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ABSTRACT

Extragalactic globular clusters (EGCs) are an abundant and powerful tracer of galaxy dynamics and formation, and their own formation and
evolution is also a matter of extensive debate. The compact nature of globular clusters means that they are hard to spatially resolve and thus
study outside the Local Group. In this work we have examined how well EGCs will be detectable in images from the Euclid telescope, using both
simulated pre-launch images and the first early-release observations of the Fornax galaxy cluster. The Euclid Wide Survey will provide high-spatial
resolution VIS imaging in the broad IE band as well as near-infrared photometry (YE, JE, and HE). We estimate that the 24 719 known galaxies
within 100 Mpc in the footprint of the Euclid survey host around 830 000 EGCs of which about 350 000 are within the survey’s detection limits.
For about half of these EGCs, three infrared colours will be available as well. For any galaxy within 50 Mpc the brighter half of its GC luminosity
function will be detectable by the Euclid Wide Survey. The detectability of EGCs is mainly driven by the residual surface brightness of their host
galaxy. We find that an automated machine-learning EGC-classification method based on real Euclid data of the Fornax galaxy cluster provides an
efficient method to generate high purity and high completeness GC candidate catalogues. We confirm that EGCs are spatially resolved compared
to pure point sources in VIS images of Fornax. Our analysis of both simulated and first on-sky data show that Euclid will increase the number of
GCs accessible with high-resolution imaging substantially compared to previous surveys, and will permit the study of GCs in the outskirts of their
hosts. Euclid is unique in enabling systematic studies of EGCs in a spatially unbiased and homogeneous manner and is primed to improve our
understanding of many understudied aspects of GC astrophysics.

Key words. space vehicles: instruments – galaxies: nuclei – galaxies: star clusters: general

1. Introduction

Globular Clusters (GCs) exist in almost all galaxies from the
most massive ones down to ultra-faint dwarfs. Galaxies can have
none or anywhere from less than a handful (Georgiev et al. 2010;
Karachentsev et al. 2013) up to many thousands, as typically
found in the brightest galaxies of galaxy clusters (e.g., Harris
1991; Dirsch et al. 2003; Strader et al. 2006; Harris et al. 2013;
Durrell et al. 2014). GCs are typically old (ages of the order of
10 Gyr) and dense (rh < 10 pc) stellar systems that formed dur-
ing periods of intense star formation of their current host (or pre-
vious host if accreted), and thus we can use them as tracers of
this galaxy formation process in the early Universe.

The upcoming Euclid Wide Survey (EWS) will have high
spatial resolution imaging combined with a sky coverage
of about 14 500 deg2. Euclid has two instruments and four
photometric bands (Euclid Collaboration: Mellier et al. 2025;
Euclid Collaboration: Cropper et al. 2025; Euclid Collaboration:
Jahnke et al. 2025). The VIS instrument provides a spatial reso-
lution close to 0′′.14 (FWHM), through a single broad red pass-
band IE that covers a range of 5000–9000 Å. In addition to
the red filter, the near-infrared (NIR) imager NISP covers three
bands, YE, JE, and HE (Euclid Collaboration: Scaramella et al.
2022). In the visible, this new combination of space-based reso-
lution and large survey area allows for the first time the study of
a large fraction of the sky at high spatial resolution. This combi-
nation enables a first non-spatially biased survey of CGs in the
local Universe. The improvement the Euclid survey will mean
for GC science is detailed in this section.

