green regions).

Nonetheless, we utilized our BAGPIPES setup to perform
photometric fitting of Capotauro fixing the redshift at all
main secondary P(z) values predicted by our open-prior run
(see Figure 5), namely z = 1.275, 3.6, 5.2, 7.65, 8.775, 9.45,
retrieved using scipy’s find_peaks function. During these
new BAGPIPES runs, we exploited the same priors of our pre-
vious run (see Table D.1), with the exception of the prior range
on the dust attenuation index, now extended to Av = [0, 20].

Consistent with our simulations using the SWIRE template
library, we obtain that lower-z solutions require extremely high
Av values (up to Av ∼ 16.5 at z ∼ 1.3) to match Capotauro’s

photometry. Interestingly, we note how the z ∼ 8.775 solution
interprets the ∼3.6 µm bump observed in the CAPERS PRISM
spectrum as [O II] λ3727 emission. However, we find that all
our best-fit dusty z ≤ 10 SEDs are in tension with the 3σ
F356W upper limits (as well as at the 1σ level with the bluer
JWST/MIRI bands; see Fig. 8).

We wanted to determine whether a mix of Balmer break and
dust can reproduce at z < 10 Capotauro’s infrared colors. The
z = 9.4 secondary solution interprets Capotauro’s declining con-
tinuum as a combination of dust attenuation and a pronounced
Balmer break, appearing as a sharp flux drop at λ ∼ 3.7 µm. Such
a feature could be naturally produced by a stellar population that
has assembled a substantial fraction of its mass within a few hun-
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Fig. 7. Allowed (z, AV) parameter space for the dust-attenuated SWIRE
templates adopting 3σ upper limits for the nondetections in F356W and
F770W. Only combinations falling within the green regions simultane-
ously satisfy the two color constraints reported in Figure 6.

dred million years. However, this solution is at a 3σ tension with
Capotauro’s F356W upper limit. Interestingly, Capotauro has
also been independently selected as a candidate passive galaxy in
Merlin et al. (2025), based on SED-fitting using a custom library
of templates limited at z < 15. Their best-fit solution places the
source at z = 9.83, with log10(M∗/M�) ∼ 11.6, negligible ongo-
ing star formation, and a burst-like SFH. However, the libraries
used for this fit assume a redshift upper limit up to z = 20, pre-
venting the z = 31.7 solution from being identified. The over-
all result is that this fit implies extreme parameters to recover
Capotauro’s photometric properties, including very high metal-
licity (Z = 2.5 Z�) and significant dust reddening (E(B−V) = 1),
and most importantly fails again to reproduce the F356W non-
detection.

3.5. Capotauro as a strong line emitter galaxy

The question here is whether strong emission lines can power the
extreme infrared colors of Capotauro? In principle, our choice
of a broad prior on the ionization parameter (extending up to
log U = −1) and the use of a large number of live points
(nlive = 5000) in our BAGPIPES runs should be sufficient to
uncover potential strong-line emitter solutions (see Appendix D
and the discussion in Gandolfi et al. 2026). However, to fur-
ther test this possibility, we constructed a grid of emission-line-
augmented models based on the SWIRE template library. For
each template, we added a single gaussian emission line (e.g.,
Lyα, [OII], Hβ, [OIII], Hα) at rest-frame wavelengths, redshifted
the full spectrum over a grid spanning z = 0.5 to 15.0 in steps
of 0.1, and varied the rest-frame equivalent width of the line
from 10 to 3000 Å. For each model, we computed the syn-
thetic fluxes in the JWST/NIRCam F356W and F444W bands,
and derived the corresponding F356W–F444W color. We then
compared these colors to the observed constraint on Capotauro,
defined by its F444W detection and F356W 1σ upper limit,
highlighting the combinations of redshift and equivalent width
that could match or exceed this color threshold. About 11 out
of 25 SWIRE templates were able to produce a F356W-F444W
color compatible with Capotauro’s; however all of these syn-

Fig. 8. Best-fit BAGPIPES SEDs at fixed redshifts z = 1.275, 3.6,
5.2, 7.65, 8.775, and 9.45 (colored lines, with synthetic photometry
as matching diamonds) with best-fit Av values (using the prior range
Av = [0, 20]) for a delayed SFH and a Calzetti dust law. Capotauro’s
photometry is shown as black circles and the 1σ upper limits as trian-
gles; the CAPERS spectrum is in gray.

thetic spectra were found to be inconsistent with the CAPERS
spectrum of Capotauro within its 3σ flux uncertainties.

