Astronomy & Astrophysics manuscript no. output ©ESO 2026
March 20, 2026

Euclid Quick Data Release (Q1)

Hunting for luminous z > 6 galaxies in the Euclid Deep Fields — Forecasts and
the first bright detections

Euclid Collaboration: N. Allen* -2, P. A. Oesch® -2, R. A. A. Bowler*, S. Toft"-2, J. Matharu>?, J. R. Weaver®,
C.J. R. McPartland®>2, M. Shuntov’->-2, D. B. Sanders®, B. Mobasher’, H. J. McCracken!?, H. Atek'?, E. Bafiados'’,
S. W. J. Barrow!, S. Belladitta!!: 2, D. Carollo'3, M. Castellano'?, C. J. Conselice*, P. R. M. Eisenhardt!?,

Y. Harikane'®, G. Murphreeg, M. Stefanon!”, S. M. Wilkins!®, A. Amara'®, S. Andreon?’, N. Auricchio'?,

C. Baccigalupi?'- 132223 M. Baldi’>* 223, A. Balestra®®, S. Bardelli'?, P. Battaglia'?, R. Bender®”-2%, A. Biviano'*2!,
E. Branchini?®-3%-20 M. Brescia3!-32, J. Brinchmann3-3%35_ S. Camera3®37-38, G. Cafias-Herrera3-4°,

V. Capobianco’®, C. Carbone*!, J. Carretero*>*3, G. Castignani'?, S. Cavuoti®*>**, K. C. Chambers®, A. Cimatti*’,
C. Colodro-Conde*®, G. Congedo*’, L. Conversi*®*°, Y. Copin®°, F. Courbin®'-3%33, H. M. Courtois®*, M. Cropper>>,
A. Da Silva®®>7, H. Degaudenzi®, G. De Lucia'?, H. Dole®, F. Dubath?, C. A. J. Duncan*’, X. Dupac*’, S. Dusini*®,
S. Escoffier®, M. Farina®!, R. Farinelli!2, F. Faustini!* %2, S. Ferriol’°, F. Finelli'% %3, N. Fourmanoit®®, M. Frailis'3,
E. Franceschi'?, M. Fumana®*!, S. Galeotta'?, K. George®, B. Gillis*’, C. Giocoli'*?3, J. Gracia-Carpio”’,

A. Grazian®, F. Grupp®”-?%, S. V. H. Haugan®, H. Hoekstra*’, W. Holmes'>, I. M. Hook®®, F. Hormuth®’,

A. Hornstrup®® 3, K. Jahnke'!, M. Jhabvala®, B. Joachimi’®, E. Keihiinen’!, S. Kermiche®, A. Kiessling'?,

B. Kubik®?, K. Kuijken40, M. Kiimmel?3, M. Kunz’?, H. Kurki-Suonio’>7*, A. M. C. Le Brun”>, D. Le Mignant76,
S. Ligori®®, P. B. Lilje®, V. Lindholm’* 74, 1. Lloro”’, G. Mainetti’®, D. Maino’®*!-8°, E. Maiorano'?, O. Mansutti'>,
0. Marggrafgl, M. Martinelli'* 82, N. Martinet’®, F. Marulli3% 22 R.J. Massey84, E. Medinaceli!2, S. Mei®>-8¢,
Y. Mellier’- 10, M. Meneghettilz’ 25 E. Merlin'4, G. Meylan87, A. Mora®3, M. Moresco®12, L. Moscardini®* 122,
R. Nakajimagl, C. Neissner®®43, S.-M. Niemi’?, C. Padilla®, S. Paltani’, F. Pasian'3, K. Pedersen””,

W. J. Percival®-92-93 V. Pettorino’?, S. Pires”, G. Polenta®, M. Poncet”, L. A. Popa%, L. Pozzetti'?, F. Raison?’,
A. Renzi’”>?, J. Rhodes!?, G. Riccio’2, E. Romelli'?, M. Roncarelli'?, R. Saglia28’27, 7. Sakr?%:9%:10 p Saponelm,
B. Sartoris?® 13, M. Schirmer!!, P. Schneider®', T. Schrabback'%2, A. Secroun®, E. Sefusatti!>2!-22, G. Seidel'!,

S. Serrano!03:104.105 p Simon8!, C. Sirignano97’59, G. Sirri®, L. Stanco’?, J. Steinwagner27, P. Tallada—Crespi42743,
A.N. Tay10r47, H. 1 Teplitzl%, I. Tereno % 197 N. Tessore’?>, R. Toledo-Moreo!?3, F. Torradeflot**-42,

L. Tutusaus'?>-103:99 . Valenziano'% 93, J. Valiviita’> 74, T. Vassallo!3-%*, Y. Wangl%, J. Weller?® 27, G. Zamorani'2,
F. M. Zerbi?, E. Zucca!2, V. Allevato®?, M. Ballardini'?®- 11012 M. Bolzonella'?, E. Bozzo?, C. Burigana1 11,63
R. Cabanac®, M. Calabrese!!%4! A. Cappi12’113, D. Di Ferdinando?®, J. A. Escartin Vig027, L. Gabarra'4,

W. G. Hartley?, R. Maoli!'> 4, J. Martin-Fleitas''®, S. Matthew*’, M. Maturi®® 7, N. Mauri*>?°, R. B. Metcalf®% 2,
A. Pezzotta??, M. Pontinen’3, C. Porciani®!, I. Risso??3%, V. Scottez’- '8, M. Sereno!? 23, M. Tenti®,

M. Viel?!13:23:22. 119 "M Wiesmann®, Y. Akrami'?% 12! 1. T. Andika'?> 23, S. Anselmi®® %7124, M. Archidiacono’®#°,
F. Atrio-Barandela'®, D. Bertacca®’-2%>?, M. Bethermin!2°, A. Blanchard”, L. Blot!?”-7>, M. Bonici’!*4!,

M. L. Brown®, S. Bruton'2®, A. Calabro'#, B. Camacho Queved021’23’ 13 FE Caro'4, C. S. Carvalho!?7,

T. Castro!3-2%2L119 | Cogat083’ 12°'S. Conseil??, T. Contini®’, A. R. Cooray129, 0. Cucciati'?, G. Desprez13(),

A. Diaz-Séanchez'3!, J. J. Diaz*¢, S. Di Domizio?® 3, J. M. Diego'??, M. Y. Elkhashab'3-%%-133.21 ' A Enia!?, Y. Fang?®,
A. G. Ferrari®, A. Finoguenov’?, A. Fontana'#, F. Fontanot!>2!, A. Franco!3* 133136 K Ganga®, J. Garcfa-Bellido'?°,
T. Gasparetto'*, V. Gautard'3?, E. Gaztanaga!%>10%138 F. Giacomini®, F. Gianotti'?, G. Gozaliasl'*% 73, M. Guidi** ',
C. M. Gutierrez'*, A. Hall*’, S. Hemmati'*!, C. Herndndez-Monteagudo'#>“®, H. Hildebrandt'*?, J. Hjorth®,
J.J.E. Kajava'* 143 Y. Kang?, V. Kansal'#%- 147 D. Karagiannis'? 148, K. Kiiveri’!, J. Kim'!'#, C. C. Kirkpatrick’!,
S. Kruk*, L. Legrand'*> 5%, M. Lembo!% 19119 'E Tepori'>!, G. Leroy!>% 84, G. F. Lesci®® 2, J. Lesgourgues'>,
T. 1. Liaudat'>*, S. J. Liu®', X. Lopez Lopez!'?, J. Macias-Perez!>>, M. Magliocchetti®', F. Mannucci'>®,

C.J. A. P. Martins'*7-33, L. Maurin®®, M. Miluzio** '8, P. Monaco'3% 132221 'C. Moretti!*?!-2%23 G. Morgante'?,
K. Naidoo'3® 70 A. Navarro-Alsina®!, S. Nesseris'?’, D. Paoletti'> %3, F. Passalacqua®’->°, K. Paterson'!, L. Patrizii*’,
R. Pello’®, A. Pisani®®, D. Potter'”!, S. Quai®* 2, M. Radovich?®, P.-F. Rocci’®, G. Rodighiero®”-%6, S. Sacquegna'*’,
M. Sahlén'® E. Sarpa®> 11922 A. Schneider'>!, M. Schultheis''?, D. Sciotti'* 82, E. Sellentin'®-4°, F. Shankar'®?,

Article number, page 1 of 19

Article published by EDP_Sciencey, to be cited as PfipS:77dor.ora/10. [05170004-636 17202557789



http://publications.edpsciences.org/
https://doi.org/10.1051/0004-6361/202557785

A&A proofs: manuscript no. output

L. C. Smith!%, J. G. Sorce'®*8, K. Tanidis!'*, C. Tao®, G. Testera®’, R. Teyssier'®>, S. Tosi** 3020 A. Troja””-%?,
M. Tucci?, C. Valieri®, A. Venhola'®®, D. Verganilz, G. Verza'®’, P. Vielzeuf®, N. A. Walton'®3, and D. Scott!3

(Affiliations can be found after the references)

