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ABSTRACT

We present the first analysis of the Euclid Early Release Observations (ERO) program that targets fields around two lensing clusters,
Abell 2390 and Abell 2764. We use imaging data from the Visible instrument (VIS) and the Near-Infrared Spectrometer and Photometer
(NISP) to produce photometric catalogs for a total of ~500 000 objects. The imaging data reach a typical depth of 5o in the range
25.1-25.4 AB in the NISP bands and 27.1-27.3 AB in the VIS band. Using the Lyman-break method in combination with photometric
redshifts, we searched for high-redshift galaxies. We identified 30 Lyman-break galaxy (LBG) candidates at z > 6 and 139 extremely
red sources (ERSs), most of which likely lie at lower redshift. The VIS imaging is deeper than the NISP imaging, which means that
we can routinely identify high-redshift Lyman-break galaxies at about a magnitude of 3, which reduces contamination by brown dwarf
stars and low-redshift galaxies. The difficulty of spatially resolving most of these sources in 0’3 pix~' imaging means that it is difficult
to distinguish between galaxies and quasars. Spectroscopic follow-up campaigns of these bright sources will help us to constrain the

* This paper is published on behalf of the Euclid Consortium.
** Corresponding author; atek@iap. fr

Al5, page 1 of 18

Open Access article, published by EDP Sciences, under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
This article is published in open access under the Subscribe to Open model. Subscribe to A&A to support open access publication.


https://www.aanda.org
https://doi.org/10.1051/0004-6361/202450776
https://orcid.org/0000-0002-7570-0824
https://orcid.org/0000-0002-5540-6935
https://orcid.org/0000-0003-1614-196X
https://orcid.org/0000-0001-9065-3926
https://orcid.org/0000-0002-6987-7834
https://orcid.org/0000-0001-5600-0534
https://orcid.org/0000-0002-6688-8992
https://orcid.org/0000-0002-9767-3839
https://orcid.org/0000-0003-0749-4667
https://orcid.org/0000-0003-2508-0046
https://orcid.org/0000-0002-6090-2853
https://orcid.org/0000-0002-3263-8645
https://orcid.org/0000-0002-2931-7824
https://orcid.org/0000-0003-4747-4484
https://orcid.org/0000-0003-3917-1678
https://orcid.org/0000-0002-3560-8599
https://orcid.org/0000-0003-1974-8732
https://orcid.org/0000-0003-3266-2001
https://orcid.org/0000-0001-5492-1049
https://orcid.org/0000-0002-0517-7943
https://orcid.org/0000-0003-3631-7176
https://orcid.org/0009-0005-4230-3266
https://orcid.org/0000-0003-1383-9414
https://orcid.org/0000-0002-0857-0732
https://orcid.org/0000-0001-7399-2854
https://orcid.org/0009-0003-6065-1585
https://orcid.org/0000-0002-6394-045X
https://orcid.org/0000-0002-5926-7143
https://orcid.org/0000-0001-9294-3089
https://orcid.org/0009-0000-8588-7250
https://orcid.org/0000-0002-4616-4989
https://orcid.org/0000-0002-3336-4965
https://orcid.org/0000-0001-8956-5953
https://orcid.org/0000-0003-0639-025X
https://orcid.org/0000-0003-1225-7084
https://orcid.org/0000-0001-7964-9766
https://orcid.org/0000-0001-7847-0393
https://orcid.org/0000-0002-0041-3783
https://orcid.org/0000-0001-5851-6649
https://orcid.org/0000-0003-2898-0728
https://orcid.org/0000-0002-6813-0632
https://orcid.org/0000-0002-5919-0238
https://orcid.org/0000-0002-8282-2010
https://orcid.org/0000-0002-9618-2552
https://orcid.org/0000-0002-8108-9179
https://orcid.org/0000-0002-9554-7660
https://orcid.org/0000-0003-2568-9994
https://orcid.org/0000-0002-9086-6398
https://orcid.org/0000-0002-1922-8529
https://orcid.org/0000-0003-3936-0284
https://orcid.org/0000-0002-2041-8784
https://orcid.org/0000-0003-4444-8651
https://orcid.org/0000-0003-4145-1943
https://orcid.org/0000-0002-6967-261X
https://orcid.org/0000-0002-8900-0298
https://orcid.org/0000-0001-7179-0626
https://orcid.org/0000-0002-3336-9977
https://orcid.org/0000-0002-0808-6908
https://orcid.org/0000-0001-9506-5680
https://orcid.org/0000-0003-4359-8797
https://orcid.org/0000-0003-3399-3574
https://orcid.org/0000-0001-9481-8206
https://orcid.org/0000-0002-3309-7692
https://orcid.org/0000-0003-0125-3563
https://orcid.org/0000-0002-3130-0204
https://orcid.org/0000-0002-4751-5138
https://orcid.org/0000-0001-7316-4573
https://orcid.org/0000-0001-9875-8263
https://orcid.org/0000-0002-3787-4196
https://orcid.org/0000-0003-1949-7638
https://orcid.org/0000-0002-6710-8476
https://orcid.org/0000-0002-5317-7518
https://orcid.org/0000-0002-6497-5881
https://orcid.org/0000-0003-0758-6510
https://orcid.org/0000-0003-0509-1776
https://orcid.org/0000-0002-6385-1609
https://orcid.org/0000-0002-5887-6799
https://orcid.org/0000-0002-4767-2360
https://orcid.org/0000-0001-5075-1601
https://orcid.org/0000-0003-4203-3954
https://orcid.org/0000-0002-6533-2810
https://orcid.org/0000-0002-1128-0664
https://orcid.org/0000-0003-3070-014X
https://orcid.org/0000-0002-3089-7846
https://orcid.org/0000-0002-9594-9387
https://orcid.org/0000-0002-9686-254X
https://orcid.org/0000-0002-7400-2135
https://orcid.org/0000-0002-0585-6591
https://orcid.org/0000-0002-3748-5115
https://orcid.org/0000-0003-4744-9748
https://orcid.org/0000-0002-4478-1270
https://orcid.org/0000-0002-9590-7961
https://orcid.org/0000-0002-8594-5358
https://orcid.org/0000-0002-5688-0663
https://orcid.org/0000-0001-8264-5192
https://orcid.org/0000-0001-9648-7260
https://orcid.org/0000-0002-0641-3231
https://orcid.org/0000-0002-2960-978X
https://orcid.org/0000-0002-3363-0936
https://orcid.org/0000-0003-3804-2137
https://orcid.org/0000-0003-1804-7715
https://orcid.org/0000-0002-0302-5735
https://orcid.org/0000-0002-2590-1273
https://orcid.org/0000-0002-4061-4598
https://orcid.org/0009-0006-5823-4880
https://orcid.org/0000-0002-3827-0175
https://orcid.org/0000-0003-2791-2117
https://orcid.org/0000-0002-3052-7394
https://orcid.org/0000-0002-4618-3063
https://orcid.org/0000-0002-1134-9035
https://orcid.org/0000-0002-5339-5515
https://orcid.org/0000-0003-4172-4606
https://orcid.org/0000-0003-4324-7794
https://orcid.org/0000-0003-2317-5471
https://orcid.org/0000-0003-2593-4355
https://orcid.org/0000-0001-5758-4658
https://orcid.org/0000-0001-7242-3852
https://orcid.org/0000-0001-6764-073X
https://orcid.org/0000-0003-2786-7790
https://orcid.org/0000-0002-8850-0303
https://orcid.org/0000-0002-6085-3780
https://orcid.org/0000-0002-9489-7765
https://orcid.org/0000-0002-2849-559X
https://orcid.org/0000-0001-6870-8900
https://orcid.org/0000-0002-7616-7136
https://orcid.org/0000-0002-3473-6716
https://orcid.org/0000-0003-0939-6518
https://orcid.org/0000-0001-7951-0166
https://orcid.org/0000-0003-0625-2367
https://orcid.org/0000-0002-4869-3227
https://orcid.org/0000-0002-1168-8299
https://orcid.org/0000-0002-0644-5727
https://orcid.org/0000-0002-0249-2104
https://orcid.org/0000-0003-4067-9196
https://orcid.org/0000-0001-7085-0412
https://orcid.org/0000-0002-7819-6918
https://orcid.org/0000-0001-9856-1970
https://orcid.org/0000-0002-4485-8549
https://orcid.org/0000-0003-3069-9222
https://orcid.org/0000-0001-9587-7822
https://orcid.org/0000-0003-0378-7032
https://orcid.org/0000-0001-7089-4503
https://orcid.org/0000-0001-8561-2679
https://orcid.org/0000-0003-0505-3710
https://orcid.org/0000-0003-2907-353X
https://orcid.org/0000-0002-0211-2861
https://orcid.org/0000-0002-0995-7146
https://orcid.org/0000-0003-2626-2853
https://orcid.org/0000-0003-1310-8283
https://orcid.org/0000-0002-9706-5104
https://orcid.org/0000-0002-1336-8328
https://orcid.org/0000-0002-7064-5424
https://orcid.org/0000-0002-2997-4859
https://orcid.org/0000-0002-3199-0399
https://orcid.org/0000-0002-1170-0104
https://orcid.org/0000-0001-6512-6358
https://orcid.org/0000-0001-5803-2580
https://orcid.org/0000-0003-2387-1194
https://orcid.org/0000-0002-4749-2984
https://orcid.org/0000-0002-5845-8132
https://orcid.org/0000-0002-8211-1630
https://orcid.org/0000-0002-3005-5796
https://orcid.org/0000-0001-6831-0687
https://orcid.org/0000-0002-4823-3757
https://orcid.org/0000-0002-2642-5707
https://orcid.org/0000-0003-2686-9241
https://orcid.org/0000-0002-8594-569X
https://orcid.org/0000-0002-6878-9840
mailto:atek@iap.fr
https://www.edpsciences.org/en/
https://creativecommons.org/licenses/by/4.0
https://www.aanda.org/subscribe-to-open-faqs
mailto:subscribers@edpsciences.org