3.6. Capotauro as an AGN or a Little Red Dot

Our open-prior photometric CIGALE runs, i.e., the only ones
accounting for an AGN component, were not able to constrain
potential AGN contribution for Capotauro (see Sect. 3.3). How-
ever, AGN templates included in the SWIRE library are unable
to reproduce Capotauro’s infrared colors (see the right panel
of Fig. 9), even by accounting for the contribution of dust (see
Sect. 3.4) up to z & 27.

The question is wether Capotauro could be instead a more
peculiar kind of AGN, such as one of the LRDs for which the
presence of a SMBH is strongly supported, for example, by very
broad lines. The left panel of Figure 9 displays the spectrum of
the LRD J0647-1045 (Killi et al. 2024), rescaled in redshift and
flux normalization using a simple Markov chain Monte Carlo
(MCMC) routine, exploiting a Gaussian likelihood to maximally
match Capotauro’s F410M and F444W detections. However,
such rescaled spectrum is in tension with Capotauro’s photom-
etry in multiple bands. We then analytically simulated a suite
of 200 broken power-law SEDs, which approximate the typical
v-shaped emission observed for LRDs in its transition from the
UV to the optical regime. Our simulated v-shaped SEDs depend
on two independent UV and optical spectral slopes sampled in
the ranges βUV ∈ [−2.5,−1.5] and βopt ∈ [0.0, 2.5], as motivated
by Kocevski et al. (2025). We computed synthetic photometry
in the F356W and F444W JWST/NIRCam bands over a redshift
range of 0 < z < 40, by redshifting the rest-frame SEDs and
integrating them through the instrument throughput curves. The
resulting model F356W−F444W color tracks were compared in
the right panel of Figure 9 against observed color measurements
for Capotauro: even at ultra-high-redshifts, the typical colors of
LRDs are unable to reproduce Capotauro’s redness.

Finally, another intriguing possibility is that the potential
Balmer break featured by Capotauro could arise from dense gas
around an active black hole rather than solely from an evolved
stellar population. In this scenario, Capotauro would be com-
posed of a dust-free atmosphere surrounding a supermassive
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Fig. 9. Left: Capotauro’s photometry (black circles and black triangles indicating 1σ upper limits) and spectrum (gray line) are compared to the
spectra of MoM-BH*-1 (blue), J0647–1045 (purple), the Cliff (pink), and CAPERS-LRD-z9 (green), respectively rescaled to z ∼ 8.92, z ∼ 9.24,
z ∼ 9.22, and z ∼ 9.34. These redshifted spectra were also rescaled in flux by factors of ∼0.17, ∼0.22, ∼0.12, and ∼0.26, respectively, to match
Capotauro’s photometric detections in the F410M and F444W bands. The F356W synthetic fluxes of each rescaled spectrum are displayed as
colored diamonds, compared with Capotauro’s F356W 3σ upper limits (gray diamond) as a reference. The inset displays the measured Balmer
break strengths for MoM-BH*-1 (blue circle), the Cliff (pink), CAPERS-LRD-z9 (green), and Capotauro’s lower limit (orange), computed as the
ratio of the mean flux in the F444W and F410M bands to the flux in F356W. Right: F356W-F444W color of Capotauro, estimated using the 1σ
upper limit from the nondetection in F356W (orange dashed line). A more conservative estimate, adopting the 1σ lower limit of the F444W flux
measurement, is shown as a gray dashed line. The colors of MoM-BH*-1 (blue circle), the Cliff (pink), J0647–1045 (purple), and CAPERS-LRD-
z9 (green) are compared to those of LRDs (estimated assuming UV/optical slopes within the range from Kocevski et al. 2025) as a function of
redshift, along with the predicted AGN colors from the models of Polletta et al. (2007) (gray shaded area).