March 20, 2026

ABSTRACT

The evolution of the rest-frame ultraviolet luminosity function (UV LF) is a powerful probe of early star formation and galaxy stellar mass build-
up. At z > 6, its bright end (Myy < —21) remains poorly constrained due to small survey volumes of existing near-infrared (NIR) space-based
imaging surveys. The Euclid Deep Fields (EDFs) will cover 53 deg? with NIR coverage down to a magnitude of 26.5 AB, providing a factor of
100 increase in area compared to previous space-based surveys. They thus offer an unprecedented opportunity to select bright z > 6 Lyman break
galaxies (LBGs) and definitively constrain the bright end of the UV LF. With its NIR coverage extending to ~ 2 um, Euclid has the power to detect
galaxies out to z ~ 13. Here, we present a forecast for the number densities of z > 6 galaxies that Euclid is expected to observe in the final EDF
dataset. Using synthetic photometry from spectral energy distribution (SED) templates of z = 5-15 galaxies, z = 1-4 interlopers, and Milky Way
M-, L-, and T-type dwarfs, we investigate optimal selection methodologies for high-z LBGs in the EDF datasets. We find that a combination of
signal-to-noise ratio (S/N) cuts with SED fitting (over optical to MIR bands) yields the highest fidelity sample, recovering more than 76% of the
input synthetic z > 6 LBGs, while limiting low-z contamination to less than 10%. This contamination does not include effects from instrumental
artefacts, which will impact the first Euclid data releases. Auxiliary data prove critical: optical coverage from the Hyper Suprime Camera and Vera
C. Rubin Observatory will distinguish genuine Lyman breaks from contaminant features, while Spitzer Space Telescope/IRAC data are vital for
recovering z > 10 sources. Based on empirical double power-law LF models, we expect more than 100 000 LBGs at z = 6—12 and more than 100
sources as far back as z > 12 in the final Euclid data release. In contrast, the steeper Schechter LF models predict no detections of z > 12 LBGs.
In this work, we also present two ultra-luminous (Myy < —23.5) candidates selected from the Q1 EDF-N dataset (Euclid Quick Data Release). If
their redshifts are reliable, their magnitudes suggest a DPL UV LF model at z > 9. This highlights the power of Euclid in constraining the bright

end of the UV LF in the early Universe and in identifying the most luminous sources that are valuable for further follow-up observations.

Key words. Galaxies: high-redshift, Galaxies: abundances, Galaxies: formation, Surveys

1. Introduction

In the first few hundred million years of the Universe’s history,
under- and over-dense regions of dark matter formed in the cos-
mic web. The latter are believed to have seeded the first galaxies,
which merged and evolved into massive systems at later times
(White & Rees 1978; Mo et al. 2010). In the current picture of
galaxy evolution, these systems often host centrally luminous
sources, surrounded by fainter companions that contribute to
ionising the surrounding intergalactic medium(IGM; (Mo et al.
2010)).

Identifying and characterising the most luminous sources in
the early Universe is crucial for understanding early galaxy for-
mation, their physical properties (e.g. star formation rates), their
role in cosmic reionisation, and their connection to the underly-
ing dark matter distribution. However, early over-dense regions
are rare and require wide and deep surveys to be identified (e.g.
Bowler et al. 2020, 2015; Ono et al. 2018; Harikane et al. 2022;
Casey et al. 2024).

The rest-frame ultraviolet (UV) luminosity function (LF)
is a key observable for tracing galaxy evolution, as the shape
and evolution of the LF parameters give insights into galaxy
growth and star formation mechanisms (e.g. Silk & Mamon
2012; Mutch et al. 2013). Using combined optical/near-infrared
(NIR) data from the Wide Field Camera 3 (WFC3) on the Hub-
ble Space Telescope (HST) and MIR data from the Spitzer Space
Telescope-IRAC, the rest-frame UV LF of galaxies has been
measured out to z = 11 based on Lyman break galaxies (LBGs;
Steidel & Hamilton 1993). Lyman break galaxies are UV bright,
star-forming galaxies with strong breaks at 1216 A (at z > 6)
caused by absorption of their UV emission by neutral hydro-
gen in the IGM (see e.g. Madau 1995; Inoue et al. 2014). The
shape of the UV LF is still debated: studies selecting LBGs at
z > 6 with HST and Spitzer found that the Schechter function
(Schechter 1976) was an optimal model for the high-z UV LF
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(Ellis et al. 2012; McLure et al. 2013; Finkelstein et al. 2015;
McLeod et al. 2015, 2016; Bouwens et al. 2021). The Schechter
function is derived from the shape of the halo mass function
(Press & Schechter 1974) with a few modifications. The func-
tion drops off exponentially at the bright end, suggesting that
the growth of high-mass star-forming galaxies is hindered either
by active galactic nuclei (AGNs) heating, inefficient gas cooling
due to the heat from shocks, and/or attenuation from dust (c.f.
Harikane et al. 2022; Bowler et al. 2020; Ono et al. 2018; and
see Stark et al. 2026 for reviews).

However, studies using larger area surveys with ground-
based telescopes, such as UltraVISTA (McCracken et al. 2012),
Subaru/Hyper Suprime Camera (HSC), or UKIRT (Lawrence
et al. 2007), found an excess of bright z > 6 sources, in com-
parison to previous Schechter function fits to a fainter sample.
This suggested a change in evolution at the bright end at z > 6.
A double power-law model (DPL) was suggested to describe the
UV LF at these high redshifts (e.g. Bowler et al. 2014; Ono et al.
2018; Bowler et al. 2020; Harikane et al. 2022; Kauffmann et al.
2022; Varadaraj et al. 2023). The DPL shows a more gradual de-
cline at the bright end, indicating a lack of dust attenuation or
mass quenching by, for example, inefficient feedback from an
AGN or supernova (Bowler et al. 2017; see Stark 2016 for a re-
view).

With the launch of the James Webb Space Telescope (JWST),
the high-z Universe (at z > 10) has become accessible, allow-
ing us to constrain the formation of the first galaxies (z > 10).
Studies using JWST data have measured the high-z LF up to
z ~ 13 and found a surprisingly large number density of lumi-
nous (Myy > —21) galaxies at z > 8; up to 10 times higher
than expected based on extrapolations from HST UV LF mod-
els at these high redshifts (e.g. Naidu et al. 2022b; Donnan et al.
2024; McLeod et al. 2024; Adams et al. 2023b; Bouwens et al.
2023; Whitler et al. 2025; Robertson et al. 2024; Castellano et al.
2022; and see Adamo et al. 2025 for a review). These measure-
ments suggest that the growth mechanisms for early galaxies
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Fig. 1: Top panel: Throughput curves for CFHT/MegaCam, Subaru/HSC, Euclid, and Spitzer/IRAC filters as solid lines and Rubin/LSST filters as
dashed lines. Bottom Panel: Depths of each filter (507), presented as solid lines for EDF-N and EDF-F and dashed lines for EDF-S. Spitzer/IRAC
depths are average measurements from the images from Euclid Collaboration: Moneti et al. (2022). The depths of Euclid VIS (Euclid Collabora-
tion: Cropper et al. 2025) and NISP (Euclid Collaboration: Jahnke et al. 2025; Euclid Collaboration: Schirmer et al. 2022) filters are those expected
for point sources by the end of the mission. Expected depths for Rubin data from Foley et al. (2018). Subaru HSC and CFHT MegaCam depths
for COSMOS are from Weaver et al. (2022). Flexible stellar population synthesis template (Conroy et al. 2010; Conroy & Gunn 2010) examples
of LBGs at z = 6, 8,10, 12, and 14 shown in grey colours. The NIR filters of Euclid can detect galaxies out to z ~ 12—14, before the Lya break

shifts out of the Hy band.

may be changing at z > 9 and pose a challenge for theoretical
models of galaxy evolution (Mason et al. 2023a; Ferrara 2024;
Feldmann et al. 2025; Dekel et al. 2023; Yung et al. 2024; Lovell
etal. 2021; Vijayan et al. 2021; Hutter et al. 2024). Subsequently,
theoretical models have attempted to find the mechanism which
would produce such a bright population of early galaxies. Some
of the possible solutions that have been proposed are: low atten-
uation from dust (due to radiative winds: Ferrara 2024), bursty
star formation (Gelli et al. 2024; Mason et al. 2023a), an evolv-
ing IMF (Hutter et al. 2024), an increase in star formation ef-
ficiency, or reduced feedback (Dekel et al. 2023; Mason et al.
2023b; Somerville et al. 2025).

Within this context, the Euclid mission is perfectly posi-
tioned to resolve the debate about the shape of the UV LF during
the epoch of reionisation. Euclid will observe ~ 53 deg? as part
of the Euclid Deep Fields (EDFs) reaching So- depths of 26.5AB
in NIR, by the end of the 6-year mission (Euclid Collaboration:
Mellier et al. 2025). This is approximately two orders of magni-
tude larger in area than any existing space-based imaging from
HST or JWST, allowing us to constrain the bright end of the
UV LF up to z ~ 13 and reduce cosmic variance. However,
at these depths, ultra-cool dwarf number densities (e.g. M, L,
and T types) peak, which could result in significant contamina-
tion in high-z selections due to similar red colours in optical and
NIR bands (Wilkins et al. 2014; Bowler et al. 2014; Varadaraj
et al. 2023. When observed in broadband filters, the spectral fea-
tures due to molecular absorption in MLT atmospheres mimic
the Lyman break and make these populations difficult to remove
in colour selection criteria. Removing MLTs with Euclid bands
alone has been shown by Bafiados et al. (2025) to be difficult. To
reduce contamination in photometric samples, it is thus impor-

tant to use a wide wavelength coverage, from the optical to the
MIR (Bowler et al. 2015; Varadaraj et al. 2023).