Atek, H., et al.: A&A, 697, A15 (2025)

bright end of the ultraviolet galaxy luminosity function and the quasar luminosity function at z > 6, and it will constrain the physical
nature of these objects. Additionally, we performed a combined strong- and weak-lensing analysis of A2390, and we show that Euclid
will contribute to constraining the virial mass of galaxy clusters better. We also identify optical and near-infrared counterparts of
known z > 0.6 clusters in these data. These counterparts exhibit strong-lensing features. This establishes that Euclid can characterize
high-redshift clusters. Finally, we provide a glimpse of the ability of Euclid to map the intracluster light out to larger radii than current
facilities, which enables us to understand the cluster assembly history better and to map the dark matter distribution. This initial dataset
illustrates the diverse spectrum of legacy science that is possible with the Euclid survey.

Key words. galaxies: clusters: general — galaxies: high-redshift — cosmology: observations

1. Introduction

Beyond its primary cosmology science goals, the Euclid mis-
sion will provide a sample of more than 200 000 high-redshift
galaxies across 14000deg? of the extragalactic sky (Euclid
Collaboration: Scaramella et al. 2022; Euclid Collaboration:
Mellier et al. 2025). This will enable a wide array of legacy
science. In particular, the near-infrared (NIR) capabilities of the
Near-Infrared Spectrometer and Photometer (NISP) instrument
(Euclid Collaboration: Jahnke et al. 2025) and the wide optical
coverage of the Visible instrument (VIS; Euclid Collaboration:
Cropper et al. 2025) allow us to detect star-forming galaxies
and quasars during the epoch of reionization. This epoch lasted
from z = 6 to z = 9. The deep survey component of Euclid
will map a total of 53 degz, that is, in the Euclid deep field
north (EDF-N), the Euclid deep field south (EDF-S), and the
Euclid deep field Fornax (EDF-F), down to a 5 o point-source
limiting magnitude of ~27.7 in the NIR and 29.4 in the visi-
ble (Euclid Collaboration: Mellier et al. 2025). In comparison,
the widest areas covered by the Hubble Space Telescope (HST)
and the JWST, are about 1 deg?. The wide survey will reach
a 50 magnitude depth of 26.2 in VIS/Ig and 24.0 in all NISP
bands. The sky coverage is optimized for maximum overlap with
ground-based ancillary data. These data greatly help us to esti-
mate the photometric redshift (Euclid Collaboration: van Mierlo
et al. 2022; Euclid Collaboration: Scaramella et al. 2022; Euclid
Collaboration: Mellier et al. 2025).

One of the main legacy science components is the identifi-
cation of distant galaxies and quasars at redshifts greater than 6.
This will primarily rely on the detection of the Lyman break in
the VIS Ig filter at z ~ 7 and in one of the NISP filters at higher
redshifts. Based on the current survey design, more than 10 000
galaxies are expected at z ~ 7 and up to 2000 galaxies at z ~ 8,
assuming a Schechter UV luminosity function (Bouwens et al.
2015). Over 100 quasars are expected over 7.0 < z < 7.5, and
about 25 quasars beyond z = 7.5, assuming a declining quasar
luminosity function beyond z = 6 (Euclid Collaboration: Barnett
et al. 2019). The brightness of these sources, Jg = 21 opens up
spectroscopic follow-up opportunities with ground-based tele-
scopes to robustly determine the bright end of the galaxy and
the quasar luminosity functions. In addition, Euclid will observe
hundreds of lensing clusters, enabling the detection of magnified
galaxies and quasars at 7 > 6.

We present an overview and early results of the Early Release
Observations (ERO) program Magnifying Lens here, which tar-
gets two cluster fields, Abell 2390 and Abell 2764 (hereafter,
A2390 and A2764, respectively). This program represents a
unique opportunity to showcase the science questions that Euclid
observations of galaxy clusters will be able to address. This
paper serves as an introduction to these initial measurements and
findings in the cluster and blank fields. Specifically, it illustrates
how FEuclid will identify high-redshift dropout sources both in
blank regions and behind lensing clusters. A companion paper is
dedicated to the search for high-redshift candidates at z > 6 (see
Weaver et al. 2025). We also take this opportunity to investigate
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the challenges in robustly identifying high-redshift objects and
the potentially contaminating sources. These observations also
offer a glimpse into the combination of strong- and weak-lensing
analyses to map the mass distribution in the lensing clusters that
will be uncovered in Euclid, data. Furthermore, Euclid offers a
wide field of view, which is necessary to map the intracluster
light in the outer regions of the cluster.

The paper is organized as follows. In Sect. 2, we describe
the ERO program and the characteristics of the targets. Section 3
is dedicated to the observations and data reduction of the VIS
and NISP imaging. The photometric catalogs that are released
with this publication are described in Sect. 4. In terms of the sci-
entific exploitation of this dataset, we present the VIS-dropout
sources in Sect. 5, the weak-lensing analysis of A2390 in Sect. 6,
and a combined strong- and weak-lensing analysis of A2390 in
Sect. 7. The search for high-redshift galaxy clusters is discussed
in Sect. 8, while the study of the intracluster light in A2390
is presented in Sect. 9. A summary of this work is presented
in Sect. 10. We assumed a flat ACDM cosmology with Hy =
70kms~! Mpc™!, Q,, =0.3, and Q4 = 0.7. All magnitudes are in
the AB system.