The colour distributions of GC systems are typically bimodal
(Peng et al. 2006), yet that difference in colour does not neces-
sarily imply a large age difference, but rather more often a differ-
ence in metallicity due to the galaxy enrichment history during
their formation (Cantiello & Blakeslee 2007; Strader et al. 2007;
Woodley et al. 2010). While the red GCs in a galaxy follow a
radial density distribution similar to the underlying starlight of
their host galaxy it has been shown that blue, metal-poor GCs
exhibit a more shallow radial drop-off. The colour of red GCs
becomes redder in more luminous (more massive) galaxies while
the colour of the blue GCs peak is constant across the range of
their host luminosities (Peng et al. 2006). This has been inter-
preted as evidence that the blue GCs are coming from accreted
lower mass galaxies (Côté et al. 1998; Pastorello et al. 2014).
These differences in colour distributions can trace the ancient
accretion history of a galaxy, of which no more short-lived accre-
tion signatures such as tidal tails are remaining. With the wide
coverage of Euclid e.g., differences between red (metal-rich)
and blue (metal-poor) GCs as a function of host properties and

location in the host galaxy can be studied on a statistically sig-
nificant sample.

Globular clusters can also be used as tracers of very recent
accretion events. In galaxies such as Andromeda (Mackey et al.
2013, 2019) or Centaurus A (Hughes et al. 2021), GCs have been
found to align with the tidal features in the halo. This is direct
evidence for the accretion and subsequent deposition of GCs
hosted by a smaller galaxy into their new host. Such accreted
galaxies may host nuclear star clusters in their centres that are
then deposited in the galaxies’ halo where they survive typ-
ical tidal forces (Bekki & Freeman 2003; Pfeffer et al. 2016).
Accreted nuclear clusters have a more extended star-formation
history (Kacharov et al. 2018) and some also contain central
black holes that distinguish them from normal GCs (Seth et al.
2014; Voggel et al. 2019). The correlation between nucleus mass
and galaxy mass (Georgiev et al. 2009) makes remnant nuclei
an excellent long-lived tracer of galaxy formation and disrup-
tion. Euclid’s depth and coverage with allow a census of a large
area of the sky for such accretion events and candidate stripped
nuclei.

The appearance of extragalactic GCs as bright com-
pact or point-like sources makes them accessible with spec-
troscopy out to much larger distances than individual stars.
For this reason GCs have been widely used as dynamical
tracers of the underlying dark matter halo mass and shape
(Frenk & White 1980; van den Bergh 1981; Wasserman et al.
2018; Reina-Campos et al. 2022; Toloba et al. 2023). However,
mostly dwarf satellite galaxies are still used as dynamical trac-
ers as they are typically identified to much larger galactocen-
tric radii, whereas GCs are mostly known only in the central
5−10 kpc of a galaxy. When GCs are rarely identified at radii
beyond 50 kpc, their value as dynamical tracers of underlying
dark matter increases significantly because the relative impact
of dark matter on GC dynamics increases with radius. Thus
once we can detect GCs at larger distances (e.g., Veljanoski et al.
2014; Dumont et al. 2024), they become a second independent
tracer of galaxy dynamics in addition to dwarf satellite galaxies.

However, detection of reliable GC candidates in the outskirts
of local-Universe galaxies has been hindered by either the small
fields of view (FoV) of space-based facilities or the low spatial
resolution of ground-based facilities, which Euclid is going to
vastly improve upon with its 0.5 deg2 images and stable point-
spread function (PSF). Existing ground-based imaging surveys
that cover wide areas exist, but they either do not have sufficient
depth or they have too high contamination from compact galax-
ies and foreground stars to provide high-quality GC catalogues.
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Despite the progress, open questions remain. For instance,
it is unclear whether the spectral energy distributions (SEDs)
of GCs depend on environment, as statistical studies of such
potential differences are plagued by spatially varying system-
atic errors in the heterogeneous existing data (Powalka et al.
2016; Cantiello et al. 2018). The stars of GCs in the Milky
Way display characteristic variations in their light-element abun-
dances, whose origins have been widely debated, but no con-
sensus has been reached (Piotto et al. 2007; Renzini et al. 2015;
Gieles et al. 2018; Bastian & Lardo 2018).They produce broader
spectral features such as the molecular bands of CN, but also,
mostly via associated changes in helium abundance, in the
temperature of horizontal branch stars or the relative num-
ber of asymptotic giant branch stars (Sandage & Wildey 1967;
D’Antona et al. 2002; Lagioia et al. 2021). To detect the result-
ing small differences in the light of GCs beyond the Local Group,
homogeneous and precise photometry is needed like Euclid will
be able to provide it with its stable PSF. A detailed Euclid pho-
tometric catalogue of nearby GCs will also help improve the
ingredients of stellar population synthesis models, the SED-
predictions of which differ by amounts similar to current sys-
tematic differences between present-day heterogeneous surveys,
in particular when near-infrared wavelengths are also considered
(Powalka et al. 2016; Verro et al. 2022).