In this paper, we predict the expected yield of z > 6 LBGs
that can be identified with Euclid over the 6-year survey dura-
tion, based on the latest estimates of the UV LF evolution from
JWST. We then present selection criteria that minimise contam-
ination rates of low-z interlopers and ultra-cool dwarfs to less
than 10%, while keeping the recovery rates of z > 6 sources
above 70%. The synthetic catalogue used in this work contains
simulated photometry from Subaru/HSC, Rubin/LSST (Large
Synoptic Survey Telescope), Euclid, and Spitzer filters and as-
sumes the final 6-year mission coverage regarding the area and
depth of all these facilities.

This paper is structured as follows: Sect. 2 describes the
mock catalogues used for the predictions, and Sect. 3 describes
the optimised selection methods. We present our results in Sect.
4, followed by discussion in Sect. 5. Examples of ultra-bright
QI candidates are presented in Sect. 6. The work in this paper is
summarised in the conclusion in Sect. 7. Throughout this pa-
per, we use a standard flat, cold dark matter cosmology with
Qun = 027, Q) = 0.73, and Hy = 70kms™'Mpc~!. The mag-
nitudes used in this paper are specified in the AB system (Oke
1974) and our spectral energy distribution (SED) fitting assumes
a Chabrier (2003) initial mass function (IMF).

2. Synthetic Euclid Deep Field catalogues

This paper aims to investigate the number of high-z (z > 6)
galaxies that Euclid will yield and to test how well these sources
can be recovered, including possible contamination. The high-z
LBGs (z > 6) are characterised by a strong break in their SEDs

Article number, page 3 of 19
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Fig. 2: Evolution of the input UV luminosity function from z = 6 to
14 with parametrised evolutions presented in Egs. (2) to (6). These LF
models are taken from a JWST-based study (Donnan et al. 2024) be-
tween 8 < z < 15 and a HST and ground-based study (Bowler et al.
2020) between 6 < z < 8. These parametrisations are used for the num-
ber densities of high-z sources in our sample (see Sect. 2.2). Circle and
square markers are data points from Donnan et al. (2024) at z > 9 and
Bouwens et al. (2021) at z < 9. The shaded regions indicate the volume
and depth achieved by the EDFs at the end of the mission (at various
redshifts). Dashed lines show an alternative parametrisation of the UV
LF using a Schechter function (Whitler et al. 2025). Dotted lines show
the fiducial LF model from Schindler et al. (2023) for quasars at z = 5
and z = 6. With the final Euclid data release, we will be able to distin-
guish between these models.

at the redshifted Ly« line, in addition to blue colours longwards
of the break (see Fig. 1). However, these characteristics can be
mimicked by ultra-cool dwarfs in the Milky Way, and quiescent
or dusty galaxies at lower redshift (see also Euclid Collabora-
tion: van Mierlo et al. 2022). To test for possible contamination
by these populations, we create synthetic catalogues that include
these three types of sources with the expected number densities
for the three EDFs. We include all relevant filters for each field
that will be available, including Subaru HSC, LSST, Euclid, and
Spitzer IRAC bands, and perturb the photometry with Gaussian
random scatter that mimics the uncertainties in the real data. In
the following, we first briefly discuss the characteristics of the
different EDFs before describing the input number densities and
SED shapes that were used for each of the three simulated pop-
ulations.

2.1. Simulated fields

For this paper, we generated synthetic catalogues for the three
EDFs separately, using the respective areas and datasets that will
be available by the end of the mission. Specifically, we simulate
the EDF-N field that covers the north ecliptic pole with an area
of 20 deg?, the EDF-S with an area of 23 deg? near the southern
ecliptic pole, and the EDF-F with 10 deg? in the Fornax constel-
lation near the Chandra Deep Field South (see Euclid Collabo-

Article number, page 4 of 19

ration: Scaramella et al. 2022; Euclid Collaboration: McPartland
et al. 2025, for details).

The different fields will be covered with different ancillary
data by the end of the mission. The field with the most extensive
multi-wavelength coverage will be EDF-F, where optical data
are obtained with the CFHT, Subaru telescopes, and the upcom-
ing Vera C. Rubin Observatory (VRO) covering the u- to y-band
filters. In contrast, the EDF-N field will not be covered by Ru-
bin/LSST but will have Subaru optical coverage (Capak et al.
2016). EDF-S will contain Rubin/LSST, but not Subaru/HSC or
CFHT/MegaCam. Importantly, all fields have coverage with rel-
atively deep Spitzer/IRAC imaging in the 3.6 and 4.5 um bands
(see Euclid Collaboration: Moneti et al. 2022; Capak et al. 2016),
although this is limited to only 10 deg? of Spitzer/IRAC in EDF-
N.

For each field, we generated synthetic catalogues with fluxes
perturbed with Gaussian noise. Specifically for this idealised
simulation, we converted the expected 5o depths (ms) for a
given filter into a 1o flux uncertainty oy, which are used to
perturb the photometry of galaxies, i.e. the measurement un-
certainties are set to be constant for each filter with a value of
o = 0.2 x 107940ms=ZP) \where ZP is the AB magnitude zero-
point of the given filter. We note that these errors may be under-
estimated because we have not simulated other sources of error,
such as the effects of artefacts, in the real Euclid images. A full
list of the available filters and depths are listed in Table 2 in Eu-
clid Collaboration: McPartland et al. (2025).

2.2. High-redshift LBGs

In recent years, JWST studies have modelled the UV LF up to
Myy ~ —22, while pushing the redshift frontier to z = 14. When
extrapolated to Myy < —22, these models predict number den-
sities of extremely luminous LBGs at z > 10 are > 10 times
higher than expected based on extrapolated models from HST
(e.g. Bouwens et al. 2021). Additionally, the most recent ob-
servations covering wide areas also indicate that the UV LF of
z ~ 5-8 galaxies does not behave like a Schechter function with
an exponential cut-off at the bright end but rather exhibits a dou-
ble power-law shape (e.g. Bowler et al. 2015; Harikane et al.
2022; Bowler et al. 2020; Donnan et al. 2024). This means that
we can now expect Euclid to detect galaxies even beyond z ~ 10,
which was not the case with HST-based extrapolations of the UV
LFs.

The expected numbers of z > 5 galaxies in the EDFs are de-
rived based on the latest estimates of the UV LFs from JWST
at 7z = 6-14, as well as wide-area HSC and UltraVISTA mea-
surements, which are available up to z ~ 7. We use a DPL LF
with parameters that evolve with redshifts according to estimates
from Bowler et al. (2020) at z < 8 and Donnan et al. (2024) at
z > 8. These are chosen due to these studies combining multiple
surveys to increase the area probed at high-z. The evolution of
the luminosity functions is presented in Fig. 2.

In terms of absolute UV magnitude, the DPL LF is
parametrised as

dn P
dM ~ 10-04My~Muv)a+D) | 10-04(M;y—Mo)(B+1)

¢(M) = ey

with ¢, defined as the characteristic density, M* the character-
istic magnitude, and @ and B the faint- and bright-end slopes,
respectively.
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The evolution of the parameters used for the 5 < z < 8 LFs  Table 1: Redshift dependent parameters of the UV slope fyy — lumi-
is based on Bowler et al. (2020) and are defined as nosity relation used in this work.

log;o (ﬁmc_%) =-3.52, 2) (=) ‘ (;L:%VV ‘ Povo
586 | -0.11 | —=2.25

M*(z) = —21.03 + 0.49 (z — 6.0), 3 728 | —0.12 | =2.26
a(z) = =1.99 — 0.09 (z — 6.0), “ 9.41 | —0.06 | —2.33
) 12.02 | —0.06 | —2.42

B(z) = —4.92 + 0.45 (z - 6.0).

For LFs beyond z = 8, we follow Donnan et al. (2024), who
measured the LFs at 8 < z < 15 in various JWST fields and JWST, in particular Topping et al. (2024). We use a linear rela-

found the following redshift evolution: tion between the UV slope, Syy and Myy, parametrised as

$.(z)
logm(—mag_l Mpe 3 )~ 014 = 2.36), ©) Buv(Muv) = == (Muv +19) +Buvo + NO.oand, - (10)