black hole. As discussed in Section 1, there are three notable
spectroscopically confirmed candidates which are compatible
with this scenario: the Cliff at zspec = 3.55 (de Graaff et al.
2025a), MoM-BH*-1 at zspec = 7.76 (Naidu et al. 2025a), and
CAPERS-LRD-z9 at zspec = 9.288 (Taylor et al. 2025). All these
objects exhibit exceptionally strong Balmer breaks difficult to
explain with evolved stellar populations alone. These sources
stand among the most extreme Balmer break galaxies in terms
of their break’s strength. The left panel of Figure 9 illustrates
how the spectrum of MoM-BH*-1, the Cliff and CAPERS-LRD-
z9 can match Capotauro’s spectrophotometric detections, pro-
vided their spectra are rescaled in both redshift and flux. To com-
pute the optimal values for these rescaling factors, we apply the
same simple MCMC algorithm we exploited to match J0647-
1045’s spectrum to Capotauro’s F410M and F444W detections,
finding best-fit redshifts of zspec ∼ 8.92 (MoM-BH*-1), zspec ∼

9.22 (the Cliff), and zspec ∼ 9.34 (CAPERS-LRD-z9), together
with best-fit flux normalization factors of ∼0.17 (MoM-BH*-
1), ∼0.12 (the Cliff), and ∼0.26 (CAPERS-LRD-z9). As dis-
cussed in Section 3.4, at z > 8 the tentative λ ∼ 3.6 µm feature
could be reproduced by z ∼ 8.775 [O II] 3727 Å line emission,
while only weak high-order Balmer lines near the series limit
fall within the feature’s wavelength range. However, the rescaled
SEDs of MoM-BH*-1, the Cliff and CAPERS-LRD-z9 all show-
case a >3σ tension with Capotauro’s F356W upper limit, indi-
cating that the source’s break is too strong to be fully repro-
duced by these templates. To further assess this discrepancy, we
compare Capotauro’s break strength to a consistent estimate of
the Balmer break strengths (calculated as done in Section 3.1)
of the Cliff, MoM-BH*-1, and CAPERS-LRD-z9 in the inset
of Figure 9, left panel. This comparison reveals that even the
extreme Balmer break of these three black hole star candidates
is insufficient to match Capotauro’s break strength. Finally, we
note that, although some estimates of z > 8 LRD number den-
sities have appeared in the literature (e.g., Kocevski et al. 2025;

Tanaka et al. 2025), there are only three known LRDs featuring
strong Balmer breaks, which were found by independent surveys
based on different selection criteria, making any expected detec-
tion probability for a Capotauro-like LRD essentially uncon-
strained.

4. Discussion and conclusion

This work presented Capotauro, a faint (mF444W ∼ 27) object
characterized by an extreme F356W-dropout (mF356W−mF444W >
3) color identified in the CEERS field. We analyzed its prop-
erties utilizing the available information which includes deep
photometry from ∼0.6 µm to ∼21 µm (which shows that the
source is detected only in the two overlapping JWST/NIRCam
bands F410M and F444W) and a R ∼ 100 spectrum obtained
with JWST/NIRSpec in the framework of the CAPERS survey.
Although the spectrum’s low S/N precludes a firm classification
of the source, it nonetheless reveals a rising continuum redward
of 4 µm, which suggests Capotauro’s pronounced dropout sig-
nature is produced by a spectral break. At the same time, the
spectrum rules out prominent emission lines as the origin of the
F410M and F444W detections, while also enabling us to con-
strain the source’s proper motion over a temporal baseline of
2.3 yr.

With these data, we have explored several options regarding
Capotauro’s nature, including both a Milky Way or an extra-
galactic origin. Below, we review and discuss each of the sce-
narios considered in light of our analysis. Although we do not
have enough data to draw a firm conclusion on the nature of
Capotauro, our analysis shows that this source is extreme and
intriguing in every possibility here examined.

