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ABSTRACT

We present a catalogue of 5306 new ultracool dwarf (UCD) candidates in the three Euclid Deep Fields in the Q1 data release. They range from
late M to late T dwarfs, and include 1200 L and T dwarfs. A total of 546 objects have been spectroscopically confirmed, including 329 L dwarfs
and 26 T dwarfs. We also provide empirical Euclid colours as a function of spectral type. Our UCD selection criteria are based only on colour
(Ig — Yg > 2.5). The combined requirement for optical detection and a stringent signal-to-noise ratio threshold ensure a high purity of the sample,
but at the expense of completeness, especially for T dwarfs. The detections range from magnitudes 19 and 24 in the near-infrared bands, and extend
down to 26 in the optical band. We discuss Euclid’s capability to identify UCD candidates based on its photometric passbands. The average surface
density of detected UCDs on the sky is approximately 100 objects per deg?, including 20 L and T dwarfs per deg?. This leads to an expectation of
at least 1.4 million UCDs in the final data release of the Euclid Wide Survey, including at least 300 000 L dwarfs, and more than 2600 T dwarfs,
using the strict selection criteria from this work.

Key words. catalogs — brown dwarfs

1. Introduction resent a continuum of properties linking stellar and plane-
tary physics. Their formation mechanisms remain vigorously
debated: with questions surrounding whether they form like
stars, via the gravitational collapse and fragmentation of molecu-
* This paper is published on behalf of the Euclid Consortium. lar clouds, or like planets, through disc instabilities or core accre-
** Corresponding author: ege@iac.es tion followed by ejection (Whitworth 2018; Miret-Roig et al.

Ultracool dwarfs (UCDs), comprising the lowest-mass stars,
brown dwarfs, and free-floating planetary-mass objects, rep-
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2022; Palau et al. 2024). Despite their intrinsic faintness, they
are abundant, making up a significant fraction of the Galaxy’s
population. Yet, their census remains incomplete, particularly
at the faint and metal-poor ends. Building large, homogeneous
catalogues and developing robust photometric and astrometric
diagnostics to distinguish UCDs from background contaminants
are therefore crucial steps towards constraining their formation
pathways. In turn, this will shed light on the broader processes of
star and planet formation, helping to advance our understanding
of the lowest-mass end of the initial mass function.

The advent of major wide area imaging and spectro-
scopic surveys from the ground and from space, at optical and
infrared wavelengths, has enabled the discovery of hundreds
of UCDs. Traditionally, these faint ultracool objects are first
identified by photometric selection criteria using large survey
catalogues (e.g. Sloan Digital Sky Survey (SDSS; York et al.
2000), Two-Micron All-Sky Survey (2MASS; Cutri et al. 2003;
Skrutskie et al. 2006), Deep Near Infrared Survey of the
Southern Sky (DENIS; Epchtein et al. 1997), UKIRT Infrared
Deep Sky Survey (UKIDSS; Lawrence et al. 2007), Wide-field
Infrared Survey Explorer (WISE; Wright et al. 2010), VISTA
Hemisphere Survey (VHS; McMahon et al. 2013), Panoramic
Survey Telescope and Rapid Response System (Pan-STARRS;
Chambers et al. 2016), and the Dark Energy Survey (DES;
Abbottet al. 2021)), and later confirmed spectroscopically
(e.g. Kirkpatrick et al. 1999, 2000; Luhman 2014; Martin et al.
1999, 2010; Reylé 2018). For example, dal Ponte et al. (2023)
extended the catalogue of Carnero Rosell et al. (2019) and iden-
tified almost 20000 UCD candidates brighter than z < 23 in
DES. On the other hand, the Ultracool Sheet! (Best et al. 2024)
— the growing literature compilation of confirmed UCDs and
imaged planets — contains more than 4000 objects, as of Decem-
ber 2024.

The FEuclid space mission (Euclid Collaboration: Mellier
et al. 2025) is a wide-field space telescope equipped with
high-precision optical and near-infrared imaging and slitless
spectroscopy. It is designed to observe distant galaxies to
explore the composition and evolution of the dark Universe.
At the same time, its high sensitivity and wide coverage
enable the identification of thousands of new UCDs. This is
made possible primarily by its sensitive Near-Infrared Photome-
ter and Spectrometer (NISP, Euclid Collaboration: Jahnke et al.
2025), which observes wavelengths that are otherwise partially
obscured by Earth’s atmosphere, such as water absorption bands.
This spectral range also reveals key molecules in UCD atmo-
spheres, such as methane. Euclid’s high sensitivity makes it pos-
sible to detect fainter objects than in previous wide-field surveys.
The depth provided by the Q1 data allows us to probe about 3
magnitudes deeper at optical and near-infrared wavelengths than
previous ground-based surveys. The limiting sensitivity in the
optical is 26.7 (Euclid Collaboration: Mellier et al. 2025), and
24.4 (50 point source) in the near-infrared, and this enables
the detection of faint, free-floating planetary-mass objects. For
example, the first scientific results of Euclid were derived from
the Early Release Observations (ERO; Cuillandre et al. 2025),
which included the photometric identification of new UCDs
in the Sigma Orionis open cluster (Martin et al. 2025) and the
LDN 1495 region of the Taurus molecular clouds (Bouy et al.
2025). Owing to the young age of these regions, such objects
have likely planetary masses, down to a few Jupiter masses.
Upon completion of the wide (Euclid Wide Survey, EWS) and
deep (Euclid Deep Survey, EDS) surveys that will take over 5
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years, it has been predicted that Euclid will have detected the
largest ever number of UCDs, most of which will be present only
in the near-infrared images (Solano et al. 2021). The resulting
large catalogue will help us better understand the populations of
UCDs and their formation scenarios, and help us refine the mod-
els of their interiors and complex atmospheres.