For systems beyond the Local Group, the biggest challenge
is to separate the GCs from contaminants, which can be fore-
ground stars or compact background galaxies. For distances
beyond about 5 Mpc, GCs appear like point sources for typi-
cal ground-based imaging unassisted by adaptive optics. Even in
space-based images their light profile can only be resolved out
to host distances of 30−40 Mpc. Therefore, multiple colours or
follow-up spectroscopy are needed to confirm whether a source
is a GC or not.

The main limitation for spectroscopy and space-based imag-
ing is observation time. Typically for a nearby galaxy that spans
several degrees on the sky, deep photometry catalogues can con-
tain millions of sources. Deriving the spectroscopy for such large
numbers of objects, including the faintest in the area, is presently
infeasible with existing observing facilities. When using colours,
the combination of near-ultraviolet, optical, and near-infrared
data is efficient, but expensive (Muñoz et al. 2014). Fortunately,
even minimal information on source compactness can reduce
the need for multiple photometric passbands (Voggel et al. 2020;
Buzzo et al. 2022; Harris 2023). The Euclid spatial resolution is
therefore a key ingredient to reach a pure and volume-complete
census of GCs. The downside of past space-based studies such
as those pioneered by the Hubble Space Telescope is the limited
FoV of a few arcminutes. That led to ‘postage stamp’ studies,
which rarely extended out beyond two or three effective galaxy
radii in the local Universe. The results were limited data sets of
the central areas of galaxies that could not be easily compared
to wider ground-based data sets of GC properties. With Euclid’s
coverage of one-third of the sky in a spatially unbiased manner
the detection of intracluster GCs as a function of cluster and GC
properties will become possible.

2. Number of expected globular clusters for
galaxies in the EWS footprint

The goal of this section is to derive an order of magnitude esti-
mate of the number of GCs detectable in Euclid imaging. We
will do this by using well-established GC number scaling rela-
tions to calculate the theoretical numbers of GCs and their mag-

nitudes in the known galaxies in the local Universe, out to a max-
imum distance that we set to 100 Mpc.

The globular cluster luminosity function (GCLF) peaks at
MV = −7.5 mag and is typically Gaussian (Rejkuba 2012),
which roughly corresponds to an absolute AB magnitude of
MIE = −8 mag in the IE passband of the Euclid VIS instrument.
The transformation is based on integrated GC spectra computed
with population synthesis models (Fioc & Rocca-Volmerange
1997; Verro et al. 2022), for which synthetic photometry predicts
that (V − IE) [AB] varies between 0.3 and 0.6 at ages between 8
and 13 Gyr, depending on metallicity.

At 100 Mpc, the brightest GCs with MIE = −10.5 will
have an apparent AB magnitude of IE ' 25 which is just one
magnitude brighter than the 5σ point source detection limit of
IE = 26.2 in the EWS (Euclid Collaboration: Scaramella et al.
2022).

We exclude galaxies within the Local Group as their globu-
lar clusters will be resolved into many individual stars and thus
many separate sources in the Euclid catalogue, or have complex
morphologies. This partial resolution of GCs is expected out to
around 3 Mpc. We focus on GCs that will appear like point-
sources at distances between 3 and 100 Mpc but are slightly spa-
tially resolved when looking at them in more detail.