– Galactic object. To explore the possibility of Capotauro
being a Milky Way substellar object, we conducted a mor-
phological analysis of its F444W image (Section 3.1).
Despite a slight anisotropy in the radial profile shown in
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Figure 2 (which could be hindered by noise affecting source
centering accuracy) and modest extension in the F444W seg-
mentation map from our petrofit run (Figure C.1), we can-
not claim that Capotauro is clearly resolved. Furthermore,
whether the object appears only barely resolved or com-
pletely unresolved offers no clear discrimination between the
Milky Way and the extragalactic object scenario. If high-z
or lower-z compact galaxies may appear unresolved, BDs
in binary systems (e.g., Opitz et al. 2016; Calissendorff et al.
2023; De Furio et al. 2023, albeit with a decreasing binary
likelihood for colder BDs; Fontanive et al. 2018) or sur-
rounded by rings or debris disks (e.g., Zakhozhay et al. 2017,
2023, with no known Y-type BD to date exhibiting these
features) might appear marginally resolved. Therefore, by
failing to reveal a clear spatial extension, our morphologi-
cal test remains inconclusive. To further explore the scenario
that sees Capotauro as a Milky Way substellar object, we
exploited two different BD template sets: the Sonora Cholla
photometric grid and the ATMO 2020 spectral library. In both
cases, we found that Capotauro’s SED is well reproduced by
cool (<400 K) galactic objects. The best-fit templates indi-
cate temperatures as cold as Teff . 300 K (implying an
advanced age) and a distance of at least d & 127 pc, pos-
sibly surpassing kiloparsec scales. The fact that Capotauro
could be a thick disk or galactic halo member is compatible
with the proper motion upper limit we derived. This would
make Capotauro as comparably cold as the coldest known
BD (i.e., WISE J0855-0714; Teff = 285 K; d ∼ 2.28 pc;
Luhman 2014; Skemer et al. 2016; Zapatero Osorio et al.
2016; Kühnle et al. 2025), but at a distance &56 times
larger, potentially exhibiting a record-breaking combination
of coldness and distance. Moreover, the inferred mass spec-
trum allowed by the best-fit templates allows Capotauro to
be a distant free-floating exoplanet (Section 3.2). If true, this
would be the first confirmation through direct imaging of
a terrestrial-temperature free-floating exoplanet at >100 pc.
Our analysis has also provided an upper limit on the proper
motion of the source, which appears significantly lower than
the one of other known Y BDs (Figure 4), implying either
large distances or low tangential velocities, or a combination
of both. Indeed, the CEERS line of sight lies at high Galac-
tic latitude (b ∼ +60◦), implying a reduced contribution of
thin disk substellar populations and favoring the likelihood
of Capotauro rather being a thick disc or galactic halo mem-
ber, thus favoring distances well beyond the lower bound of
d = 127 pc. Finally, the exceedingly low probability (.3%)
of detecting in CEERS a substellar object with the physical
properties inferred from our template fitting confirms that,
if Capotauro is a Milky Way object, it represents a rare and
surprising discovery in this field.

– Atypical z < 10 galaxy. Another possibility is that Capotauro
is a lower-redshift interloper exhibiting a highly peculiar
combination of physical features: a pronounced Balmer
break, strong dust attenuation, AGN and/or extreme line
emission, all maintaining a negligible continuum at λ .
3 µm. Within our framework – constructed to encompass a
wide variety of possible z < 10 interlopers – no combi-
nation of parameters succeeds in reproducing Capotauro’s
infrared SED. Nevertheless, should Capotauro truly be a
z < 10 galaxy, it would likely trace an unrecognized class
of interlopers, whose identification would aid in refining
high-redshift surveys. Moreover, its properties could offer
valuable insights into dust production and Balmer break
formation in exotic systems. In this sense, a particularly

intriguing possibility is that Capotauro may belong to the
newly revealed population of strong Balmer-break LRDs
(MoM-BH*-1, the Cliff and CAPERS-LRD-z9). Despite the
lack of flexible modeling for this class of sources in cur-
rent SED-fitting codes, our analysis shows that the spectra of
the few known examples fail to fully reproduce our source’s
photometry. In this scenario, Capotauro would display the
deepest break in the small existing sample of such objects,
likely lying at 8 . z . 10 so that its Balmer break would fall
between F356W and F410M, making it a uniquely extreme
LRD.

