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ABSTRACT

We present a search for z =~ 7 Lyman-break galaxies using the 1.72 deg” near-infrared UltraVISTA survey in the COSMOS field, reaching 5 o
depths in Y of 26.2. We incorporate deep Euclid optical and Euclid + Spitzer NIR imaging for a full spectral energy distribution (SED) fitting
analysis. We find 289 candidate galaxies at 6.5 < z < 7.5 covering —22.6 < Myy < —20.2, faint enough to overlap with Hubble Space Telescope
studies. We conduct a separate selection by including complementary Euclid performance verification imaging (reaching 5o depths of 26.3),
yielding 140 galaxies in 0.65 deg?, with 38 sources unique to this sample. We compute the rest-frame UV luminosity function (UV LF) from our
samples, extending below the knee (M* = —21.14j8§§). We find that the shape of the UV LF is consistent with both a Schechter function and
double-power law (DPL) at the magnitudes probed by this sample, with a DPL preferred at Myy < —22.5 when bright-end results are included. The
UltraVISTA+Euclid sample provides a clean measurement of the LF due to the overlapping near-infrared filters identifying molecular absorption
features in the SEDs of ultra-cool dwarf interlopers, and additional faint galaxies are recovered. A comparison with JWST LFs at z > 7 suggests a
gentle evolution in the bright-end slope, although this is limited by a lack of robust bright-end measurements at z > 9. We forecast that in the Euclid
Deep Fields, the removal of contaminant ultra-cool dwarfs as point sources will be possible at J; < 24.5. Finally, we present a high-equivalent-
width Lyman-o emitter candidate identified by combining HSC, VISTA, and Euclid broadband photometry, highlighting the synergistic power
these instruments will have in the Euclid Auxiliary Fields for identifying extreme sources in the Epoch of Reionisation.

Key words. Galaxies: high-redshift, Galaxies: luminosity function, Galaxies: evolution, Galaxies: photometry

1. Introduction

A central goal of astrophysics is to unveil the formation and evo-
* This paper is published on behalf of the Euclid Consortium lution of the first galaxies in the Universe (Stark 2016; Adamo
** e-mail: rohan.varadaraj@physics.ox.ac.uk et al. 2025). The luminosity function (LF), or number density of
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galaxies as a function of luminosity/magnitude, is a key statistic
for this. In particular, at high-redshift (z > 5), observations of
rare, luminous galaxies at the bright end (L > L*) of the UV LF
provide key insight into astrophysical effects such as feedback
and dust build-up (e.g. Bowler et al. 2015; Finkelstein & Bagley
2022; Nikopoulos & Dayal 2024; Algera et al. 2026). Degree-
scale ground-based imaging has been central to discovering
and characterising these rare, luminous Lyman-break galaxies
(LBGs), so-called because of their strong redshifted Lyman-«
spectral break at Ay = 1216 A (Guhathakurta et al. 1990; Stei-
del et al. 1996). Near-infrared (NIR) ground-based surveys such
the Ultra Deep Survey (UDS) field of the UKIRT Infrared Deep
Sky Survey (UKIDSS, Lawrence et al. 2007) and UltraVISTA
(McCracken et al. 2012) enabled the means to discover rare
L > L* LBG candidates at z > 5 (McLure et al. 2009; Bowler
et al. 2012). Subsequent ground-based studies have confirmed a
double-power law (DPL) LF with little evolution in the bright
end at z = 6-10 (Bowler et al. 2014; Ono et al. 2018; Stefanon
et al. 2019; Bowler et al. 2020; Harikane et al. 2022; Kauffmann
et al. 2022; Donnan et al. 2023; Varadaraj et al. 2023, hereafter
V23). The Hubble Space Telescope (HST) has placed strong
complementary constraints on the faint end (L < L*, McLure
et al. 2013; Finkelstein et al. 2015, hereafter F15; Bouwens et al.
2021, hereafter B21). However, both ground-based telescopes
and HST can only probe out to A = 2um, placing a barrier at
z = 10. The unparalleled NIR capabilities of JWST substantially
advanced the redshift frontier, revealing an abundance of lumi-
nous blue galaxies and a markedly slow evolution of the UV
LF over the redshift range z = 10-14 (e.g. Donnan et al. 2023;
McLeod et al. 2024; Adams et al. 2024; Chemerynska et al.
2024; Whitler et al. 2025; Harikane et al. 2025). This has invoked
scenarios such as increased star-formation efficiency or Pop. III
stars (Harikane et al. 2023a), ejection of dust by radiation-driven
outflows (Ferrara et al. 2023), and even tension with ACDM
(Labbé et al. 2023). The star-formation histories (SFHs) of some
luminous z =~ 7 sources can require substantial star formation at
z > 9 (e.g. Whitler et al. 2023). This, combined with the slow
evolution of the LF, means it is natural to return to the most mas-
sive, luminous sources at z ~ 7 in order to understand their con-
nection to bright JWST galaxies at z > 10.

The study of z ~ 7 sources hinges on the ability to robustly
detect them and remove interloper sources. A major issue fac-
ing ground-based studies at z =~ 7 has been contamination by
Galactic M-, L-, and T-type ultra-cool dwarfs (UCDs, e.g. Stan-
way et al. 2008; Bowler et al. 2012; Wilkins et al. 2014). These
sources have high number densities at the typical apparent mag-
nitudes of L > L* LBGs, often matching or even exceeding the
number of LBG candidates in most degree-scale extragalactic
surveys (Ryan et al. 2011). The same molecular species respon-
sible for making the Earth’s atmosphere opaque at certain wave-
lengths in the NIR are also present in UCD atmospheres, causing
deep molecular absorption complexes at wavelengths impossi-
ble to probe from the ground. This means that in certain cases
the NIR photometry of a UCD can be confused with a flat rest-
UV LBG continuum. Furthermore, while luminous z ~ 7 LBGs
are generally marginally resolved (Bowler et al. 2017, hereafter
B17), atmospheric seeing often prevents distinguishing UCDs
from LBGs based on their morphology.

The launch of Euclid signals the first time astronomers have
had access to degree-scale, space-based NIR imaging. Euclid is
a European Space Agency medium-class mission launched in
July 2023, equipped with a 1.2 m primary mirror (Euclid Col-
laboration: Mellier et al. 2025). Its main goal is to probe dark
matter and dark energy through weak lensing and galaxy cluster-
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ing, with a significant focus also on non-cosmological science.
The Visible Camera instrument on Euclid (VIS, Euclid Collab-
oration: Cropper et al. 2025) features a high-resolution (0716
FWHM) optical filter, I, equivalent to the ground-based riz fil-
ters. The Near-Infrared Spectrometer and Photometer (NISP, Eu-
clid Collaboration: Jahnke et al. 2025) features three NIR fil-
ters, Yi, Js, and Hg, which can probe NIR wavelengths inac-
cessible from the ground (see Fig. 1). The field of view of Eu-
clid is 0.55deg?, and the main survey will eventually map out
14000 deg” of the extragalactic sky (Euclid Collaboration: Mel-
lier et al. 2025). The Early Release Observations (EROs, Cuil-
landre et al. 2025) have led to the identification of the first Fu-
clid-selected z > 6 LBG candidates (Atek et al. 2025; Weaver
et al. 2025), with the very deep I filter allowing for the re-
moval of M-dwarfs and low-redshift galaxy interlopers by re-
quiring a strong break in I; — Y;;. However, due to the availabil-
ity of only four relatively wide photometric filters, and the fact
that the NISP images in the ERO reduction have a pixel scale of
0”3 pix~' meant there were probably still high-levels of contam-
ination by L- and T-type dwarfs.

Euclid will dedicate approximately 10% of its observing
time to imaging the Euclid Deep Fields (Euclid Collaboration:
Scaramella et al. 2022; Euclid Collaboration: Mellier et al.
2025), covering 53 deg® to depths of around 26. The result-
ing imaging will represent an approximately 30-fold increase
in area compared to previous NIR surveys reaching this depth
(UltraVISTA, McCracken et al. 2012). The considerably wider
area will lead to the discovery of thousands of z ~ 7 galaxies
brighter than mag = 26 (B17), allowing for definitive measure-
ments of the bright end of the UV LFE. Until the Euclid Deep
Survey is complete, early imaging from the Euclid Auxiliary
Fields (EAFs), used for calibration and reaching depths compa-
rable to the EDFs, serves as an ideal test bed for selecting high-
redshift galaxies with Euclid. In the COSMOS field, by combin-
ing NISP with complementary NIR photometry from VISTA, it
may be possible to break the degeneracy between the colours
of L- and T-type dwarfs and genuine high-redshift LBGs. The
construction of pure z =~ 7 samples is critical because there is
still some tension between ground-based studies, which suggest
a shallower decline in the bright-end akin to a DPL (Bowler et al.
2014; B17; Harikane et al. 2022; V23), and the widest-area HST-
based study of B21 who find a marked drop in the LF between
Myy = -21.5 and Myy = —22, suggesting an exponential de-
cline. The final data release of the NIR UltraVISTA survey, cov-
ering 1.72 deg? in the COSMOS field at A = 1-2.5 um, provides
the necessary depth to connect ground-based observations with
space-based observations at the knee of the LF, and its combina-
tion with Euclid imaging provides the means to construct clean
samples of UltraVISTA-selected galaxies. Furthermore, with the
higher resolution of Euclid we can resolve luminous ground-
selected sources for the first time without the need for dedicated
follow-up imaging from HST (B17; Stefanon et al. 2017). This
could allow the removal of UCDs as point sources (and perhaps
even through proper motion) and will unveil the morphologies
of thousands of galaxies at z > 6.

This paper is structured as follows. In Sect. 2, we describe
the ground-based and space-based imaging used in this work, as
well as the image preparation and photometric catalogue con-
struction. Section 3 outlines the selection of our LBG candidates
using SED fitting. For the SED fitting we conduct two separate
selections with/without the additional Euclid photometry. We
present each of our UltraVISTA-only and UltraVISTA+Euclid
samples in Sect. 4, and we compute the UV LF at z =~ 7 in Sect.
5, comparing our results with JWST measurements of the UV
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LF at z > 7. Then, in Sect. 6 we discuss the improved SED con-
straints with Euclid, investigate the ability of Euclid to remove
UCDs as point sources, and highlight the unique capabilities of
several overlapping filters to identify extreme Lyman-« emitters.
Finally, we conclude and summarise in Sect. 7. The uncertainties
presented in this paper denote + 1 o uncertainties where Gaus-
sian, or enclose 68.3% of the data when the underlying distribu-
tion is asymmetric. All magnitudes are reported in the AB sys-
tem (Oke & Gunn 1983). We assume a standard cold dark matter
cosmology, Hy = 70kms~' Mpc™", Q,, = 0.3, Q5 = 0.7.

2. Data and image processing

In this section we present the ground- and space-based data used
in this work, and the steps taken to prepare the images for creat-
ing catalogues and conducting a high-redshift galaxy selection.

2.1. Ground-based imaging and Spitzer

We make use of extensive multi-wavelength imaging in the
COSMOS field (Scoville et al. 2007). The UltraVISTA survey
(McCracken et al. 2012) is an ultra-deep NIR survey covering
1.72 deg” at 1 = 1-2.5 um, vital for characterising the UV con-
tinuum of high-redshift LBGs. Data Release 6 (DR6, see Dun-
lop et al. 2023 for an overview), the final data release’, provides
uniform depths across the full area, bringing the ‘deep’ stripes
up to the same depth as the ‘ultradeep’ stripes (5 o depths in Y
of 26.2, see Section 2.5). These stripes differed in depth in previ-
ous data releases, effectively halving the available ultradeep area.
The footprint of the UltraVISTA survey is shown in Fig. 2. Deep
optical data are available from the Hyper Suprime-Cam Subaru
Strategic Program DR3 (HSC-SSP, Aihara et al. 2022) in the
grizy bands at 4 = 0.4—1 um. The HSC-SSP data cover the full
UltraVISTA footprint. This deep optical imaging is critical for
ensuring non-detections bluewards of the Lyman break, where
flux bluewards of 1216 A (rest-frame) is absorbed by neutral hy-
drogen in the intergalactic medium. HSC-SSP also provides two
narrowband filters, namely NB0O816 and NB0921, powerful for
reducing uncertainties in photometric redshifts (in combination
with i, z, and y for constraining the break position, and for detect-
ing Lyman-a with NB0921 at z = 6.57). The HSC and VISTA
filter widths and wavelength coverage are shown in Fig. 1. Addi-
tionally, infrared data from Spitzer/IRAC are available as part of
the Cosmic Dawn Survey (DAWN, Euclid Collaboration: Mon-
eti et al. 2022) which takes data from S-COSMOS (Sanders et al.
2007) and SMUVS (Ashby et al. 2018) in the 3.6 um and 4.5 um
filters. These lie beyond the Balmer break of z =~ 7 galaxies,
providing a measurement of their rest-frame optical flux. The
depths of the imaging (measured in Sect. 2.5) in the above filters
are presented in Table 1.