(M) where the redshift-dependent slopes and intercepts are from Top-
a(z) = -2.04 x 10747 - 2.1, (8) ping et al. (2024), which are listed in Table 1. We interpo-
B(z) = 0.138 7 — 5.13. 9) late linearly between the rquhlfts where the s}ope; apd inter-
cept measurements are provided. The Gaussian intrinsic scatter
The combination of these two parametrisations results in a  0f N(0, 07 in) around the mean relation was set to be constant
smooth evolution of the UV LFs both at the bright and faintends, T inc = 0.25, consistent with Topping et al. (2024) and previous
which agrees with the latest measurements across the full lumi- HST-based measurements (see e.g. Bouwens et al. 2014).
nosity and redshift range, as shown in Fig. 2. The rest-frame optical emission lines and the nebular con-
In the following, we use this DPL LF evolution as our base- tinuum were added to these templates using the prescription of
line model. However, we also discuss a parametrisation of the Anders & Fritze-v. Alvensleben (2003) and Schaerer (2002). Fi-
LF using a Schechter function. In particular, we use the esti- nally, absorption by intergalactic hydrogen shortwards of the
mated evolution of Schechter function parameters from z = 5to  redshifted Lya line was accounted for following Inoue et al.
z = 14 in Whitler et al. (2025), which combined HST and JWST  (2014). These templates were then used to compute the expected
data. We note again that JWST Only probes survey volumes that fluxes in all the relevant filters and normalised to the MUV val-
are less than 10° Mpc3 and hence only has limited power to dis-  Ues of the galaxies to be simulated before Gaussian photometric
tinguish between the two LF models. scatter is applied, as described in the previous section.
Based on these LFs, we computed the expected number of
gglaxies as a function of UV gbsolute ma.gnitude', Muyy, fo; a 53 MLT dwarfs
given survey area and per redshift through integration. Galaxies
were added to our catalogue in redshift bins fromz = 5toz =15 Certain types of stars or ultra-cool dwarfs (e.g. M-, L-, and
in steps of Az = 0.1. T-type) are a possible source of contamination when selecting
For each galaxy, we then assigned an SED. These are gen- z > 6 galaxies. We will refer to these as MLTs. They have
erated from Bruzual & Charlot (2003) models with a constant intrinsically red optical to NIR molecular absorption features,
star formation history, an age ranging from 10 to 400 Myr, which can mimic the Lyman break of z > 6 LBGs, especially
and a range of UV attenuation following Calzetti et al. (2000). close to the magnitude limit or in the case of low numbers of
The reddening values were chosen such that the UV continuum red-optical and NIR filters that poorly sample the shape of the
SED. MLTs can be removed based on their point source mor-

slope distribution of galaxies follows a luminosity and redshift-
dependent trend in agreement with recent measurements from phology, but this requires high-resolution imaging (e.g. JWST
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Fig. 4: Hexbin distribution of the eazy best-fit photometric redshifts of the input catalogue against their true redshift, for each EDF. Note that
MLTs are placed at z = 0. The scatter in the distribution, o-ymaq, is shown in the top left corner of each panel. The scatter is largest in EDF-N due
to shallower optical data and the lack of Spitzer/IRAC coverage in half the field.

resolution). Although the Euclid NIR bands have higher reso-
lution than ground-based telescopes, morphology may not be a
reliable method to distinguish between stars and high-z sources,
especially for compact high-z sources.

Their number densities also peak around m ~ 24 AB (Ryan
et al. 2011), which indicates that they might be a significant con-
taminant for Euclid datasets. We have included synthetic pho-
tometry of MLTs that reproduce Euclid colour - colour tracks
derived in Sanghi et al. (2024) for types from MO to T9. Since
our goal is also to simulate the IRAC photometry of MLTs, we
cannot rely on the BD standards in the commonly used Sp-
exPrism library (Burgasser 2014), which are limited in wave-
length coverage to the K band. Instead, we use a range of
templates that reproduce the predicted Euclid colour - colour
tracks selecting from the BT-Settl, CIFIST, and ATM02020 li-
braries (CIFIST2011/2015; Allard et al. 2012; Baraffe et al.
2015; Phillips et al. 2020, as also used in Sanghi et al. 2024).

The MLT number densities for each EDF are computed
based on a simple exponential model of the Milky Way thin
disc (e.g. Ryan et al. 2011; Carnero Rosell et al. 2019; Holw-
erda et al. 2014, 2024). The number densities thus depend on the
Galactic latitude of a given field. We follow the simple thin disc
parametrisation of Caballero et al. (2008) to predict the number
of MLTs within each field, using hg = 2250 pc, Ry, = 8.6 kpc,
and Z; = 27 pc as the radial scale height, the Solar radius and
the Solar vertical displacement, respectively. The exact num-
ber density in our parametrisation depends on the local space
density and the vertical-scale height (k) assumed. We take the
values from Caballero et al. (2008) for the local space density.
The vertical scale height is uncertain with values derived in the
range 150-450pc (e.g. Sorahana et al. 2019). In this work, we
fix hz = 300 pc to provide a first estimate of the expected con-
tamination.

As can be seen in Fig. 3, the expected number densities for
M dwarfs decrease to fainter J;-band magnitudes. However, the
number densities of L and T dwarfs together can be as high as
400 mag~'deg? at the J;-band detection limit of the EDFs, mak-
ing them comparable to the expected densities of high-redshift
LBGs. As shown in Fig. 3, EDF-N will have the highest con-
tamination rate due to the field being close to the Galactic plane.
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While not all these sources will necessarily fall within
the high-z selection performed on Euclid data, the comparable
colours and number densities make them a key contamination
concern. Hence, it will be important to be able to remove these
sources efficiently from high-z candidate catalogues.

2.4. Low-z interlopers

Low-redshift (low-z) sources can also have colours that mimic
a Lyman break, especially if they have a strong Balmer break
or emission lines that boost the NIR filters (Naidu et al. 2022a;
Carnall et al. 2023; Arrabal Haro et al. 2023). The low-z contam-
ination in the EDFs has already been extensively studied in Eu-
clid Collaboration: van Mierlo et al. (2022). Thus, in this work,
we only add a minimal set of possible lower redshift SEDs. In
particular, we only add sources with i — J > 1. These were se-
lected from 3D-HST catalogues (Skelton et al. 2014) directly us-
ing their eazy (Brammer et al. 2008) template fits. The synthetic
colours of the lower redshift red galaxy population were com-
puted based on the best-fit eazy template at the respective photo-
metric redshift before adding Gaussian random noise to perturb
the photometry. Because the 3D-HST survey only spans ~ 900
arcmin?, each red galaxy SED is represented several times in the
synthetic catalogues, to mimic the larger areas of the EDFs.

3. High-redshift galaxy selection criteria

With three simulated catalogues for each EDF in hand, we now
discuss the optimal selection method which returns the highest
completeness levels of high-z sources while minimising the con-
tamination rate. Other selection criteria that we experimented
with, but that are less optimal, are discussed in Appendix A.

The initial catalogues were created with fainter magnitude
limits than can be observed with Euclid, to allow for scattering
into the sample due to noise. Therefore, the first cut we employ
is a detection criterion based on the S/N. We apply a S/N > 5
in at least one of the Euclid NISP bands (Y;, Js, or Hg), giv-
ing us a parent sample size of 1256 398, 1444968, and 613 682
in EDF-N, EDF-S, and EDF- F respectively, including all three
types of sources we simulated. To identify a clean high-z sample,
we proceed as follows.
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Due to the characteristic break at rest-frame 1 = 1216 A in
high-z LBGs, we do not expect to measure a significant signal
bluewards of the Lyman break. Therefore, we apply a S/N < 2
cut to the I; band to remove sources with optical flux. With this
cut, we can remove ~ 99% and ~ 55% of low-z sources and
MLTs from the parent sample, respectively, while keeping the
recovery rate of > 70% for z > 6 LBGs, in all EDFs. Apply-
ing similar S/N cuts in the ground-based bands can reduce the
MLT contamination by a few per cent. However, these cuts re-
move more high-z galaxies (~ 10%) compared to the removal
of MLTs. This is because of the up-scattering in optical bands
and some residual, but real signal from the Lyman alpha forest
in z = 6 galaxies. Therefore, we do not use ground-based data in
the initial cuts and instead remove MLTs with SED fitting (this
is discussed further in Appendix A.1).

The final sample was selected based on photomet-
ric redshifts (zpne) measured with SED fitting with eazy.
To optimise the fitting of high-z sources, we used the
sfhz/blue_sfhz_13.param stellar population templates for
the galaxy fitting. We set the eazy parameters to fit in the range
z = 0-15 (with Az = 0.01), no priors, and IGM optical depth
of Tigm of 1. We did not consider damped Lyman-a templates.
To simulate a real fitting process, we did not supply eazy with
the known redshifts of each source. All other parameters were
unchanged and set to the default values supplied in the eazy de-
fault parameter file.

We set eazy to fit templates across all bands in each EDF,
including ground-based instruments (Subaru/HSC or/and Ru-
bin/LSST), Euclid bands (VIS and NISP), and Spitzer IRAC
(Channel 1 and 2). This large wavelength coverage is impor-
tant for reliable SED fitting and to remove contamination; see
Sect. A.3 for details. To remove MLTs from our final sample, we
also fit MLT templates based on the Sonora library (Marley et al.
2018). We then compare the reduced y? of the galaxy and stellar
template fits to remove likely MLTs. The final high-z candidate
sample is selected using the following cuts:

1. th()t Z 5,

2 2
2. Xsar > Xgalaxy”

Here, zphot 1s the best-fit photometric redshift measured by

2 2 . . . 2
eazy. The xg, and x,,,, are the minimised y~ values measured

from the best-fit stellar and galaxy templates, respectively.

The results of the SED fitting in each field are shown in Fig.
4. For all fields, the scatter between the photometric and true
redshifts of the input sample is low, oymag < 0.032. Here, 0ymag
is the standard deviation using the median absolute deviation of
Ziue = Zphot- This shows that we can fit reliable SED templates
and, thus reliable photometric redshifts. We discuss this further
in Sect. 4.1.

Our method selects all sources that have a best-fit solution
at z > 6, which allows for sources with second peaks in their
p(2) in the final sample. We estimate the probability of having a
second peak, ponq, by integrating over the p(z) up to z = 5 of each
true high-z source (that is classified as high-z). We then assume
that sources with pyng > 0.05 have a second peak. Therefore, the
fraction of true high-z sources that are classified as high-z, which
have a second peak, is 18%, 6%, and 4% for EDF-N, EDF-S, and

EDF-F, respectively.