– Galaxy at z ∼ 30. Finally, if Capotauro is indeed a galaxy at
z ∼ 30, it would constitute a major breakthrough in the field
of galaxy formation and evolution. The inferred photomet-
ric redshift corresponds to a cosmic age of only ∼100 Myr,
requiring rapid structure formation in the early Universe
(see, e.g., Maio et al. 2009). This would have deep impli-
cations for our understanding of early star formation, feed-
back physics, black hole seeding (Barkana & Loeb 2001;
Pacucci & Loeb 2022; Fan et al. 2023) and possibly the
nature of dark matter and dark energy (Menci et al. 2020;
Gandolfi et al. 2022; Maio & Viel 2023; Santini et al. 2023;
Dayal & Giri 2024; Yung et al. 2024b, 2025). Moreover, the
rest-frame UV luminosity5 of Capotauro in its z ∼ 30
solution is comparable to some of the most distant sources
known to date (e.g, GNz11, Oesch et al. 2016 or GSz14
Carniani et al. 2024). If Capotauro would be unexpectedly
bright if compared to state-of-the-art UV luminosity function
models of both early galaxies and primordial black holes at
z ∼ 30 (e.g., Ferrara et al. 2023; Matteri et al. 2025), such
luminosity could be reproduced with an IMF boost and MUV
scatter linked to bursty star formation (Yung et al. 2024b,
2025) or by early AGN activity. If confirmed by future obser-
vations, which are indeed pivotal to better characterize this
source, Capotauro’s brightness could be exploited to test cur-
rent assumptions about the expected physical properties of
luminous objects at the epoch of Cosmic Dawn.

In summary, although the current data do not allow a definitive
and unambiguous characterization of the nature of Capotauro,
this source results exceptional and puzzling from all consid-
ered perspectives, with properties that could lead to theoretical
and/or observational breakthroughs. The present analysis aims
to compile exhaustively the current knowledge on this intriguing
source, offering a foundation for future follow-up efforts.
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Appendix A: Aperture photometry and flux
estimations

Our analysis relies on the NIR photometry found in the
ASTRODEEP-JWST catalog (described in detail in Merlin et al.
2024). In short, detection was performed with SEXtractor
(v2.8.6; Bertin & Arnouts 1996) on a weighted stack of the
F356W and F444W mosaics. Fluxes and uncertainties were esti-
mated with aphot (Merlin et al. 2019), using colors measured
in fixed circular apertures on PSF-matched images to scale the
detection total Kron flux.

To extract Capotauro’s mid-infrared photometry (absent in
the current ASTRODEEP-JWST catalog release), we matched
the pixel scale of the available JWST/MIRI images to the
JWST/NIRCam ones using SWarp (Bertin et al. 2002) and
rescaled the RMS maps to make them consistent with the dis-
persion of measured fluxes within circular apertures in empty
regions of the scientific images. We then performed aperture
photometry following the procedure outlined in Merlin et al.
(2024). Aperture corrections were obtained using the mean ratio
between total fluxes calculated within Kron elliptical apertures
(Kron 1980) and fluxes inside circular ones of compact and
bright sources, selected as objects with re<0.28′′and SNR>10.

Table A.1. Available bands and related depths in our analysis, alongside
the estimated photometry for Capotauro.

Instrument Band 5σ depth Photometry [nJy]

HST/ACS F435W† 28.72 0.96 ± 4.16
HST/ACS F606W 28.77 −5.2 ± 5.4
HST/ACS F814W 28.49 4.5 ± 5.0

HST/WFC3 F105W 27.55 -
HST/WFC3 F125W 27.67 6.7 ± 12.9
HST/WFC3 F140W† 26.99 −3.61 ± 13.06
HST/WFC3 F160W 27.68 −6.7 ± 11.2

JWST/NIRCam F090W† 29.06 −2.86 ± 4.14
JWST/NIRCam F115W 29.16 −1.45 ± 2.01
JWST/NIRCam F150W 29.12 2.4 ± 3.7
JWST/NIRCam F200W 29.32 0.8 ± 2.9
JWST/NIRCam F277W 29.53 1.6 ± 2.3
JWST/NIRCam F356W 29.40 1.5 ± 1.7
JWST/NIRCam F410M∗ 28.70 22.1 ± 4.5
JWST/NIRCam F444W∗ 29.03 30.7 ± 2.4

JWST/MIRI F770W 25.76 6.9 ± 63.8
JWST/MIRI F1000W 24.87 71.3 ± 121.5
JWST/MIRI F1500W 23.65 −421.2 ± 295.5
JWST/MIRI F2100W 22.37 −850.9 ± 995.1

Notes. †: Photometric estimates in these bands are from the Updated
CEERS catalog mentioned in Gandolfi et al. (2026). *: The object is
detected in this band.