2.2. Euclid

We make use of performance verification (PV) imaging, taken
for calibration of the instrument, in the COSMOS field over three
months. The imaging used in this work is the result of 184 in-
dividual exposures in a single observation. Each observation is
composed of six exposures for VIS (four long exposures sepa-
rated on the sky by the dither pattern and two short exposures
on two of the dithers) and four exposures for NISP. The cali-
bration involves computing the astrometric solution using Gaia

! https://eso.org/rm/api/v1/public/releaseDescriptions/221

DR3 (Gaia Collaboration et al. 2023), flat fielding, and photo-
metric calibration. These calibrated frames are then background-
subtracted, coadded and split into mosaics with common astrom-
etry and pixel scale (17" x 17" for the EDFs and EAFs with
0”1 pix~"). After just a few months of operations, the Euclid
imaging in COSMOS reaches deeper limiting magnitudes than
the UltraVISTA survey, which was conducted over nearly 15
years. The Euclid imaging covers 0.65 deg” of the UltraVISTA
footprint, as shown in Fig. 2. The NISP Yz, J;, and H; bands are
0.2-0.6 mag deeper than their VISTA counterparts. Addition-
ally, the high-resolution /;; filter from the VIS instrument, which
covers the same wavelengths as HSC r, i, and z, is 0.3—1.0 mag
deeper than these filters. We show the Euclid filter widths and
wavelength coverage in Fig. 1. The depths of the Euclid imaging
are presented in both Table 1 and Fig. 1. We do not use data from
the NISP spectroscopic channel (NISP-S, grism spectroscopy)
since these sources are too faint for spectral extraction by the
SIR pipeline (H; < 22.5 is currently required).

2.3. Image preparation

We follow a similar procedure as in V23. The UltraVISTA data
are matched to the Gaia EDR3 reference catalogue (Gaia Col-
laboration et al. 2021). We use Scamp (Bertin 2006) and Swarp
(Bertin et al. 2002) to shift all other auxiliary data into the same
frame as the UltraVISTA imaging. The Euclid ‘MER’ (merged)
mosaics imaging over the UltraVISTA field consist of 23 of the
17" x 17’ tiles. Swarp was also used to resample the Euclid im-
ages to match the pixel scale of UltraVISTA, 0”15 pix~!, and to
produce one large mosaic for each Euclid image matching the
plate scale of UltraVISTA.

2.4. PSF homogenisation

In the ground-based seeing-dominated imaging, sources tend to
be close to unresolved (PSF FWHM = (78). The differences
in PSF between VISTA and Euclid and the possibility of sources
being both resolved and unresolved depending on the instrument
means that the fraction of flux falling within a fixed-size aper-
ture depends strongly on the filter. We therefore homogenise all
of the space-based imaging to match the VISTA Y band PSF,
chosen since it is the main detection band for z =~ 7 LBGs and
because it has the largest PSF of VISTA. We use PSFEx (Bertin
2011) to construct an empirical PSF model. Stars are selected
from the magnitude-FWHM diagram, with FWHMs determined
by SExtractor (Bertin & Arnouts 1996). We use PyPher (Bou-
caud et al. 2016) to find the convolution kernel between the Eu-
clid PSFs and the VISTA Y band PSF. The space-based images
are convolved with this kernel, leading to PSF-homogenised im-
ages that are pixel-matched to UltraVISTA. We rerun PSFEx
(Bertin 2011) on the homogenised images using the same stars
selected in the original Euclid images. The new PSF model is
used to determine the enclosed flux within a 1”/8 diameter circu-
lar aperture, assuming a point source.

Prior to PSF homogenisation, the FWHMs of the Euclid
PSFs are 0”720 in I, 0749 in Yg, 0”51 in Jg, and 0”753 in Hy, as
measured with PSFEx. These values are in agreement with PSF
FWHMs measured by the Euclid pipeline. After homogenisa-
tion of the Fuclid images, all PSF FWHMSs match that of VISTA
Y, 0"/85. We note that all Euclid postage stamp cutouts pre-
sented in this work are from the original images, prior to PSF
homogenisation. We then check the PSF-homogenised Euclid
photometry to ensure it is consistent with UltraVISTA. This is
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24F ] Fig. 1. Limiting magnitudes, or modal depths
% % (5 o) of the photometric filters used in this work
Oe o-® o & S &\ within the COSMOS field. The line widths rep-
25F A * b resent the FWHM of the filter transmission
gw : curves, and the depths are reported in Table 1.
€ o6k A ] The HSC and VISTA filters are shown in black
= W — and orange, respectively, and the four Euclid fil-
s — Ye Je He ters are labelled. We also show example SEDs
827F |4 . of a UCD and a LBG with the solid and dashed
— lines, respectively. The model photometry for
28k e 1a ] the UCD and the LBG are shown by the stars
I‘ VISTA -@ LBGatz=7 and circles respectively, and are colour-coded
B —— HSC —#— Ultra-cool dwarf by their filters. Note that the Euclid NIR filters
29 1 1 1 1 1 1 1 cover the gaps between the VISTA filters. These
0.50 0.75 1.00 1.25 A [&rr51(]) 175 2.00 2.23 2.50 wavelengths are inagcessible f_rom the ground
due to the atmospheric absorption.
Table 1: The 5 o limiting magnitudes for each band used in this work
' in the COSMOS field.
2.8F b
Filter Depth (50)  Instrument
2.6F | 3 278 HSC
_ r 27.4 HSC
=2.4F {7 i 27.2 HSC
S NBO816 26.2 HSC
o 2.2F : 7 z 26.7 HSC
(@) NB0921 26.0 HSC
2.0} ‘ E y 26.0 HSC
i Y 26.2 VISTA
1.8 J - J 26.0 VISTA
o H 25.7 VISTA
16k Sr e B .H!Hﬁv!f{.[ﬁé ] K, 25.3 VISTA
150.5 150.0 149.5 Iy 277 Euclid
RA [deg] Ys 26.4 Euclid
Je 26.4 Euclid
Fig. 2: The COSMOS UltraVISTA (McCrack 1. 2012) f i i, 203 Euclid
ig. 2: The tra cCracken et al. ootprint ;
with the Euclid COSMOS PV footprint overlaid. Optical imaging from Zg gg% gi Zii:ﬁgﬁg

HSC-SSP DR3 (Aihara et al. 2022) covers the full UltraVISTA area.
The overlapping area between Euclid and UltraVISTA covers 0.65 deg”.

done by taking the stars selected in Sect. 2.4 and imposing the
cut|Y—J| < 0.05A|J—H| < 0.05 to obtain stars with flat colours
across the VISTA YJH bands. We then check the colour of each
Euclid filter and its nearest VISTA counterpart. This check is
shown in Appendix A. Just as with the VISTA photometry, a
minimum uncertainty of 5% is placed on the Euclid photometry.
There are no large colour differences between Euclid and VISTA
filters for stars with flat NIR colours, indicating that there are no
major zeropoint or flux calibration issues in the Euclid COS-
MOS imaging.

2.5. Depths

We computed 5 o depths across the images by placing roughly
2 x 10° apertures with diameters of 1”8 on empty regions of the
image (determined using the SExtractor segmentation map).
For the Spitzer/IRAC images we use a 2’8 diameter circular
aperture to account for the broader PSF. We determine local
depth maps by taking the closest 300 apertures to each point and
measuring the median absolute deviation of the aperture fluxes.
The depths reported in Table 1 are the mode of the local depths.
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Notes. The local depths were measured by placing 1”8 diameter circu-
lar apertures on empty regions of the images. The depth quoted here is
the mode of these local depths. Depths for Euclid were measured on im-
ages pixel-matched and PSF-homogenised to the VISTA Y band. IRAC
depths were measured in 2’8 diameter circular apertures on the original
resolution image to account for the poorer resolution.

The depths of the PSF homogenised Euclid images match the
depths of the original image.

2.6. Catalogues

We run SExtractor in dual image mode on a VISTA Y + J
stacked image, using the same parameters as in V23. Photometry
was performed in a 1”8 diameter circular aperture, enclosing 70—
80% of the total flux assuming a point source. This balances be-
tween a high signal-to-noise ratio whilst preventing the need for
a large aperture correction. We use 2”8 diameter circular aper-
tures for Spitzer/IRAC to account for its broader PSF, enclosing a
similar fraction of the total flux. The raw aperture flux measure-
ments must be corrected to account for light falling outside of
the aperture in order to obtain a measure of the total flux. As dis-
cussed in Sect. 2.4, we use PSFEX to determine a PSF model with
stars selected from the FWHM vs. MAG_AUTO diagram. This
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empirical model is used to measure the flux enclosed in a 1”8
diameter aperture (or 2”'8 for Spitzer/IRAC), providing the PSF
correction. A minimum uncertainty of 5% is placed on photome-
try in all bands. We note that for extended sources, aperture pho-
tometry may underestimate the total flux. To check this, we com-
pare our aperture fluxes to MAG_AUTO measurements from
SExtractor, which uses flexible elliptical apertures to measure
the total flux (Kron 1980). We find that the aperture photometry
can underestimate the total flux by around 0.1 mag, consistent
with a similar analysis conducted in (Bowler et al. 2014; B17).
We scale the SEDs by the ratio between MAG_AUTO and the
aperture photometry before measuring quantities which rely on
the SED, such as Myy and V.« (see Sects. 4 and 5.2). When cre-
ating the catalogues, we also mask regions of low signal-to-noise
and bright stars in the UltraVISTA images. This is accounted for
in the field area of 1.72 deg?.

3. Candidate selection

In this section we outline the methods used to select the z =~ 7
candidates. We conduct two different selections.

1. The UltraVISTA-only selection (U-only): we run the SED
fitting steps with the HSC+VISTA +Spitzer/IRAC photome-
try, without Euclid.

2. The UltraVISTA+Euclid selection (U+E): we add in the
Euclid photometry for the SED fitting and visual selection
steps.

We stress that the sample is still UltraVISTA-selected, since
sources are first selected based on their VISTA photometry (see
Sect. 3.1). By keeping the selection based on ground-based
imaging, we avoid the introduction of artefacts from Euclid,
such as persistence (see Weaver et al. 2025). Persistence is an
issue for LBG searches at z > 6 since it only appears in NISP,
masquerading as a VIS-dropout source. Additionally, selecting
from the shallower VISTA imaging usually ensures a detection
in the deeper Euclid imaging.> The Euclid photometry is there-
fore providing additional information for the SED fitting of an
UltraVISTA-selected sample. In both selections, ancillary HSC
and Spitzer data are also used. The HSC data are used to as-
sert non-detections bluewards of the Lyman break, and if un-
confused, the Spitzer/IRAC data are used to remove low-redshift
contaminants, which generally show redder slopes at these wave-
lengths than LBGs (see Sect. 3.4).

In the following sections, we outline the steps for the U-only
sample. Then, in Sect. 3.5, we present the U+E SED fitting,
highlighting the differences in the selection steps from the U-
only sample. The selection steps and number of sources removed
at each step for both selections are shown in Table 2.

3.1. Initial selection

Objects are first selected by requiring that they are sufficiently
bright in the detection filters. We impose a 5 o~ detection thresh-
old in Y + J, which removes roughly one third of the sources
in the catalogue (see Table 2). We then require non-detections
(< 20 significance) in the HSC g, r, and i bands. No condition
is imposed on HSC z, since the Lyman-break can enter this filter
towards the lower end of the redshift range 6.5 < z < 7.5. These

2 Sources detected in VISTA but not in Euclid are usually located in
regions where the Euclid imaging is shallower than VISTA, for exam-
ple near the edges of the Euclid footprint. However, the possibility of
extremely high proper motion cannot be excluded.

non-detection conditions reduce the catalogue from 1051 995 to
4849 objects. We again stress that this first selection is for a base
UltraVISTA sample, without using Euclid data.

