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ABSTRACT

Galaxy clusters detected through their X-ray emission or Sunyaev—Zeldovich effect (SZE), both produced by the intracluster medium (ICM), have
been successfully used in cosmological and astrophysical studies. To maximise the scientific return and robustness of such studies, complementary
information from other datasets is required. Systematic cluster confirmation and redshifts of ICM-selected cluster candidates are typically provided
by wide-field optical and infrared imaging surveys, which are becoming increasingly challenged by ongoing ICM-selected samples. Particularly at
high redshifts (z > 1) reached by future SZE-selected samples, current large surveys may not be sufficient for this task. Deep high-resolution infrared
surveys, such as those conducted with Euclid, are therefore essential to confirm the majority of high-redshift clusters in these future samples. In this
context, we present an analysis of the first sizeable Euclid dataset (Q1), which overlaps with several ICM-selected cluster samples. We applied an
adaptation of the MCMF cluster redshift and confirmation tool to Euclid data to estimate key cluster properties, including redshift and richness, and
to predict its capabilities to confirm high-redshift galaxy clusters. We find promising performance in redshift and richness estimation, particularly
at high redshift. The performance in richness estimation at low redshifts (z < 0.4) is currently impacted by limitations of the Q1 dataset and are
likely to improve in future data releases. By comparing MCMF measurements along random lines of sight with similar measurements from the
SZE-based ACT-DR5 MCMF catalogue, we predict that the ability to confirm clusters at 1 < z < 2 using Euclid will be comparable to that of
current large optical surveys at z < 0.6 and will significantly enhance the capability of cluster confirmation at high redshifts. SZE-selected cluster
samples will therefore especially benefit from overlap with Euclid datasets. Through study of the five known high-z SZE-selected clusters in Q1,
we identified the highest-redshift jellyfish galaxy candidate found to date in an ICM-selected cluster. This galaxy, EUCL J035330.86—504347.6,
is located in the massive cluster SPT-CL J0353-5043 at z = 1.32. We also found two massive star-forming galaxies projected close to the core of
ACT-CLJ0350.0-4819 (z =~ 1.46) and evidence of strong lensing features in SPT-CL J0353-5043 and SPT-CL J0421-4845.
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1. Introduction

Galaxy cluster samples constructed through X-ray observations
or the Sunyaev—Zeldovich effect (SZE; Sunyaev & Zeldovich
1972) signal constitute a special subclass of cluster samples,
as their detection observables are based on the properties
of the intracluster medium (ICM). They have successfully
been used to derive constraints on cosmological parame-
ters, such as og, Qn, and the dark energy equation of state
parameter w (Mantz et al. 2015; Planck Collaboration XXIV
2016; Chiu et al. 2023; Bocquet et al. 2024; Ghirardini et al.
2024). ICM-selected cluster samples have also been used to
study non-standard cosmology (Vogt et al. 2025; Mazoun et al.
2025; Artis et al. 2024) and to constrain the Hubble parameter
(Kozmanyan et al. 2019; Gonzalez et al. 2024).

The sizes of galaxy cluster samples constructed through their
X-ray or SZE signature have increased by more than a fac-
tor of ten over the past decade, ranging from a few hundred
confirmed clusters (Bleem et al. 2015; Bohringer et al. 2013;
Planck Collaboration XXXII 2015) to now several thousands
of ICM-selected clusters (Finoguenov et al. 2020; Klein et al.
2023; Bulbul et al. 2024; Hilton et al. 2021; Klein et al. 2024b;
Aguena et al. 2026). The availability of high-quality optical and
infrared survey data, such as from the Dark Energy Survey
(DES; Abbott et al. 2016), Sloan Digital Sky Survey (SDSS;
York et al. 2000), and WISE (Wrightetal. 2010), has fur-
ther enhanced the characterisation of these clusters. Recent
efforts have combined ICM-based selection with systematic
optical follow-up using multi-band surveys (Klein et al. 2019;
Finoguenov et al. 2020; Bleem et al. 2020), improving sample
purity and completeness while extending cluster samples to
lower masses and higher redshifts. The ongoing and future gen-
eration of SZE-based surveys such as SPT-3G (Benson et al.
2014), the Simons Observatory (SO; Ade et al. 2019), and CMB-
S4 (Abazajian et al. 2022) will significantly expand current
ICM-based cluster samples in the high-redshift regime, sig-
nificantly challenging current ground- and space-based optical
and infrared surveys. Although the upcoming Legacy Survey
of Space and Time (LSST; Ivezi¢ et al. 2019) conducted at the
Vera C. Rubin Observatory will significantly add depth com-
pared to currently available datasets, its lack of infrared data
will not allow for precise redshift estimates of the high-redshift
galaxy clusters expected from the SZE-based surveys. In this
context, the Euclid mission (Euclid Collaboration: Mellier et al.
2025) is of key importance, with its unique combination
of survey area, imaging quality, and depth in the infrared
regime. The Euclid mission itself is expected to provide ~10°
galaxy clusters selected from its optical and infrared imaging
(Euclid Collaboration: Adam et al. 2019), with the potential to
provide stringent cosmological constraints (Sartoris et al. 2016)
if systematics on the selection function and mass calibration are
kept under control. The first detections from the Euclid galaxy
cluster workflow using the Q1 dataset have been presented in
Euclid Collaboration: Bhargava et al. (2026).

To investigate the prospects of Euclid data to estimate red-
shifts and confirm ICM-selected clusters, we used the multi-
component matched filter (MCMF) method (Klein et al. 2018,
2019), which has been successfully applied to numerous cat-
alogues of cluster candidates from various X-ray and SZE
missions and telescopes such as ROSAT (Triimper 1993),
SPT (Carlstrom et al. 2011), ACT (Fowler et al. 2007), Planck
(Planck Collaboration I 2011), and eROSITA (Predehl et al.
2021). In this study, we apply the MCMF method on the exist-
ing ICM-selected cluster catalogues RASS-MCMF (Klein et al.
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2023), SPT-SZ MCMF (Klein et al. 2024a), ACT-DR5 MCMF
(Klein et al. 2024b), and eROSITA eRASS1 (Bulbul et al. 2024)
with the goal of evaluating and leveraging new optical and near-
infrared data from the Euclid survey. Euclid’s unprecedented
imaging depth and homogeneous coverage provide an oppor-
tunity to improve photometric redshift estimates and identify
high-redshift clusters that were previously inaccessible with
ground-based optical surveys. This analysis aims to evaluate
the advantages of Euclid data in improving cluster characteri-
sation, particularly at high redshifts, and to assess the potential
systematics affecting data quality. To do so and in contrast to
previous work on creating MCMF-confirmed cluster catalogues
(e.g. Klein et al. 2019, 2022; Herndndez-Lang et al. 2023), we
ran MCMF on already confirmed systems and evaluated key
observables such as cluster richness (1) and cluster photometric
redshifts (z) of those systems. The quality of the richness mea-
surements, combined with MCMF runs along random lines of
sight, will enable an assessment of Euclid’s ability to confirm
high-redshift ICM-selected clusters. As the main focus of this
work is on the high-redshift (z > 1) clusters of these samples, we
further investigate and discuss the imaging and photometric data
of the known high-redshift clusters in the ICM-selected samples
to highlight the Euclid capabilities and inspire future studies of
those systems.