This work presents the first study to assess the poten-
tial of Euclid’s passbands to identify UCDs in its observa-
tions. By exploring the UCD parameter space using photo-
metric data from the Euclid’s first Quick Data Release, Q1
(Euclid Quick Release Q1 2025), we evaluated its capability to
detect UCDs on a large scale, comparing it with the spectro-
scopic search and analysis from Dominguez-Tagle et al. (2025)
and Mohandasan et al. (2025). Our goal was to understand both
the strengths and limitations of the photometric data in identify-
ing UCDs. Since the depth of the Q1 matches that of the planned
EWS, this study provides a direct estimate of the expected UCD
yield in the final EWS at the end of the mission — representing a
crucial step towards understanding the final survey’s potential.

To ensure high reliability, we searched for UCDs detected in
both near-infrared and optical bands. The resulting catalogue has
a relatively low contamination rate at the cost of completeness.
Fainter detections in the near-infrared EDF observations will be
examined in a follow-up study and in future repeated observa-
tions, which will probe even deeper.

This paper is structured as follows. In Sect. 2, we present
the Euclid’s Q1 data along with known UCDs from the litera-
ture, which are included in this dataset and used as benchmarks.
We describe the extraction of point sources from the Euclid cata-
logue in Sect. 3. Section 4 details the selection process for candi-
date UCDs in our dataset. In Sect. 6, we examine the properties
of our candidate UCD catalogue, their spectral types and empiri-
cal colours, the catalogue’s limitations, and the expected number
of UCD detections in the future Euclid observations. Finally, we
draw our conclusions in Sect. 7. We provide lists of spectroscop-
ically confirmed benchmark sources and T dwarfs, as well as our
main photometric UCD candidates, in Appendix A.

2. Data

In this paper we utilise the three catalogues of the
EDFs from the Q1 data release. They cover a total
area of 63deg?, distributed approximately as follows (see
Euclid Collaboration: Aussel et al. 2026): EDF Fornax (EDF-F),
12 deg?; EDF North (EDF-N), 23 deg?; and EDF South (EDF-
S), 28 deg®. This data release includes only the first visit of these
fields, but they will be continuously observed many times during
the lifetime of the mission, which will deepen the detection limit
by another 2 magnitudes.

We exploited the merged catalogue (MER) that con-
sists of photometric and morphological information of
39 million objects detected in all three fields. They
were observed with two instruments, VIS (magnitude Ig,
Euclid Collaboration: Cropper et al. 2025), with one wide
visible filter, and NISP, with three photometric filters that
give magnitudes Yg, Jg, and Hg. All four filters are broader
than the standard ground-based photometric passbands; their
widths range from 0.3 to 0.56 um. Together, they cover wave-
lengths from about 0.5 to 2um, with almost no gaps. The
passbands’ have the following central wavelengths: 0.67 um
in Ig; 1.08um in Yg; 1.37pm in Jg; and 1.77pum in Hg
(Euclid Collaboration: Schirmer et al. 2022).

2 Available at e.g. the Spanish Virtual Observatory’s website.
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The MER catalogue provides magnitudes computed in a
few different ways. In this work, we adopted aperture photom-
etry computed within twice the full width at half maximum
(FWHM), with magnitudes expressed in the AB photometric
system. Our choice of flux type from the MER catalogue fol-
lows the work of Mohandasan et al. (2025), where the authors
discuss the optimal flux measurement for point-like sources, and
compare the magnitudes with ground-based photometry.

Reference UCDs in Euclid fields Anticipating the first Euclid
observations, Zhang et al. (2024) analysed the existing optical
and infrared photometric catalogues to search for the UCDs in
the EDFs. They used Pan-STARRS release 1, 2MASS, and the
ANWISE survey (Cutri et al. 2021) to search for late M, L, and
T dwarfs. Their photometric selection criteria were based on
the work of Carnero Rosell et al. (2019), but generalised and
less strict. They found 360 M, 152 L, and three T candidate
dwarfs in the three EDFs. From this sample they selected eight
UCD candidates of different spectral types and obtained spec-
tra with EMIR the Espectrégrafo Multiobjeto Infra-Rojo (EMIR;
Garzon et al. 2022) at the Gran Telescopio Canarias (GTC), and
the Very Large Telescope (VLT)/Xshooter, which confirm their
UCD nature.

3. Selection of point sources

The most common objects in Euclid’s catalogue are extragalac-
tic. They are clearly extended when they are close enough,
although they appear point-like when very distant. Fortunately,
in our parameter space of choice, there is negligible overlap
between the point-like galaxies and stars, and especially substel-
lar objects (see Sect. 6.2). To isolate the point-like sources, we
performed a series of simple morphology and data quality fil-
ters using measurements already available® in the Q1 tables. Our
criteria were stringent, leaving out some marginal objects, such
as young UCDs, which might appear extended due to a poten-
tial circumsubstellar disc and infalling material. Our goal was to
produce a catalogue that is as free of contaminants as possible,
rather than aiming for completeness. Our selection was defined
with the help of the benchmark ultracool objects from Table A.1.