3.2. SED fitting

We use all ground-based filters available to conduct an SED fit-
ting analysis in order to identify LBG candidates at z ~ 7. In gen-
eral, SED fitting is more complete than a colour-colour selection
(Adams et al. 2020), although it can introduce a more complex
selection function because it depends on the adopted templates
and on degeneracies between them, particularly at low signal-
to-noise. We use the LePhare SED fitting code (Arnouts et al.
1999; Tlbert et al. 2006), which minimises y? to find the best-
fitting photometric redshifts and SEDs. Following V23, we use
Bruzual & Charlot (2003) stellar population models with metal-
licities of Z € {0.2,0.4, 1.0} Z5. The star-formation histories used
are constant, instantaneous bursts, and exponentially declining
with time-scales ranging from 7 = 0.05-10 Gyr. Uniform priors
are placed on the following parameters. The redshift was allowed
to vary between z = 0-9. Stellar population ages are allowed to
vary between 10 Myr and 13.8 Gyr, limited by the age of the
Universe at a given redshift. We use the Calzetti et al. (2000)
attenuation law, allowing Ay = 0.0—4.0, a Chabrier (2003) ini-
tial mass function is assumed, and intergalactic medium absorp-
tion is applied according to Madau (1995). We initially only
use HSC+VISTA to determine photometric redshifts, excluding
Spitzer/IRAC since the rate of non-detections increases in the
faint end of the sample due to the shallower depth, and to make
the completeness analysis more consistent. For example in the
final U+E sample, at ¥ < 25.5, 17 out of 18 sources have an
IRAC detection of at least 2 . However, at Y > 25.5 this drops
to around half of the sources. The main constraining power of
Spitzer/IRAC in this work is to therefore remove bright low-
redshift dusty galaxy interlopers. It is used later in Sect. 3.4, in
cases where there is no confusion.

Lyman-a emission can provide additional flux to the broad-
band photometry, acting to increase the photometric redshifts of
objects by up to Az ~ 0.5 (Bowler et al. 2014). To account for
this, we also add Lyman-a emission lines to the Bruzual & Char-
lot (2003) templates with equivalent widths 0 < EW, /A < 240
by measuring the continuum level in the range 4 = 1250-
1300 A.

Based on the best-fit galaxy templates, candidates are first
required to have their photometric redshift z > 6. The fits then
had to be sufficiently good. Given the five degrees of freedom
in the SED fitting, a 2 o significance threshold corresponds to
x> < 11.3. Additionally, we require that the high-redshift so-
lution is preferred to the low-redshift solution with 2o sig-
nificance, corresponding to Ay?> > 4 between the two solu-
tions. Single-band detections are also removed since they do not
present robust candidates. We show the model photometry of an
example LBG in Fig. 1.

3.3. Visual inspection

We carry out a visual selection of the remaining objects to re-
move artefacts. These artefacts are typically diffraction spikes
and cross-talk in the UltraVISTA images. The latter of these
artefacts is caused during the readout from the Vista InfraRed
CAMera (VIRCAM) instrument, producing ghost images at reg-
ular pixel intervals from bright stars (see Kauffmann et al. 2022).
We use a catalogue of bright stars selected from the UltraVISTA
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Fig. 3: SED fitting of a candidate LBG, EUCL J100041.40+020157.5 (hereafter LBG 10004+02015), at z = 6.90. Additional candidates are
presented in Appendix C. Left: the SED fitting without Euclid data, as part of the U-only selection (see Sect. 3). Right: the SED fitting including
Euclid data, as part of the U+E selection. The HSC, VISTA and Euclid photometry are shown by the points, diamonds and squares, respectively.
The photometry is coloured following Fig. 1. Non-detections are replaced with 2 o~ upper limits. We also show the filter widths for VISTA and
Euclid at the top of the plot. The Spitzer/IRAC model photometry and upper limit in the 3.6 um filter is also shown. The blue curve shows the best
high-redshift solution, and the grey open circles are its expected model photometry. The orange curve shows the best dusty low-redshift solution,
and the red curve shows the best UCD solution. The legend in the top right shows the redshift and x? of the galaxy solutions, and the y? and spectral
type of the UCD solution. The inset panel shows the redshift probability distribution for this source. The inclusion of Euclid data reinforces the
exclusion the UCD solution. Also note that the inclusion of Euclid data prefers a bluer slope.

Table 2: Number of sources remaining in our catalogues after each selection step, beginning from the initial VISTA Y + J-selected catalogue.

Selection step Objects remaining

Initial catalogue 1051995
50 Y+ J VISTA cut 706 607
<20inHSCg 32165
<20 inHSCr 13212
<20 in HSCi 4849
SED fitting step UltraVISTA-only UltraVISTA+Euclid
Overlap with Euclid — 1850
Initial z > 6 cut 1872 403
Visual selection 751 341
Low—z:)(lzow_Z <)(ﬁi h, T4 718 333
UCDs: )(%CD < Xhigh-z 656 315
6.5 < Zphot < 7.5, with Lya 289 140

Notes. The first column shows the selection step. The second column shows the number of objects remaining. For the SED fitting steps (and the
visual selection), we conduct two different selections: the U-only selection, where Euclid photometry is not included, and the U+E selection, where
Euclid photometry is included. In both selections, ancillary HSC and Spitzer data are also used as required. For the U+E selection, we restrict the
catalogue to the 0.65 deg® Euclid footprint. The high-redshift (z > 6) cut is defined as the best-fitting SED solution having its photometric redshift
7> 6, ¥* < 11.3 (U-only) or 17.5 (U+E), and Ay? > 4 between the low- and high-redshift solutions.

J band using SExtractor to flag potential crosstalk artefacts.
This was done by constructing a grid of positions at multiples of
128 pixels from these bright stars, then flagging sources within
a conservative 6” radius of these positions. At the magnitudes
probed in this work, the crosstalk artefacts usually appear more
diffuse and extended compared to real sources, and the visual
presence in either HSC z or Spitzer/IRAC, which do not suffer
from cross-talk, is a clear signpost for a real object. We create
an optical stack from HSC g, r, and i to check for low-level flux
indicative of a low-redshift galaxy. We also smooth the optical
stack with a Gaussian filter with o = 2 pixels, which helps in
searching for low-level flux. Crosstalk artefacts are numerous
in the deep UltraVISTA data, leading to the removal of 60% of
sources.
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3.4. Removing interlopers

There are two primary classes of low-redshift interloper objects
that act to contaminate z ~ 7 LBG samples — dusty low-redshift
galaxies and UCDs. Dusty galaxies at z ~ 1-2 can have Balmer
breaks that can be confused as Lyman breaks. However, these
galaxies tend to have SEDs that increase in flux rapidly towards
longer wavelengths (see e.g. Rodighiero et al. 2010; Le Bail
et al. 2024). Additionally, a Lyman break is usually stronger than
the Balmer break, which tends to have shallower slope (see the
dusty low-redshift galaxy model in Fig. 3). If the SED fitting
prefers a low-redshift solution to the z > 6 solution when the
Spitzer/IRAC imaging is included and unconfused at 2 o signif-
icance (Ay? > 4), the object is removed.

UCDs of spectral type M, L, and T have SEDs featuring
very little blue optical flux and heavy molecular absorption com-
plexes (see e.g. Burgasser et al. 2024 and Luhman et al. 2024
for recent JWST spectroscopic observations). These sources
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present a pressing challenge for ground-based searches since
the peaks of the UCD SEDs usually coincide with the VISTA
YJHK; filters, mimicking a flat NIR colour that can be con-
fused with a blue z =~ 7 UV continuum. This occurs because
the molecular species responsible for the absorption complexes
(e.g. CHy, H,0) are the same species responsible for making
Earth’s atmosphere opaque at certain wavelength ranges in the
NIR (e.g. Bailey et al. 2007). We use UCD templates taken from
the SpeX prism library (Burgasser 2014) for the SED fitting,
covering spectral types M4 through to T8, with one template per
spectral type. We exclude the HSC g and r bands from this fit-
ting since the templates do not contain any information at these
wavelengths. We remove sources with )(%JCD < Xlzlighfz’ meaning

the UCD fit is preferred to the high-redshift solution. In Fig. 1,
we show the model photometry for an example UCD template,
and compare it to the model photometry for an LBG to highlight
the differences in the expected photometry.

We retain sources with a redshift z < 6.5 when fitted with-
out the Lyman-a emission line, but fall within our redshift range
when the line is included and it provides the best fit (see Sect.
3.2). Finally, we restrict the redshift of candidates to 6.5 < z <
7.5, removing 55% of sources, which lie at 6.0 < z < 6.5.

3.5. Redoing the SED fitting with Euclid

We then rerun the SED fitting by combining Euclid with VISTA
on the remaining objects after the initial photometric selection
(Sect. 3.1). When the 4849 objects from this step are constrained
to within the 0.65 deg? Euclid footprint, there are 1850 remain-
ing. The additional four filters change the y? cut we impose for
the initial high-redshift selection in Sect. 3.2, increasing this to
x> < 17.5. This initial high-redshift cut with Euclid photom-
etry removes many more objects than the same step without
Euclid photometry. This is because VISTA artefacts have non-
detections in Euclid, leading to poor SED fits. Following on from
this, the Euclid imaging is also extremely powerful for the vi-
sual check — existence of a source in both Euclid and VISTA
immediately confirms it as real, and not an artefact. Such a tech-
nique may also be used in reverse for future studies that use
VISTA+Euclid imaging — selections based on Euclid can use
VISTA to rule out common artefacts such as ghosts and persis-
tence. Similarly, Weaver et al. (2025) leverage Spitzer/IRAC de-
tections to rule out artefacts. The results of the selection steps
after incorporating Euclid photometry for the SED fitting and
visual selection are also shown in Table 2.

3.6. Expected number of ultra-cool dwarfs

Using the model from Bowler et al. (2015) of a single exponen-
tial disc with a scale height of 300 pc, we expect that there will be
around 800 UCDs (of spectral type M4 through to TS8) brighter
than the initial 5 o cut in the full UltraVISTA field. For the U-
only selection, the UCD removal step removes 62 objects, which
is fewer than expected. However, prior to the initial high-redshift
cut, of the 4849 objects there are 1372 objects with a best-fitting
UCD SED. The increased number with respect to the expected
amount is likely to be caused by upscattering of UCDs into the
selection, some faint galaxies being misidentified as UCDs, and
crosstalk artefacts which had not yet been removed in a visual
selection.

Restricting to the Euclid footprint for the U+E selection, we
expect around 250 UCDs. The UCD removal step cuts only 18
objects. Prior to the initial high-redshift cut, there are 205 objects

with a best-fitting UCD SED. The total is very close to the ex-
pected number. The Euclid photometry improves constraints via
SED fitting (see Sect. 6.1), and Euclid non-detections immedi-
ately rule out VISTA crosstalk artefacts, explaining the elevated
number of objects with best-fit UCD SEDs in the U-only selec-
tion (relative to the prediction).

In V23, which used 8.2 deg” of imaging from the VISTA
Deep Extragalactic Observations survey (VIDEO, Jarvis et al.
2013), reaching 5 o depths in Y of 25.2, a large fraction (80%) of
high-redshift candidates were identified as possible UCDs, since
sources sampled the magnitude range 24.1 < J < 25.2 where the
surface density of UCDs is much higher than that of LBGs (Ryan
et al. 2011). UltraVISTA is a magnitude deeper than VIDEO,
and the sample in this work probes down to J = 26 where the
UCDs do not outnumber LBGs as substantially. We note that the
number of sources best fit as UCDs that make it through the ini-
tial high-redshift cut (62 for U-only, 18 for U+E) is significantly
smaller than the final sample of LBGs (see Table 2), showing
that UCD contamination is not as severe as in V23, but still a
large issue.