2. The ERO program

The ERO program was designed to obtain a comprehensive
dataset spanning multiple interdisciplinary working groups,
including but not limited to the groups focused on the pri-
mordial universe, galaxy evolution, and active galactic nuclei
(AGN), strong and weak lensing, and galaxy cluster physics.
These observations provide a first glimpse of the Euclid imag-
ing data, with the aim of facilitating the inaugural evaluation
of tools, data quality, and methods developed over the preced-
ing decade. The early investigation of the dataset will help us
to reveal and address the challenges and limitations for a full
scientific exploitation of the prime mission survey data.

The ERO observations for this project were taken on 28
November 2023 as part of the performance-verification (PV)
phase of the Euclid mission.

2.1. Abell 2390

The first ERO target was the galaxy cluster A2390,
RA=21P53m35 508, Dec=17°41'41.54", located at a red-
shift of z = 0.228 (Sohn et al. 2020). It is one of the richest
clusters in the Abell catalog (Pello et al. 1991; Le Borgne et al.
1991; Feix et al. 2010), with an estimated mass Mo’ ranging
from 1.53 x 10'> M, from weak lensing (Okabe & Smith 2016)
to 1.84 x 10'> My, from the projected phase-space of galaxies
(Sohn et al. 2020). It includes multiple well-studied lensing arcs
(e.g., Olmstead et al. 2014; Richard et al. 2021). It also displays
bright X-ray emission with a luminosity of 2.7 x 10 ergs™!
in the 0.1-2.4keV range (Boehringer et al. 1998). The Euclid
pointing is centered on the cluster, which represents a small
fraction of the total area (see Fig. 1).

1 M, is the mass within the virial radius, which is where the mass
density of the system is 200 times the critical density of the Universe.
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~ 5arcmin !

Fig. 1. Euclid, color-composite image of the A2390 field. The blue channel is the /g image, the green channel is Yg, and the red channel is Hg. The
whole field covers about 0.5 deg?. The inset is centered on A2390 and covers 2’x 2’; which is approximately the field of view of the Wide Field
Camera 3 NIR channel on board HST. In the whole Euclid, field, approximately 250 000 sources are identified in the CHI_MEAN detection image

based on the Yg, Jg, and Hg coadded mosaic.

2.2. Abell 2764

The second ERO target was a random field on the sky that
happens to cover the galaxy cluster A2764 in a corner of the
field (see Fig. 2). The coordinates of the center of the field
are RA=0"22™50.1347°, Dec=—49°15'59.87". The galaxy clus-
ter was first identified by Abell et al. (1989). It is located at a
redshift of z = 0.07 (Katgert et al. 1996) and is less massive
(Msgo = 9.2 x 10" M) than A2390 (Sereno & Ettori 2017).
It was also far less frequently studied and characterized than
A2390. Additional clusters can be identified in the field and are
described in Sect. 8.

3. Observations and data reduction
3.1. Euclid observations

For each of the Abell clusters, we obtained three reference
observing sequences (ROS; Euclid Collaboration: Scaramella
et al. 2022), implying three times the nominal Euclid, wide sur-
vey exposure time. The duration of each ROS was about 70.2
min. A standard four-point dither pattern with an offset of 120" x
220" was applied for each ROS. In addition, we adopted a 3"x 3’
dither between the individual ROS to maximize the depth. The
dithered pointings are shown in the weight maps of the NISP
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5 arcmin

Fig. 2. Color-composite image of the A2764 field using the Iz image for the blue channel, Y for the green channel, and Hg, for the red channel. The
image field of view is about 0.5 deg? and contains nearly 250 000 objects based on the NISP coadded detection image. The inset shows a close-up

of edge-on and face-on galaxies in the A2764 cluster.

imaging presented in Fig. 3. The large dithers fill the detector
gaps and allow us to obtain a continuous coverage of the field.
The field of view of each combined mosaic is about 0.75 deg?.
The data reduction process was described in detail in
Cuillandre et al. (2025). Individual frames were stacked fol-
lowing two different approaches. We produced compact-source
stacks with the AstrOmatic SWarp software (Bertin et al.
2002) using the individual multiple extension fit (MEF) files
and the associated weight maps. The procedure achieves an
astrometric accuracy of 5.1/15.2 milliarcseconds (mas) in Is/Hg,
respectively, for A2390 and 7.9/15.8 mas for A2764. A mesh size
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of 64 pixels (with a smoothing factor of 3) was adopted to sub-
tract the background in input images that feature large extended
low-surface brightness (LSB) emission. The second flavor of the
data reduction also used SWarp on the individual frames and did
not perform any internal background subtraction, thereby con-
serving LSB features such as interstellar cirrus emission. This
is particularly useful for studies of diffuse intracluster light. The
sigma-clipping algorithm used to build these extended-emission
stacks slightly affects the photometry of very compact sources
such as stars, causing an additional 5% photometric error in
this case. The images were masked to contain only overlapping
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regions in the dithered frames of both VIS and NISP. The final
sampling of VIS and NISP images was 0’1 pix~! and 0’3 pix~!,
respectively. A composite-color image of A2390 is shown in
Fig. 1. The gain over the limited survey capabilities of HST in
area is clear with one pointing alone. The zoom-in inset illus-
trates the HST/WFC3 field of view over the center of the field
(the lensing cluster). The total single pointing area of 0.75 deg?
(cropped to 0.5 deg? in the color image) is larger than that
of the entire Cosmic Assembly Near-infrared Deep Extragalac-
tic Legacy Survey (CANDELS) area (Koekemoer et al. 2011),
which is one of the largest HST extragalactic legacy programs.
We also show a composite-color image of A2764 in Fig. 2.

3.2. Ancillary observations

These two ERO fields benefit from various space-based
and ground-based ancillary data. For A2390, six-band
(B,V,R.,i,1., and 7') imaging data (Miyazaki et al. 2002)
were obtained with the Suprime-Cam instrument on the 8.2 m
Subaru telescope. The data, which were reduced by the pro-
cessing pipeline SDFRED (Yagi et al. 2002; Ouchi et al. 2004),
cover a 28’ x 34’ region centered on the brightest cluster galaxy
(BCG, Okabe & Smith 2016). In addition, we also considered
Canada France Hawaii Telescope (CFHT) WIRCam J-band
observations obtained in April, May, and September 2010. They
cover the inner 24’ x 24’ region. We also considered a CFHT
Megacam u-band (first-generation MP9301) image taken in
August 2007 for a total integration time of 2000 s and covering
the whole ERO field of view. Details of the reduction and the
astrometric and photometric calibration of these ancillary data
will be presented in a subsequent paper dedicated to weak
lensing and photometric redshifts.

Previously, the cluster was imaged with HST using both the
Wide Field Planetary Camera 2 (WFPC2) in F5S55W and F814W
and the Advanced Camera for Surveys (ACS) in F850LP (see
Ota et al. 2012). VLT/MUSE integral-field spectroscopy is also
available (PID: 094.A-0115), which supports the reported strong-
lensing mass modeling presented in Richard et al. (2021).