The most restrictive requirements were applied to the
morphology of the sources, since most of the objects in
Euclid’s catalogue are galaxies. Due to POINT_LIKE_PROB
(probability between 0 and 1 that the source is point-
like) being available only for a subset of sources, due to
the strong priority placed on purity in the MER catalogue
(Euclid Collaboration: Romelli et al. 2026), we designed our
own filters that are a little less restrictive and reach fainter mag-
nitudes. To isolate point-like objects, we used the ELLIPTICITY
and MUMAX_MINUS_MAG parameters. ELLIPTICITY is defined
as 1 — B/A, where A and B are the semi-major and semi-
minor axes of an elliptical object, respectively, and are
computed directly by SourceExtractor (Bertin & Arnouts
1996). MUMAX_MINUS_MAG is a proxy for the better-known
SPREAD_MODEL parameter (Mohr et al. 2012; Desai et al. 2012;
Bouy et al. 2013), and is directly used for star—galaxy separation.
Itis defined as the difference between the peak surface brightness
above the background (MUMAX in mag arcsec™2) and the magni-
tude (Euclid Collaboration: Romelli et al. 2026). Essentially, it
compares the concentration of the light at the peak and the total
magnitude. This difference distinguishes extended and point

3 The documentation is available online in the Euclid SGS Data Prod-
uct Description Document.

sources very efficiently, as is demonstrated in Fig. 1. We limited
this parameter to values between —3.25 and —2.65 mag arcsec™2,
and ELLTPTICITY to < 0.2.

The distribution of FWHM ranges from about 1”71 to 175
for the majority of sources. Because one of the benchmarks
is an outlier in this parameter (its det_quality_flag is 386,
which means bad data quality) and lies beyond that limit, we
formally introduced a FWHM < 175 filter to exclude it. This
filter removed fewer than 1% of sources from the entire sample.

Saturated, blended, and contaminated sources, and
those with similar problems, were excluded with the
DET_QUALITY_FLAG smaller than 3. To limit ourselves
only to the measurements of high quality, we eliminated all
catalogue entries with a signal-to-noise ratio (S/N; defined as
flux/flux error) of less than 4. This is the most restrictive selec-
tion criterion, which consequently shifts the completeness by
1-1.5 mag, and the limiting magnitude by several magnitudes,
as is demonstrated in Fig. 2. The completeness limit in our
resulting point-source catalogue, after all applied cuts, is 23.5
for the near-infrared bands and 24.5 in the visible, as is shown in
Fig. 3. We imposed such a strict constraint in order to produce as
clean a sample as possible, at the expense of the fainter sources,
which will be explored in a follow-up work. We applied this
filtering only to the Ig, Yg, and Hg bands that are essential for
our UCD science. The Jg data remained unfiltered, because our
UCD selection criteria, described below, are not based on the
Jg magnitude. This means that some of our sources might have
bad pixels in the Jg band, but since this magnitude is not used,
it does not affect our results.

We present the set of filters that we use in Table 1. This sim-
ple but effective filtering resulted in a catalogue of 688 957 point
sources, representing just under 2% of the initial sample.

We estimated magnitude and colour error bars for the point
source catalogue by sampling 1000 flux values from a normal
distribution centred on the measured flux, using the flux error
as the standard deviation. These sampled fluxes were then con-
verted to magnitudes, and the 16th and 84th percentiles of the
resulting distribution were taken as the lower and upper bounds
of the uncertainty.

Extinction estimation We found an apparent relative offset
between the EDF-N and the two southern fields in our /g — Yg
versus Yg — Hg diagrams. This is shown, for example, in Fig. 4,
where we plot data from EDF-N and EDF-S. The difference is
particularly noticeable in the densest regions, representing solar-
like stars. The relative offsets of EDF-N with respect to EDF-S
are 0.04 in Ig — Yg and 0.02 in Yg — Hg. This might be com-
ing from differences in interstellar extinction. While the EDFs
were carefully selected to be extinction-free, the average esti-
mated* E(B — V) in the northern field (0.056) is more than 3
times higher than in EDF-S (0.017). This corresponds to median
extinction values of A;, = 0.13, Ay, = 0.06, and Ay, = 0.03
in EDF-N, and A;, = 0.08, Ay, = 0.02, and Ay, = 0.009 in
EDF-S. They are typically 2-3-times larger in EDF-N, depend-
ing on the wavelength. This difference could produce the relative
offsets that we detected in the data.

However, the reddening values are upper limits, and the
actual values for the UCDs, which are very close to us, are
smaller. Additionally, the offsets between EDF-S and EDF-N are

4 Reddening in Euclid was estimated from the Planck dust map
(Planck Collaboration XI 2014), which is two-dimensional, pro-
viding only upper limits for objects within our Galaxy (see
Euclid Collaboration: Romelli et al. 2026, for more details).
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much smaller than the typical error bars for individual UCDs
(£0.12 and +0.06, respectively). For this reason, we did not
apply any corrections.

4. A catalogue of photometric UCD candidates

We visualise our point-source catalogue in a colour-colour dia-
gram in Fig. 5. We followed Martin et al. (2025) and chose a
combination of Iz — Yg and Yg — Hg that brings out the UCDs
most clearly. The use of the optical band helped us to construct
a high-quality catalogue of UCDs with minimal contamination,
but at the expense of completeness, especially for the reddest
objects (T dwarfs). We provide more details about this topic in
Sect. 6.2.

The data in our chosen parameter space form a shape that
resembles a bluebottle’ with the main body, sail, and tentacles.
Therefore, we have named this colour-colour plot the ‘blue-
bottle’ diagram. Its central sequence starts with white dwarfs

3 The bluebottle is a stinging marine animal, similar to a jellyfish, from
the genus Physalia.
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below Ig — Yg < 0, continues with stars, and ends in the
cool tip with UCDs at Iz — Yg % 2.5. To identify the region
occupied by UCDs in Fig. 5, we overplotted the known UCDs
from Zhang et al. (2024) that have been spectroscopically con-
firmed by Dominguez-Tagle et al. (2025) using Euclid spectra.
For clarity, Fig. 6 shows an expanded area of the bluebottle dia-
gram, including the cool tip and the spectroscopically confirmed
UCDs. They perfectly overlap with the bluebottle, and demon-
strate that this parameter space encompasses UCDs from late M
dwarfs down to late T dwarfs.