This paper is structured as follows. In Sect. 2, we describe
the datasets used in this analysis. Section 3 presents the meth-
ods, the adaptation of MCMF to the Euclid data, and current
limitations. In Sect. 4, we present results of running MCMF on
Euclid data from redshifts and richness in Sect. 4.1, the fore-
cast on cluster confirmation in Sect. 4.2 and individual discus-
sions on high-redshift clusters in Sect. 4.3. The paper closes with
conclusions and an outlook on the future Euclid DR1 dataset in
Sect. 5. Throughout this paper we adopt a flat A cold dark matter
(ACDM) cosmology with Q, = 0.3 and Hy = 70kms~' Mpc~'.

2. Datasets

The survey fields contained in the Euclid Q1 data release over-
lap with a huge number of optical and ICM-based cluster sam-
ples because of their location within the SDSS or DES optical
surveys and their relative proximity to the northern or southern
ecliptic poles. Therefore, we needed to select a subset of clus-
ter catalogues.. In this work, we limit the set of cluster sam-
ples to the two largest X-ray catalogues to date, RASS-MCMF
(Klein et al. 2023) and the eROSITA eRASSI cluster catalogue
(Bulbul et al. 2024), as well as the largest SZE-selected cluster
catalogue (ACT-DRS5 MCMF; Klein et al. 2024b) and the SZE
catalogue with the highest number of high-z SZE-detected clus-
ters in Q1 (SPT-SZ MCMF; Klein et al. 2024a). A further advan-
tage of these surveys is the similarity in their optical follow-
up, as they all use a red sequence-based technique together
with imaging and photometric data from the Dark Energy
Camera (DECam; Flaugheretal. 2015) to confirm galaxy
clusters.

2.1. The Euclid Q1 dataset

The Euclid Q1 release encompasses three fields, corresponding
to the Euclid Deep Field North (EDF-N), the Euclid Deep
Field South (EDF-S), and the Euclid Deep Field Fornax
(EDF-F). The three fields have sizes of approximately 23 deg?,
28 deg?, and 12deg?, and the depth of the fields corresponds
to that expected for the Euclid Wide Survey. As EDF-N does
not overlap with deep SZE surveys or with the eROSITA
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eRASS1 survey and also differs in ground-based external
photometry, we decided not to consider EDF-N for this study.
The remaining two fields share the same g, r, i, z-band external
imaging data from the DECam, with most of the contributing
observations coming from DES. This causes the two fields to
have very similar imaging quality in Euclid- and ground-based
datasets. The data products and an overview of the Q1 data
release can be found in Euclid Collaboration: Aussel et al.
(2026) and Euclid Quick Release Q1 (2025), and more
details on the data processing of the VIS, NISP instruments,
and the external (EXT) datasets can be found in dedi-
cated papers from Euclid Collaboration: McCracken et al.
(2026), Euclid Collaboration: Polenta et al.  (2026), and
Euclid Collaboration: Romelli et al. (2026),  respectively.
We have therefore limited the discussion of the Q1 dataset to the
most relevant details and refer the reader to the aforementioned
publications.

The Euclid VIS instrument (Euclid Collaboration: Cropper
et al. 2025) observes the sky in a single band, Iz, ranging from
530 to 920 nm with an imaging resolution of 0”716 full width
at half maximum. The VIS data are used for optical investi-
gation, as well as for star-galaxy separation and flagging. The
Near-Infrared Spectrometer and Photometer instrument (NISP;
Euclid Collaboration: Jahnke et al. 2025) provides imaging in
the three near-infrared bands Yg, Jg, and Hg. The 50 imaging
depths are 26.0, 23.9, 24.1, and 24.0 for Ig, Yg, Jg, and Hg,
respectively (Euclid Collaboration: Romelli et al. 2026). Using
the red-sequence models entering MCMF, the cited imaging
depths are sufficient to detect galaxies of luminosities of m* + 2
out to redshifts of z ~ 1.7. Incompleteness within the galaxy
sample therefore has a negligible effect on confirming clusters
throughout the studied redshift range (z < 1.5).

2.2. X-ray surveys

The X-ray emission is proportional to the square of the elec-
tron density in the ICM and is therefore well suited to detectect-
ing galaxy clusters without suffering projection effects caused
by non-collapsed structures. The observed X-ray flux further
depends on the inverse square of the luminosity distance, which
causes the X-ray-selected cluster samples to have a selection
function that is strongly redshift dependent. For this reason,
the X-ray-selected cluster samples preferentially probe the low-
redshift and low-mass regime and therefore can be seen as the
low-redshift anchor for this study.

2.2.1. RASS-MCMF

The RASS-MCMF cluster catalogue (Klein et al. 2023) cov-
ers ~25000deg? outside the galactic plane (|b] > 17deg).
The ROSAT (Triimper 1993) X-ray-based RASS-MCMF cat-
alogue contains 8449 clusters and has a purity of 90% and
is extracted from the second ROSAT all-sky survey source
catalogue (2RXS; Boller et al. 2016). The catalogue creation
closely followed the work on the predecessor catalogue MARD-
Y3 (Klein et al. 2019) and uses the MCMF cluster confirma-
tion tool described in Klein et al. (2018, 2019) together with
DESI Legacy Survey DR10 optical imaging and photomet-
ric data (Dey et al. 2019). In contrast to other X-ray surveys,
RASS-MCMF does not impose any cuts on the apparent size
of the X-ray emission. It uses advanced statistical techniques
to control and measure sample purity using optical cluster
richness.

2.2.2. eROSITA eRASS1

The eROSITA (Predehl et al. 2021) X-ray telescope is the suc-
cessor of the ROSAT telescope, with increased image resolution
and sensitivity. The telescope observed the whole sky more than
four times (Coutinho et al. 2022) until it was placed in safe mode
due to the Russian invasion of Ukraine on 28 February 2022.
The German eROSITA Consortium recently publicly released
data and source catalogues of the first all-sky scan (Merloni et al.
2024) that covers the entire western Galactic hemisphere. Part of
this release is the eROSITA eRASS1 catalogue of galaxies and
groups covering an area of 12791 deg® and containing 12247
optically confirmed clusters and groups with an expected purity
of 86%. The sample was constructed by imposing a cut on the
X-ray extent likelihood of L.y > 3 and requiring the presence of
an overdensity of red sequence galaxies in addition to the X-ray
source detection.