In addition, the cluster core of A2390 was observed with
ALMA bands 3-5 (PID 2021.1.00766.S) and SITELLE on the
CFHT (see Liu et al. 2021, and references therein), which
revealed an Ha emission line in a cluster member galaxy. Fur-
thermore, the cluster core of A2390 was mapped with the
SCUBA-2 submillimeter camera by Cowie et al. (2022) to 1o
depths of 0.5mlJy at 850 um and 2.5-3.5 mlJy at 450 um. Of
the 59 submillimeter galaxies in the field, 44 have a plausible
cross-identification (within 2”") in the ERO data.

Both fields were observed with the Dark Energy Camera
(DECam; Flaugher et al. 2015) on the Blanco telescope at the
Cerro Tololo Inter-American Observatory. A2764 lies within
the footprint of the Dark Energy Survey (DES; Flaugher 2005;
Dark Energy Survey Collaboration et al. 2016), with typical 100
depths (1”795 aperture) for the griz bands in DR2?2 of 24.7, 24.4,
23.8 and 23.1, respectively (Abbott et al. 2021). The typical
image qualities for these DES bands are 1711, 095, 0”88, and
0”783. DES data will be used to partner the southern regions of
the Euclid Wide Survey during the Euclid first data release, and
this largely blank field therefore provides an early example of
these forthcoming combined data. A2390 was observed in the
grz bands as part of the DESI Legacy Survey (DLS;? Dey et al.
2019). The typical depths (5o, extended source) and image qual-
ities of the DLS images are 23.72, 23.27, and 22.22 and 1729,
1’718, and 1711 in the grz bands, respectively.

4. Photometric catalogs
4.1. Point-source aperture photometry

The combination of the NISP NIR bands (Yg, Jg, and Hg) and
ultradeep VIS optical imaging in /g, which is about two mag-
nitudes deeper, enables immediate searches for ultrared objects
without appreciable optical flux. These objects include high-
redshift galaxies and quasars (z > 6) as well as dusty and/or

2 https://des.ncsa.illinois.edu/releases/dr2
3 http://legacysurvey.org/
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Fig. 4. Photometric errors as a function of the magnitude for all sources in the catalog for A2390 (left) and A2764 (right). Each curve represents
the median error for each VIS and NISP band, and the corresponding shaded area is the 1o dispersion. The error measurements are described in

Sect. 4.1.

quiescent galaxies, cool stars, and brown dwarfs at lower red-
shifts. The former were a key scientific goal of this ERO
program. To enable rapid searches for these objects (see Weaver
et al. 2025), we first coadded the compact-source version of the
Yg +Jg +Hg mosaics to produce a CHI_MEAN detection image
using SWarp (Bertin et al. 2002). In this image, we detected
501 994 objects (249 319 in A2764 and 252 675 in A2390) using
the Pythonic SourceExtractor (Bertin & Arnouts 1996; Barbary
2016) assuming a threshold of 1.5 o within at least three con-
tiguous pixels of the detection image, smoothed with a Gaussian
kernel with a (0745 (1.5 pixels) FWHM?®. The deblending was
configured with 2 x 10° thresholds, requiring a contrast of 107.
No cleaning was applied as it is liable to remove real sources
of interest. Photometry was extracted at the source positions
by summing the pixels within several circular apertures with
diameters 0’1, 072, 073, 076, 1”70, 1”2, 1”5, and 2”/0. The uncer-
tainties were estimated strictly from extractions from the weight
map, whose distribution in effective per-pixel error matches the
observed noise level in the images well. Because the NISP PSFs
measured by stacking point sources in the images were similar,
we corrected all apertures to the total flux, assuming point-like
light distributions outside the apertures. Although we provide
similarly corrected total photometry for VIS, the signal-to-noise
ratio is most important for our objective, where aperture correc-
tions are superfluous. Because of the uncertainty in recovering
total fluxes, in particular, for extended objects, we therefore
strongly caution against combining this photometry with other
precompiled catalogs because the colors are not guaranteed to
be robust. Figure 4 shows the typical magnitude uncertainty in
each band as a function of magnitude for all detected sources that
are included in the photometric catalog. It highlights in particular
the stable photometry across a wide flux range and the significant
difference in depth between the VIS and the NISP observa-
tions. The magnitude zeropoint uncertainties were estimated to
be below 10% in these data. We estimated the limiting magnitude
for each of the Euclid bands of our observations by measuring
the flux in 10000 empty apertures randomly distributed in the
A2390 and A2764 images. The standard deviation of the flux
distribution provides the typical depths quoted in Table 1.

4 A discussion of thresholds and kernel sizes will be presented in
Zalesky et al., in prep.
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Table 1. Magnitude depth of the ERO observations of the A2390 and
A2764 fields.

(deg) (deg)
A2390 328397 +17.709 27.01 2518 2522 25.12
A2764 5.713 -49.249 2726 2530 2541 2521

Notes. Limiting magnitudes are measured at 5o in each Euclid fil-
ter assuming an aperture diameter of 0”6 and 0”3 for NISP and VIS,
respectively.

We provide a Ig,Yg,Jg, and Hg photometric catalog of
the two ERO fields that includes unique and field-specific
IDs, coordinates, basic shape parameters, aperture and total
fluxes, aperture-to-total corrections, and SourceExtractor-
like flags. All photometric measurements were corrected for
Galactic extinction using the extinction curves of Fitzpatrick &
Massa (2007). A total of 73 841 unreliable sources (14.7% of the
total) that probably are artifacts near mosaic edges (where only
a single dither contributes to the mosaic) or near bright stars are
flagged by use_phot=0. We refer to the accompanying README
file for details of the source detection, photometry, and catalog
contents. A case study using this catalog to identify NISP-only
sources is presented in Weaver et al. (2025).

4.2. SourceXtractor++

We separately derived photometric catalogs containing the
morphological parameters based on the recent reimplemen-
tation of SExtractor (Bertin & Arnouts 1996), called
SourceXtractor++ (hereafter SE++; Kiimmel et al. 2022;
Bertin et al. 2022). Among several other features, this code
allows the user to fit PSF-convolved parametric models describ-
ing the surface brightness profile of every single source in the
images. The fitting is performed simultaneously on several expo-
sures that are grouped into a number of photometric filters or
bands. The PSF and its spatial variations across the field of view
were derived with the PSFEx tool (Bertin 2011). The characteri-
zation of the extended PSF and its spatial variation is described
in detail in Cuillandre et al. (2025). In the framework of the
Euclid morphology challenges (Euclid Collaboration: Merlin
et al. 2023; Euclid Collaboration: Bretonniere et al. 2023),
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we showed that SE++ can recover accurate multiband photometry
and morphological parameters, such as half-light radius, elliptic-
ity, orientation, and Sérsic index. Mandelbaum et al. (2015) and
Euclid Collaboration: Martinet et al. (2019) previously showed
that recovered shapes obtained with the model-fitting engine of
SExtractor meet the weak-lensing standards (with a proper
weighting of the source ellipticities), which is sufficient for the
scopes of cluster analysis and stage III weak-lensing surveys.
A forthcoming weak-lensing study of A2390 will investigate in
detail the merits of weak-lensing shape derivations with three
methods: SE++, LENSMC, which is currently the main cosmic
shear measurement adopted for the first data release in the OU-
SHE part of the Euclid, Ground Segment (see Congedo et al., in
prep.), and KSB++ (Kaiser et al. 1995; Luppino & Kaiser 1997,
Hoekstra et al. 1998).