As a first step, we thus need to identify how many local
galaxies out to 100 Mpc are expected to be observed in the
footprint of the planned EWS. We select all galaxies from
the Heraklion Extragalactic Catalogue of local-Universe galax-
ies (HECATE, Kovlakas et al. 2021) that fall within the EWS
region. We find a total of 24 719 galaxies that have a distance
measurement and are within a distance of 100 Mpc, and have
a listed B magnitude (see Fig. 1). We can only use galaxies
with a distance measurement because their absolute magnitude
is required to make a prediction of how many GCs a galaxy is
expected to host. GCs can be confirmed much easier in galax-
ies with a known distance, so this selection assures we actually
predict how many GCs are detectable in the confirmed local Uni-
verse galaxies in the EWS.

We use MOCPy (Baumann et al. 2023) to filter the list of
known galaxies with the complex multi-object coverage map
(MOC) of the Euclid full 6-year survey area. The distribution
of the absolute B magnitudes of all selected galaxies is shown in
Fig. 2. The HECATE galaxy catalogue is complete for galaxies
brighter than MB = −18.27 within 33 Mpc, and out to 100 Mpc
the completeness limit is MB = −19.52 (see Kovlakas et al.
2021). Thus, we are complete at the bright end of the galaxy
distribution to roughly the mass of the Milky Way galaxy, which
is the mass range where the vast majority of the total number of
GCs is expected to reside (Harris 2016).

2.1. Specific GC frequency

To estimate how many GCs we expect in all local galaxies
selected above, we model their expected number of GCs by using
what we know about the specific frequency of GCs in galaxies
from empirically determined relations. The number of GCs in
a given galaxy relates to its total luminosity and this relation is
commonly expressed with a specific frequency,

SN = NGC 100.4 (MV +15), (1)

where NGC is the number of GCs and MV the total magnitude of
the host galaxy (Harris & van den Bergh 1981). With an assess-
ment of SN as a function of host galaxy magnitude we can reverse
this relation to predict GC numbers.

First, we assemble a catalogue of galaxies for which the
total number of GCs in their system is known. The starting
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Fig. 1. Euclid full 6-year survey area is shown as a HEALPix grid in blue. The galaxies in the HECATE catalogue within 100 Mpc distance are
shown as points, those within the footprint in red, and those outside in grey.
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Fig. 2. Distribution of absolute B magnitudes of HECATE galax-
ies within the planned Euclid footprint that are also within 100 Mpc.
The 100% magnitude completeness limit out to 33 Mpc (solid) and to
100 Mpc (dashed) are shown as vertical lines.

point for this is the large compilation of GC numbers in 422
galaxies in the local Universe (Harris et al. 2013), with updated
total GC numbers for Centaurus A (Hughes et al. 2021) and M32
(Karachentsev et al. 2013). We add well-studied dwarf galaxies
to the sample (Georgiev et al. 2009; Karachentsev et al. 2015;
Crnojević et al. 2016; Cole et al. 2017; Caldwell et al. 2017). We
also add data from recent studies of GCs in ultra-diffuse galaxies
(van Dokkum et al. 2017; Lim et al. 2018; Amorisco et al. 2018;
Müller et al. 2021; Saifollahi et al. 2022).

In Fig. 3 we show SN in the compiled catalogue as a function
of galaxy luminosity in the top panel and the total number of GCs
as a function of magnitude in the middle panel. We represent the
variations of the average number of GCs with galaxy luminosity
with a 4th-order polynomial fit (orange line). The residuals in
the bottom panel are clearly distributed in a log-normal form, as
shown in Fig. 4 and has a mean of 0 and a standard deviation of
σ = 0.41 dex. This simple statistical behaviour of SN is used in
the next step to anticipate GC numbers.