4. Results
4.1. Performance of selection criteria

This paper tests various selection methods on three synthetic cat-
alogues to determine the optimal criteria for selecting z > 6
galaxies in the EDFs, while minimising contamination. The op-
timal criteria, described in Sect. 3, combines SED fitting with
S/N cuts in the I; band. Using the best-fit photometric redshift
from the SED fitting, we classify sources in our catalogue into
classes: MLTs, 2 <6,6<7<8,8<7z<10,10<z<12,and
z > 12 galaxies. The results are presented in the confusion ma-
trices in Fig. 5 for each EDF. The values in the matrices shown
in the top row of Fig 5 have been normalised over rows (‘true’
input values). Therefore, the diagonals in these matrices present
the completeness of each source type. While the matrices in the
bottom row of Fig 5 have been normalised over columns (‘clas-
sified’ sample). Thus, in these matrices, the diagonals present
the purity of each class. The completeness, R, of a class, i, is
described by

N(T =1i,C=1i)

R; = - —.
2iN(T =i,C=))

Y

Here, i and j are the classes: MLTs, z < 6,6 <7< 8§,8 <z<

10, 10 < z < 12, and z > 12 sources. N(T, C) is the number

of objects of true class T and predicted class C. Therefore, the

numerator, N(T = i,C = i), is the total number of sources with

truth label i, classified in class i. The denominator, j N(T =

i, C = j), is the total number of sources of class i in all classes.
The purity of a class, P;, is described as

N(T =i,C =)

Pi= - .
2iNT =jC=1i)

(12)

Here, the denominator is the total number of sources classified
in the class, i.

Before discussing our results, we will first explain the ma-
trices in Fig. 5 through examples. The top left matrix of Fig. 5
shows that our criteria can recover 80% of the true 6 < z < 8
sources (third row and third column from the top left corner).
Looking along the row of 6 < z < 8 sources (third row) shows
that the remaining 20% have been misclassified as other types of
sources. For example, 16% of true 6 < z < 8 sources were mis-
classified as MLTs (third row, first column). In the bottom left
matrix of Fig. 5, the diagonal shows that 96% of objects classi-
fied as 6 < z < 8 sources are true 6 < z < 8 sources. By look-
ing along this column, we can also see that 2% of this class are
MLTs. Next, we will discuss the main results that these matrices
describe.

For EDF-F and EDF-S, the completeness decreases with
increasing redshift, where the completeness is lowest for true
z > 10 sources. This is shown along the diagonals in the top
left and middle matrices of Fig. 5. Our results show that, for
both fields, 62% of the true z > 12 sources were classified as
10 < z < 12 sources (sixth row in matrix) in EDF-S, and 54%
were misclassified in EDF-F. This is due to z > 10 sources being
faint, such that their errors in Spitzer/IRAC and ground-based
optical photometry are larger, leading to a wider photometric
posterior in the SED fitting process.

The diagonals in the bottom left and middle matrices of Fig.
5 show that the purity in EDF-S and EDF-F decreases with in-
creasing redshift for classes: 6 <7< 8,8 <7< 10,10 <z< 12,
and z > 12. In these classes, the contamination is from high-z
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Fig. 5: Confusion matrices, for each EDF, presenting the performance of our classification (Sect. 3). The matrices along the top are normalised by
the true class, and the matrices along the bottom are normalised by the selected class. Diagonals in each matrix present the completeness (top) and

purity (bottom) of the selection.

sources outside of the chosen redshift bin, rather than z < 6 in-
terlopers or MLTs. For example, the sample classified as z > 12
sources has a significantly large contamination of 10 < z < 12
sources (56% in EDF-S and EDF-F). This ‘contamination’ from
high-z sources affects the z > 12 UV LF due to the additional
correction in the UV magnitudes (see Sect. 4.2).

For EDF-N (Fig. 5, far right column), we find similar trends
to EDF-S and EDF-F, in completeness and purity. However,
these values are generally lower, especially for z > 10 sources.
For example, as shown in the diagonal of the top right matrix, the
completeness of 10 < z < 12 sources in EDF-N is 33%, while
for EDF-F, it is 61%. This is due to the shallower optical data
and the lack of Spitzer/IRAC photometry in half of the EDF-N
field, resulting in broader photometric posterior distributions and
confusion between the Balmer and Lyman breaks. This is shown
along the final row of the bottom right matrix in Fig. 5, where
22% of true z > 12 sources are classified as z < 6 sources, and
38% of true z > 12 sources are misclassified as 10 < z < 12
sources.

EDF-N also has higher contamination levels of MLTs in each
class, compared to the other fields. This is shown in the top row
of the bottom right matrix in Fig. 5. This is likely a result of the
larger number densities of MLTs in EDF-N (see Fig. 3) as well
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as the lower area coverage of Spitzer/IRAC photometry in this
field, which is important in SED fitting to disentangle MLT and
galaxy best-fit templates.

The completeness and purity of our sample are affected by
magnitude. For all EDFs, the completeness and purity rates are
almost perfect when considering sources with My < 25. For
fainter sources, the rates are similar to those shown in Fig. 5;
fainter sources are difficult to recover due to larger photometric
errors, which widen the photo-z posterior distribution.

4.2. Luminosity function

Using our selection, we now estimate how well the UV LF in the
EDFs can be recovered. The LF of the final sample are measured
in 4 redshift bins: z = 6-8, z = 8-10,z = 10-12, z = 12-14 using
the eazy best-fit photometric redshifts. In absolute magnitude
bins of AM = 0.5, the LF is derived using

. NWM.,2)
M2 =i A’ (13)

where N and V.g(M, z) are the number of sources selected and
the effective volume, in a given redshift (z) and absolute magni-
tude, M, bin.

o(
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Fig. 6: Combined EDF UV LF of the samples classified in four redshift bins: 6 < z < 8,8 <z < 10,10 < z < 12, and 12 < z < 15. Here, Myy
is calculated in J; band for z < 10 and Hy band for z > 10, using Eq. (15). Number densities for all sources classified in each z-bin are shown as
diamonds, with error bars assuming Poisson statistics. The solid black, dashed grey, and dotted grey lines show the input catalogue DPL model,
Schechter model from Whitler et al. (2025) (JWST-based measurements) and a lensed Schechter model (using Mason et al. 2015), calculated at the
median z of the z-bin. With these measurements, we can distinguish between DPL and Schechter models, highlighting the importance of Euclid in

constraining the bright end of the UV LF.

The effective volume was calculated in each redshift bin by:

dV(z)

Ver (M) = f " samna YDy, (14)

Zmin

Here, S (M, z) is the selection function, A is the area in angular
units, and 2 is the differential co-moving volume at a given z.

The selectioch function is the fraction of (known) high-z sources
selected, divided by the number of sources expected in that given
z and M bin. To derive this, we create a photometric catalogue
with uniform number counts of LBGs over the redshift range of
5 < z < 15, using the same templates as discussed in Sect. 2.2.
We run eazy and apply the same selection criteria to this cata-
logue, as described in Sect. 3. We bin the full catalogue and final
selected sample in both (photometric) redshift (Az = 0.1) and
absolute magnitude (AMyy = 0.1), where Myy is calculated us-
ing the photometric redshifts. The selection function is obtained
by dividing the final binned and input binned data by each other.

The absolute magnitudes of our sample were calculated as

Myyv = m —DM(z) + 2.5 log,o(1 + 2) + AM0ss(2), (15)
where m is the apparent magnitude in the band encompassing
1500 A. We use the J: band for z < 10 and H; for z > 10. Due
to the break falling in the Hy-band at z > 10, we include AM|
to account for the flux lost in the H; band. Finally, DM(z) is the
distance modulus at the source’s (photometric) redshift, z, which
is calculated using astropy.cosmology.

The number densities of our final selection for all EDFs are
presented in Fig. 6. For the z < 12 LFs, the measurements are
within 1-20 of the input DPL, shown as the solid black line.
Deviations from the input could potentially be explained by con-
tamination. However, when removing the contaminants, we find
that our values are within 20 of the high-z only counts; there-
fore, the final number counts are not significantly affected by
contamination of low-z sources and MLTs. For the z = 12-15
LF, the diamonds and squares deviate from the DPL model at
Myy < —23 due to sources from z ~ 10 scattering into this bin,
for which the luminosity is then significantly overestimated (see
also Sect. 4.1).

4.3. Number of expected and selected sources

The number of sources that are expected to be observed in the
final Euclid data release and the first Quick release (Q1; Eu-
clid Quick Release Q1 2025; Euclid Collaboration: Aussel et al.
2025) are shown in Fig. 7. This assumes the DPL LF from
Bowler et al. (2020) at z < 8 and Donnan et al. (2024) at z > 8
as well as the Schechter LF from Whitler et al. (2025). At the
depth of the Q1 dataset, we do not expect to detect any z > 8
sources if the UV LF follows the Schechter model. However, if
the UV LF follows the DPL, then this redshift limit increases to
z ~ 12. Therefore, with the first Euclid data, we will be able to
distinguish between the Schechter or DPL models (see Sect. 5.2
for more details).

For the final Euclid data release (DR3), we expect similar
number counts of z < 11 sources with the DPL and Schechter
UV LF models. However, at z > 11, the number counts deviate
between the models, and we expect more than twice the number
of sources with the DPL model than with the Schechter model.
This highlights the importance of the EDFs in constraining the
bright end of the UV LF at early epochs. The expected values of
z > 6 LBGs are presented in Table 2 (in columns labelled ‘DPL’
and ‘Schechter’) and in the appendix for Q1 estimates (see Table
B.1).