Appendix B: Capotauro’s cutouts

We display in Figure B.1 Capotauro’s multiband cutouts, includ-
ing nondetections stacks.

Appendix C: Size estimation setup

Capotauro’s light profile in the F444W band was fitted with
petrofit, GALFIT and GALIGHT using an empirical PSF-

convolved standard Sérsic profile

I(r(x, y)) = Ie exp

−bn

( r
re

)(1/n)

− 1


 .

Here, I(r(x, y)) is the flux at position (x, y), r is the radius from
the profile’s center pointing to the (x, y) coordinates, re is the
effective half-light radius, Ie = I(re) is the flux value calculated
at re and n is the Sérsic index, with the parameter bn being
derived from Γ(2n) = 2γ (2n, bn). The fits were performed on
the DR 1.0 CEERS F444W image, with pixels weighted fol-
lowing the corresponding WHT map. For our petrofit runs, we
adopted 104 maximum iterations, a threshold for the relative dif-
ference in residuals of 1.5 × 10−8 and accuracy of the solutions
of 10−9. Figure C.1 displays Capotauro’s F444W segmentation
map compared to the simulated PSF.

Fig. C.1. Capotauro’s F444W segmentation map (pixels highlighted in
red) compared with the band’s simulated FWHM (white circle) centered
on the source’s brightest pixel.

Appendix D: Extragalactic SED-fitting setup

Our BAGPIPES (v1.2.0) runs rely on the Bruzual & Charlot
(2003) stellar population synthesis (SPS) model, and we per-
form separate runs adopting both a delayed exponentially declin-
ing SFH (Ciesla et al. 2017; Chevallard et al. 2019) and a log-
normal SFH (Diemer et al. 2017; Cohn 2018), and a standard
Calzetti law (Calzetti et al. 2000). To properly assess whether the
F410M and F444W detections of Capotauro may be attributed
to strong line emission, we increase the number of live points
in our BAGPIPES runs to 5000, including a nebular emission
component (modeled via the CLOUDY code; Ferland et al. 2017)
and allowing the ionization parameter to reach log U = −1. As
discussed in Gandolfi et al. (2026), this setup allows for more
refined sampling of the physical parameter space, facilitating
the detection and characterization of plausible solutions resid-
ing in low-volume regions (such as strong line emitters). The
complete list of priors utilized in our BAGPIPES run is available
in Table D.1. Due to the native inability of BAGPIPES to han-
dle upper limits, nondetections (i.e., S/N < 2) were treated as
zero-flux measurements with a 1σ uncertainty. We note that this
approach does not strictly correspond to fitting upper limits, as
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Fig. B.1. 1.2′′ × 1.2′′cutouts of Capotauro in all the HST/ACS and WFC3 bands (top row) and JWST/NIRCam bands (second row) utilized in this
work. The third row shows JWST/MIRI cutouts, followed by stacks of HST (i.e., bands from F435W to F160W), JWST/NIRCam nondetections
(i.e., bands from F090W to F356W), JWST/MIRI, and combined HST+JWST/NIRCam nondetections.

BAGPIPES interprets these inputs as regular flux measurements
with associated uncertainties, rather than applying a one-sided
constraint. However, we verified that increasing this threshold to
3σ produces the same best-fit photometric and spectrophotomet-
ric redshift estimates (albeit with larger uncertainties).
CIGALE fits were done by assuming Bruzual & Charlot

(2003) stellar population models, a delayed SFH allowing for
an additional recent burst and a Calzetti et al. (2000) attenu-
ation law. We performed the fit both considering pure stel-
lar emission and allowing for nuclear emission from an AGN.
To this aim, we adopted the SKIRTOR model (skirtor2016
module, Stalevski et al. 2012, 2016) and the quasar approxi-
mation accounted for by the dale2014 dust emission module
(Dale et al. 2014). In all three cases, we obtain very similar
results. In Table D.2 we list the full set of parameters allowed
by our grid.
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Table D.1. Uniform priors utilized for all our BAGPIPES SED-fitting runs.