4. Candidate galaxies

The final U-only sample consists of 289 candidates selected from
1.72 deg? of UltraVISTA imaging. We show the SED fitting of an
example galaxy, LBG 10004+02015, in Fig. 3. Additional can-
didates are presented in Appendix C. We measure the absolute
rest-frame UV magnitude, Myy, by placing a top-hat filter on
the best-fit SED at 1500 A, with width 100 A. The sample spans
a range of over two magnitudes, —22.5 < Myy < —20.2. Their
distribution in Myy and photometric redshift zpn is shown in
Fig. 4. The brightest candidates in our sample have similar Myy
to the fainter sources in V23, where we used 8.2 deg2 of shal-
lower (map ~ 25) imaging to select ultra-luminous z ~ 7 can-
didates. Of course, due to the smaller area of UltraVISTA, our
sample does not probe as bright as we could in the wider XMM-
LSS and ECDE-S fields, but we are able to select a much fainter
sample due to the improved depth. Compared to the previous
search for z ~ 7 LBGs in UltraVISTA by Bowler et al. (2014)
on DR2 imaging, we find an additional 257 galaxies thanks to
the increase in depth by a magnitude, combined with an effec-
tive doubling in survey area since the ‘deep’ stripes have been
brought up to the same depth as the ‘ultradeep’ stripes. UltraV-
ISTA DR6 is also deep enough to reach magnitudes comparable
to the bright end of the UV LF presented in B21 (see Fig. 4),
the widest-area HST search for LBGs at z =~ 7, bridging the gap
between space-based and ground-based observations of the UV
LF at this redshift for the first time.

When we include Euclid imaging over the 0.65 deg? which
overlaps with UltraVISTA, for the U+E selection, our sam-
ple consists of 140 galaxies. Of these, 102 are also found in
the U-only sample. The remaining 38 galaxies are unique to
the U+E sample. In Fig. 3, we also show the SED fitting of
LBG 10004+02015 when the Euclid photometry is included.
We show the distribution of the U+E sample in Fig. 4, includ-
ing the 38 galaxies that are not selected in the U-only sample.
These 38 galaxies have Myy largely corresponding to the 40—
50% completeness range, showing that the deeper Euclid pho-
tometry recovers fainter galaxies in the sample. Additionally, of
these 38 galaxies, seven lie at z > 7.2 with brighter magnitudes,
Myv < -21, where VISTA photometry is more susceptible to
contamination by UCDs and cross-talk artefacts. We present the
SED fitting and postage stamp images of the brightest 30 galax-
ies in the U+E sample in Appendix C. A table of all sources
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Table 3: First five rows of the table containing the candidate properties of the U+E sample.

ID RA Dec Zphot X z Zphotsec X 36(: Ucb y [2_]CD EWLya Muyy
[deg]  [deg] Model [A]
EUCL J100054.15+0150483 150226 1846 66501 84 145 134 M6 122 00  —204370%
EUCLJ100105.05+015227.0 150.271 1.874 6.881’8‘2? 6.5 1.50 27.6 M6 21.4 0.0 —21.02f8‘§§
EUCLJ100048.32+015330.8  150.201 1.892 6.56:“8:06 10.3 1.45 38.0 T3 22.1 0.0 —20.92J:8:0%
EUCLJ100028.55+015503.9 150.119 1.918 7.18:“8:?8 14.1 1.55 42.4 T8 21.2 0.0 —21.()8J:8:8§
EUCLI100120.73+015542.5 150336 1928 722701 701 155 3L1 T3 217 00 2123008

Notes. The fluxes within 1’8 diameter circular apertures, along with uncertainties, are also provided in the online version. We also provide the
same table for the U-only sample. The first three columns show the ID, RA, and Dec of the source. The next six columns show photometric redshift
and x? value of the the LBG solution, as well as the low-redshift dusty galaxy solution, and the stellar type and y? of the UCD solution. The final
two columns show the equivalent width of the Lyman-« emission line if a template with the emission line is preferred, and the absolute rest-frame

UV magnitude Myy.

along with postage stamps of the Euclid sources will be pro-
vided as online material. We present the first five rows of the
U+E sample in Table 3.

In Appendix B and Fig. B.1, we compare the Myy and zphot
derived with and without Euclid. This is done by comparing the
measurements for sources which exist in both the U+E and U-
only samples. The photometric redshifts are in strong agreement
across both samples. The scatter appears to increase at z > 6.95
(although all redshifts are consistent within errors). This redshift
corresponds to the blue side of the Y; filter, suggesting that the
increased scatter is driven by the improved determination of the
position of the break when Euclid data is included, driving shifts
in the Zpnot by Az ~ 0.1-0.2. Below this redshift, the wide /; filter
does not provide significant information on the break position.
There is some scatter in the measurements of Myy, however the
values only shift by up to 0.2 mag. We briefly discuss the impact
this has on the LF in Sect. 5.3.

5. The UV LF with UltraVISTA and Euclid

In this section we present the calculation of the UV LF at 7 ~ 7
using both the U-only and U+E samples. We then fit a DPL and
Schechter function using the U+E sample, before comparing our
results to theoretical predictions at z ~ 7 and JWST determina-
tions of the UV LF atz > 7.

5.1. Completeness

Incompleteness of the final galaxy sample must be accounted
for before computing the UV LF. Genuine high-redshift galax-
ies can become blended with other objects, and near the limit-
ing magnitude of the detection images, photometric scattering
can cause objects to drop in/out of the selection. We therefore
run injection-recovery simulations to derive corrections for these
effects in bins of Myy and zphe. First, we populate a redshift—
absolute-magnitude grid with steps of Az = 0.05 and AM = 0.1,
assuming the DPL LF derived in Harikane et al. (2025). The
absolute magnitude grid extends down to Myy = —19, well be-
low the limiting magnitude of UltraVISTA DR6, to account for
the photometric up-scattering of faint sources. The grid consists
of 10° sources. Then, we generate mock Y and J photometry.
We draw rest-frame UV slopes, Buy, from a Gaussian distri-
bution centred on Byy = —2 with standard deviation o = 0.2
(Bowler et al. 2014). We inject empirical PSF models (see Sect.
2.4) into the imaging, assuming sources are generally unresolved
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in ground-based imaging (see Bowler et al. 2014). We inject 10°
sources at a time into the Y + J image so as to not artificially
boost the number density too much. Then, we run SExtractor
in the same manner as in Sect. 2.6 and select sources using the
same cuts. We show the 30, 40, and 50% completeness limits in
Fig. 4. The faintest sources in our sample correspond roughly to
the 40% contour, below which the completeness drops rapidly.

5.2. The rest-frame UV LF

We use both samples of LBGs (U+E and U-only) to determine
the UV LF at z ~ 7 using the 1/V,,x method (Schmidt 1968).
Vimax 18 the maximum comoving volume in which the galaxy
could lie and still fulfil our selection criteria. The galaxy SEDs
were redshifted in steps of Az = 0.01 until they fell out of the
5 o detection threshold in Y + J, giving us its maximum redshift
Zmax at which it would still be detected in our selection. Vi, is
then the comoving volume between z = 6.5 and z = zpy.x. The
value of znh.x cannot exceed z = 7.5, the maximum considered
redshift. The UV LF in a given bin of absolute magnitude, ¢(M),
in the redshift range 6.5 < z < 7.5, is then given by

N

d(M ey

i E o
=1 (M;,21) Vinaxii
where we sum over N galaxies in the magnitude bin with width
AM. C(M;, z;) is the completeness value for the galaxy in its
magnitude and redshift bin, calculated in Sect. 5.1. We assume
uncertainties are Poissonian, given by

LS ! 2
SPM) = Z(m)

i=1

@

(Adams et al. 2023, 2024). We also account for the effect of cos-
mic variance. Since galaxy surveys sample the wider large-scale
structure of the Universe, over/under-densities such as filaments
and voids can bias measurements of the LF. We use the Trenti
& Stiavelli (2008) calculator to estimate the uncertainty due to
this effect. We find that cosmic variance contributes no more than
12% to the total error budget in our brightest bin, with Poissonian
uncertainties dominating. We add these cosmic variance contri-
butions in quadrature to the uncertainties calculated with Eq.
(2). When computing the LF, we truncate to only include galax-
ies with Myy < —20.7, corresponding to the 50% completeness
limit for the upper end of our redshift bin (see Fig. 4), to ensure a
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Table 4: The UV LF values at 7 ~ 7.

UltraVISTA-only UltraVISTA+Euclid
Myvy Ngal 0] Ngal 0]
(mag) (mag~' Mpc™?) (mag™' Mpc™?)
-226 5 (131x060)x10° 0 <1.83x107°
-222 12 (333+1.03)x10° 3 (2.13 £ 1.28) x 107©
219 13 (734x218)x10° 4  (6.03+£3.19)x 107
-217 11 (628+2.02)x10° 6 (9.12+4.01)x 10
215 26 (157035 %107 10 (1.59 +£0.56) x 107>
213 43 (274+£050)x10 19 (3.23+0.88) x 107>
-21.1 58 (4.13+0.68)x107° 25 (442+1.09)%x107?
-209 47 (3.83+£0.68)x107° 27 (5.84+1.42)x107>

Notes. The first column shows the central absolute UV magnitude Myy of the bin. We then show the number of galaxies ng, and the UV LF value
and uncertainty for two cases: firstly for the U-only sample, and secondly for the U+E. The brightest two bins centred at Myy = —22.6 and —22.2
have a width of AMyy = 0.4, and the remaining bins have width AMyy = 0.2. We present the 1 o upper limit for the U+E bin at Myy = —22.6

(Gehrels 1986).

robust and complete sample is used for the LF determination. We
choose Myy bins such that they span the magnitude range of the
sample down to the 50% completeness limit. The brightest bins
centred at Myy = —22.6 and —22.2 have widths AMyy = 0.4 to
ensure that at least five galaxies lie within them for the U-only
sample. The remaining bins centred at Myy = —21.9 down to
Myy = —20.3 have narrower widths of AMyy = 0.2. This pro-
vides a finer binning than used for the HST results of F15 and
B21, whilst keeping at least ten galaxies in these narrower bins,
benefiting both the fitting and the comparison with other studies.
We use the same binning scheme for the U+E sample to provide
a direct comparison between the two samples. The UV LFs from
the two selections (U-only and U+E) are presented in Fig. 5, and
the LF values are presented in Table 4.

5.3. Improved LF measurement with Euclid

Comparing the two LFs computed with each sample in Fig. 5,
it is immediately clear that the U-only LF points show some
scatter, whereas when Euclid is included in the SED fitting, the
points follow a smooth decline towards the bright end. This is
due to the additional Euclid photometry providing a better char-
acterisation of LBGs and low-redshift interlopers, and includ-
ing Euclid also allows for a more straightforward removal of
VISTA crosstalk artefacts. Additionally, the Euclid photome-
try better probes the deep molecular absorption features seen in
UCD SEDs, which are largely inaccessible with only ground-
based NIR filters. Therefore, it is also the case that the UCD
removal step, namely removing objects with X%CD < )(éal, per-
forms better with Euclid photometry since the degeneracy be-
tween a UCD SED and a flat UV continuum is broken. Addi-
tionally, the LF value of the faintest U-only bin at Myy = —20.9
decreases compared to the value at Myy = —21.1 (although are
consistent within the uncertainties). When objects are selected
in VISTA Y + J, the faintest sources may only have their detec-
tion in one or two of these filters, since the VISTA H and K
filters drop in depth rapidly (see Table 1). On the other hand,
Euclid provides uniform depth across all its NIR filters, lead-
ing to detections of the UV continuum across Adgps = 1-2.5 um
for the faintest sources, leading to their robust characterisation
as high-redshift LBGs. Finally, there is some scatter in the Myy
determined with and without the Euclid imaging. We show the
differences in Myy in Fig. B.1. This leads to some objects ly-

ing in different bins after the inclusion of Euclid data, providing
an additional source of scatter in the LF bins. As shown in Fig.
3, the inclusion of Euclid photometry can alter the slope of the
UV continuum slope, which contributes to differences in Myy.
We further discuss the improved SED fitting constraints Euclid
provides in Sect. 6.1.

The 2 o upper limit provided for the Myy = —22.6 bin for
the U+E sample (following Gehrels 1986) is consistent with the
LF value for the U-only sample in this bin. However, we find that
the sources from this brightest bin which overlap with the Euclid
footprint have their photometric redshifts shifted to z > 7.5 when
Euclid photometry is included.