2.2. Number of observable GCs in Euclid

To predict the total number of GCs expected in the EWS foot-
print, we randomly draw a total number of GCs for each galaxy
in our HECATE sample, based on its magnitude and on the SN
distribution just described. The drawn Nr of GCs is then rounded
to the nearest integer. In the case of the faintest galaxies this
expected average GC number can be very small (<5) and includ-
ing the log-normal scatter in GC system size, it can predict <0.5
GCs and thus the rounded number will be zero. The existence
of dwarf galaxies that host zero GCs is naturally included in
this model. The fraction of low-mass galaxies hosting no GCs is
not understood observationally at this point. We do not have the
statistics to deduce how common they are as we lack deep imag-
ing needed to cover the whole GC luminosity function in a large
set of dwarf galaxies at the moment. We note that with Euclid we
expect progress in understanding the GC luminosity function (or
the absence) in dwarfs and first observational results have been
shown in Saifollahi et al. (2025). As the number of GCs in these
very faint galaxies is negligible compared to the total expected
number the effect of this approximation is very small and within
the uncertainties of the final forecast number.

We then randomly distribute this number of GCs among the
typical magnitude distribution of GC systems, i.e., a normal dis-
tribution with a mean absolute magnitude of MV = −7.5 and a
standard deviation of σ = 1.2 mag (Rejkuba 2012). The width of
this GC luminosity function depends on the galaxy luminosity
and is wider for brighter galaxies (Villegas et al. 2010), yet for
our estimate of GC numbers that difference is negligible as other
uncertainties such as the galaxy incompleteness at the faint end
dominate. For each galaxy we now have a representation of the
absolute magnitudes of each GC they are expected to host, and
we use the distance information from the HECATE catalogue to
predict how they would appear in VIS images. Figure 5 displays
the distribution of apparent magnitudes of all expected GCs in
the EWS footprint, for one such stochastic simulation.

The GC detection threshold of IE = 26.2 mag in Fig. 5
shows that close to half of all GCs in local-Universe galaxies
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Fig. 3. Predicted GC numbers as a function of magnitude. Panel a: Spe-
cific frequency of GCs as a function of host galaxy magnitude for our
galaxy catalogue. Panel b: Total GC number in each galaxy as a func-
tion of its magnitude. A polynomial fit to the data is shown as orange
line. Panel c: Log difference between the mean GC number for a given
galaxy magnitude (orange fit in the middle panel) and the actual GC
number of each galaxy. The alignment of data points in the bottom half
is a natural consequence of the small numbers of GCs where the dif-
ference is only a single or two GCs for those low-luminosity galaxies.

are detectable with Euclid. We ran the stochastic simulation
pipeline 100 times and we took the average of the predicted
total number of GCs among the runs and the standard deviation
of all realisations. We expect an average of 830 000 ± 12 000
GCs in the known galaxies in the Euclid footprint, of which
350 000 ± 6000 (44%) are above the formal detection threshold
and 115 000 ± 1500 will have the excellent photometric quality
that comes with IE ≤ 24.5. For example, a typical Milky Way-
like galaxy at MV = −21 is expected to host 500 GCs, of which
we will detect 275 (55%) if the galaxy lies at 50 Mpc from us
and we will still detect 100 GCs at 100 Mpc.
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Fig. 4. Distribution of the difference between log of the measured GC
number in a given galaxy and their expected mean log(GC) number
from the fitted relation (see orange fit in Fig. 3). The distribution is log
normal with a mean of 0 and a standard deviation of σ = 0.41.
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Fig. 5. Magnitude distribution of all predicted GCs. Panel a: Distribu-
tion of apparent magnitudes of all expected GCs hosted by galaxies out
to 100 Mpc. Panel b: Cumulative distribution of the relative number of
GCs. The solid red line marks the VIS point source detection threshold
of 26.2 and the dashed line marks 24.5 as the magnitude limit in which
GCs will also be detected in NISP (see Fig. 7).