However, these expected number counts do not account for
selection and observational effects, which we discuss further
in Sect. 5.1. The column labelled ‘Selected (DPL)’ in Table 2
presents the number counts of LBGs selected using the method
described in Sect. 3. For the majority of the redshift bins, we se-
lect > 75% of the expected sources. With these selected values,
we will be able to distinguish between the DPL and Schechter
models. However, for the 8 < z < 10 bin, we obtain more sources
than expected for the DPL model. This is due to contamination
from 6 < z < 8 sources as well as some MLTs (from the EDF-N
field).

5. Discussion
5.1. Validity of high-z selection criteria

In this section, we discuss the validity of our selection criteria
and their use for the real Euclid data releases. This work has
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Table 2: Expected number of z > 6 sources for a 53 deg” survey,
with depth down to 26.5 AB (e.g. DR3), estimated from the DPL and
Schechter UV LF models.

Redshift DPL SCH Selected* (DPL)
6<z<8 |93893+306|92435+304 704454265
8§<z<10 6016 + 78 8905 + 94 8370491

10<z<12 1066 + 33 770 + 28 971+31
12<z< 14 119+ 11 16 +4 113+11

Notes. Number count errors assume a Poisson distribution.  This col-
umn presents the total number of sources (high-z and contaminants)
classified in each redshift bin using the optimal method, described in
Sect. 3.
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Fig. 7: Expected number counts of z > 6 LBGs per Az = 1 for DR3
(26.5 AB depth) and Q1 (24.5 AB depth) estimated from the DPL
(solid) and Schechter (dashed) LFs. With both Euclid datasets, we will
be able to distinguish between these models and constrain the bright end
of the UV LE.

measured the contamination from low-z interlopers and MLTs
on the final sample, but does not consider contaminants such as
extremely red low-z, quiescent sources, and AGNs (see Sect. 5.3
for details on AGN contamination). These sources have been
studied extensively in Euclid Collaboration: van Mierlo et al.
(2022), who finds a larger contamination fraction (~ 13% in to-
tal) after including them.

In real datasets, there is further contamination that we could
not include in our synthetic catalogues. This includes source de-
blending (e.g. in Spitzer Space Telescope IRAC) and removal
of artefacts or persistence. With the ERO data and Q1 release,
artefacts such as ghosts and persistence have been identified in
these first sets of VIS and NISP images (e.g. Weaver et al. 2025).
There are also difficulties in obtaining Spitzer/IRAC photome-
try for high-z sources if there are close neighbours, especially
bright ones. Therefore, our synthetic catalogues present a ‘per-
fect’ dataset, and the errors on our number densities may be un-
derestimated due to these missing issues. Extra selection criteria
will be needed to remove these artefacts; for example, visual in-
spection. This is discussed further in Sect. 6 as well as works by
Weaver et al. (in prep.).
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5.2. Distinguishing between Schechter and DPL rest-UV
luminosity function

Prior to the launch of Euclid, the current volumes probed at high
redshift, for example by JWST or HST, are too small to constrain
the bright end of the UV LF (where areas are < ldeg?). The
bright end of the z > 4 UV LF has been measured using ground-
based instruments, such as Subaru/HSC and UltraVISTA (see,
for example Stefanon et al. 2019; Bowler et al. 2020; Harikane
et al. 2022; Adams et al. 2023a). However, ground-based tele-
scopes are affected by atmospheric effects, weather and have
long survey times. Subaru/HSC is limited in wavelength and can
probe up to z = 7. UltraVista can detect galaxies up to z = 13
with the K-band, but the volumes probed at high-z are small. This
reduces the number of bright galaxies that can be detected, lead-
ing to large errors in the number counts of bright high-z sources.
With Euclid we are entering an era where we can obtain wide
and deep imaging in NIR wavelengths, which will further push
the redshift boundary to z = 14, helping us to constrain the bright
end of the high-z UV LF. In Fig. 6, we present the number densi-
ties of our final selection in four redshift bins. In each panel, we
have also included the Schechter model from the JWST-based
study Whitler et al. (2025) for comparison. With our criteria, we
can recover the DPL within 1-2¢-. The error bars on our number
densities are also small enough to be able to distinguish between
the Schechter function at M < —22 AB, showing that the Eu-
clid mission will help us to constrain the UV LF up to z ~ 14.
However, at these bright magnitudes, the AGN contribution may
come into play in the real Euclid data releases. We discuss the
effects of AGNs in the following section (Sect. 5.3). In Fig. 6 we
have also included the model from Mason et al. (2015), which
includes the effects of lensing by foreground galaxies. We find
that this lensing effect does not increase the number densities of
sources within the volume probed by the EDFs. These effects
come into play in areas as large as the Euclid wide survey.

5.3. Contamination from AGNs and quasars

The work discussed in this paper focuses on the selection of
LBGs at z > 6, but does not consider the contribution from
faint AGNs or the contamination from quasars. Studies on the
AGN and galaxy UV LF have shown that AGNs start to domi-
nate the light from sources at Myy < —23 (e.g. Ono et al. 2018;
Harikane et al. 2022; Finkelstein & Bagley 2022), which may
be contributing to the overabundance of bright high-z sources
found by recent JWST studies. Although work from for example
Finkelstein & Bagley (2022) found that the number densities of
bright candidates still follow a DPL model after accounting for
the AGN contribution, suggesting other mechanisms may lead to
the overabundance. Active galactic nucleus contamination is be-
lieved to only affect high-z samples at z < 7, for example, recent
work from Dayal et al. (2025) found that AGN number densities
become important at 7 < 7.

For quasars, prelaunch Euclid works from Euclid Collabo-
ration: Selwood et al. (2025) and Euclid Collaboration: Barnett
et al. (2019) estimate significant number counts of z < 7 and
z > 7 quasars, respectively, to be selected in the Euclid Wide
Survey. However, at higher redshifts, the number densities of
quasars fall, and they become rarer to select (e.g. Schindler et al.
2023). Therefore, quasars may not dominate the contamination
in high-z galaxy samples.

Removing contamination from AGNs and quasars is diffi-
cult, especially at high-z, where the UV SED looks similar to
high-z galaxies. One way to remove these sources is by using



Euclid Collaboration: N. Allen et al.:

Forecasts and the first bright detections

PRt L o ID=2913748
1 Lo TR i High-z Fit
5 i P N1 oy
T L= s =9.40/33
Detection ,-: L L--|l HSC griz E‘ r 10_3 10 1 MUV: _2385i8i45¥
P - . =t z 1 =477
s ;rr giaey 5 | -
A San 'n- i e =L 1 Low-z Fit
o S e | ] =226
:'{'-: I:-'-::I.'..'ﬁ.r T i ‘ ] #*=10.00
e T e L v E
S| i =t LT o 0l—=m YSVN" L1
0.5 1 2 3 45678
Wavelength [pm]
v - n LI B S B |
» " LE o ID=2954944
WL e High-z Fit
* F 0! —0.11+038
Ll 20F &~ Zphot —048
Detection HSC.Ari- ‘ i % r ]073 0 10 MUV - 23 68+8 }Z
@n st z 1 =252
'J‘- .ﬁl'_d_-".:: F E [ ]
Ym ‘.-\! L H = | oF 1 Low-z Fit
L b R E ‘ 1 =22712
Lo I A "Jl E 1 Zphot ~6.36
e el R T T r 1 —
L Fiia o=t f j){—1410
7k A_'_‘ _E A W "*-*: IRAC Chl IRAC Ch2 r M ]
b e = ..r T [ W W 'W!: I 1 T N B
0.0 0.5 1 2 3 45678

Wavelength [pm]

Fig. 8: Two ultra-bright z > 8 candidates selected from the EDF-N Q1 DAWN catalogue (Euclid Collaboration: Aussel et al. 2025, Weaver et
al. in prep.). Left: 8" size cut-outs centred on detected source in multiple bands: CFHT-u, HSC stacked griz, Iz (MER tile), Yz Jz Hg detection,
coloured RGB, Yg, Jg, Hg, IRAC Chl, and IRAC Ch2. Middle: Best-fit SED templates from eazy, when fit over the redshift range 0 < z < 15
(‘full’; red) and 0 < z < 6.5 (‘low-z’; grey). Non-detections are shown as triangles at their 20~ upper limits. Right: Logged probability distribution
of the best-fit photometric redshift from eazy, for the SED fitting over 0 < z < 15.

morphology, as bright AGNs and quasars have point-source mor-
phology, but this will become more difficult for fainter sources.
The use of follow-up spectroscopic observations, for example
ground-based or JWST, of these Euclid sources will help to de-
termine AGN contributions using the emission line widths.

5.4. Alternative criteria

With our synthetic catalogue, we tested various methods to re-
cover the optimal selection criteria. Here, we will summarise the
results of these tests. For further details, we direct the reader to
Appendix A.

Combining Euclid with ground-based and Spitzer photome-
try is important to increase the recovery rates of z > 6 sources.
Spitzer/IRAC is important for recovering z > 10 sources, but
ground-based data are further required to constrain the Lyman
break and reduce confusion between the Balmer break of low-z
template solutions.