5.4. Double-power law and Schechter function fitting

Numerous studies have shown that a DPL provides a better fit
to the UV LF at z =~ 7 than a Schechter function, due to an
excess of bright galaxies at L > L* (Bowler et al. 2014; B17;
Harikane et al. 2022, V23; Harikane et al. 2025). We also note
that gravitational lensing may play an important role in shaping
the bright end, particularly at z > 10 with Euclid (Mason et al.
2015). The DPL has the functional form
B(M) = ¢

1004 @+ (M=M")  1004(@+D) (M-M") °

€)

where ¢* is the normalisation, M* is the characteristic magni-
tude, « is the faint-end slope, and g is the bright-end slope.
We fit a DPL to our U+E sample, incorporating bright-end re-
sults from V23 and faint-end results from F15. These two stud-
ies are chosen because they carefully remove UCD interlopers,
providing natural extensions of the sample in this work to the
bright and faint end. The best-fit parameters are presented in Ta-
ble 5, and the resulting LF is shown in Fig. 6. Our fit yields

bright- and faint-end slopes 8 = —4.63%03, @ = -2.10707),

with the knee given by M* = —21.14f8:§§ and ¢* = 0.91f8:g; X
10~* mag~' Mpc~. By means of the deep degree-scale imaging
used in this work, this is the first time ground-based imaging has
robustly probed fainter than the knee of the UV LF at z > 6. The
constraints provided by combining UltraVISTA and Euclid also
enable reliable sampling around —22 < Myy < -21, crucial for
measuring M* and ¢*. We also fit a Schechter function of the

form

$(M) = 0.4 In(10) g" 1004 MM @+ exp (10 04MMD) (4
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Fig. 4: The z ~ 7 LBG sample from this work plotted in photomet-
ric redshift zyn,; and absolute rest-frame UV magnitude Myy space.
Top: the U-only sample (blue). Bottom: the U+E sample (red). The red
squares with a black outline indicate galaxies which are not recovered
in the U-only sample, and are thus unique to the U+E sample. In both
panels, we also show the candidates from V23 in the XMM-LSS and
ECDF-S fields, and the HST-selected candidates from B21. The dashed
grey lines show the 30%, 40%, and 50% completeness limits, as de-
rived from the injection-recovery simulation (see Sect. 5.1). We also
show the marginalised distributions in zpp, and Myy as normalised his-
tograms, and also overplot the distribution of the other sample as the
thinner, fainter line for comparison. The mean uncertainties are shown
on the bottom left.

The gradual decline seen in the LF points at =22 < Myy <
—20.7 is consistent with the Schechter function. In fact, the DPL
and Schechter function are indistinguishable at Myy > —22.5
However, at Myy < —22.5, the Schechter function diverges from
the best-fit DPL, and is unable to account for the brightest LF
points of B17, V23, and Harikane et al. (2025).

Our derived slopes, a and 3, are consistent with previous
DPL measurements from B17 and Harikane et al. (2025) (see
Fig. 8 for a comparison of the LF parameter measurements). The
value of « also agrees with faint-end Schechter fits from F15 and
B21. Our M* is consistent with B17, Harikane et al. (2025), and
the Schechter fit from F15, although note that the value of M* de-
rived from a Schechter fit by F15 is different from that for a DPL
fit by the remaining studies. The value we derive for ¢* is also
in agreement with these studies, but with smaller errors. Over-
all, our results agree with those of Harikane et al. (2025), who
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Fig. 5: A comparison of the UV LF at z ~ 7 measured with the two
samples presented in Fig. 4 and Sect. 4. The smaller blue circles show
the LF points calculated from the U-only sample. The larger red circles
show the LF points calculated from the U+E sample. We use the same
binning in both cases, and the LF values are presented in Table 4. The
brightest bin contains no galaxies from the U+E sample, so we show a
1 o upper limit whose value is noted in Table 4. We show results from
McLure et al. (2013), F15, B17, B21 (6.3 < z < 7.3), Harikane et al.
(2022, 6.3 < z < 7.7), V23, Harikane et al. (2025), and Franco et al.
(2025, 5.5 < z < 8.5). Unless otherwise stated, these LFs are measured
at 6.5 < z < 7.5. Also shown are the best-fit Schechter and DPL fits
found by B21 and Harikane et al. (2025) respectively.

use a spectroscopically confirmed sample, eliminating contami-
nation. This further suggests that we have effectively mitigated
the encroachment of low-redshift interlopers into our z ~ 7 U+E
sample. Likewise, our DPL is consistent with B17, although with
a slight shift to higher M* and lower ¢*, but consistent within un-
certainties. This implies that the constraining power of ground-
based imaging for the LF, prior to sizeable overlap with space-
based studies, was already quite strong. However, our results
show that the gentle DPL decline continues down to the knee of
the UV LF, providing a definitive measurement of the bright-end
slope. This is best shown by the LF values of our faintest bins,
which use deeper data and similar selection steps as B17, yet
show no significant discrepancy with F15, indicating that there
are no large systematic differences. The largest source of un-
certainty in bright-end of the LF thus remains contamination by
low-redshift interlopers and UCDs, reflected by relative excesses
seen in Harikane et al. (2022, as discussed in V23) and B21. This
is discussed further in the next section.

In the EAFs, Euclid will have substantial overlap with
VIDEO. A selection similar to V23, but incorporating Euclid
data to mitigate contamination, would be highly beneficial for
confirming the bright-end shape. Additionally, future work in
the EDFs utilising the DAWN survey (Euclid Collaboration: Mc-
Partland et al. 2025) will grovide unprecedented constraints on
the bright end with 53 deg” of imaging.

5.5. Comparison with other studies

In Fig. 5 we compare our LF points to other studies. Our results
are consistent with the bright-end studies of B17, Harikane et al.
(2022), V23, and Harikane et al. (2025), confirming a gradual
decline in the LF at Myy < —22. The constraining power of Ul-
traVISTA DR6 is best seen at Myy > —22. For this, we focus
on the U+E results. As discussed in the previous section, our LF
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Table 5: The best-fit parameters for the UV LE.

mag~' Mpc™> mag
0.67 —4 0.28 021 0.34
0.91:'8_§§ x 10 ) —21.14f8_%8 _2']0:8'{57; —4.63"59
+0.85 — +0. +0.
16377 X 10 -20.98%,5] —1.98%5¢ —

Notes. The parameters for the DPL fit are shown in the top row, and
for the Schechter fit in the bottom row. We fit using our UV LF points,
those from V23 and faint-end results from F15.
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Fig. 6: The best-fit DPL and Schechter function for the UV LF at z ~ 7,
shown by the solid and dashed red lines, respectively. For the fitting
we use results from this work (red points, the U+E sample), bright-end
results from V23 (black points), and faint-end results from F15 (purple
pentagons). We also show results at 6.5 < z < 7.5 (unless otherwise
stated) from McLure et al. (2013), F15, B17, B21 (6.3 < z < 7.3),
Harikane et al. (2022) (6.3 < z < 7.7), Harikane et al. (2025), Franco
et al. (2025) (5.5 < z < 8.5), and Rojas-Ruiz et al. (2025) (7 < z < 8.4).
For comparison to our fit, we plot the best-fit DPLs from B17, Harikane
et al. (2022), and Harikane et al. (2025).

points are remarkably consistent with the HST results of F15,
indicating that any differences in methodology do not cause ma-
jor systematic offsets. For example, UCD contaminants were re-
moved by F15 using a combination of the SExtractor FWHM
and their colours, whereas we use SED fitting. As we will show
in Sect. 6.2, it is not possible to remove faint UCDs as being
unresolved in the Euclid imaging at the magnitudes probed in
this work. Additionally, F15 calculate the effective volume for
a galaxy using their injection-recovery simulations, whereas we
directly redshift the SED of each galaxy iteratively to determine
its maximum redshift, and then its maximum occupied volume.
In their simulations, they also allow the galaxy size to vary. F15
note that had they fixed their galaxy sizes to R. = 1kpc, they
would have derived similar effective volumes, mirroring results
from Grazian et al. (2012). F15 also determine their LF points
using a non-parametric stepwise maximum likelihood calcula-
tion, although this approach produces equivalent results to the
1/Vimax method for bins with high enough number counts. The

consistency with F15, despite slight differing strategies for re-
moving low-redshift interlopers, suggests that both of our ap-
proaches are successful at mitigating contamination.

Also, as discussed in the previous section, the consistency
with the spectroscopic sample of Harikane et al. (2025) suggests
little contamination in our sample. Similarly, we also find that
our results are consistent with the findings of Rojas-Ruiz et al.
(2025), who used the BoRG-JWST survey to spectroscopically
confirm candidates identified in pure-parallel HST fields. In Fig.
5 we only compare to the sample from their GO 2426 program
since it covers a similar redshift range, 7.0 < z < 8.4, although
extends to higher redshifts. However, there is little evolution in
the bright end of the LF between z = 7-8 (V23).

Our four brightest U+E bins are in some tension with the
brightest bins of B21, who see a drop of 1.6 dex between the
two bins from Myy = —21.7 to Myy = —22.2. Since we are
able to use narrower binning than the AM = 0.5 mag bins used
by B21 in this range, we can probe the finer evolution in number
density across this magnitude range. We observe a gentle decline
in the number density across our four brightest bins, dropping by
only 0.9 dex, which is more consistent with the behaviour of the
underlying DPL distribution of Harikane et al. (2025) compared
to the Schechter function found by B21. Whilst the discovery of
numerous Myy < —22.5 galaxies at z =~ 7 has convincingly ruled
out the Schechter function form for the LF (Bowler et al. 2014,
Harikane et al. 2022; V23), our results show this gradual decline
also occurs from the knee of the LF. As discussed by F15 and
B17, the discrepancy with B21 may be due to a lack of deep Y
band imaging in the majority of the CANDELS fields, critical
for determining the strength of a break to rule out UCDs and
low-redshift galaxy interlopers.

Our LF values, when combined with V23, are significantly
lower than the results of Franco et al. (2025) at Myy < =22,
who use the COSMOS2025 catalogue (Shuntov, Marko et al.
2025) to measure the UV LF in a redshift bin z = 5.5-8.5 from
JWST COSMOS-Web imaging (Casey et al. 2023) by select-
ing sources which drop out of the HST F814W filter and are
detected in JWST F115W (along with detections in the redder
filters). For this sample they require F§14W — F115W > 0.5,
selecting the Lyman break. In this work, our reddest dropout
filter, HSC i, is 0.8—1 mag deeper than our detection filters, Y
and J. Additionally, I; is 1.5 mag deeper than our detection fil-
ters. Franco et al. (2025) are likely robust against UCD contam-
ination, since the high-resolution JWST imaging provides the
means to remove them as point sources. However, the shallower
depth of their dropout filter, relative to their detection filter, may
introduce contamination by low-redshift dusty galaxies. A large
magnitude difference between the dropout and detection filter
is useful for distinguishing between a Balmer break and Lyman
break. As discussed in V23, imposing a brighter selection in the
detection filter provides one method for combatting a relatively
shallow dropout filter.

5.6. Comparison with theory

In Fig. 7 we compare our UV LF results (along with results
from V23) to predictions from various simulations and theo-
retical models. These include Delphi (Dayal et al. 2014, 2022),
the Santa Cruz semi-analytical model (SAM, Yung et al. 2019),
Astrid (Bird et al. 2022), DRAGONS (Liu et al. 2016), FLARES
(Lovell et al. 2021; Vijayan et al. 2021; Wilkins et al. 2023),
Thesan (Kannan et al. 2022), CoDa (Ocvirk et al. 2016), and
DREaM (Drakos et al. 2022). We compare to these studies since
they have a large enough volume to extend to at least Myy = —22
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Fig. 7: A comparison of the UV LF measured in this work with pre-
dictions from semi-analytic models and hydrodynamic simulations. See
section 5.6 for an outline of the studies. We also show LF results from
V23 and F15. We show our best-fit DPL with the red line. The bottom
panel shows the ratio of the LF predictions to our best-fit DPL, as a
function of Myy.

in their predictions of the UV LF at z = 7. Broadly speaking,
there are two features that can be drawn from this comparison.
Firstly, most of the predictions reproduce the faint end of the LF
(Myy z —21, although FLARES is in excess of our LF points by
at least factor of two, and CoDa begins to over-predict signifi-
cantly towards the knee of the LF). Secondly, it appears that there
is a split in the bright end - some predictions are in significant
excess of our results, whereas others agree with our results out to
Myy = —23. Specifically, Delphi, Astrid and DREaM are con-
sistent with our results. The Santa Cruz SAM is consistent out to
Myy = —22, beyond which it begins to under-predict the LF. The
agreement is likely because of the calibration of some of these
simulations to relevant observations, in particular to observations
of dust. For example, Delphi includes fully coupled treatment of
metal and dust enrichment in order to explain the dust masses
of REBELS galaxies (Bouwens et al. 2022; Inami et al. 2022),
which are luminous LBGs at z = 7 selected from ground-based
imaging, analogous to (and overlaps with) the sample presented
in this work. The Santa Cruz SAM tunes the dust extinction opti-
cal depth to match the UV LF at z = 4—-10. Astrid calibrates dust
extinction at z = 4, and assumes no evolution of dust extinction
across z = 3—10. DREaM calibrates its Myy-stellar mass relation
on results at z < 4, and extrapolations at z > 4 are consistent with
observational results from Stark et al. (2013). On the other hand,
DRAGONS and FLARES both calibrate their dust extinction on
results from (Bouwens et al. 2014, 2015), which seems to cause
a large excess compared to our results at Myy = —22. Both The-
san and CoDa discuss they do not produce enough dust in the
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highest mass haloes and at Myy < —21 respectively, explaining
the excess.