2.8. SZE surveys

The strength of the SZE signal depends on the line-of-sight inte-
gral of the electron pressure of the ICM, and similar to X-ray
observations, SZE surveys are less prone to projection effects
than other cluster probes, such as optical or weak gravitational
lensing-based studies. The SZE effect is redshift independent,
which makes samples such as those used in this work have an
approximately flat selection function with redshift. However, the
SZE surveys used in this work suffer from atmospheric effects
and the signal from the primary cosmic microwave background,
causing them to lose sensitivity at low redshift when angu-
lar sizes of clusters approach sizes of the primary CMB. The
SZE surveys used in this work preferentially probe redshifts of
0.2 < z < 2. The SZE surveys therefore play a key role in this
work in testing the performance of the Euclid dataset at high
redshift.

2.3.1. SPT-SZ MCMF

The SPT-SZ survey was conducted between 2007 and 2011
with the SPT-SZ camera on the South Pole Telescope (SPT;
Carlstrom et al. 2011) covering ~2500 deg®. The first SPT-SZ
cluster catalogue covering the full footprint contained 677 clus-
ter candidates and 516 confirmed clusters above a signal-to-noise
(S/N) threshold of 4.5 was presented in Bleem et al. (2015).
The SPT-SZ MCMF catalogue (Klein et al. 2024a) is based on
this dataset and is the result of systematic optical and infrared
follow-up of all candidates with S/N > 4 using homoge-
neous imaging data from DES and WISE (Wright et al. 2010;
Schlafly et al. 2019). Homogeneous follow-up, together with
confirmation through the MCMF confirmation tool, allowed for
an increased cluster sample of 811 clusters with a measured
purity of 91%. The completeness with respect to pure SZE selec-
tion is estimated to be 95%. For homogeneity reasons, the SPT-
SZ MCMF catalogue does not incorporate individual pointed
observations, such as those in the infrared regime from the
Spitzer telescope (Fazio et al. 2004).

2.3.2. ACT-DR5 MCMF

The ACT-DR5 MCMF catalogue (Klein et al. 2024b) is based
on data from the fifth data release (Naess et al. 2020) from
the Atacama Cosmology Telescope (Fowler et al. 2007). Using
homogeneous optical follow-up from the DESI Legacy Survey
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Fig. 1. Colour composite images of a 1’5 x 1’5 region centred on ACT-CL J0350.0-4819 (z = 1.46). The DESI Legacy Survey DR10, g, r, z colour
image (left) and the unWISE w1, w2 imaging data (right) were use to confirm the cluster and redshift in ACT-DRS MCME. The Euclid Iz, Yg, Hg
image (centre) illustrates the gain in depth and resolution with Euclid data.

DR10 (Dey et al. 2019) and the most recent WISE imaging
data together with the MCMF cluster confirmation tool over
a total area of ~13000deg?. Compared to its predecessor cat-
alogue (Hilton et al. 2021), the SZE-detection run was modi-
fied to ensure an unbiased selection at a signal-to-noise ratio of
S/N = 4 and the more complete and systematic confirmation
resulted in a significantly increased cluster sample with a higher
completeness at high redshift. The total sample has 6247 clusters
with an estimated purity of 89.3%.

3. Methods

The MCMF cluster confirmation tool was developed in
Klein et al. (2018) and refined in Klein et al. (2019) to con-
firm ICM-selected cluster candidates from large surveys. It
was used to construct X-ray-selected and optically confirmed
galaxy cluster catalogues from the ROSAT survey (Klein et al.
2018, 2019, 2023) and eROSITA (Klein et al. 2022). It was fur-
ther used to create SZE-based galaxy cluster catalogues from
Planck (Hernandez-Lang et al. 2023), SPT (Klein et al. 2024a;
Bleem et al. 2024), and ACT (Klein et al. 2024b). In addition
to other work, MCMF-based catalogues were successfully used
to derive cosmological constraints using weak gravitational
lensing calibrated cluster number counts analysis (Chiu et al.
2023; Bocquetetal. 2024; Vogtetal. 2025; Mazoun et al.
2025).

In this work, we adopt the MCMF tool to the Q1 dataset
to predict the ability of Euclid data to confirm ICM-selected
cluster candidates as real clusters. A further aim of this work
is to probe the quality of the published ICM-selected samples
at high redshift. We measure key properties of the clusters,
namely the cluster redshift and the cluster richness A for the
samples listed above of known clusters and compare them to
published measurements to get an estimate of the performance
of the Euclid data on those properties. In a second step, we run
MCMF towards random lines of sight and compare those mea-
surements with our previous work using other imaging surveys,
such as the DESI Legacy Survey (LSDRI10; Dey et al. 2019)
and unWISE (Schlafly et al. 2019). In Fig. 1 we show three
colour composite images of the cluster ACT-CL J0350.0-4819
using LSDR10, unWISE, and Euclid to provide the reader a
visual comparison of the data previously used for cluster con-
firmation and what is now available through Euclid imaging
data.
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Fig. 2. The Az plot along the line of sight of ACT-CL J0350.0-4819,
the cluster with the highest redshift measured in the sample.

3.1. MCMF on Euclid

The MCMF algorithm incorporates a red sequence technique
(Gladders & Yee 2000; Rykoff et al. 2014) that simultaneously
uses redshift- and magnitude-dependent colour filters in the opti-
cal and infrared bands, such as g — r, r — i, i — z, and z — wl in
the case of LSDR10. Galaxies are further weighted according
to their projected distance to the ICM-based centre and are only
considered within a projected distance of r5o9. Here rso is the
radius within which the mean density is 500 times the critical
density of the Universe at a given redshift, and it is derived from
the expected mass Msq of a cluster candidate given redshift and
ICM-based mass observable.

The code calculates richness in fine redshift steps along
the cluster candidate line of sight and searches for peaks in
the distribution, corresponding to possible optical counterparts
to the ICM-selected cluster. An example of such a measure-
ment is shown in Fig. 2 towards the high-z galaxy cluster ACT-
CLJ0350.0-4819 at z ~ 1.46. We refer the interested reader to
previous MCMF related papers (e.g. Klein et al. 2018, 2019) for
a more detailed description on the richness and redshift mea-
surements of MCMEF. In the following subsection, we restrict the
discussion to the modifications performed with respect to our
latest work (Klein et al. 2024b).

For this work we reuse the red sequence models in the g — r,
r — i, i — z colours from previous MCMF work using LSDR10
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data, which used the same DECam imaging data as those used
in Q1 (Klein et al. 2019, 2023). We match Euclid Q1 galaxies
with the DECam-based LSDR10 catalogue within one arcsecond
to measure possible systematic differences in observed galaxy
colours. We find only small (<0.025 mag) shifts that we account
for in the subsequent analysis.