We used the spectroscopically confirmed UCDs as a guide
in our candidate UCD selection. Figure 6 shows that the typical
Ig — Yg colour of the M8 dwarfs is about 2.5. We there-
fore used the Iz — Yg > 2.5 criterion to select the photomet-
ric UCD candidates in this work. Such a cut isolated 5306
objects, with the reddest Ir — Yg colours ranging between 2.5
(~M8) and 5.0 (late T dwarfs). According to their colour dis-
tribution, shown in Fig. 7, we expect to find about 1200 L
dwarfs with /g — Yg > 2.9. Additionally, we report a list of
13 candidate T dwarfs. One of them has been previously iden-
tified (Zhang et al. 2024), and the rest are new. Seven of them



Zerjal, M., et al.: A&A, 711, A37 (2026)

[T T T I T T T I T T T I T T T I T T T I T T ]
1045— =
= E

e N
S0 E
ok s 1

= 1 Yy 3

E 1 Jg E
100 1 He h

[ N N B 1

\Il\ [ T !
18 20 22 24 26

Magnitude

H
o [
o Lol
o

Fig. 3. Magnitude distributions in the point-source catalogue. Com-
pleteness limits are approximately 23.5 for the NISP bands and 24.5
for VIS. The filtering procedure was not applied to the Jg band, since it
was not used in the candidate selection from the colour-colour diagram.

Table 1. Filters applied to isolate point sources.

Parameter Value
ELLIPTICITY <0.2
MUMAX_MINUS_MAG  —3.25to —2.65 mag arcsec™>
FWHM <15

S/N (IE, Yg, and HE) >4
DET_QUALITY_FLAG <3

have been spectroscopically confirmed using Euclid spectra, as
is shown in figure 7 in Dominguez-Tagle et al. (2025). These
objects are listed in Table A.2, as well as in the main UCD
catalogue. The number of T dwarfs is relatively small. This is
because they are intrinsically faint, and due to our selection
biases, discussed in more detail in Sect. 6.2. In Table A.3 we
provide the main result of this work, a list of 5306 photometric
UCD candidates. Of these, 546 have been assigned spectral type
following the procedure from Dominguez-Tagle et al. (2025).
The ATMO models in Fig. 8 predict that early Y dwarfs are
expected to be found in the horizontal band below the main blue-
bottle body, with Yg — Hg colours roughly between —1.5 and
—0.5. A typical Ig—Y% colour of a YO dwarf is around 5, while we
can expect objects with masses below ~20 M, at Ip — Yg =~ 2.5.
There are a number of objects in this region in the figure. We
manually inspected their spectra (although they are not avail-
able for all objects) and could not confirm any Y dwarfs. On
the other hand, based on the colours of known Y dwarfs (e.g.
Kirkpatrick et al. 2024), we expect Y dwarfs to have Iy — Yg
colours that are even redder than T dwarfs, and Yg — Hg colours
that are bluer than T dwarfs, i.e. we expect them to extend the
T dwarf sequence towards the bottom right in the bluebottle dia-
gram. There are no objects in our catalogue with such colours.
The absence of detected Y dwarfs is likely due to
our strict filtering criteria. Namely, the absolute /g magni-
tude of an YO object at 10Myr is around 26.2, which is

0.5

_ | |
0-5 0.0 0.5 1.0

Fig. 4. Euclid colour-colour diagram. The offset between EDF-N and
EDF-S is most prominent in the solar-like region at 0.1 < Ig — Yg < 0.4.

already beyond the completeness limit (see Fig. 3). Conversely,
Dominguez-Tagle et al. (2025) performed an independent search
for UCDs in the entire Euclid spectral database, and did not
find any Y dwarfs. This might be due to the fact that in the Q1
data release, spectra are only available for Hg < 22.5 objects.
This will change in the forthcoming data releases. In the future,
a development of search criteria based only on NISP, supple-
mented with the ground-based photometry, might yield a detec-
tion of Y dwarfs in Euclid, as is discussed in Sect. 6.2.

5. A catalogue of spectroscopically confirmed
UCDs

To assess the nature of the selected candidates, we
examined the available spectra for these objects (Euclid
Collaboration: Jahnke et al. 2025; Euclid Collaboration:
Polenta et al. 2026). Out of 5306 candidates, 4682 have spectra
in the Euclid Q1 release (almost 90%). We conducted both
a visual spectroscopic analysis and a comparison with the
template library, as is described below.

5.1. Manual tagging

Manual tagging was done in the following way. As a first step,
we filtered out spectra for which more than 20% of flux points
have QUALITY < 0.2, as well as spectra with a mean quality
below 0.5. This removed 255 objects from further consideration.
To identify additional outliers, we computed the Mahalanobis
distance, M (Bishop 2006), selecting spectra with M > 30,
which eliminated another 210 objects. These 465 outliers are
labeled with ‘O’ in Table A.3.

While these criteria are to some extent subjective, they are
necessary to exclude severely degraded or noisy spectra that
would hinder further analysis. Visual inspection of the flagged
outliers revealed 16 objects that exhibit features characteristic of
the UCD spectra, despite being partially corrupted.

To emphasise the spectral morphology, we removed local
spikes and applied cubic spline smoothing (full details of the
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denoising procedure will be presented in a forthcoming publica-
tion). The cleaned spectra were then used in the analysis.