Clearly, the shape of the bright end is highly sensitive to dust
obscuration, and the prescription of dust is sensitive to the obser-
vations used to tune it. However, most predictions agree that sig-
nificant reduction and steepening of the intrinsic UV LF occurs
due to dust obscuration, producing the observed bright-end slope
of § ~ 4.5-4.6, and galaxies at z = 7 with Myy < —22 are able
to experience dust attenuation of up to 2 mag in the rest-frame
UV. A suggestion by Dayal et al. (2022) is that the dust and
star-forming regions are spatially offset, or perhaps a significant
fraction of the total dust mass diffuses into the ISM, therefore no
longer contributing to the attenuation of UV light. Indeed, recent
studies have found significant dust build-up and offsets between
dust and UV emission in z = 7 LBGs (e.g. Bowler et al. 2022;
Inami et al. 2022; Lines et al. 2025; Algera et al. 2026). There is
still uncertainty in the z = 7 UV LF beyond Myy < —23, so pin-
ning down the precise shape of the ultra-bright end with Euclid
in the EDFs, whilst simultaneously making attempts to measure
the dust content of the sample (akin to Bouwens et al. 2022) is
critical for further comparison with simulations.

5.7. Comparison with JWST: a gradual evolution in the
bright-end slope?

JWST has revolutionised our understanding of the z > 7 Uni-
verse by discovering luminous sources at early cosmic time
(e.g. Naidu et al. 2022; Finkelstein et al. 2022; Castellano et al.
2022). However, ground-based imaging is still highly important
for probing the bright-end of the LF at z > 6. Currently, JWST
lacks the volume to probe the bright end. Additionally, at z = 6—
7, without deep ancillary optical HST imaging, JWST does not
have enough dropout filters bluewards of the expected position
of the Lyman break at A, ~ 1 um. We also note that the lu-
minous sources discovered by JWST are fainter than the bright-
est ground-based candidates presented in this work and in V23
(GNz-11 is currently the brightest spectroscopically confirmed
galaxy at z > 10 with Myy = -21.5, Bunker et al. 2023). Our
z = 7 LBGs may be linked to these early sources. It is likely that
Myy < —22 sources abundant in ground-based imaging at z = 7
occupy similar dark matter haloes to that of the brightest JWST
sources such as JADES-GS-z14-0 and JADES-GS-z14-1 (Car-
niani et al. 2024), GHZ2 (Castellano et al. 2024), and GNz-11
(Bunker et al. 2023). It is thus natural to compare our LF results
to z > 7 JWST results to understand the evolution of luminous
LBGs in the first Gyr of cosmic time.

In Fig. 8 we show the evolution of the LF parameters across
z = 6-13 from a range of ground-based, HST and JWST studies.
We only show results from DPL fitting, and for 5 we only show
results which have at least two LF points at Myy < M*, such that
they sufficiently probe the bright end. Note that JWST bright-end
determinations have large error bars at z > 9 due to the limited
volume available. We fit straight lines to these studies at z > 6 to
probe the linear evolution, and find that, relative to z = 6, these
can be expressed as

log,(¢*/ mag™ Mpc™) = (~3.40 + 0.15)
+(=0.17 £0.05) (z - 6) ,

M* = (=20.99 £ 0.15) + (0.19 £ 0.07) (z — 6) ,
@ = (=2.02 £ 0.09) + (—0.08 = 0.05) (z — 6) ,
B=(~4.91£0.29) + (039 £ 0.13) (z - 6) ,

for the DPL LF parameters. Overall, our results are consistent
with an evolution in the LF driven by a shallower g8 at higher

&)
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Fig. 8: The evolution of the DPL parameters with redshift, namely the normalisation ¢*, the characteristic magnitude M*, the faint-end slope «,
and the bright-end slope 8 (see Eq. 3). The red points show the parameters derived from DPL fitting in this work. We show a compilation of results
at z = 6-12.5 from Bowler et al. (2015, 2020), B17, Adams et al. (2023, 2024), Donnan et al. (2023, 2024), Chemerynska et al. (2024), McLeod
et al. (2024), Harikane et al. (2025), and Whitler et al. (2025) with some slight offsets in redshift for clarity. We do not show points from these
studies which were fixed during the DPL fitting. For 8, we only show studies which have at least two LF points brighter than their M*, meaning
they have some constraints on the bright-end slope. The black line indicates the best-fit straight-line to the z > 6 data. We also show the results of

Schechter fitting from F15 and B21 for ease of comparison in Section 5.4.

redshifts, a mild evolution in the position of the knee, ¢* and
M*, and weak evolution in a@. These results differ slightly from
those of Bowler et al. (2020), who found that the evolution of
the LF was dominated by g8 and M*, with ¢* remaining rela-
tively constant over z = 7-10. Donnan et al. (2024) use JWST
multi-field imaging to show that ¢* has a stronger evolution than
M, although they are required to fix their M* at some redshifts.
However, their evolution in ¢* is consistent with the luminous
sources found at z > 7, with a gentle evolution in M™* allowing
for the existence of these sources.

We note that a major caveat is that the LF parameters are
degenerate during the fitting, limiting discussion regarding the
evolution of ¢* and M*. However, ground-based studies are able
to probe sufficiently bright to determine the bright-end slope and
allow for a meaningful discussion of the bright-end evolution.
When fitting the evolution of 5, we again note that we only used
JWST studies that had at least two LF bins brightwards of their
M*, such that they sufficiently probe the bright-end of the LF.
Comparing to the number of studies in the plot above for M*,
most JWST studies do not have the dynamic range to provide
reliable measurements of the bright-end of the LF at z > 8, be-
cause large areas are needed to find the rarest sources. This is
reflected in much smaller uncertainties on 8 from ground-based
studies (Bowler et al. 2015; B17; Bowler et al. 2020; Donnan
et al. 2023, and this work). A lack of bright-end measurements
also results in weaker constraints on the knee of the LF. This can

be seen in the large amounts of scatter in the values of M* found
by JWST studies. In fact, the increasing trend we see towards
higher redshift is driven by the small uncertainties (relative to
the JWST studies) on M* found by the ground-based study of
Bowler et al. (2020). Their small errors are caused by their sam-
ple lying entirely at Myy < M™* (with DPL fits determined by
combining with faint-end results from McLure et al. 2013 and
McLeod et al. 2016). It is therefore not entirely clear whether
M* increases at higher redshift (as suggested by ground-based
studies) or remains fairly constant with redshift (as suggested by
JWST studies, but with large uncertainty). This demands a de-
termination of the UV LF with Euclid at z > 8.

The DPL form of the LF at z ~ 7 is more akin to the func-
tional form of the halo mass function than a Schechter func-
tion, indicating that quenching of star formation and/or dust
obscuration has not begun to dominate luminous LBGs at this
epoch (Bowler et al. 2014). However, numerous studies have
also shown that z ~ 7 LBGs can host large dust reservoirs and
exhibit signs of substantial dust obscuration (e.g. Bowler et al.
2024; Algera et al. 2026). The discrepancy arises due to un-
obscured star formation being probed by optical+NIR studies
such as this work, and obscured star formation requiring sub-
millimetre observations to measure the dust emission. Interest-
ingly, we observe a gradual steepening in § from z = 9 down to
z = 6 based on ground-based studies. The results of Chemeryn-
ska et al. (2024) and Donnan et al. (2024) are consistent with this
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gradual evolution in S, but with larger uncertainties. Note that
Chemerynska et al. (2024) use a large redshift bin of 9 < z < 12,
a useful strategy for boosting number counts over a redshift
range corresponding to only 180 Myr. The bright-end slope is
sensitive to dust obscuration (e.g. Cai et al. 2014) and quenching
of star formation (Peng et al. 2010), so a gradual steepening at
these epochs suggests a steady and gradual physical mechanism
driving the evolution. Donnan et al. (2025) find tentative evi-
dence that at fixed stellar mass, dust attenuation increases with
decreasing redshift, in line with our steepening of 3. We stress
that Euclid studies are necessary to complement JWST for con-
straining the bright-end of the UV LF at z ~ 8-10, which will
reduce the roughly two magnitudes of scatter in M* at these red-
shifts. Euclid studies will do this by identifying thousands of
Myy < —22 sources in 53 deg® of imaging in the EDFs to depths
comparable to UltraVISTA. However, based on the results of this
work, it may be difficult to decontaminate UCDs from LFs de-
termined from Euclid without some correction factors, due to
the lack of ancillary NIR data available. Indeed, EDF-North is
expected to have severe contamination due to a lower area of
coverage by Spitzer/IRAC, and since this field is closer to the
Galactic plane (Allen et al. in prep.).

6. Outlook for Euclid

In this section we explore the additional information provided
by Euclid for our sample of z = 7 LBGs, in terms of photometry
and morphology.

6.1. SED fitting with Euclid

In Sect. 5 we have shown that adding Euclid photometry to SED
fitting of our UltraVISTA-selected sample eliminates scatter in
the LF points due to contamination and loss of genuine high-
redshift galaxies. In Sect. 4 we have shown that Euclid recovers
faint galaxies that are removed in the U-only selection. In this
section we explore in further detail the additional information
provided by the Euclid photometry with some example SED fits.

Returning to Fig. 3, where we show the SED fitting of a can-
didate LBG, LBG 10004+02015, we see that the Euclid pho-
tometry is powerful for identifying flat UV continuum slopes,
and the deep I; imaging strongly rules out low-redshift galaxy
and M-type dwarf solutions, which do not exhibit as strong a
break as LBGs. Although beyond the scope of this work, com-
bined VISTA+Euclid photometry will be powerful for UV slope
measurements. In this case, the addition of Euclid suggests a
bluer UV slope than for the SED found with UltraVISTA NIR
data alone. Note that the VISTA filters have shallower depths
at longer wavelengths (see Fig. 1 and Table 1). The Euclid NISP
filters have uniform depths, so the deep H imaging can allow for
the discovery of very blue galaxies which would be undetected
in VISTA H and K.

In Fig. 9 we show the SED fitting and postage stamp cutouts
of two candidate T-type UCDs — one bright with map = 25, and
one faint with mag = 26. We first note that the brighter UCD
has a clear point source morphology, which would allow for its
removal from a LBG sample as being a point source. Such a re-
moval would require an additional completeness calculation to
account for the potential removal of active galactic nuclei and
compact star-forming galaxies but would aid in improving the
purity of z = 7 samples. However, the visual morphology of the
fainter source is more ambiguous, with noise spikes beginning
to contribute to the shape of the object, giving it a ‘fuzzier’ mor-
phology. We discuss the prospect of removing UCDs based on
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size further in Sect. 6.2. Now looking to the SEDs for both candi-
date UCDs, we can see the deep absorption features with Euclid
which are inaccessible with VISTA alone. The SED fitting for
the brighter source also benefits from the pre-existing HSC op-
tical photometry being able to detect the more gentle blue slope
relative to a Lyman break. Prior to Euclid, this gentle blue slope,
combined with deviations from flat NIR photometry, was the
main discriminant used to remove UCDs in ground-based data.
However, for the fainter UCD, the blue slope is not visible. As
a result, it is more challenging to extend LBG searches down
to the signal-to-noise limit without Euclid. This was a challenge
encountered in V23 in the ECDF-S field due to a lack of deep op-
tical imaging, where we selected objects in Y +J at a brighter 8 o
significance to account for this (compared to 5 o in this work),
resulting in only six luminous galaxy candidates. VISTA imag-
ing is available in the EAFs and in EDF Fornax as part of VIDEO
imaging in ECDF-S. This overlap will be powerful for providing
additional photometry on z > 7 sources found in ground-based
imaging (e.g. Stefanon et al. 2019; Bowler et al. 2020; Donnan
et al. 2023), as well as identifying new ones. A clear next step is
to repeat this experiment with VISTA J- and H-band dropouts,
and then adding in the Euclid photometry.