The small area of Q1 does not include a sufficient number of
galaxy clusters with known spectroscopic redshifts that would
allow direct self-calibration at high redshifts. We therefore cal-
ibrate the Euclid-related red sequence colours (z — Yg, Yg — Jg,
Jeg — Hg) using the COSMOS photo-z catalogue (Weaver et al.
2022), which provides high-quality photo-z out to the highest
redshifts explored in this work (z = 2). We apply a cut in
the specific star-formation rate (<10712 yr~!) and stellar mass
(>10""' M) to preselect passive galaxies in the relevant mass
range and further add 363 spectroscopically confirmed cluster
members in the Q1 fields to increase the sample of galaxies at
z < 0.1. To check if the calibration the red sequence colours are
reasonable, we run MCMF in different configurations omitting
some of the bands. We find that redshifts remain consistent even
in the case of dropping g — r and r — i colours, hence putting
more weight to the remaining Euclid-based bands. More details
and figures comparing different redshift estimates can be found
in Appendix A.

While testing redshift recovery predominantly probes the
agreement between predicted and observed red sequence colour,
testing the recovered richness probes the model of the scatter of
galaxies around the red sequence and with that the photometry.
In doing so, we found that the richness is not reasonably well
recovered when different bands are omitted in the richness esti-
mate. In fact, adding ground-based g- and r-band observations
causes the richness to be significantly underestimated at low
redshifts (z < 0.5). Exploring the reasons for this, we identi-
fied at least two issues that impact the richness at low redshifts.
We first identified that the scatter of the red sequence colour is
significantly higher than that found in LSDR10, for the same
DECam imaging data. In this context, we tested multiple types of
photometry available in Q1 (Euclid Collaboration: Romelli et al.
2026) and their scatter in colour with respect to LSDR10
colours. We found that the template fitting-based photometry
(TEMPLFIT) provides the lowest scatter for red sequence-like
galaxies compared to the other photometry provided in the Q1
catalogue, but still yielding significantly higher scatter than
LSDRI10 photometry. We account for this fact by increasing the
intrinsic scatter of the red sequence by a factor of two in our
models.

The second issue is related to flux measurements for bright
but compact galaxies between 17 and 21 magnitudes in the Yg
band. The current Euclid processing is not optimised for those
sources, and cores of those galaxies are masked and not properly
processed. As a result ~20% of the galaxies in that magnitude
range around clusters show huge offsets in at least one of the
colours at levels of ~0.5 magnitudes in TEMPLFIT-based mea-
surements. More details on known issues with the Q1 data can
be found in the Q1 Explanatory Supplement'. These offsets cor-
respond to several sigma in terms of total expected scatter of the
red sequence galaxies. Galaxies affected by this issue are heav-
ily down-weighted in the richness estimate as they appear not to
be consistent with the red sequence at the cluster redshift, and
hence the richness is biased low. Exploring other types of pho-
tometry, we found that the Q1 aperture photometry is affected
by the same issue, while the Sérsic profile-based photome-

I https://euclid.esac.esa.int/dr/ql/expsup

try appears significantly less affected. We therefore use Sérsic
profile-based photometry measurements to replace TEMPLFIT-
based colours in g, r, i, z-bands in cases where colours deviate
more than 0.2 magnitudes from each other. While this reduces
the impact of this issue on the richness estimate, it does not com-
pletely resolve the problem. As a way to mitigate this problem,
we therefore decided to use the full set of colours for redshift
estimates while ignoring the g—r and r—i colours for the richness
estimate to avoid too strong biases in the low-redshift regime.
We remind the reader that the main focus of the paper is pre-
dominantly in the z > 1 regime, where ground-based imaging
data lose their constraining power and the photometry of bright
sources in the g, r, i, z-bands is not of relevance.

MCMF typically performs model fits to the peaks found in
the A versus z measurement (see Fig. 2) towards each candi-
date position. The used peak models are generally based on a
large set of clusters with spectroscopic redshifts. This allows for
improved redshift and richness estimates by accounting for the
expected shape of a peaks, as well as it provides the ability to
de-blend structures in redshift space. They further provide an
in-build calibration to spectroscopic redshifts ensuring unbiased
cluster redshifts.

As the Q1 fields are too small to construct reliable peak mod-
els, we decided to quote redshifts and richnesses based on the
peaks identified in the A versus z measurements and do not quote
uncertainties on those measurements. The addition of the Euclid
NIR bands ensures better behaved peak shapes at high redshift,
reducing the need for performing model fits to the data. De-
blending in redshift space is only relevant for less than 2% of
the cluster sample and will not be of high importance for this
work either. The first main data release (DR1) will incorporate
improvements on the issues found in Q1 and provide sufficient
area to perform self-calibration of red sequence and peak mod-
els, as it was done in previous work.

3.2. MCMF towards random lines of sight

MCMF employs the redshift and richness distributions derived
from random lines of sight, alongside those of the actual ICM-
selected candidates, to distinguish genuine clusters from false
detections. The redshifts and richnesses of these random lines
of sight are assumed to represent the background population of
false positives within the ICM-selected candidate list. To best
approximate this contaminating population, it is necessary to
account for the fact that MCMF uses an ICM-based mass proxy
to estimate richness, and that the survey data themselves con-
tain real ICM-selected clusters. Consequently, the appropriate
configuration of these so-called randoms depends on the survey
from which the ICM-selected candidates originate.

Given the focus of this work on assessing Euclid’s perfor-
mance at high redshift, we generated randoms following the
characteristics of the SZE-based ACT-DR5 MCMF catalogue.
Specifically, we constructed a set of randoms that exhibit a
signal-to-noise distribution that follows the expected distribu-
tion of contaminants in ACT-DRS. The SZE-based samples from
SPT and ACT are based on observations in the 90 GHz and
150 GHz bands, where the SZE-signal is negative while other
astrophysical sources only cause positive signals. As a result,
such SZE-based samples exhibit contamination that follows a
signal-to-noise distribution expected for Gaussian noise. For the
ACT-DRS5 MCMEF catalogue it was shown that a Gaussian noise
model with a standard deviation of o = 1.146 can describe the
signal-to-noise distribution of contaminants over four orders of
magnitude Klein et al. (2024b). We adopt this measurement to
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Fig. 3. Comparison of the richness distribution along random lines

of sight as a function of redshift using either WISE-based or Euclid-

based MCMF measurements. No strong redshift evolution is visible

for Euclid-based MCMF measurements. The lower scatter for Euclid-

based MCMF suggests lower noise and hence improved separation of
real clusters from contaminants.

create the signal-to-noise distribution for the randoms, which
were then randomly distributed over the footprint, excluding
regions closer than 5 arcmin to confirmed ACT-DRS5 clusters.