We ran SE++ in two settings, but the source detection was
always performed in the VIS Iz band. In the first run, only
the VIS band was used to constrain a single Sérsic profile.
This provided shapes that can readily be used for weak lens-
ing, and the best-fit sizes provide a complementary star/galaxy
discriminator. Then, a two-component bulge+disk (i.e., de
Vaucouleurs + exponential) concentric model was also fit to
all the ground-based, VIS, and NISP bands at once, that is,
u,B,V,Rc,i,Ic,z, I, Yg, Jg, and Hg. The orientation of the disk
and the bulge was forced to coincide, but their axis ratios were
left free. The bulge and disk half-light radii were constrained
to be constant across wavelengths, but the bulge-to-total flux
ratio was allowed to vary. Furthermore, in order to account for
the long time span between the SuprimeCam (early 2000’) and
Euclid (November 2023) observations, we allowed for proper
motions for all sources.

Both runs relied on the same PSF determination based on
PSFEx. Further measurements were performed in addition to
those that depend on the model fitting. In particular, aperture
photometry in apertures with diameters of 1”, 3”, and 6" was
computed, as well as source centroid and isophotal moments, in
line with standard SExtractor measurements.

We applied a careful masking of sources in the vicinity of
bright stars with an automated scaling with stellar magnitude of
the size of polygons, aimed to mask out the extended diffraction
spikes (Fig. 5). A model of ghosts due to reflections onto the
dichroic, which splits light between the VIS and NISP instru-
ments, was also defined. Ghosts from Gaia-DR3 stars brighter
than Grp = 12 were automatically flagged as a disk of 8" radius,
shifted by about 1’ with respect to the source star. Likewise,
stars (core and spikes) between Gaia magnitudes Grp = 8.5 and
Grp = 18.5 were automatically masked. Since the brightness
profile along diffraction spikes drops with the angular distance
to the star center 6 as §~22, we scaled the size of corresponding
masks as exp(—0.41 Grp). After the automated generation of the
masks, further tuning was made by hand. In the case of A2390,
the total relevant area before masking was 0.75 deg?. After
these regions were masked, the useful VIS area was 0.71 degz.
The unmasked area with deep multiband SuprimeCam data was
further reduced to 0.21 deg?.

Multiband photometry at fixed positions allowed us to reach
greater depth in the filters that were not the VIS Ig detection
image. We reach a 0.1 magnitude uncertainty on the model mag-
nitudes for A2390 (total bulge+disk decomposition) at 24.14,
26.19, 25.80, 26.41, 25.48, 25.64, and 24.76 for filters u, B, V,
R, i, I., and z, respectively. This depth matches the Euclid depth
well. It was achieved through exquisite observing conditions,
during which the seeing reached 07905, 07736, 0572, 07561,
07516, 07682, and 0”570, respectively. When this is combined

Fig. 5. Euclid, Ig image (1’5 x 1'0) in the A2390 field of view, show-
ing the masked area (inside polygons). The image shows diffraction
spikes, saturation bleeds, the core region, and two reflection ghosts with
a radius of 8” (in red).

with VIS and NISP Euclid photometry, this will enable the com-
putation of accurate photometric redshifts, as we show in the
dedicated weak-lensing paper. As an illustration, we note the
tight red sequence of cluster member galaxies in the left panel
of Fig. 6. For details, we refer to the README file associated with
the catalog release.

5. High-redshift dropout sources

The relative depths of VIS and NISP imaging, which together
cover the entire 0.55-2 um spectral range, means that we can
identify high-redshift (z > 6) dropout sources. They are well
detected in NISP and remain undetected in the deeper VIS data.
We present a summary of the results from the selection of high-
redshift sources. A detailed analysis of these findings, along with
the challenges in identifying high-redshift candidates, is pro-
vided in a dedicated paper (Weaver et al. 2025). We achieved
a 50 depth in the range 25.1-25.4 in the NISP bands and
27.1-27.3 in the VIS image, assuming circular apertures with a
diameter 06 and 0”3, respectively (see Table 1). In addition,
we required our sources to be detected at a 3o level in the Yg
band and to be simultaneously undetected in the Iz band at a
1.50 level. This led to a source selection that was based on a
minimum Lyman break of approximately two magnitudes, which
is significantly higher than most Lyman-break selection criteria
used in the HST and JWST identification of z > 6 galaxies (e.g.,
Bouwens et al. 2015; Finkelstein et al. 2015; Atek et al. 2023).
A stronger dropout criterion significantly reduces contamination
by red low-redshift interlopers. However, ERSs can still enter our
selection window, but can be differentiated from LBGs by their
clearly extreme red colors compared to the relatively flat or blue
UV slopes observed in LBGs above the Lyman break (see Fig. 7)
and the existence of a secondary peak at low redshift in the pos-
terior probability distribution of their photometric redshift (see
below). The ERSs are an interesting population that constitutes
its own science case at lower redshift. The strong Lyman break
does not completely exclude some cool brown dwarf stars, espe-
cially given the limited spatial resolution of NISP, which only
enables us to resolve multicomponent bright galaxies, which
might be common at high redshift (Bowler et al. 2017). To min-
imize contamination by artifacts, we also required the sources
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Fig. 6. Cluster members selection in A2390. Left: galaxy number density in the plane of the Subaru SuprimeCam B — V color vs. Euclid Ig-band
magnitude, from bulge+disk light profile fits with SourceXtractor++ (see text). The red stars indicate spectroscopic cluster members of A2390
determined by Sohn et al. (2020) and MUSE observations of the core of A2390. The dashed region indicates the cluster red sequence based on
the spectroscopic members and extrapolated to fainter magnitudes. Right: sky location of galaxies enclosed by the red-sequence selection in the
left panel over the joint 0.21 deg? area covered by Euclid and Subaru SuprimeCam. The size of each point scales inversely with Iz magnitude to
indicate the distribution of stellar mass in red galaxies at the cluster redshift.

to be compact by imposing a flux ratio of two apertures of Jg
(175)/Jg (076) < 1.3. We verified that the criterion does not
exclude real sources from the selection. Furthermore, in order to
mitigate contamination by persistence at NIR wavelengths from
previous exposures, we performed a time-series analysis on the
individual frames. We removed all sources that showed a typical
declining light curve (for more details, see Weaver et al. 2025).

This color selection was complemented with photometric
redshift estimates using the spectral energy distribution (SED)
fitting tool eazy-py (Brammer et al. 2008, 2022). We assumed
aredshift range of 0.01 < z < 15 and a flat luminosity prior using
the agn_blue_sfhz set of galaxy templates. All the sources
have a posterior distribution function (PDF) that is consistent
with the z > 6 solution, without a significant secondary solu-
tion at low redshift. The full procedure and the dropout sample
are described in detail in Weaver et al. (2025). Combining the
two ERO fields, we identified a total of 30 LBGs and 139 ERSs
from a total of about 500 000 sources. The absolute magnitudes
of the LBGs ranges between Myy = —21.9 and Myy = -23.6.
In Fig. 7, we show an example for each of these categories.
The top row shows the photometry in each of the NISP and
VIS filters and a composite-color image of the Yg, Jg, and Hg
images. We also show the best-fit solutions of the photometric
data derived with eazy-py and the associated probability dis-
tribution. The LBG candidate has a clear high-redshift solution
centered at z ~ 7.7, and the ERS has a significant low-redshift
solution around z ~ 1.7.