A natural experiment to conduct with the U+E sample is to
test what fraction of these sources are recovered as high-redshift
LBGs when only using Euclid photometry, i.e. when we remove
the VISTA photometry (hereafter called E-only). Euclid Collab-
oration: van Mierlo et al. (2022) used real UltraVISTA galaxies
at z = 1-8 and simulated Euclid photometry to predict the re-
coverability of UltraVISTA galaxies with Euclid. They found
that 91 % of bright galaxies at z > 6 are recoverable, with a
contamination rate of 20-40 % depending on magnitude. We re-
peated the SED fitting on the 108 galaxies in the U+E sample
which are also present in the U-only sample. We recover 96 %
of the sources with an E-only photometric redshift z > 6, and
we recover 87 % with |zg_only — zusEl / (1 + zusx) < 0.15, consis-
tent with the findings of Euclid Collaboration: van Mierlo et al.
(2022). The zg_onty span from z = 6-8.3 since the wide Euclid
filters are unable to precisely constrain the position of the Ly-
man break. An analysis of the contamination rate would require
a reselection based on the Euclid imaging, which is beyond the
scope of this work.

6.2. Can ultra-cool dwarfs be removed as point sources with
Euclid?

It may be expected that space-based imaging with Euclid will
allow for the removal of UCDs from LBG samples as unre-
solved sources. The first results from the Early Release Obser-
vations (EROs) were based on data that had a pixel scale of
0”3 pix~!, which is larger than ground-based surveys such as
VIDEO (0”2 pix‘1 ,Jarvis et al. 2013). This allowed for the iden-
tification of /; dropout sources as z > 6 LBG candidates, but
objects were generally undersampled (Atek et al. 2025; Weaver
et al. 2025). Weaver et al. (2025) injected PSF, clumpy, and disc
models into the imaging and found that galaxies and PSFs are
indistinguishable at this pixel scale, so no attempt was made to
separate bright sources based on morphology.

We use SExtractor FWHMs to conduct a first-order anal-
ysis of LBG and UCD sizes in the Euclid PV imaging. This
is possible thanks to the higher resolution of the Euclid imag-
ing (0”71 pix~' compared to 0715 pix~! for UltraVISTA, with a
PSF FWHM of 0”5 in NISP compared to 0”785 in VISTA Y).
We first investigate the sizes of PSFs in the Euclid imaging. We
take point sources from the JWST COSMOS-Web survey (Casey
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Fig. 9: SED fitting and postage stamp cutouts (in Euclid and a VISTA YJHK; stack) of two candidate T-type UCDs. Left: a brighter UCD with
map = 25. Right: a fainter UCD with mapg = 26. As in Fig. 3, the orange diamonds represent the UltraVISTA photometry. The coloured squares
show the Euclid photometry, with the Iz non-detection replaced with a 2 o~ upper limit. The remaining HSC photometry is shown by the black
points. The coloured horizontal lines indicate the Euclid ad VISTA filter widths. The blue, orange, and red curves represent the high-redshift LBG,
low-redshift dusty galaxy, and UCD solutions, respectively. The postage stamp cutouts are 6" X 6” and are scaled to saturate at 2 o below and
5 o above the noise level. Note the clear molecular absorption features seen by the VISTA+Euclid NIR photometry at 4 > 1 um. Also note the
PSF-like morphology for the bright source, but a more irregular morphology for the faint source driven by noise.

Myv
—-24 -23 -22 =21 -20
m T r T T ]
2.0 Roper+2022 e LBG B
[ == Bowler+2017 * UCD ]
1'8;— JWST PSF sizes in Euclid ® -+ Je PSF FWHM

Fig. 10: The Euclid J; FWHMs for sources identified as LBGs (blue
dots) and UCDs (red stars) using SED fitting on HSC+VISTA+Euclid
photometry. Also shown is the size-luminosity relation from HST imag-
ing of a bright ground-selected sample (B17), and the prediction from
the FLARES simulation (Roper et al. 2022). The dotted grey line is the
median Euclid PSF FWHM. The grey shaded region shows the FWHMs
of PSFs selected from JWST F444W imaging when they are observed
in Euclid Jg.

et al. 2023)3, selected from the F444W FWHM-MAG_AUTO
diagram using a catalogue produced with SExtractor. We then
crossmatch these point sources with Euclid. F444W is thus used
to provide the ‘ground-truth’, since the objects are unambigu-
ously PSFs. Since F444W is much deeper than J; (5o depth

3 The data described here may be obtained from https://doi.org/
10.17909/g3£b-ez59.

of 26.9 following the methodology in Sect. 2.5), we are able to
select these ‘ground-truth’ PSFs far below the limiting magni-
tude of the Fuclid imaging. In Fig. 10, the grey region show
the SExtractor FWHM in Euclid J; imaging of these JWST
PSFs as a function of their J; magnitude. This region is deter-
mined as the interquartile range around the median in magni-
tude bins of width 0.5 mag. For very bright (J; < 24) sources,
PSFs in Euclid are consistent with the FWHM measured in Sect.
2.4, as expected. However, as we approach fainter magnitudes,
the mean and standard deviation both begin to increase, before
turning over near the limiting magnitude of the J; imaging. This
behaviour is expected as noise begins to boost the FWHM mea-
surements of faint sources. Additionally, the turnover is caused
by biases in the selection of faint PSFs in the Euclid imaging,
since only those with an associated large positive noise will be
detected. Bowler et al. (2014) conduct a similar investigation
by injecting PSFs into UltraVISTA and UDS imaging, and find
similar behaviour. In Fig. 10 we also show the FWHM-J; mag-
nitude distribution of LBGs and UCDs identified through SED
fitting with combined HSC+VISTA+Euclid photometry for the
U+E sample. The FWHMs of the UCDs are consistent with the
shaded region. Additionally, none of the UCDs identified with
SED fitting exceed a FWHM of 1”. Whilst a large fraction of
the LBG sample has FWHMs above 1”, the majority are consis-
tent with the scatter in sizes measured for point sources. Some
LBGs have FWHMs consistent with that of the PSF. These could
be compact sources with high star-formation surface densities
(Morishita et al. 2024; Harikane et al. 2025). We also show the
size-luminosity relations determined by B17 from HST imaging
of a ground-based sample, and the prediction from the FLARES
simulation (Roper et al. 2022). The size-luminosity relation can
be written as

(6)
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where L is the characteristic luminosity corresponding to an ab-
solute magnitude M = —21, Ry is the size at L, and v is the slope
of the relation. We convert their relations for the effective radius
in terms of R. in kpc to an FWHM by assuming the galaxies
have a Sérsic profile with index n = 1, corresponding to an ex-
ponential disc. Results from JWST show that galaxies at z ~ 7
are well-fit by such profiles (e.g. Kartaltepe et al. 2023; Ormerod
et al. 2024; Westcott et al. 2025). We then convolve the literature
size-luminosity relations with the Euclid PSF in order to sim-
ulate what would be seen with Euclid in terms of FWHM. For
this, we follow Oesch et al. (2010) and add the measured PSF
size in quadrature. We note that the UV size-luminosity relation
at z = 7 has been measured by HST and JWST (e.g. Shibuya
et al. 2015; Yang et al. 2022, respectively). However, due to the
lack of area, these studies do not place strong constraints on the
very bright end. Yang et al. (2022) base their results on lensed
galaxies to place constraints on the ultra-faint end of this rela-
tion, but only have one source with Myy < —-22 at z = 6-7.
Shibuya et al. (2015) is based on a brighter sample, but only
have two sources with Myy < —22 at z =~ 7 (see their figure
9). The relation determined by B17 is currently the only rela-
tion at z = 7 which samples galaxies at Myy < —22 (with HST
follow-up of ground-selected LBGs), once again highlighting the
necessity for ground-selected samples prior to Euclid. They find
a size-luminosity relation with slope vy = 0.50. This provides
a positive forecast for the removal of UCDs as PSFs as point
sources, since it suggests that galaxies will grow rapidly in size
at Myy < —22. As shown in Fig. 10, the FWHMs of JWST
PSFs, as measured from Euclid J; imaging, deviates from the
B17 size-luminosity relation at J; < 24.5. The prediction from
the FLARES simulation (Roper et al. 2022) also shows a similar
deviation in the size-magnitude relation from the point source
sizes at bright magnitudes. Comparison to these studies suggests
that within the EDFs at these magnitudes, where VISTA imaging
is not available to remove UCDs with SED fitting, it will be pos-
sible to remove UCDs as unresolved sources in bright samples
(noting expected 5 o~ depths in the EDFs of around 26).

The key VISTA fields (COSMOS for UltraVISTA, XMM-
LSS and ECDF-S for VIDEO) cover around 10 deg® and will
overlap with both the Euclid Deep/Auxiliary Fields, also ex-
pected to reach depths of 26. This offers the unique opportu-
nity to identify LBGs and UCDs with SED fitting and determine
a size-luminosity relation for the most luminous z ~ 7 LBGs.
Additionally, at z ~ 6 and below, the UV continuum will en-
ter I, which has a much smaller PSF FWHM than NISP. Euclid
will thus provide some of first resolved measurements of ultra-
luminous sources in the middle of, towards the end of, and after
reionisation.

6.3. Lessons learned for the Euclid Deep Fields

Our results have shown that additional ground-based NIR pho-
tometry is powerful for removing L- and T-type UCDs via SED
fitting, which Euclid alone is unable to do due to its broad fil-
ter response curves (see Fig. 1). We have also shown that in the
range 25 < J < 27, UCDs cannot be cleanly removed from an
LBG sample as point sources because noise spikes contribute to
the morphology of faint point sources, and the size-luminosity
relation of LBGs corresponds to a small FWHM. This is critical
for the EDFs because they will eventually reach 5o depths of
around 26, allowing for the discovery of many sources in this
magnitude range. At J < 24.5, this will be much easier since
UCDs will have a clear PSF morphology and LBGs are expected
to be larger (B17). At these redshifts, however, Little Red Dots
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Fig. 11: Proper motion of a candidate UCD. The postage stamp cutouts
show the source in VISTA J, Jg, and F115W from JWST. The cutouts
are 5” X 5" and saturate at 2 o and 5 o below and above the noise level.
The red crosshair is placed at the centroid of the source as determined
from the VISTA image to highlight the proper motion when observed
with Euclid and JWST.

(Matthee et al. 2024) may also exhibit a clear PSF morphology.
These are sources with a distinct V-shaped SED, compact mor-
phology and a large subset of these have broad He lines, in-
dicating that they may harbour supermassive black holes (e.g.
Harikane et al. 2023b; Greene et al. 2024; Kocevski et al. 2025).
Additionally, at these magnitudes, one may expect to also find
quasars which will have a PSF morphology. It may be possible to
distinguish these from UCDs based on the strength of the I;, — Y;
break at z > 6 (Euclid Collaboration: Barnett et al. 2019), al-
though this is expected to be quite difficult (Bafiados et al. 2025).
Full SED fitting and Bayesian classification methods are likely
required to identify quasars and Little Red Dots, along with spec-
troscopic follow-up. Despite this, bright magnitudes (J < 24.5)
are the strength of the EDFs, where there will be enough area
to discover many of these rare, ultra-luminous LBGs. However,
the EDFs will not have ancillary NIR data to help remove UCDs
via SED fitting — although Rubin/LSST will provide imaging
in EDF-Fornax and EDF-South in the optical ugrizy filters in
the southern sky, allowing for the UCD blue-end slope to be de-
tected (see Fig. 9). This means relatively faint samples at J > 25
may still suffer from contamination by UCDs. This magnitude
range is, however, the strength of the key VISTA fields, namely
XMM-LSS, ECDF-S and COSMOS, where VISTA surveys such
as VIDEO and UltraVISTA have/will have overlap with Euclid
imaging. We suggest that z > 7 LBG searches in the EDFs
should focus on bright selections at J < 25 to mitigate contam-
ination, and supplement this with selections in the VISTA fields
where SED fitting can be used to construct clean samples. There
is the potential to use ancillary Spitzer/IRAC to reduce contam-
ination rates. However, at J > 25, the available Spitzer/IRAC
imaging would be too shallow, as found for the faint end of the
sample in this work, further motivating a selection at J < 25.