This approach should be applicable to other deep SZE-based
surveys as well. For even deeper SZE surveys, we expect the
richness measured along random lines of sight to decrease. This
is due to the fact that the expected mass at fixed SZE signal-to-
noise becomes smaller, which in turn reduces the aperture size
(r500) used by MCMF to compute richness. Additionally, more
randoms that by chance fall near real clusters are excluded, as
these clusters now exceed the detection threshold of the given
survey. In total, we ran MCMF on approximately 5000 ran-
dom positions within Q1. In Fig. 3 we show the redshift and
richness measurements of the randoms in direct comparison to
similar WISE-based MCMF randoms for the z > 1 range. The
Euclid-MCMF measurements show lower richnesses, suggest-
ing that the noise due to non-collapsed or low-mass systems is
significantly smaller when compared to WISE-based measure-
ments. The precise impact on cluster confirmation is discussed
in Sect. 4.2.

4. Results
4.1. Redshift and richness

MCMF was run without fitting peak profiles to the richness-
versus-redshift distributions along the candidate lines of sight.
This results in a slight reduction in performance and introduces
the possibility of small biases between the true and inferred red-
shifts. Furthermore, it prevents de-blending of multiple struc-
tures along the line of sight. The performance of MCMF on
Euclid data is therefore expected to improve further as the survey
progresses and sufficient area for self-calibration becomes avail-
able. Combining the ACT-DR5 MCME, SPT-SZ MCMF, RASS-
MCMEF, and eRASS1 samples, we measure on average a 3% over
estimation of the Euclid-MCMEF photo-z with respect to the red-
shifts published in those cluster catalogues. Assuming that the
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ensemble of catalogues exhibits negligible bias with respect to
the true cluster redshift, we correct for this 3% bias by multiply-
ing the Euclid-MCMF photo-z by 0.97.

The left panel of Fig. 4 compares the Euclid-MCMF photo-z
with published measurements. As shown in the plot, we gen-
erally find good agreement between the published and Euclid-
MCMF results. We identify 1eRASSJ040527.1-490347,
marked as a grey square in Fig. 4, as having a significantly
different redshift. This cluster, together with the five clusters
with published redshifts greater than one, is discussed in more
detail in Sect. 4.3. The cluster with the highest published
redshift, SPT-CL J0421-4845, shows a ~2.10° deviation from
the Euclid-MCMF estimate. This deviation is likely due to a
bright point source affecting the WISE-based redshift estimate
reported in the SPT-SZ MCMF catalogue. This cluster also has
deep HST and Spitzer imaging data, with an improved redshift
estimate of z = 1.38 +£0.02 (Strazzullo et al. 2019), and is shown
as a yellow square in Fig. 4. As stated in Sect. 2, all datasets
make use of DECam imaging data. This may cause some
correlation in the photo-z estimates between those catalogues
and the Euclid-based measurements, especially at low redshift.
At z > 1 the infrared datasets gain more relevance, reducing any
remaining correlation between measurements.

In the right panel of Fig. 4, we show the Euclid-MCMF rich-
ness as a function of ICM-based masses from the four cluster
samples analysed in this work. To ensure approximate compara-
bility between masses from different surveys, we use the over-
lap of the full cluster catalogues (not limited to the Q1 field) to
derive simple scaling factors. We use the mass estimates Msoo,.,,.
from the ACT-DR5 MCMF (Klein et al. 2024b) as reference, as
it has the largest overlap between all catalogues. As outlined
in greater detail in Hilton et al. (2021), the M5, measure-
ments include a scale factor, derived from a weak lensing cal-
ibrated richness-mass relation, to correct for a mass bias in the
default ACT-based masses. As seen in Fig. 4, the Euclid-MCMF
richness correlates strongly with ICM-based mass estimates. In
Appendix A we further compare Euclid-MCMF richness with
the measurements provided in ACT-DR5 MCMF and SPT-SZ
MCMF.

We visually inspected the three lowest-richness clusters in
the sample. One cluster is affected by masking due to a bright
star, another may be impacted by an X-ray point source, and the
third is at a very low redshift (z = 0.13), where current issues
with the Q1 photometric data may compromise the richness mea-
surement.

4.2. Forecasting confirmation performance at high redshift

As the number of real ICM-selected cluster candidates is small,
we must base the forecast of confirmation performance solely on
the properties of the measurements along random lines of sight.
As shown in Fig. 3, the richness distribution along random lines
of sight is approximately redshift-independent for the Euclid-
based MCMF.

From Fig. 4 as well as from direct comparison of rich-
nesses from Euclid-MCMEF with those of ACT-DR5 MCMF (see
Fig. A.2), we found no evidence that the richness is biased or
degraded with respect to the original richness estimates from
ACT-DRS MCMF. This allows us to directly compare the rich-
ness distributions along random lines of sight from the orig-
inal ACT-DR5 MCMF work (Klein et al. 2024b) with those
derived in this study. These richness distributions are shown in
the left-hand panel of Fig. 5, illustrating the fraction of randoms
exceeding a certain richness threshold (Api,). Shown are the
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Fig. 5. Left: Richness distribution along random lines of sights and above z > 1 from Euclid-MCMF compared to WISE-based MCMF above
z> 1 as well as DES-based MCMF at z < 0.6. The richness distributions of Euclid-MCMEF follows closely that of the low-z DES measurement and
significantly improves over WISE. Right: Distribution of ACT-DR5 MCMEF clusters in richness versus redshift. The richness threshold (A;,) to
confirm ACT-DRS clusters based on LSDR10 and WISE data is shown as grey line. The properties of Euclid-MCMF measurements along random
lines of sight suggest that future Euclid-based confirmation will allow s similar performance at z > 1 as current-day DES-based confirmation at

7 < 0.6, indicated by the dashed red line.

Euclid Q1 measurements at z > 1, compared to the WISE-
MCMF version and those derived from DES- or LSDR10-like
MCMF measurements at z < 0.6.

The WISE-MCMF measurements were previously used to
confirm most ACT-DR5 MCMF clusters at z > 1, where the
ground-based DES/LSDR10 photometry was not sufficiently
deep. Comparing WISE-MCMF with Euclid-MCMEF, it is evi-
dent that the richness distribution for Euclid-MCMF declines
much more steeply. This allows one to exclude 80% of chance
superpositions at richness values of approximately ~15, com-
pared to ~25 for WISE-MCMEF. Moreover, the richness distri-
bution is in close agreement with that of ground-based data at
z < 0.6, where the imaging depth of those surveys is sufficient
for cluster confirmation.