Finally, further cuts using the ground-based photometry are
not required to obtain a pure sample of high-z candidates. SED
fitting is more important for the removal of MLTs, and further
S/N cuts using all optical bands reduce the recovery of high-z
sources more than MLTs.

6. High-z candidates from Q1 datasets

In this section, we present two z > 8 ultra-bright candidates from
the Q1 dataset, selected using a similar method to the one in

this paper but adapted for purity. These candidates were selected
from the Cosmic Dawn Euclid Farmer catalogue (see Euclid
Collaboration: Zalesky et al. 2025; Euclid Collaboration: Mc-
Partland et al. 2025). To optimise the selection of high-z galax-
ies, Euclid Q1 images were drizzled to 200 mas to create the final
mosaics in Y, J; and Hy bands. Optical and IR data are measured
from external HSC (Euclid Collaboration: Zalesky et al. 2025)
and Spitzer (Euclid Collaboration: Moneti et al. 2022) images.
The photometric catalogue is created using THE FARMER pack-
age' (Weaver et al. 2023b). Sources are detected on a y-mean im-
age of the Y3, Ji, and H;; bands. To measure photometry, a best-
fit parametric profile representation (e.g. point-like, exponential,
deVaucouleurs) for each source is obtained using the detection
bands simultaneously. Photometry for all filters is measured by
fixing all model parameters except for the flux and forcing the
models onto every band, convolved with its corresponding PSF.
Work from, for example, COSMOS2020 (Weaver et al. 2022),
has demonstrated that THE FARMER is effective at de-blending
Spitzer/IRAC, which is critical for the recovery of z > 8 LBGs.
To select a sample of z > 8 sources from the Q1 dataset, a
similar method to the one described in Sect. 3 is used. How-
ever, to select a pure and higher redshift sample from these
early data release, we adapt this method to include S/N cuts of
S/N(Ye) < 2, S/N(Je) > 5, and S/N(H) > 5 as well as S/N < 2
cuts in all HSC bands. We also adopt the recommended masking
criteria of this catalogue. The photometric redshifts and other
physical properties of the Q1 sources were determined with the

! Tue FarMER package can be found here Weaver et al. 2023a.
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Fig. 9: Absolute magnitude (My at Zphe and photometric redshift from
the best-fit SED templates from eazy, for a two z > 9 sources selected
in the EDF-N QI dataset. These sources were selected using conser-
vative criteria and therefore, are not representative of the entire z > 8
population. Dashed (dotted) grey lines show the magnitude at which we
expect one galaxy per redshift bin for the DPL (Schechter) LF models
used in this paper in the 10 deg? volume that the Euclid Q1 data probes
at the moment in the EDF-N. Sources from the Adamo et al. 2025 and
Carniani et al. 2024 surveys are represented by brown and tan points, re-
spectively. Newly confirmed quasars from (Euclid Collaboration: Yang
et al. 2026) are shown as grey stars. Gz9p3 (Boyett et al. 2024) and
GN-z11 (Oesch et al. 2016; Bunker et al. 2023) are plotted as purple
diamonds for reference.

SED fitting software LePhare (Arnouts & Ilbert 2011). There-
fore, the sample is selected initially using the LePhare zpho,

2 2 . . . . .
Xellar? and X galaxy” This criterion obtains over 100 sources, which

are visually inspected to select a sample of 31 candidates. Most
of these sources were artefacts, such as persistence and ghosts
in the Q1 NISP images. SED fitting from eazy is run on these
31 candidates to remove any further contaminants. To obtain a
pure sample at z > 8, we select sources that are selected as z > 8
sources in both eazy and LePhare SED fitting and have 84%
probability of being at z > 8. After applying this criterion, we
obtain a sample of 9 plausible candidates from EDF-N, which
is consistent within 1o of the expected number counts (see Ta-
ble B.1) assuming Poisson errors. This method aims to select a
highly pure sample rather than a complete sample; therefore, this
is significantly more conservative than the method discussed in
Sect. 3.

Cut-outs and SED fittings of the two most secure ultra-bright
z > 8 candidates from the 10 deg”? of EDF-N are presented in
Fig. 8 as examples. Candidate 449 994, in Fig. 8, has a large ex-
cess in IRAC Ch2. This excess may be a result of contamination
from neighbours in the IRAC Ch2 image, but Farmer has been
optimised to accurately model fit these images (Weaver et al.
2023a,b). Thus, if such an excess is accurate, this candidate ei-
ther has extreme optical emission lines or a large Balmer break.

As shown in Fig. 9, these candidates are brighter than sources
from other literature, such as samples presented in Adamo et al.
2025 and Carniani et al. 2024. They probe a unique magnitude
regime, between recently confirmed 6.6 < z < 7.8 quasars from
Euclid Collaboration: Yang et al., 2026, A&A, submitted and
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the most luminous sources identified by JWST, such as Gz9p3
(Boyett et al. 2024) and GN-z11 (Oesch et al. 2016; Bunker
et al. 2023). This highlights the capabilities that Euclid has in
finding the brightest and rarest candidates in the early Universe.
The dashed and dotted grey lines in Fig. 9 present the magnitude
expected for one galaxy per redshift bin of Az = 1, in a survey
area of 10 deg2, for the DPL and Schechter models considered
in this work, respectively. Our candidates lie within 20~ of the
DPL model, consistent with the overabundance of bright high-z
sources found by JWST. Spectroscopic follow-up is needed to
confirm their redshifts. This is possible with, for example MOS-
FIRE, to detect the Ly« emission lines, or follow up with JWST
NIRSpec to obtain high-resolution rest-optical lines, which can
be used to address any possible AGN contribution. If the photo-
metric redshifts are accurate, we will find tens of thousands of
these z > 6 sources by the end of the Euclid 6-year mission.

7. Summary

The bright end of the rest-UV LF provides unique constraints for
understanding the evolution of the brightest and rarest galaxies
in the Universe. Many studies have attempted to constrain the
bright end at z > 6 using both ground- and space-based mis-
sions. Current NIR space-based missions are limited by area,
and ground-based telescopes are limited by depth, long survey
times, and weather effects. Now with Euclid, we will obtain data
over 53 deg?, down to 26.5 AB, allowing us to fully constrain the
bright end at z > 6. However, it is difficult to select these high-
z sources due to contamination of z < 6 interlopers and MLTs,
which can mimic the colours of high-z LBGs in broadband fil-
ters.

In this work, we create three mock catalogues that simulate
the data of the EDFs at the end of the 6-year mission. These cat-
alogues were used to test various criteria to select z > 6 sources
with the highest completeness and purity. We find the following
results:

1. The most optimal method for selecting z > 6 LBGs uses a
combination of S/N cuts with SED fitting. The majority of
low-z interlopers that we consider in our synthetic catalogue
are removed with the I; S/N cut, leaving a contamination rate
of less than 10% in EDF-N and 2% in EDF-S and EDF-F.

2. SED fitting of stellar templates is important to remove 90%
of MLTs from the final sample. Further cuts in the ground-
based optical bands can improve the purity of the final sam-
ple, but the completeness of z > 6 sources drops by ~ 10%,
due to up-scattering in the optical bands and the residual Ly-
man alpha forest signal in some z < 6.5 LBGs.

3. To obtain the highest completeness and purity of z > 6 sam-
ples, all auxiliary data should be included in the SED fitting
process. Optical and MIR coverage is crucial for distinguish-
ing the Lyman and Balmer breaks of high-z sources. MIR is
also important to include in selecting z > 10 sources and
removing MLTs.

4. Based on current DPL LF models, we expect to find more
than 100000 and 100 sources at z = 6-12 and z > 12 in the
final Euclid data release. Assuming the recent JWST-based
Schechter models, we expect similar number counts of z =
6—12 galaxies to the DPL model, but fewer than 16 sources at
z > 12. This highlights the importance of the Euclid mission
in constraining the bright end of the UV LF in the very early
Universe.

5. Using our optimal selection, we obtain more than 75% com-
pleteness at z > 6. Although at 8 < z < 10, we select more
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than the expected value, due to contamination of other high-z
sources (rather than low-z interlopers and MLTs).

6. We present two ultra-bright z > 8 candidates identified in
10 deg? of the Euclid Q1 dataset. These sources are unique;
probing and unknown magnitude regime between 6.6. < z <
7 confirmed quasars and the brightest sources identified by
JWST, such as GNz-11 and Gz9p3. If the photometric red-
shifts of these sources are accurate, we expect tens of thou-
sands more bright sources by the end of the Euclid mission.
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Appendix A: Other selection criteria

In this section, we discuss other methods of selecting high-z
sources using our synthetic catalogues. In Sect. A.1, we discuss
the impacts on the completeness and purity when including ad-
ditional S/N cuts with the external optical bands (HSC and/or
LSST). Sections A.2 and A.3 explains the impacts of removing
ground-based and MIR coverage in SED fitting. In these two
sections, the results of the methods are presented as confusion
matrices, and we refer the reader to Sect. 4.1 where these matri-
ces are explained.

Appendix A.1: Including ground-based optical data within
the signal-to-noise criteria

As part of the Euclid mission, the EDFs will contain comple-
mentary optical coverage from Subaru/HSC and/or Rubin/LSST
(Euclid Collaboration: McPartland et al. 2025). These bands
cover a narrower wavelength range compared to I;, and thus can
be a useful tool to better sample the Lyman break and distinguish
contaminants from high-z sources.