We performed a visual comparison of each denoised spec-
trum against a set of spectral type templates (Burgasser 2014;
Burgasser & Splat Development Team 2017). Based on similar-
ity to the templates and the presence of spectral features typical
for UCDs in the Euclid NISP red-grism wavelength range (the
shape of the H,O absorption bands starting from 1.33 um, K I
doublet at 1.25 um, H band continuum shape around 1.6 um),
we assigned each spectrum to one of the following classes:

— C1: Spectra that clearly match UCD templates;

— C2: Spectra that exhibit some UCD features but do not match

any template closely;

— C3: Spectra that contain a visible signal but lack UCD-

specific features;

— C4: Spectra that are too noisy or corrupted to be classified.
This information is available in Table A.3. There are 496 objects
in the C1 category, and 615 in C2. It is possible that many more
UCDs are present in our photometric candidate list, but their
spectra are currently too noisy or unavailable. In the future, once
repeated observations of the EDFs become available, we expect
to confirm many more additional candidates. Figure 9 shows that
nearly all objects brighter than Iy = 22 belong to the C1 class,
and that we detected objects with some UCD features (class C2)
nearly down to the /g detection limit. The contamination rate is
negligible for Iz < 22, and likely remains low until Iz = 24
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tral type from the curve fits (red squares) and
ATMO models for a range of ages.

where extragalactic objects start to dominate, as is shown in
Fig. 1. A contamination estimate based on the number of objects
classified into classes C1, C2, and C3 shows that the contamina-
tion rate, defined as Nc3/Nci+c2+c3, Where Nosz and Nejyco+cs
are the numbers of objects in these classes, is 67%, consistent
with the sharp increase seen at the faint end in Fig. 1. This is,
however, a conservative estimate, as the classification into C1-
C4 groups was performed manually, and some spectra assigned
to the C3 class may still correspond to UCDs whose spectra are
simply too heavily degraded for their nature to be confirmed.

5.2. Spectral typing

We considered objects from categories Cl1 and C2 for
spectral classification. This was done by a compari-
son with the SpeX standard templates (Burgasser 2014;
Burgasser & Splat Development Team 2017). We used two dif-
ferent methods, which are described in Dominguez-Tagle et al.
(2025). The first method used y? minimisation over the full
wavelength range. The second one was based on minimising
the residual from the difference between the spectra and the
standard templates over four wavelength ranges defined by the
NISP wavelength range and the telluric absorption bands (i.e.
only present in the templates). The spectral type (SpT) was
obtained after weighting each method by the quality of the
spectrum (see Dominguez-Tagle et al. 2025 for further details).
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The typical uncertainty of the SpT is +1 subtype. A colon *:
was added to the spectral subtypes with larger uncertainty, and
a ‘p’ for peculiar spectra. Objects with very low S/N were not
classified.

In total, 546 spectra had sufficient quality to allow for a reli-
able determination of spectral types beyond M7. A total of 26
of them are T dwarfs, 329 are L dwarfs, and the rest are late
M dwarfs. This means that 10% of our UCD candidates are
spectroscopically confirmed and have their SpT determined. The
remaining objects from the C1 and C2 groups exhibit some spec-
tral features consistent with UCD classification, for example the
water drop at ~1.35 microns, but the data quality is too lim-
ited for definitive spectral typing. We include spectral types in
Table A.3.

A comparison with Dominguez-Tagle et al. (2025), who
published the SpT of 178 UCDs, reveals 27 objects with SpT
that are not in our candidate list. Six of them were found by
the spectral index search described in that paper. The remaining
21 are confirmed candidates from Zhang et al. (2024). A close
inspection shows that these 21 objects do not meet our point-
source and quality requirements (mostly due to low S/N; Sect. 3)
or have Ig—Yg < 2.5. This comparison highlights the importance
of conducting both photometric and spectroscopic searches inde-
pendently, particularly because the latter led to the discovery of
five T dwarfs that were not identified through photometry alone
(Dominguez-Tagle et al. 2025).

6. Discussion

In this section, we describe the photometric properties of UCDs
that have their spectral type determined (Sect. 6.1). Then, we
address the contamination rate and the detection limitations of

the sample in Sect. 6.2, and the prospects for detecting metal-
poor UCDs in Sect. 6.3, compare the dataset with the UCD can-
didates from the literature (Sect. 6.4), and end with the estimated
numbers of future UCD detections in the EDS and EWS, based
on the results of this work.

6.1. Empirical photometric sequence

We determined the typical Euclid colours for each UCD spectral
type and compared them with the ATMO models used in this work
(Phillips et al. 2020). Although our catalogue does not contain
any widely studied brown dwarf, its large size allowed us to rely
on statistical analysis for late M and L objects. We applied the
same analysis to the T dwarfs as well, but the results were less
robust due to their scarcity.

Figure 10 shows the relations between the spectral types and
the colours. The Iy — Jg relation is well behaved, which is impor-
tant since UCDs are brightest in the Jg band. Although Iy — Jg
would thus be a preferable selection criterion to /g — Yg, the main
limitation remains the inclusion of the optical band. For consis-
tency with Martin et al. (2025), we therefore retain Ig — Y.

Some spectral types exhibit greater scatter in colour than oth-
ers. The spread is particularly pronounced for L6-T2 objects,
especially in the NISP colours (Yg — Jg, Yg — Hg, and Jg — HE).
This increased scatter is consistent with the known variabil-
ity during the L-T transition, which is attributed to changes
in cloud opacity at near-infrared wavelengths (Radigan et al.
2014; Radigan 2014). Consequently, we observed a discrepancy
between the data and the ATMO models in Fig. 6 for late L and
early T dwarfs. For this reason, we excluded L6-T2 objects with
Yg—Hg < 0.8 from this analysis, as Fig. 6 indicates that their typ-
ical Yg — Hg colour is greater than 0.9. Additionally, we excluded
a small number of photometric outliers whose colours differ by
more than 1 magnitude from the typical values of objects with
similar spectral types, despite using a sigma-clipping approach
in the fit. We provide more detail about this discrepancy in
Sect. 6.2.