The right-hand panel of Fig. 5 shows the redshift and rich-
ness distribution of the ACT-DRS MCMF catalogue, includ-
ing the redshift-dependent richness cut used to construct the
sample and ensure a constant level of purity as a function of
redshift. This selection exhibits several features related to the
limitations of the different surveys used to construct the sample.
The upturn in Ay, at low redshift is due to the SZE selection
function and the reduced ability to detect very extended clus-
ters at low z. The minimum of A, occurs around z =~ 0.5,
where the bulk of the real ACT-DRS5 clusters are located, fol-
lowed by an increase towards z ~ 1.2 due to limitations of the
optical survey. At higher redshifts (z > 1.1), WISE-based confir-
mation becomes more effective than ground-based data, causing
the richness threshold to remain approximately constant.
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The richness distribution along random lines of sight for
Euclid-MCMF being approximately similar to that of lower-
redshift optical surveys suggests that, for ACT-DR5-like sur-
veys, the redshift-dependent richness cut could remain at the
level currently only achieved at redshifts of z ~ 0.6. While cur-
rent SZE surveys such as ACT-DRS MCMF are not strongly
impacted by incompleteness due to their relatively high mass
thresholds and the small fraction of high-redshift clusters, future
samples from surveys such as SPT-3G (Benson et al. 2014), SO
(Ade et al. 2019), and CMB-S4 (Abazajian et al. 2022) will ben-
efit significantly from the enhanced high-redshift cluster confir-
mation capabilities offered by Euclid data.

4.3. Discussion of individual high-z clusters

Compared to ground-based data, Euclid offers uniquely high
imaging resolution along with simultaneously deep Y, Jg, and
Hg imaging. These capabilities become especially important
for distant clusters, where the rest-frame optical bands are red-
shifted into the infrared regime, and where imaging resolution
becomes crucial for resolving individual cluster member galax-
ies. In the following subsection, we therefore discuss all high-
redshift (z > 1) clusters in our sample of ICM-selected clusters.

4.3.1. 1eRASS J040527.1-490347

The Euclid-MCMF measurement of 1eRASSJ040527.1-
490347 reveals a rich cluster (4 = 76) at z = 1.1. In Fig. 6,
we show the Ig, Yg, Hg-band colour composite of the central
region around the cluster. According to the redshifts given in
the eRASSI cluster catalogue (Bulbul et al. 2024), no eRASS1
cluster in the Q1 field is expected to exceed z = 1. The red-
shift of z = 0.254 + 0.015 listed for 1eRASS J040527.1-490347
in Bulbul et al. (2024) is inconsistent with the redshift derived
using Euclid photometry.

The most likely reason for this mismatch is the presence of
bright point sources in the vicinity of the cluster, combined with
the high redshift of the system. These factors likely caused the
cluster galaxies to be either masked out or too faint to be detected
in the ground-based imaging data alone.

4.3.2. SPT-CL J0354-4815

SPT-CL J0354-4815 is the cluster with the lowest SZE signif-
icance among all z > 1 clusters in Q1. With a cluster richness
of 1 =~ 75, it is well detected in the Euclid data. The redshift of
z = 1.13 is in good agreement with the value listed in the SPT-
SZ MCMF catalogue (1.14+0.06). This redshift is independently
confirmed through a nearby cross-match with the optical cluster
catalogue by Wen & Han (2024), who report z = 1.16.

4.3.3. ACT-CLJ0353.0-4818, SPT-CL J0353-4818

The cluster ACT-CLJ0353.0-4818, also known as SPT-
CL J0353-4818, is robustly detected in both SZE surveys. The
Euclid-based MCMF analysis yields a redshift of z = 1.13 when
using SPT priors, and a highly consistent value of z = 1.14
when using ACT-DRS priors. These estimates align well with
those from ACT-DR5 MCMF (z = 1.21 £ 0.08), SPT-SZ MCMF
(z = 1.22 + 0.06), and the value reported by Wen & Han (2024)
(z = 1.165) using independent optical cluster finding. Earlier
versions of the ACT-DRS and SPT-SZ catalogues (Hilton et al.
2021; Bleem et al. 2015) reported lower redshifts for this sys-
tem: z = 0.93 £ 0.03 and z = 0.96, respectively. Despite being
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Fig. 6. Euclid I, Yg, and Hg band colour composite image of the central
2’ x2' region of 1eRASS J040527.1-490347 (z = 1.1). While the bright
stars in the south-east corner may have impacted previous confirmation
and may act as additional X-ray emitters, a massive cluster is clearly
visible in the Euclid imaging data.

a well-detected SZE cluster, the appearance of this system in
Euclid imaging is less prominent. As shown in Fig. 7, red galax-
ies are sparsely distributed over an extended region elongated
along the north-east to south-west axis. The brightest cluster
galaxy (BCG) lies approximately 17" from the ACT-DRS posi-
tion and around 36" from the SPT position. This optical mor-
phology suggests that the cluster is not a relaxed system.

4.3.4. SPT-CL J0353-5043

SPT-CL J0353-5043 is a well-detected SPT cluster with an SPT
signal-to-noise ratio of ¢ = 5.35 and a redshift of z = 1.315 +
0.067 according to SPT-SZ MCMF. The Euclid MCMF estimate
yields z = 1.32, fully consistent with the published value. The
SZE position lies 11" from a large passive galaxy, which likely
corresponds to the BCG of the system.

The left panel of Fig. 8 shows a colour composite image
of the central region of SPT-CL J0353-5043 using the Euclid
VIS Ig and NIR Yg and Hg bands. The BCG is visible in the
northern half of the image, while the field also includes a sec-
ond bright galaxy in the southern region. The field of view cor-
responds to approximately 350kpc. The right panel of Fig. 8
shows the /g band alone in greyscale, marking three interest-
ing galaxies. Galaxies labelled 2 and 3 are likely arcs from
strongly lensed background galaxies. Additional tentative lens-
ing features are visible near the BCG and the southern elliptical
galaxy. A comparison of the colour and /z-band images reveals
that cluster members, particularly the BCG, appear faint in the /g
band relative to the NISP bands. This behaviour results from the
Ir, band probing the rest-frame UV regime (240-390 nm) at the
cluster redshift, which is sensitive to recent star formation. The
faintness of the BCG in this band suggests a lack of significant
ongoing star formation and supports the picture that the BCG in
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Fig. 7. Euclid Iz, Yg, and Hg band colour composite image of a
3’ x 3’ region around ACT-CLJ0353.0-4818 (SPT-CLJ0353—-4818).
The ACT-DRS position is marked by a white square, the SPT-SZ posi-
tion is marked by a white circle. The offset between both SZE-based
positions is typical for offsets found between SPT-SZ and ACT-DRS5
clusters.

massive clusters at redshifts z ~ 1.3 are predominantly passive
galaxies. For cluster lenses at these redshifts this yields a sig-
nificantly increased contrast in /g between lensed star-forming
galaxies and their lenses dominated by passive galaxies. We refer
the interested reader to Euclid Collaboration: Bergamini et al.
(2026) for a dedicated search for strong-lensing galaxy clusters
in Q1.