Due to the Lyman break feature, we do not expect to measure
any significant flux measurements in bands bluer than the break.
Since the Lyman break of z > 6 sources falls in the z-band,
z > 6 LBGs can be selected by applying S/N cuts in ground-
based bands as well as the Euclid I band. With a S/N < 2 in
all optical bands, we find that the contamination percentage of
low-z sources and MLTs is 0.1% and 36.5%, respectively. Al-
though this selection reduces the MLT contamination by ~ 10%
in comparison to the method discussed in Sect. 3, the percentage
of high-z sources also reduces by ~ 10% in each of the EDFs. We
find that SED fitting can remove a significant number of MLTs
without compensating for the high-z completeness.

Appendix A.2: Selecting high-z sources with only Euclid
bands

The optimal criteria, described in Sect. 3, includes FEuclid,
ground-based optical (HSC and/or LSST), and MIR (Spitzer)
bands. In this section, we discuss the impact on the complete-
ness and purity of the final selections after removing ground-
based and Spirzer coverage from the criteria, such that only the
Euclid bands are included.

We use a similar method to the method used in Sect. 3, but
eazy is set to fit templates over the Euclid bands only. The con-
fusion matrices in Fig. A.1 present the results of this method for
each EDF.

When comparing the completeness in Fig. A.1 to Fig. 5, we
find that removing ground-based optical and Spitzer MIR cover-
age reduces the completeness of all classes, for all EDFs. Specif-
ically, the removal of these bands impacts the recovery of z > 10
sources. For example, the completeness of 10 < z < 12 sources
in EDF-S is 13% without the complementary data. In each of the
matrices (top row of Fig. A.1), we see a larger fraction (~ 43%)
of 10 < z < 12 sources being misclassified as z < 6 sources (e.g.
5th row, second column from top left of top left matrix). There-
fore, without the complementary optical and MIR data, the Ly-
man break of z > 10 sources is confused with the Balmer break
of z < 6 sources, causing a reduction in the completeness of
z > 10 sources.

The bottom row of matrices in Fig. A.1 show that the recov-
ery of MLTs is ~ 30-40% lower compared to the MLT recovery
rates using the optimal method (top row in each matrix). Without
the complementary data, more MLTs are classified as 6 < z < 8

sources, and this is consistent across all fields. This is seen, for
example, along the top row of the top left matrix in Fig. A.1,
where 36% of the true MLTs were classified as 6 < z < 8 sources
in EDF-S, while only 8% were placed in this class when external
data are included. Thus, the complementary ground-based and
space-based MIR coverage is highly important in selecting z > 6
LBGs with the highest completeness and purity. Without this ex-
ternal coverage, the contamination of MLTs is more significant
in z > 6 selections.

Appendix A.3: Importance of MIR data in the selection
criteria

In this section, we discuss the effects on the completeness and
purity of the final selection when combining Euclid and Spitzer
MIR coverage in the criteria, but excluding the external ground-
based optical data. These results are important for the first sets
of Euclid data releases, as EDF-F and EDF-S will not contain
ground-based data at matching depths.

The final selections are determined using a method similar
to the one described in Sect. 3, except that eazy is set to fit tem-
plates over Euclid bands as well as Spitzer/IRAC Channel 1 and
Channel 2 bands. The results of this method are presented as
confusion matrices in Fig. A.2, for all EDFs. We refer the reader
to Sect. 4.1 for a description of the matrices.

Overall, when including Spitzer/IRAC data with Euclid data,
the completeness of each class increases. This is seen when com-
paring the diagonals of the matrices along the top row of Fig.
A.2 to the diagonals of the matrices in Fig. A.1. With the in-
clusion of MIR coverage, the recovery of 10 < z < 12 sources
increases in all EDFs. For example, the recovery of 10 < z < 12
sources increases to 58% in EDF-F compared to 13%, when the
Spitzer/IRAC coverage is not considered in the SED fitting (Fig.
A.2, top middle matrix). The inclusion of MIR also reduces the
number of z > 10 sources fit as low-z (z < 6) interlopers. For ex-
ample, this is shown for EDF-S (Fig. A.2 top left matrix) where
only 7% of true 10 < z < 12 sources are misclassified as z < 6
sources — 35% fewer misclassified sources than a criteria ex-
cluded Spitzer coverage.

The inclusion of MIR is also important for recovering MLTs
and reducing the contamination of MLTs in the 6 < z < 8 se-
lections. For example, in EDF-S, only 18% of the true-MLTs
contaminate the 6 < z < 8 sample (Fig. A.2 top left matrix),
in comparison to 36% when MIR is removed (Fig. A.1 top left
matrix). However, without the inclusion of ground-based opti-
cal data, the contamination of MLTS in this class will not drop
below 15%. Large wavelength coverage from optical to MIR is
important to select z > 6 sources with the highest completeness
and purity.

For EDF-N, the contamination of MLTs in the 6 < z < 8-
classified sample is still significantly large when including MIR
data in the criteria. The first row of the top right matrix in
Fig. A.1 shows that 30% of true MLTs are still misclassified
as 6 < z < 8 sources. This contamination is reduced to 26%
when including ground-based optical data. But EDF-N will con-
sistently have the larger contamination levels due to the lack of
Spitzer data in half of the field and because EDF-N lies closer to
the Galactic plane, increasing the surface density of MLTs.

In conclusion, MIR data is essential in the recovery of z > 10
sources, as well as reducing contamination of MLTs, in all of the
EDFs. To further improve the completeness and purity, ground-
based data should also be included in the SED fitting process, as
this reduces the confusion between Balmer and Lyman breaks of
high- and low-z sources.
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Fig. A.1: Performance of a classifier including Euclid filters only, for each EDF. The performance of this classification is presented in confusion
matrices, which are normalised by true class (fop row) and selected class (bottom). Diagonals present completeness (top) and purity (bottom).

Appendix A.4: Colour - colour selection criteria

Colour - colour selection can be used to select LBGs as the Ly-
man break produces a red colour between the bands where the
break falls within. We created three colour-colour selection cri-
teria using the colours: (z — Y, Yi — Ji), (Yy — Ji, Jg — H), and
(Jz — Hg, H; —IRAC)), where z corresponds to zysc or zpsst. The
colour selection requires that sources have a S/N > 2 in the sec-
ond filter and a S/N > 5 in the reddest filter — unless the reddest
filter is a Spitzer/IRAC band, then we require a S/N > 5 in the
second filter only. For z-dropouts, the selection is as follows

(S/Ny, >2) A (S/Ny, > 5)A
G=Yy > LIHA Y —J; <05)A(z =Y, > 4[Y; = J] + ).

(A.1)
For Y;-dropouts,
(S/Ny. >2) A(S/Ny, > 5) A (A2)
Ye—Je > 1) A(Jg—H; <0.5),
and for J;-dropouts
(S/Ng, >5) A (A.3)

(Je — Hg > 0.99) A (Hg — IRAC, < 1.33).
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To further remove contamination in the final sample, we
also require S/N and )(gpt cuts in the optical coverage (ground-

based and ;). The ,\/gpt cut is derived similarly as Bouwens et al.

(2011), where we choose the Xgpt threshold to remove only 10%
of high-z sources, depending on the number of bands used. With
this criteria, we select < 20% of the z = 6-8 (z-dropouts) sources
from the parent sample. Less conservative colour cuts can im-
prove this recovery rate, but the contamination quickly increases
above 15%. Including SED fitting from eazy can reduce the
contamination to < 20% in all fields, but the incompleteness of
z = 6-8 is still around 20% because of the colour selection. We
also find that the (J; — Hy, H; — IRAC;) colour selects a broad
redshift range, from z = 10 to z = 15, which makes it difficult
to constrain the LF in specific redshift bins. Therefore, based on
our synthetic catalogue, we find that colour - colour selection is
not required to select a clean sample of z > 6 LBGs from the
final Euclid data release.

Appendix B:
Appendix B.1: MLT dwarfs

In this appendix, we present the Y; — J; and J; — H; colours of
the MLTs in the synthetic catalogue in Fig. B.1. Stars in Fig. B.1
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Fig. A.2: Performance of a classifier which includes both Spitzer and Euclid filters, for each EDF. The performance of this classification is
presented in confusion matrices, which are normalised by true class (fop row) and selected class (bottom row). Diagonals present completeness

(top) and purity ( bottom).
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Fig. B.1: Yg, Jg, Hg colours of the synthetic MLTs in our catalogue
presented with the colour-tracks from Sanghi et al. (2024).

show the intrinsic colours of the synthetic MLTs, and the squares
show the interpolated colours from Sanghi et al. (2024).

Table B.1: Expected number counts of z > 6 galaxies at the Q1 depth
(24.5 AB) and 53 deg? area, based on the DPL and Schechter UV LF.

Redshift DPL Schechter
6<z<8 267 + 16 231+ 15
8§<z<10 31+6 2’:%
10<z<12 9+3 0*y
12<z<14 2+ 0%}

Notes. Number count errors assume a Poisson distribution.

Appendix B.2: Expected number counts

This appendix contains Table B.1, which presents the number
counts for high-z sources expected in Q1, in various z bins, for
the DPL (models used in the synthetic catalogue) and Schechter
(Whitler et al. 2025) models. These values are presented visually
in Fig. 7. The number counts are calculated by integrating over
the UV LF model over an area of 53 deg? and down to 24.5 AB
depth. In the first Euclid dataset, we can already distinguish be-
tween the DPL and Schechter models, since we do not expect to
detect any sources at z > 10.
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