We fitted a polynomial to each spectral type-colour relation,
where spectral types were encoded numerically (e.g. 70 for LO,
75 for L5, 80 for TO, etc.). The order of the polynomial varies
depending on the colour, selected to best capture the shape of
the relation while avoiding overfitting. To reduce edge artefacts
commonly introduced by polynomial fitting, we included a small
number of M5 and M6 objects at the lower end of the spectral
type range.

Using these polynomial fits, shown in Fig. 10, we derived a
typical colour for each spectral type, as is listed in Table 2. The
resulting Iy — Yg versus Yg — Hg relation aligns well with the
bluebottle diagram up to the tip of the sequence (Ig — Yg ~ 3.4),
but begins to break down for T dwarfs. This discrepancy is likely
due to the limited number of T dwarfs in the current dataset, and
we expect it to improve with future Euclid data releases.

6.2. Limitations and contamination of the catalogue

Here we discuss the detection limits of the instruments, the qual-
ity of the sample, and the contamination of the UCD catalogue
with evolved stars and extragalactic objects. The most discrimi-
nating parameter in our search for UCDs was the Iz — Yg colour,
which is based on the measurements of two different instru-
ments. Their sensitivities differ: the NISP instrument detects
objects with magnitudes between 19 and 24; and the VIS range
is broader and extends about 2 magnitudes deeper in our point
source catalogue (Fig. 11). Since the UCDs are very red (e.g.
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the T dwarfs can surpass Iz — Yg = 4.5), their luminosities in
the optical are low. For example, a T dwarf with Yg = 24 would
be fainter than Iz = 28. For this reason, our catalogue of UCD
candidates only contains NISP sources brighter than Yg ~ 22.5.
The advantage of this limitation is the higher quality of the sam-
ple and a higher percentage of objects for which good-quality
spectroscopy is available.

We left the photometric selection of the faint NISP
sources for our follow-up work. On the other hand,
Dominguez-Tagle et al. (2025) complemented our current cata-
logue with a spectroscopic search for UCDs, which is not limited
by the VIS instrument. They searched for substellar objects in
the entire spectroscopic database in Euclid, and found 27 UCD
spectra of objects that are not in our candidate list because they
did not meet our filtering criteria, mostly due to a poor S/N. Sim-
ilarly, Mohandasan et al. (2025) used spectroscopic templates to
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seven other objects show UCD (or stellar) spec-
tra.

Table 2. Empirical Euclid colours for different spectral types.

SpT Ig—Ye Ig—Jg Ig—Hg Ye—Jg Ye—Hg Jg—Hg

M7 265 2.97 3.09 0.29 0.39 0.11
M8 272 2.97 3.08 0.30 0.42 0.12
M9 274 2.99 3.09 0.30 0.43 0.13
LO 2.74 3.02 3.12 0.29 0.42 0.12
L1 2.76 3.07 3.18 0.30 0.42 0.12
L2 2.80 3.13 3.25 0.30 0.42 0.12
L3 2.85 3.20 3.36 0.32 0.45 0.14
L4 2.93 3.29 3.48 0.35 0.52 0.18
L5 3.02 3.38 3.62 0.38 0.61 0.24
L6 3.12 3.49 3.78 0.43 0.73 0.32
L7 3.21 3.60 3.95 0.49 0.87 0.41
L8 3.29 3.73 4.13 0.55 1.00 0.48
L9 3.35 3.86 4.30 0.61 1.10 0.54
TO 3.38 3.99 4.47 0.67 1.16 0.56
T1 340 412 4.61 0.72 1.14 0.52
T2 342 426 4.72 0.75 1.04 0.41
T3 346 439 4.78 0.76 0.85 0.25
T4 3.55 4.51 4.79 0.74 0.59 0.03
T5 3.75 4.63 4.72 0.68 0.31 -0.20
T6  4.11 4.74 4.57 0.56 0.08 -0.38
T7 472 483 4.31 0.38 0.01 -0.41

search for UCDs and confirmed 33 new objects, ranging from
spectral types M7 to T1.

As is discussed in Sect. 6.1, approximately 75% of objects
in the L-T transition region exhibit colours that deviate signifi-
cantly from those expected for their spectral types, particularly
in the near-infrared. Due to the known variability and changes
in cloud opacity during this transition, these objects can display
L-like colours despite having T-type spectra, as is shown in
Fig. 6. As a result, our photometric selection revealed only 13
T dwarf candidates — seven of which have been spectroscopi-
cally confirmed — since only those appear within the bluebottle
parameter space where T dwarfs are expected to lie. In addi-
tion to photometry, incorporating spectroscopic searches will
thus be crucial for future efforts to identify extremely low-mass
UCD:s (including planetary-mass objects), which models predict
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Fig. 10. Typical colours for each spectral type. Black dots represent individual objects, crosses mark objects rejected during the sigma-clipping
fitting, and open circles indicate objects excluded from the fit due to suspected variability. The black line shows a polynomial fit to the relation.
The grey area in the O — C plots represents the standard deviation of the residuals.
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Fig. 11. Completeness for the colour bins in the bluebottle diagram. Despite its very high sensitivity, VIS is the most limiting instrument for the
detection of UCDs in Euclid. The top panels show a group of bright objects at ~(0, 0), which are quasars.
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to overlap with the blue end of the bluebottle diagram with their
Ig — Yg colours between ~0 and 1.5 (see Fig. 5).