In  contrast, a  jellyfish-shaped  blue  galaxy
(EUCL J035330.86—504347.6) is visible near the centre of
the image. This galaxy, marked with number 1 in the right-hand
panel of Fig. 8, has a photometric redshift of z = 1.34 + 0.03
from the Euclid photo-z pipeline, which is highly consistent
with the cluster redshift. Jellyfish galaxies are formed through
interactions between the intracluster medium and the inter-
stellar medium of infalling galaxies, which experience strong
ram-pressure stripping (Gunn & Gott 1972; Boselli & Gavazzi
2006). Due to the high infall velocity, the galaxy’s gas is stripped
and trails behind, forming a tail in the direction opposite to
its motion. Under favourable conditions, star formation can
happen within this stripped tail, making such galaxies bright in
optical and UV bands, with the star-forming disc and the tail
giving a jellyfish appearance (Owen et al. 2006; Cortese et al.
2007; Owers et al. 2012; Ebeling et al. 2014; Poggianti et al.
2016; George etal. 2018). This scenario is consistent with
the morphology observed in Fig. 8, where the galaxy appears
to be moving towards the BCG and cluster centre, with the
stripped gas, hosting ongoing star formation, trailing in the
opposite direction. Its shape, colour, photometric redshift, and
the direction of the stripped component, strongly suggest that
EUCL J035330.86—504347.6 is indeed a jellyfish galaxy at
z = 1.32. Spectroscopic redshift and kinematic information
of the disc and tails are required to confirm the ram-pressure
stripping nature of the galaxy. If validated, this galaxy could

represent one of the highest-redshift jellyfish galaxies found in
an ICM-selected cluster to date.

4.3.5. SPT-CL J0421-4845

SPT-CL J0421-4845 belongs to a subset of five z > 1.4 clus-
ters that were studied in greater detail by Strazzullo et al. (2019)
using Hubble imaging data. The original photometric redshift of
z = 1.42 + 0.09 from the SPT-SZ cluster catalogue (Bleem et al.
2015) was refined to z = 1.38 + 0.02 by Strazzullo et al. (2019),
placing the cluster slightly below the original redshift selection
threshold of z = 1.4 for their sample. Using our MCMF adap-
tation to Euclid data, we find z = 1.41, in good agreement with
previous estimates. In contrast, the redshift reported in the SPT-
SZ MCMF catalogue, z = 1.58 + 0.08, based on Legacy Sur-
vey DR10 and WISE data, is ~20 higher than the values found
by other studies. A likely explanation is a bright AGN located
approximately 5" south of the BCG, which severely affects the
WISE photometry in the cluster core. The red appearance of this
source in WISE bands likely biases the redshift estimate towards
higher values.

The central region of SPT-CL J0421-4845, shown in Fig. 9,
reveals several galaxies that appear to be strongly lensed by the
cluster potential. In addition to the Euclid Ig, Yg, Hg colour com-
posite (left panel) and the /g image (central panel), we include
an HST F140W image with a total exposure time of 2400 s. Four
galaxies, marked with white rectangles, exhibit tangential align-
ment relative to the cluster centre and have colours consistent
with background galaxies, making them strong lensing candi-
dates. Despite the availability of HST imaging, no dedicated
strong or weak lensing analysis has yet been conducted for this
cluster. The combination of existing HST and new Euclid imag-
ing makes SPT-CL J0421-4845 a compelling target for cross-
instrumental lensing studies.

4.3.6. ACT-CLJ0350.0-4819

ACT-CL J0350.0-4819, shown in Fig. 1, is the highest-redshift
cluster identified by our MCMF analysis of Euclid data, with
a photometric redshift of z = 1.46, consistent with the ACT-
DRS5 MCMF value of z = 1.38 within the expected uncertain-
ties. Given this high redshift, ground-based data are nearing
their limit in redshift determination. In the case of the WISE-
based redshift estimate, two blue galaxies near the cluster core
are blended with the core of the cluster, complicating accurate
photometric measurements for this cluster. This highlights the
advantage of the high-resolution infrared imaging capabilities of
Euclid compared to current large-scale surveys.

In Fig. 10, we take advantage of Euclid’s excellent image
resolution and present a 30" x 30” image of the cluster core.
Near the central passive galaxy, we mark two blue galax-
ies. Visual inspection reveals similar colours for both galax-
ies, but photometric redshifts from Euclid differ significantly.
The northern blue galaxy (NBG; EUCL J035000.73—-481943.8)
has a photometric redshift of z = 1.55, while the southern
blue galaxy (SBG; EUCL J035000.64—-481945.4) has z = 0.05.
This difference in redshifts might be explained by degenera-
cies in colour space between low- and high-redshift galax-
ies visbile as redshift outliers at low photometric redshifts
(Euclid Collaboration: Tucci et al. 2026). Their irregular mor-
phologies and the small angular separation between both galax-
ies in fact suggests that both galaxies are likely interacting with
each other. The small separation to the cluster BCG together
with redshift consistency of the NBG with the cluster redshift
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Fig. 8. Left: Euclid Ig, Yg, and Hg band colour composite image of the central 40” x 40 region of SPT-CL J0353—5043. Right: Greyscale image
of the same region in Euclid Ix. Boxes mark the highest redshift jellyfish candidate to date (1) and two strongly lensed galaxies (2, 3).

Fig. 9. Central 30” x 30" region of SPT-CL J0421-4845. Left: Euclid Ig, Yg, and Hg colour composite image. Middle: Greyscale image using
Euclid Ig. Right: Greyscale image using HST F140W. Marked are four candidates of strongly lensed galaxies.

further supports a scenario where both star-forming galaxies are
associated with ACT-CL J0350.0—4819. Additional data, such as
spectroscopic redshifts, are needed to confirm the nature of this
system and its relation to the cluster.

5. Conclusions and outlook

In this work, we investigated the capabilities of Euclid in the
follow-up and confirmation of ICM-selected galaxy clusters
using data from the Euclid Q1. We measured Euclid-based red-
shifts and richnesses for clusters drawn from four of the largest
ICM-selected samples to date: RASS-MCME, SPT-SZ MCMF,
ACT-DR5 MCMF, and eROSITA eRASS].

Our adaptation of the MCMF algorithm to Euclid Q1 data
demonstrates reasonable performance in both redshift and rich-
ness estimation and is expected to perform even better with the
upcoming DRI1 dataset. While redshift measurements perform
well across the full range, we encountered challenges in rich-
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ness estimation for low-z clusters. These are partially mitigated
by excluding the g- and r-band from the richness calculation.