These early results, based on a small portion of the sky rela-
tive to the full survey, highlight the crucial role that Euclid will
play in identifying the brightest galaxies during the epoch of
reionization. Given the uncertainties on the exact shape of the
bright-end of the UV luminosity function at z ~ 8-10 (Bowler
et al. 2020) on the one hand and the apparent excess of UV-bright
galaxies at z > 10 (Harikane et al. 2023; Chemerynska et al.
2024; Adams et al. 2023; Donnan et al. 2024) on the other hand,
Euclid imaging and subsequent spectroscopic follow-up will be
instrumental in constraining the exact abundance of bright high-
redshift galaxies and the exact shape of the bright end of the UV
luminosity function at z =6-9. The cross-correlation with Lya
emitters will allow the identification of giant ionized bubbles
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with sizes of about 10 Mpc and map the ionization state of the
IGM. In addition to bright LBGs, the Euclid data will also allow
us to identify bright quasars in the deep and wide surveys. The
ability of the current data to distinguish between high-redshift
quasars and galaxies remains limited in the absence of follow-
up spectroscopy. Euclid grism spectroscopy will be limited to
sources brighter than 22 mag. These limitations also apply to
potential contaminating sources at low redshifts, such as cool
brown dwarf stars (Weaver et al. 2025). Again, the relative depth
of VIS imaging compared to NISP, which leads to very strong
breaks between these two wavelengths, reduces the contami-
nation rate of Galactic dwarfs, but will remain an important
source of contamination (Euclid Collaboration: Barnett et al.
2019). Fortunately, the brightness of these sources makes them
ideal candidates for follow-up spectroscopy from the ground in
order to confirm their redshifts. Determining the number, den-
sity, and luminosity of these sources will motivate follow-up
campaigns with JWST, for example, to constrain the nature of the
brightest sources in the early Universe, including galaxies and
quasars.

6. Weak-lensing analysis

Weak gravitational lensing (WL) is one of the primary cosmo-
logical probes of Euclid. By measuring the shapes of background
galaxies, WL analyses allow the reconstruction of the projected
foreground mass distribution (e.g., Bartelmann & Schneider
2001), which is dominated by invisible dark matter. The WL sig-
nature of one of the targets of this ERO program, A2390, has
previously been studied using ground-based WL data (e.g., von
der Linden et al. 2014; Applegate et al. 2014; Okabe & Smith
2016). However, given their outstanding depth and resolution,
the new Euclid, observations of the cluster provide an excel-
lent opportunity to show the WL capabilities of Euclid. To do
this, we measured WL galaxy shapes in the A2390 VIS obser-
vations using different shape-measurement algorithms including
LENSMC (which is designated as the primary shape measurement
of the Euclid Data Release 1), SE++ (see Sect.4.2), and KSB+
(Kaiser et al. 1995; Luppino & Kaiser 1997; Hoekstra et al.
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Fig. 7. Identification of VIS-dropout candidates in the A2390 and A2764 fields. The top panel shows an example of an LBG candidate at a redshift
of z > 6, and the bottom panel shows an ERS, most likely located at a lower redshift. For each of these sources, the top row shows the cutout images
of the source in the VIS and NISP filters, together with an NISP stack and a color-composite image based on the Yg, Jg, and Hg filters. The size of
these images is about 7 x 7”. The bottom panel illustrates the best-fit model (blue and orange curves) to the Euclid photometry (colored circles
with associated 1 o uncertainties). The gray horizontal bars denote the 3 o~ depth of each band, while the down-pointing triangle marks the upper
limit of the /g band. The left inset presents the posterior distribution function for the photometric redshift (see Weaver et al. 2025, for details).

1998). The details of this analysis will be presented in a sepa-
rate paper. Here, we briefly highlight the first results from the
KSB+ analysis, which employs the Erben et al. (2001) implemen-
tation of the KSB+ algorithm, including the shear bias calibration
from Herndndez-Martin et al. (2020), as used, for example, for
the analysis of HST WL observations of distant galaxy clusters

from the South Pole Telescope in Schrabback et al. (2018, 2021),
and Zohren et al. (2022). After applying the KSB+ shape mea-
surement selections, removing masked objects in the vicinity
of bright stars (see Sect. 4.2) and very extended galaxies, and
requiring a flux signal-to-noise ratio S/N > 10 (defined as the
FLUX_AUTO/FLUXERR_AUTO ratio from SExtractor), as well

A15, page 9 of 18



Atek, H., et al.:

54'00.0"

48'00.0"

42'00.0"

Dec (J2000)

36'00.0"

+17°30'00.0"

0.05

30.00s 54m00.00s 30.00s 53mM00.00s 21h52m30.00s

RA (J2000)

A&A, 697, A15 (2025)

0.25

54'00.0"

0.20

48'00.0"
0.15

42'00.0"
0.10

Dec (J2000)

36'00.0" 0.05

+17°30'00.0" 0.00

—0.05
53m00.00s 21h52m30.00s

30.00s

54m00.00s 30.00s
RA (J2000)

Fig. 8. WL convergence « reconstruction of the A2390 field. The left panel shows the reconstructed E-mode signal, with the cluster detected in the
central region with high significance. The right panel shows the B mode, which does not include a cosmological signal to first order, but provides
an illustration of the noise level of the reconstruction. The green contours start at k = 0.03 and are in steps of Ax = 0.03. Both reconstructions
assume a zero mean convergence when averaged over the full reconstructed sky area.

as a magnitude in the range 22 < Ig < 26.5, the resulting catalog
provides a WL density of 56.5 sources per arcmin’® when aver-
aged within the central 33’3 x 33!3 region around the cluster
center. As an initial result of this analysis, we present a recon-
struction of the convergence field « in Fig. 8. The convergence
maps the foreground mass distribution, but is scaled according to
the geometric lensing efficiency (e.g., Bartelmann & Schneider
2001). In particular, we applied a Wiener-filtered reconstruction
following the procedures described in Mclnnes et al. (2009),
Simon et al. (2009), and Schrabback et al. (2018). Here, the sig-
nature of the cluster is detected with high significance in the
curl-free E-mode reconstruction (left panel of Fig. 8). In the
right panel of Fig. 8, we additionally show a B-mode reconstruc-
tion derived from the curl component of the WL shear field. To
first order, gravitational lensing only creates curl-free E modes.
Accordingly, the B-mode reconstruction provides an assessment
for the level of noise (and potential residual systematics) in the
reconstruction.