Our UCD catalogue consists of candidates with good S/N, as
is explained in Sect. 3. The median values are 10, 24, and 37 for
the Ig, Yg, and Hg bands, respectively. As is shown in Fig. 12,
there is also a variation of S/N with the Ix — Yk colour, due to the
aforementioned detector sensitivity bias. However, the quality
criteria in the preparation of the point-source catalogue were rel-
atively relaxed. We requested DET_QUALITY_FLAG < 3, which
keeps objects with binary flags 1 (bad pixels or contamination
by close neighbours) or 2 (blended sources) in the catalogue.
Our experience with the benchmarks showed that UCD objects
with bad pixels are typically outliers in the bluebottle diagram,
often found far away from the main body. The ‘tentacles’ are one
such example; the majority of the benchmark objects (rejected
for other reasons) with bad pixels were found there. Because a
filter on bad pixels would reject candidates with otherwise ade-
quate morphology and S/N, and a relatively large fraction of the
(rejected) benchmarks were affected by this issue, we decided
to ignore the bad pixel flags, with the hope that at least some of
those objects then meet our UCD selection criteria in the blue-
bottle diagram. We manually checked the majority of the tentacle
objects, and many of them had photometric issues (bad pixels,
spikes from nearby bright stars, etc.). Since the tentacles extend
into the region where we expect extreme UCDs (e.g. Y dwarfs)
according to the ATMO models (e.g. Fig. 5), we opted for a relaxed
filtering that would not exclude potential good UCD candidates.
The issue with bad pixels will be mitigated with repeated Euclid
observations of the EDFs in the future.

The majority of objects in the Q1 catalogue are extragalac-
tic sources. Fortunately, these objects occupy a different part
of the bluebottle diagram than substellar objects, as is shown
in Fig. 13. Our cross-match with the Simbad database placed
galaxies (e.g. Gaia Collaboration 2020, Straatman et al. 2016,
Balestra et al. 2010, Cameron et al. 2011, and Le Fevre et al.
2004), quasars (e.g. Tie et al. 2017, Gaia Collaboration 2020,
and Xue et al. 2016), other active galactic nuclei (AGNs; e.g.
Shim et al. 2013, Abbott et al. 2021, and Poulain et al. 2020),
and supernovae (Gaia Collaboration 2020, Cappellaro et al.
2015, Cappellaro et al. 2005, and Lunnan et al. 2013) on the
extragalactic branch that overlaps with the bluebottle ‘knee’
(late K and early M dwarfs), but extends above the stellar
main sequence. On the other hand, Tu et al. (2025) report the
photometric and spectroscopic similarity in the near-infrared
between the L- and T-type brown dwarfs, high-redshift galaxies,
and ‘little red dots’ (a recently discovered new type of object
hypothesised to represent faint and/or highly reddened AGNs at
high redshift; Matthee et al. 2024). They found good agreement
between their candidate brown dwarf spectra and the models,
and realised their extragalactic nature only when their inferred
distances placed them more than a few kiloparsecs away. While
our spectroscopic classification indicates a contamination rate of
up to 67% beyond Iy = 24 (Sect. 5), this value should be con-
sidered an upper limit due to the low quality of spectra at such
faint magnitudes. A more reliable contamination estimate will
only be possible after future repeated visits of the EDFs, when
proper-motion measurements become available.

The 10-Gyr PARSEC isochrone (Bressanetal. 2012;
Pastorelli et al. 2020) shows that the asymptotic giant branch
(AGB) reaches the cool tip of the bluebottle diagram (late L
dwarfs; see Fig. 5). However, since the lifetime of the AGB
stars is only a few million years (e.g. Ventura et al. 2018), these
stars are very rare. It is thus unlikely that our sample of UCD
candidates is contaminated with such evolved stars.
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Fig. 12. Signal-to-noise ratio (S/N) distribution for /g, Y, and Hg chan-
nels in the ultracool catalogue. The median S/N values are 10, 24, and
37, respectively. Dashed lines are distributions for the entire catalogue
of ultracool candidates. Solid lines trace the variation of the S/N distri-
bution with the /g — Y colour. In NISP, redder (cooler) objects tend to
have higher S/N on average, while in the VIS band, the opposite is true
and the difference between the red and blue is more pronounced.

6.3. Metal-poor ultracool dwarfs

Our UCD selection is based on the Ig — Yg colour of the solar-
metallicity objects. To investigate how this criterion affects the
detection of metal-poor UCDs, we prepared a set of solar-
metallicity and metal-poor models in the following way.

The public ATM02020 isochrones are available only for solar
metallicity. To explore the variation in the expected theoreti-
cal distribution in the Yg — Hg = f(Ig — Yg) diagram of ultra-
cool objects with decreasing metallicity, we turned to the Sonora
Bobcat grid of cloudless models (Marley et al. 2021).

For [Fe/H] = —0.5 and 0.0, for all values of temperature in
the grid (200 to 2400 K) and for three values of the surface grav-
ity (log g [cms™2] = 3, 4, and 5), we computed Euclid equivalent
magnitudes in each of the filters (X = Ig, Y5, or Hg) by evalua-
tion of the integral

Xg = f " FQ) Ry () dA, )

Amin
where Ry(A) is the transmission profile of a Euclid filter (pro-
vided by the Filter Profile Service, Rodrigo et al. 2024), F(A) is
the Sonora spectral flux expressed as a wavelength-dependent
quantity, and Ap;, and A, are the end wavelengths of the
Sonora spectrum.

We compare the models in Fig. 14. They more or less over-
lap in the parameter space of M and L UCDs. We therefore can-
not trace metal-poor objects in that part of the bluebottle dia-
gram. On the other hand, the models predict considerably bluer
Ys — Hg colours for T dwarfs. There is one candidate T dwarf
(OBJECT_ID = —-603476608509828998) that lies below the rest
of the sample, but it has not yet been spectroscopically confirmed
to be a UCD.