The redshift estimates, particularly at high redshift (z >
1), where ground-based optical surveys typically lose sensitiv-
ity, show excellent agreement with previously published values.
While this confirms the general quality of the samples used in
this work, we also identify one case where the superior imaging
quality of Euclid revises a published MCMF-based redshift. In
the case of SPT-CL J0421-4845, our Euclid-based MCMF anal-
ysis confirms the redshift of z ~ 1.4 reported by Bleem et al.
(2015) and Strazzullo et al. (2019) based on HST and Spitzer,
while revealing that the WISE-based MCMF redshift in the SPT-
SZ catalogue (Klein et al. 2024a) is biased high by ~2¢, due to
AGN contamination near the cluster core.

Richness estimates derived from the Euclid-based MCMF
show generally high correlation with ICM-based mass estimates.
However, the performance remains suboptimal due to challenges
in Q1 photometry and the current inability to self-calibrate red
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Fig. 10. Top: Euclid Ig, Yg, and Hg colour composite of a 0’5 x 05
region centred on ACT-CLJ0350.0-4819. Bottom: FEuclid Iz-band
cutouts of the northern blue galaxy (NBG) and the southern blue galaxy
(SBG).

sequence models within the small Q1 dataset. These issues are
expected to be resolved in future releases. Nonetheless, even
with the current Q1 dataset, Euclid’s high-redshift performance,
particularly in the NISP bands, is already outstanding.

By applying MCMF to random lines of sight, we show that
the noise properties of Euclid-based richnesses at z > 1 are com-
parable to those achieved by modern ground-based surveys at
z < 0.6. This marks a significant improvement over WISE-based
cluster confirmation currently driving high-z cluster confirma-
tion and demonstrates Euclid’s potential to identify the majority
of high-redshift ICM-selected clusters from future surveys. We
find threshold of A = 15 in Euclid-based MCMF would be suffi-
cient to produce a clean cluster catalogue for an ACT-DR5-like
cluster candidate list.

We further leveraged Euclid’s deep, high-resolution imag-
ing data to study the z > 1 cluster subsample in more
detail. Notably, we revise the redshift of one eRASS1 cluster
1eRASS J040527.1-490347 from z = 0.254 + 0.015 to z = 1.1,
with the discrepancy likely due to masking by bright stars in the
vicinity of the cluster. All five SZE-selected clusters at z > 1 are
reconfirmed to be at high redshift. In SPT-CL J0353—-5043 and
SPT-CL J0421-4845, we find evidence for strong lensing fea-
tures, and in ACT-CL J0350.0—4819, we identify two massive,
star-forming galaxies near the BCG. Spectroscopic follow-up is
needed to confirm their cluster membership and investigate their
possible interaction or merger with the BCG.

Finally, we report the discovery of the highest-redshift jel-
lyfish galaxy in an ICM-selected cluster known to date. The
galaxy EUCL J035330.86—504347.6, located less than 20" from
the BCG of SPT-CLJ0353-5043 at z = 1.32, has a photo-
metric redshift consistent with the cluster. The Euclid Ig-band
imaging, probing the rest-frame UV (240-390 nm), shows clear
evidence of ram-pressure stripping. The extended stellar emis-
sion points away from the cluster centre, consistent with jelly-
fish morphology. If confirmed with spectroscopic redshift and
kinematic information of the disc and tail, this would push the
redshift frontier for jellyfish galaxies from z = 0.8 (Durret et al.
2021) to z = 1.32, thereby setting constraints on the role of
environment-driven star formation quenching in high-redshift
galaxies. The combination of broad VIS-band coverage and high
imaging quality in Euclid is likely well suited for identifying jel-
lyfish galaxies in high-redshift clusters, making this discovery
potentially the first of many in the upcoming wide survey.

The increased area covered by the Euclid Wide Survey,
together with recent and upcoming deep SZE surveys such as
those based on SPT-3G (Archipley et al. 2026; Benson et al.
2014), will result in a significant increase in the number of ICM-
selected galaxy clusters at high redshifts. Besides being valuable
probes for cosmological and astrophysical studies, the overlap
with Euclid-selected galaxy clusters will allow further investiga-
tion into systematics related with either surveys. The availability
of the SZE-based mass proxy out to high redshift can further be
used to test and improve optical mass proxies such as the clus-
ter richness estimated by MCMF or by the RICH-CL function
(Castignani & Benoist 2016) within Euclid galaxy cluster work-
flow (Euclid Collaboration: Bhargava et al. 2026).
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Fig. A.1. Redshifts obtained by MCMF using different set of bands.
Top: Comparing redshift using the full colour range (g, r, i, z, Yg, Jg, Hg)
with measurements omitting the g band. Botfom: Similar but comparing
the r, i, z, Yg, Jg, Hg-based redshift with those also omitting the r band.
Note, although the 4000 A break is leaving the g band at z = 0.4 and the
r band at z = 0.75 redshifts are reasonably recovered at lower redshift
even without those bands.

Appendix A: Additional information on redshift and
richnesses

In Fig. A.1 we compare the redshifts estimated using all avail-
able bands, with those omitting the g band and omitting g and r
band fluxes. The redshifts are reasonably recovered over the full
redshift range, even in cases where where the 4000A break is in
the g or r band (below z = 0.4 and z = 0.75 respectively) and
the bands were not used for the redshift estimates. The agree-
ment between different estimates suggests that the mean colours
predicted by the red-sequence models are in line with the obser-
vations, as systematics will cause shifts in the redshifts estimated
by different colours.

In Fig. A.2 we compare the richnesses obtained by MCMF
using i,z, Yg, Jg, Hg-bands and those published in previous
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Fig. A.2. Comparison of richnesses obtained by MCMF on Euclid using
the xyz bands with those from the published MCMF catalogues using
LSDR10 photometry. We limit to z > 0.4, to avoid the issues on low-z
richnesses (see Sect. 4.1). Only ACT-DRS MCMF and SPT-SZ MCMF
contribute significant number of clusters. SPT-SZ MCMF richnesses are
scaled by 1.45 to bring DES-based SPT-SZ MCMF measurements to
bring in line with ACT-DR5 MCMF measurements.

MCMF catalogues using ACT-DR5 MCMF and SPT-SZ MCMEF.
We further limit the redshift range to z > 0.4, where the photo-
metric problems presented in Sect. 3.1 minimal and to focus on
the high-z range where Euclid-data become relevant. We find
good agreement between original ACT-DRS MCMF measure-
ment, based on LSDR10 photometry with our measurements.
This suggest that also richnesses obtained with our Euclid-based
MCMF towards random lines of sight can be compared to ran-
doms from previous MCMF runs on ACT-DRS. In case of SPT-
SZ MCMF we scale the published richnesses by a factor 1.45 to
account for the fact that those measurements were based on DES
g, 1,1, z-bands and with an older MCMF pipeline, only consider-
ing galaxies up to m* + 1.25. We find reasonable agreement with
no significant bias in mean recovered richness, although with
some mild indication of a steeper slope.
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