7. Weak- and strong-lensing analysis

Euclid WL data can be combined with existing strong-lensing
(SL) constraints (or new multiple-image systems identified by
Euclid), enabling a joint SL+WL analysis. SL constraints are
useful to constrain the inner cluster regions (typically, the cen-
tral 300 kpc), but do not constrain the outer cluster regions.
This limits our ability to estimate their virial masses. The Euclid
WL measurements can extend the analysis of the lensing sig-
nal to beyond the virial radius. When several multiply imaged
galaxies exist at different redshifts, the combination of the two
datasets breaks the mass-sheet degeneracy (e.g., Schneider & Er
2008). Among the ERO targets, A2390 offers a unique opportu-
nity to test the capacity of Euclid at measuring the virial mass
of a massive cluster. This cluster contains 11 multiply imaged
galaxies with confirmed spectroscopic redshifts (Richard et al.
2021). These galaxies produce 23 multiple images that result
in 46 SL positional constraints. We combined these constraints
with WL measurements from Euclid. We rebinned the WL data
in ~1 x 1 arcmin® bins near the center to ~3 x 3 arcmin® bins
near the edges.
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The analysis was performed with the free-form code WSLAP+
(Diego et al. 2007; Sendra et al. 2014). This algorithm assumes
that the mass distribution can be decomposed as a superposition
of 2D Gaussian functions. The amplitude of each Gaussian was
optimized by minimizing the difference between the observed
and predicted lensing variables (mean shear in the adopted bins
for the WL portion of the dataset, and positions of multiply
imaged galaxies for the SL portion of the dataset). The unknown
position of the multiply imaged galaxies in the source plane was
also optimized together with the distribution of mass. In the
inner portion of the region constrained by the SL measurement,
the light distribution of the most prominent member galaxies
(approximately 70 for this cluster) was assumed to trace the mass
on small scales with a given mass-to-light ratio, which was also
derived as part of the optimization. The resulting convergence
profile is shown in Fig. 9, where we show the solution obtained
when only SL data are used and when both SL and WL data
are used. The profile in the inner region (R < 0.44 Mpc) con-
tains the contribution from the member galaxies. Even though
member galaxies contribute only little to the profile of the con-
vergence (except in the central peak), these galaxies are relevant
for an accurate prediction of the positions of the multiply imaged
lensed galaxies, and they also act as a regularization mecha-
nism for the solution to converge (see Diego et al. 2007; Sendra
et al. 2014). The SL+WL profile differs significantly from the
SL profile at radii beyond the region constrained by SL because
the SL-only solution is not constrained in this regime, where
WSLAP+ solutions are known to be biased low (this is a memory
effect of the initial guess as described in Diego et al. 2007). In
contrast, the SL+WL combination recovers a solution consistent
with the expected Navarro-Frenk-White (NFW) profile (Navarro
et al. 1996) of massive clusters at large radii.

8. Euclid preview of high-redshift galaxy clusters
detected in the field of A2764

In order to illustrate the unique capabilities of Euclid to detect
high-redshift (z > 0.6) galaxy clusters, we searched for concen-
trations of galaxies in the VIS and NISP images in the direction
of already known high-redshift clusters. To do this, we focused
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Fig. 9. Mass profile of A2390 from an SL-only analysis and a joint
SL+WL analysis. The two regions that include members+Gaussians
(R < 0.44 Mpc) in the lens model or only Gaussian functions are indi-
cated. We also show the range of distances covered by the SL constraints
(from the brightest cluster galaxy). For the SL+WL combination, we
show a range of models that are consistent with the data (~1 standard
deviation). The addition of WL data from Euclid is key to properly con-
strain the mass of the cluster out to the virial radius (corresponding to
Ry or to the radius at which the density reaches 200 times the mean
density of the Universe) with a vertical orange bar, where the width is
the uncertainty in the virial radius.

on the increasingly large numbers of clusters that are blindly
detected with surveys in the millimeter spectral range via the
Sunyaev—Zeldovich effect (SZ; Sunyaev & Zeldovich 1972b,a,
1980; Planck Collaboration XIII 2016; Planck Collaboration Int.
XLVII 2016; Bleem et al. 2024) and in the X-ray range (e.g.,
Bulbul et al. 2024). More specifically, we used ground-based
telescopes such as the Atacama Cosmology Telescope (ACT;
e.g., Hilton et al. 2021) and the South Pole Telescope (SPT;
e.g., Bleem et al. 2015), which allowed us to detect clusters out
to z ~ 1.9. We also made use of the eROSITA-DE DRI point
and extended sources (Merloni et al. 2024). As shown in Bulbul
et al. (2024), the first release of eROSITA data is already able to
identify groups and clusters at high redshift, out to z ~ 1.3.

The ERO field of A2764 is located in both the ACT and
SPT footprints. We searched for the presence of clusters from
these two surveys in the ERO observation. We found that the
A2764 ERO field contains a few background galaxy clusters
that were previously detected in SZ with masses M5y ~ 2 X
10" My, located in the redshift range z ~ 0.6-0.7, which is
higher than the target cluster. Three of them are ACT clus-
ters (Hilton et al. 2021, DRS): (1) ACT-CLJ0022.5-4843 is an
ACT-only cluster at zphot = 0.855 £ 0.015 with an estimated

mass of Msp = 1.717037 x 10'* M; (2) ACT-CLJ0021.5-4902

at Zypee = 0.688 and Mgy = 2.357053 x 10" My, is also iden-
tified as SPT cluster SPT-CLJ0021.5-4902 (see Bleem et al.
2015; Everett et al. 2020), and it is associated with an eROSITA
point source (see below); and (3) ACT-CLJ0023.7-4923 has a
photometric redshift zpnee = 0.709 + 0.021 and a mass M5 =
1.88f8:‘3‘§ x 10" M. These three clusters are clearly identified
in the VIS and NISP images as concentrations of galaxies.
Moreover, we note that both ACT-CLJ0023.7-4923 and ACT-
CLJ0021.5-4902 show strong gravitational lensing features in
both the VIS and NISP images (see Figs. 10 and 11). To our
knowledge, only the strong lensing in ACT-CLJ0023.7-4923
was previously known (Diehl et al. 2017), and thus, the strong

VIS-IE

i [

B

Fig. 10. 30”x30” cutout centered on the galaxy cluster ACT-
CLJ0021.5-4902 at zge. = 0.688, associated with the eROSITA DR1
source 1eRASSJ002132.6—490216, as seen in VIS I (top panel) and
NISP Hg (bottom panel). A strong-lensing arc that was previously
unknown is clearly identified.

lensing observed in ACT-CLJ0021.5-4902 is a first detection for
this cluster. Finally, a faint SPT source, SPT-SJ002330-4947.3,
detected at 150 GHz (Everett et al. 2020), is located near the
noisy edge of the A2764 Euclid ERO field. The quality of the
images does not allow us to identify the possible visible or NIR
counterparts.

More than 40 point and extended sources from the
eROSITA DRI catalog (Merloni et al. 2024) are found
in the A2764 ERO field. The cluster A2764 itself is one
of the eROSITA DRI sources in the field. It appears as
the two extended sources 1eRASSJ002035.1-491245 and
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Fig. 11. 30”x30” cutout centered on the galaxy cluster ACT-
CLJ0023.7-4923 with zppee = 0.709 £ 0.021, associated with the
eROSITA DRI source 1eRASSJ002345.0—492354, as seen in VIS I
(top panel) and NISP Hg (bottom panel). Multiple lensing features,
which are already known, are visible in the image. The star to the right
of the image is Gaia 4973928409193111936 of Grp = 14 mag.

1eRASSJ002032.1-491432. The two ACT galaxy clusters
(Hilton et al. 2021) are matched with eROSITA DRI point
sources: ACT-CLJ0021.5-4902 at zge. = 0.688 is associated
with 1eRASSJ002132.6—490216 (IDCluster=758, EXT=0), and
ACT-CLJ0023.7-4923 at zpnee = 0.709 + 0.021 is associated
with 1eRASSJ002345.0-492354 (IDCluster=273 EXT=0). Only
one source labeled as extended in the eROSITA DRI cat-
alog is found in the A2764 ERO field and would qualify
as a galaxy cluster: 1eRASSJ002223.6-492746 (with IDClus-
ter=183, EXT=19.3 and EXT_LIKE=3.07). The VIS and NISP
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images show concentrations of galaxies at the associated loca-
tion, and the distribution of photometric redshifts indicates a
peak at Zynoe ~ 0.8. We also checked for counterparts in the Mas-
sive and Distant Clusters of WISE Survey (MaDCoWs) catalogs
(Gonzalez et al. 2019) and found no match in the ERO A2764
field.