The errors quoted here are statistical and take into account
the scatter in the total number of GCs at a given galaxy luminos-
ity. There is systemic uncertainty in the derived GC numbers due
to incompleteness in our galaxy luminosity function, host galaxy
morphological type, and environment. The total GC number can
depend on all these factors. Contamination by galaxy light, espe-
cially close to the galaxy centre will lower our ability to detect
them so the realistic number that is detectable is likely lower.

To get an idea of how the theoretical detectability varies for
individual galaxies with distance, we show in Fig. 6 the fraction
of a given GC system for individual galaxies that is detectable
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Fig. 6. Fraction of simulated GCs that are above the detection threshold
as a function of distance, for each galaxy in the HECATE-based sample.
The two-dimensional density represented with red shaded bins sum-
marizes the theoretical GC detectability fraction of all galaxies in 100
Monte-Carlo realisations (i.e., 100× 26 711 galaxies). The solid line is
the analytic predicted fraction for IE ≤ 26.2 and the dashed line is for
IE ≤ 25. Panel a: Only systems with NGC > 50. Panel b: Only GC sys-
tems with NGC ≤ 50 to illustrate the stochasticity introduced by small
galaxies and their small total number of GCs.

adopting the limit of IE = 26.2 mag. Both panels in Fig. 6 show
100 Monte Carlo simulations of the whole set of local-Universe
galaxies as shaded bins. From the drawn GC luminosity distri-
bution we predict those as detectable that are brighter than the
threshold. The solid and dotted lines are the analytic predicted
fractions that are detectable at a given distance for IE = 26.2 and
25, respectively. Only systems with NGC > 50 are shown in the
top panel and galaxies with small GC systems of NGC ≤ 50 are
shown in the bottom panel. The bottom panel’s large spread is
the natural consequence of small-number statistics, and in par-
ticular the clustering at fractions of 1/3, 1/2, and 2/3 are owed to
that.

As expected, the fraction of GCs that are brighter than
MV = 26.2 without considering confusion with the host galaxy
decreases with distance. In terms of limiting brightness, Euclid
is capable of examining almost the entire GC system of a galaxy
within 20 Mpc. For galaxies at 50 Mpc, the detectability drops
to 50% meaning that only the bright half of the GC luminosity
function is accessible. The typical uncertainty in the detectabil-
ity for large GC systems is around 10%. Even at 100 Mpc, Euclid
can still detect the roughly 20% brightest GGs. Beyond 100 Mpc
we thus only expect ultra-compact dwarf-like objects that are
brighter than MV = −10 to be present in the VIS images of the
EWS.
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Fig. 7. Spectral energy distribution of a typical red GC ([M/H] ' −0.2)
and blue GC ([M/H] ' −2), as predicted at ages of 8 Gyr (dashed) or
13 Gyr (solid) with two population synthesis models. In red, the detec-
tion limits of the four Euclid passbands IE, YE, JE, and HE are shown,
together with the 10 yr LSST survey limits for the ugriz bands.

2.3. Availability of infrared colours in the Euclid survey

The optical to NIR spectral energy distributions of typical red
and blue GCs, as predicted with two population synthesis codes,
are displayed in Fig. 7. The black curves are obtained with
Pégase (Le Borgne et al. 2004, 2011, low spectral resolution
version), and the red and blue curves with the combination
of Parsec isochrones and X-shooter spectra of Verro et al.
(2022). In green the 5σ point-source detection limits of the
EWS are shown (Euclid Collaboration: Scaramella et al. 2022),
together with the LSST 10-year sensitivity limits in u, g, r, i, and
z (Ivezić et al. 2019), in grey. The GC curves are normalised to
YE = 24.2, which puts the model GC above the detection thresh-
old in the three NIR bands.

It follows that GCs with a magnitude of at least IE ≤

24.5 mag will also be detected in the three Euclid NIR bands.
Using the simulations of the previous section, we find 120 000±
3000 GCs pass this threshold. This represents about 34% of the
353 000 GCs with expected detections in VIS images.