Not only is SED fitting powerful in these fields, but since
Euclid imaging has been taken over a decade after the begin-
ning of VIDEO and UltraVISTA, some of the brightest candi-
date UCDs found in our selection show small amounts of proper
motion. In Fig. 11 we show an example, with the offset relative
to VISTA being much clearer when compared to imaging from
JWST COSMOS-Web. We note this source is removed from the
sample based on SED fitting. However, sources with large proper
motion are removed as part of our selection, since they will have
a low or non-detection in Euclid, resulting in a poor SED fit. Ad-
ditionally, we do not use proper motion as a screening step since
this is complicated by the appearance of faint stars in Euclid, as
discussed in Sect. 6.2. Removal of UCDs by their proper motion
will be thus be more viable in the EDFs.
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Fig. 12: The expected HSC y — Y (fop) and VISTA Y — Yy colours
(bottom) of LBGs (grey) and strong (EW, > 80 /°\) LAEs (blue) as a
function of redshift, generated using mock BAGPIPES galaxies. The red
point shows the position of our LAE candidate (see Fig. 13) in this
colour-redshift space.

6.4. Lyman—a emitters with pseudo-narrowbands

Euclid not only provides strong colour information on L- and
T-type dwarfs when combined with VISTA, but can also reveal
the nature of LBGs with strong emission lines. The identifica-
tion of emission lines with photometry has been done before us-
ing Spitzer/IRAC colours to identify strong [Om]+Hg emitters
(e.g. Smit et al. 2015; Roberts-Borsani et al. 2016) which have
then been found to be LAEs through spectroscopic follow-up
(e.g. Oesch et al. 2015). Ground-based studies have used narrow-
bands to identify LAEs in narrow redshift ranges (e.g. Bafiados
et al. 2013; Endsley et al. 2021b; Umeda et al. 2025; Lambert
et al. 2024), and JWST has used medium- and narrowbands to
search for flux excess relative to the broadband photometry (e.g.
JELS, Duncan et al. 2025; Pirie et al. 2025). The overlap of the
HSC y, VISTA Y and Euclid Y; filters around 4 = 1pum (see
Fig. 1) provides a unique opportunity to identify strong Lyman-
a emitters, since the filters will behave differently as the line is
redshifted through the filters relative to a normal Lyman-break.
We use BAGPIPES (Carnall et al. 2018) to generate the synthetic
galaxy photometry with Ay = 0-0.6, allowing ages up to the
age of the Universe at a given redshift and subsolar metallicity
Z = 0.2 Z,. Since BAGPIPES does not model Lya emission, we
add the line with equivalent widths EW, = 80-240 A. This is
done in the same manner as in Sect. 3.2, by measuring the con-
tinuum level between A = 1250-1300 A.In Fig. 12, we show
the HSC y — Y; and VISTA Y — Y; colours of LBGs and LAEs
with rest-frame equivalent width EW, > 80 A A strong colour
difference can be seen between the LBGs and LAEs at z > 7.
We find one source at z = 7.19 (EUCL J100028.39+021508.0)
which lies within the LAE colour region. The SED fitting for
this galaxy, along with postage stamp cutouts, is shown in Fig.
13. A clear excess in flux is seen in VISTA Y relative to HSC
y and Y;, boosted by a potential strong Lye emission line. The
morphology in VISTA Y also differs from Y, with an additional
clump to the north-east. Physical offsets between the UV con-
tinuum and Lya emission are often seen in LAEs targeted by
MUSE (e.g. Claeyssens et al. 2022), thought to be caused by

star-forming substructures, merging galaxies or scattering effects
inside the circumgalactic medium. Follow-up imaging with the
FO90W NIRCam filter would confirm the Lyman-@ morphol-
ogy. This source also overlaps with JWST COSMOS-Web, and
these stamps are also shown in Fig. 13. We use BAGPIPES to
conduct SED fitting using the additional JWST photometry to
determine the physical properties of this galaxy. We fix the red-
shift to that found by LePhare, z = 7.19. We use a delayed-
7 SFH and allow the time since star formation began to vary
between 10Myr and the age of the Universe at this redshift,
and allow the characteristic timescale 7 to vary between 50 Myr
and 10 Gyr. We fix metallicity to Z = 0.2 Z,. We find that this

galaxy has a mass of log,,(M./My) = 9.81f8158 and a star-

formation rate of around 26 M, yr~!. This source was previously
identified in the COSMOS2020 Farmer catalogue (Weaver et al.
2022) as a z = 7 galaxy with Farmer ID 586756. Additionally,
based on a continuum level of ~ 1.3 x 107%ergs™! cm™2 Hz"!
and an equivalent width EW, = 240A, we estimate a Lya
line flux of 7.7 x 1077 ergs~' cm™2 Hz~! and a Lya luminosity
Liy, = 55X 10% erg s7L.

This galaxy is an ideal candidate for follow-up observations
with JWST and ALMA, since similar sources have shown signs
of primordial ISM conditions, Lya haloes, and complex gas ex-
change mechanisms between components, hinting at merging
activity (e.g. ‘Himiko’ and ‘COSMOS Redshift 7°, see Ouchi
et al. 2013; Sobral et al. 2015; Marconcini et al. 2025; Kiyota
et al. 2025). Based on the estimated line flux, this source would
also be detectable with ground-based observatories such as Keck
(Schenker et al. 2012). Looking forward, the three filters used
to identify this source will also be available in the XMM-LSS
field as part of the EAFs and Euclid Wide Survey, providing ad-
ditional opportunities to identify strong LAEs embedded in the
Epoch of Reionisation. In the Euclid Wide Survey, overlap with
the LSST y filter can also be used to identify such sources. LAEs
at lower redshifts can be identified in the EDFs by comparing
HSC r, i, and z to the Euclid I; filter, although this will be more
difficult due to overlap between only two filters at a time and the
large width of [;. Finally, the EDFs and EAFs will be observed
with the blue and red grism (BGg and RGg) available with NISP-
S, covering A4 = 0.9-1.9 um (Euclid Collaboration: Jahnke et al.
2025; Euclid Collaboration: Mellier et al. 2025). Current obser-
vations with NISP-S in the EAFs are not deep enough to detect
Lyman-a emission at z = 7, since the SIR pipeline only does
spectral extraction with H; < 22.5. However, in future data re-
leases, this threshold is planned to be brought down to H; < 24.
BGg will be able to detect Lyman-a emission at z = 6.5-10,
providing a method for redshift confirmation of LAE candidates
presented in this work, as well as a sample of extreme line emit-
ters over degree scale imaging.

7. Summary

We have conducted a search for z ~ 7 LBGs in the final data re-
lease (DR6) of the UltraVISTA survey, covering 1.72 deg?. We
combine this NIR imaging with deep optical imaging from HSC
and infrared imaging from Spitzer/IRAC to conduct a full SED
fitting analysis using LePhare. We conduct two different selec-
tions: one where Euclid photometry is included for the SED fit-
ting (the U+E sample), and one without the use of Euclid (the
U-only sample). The U-only sample consists of 289 candidate
galaxies at 6.5 < Zppor < 7.5 with =22.5 < Myy < -20.2. With
the improved depth of UltraVISTA DR®6, this sample reaches
faint enough magnitudes to overlap with the HST-selected sam-
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Fig. 13: SED fitting (fop) and postage stamp cutouts (bottom) of our
LAE candidate, EUCL J100028.39+021508.0. The SED fitting plot is
similar to Fig. 3, but here we colour the HSC y, VISTA Y and Euclid
Y filters differently to highlight them. The ground-based and Euclid
stamps are 6" 6" and the JWST stamps are 3" x3”. The stamps saturate
at 2 o below and 5 o above noise level.

ples of F15 and B21. The U+E sample consists of 140 galaxies,
with 38 not identified in the U-only sample. Euclid acts to re-
cover very faint galaxies which lack robust SED constraints in
VISTA photometry alone.

We find that Euclid comprehensively addresses contamina-
tion by UCDs and artefacts, as well as the unintended removal
of genuine galaxy candidates, seen as scatter in the UV LF
points computed from the U-only sample. Correspondingly, the
UV LF based on the U+E sample shows a smooth decline in
number density towards brighter magnitudes, in excellent agree-
ment with F15 as well as previous bright-end studies (B17; V23;
Harikane et al. 2025). Our DPL fitting reveals that this ground-
selected sample probes fainter than the LF knee for the first time
at z > 6. We compare our UV LF at z = 7 to JWST results
at z > 7. We find some evidence for a gentle evolution in the
bright-end slope, although this is limited by a lack of robust
measurements of the bright end at z > 9, which will require
robust samples from current and upcoming degree-scale JWST
programmes as well as the EDFs.

We then explore in detail the additional information provided
by Euclid for this UltraVISTA-selected sample. We show that
whilst combined VISTA+Euclid photometry is powerful for re-
moving faint UCDs via SED fitting, at the magnitudes probed in
this work UCDs cannot be separated morphologically from LBG
samples as point sources. This is because faint point sources have
their FWHMs boosted by positive noise spikes. At J < 24.5,
since the size-luminosity relation of galaxies rapidly increases,
we forecast that it will be straightforward to remove UCDs based
on their morphology. This is particularly crucial for the EDFs
where ancillary NIR data are lacking.
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Finally, we also present an extreme Lyman-a emitter candi-
date at z = 7.2 identified via its strong colours in HSC y — Y;
and VISTA Y - Y, differing significantly from the expected
colours of a normal LBG. The differences in morphology be-
tween VISTA Y and Y; may indicate a Lya-emitting clump phys-
ically offset from the UV continuum. These three slightly differ-
ent y filters will be available in XMM-LSS, providing further
opportunity for the identification of extreme sources during the
Epoch of Reionisation. Such sources are prime candidates for
follow-up with JWST.

Data Availability

Table 3, which provides the photometry and properties of the
U+E sample, along with a similar table for the U-only sample,
and 10” x 10” postage stamp cutouts of the U+E sample in the
Euclid I, Yy, J, and H; filters, are available in electronic form at
the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5)
or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/.
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Fig. A.1: The difference in magnitude between VISTA Y and Euclid
Ye (top), VISTA J and Euclid Ji (middle), and VISTA H and Euclid
Hg (bottom) and for bright stars with flat colours in VISTA, selected as
|Y —J] < 0.05 A |J — H| <0.05. The red dashed line indicates no colour
difference, and the red dotted lines indicate a difference in magnitude of
0.1. A minimum uncertainty of 5% is imposed on the photometry.

Appendix A: Euclid photometry check

In Fig. A.1 we present the colours in comparable Euclid and
VISTA filters of stars with flat YJH photometry. This provides a
check that the Euclid photometry, after PSF homogenisation, is
consistent with VISTA.

Appendix B: Comparison of Myy and z,n¢ between
the U-only and U+E samples

In Fig. B.1 we show the differences in the determination of the
absolute rest-frame UV magnitude Myy with and without Eu-
clid photometry, along with a similar plot for the photometric
redshifts zphor.
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Fig. B.1: A comparison between the Myy (top) and zphe (bottom) de-
rived with and without Euclid photometry. The sample here is based on
sources which are present in both the U-only and U+E samples. In the
top panel, the large black points indicate sources which have their Myy
change enough after the inclusion of Euclid photometry that they move
into a different LF Myy bin. In both panels the dashed line shows the
one-to-one relation.

Appendix C: SED fits and postage stamp images

In Fig. C.1 we present the results of the SED fitting and postage
stamp images for the 30 most luminous galaxies in the U+E sam-
ple, spanning —22.3 < Myy < -21.3.
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Fig. C.1: SED fits (fop) and postage stamp cutouts (bottom) of the thirty most luminous galaxies in the U+E sample. See Fig. 3 for a description
of the SED plots. The title of the SED indicates the object ID, absolute magnitude Myy, and the literature ID if it has been previously identified.
The postage stamps, from left to right, are from /g, Yg, Jg, Hg, and a VISTA YJHK; stack. The stamps are 6” X 6” and are scaled to saturate
at 50 above and 2 o below the noise level. Objects with names beginning with UVISTA were identified in Bowler et al. (2014). Objects with
names labelled as [ESC2021] and [ESC2021a] were first identified in Endsley et al. (2021b) and Endsley et al. (2021a), respectively. [DMD23]
892014 is from Donnan et al. (2023). COSMOS2015 and COSMO0S2020 objects were identified in Laigle et al. (2016) and Weaver et al. (2022),
respectively. S-CANDELS objects are galaxies identified in HST imaging (Ashby et al. 2015), and LAE-17 was identified in Hu et al. (2017). The
SSTSL source is also identified as REBELS-21 (Bouwens et al. 2022).
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Fig. C.1: Continued.
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