Another remarkable eROSITA DRI point source is
1eRASSJ002212.5-492811  (IDCluster=47  EXT=0). It
is less than 2’ away from the aforementioned source
1eRASSJ002223.6—492746, and about 40 VIS and NISP
galaxies are located in its vicinity, half a dozen with a photomet-
ric redshift peaking at zphoe ~ 0.8, and about 30 at zppe ~ 1.4.
Although the association of Euclid galaxies and this eROSITA
source is not yet confirmed, it illustrates the power of the
Euclid survey in combination with other wavelength datasets to
efficiently provide robust galaxy cluster candidates.

This simple search for optical and near-IR counterparts to
already known SZ clusters at z > 0.6 with M5y, > 10'* Mg in
this ERO program data demonstrates that Euclid VIS and NISP
instruments are particularly efficient at detecting clusters at z >
0.6. Matching with eROSITA extended and point sources also
opens the way for the detection of new clusters at potentially even
higher redshifts. Further work is needed to confirm associations
between optical and NIR Euclid galaxies with millimeter or X-
ray-detected clusters. Dedicated cluster-finding algorithms also
need to be run to find galaxy clusters and protoclusters in the
Euclid data. Nevertheless, this first analysis demonstrates that
Euclid data will be a treasure trove for cluster studies.

9. Intracluster light

Intracluster light (ICL) is diffuse light seen in galaxy groups and
clusters. It comes from stars that are bound to the gravitational
potential well of the cluster and not from any particular galaxy
(see Contini 2021; Montes 2022, for reviews). It is a prominent
feature observed in clusters (e.g., Feldmeier et al. 2004; Kluge
et al. 2020; Golden-Marx et al. 2023), and the origin and assem-
bly history of the ICL serves as a tool for characterizing the
assembly history of the brightest central galaxy and the satellite
galaxy population (e.g., Murante et al. 2007). In addition, the
ICL can be used as a luminous tracer of the dark matter distribu-
tion within the cluster (Montes & Trujillo 2019; Alonso Asensio
et al. 2020; Deason et al. 2021; Gonzalez et al. 2021; Yoo et al.
2022; Contreras-Santos et al. 2024).

Although the ICL appears to be a powerful tool for study-
ing galaxy clusters and cosmology, our understanding of this
component has been hampered by observational limitations. For
example, ground-based observations have been challenging due
to the extreme faintness of this emission. HST has provided ultra-
deep images of galaxy clusters, but it has a clear limitation: its
small field of view. The high-resolution space-based images of
Euclid can characterize the ICL beyond the typical HST limit
of 100-200 kpc and will help us to improve our understanding
of the formation of this diffuse light and the assembly of clus-
ters. In this sense, Euclid can finally provide the wide field of
view needed to probe the outer cluster regions. Using observa-
tions from this ERO program, we will probe the ICL of A2390,
A2764, and the other high-redshift clusters detected in the field
of A2764 out to distances of several hundred kiloparsec.

Figure 12 shows the extent and distribution of the ICL
surrounding A2390 in the Hg band. We used the outer PSF
model of Cuillandre et al. (2025) to subtract the PSF con-
tribution of several bright stars in the field. To highlight the
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Fig. 12. Hg-band image showing the extent of ICL in A2390. The stars in the field were subtracted using the PSF model of Cuillandre et al. (2025),
and the diffraction spikes were masked by hand. The lognormal color scale was chosen to highlight the diffuse ICL in this cluster.

low surface-brightness ICL, we masked the remaining diffrac-
tion spikes by hand and interpolated over the masked pixels
using a Gaussian kernel with o = 076. The ICL stretches
over approximately 1Mpc from the southwest to the north-
west, following the distribution of the brightest members of
the cluster. The 1o~ image depth is u(Hg) = 28.88 mag arcsec™>
measured over a 10” x 10” area (see Cuillandre et al. (2025)
for details). At this depth, the main sources that limit the reli-
ability of the ICL measurement are Galactic cirri and noise
from the subtraction of the NIR persistence. The ERO data
for the Perseus cluster reached a similar depth as these ERO
data on A2390 and A2764 (Cuillandre et al. 2025). The ICL
of the Perseus cluster was reliably measured out to a semima-
jor axis distance of 600kpc, reaching a 1o depth of u(lg) =

29.4 mag arcsec2, u(Yg) = 28.4 mag arcsec2, and u(Jg) =
u(Hg) = 28.7magarcsec™? (Kluge et al. 2025) in similar cir-
rus conditions and significantly more persistence (due to larger
galaxies in the field of view). Hence, we expect to reach similar
depths in these images.

10. Summary

The ERO program presents an opportunity to highlight the
capabilities and performance of the Euclid spacecraft. It offers
a glimpse of the nominal survey observations. In this paper,
we used data acquired from the ERO11 program that focused
on two lensing clusters, A2390 and A2764. The nature and
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depth of these data enable an exploration of various scien-
tific cases related to galaxy formation and evolution, weak- and
strong-lensing phenomena, as well as the physics of galaxy clus-
ters. We produced a photometric catalog in Iz, Yg, Jg, and
Hg bands for a total of 501 994 sources using different aper-
ture sizes. We also performed multiband photometry based on
VIS detections, which include supporting ground-based obser-
vations. These catalogs are made publicly available along with
this paper.

The combination of NISP and VIS imaging is well suited
for identifying dropout sources that are visible only in the NISP
images and remain undetected in the optical Ig filter. This is
particularly relevant for detecting the Lyman break of high-
redshift sources at z > 6 because the survey design naturally
produces roughly three magnitude breaks. Combining photomet-
ric criteria with SED fitting with Eazy, we identified a total of
30 LBG candidates. The compactness of these sources, which
remain unresolved in the NISP images, presents a challenge
in discriminating between galaxies and quasars. Furthermore,
despite exhibiting an apparently pronounced Lyman break, cer-
tain rare brown dwarfs can display colors that resemble those of
our targeted sources. Nevertheless, considering that Euclid pos-
sesses the unique capability to efficiently identify these bright
and rare sources on the sky at z > 6, it becomes clear that
this will facilitate extensive spectroscopic follow-up campaigns
from both ground- and space-based observatories, enabling the
confirmation of their redshifts and the study of their physical
characteristics.

These cluster fields also offer the possibility to perform a
joint SL+WL analysis to model the mass distribution of these
structures. We combined an already existing SL model of A2390
with our own WL analysis to extend the constraints to larger
radii and to estimate the virial mass of the cluster better. Using
the WSLAP+ code, we showed that WL improves the mass profile
reconstruction of the cluster compared to SL alone.

We also illustrated the potential of Euclid to detect high-
redshift galaxy clusters by using these ERO data to search for
optical and NIR counterparts of known clusters. In particular,
we identified three clusters in the A2764 field that were pre-
viously detected by their X-ray emission (eROSITA) or by the
SZ effect (ACT and SPT). Two of the three clusters, which are
located at z = 0.6-0.9, show clear gravitational lensing features.
This early work already demonstrated the ability of multiwave-
length efforts to discover high-redshift clusters and to calibrate
automatic identification algorithms in the near future.

Finally, cluster fields are ideal laboratories for studying the
ICL, which helps us to constrain the assembly history of cluster
galaxies and to indirectly map the dark matter distribution. We
illustrated the large extent of the ICL in A2390 visible in the
Euclid images, which go far beyond the limited field of view of
HST.

Overall, this paper underscores the large array of scien-
tific studies that will be carried out in blank (but also lensed)
fields with Euclid. The depth, angular resolution, and wide field
of view are clearly a unique combination that will push many
frontiers in the landscape of the Euclid legacy science.
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