6.4. Comparison with the Dark Energy Survey

Known UCDs in the literature are generally much brighter than
our candidates. However, the cross-match with more than 19 000
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photometric candidate UCDs from the Dark Energy Survey
(DES; dal Ponte et al. 2023) yielded UCD candidates in com-
mon in EDF-S and EDF-F. In total, there are 188 DES candidates
in the Q1 sky regions. We found Euclid counterparts for 125 of
them; 56 do not meet our filtering criteria. The remaining 7 were
not found within the 1 arcsec cross-matching radius, and might
potentially have high proper motions. Most of the 125 objects
in common have their spectra available in Euclid and belong to
the C1 and C2 groups; many of them have their spectral types
determined. A relation between Ipgs and Ig was used to convert
the DES magnitudes into the Euclid system and directly com-
pare their distributions. Figure 15 shows that most of them have
magnitudes between Iz = 22 and 25, which is about the detec-
tion limit in DES. This distribution lies in the fainter half of the
C1 and C2 groups and strengthens the case that these objects
are true UCDs, as the candidates were selected photometrically
using two independent methods and surveys.

6.5. Expected detections of UCDs in the forthcoming Euclid
data releases

This work demonstrates the potential of Euclid to systemati-
cally detect numerous field UCDs. While they cover the EDF

L
5.0

5.5

notable colour spread with metallicity for T
dwarfs in this diagram.

regions, the Q1 catalogues have essentially the same depth of
data as the planned EWS. The results of this paper can there-
fore be directly used to estimate the number of expected ultra-
cool detections over 14000 deg? of the sky that Euclid is going
to visit, and which corresponds to about one third of the entire
celestial sphere.

Our detection of 5306 candidate UCDs in 63 deg® of Q1 data
gives an average® density of api)roximately 100 UCDs per deg?,
and 20 L and T dwarfs per deg”. For comparison, the density in
DES that detected 20 000 UCDs in 5000 deg? is four objects per
deg® (and about three L and T dwarfs per deg?; dal Ponte et al.
2023). The density in the Galactic plane would be larger, but
these regions will not be observed by Euclid. We can therefore
expect to detect about 1.4 million UCDs in the final data release
of the EWS. Of these, about 300 000 are expected to be L and T
dwarfs. Similarly, we can anticipate the detection of more than
2600 T dwarfs with the method used in this paper. These are
lower limits, since the present catalogue is not yet complete and
does not fully utilise the potential of the data.

¢ The depth of the images varies across the field due to dithering (e.g.
Euclid Collaboration: McCracken et al. 2026).
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Fig. 15. Cross-match with the photometric
UCD candidates from the Dark Energy Survey
(dal Ponte et al. 2023). We found 125 objects
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These overall numbers are consistent with theoretical pre-
dictions. For example, Solano et al. (2021) estimated that Euclid
was going to photometrically detect around 1 million objects in
the NISP bands in the EWS. However, they estimated that the Jg
band, which was not used in our study, is the most sensitive to
UCD:s. It should be able to observe and detect about 2 million L
dwarfs, 1 million T dwarfs, and a select number of Y dwarfs in
the thin disc, as well as many objects in the thick disc, and even
some halo objects. Conversely, the estimates for the VIS detector
were about 100 times lower.

This particular catalogue of UCDs from the Q1 data release
is based only on one visit of the EDFs, while Euclid is going
to repeatedly observe them during the lifetime of the mission,
and thus increase the detection limit by approximately 2 mag in
each band. Our catalogue will therefore be improved in future,
both for new and deeper observations, and the UCD selection
methods.

7. Conclusions

This work presents a first catalogue of 5306 photometric UCD
candidates in the deep fields of Euclid’s Q1 data release. It
includes approximately 1200 L and T dwarf candidates. Out
of the full sample, 546 candidate UCDs were spectroscopically
confirmed; 26 of them are T dwarfs and 329 are L dwarfs. The
catalogue is limited to objects with high-quality photometry and
prioritises low contamination over completeness. Future work
will call for a complementary search that explores fainter sources
in the NISP data.

We provide empirical IE_YEa IE_JEs IE_HE’ YE_JE’ YE_HE’
and Jg — Hg colours for each UCD spectral type. A comparison
with the metal-poor Sonora Bobcat models shows that we cannot
easily isolate metal-poor L dwarfs in the bluebottle diagram (i.e.
the Irg — Yg versus Yg — Hg colour-colour diagram). However,
metal-poor T dwarfs are expected to have colours different from
their solar-metallicity counterparts.

We assessed Euclid’s capability to identify UCD candi-
dates based on its photometric passbands, in comparison with
the spectroscopic detections reported by Dominguez-Tagle et al.
(2025). We outline the strengths and limitations of the photo-
metric approach for selecting UCD candidates. As the analy-
sis is based on the Q1 data release — which reaches the same
depth as the planned Euclid Wide Survey — our results provide a
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25% have a spectral type determined.

direct projection of the number and types of UCDs expected to
be detected over the full 5-year mission.
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Tables
In Table A.1 we present the 60 UCDs from Zhang et al.

Appendix A

syIeWIYOULY TV JqBL

spectroscopically confirmed by
(2025) wusing Euclid NISP data.

that have been

Dominguez-Tagle et al.
These are used as benchmark objects in this paper. In Table A.2

we list the seven confirmed T dwarfs and six candidates. In
Table A.3 we list the main result of this paper, namely our

catalogue of photometrically selected UCD candidates.

(2024)
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