BAGPIPES fit parameters Prior range Description
General
log Mform/M� [6, 15] Logarithmic total stellar mass formed
z [0, 40] Redshift
Av [0, 6] Dust attenuation index (Calzetti attenuation law)
logU [-4, -1] Logarithmic ionization parameter
Z [0, 2.5] Metallicity in solar units
Delayed SFH
Agedel [10−5, 14] Time since the beginning of star formation in Gyr
τdel [10−5, 14] Time since the end of star formation in Gyr
Log-normal SFH
tmax [0.1, 15] Age of the Universe at the star formation peak in Gyr
FWHM [0.1, 20] Full width at half maximum star formation in Gyr

Table D.2. Grid utilized for the free parameters of all our CIGALE SED-fitting runs.

CIGALE fit parameters Grid values Description
Delayed exponential SFH + burst [sfhdelayed module]
τmain 0.01, 0.1, 0.5, 1 e-folding time of the main stellar population model in Gyr
Agemain 0.01, 0.05, 0.06, 0.08, 0.1, 0.2, 0.3,

0.4, 0.5, 0.6, 0.7, 1, 2, 3, 5, 10, 13
Age of the main stellar population in the galaxy in Gyr

τburst 0.01, 0.025 e-folding time of the late starburst population model in Gyr
Ageburst 0.005, 0.01 Age of the late burst in Gyr
fburst 0.0, 0.1, 0.2, 0.3, 0.4, 0.5 Mass fraction of the late burst population
SSP component [bc03 module]
Z 0.02, 0.2, 1 Stellar metallicity in Solar unities
Nebular component [nebular module]
log U -3, -2, -1 Logarithmic ionization parameter
zgas 0.2, 1 Gas metallicity in Solar unities
Dust attenuation component [dustatt_modified_starburst module]
EBVlines 0.1, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5,

1.75, 2.0, 2.5, 3.0, 3.5
E(B-V) of the nebular lines light

EBVfactor 0.44 Reduction factor compute E(B-V) of the stellar continuum
RV 4.05 AV / E(B-V) (Calzetti law)
AGN component [skirtor2016 module]
i 30, 70 Inclination, i.e. viewing angle, position of the instrument w.r.t. the AGN axis
disk_type 2 Disk spectrum (transitional ADAF to disk spectrum; López et al. 2024)
delta 1 i.e., thin disk
fracAGN 0.1, 0.3, 0.5, 0.7, 0.9 AGN fraction at lambda_fracAGN
lambda_fracAGN 0.4 Wavelength range in microns where to compute the AGN fraction
Redshifting component [redshifting module]
z from 0 to 40 in steps of 0.05 Redshift of the source

Notes. In this table we limit ourselves to showing only the parameters we allowed to vary in our analysis. All the remaining parameters not
included in the table are fixed and their value coincides with the default ones assigned by CIGALE.

Table D.3. Uniform priors utilized for all our ZPHOT SED-fitting runs.

ZPHOT fit parameters Prior range Description
General
z [0, 35] Redshift
E(B − V) [0., 1.1] Stellar E(B-V) (Calzetti attenuation law)
Z [0.02, 0.2, 1.0, 2.5] Metallicity in solar units
Delayed SFH
Agedel [10−2, Age of the Universe] Time since the beginning of star formation in Gyr
τdel [0.1, 15] e-folding timescale in Gyr

Notes. Nebular emission is directly linked to the amount of hydrogen-ionizing photons in the stellar SED assuming an escape fraction fesc = 0.0,
electron temperature Te =10000 K, electron density Ne =100 cm−3, a 10% He numerical abundance relative to H, case B recombination, and relative
line intensities of He and metals as a function of metallicity as in Anders & Fritze-v. Alvensleben (2003). See Schaerer & de Barros (2009) and
Castellano et al. (2014).
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