Based on signal-to-noise curves that indicate PSF-
photometry errors of 0.2 mag at IE = 26.2 mag
(Euclid Collaboration: Scaramella et al. 2022), Euclid VIS
photometric errors will be smaller than 0.05 mag for quasi-
point sources brighter than 24.5. With this uncertainty on
IE, random errors on colours that combine an IE magnitude
with a magnitude from a NISP passband will be smaller than
10% when NISP errors are smaller than about 0.09 mag;
signal-to-noise curves that predict 5σ detections at 24.4 mag
(Euclid Collaboration: Scaramella et al. 2022) indicate that this
occurs for NISP magnitudes brighter than about 23.4 mag. This
is about 1.5 mag deeper than specialised wide-area ground-based
surveys such as NGVS-IR (Muñoz et al. 2014).

The key role played by the EWS will be to provide unifor-
mity over vast areas of the sky, allowing past and future pointed
observations from either the ground or space to be calibrated to
a common scale.

Figure 7 shows that all the Southern Hemisphere Euclid
extragalactic GCs detected in NISP images will progressively
benefit from excellent LSST g, r, i, and z measurements, but only
the bluer ones measured precisely by Euclid will be detected in
the u band. In the Northern Hemisphere, the only ongoing very
wide u-band survey is UNIONS-u (Ibata et al. 2017), the 10-σ
depth of which is about 23.5 mag. Therefore in the Northern
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Table 1. Summary of the simulated galaxies and GCs.

FoV Distance [Mpc] Galaxy Ngal NGC Range of MIE for GC [mag] Range of IE for GC [mag]

FoV1 5 Normal 4 6972 −9.0 . . .−4.5 19.5 . . . 22.5
FoV2 10 Normal 16 5640 −10.0 . . .−6.0 20.0 . . . 24.0
FoV3 20 Normal 64 6960 −11.5 . . .−6.0 20.0 . . . 25.5
FoV4 40 Normal 111 2800 −11.5 . . .−7.5 21.5 . . . 25.5
FoV4 60 Normal 115 1035 −11.4 . . .−8.4 22.5 . . . 25.5
FoV4 20.5 UDG 29 750 −10.0 . . .−7.0 21.5 . . . 24.5

Notes. Column 1 recalls the labels of our four simulations. Column 2 is the distance at which the added galaxies were placed and Col. 3 specifies
whether these galaxies are standard (see text) or the UDG model. Column 4 gives the number of host galaxies at this distance, and the Col. 5
the total number of GCs distributed across all host galaxies. Columns 6 and 7 are the magnitude range of added GCs in absolute and apparent IE
magnitudes, respectively.

Hemisphere large-area EGC studies will have to rely exclusively
on the Euclid data themselves.

3. Simulated VIS images with artificial globular
clusters

3.1. Simulation method

In order to better understand the number of GCs that will
be actually detectable, we used simulated Euclid VIS images
(Euclid Collaboration: Serrano et al. 2024) and we inserted
local-Universe galaxies and GCs in them. We then ran those
images through the Euclid Consortium pipeline processing func-
tions that combine four VIS exposures to create a mosaic, sub-
tract extended background emission, and produce catalogues.
The pipeline’s individual mosaic images are smaller than a VIS
field of view (they are square with a side of 32′) and have pixels
of 0′′.1 size.

Our added objects are positioned in individual VIS exposures
such that they fit within one mosaic. We simulated four configu-
rations (labelled FoV1 to FoV4), in which we added galaxies and
their corresponding GCs at several different distances: 5 Mpc,
10 Mpc, and 20 Mpc for FoV1 to FoV3, and a combination of dis-
tances between 40 Mpc and 60 Mpc in FoV4 (with a few excep-
tions at 20 Mpc, as specified below).

The injection of globular clusters and galaxies into simulated
VIS exposures is done through stamps generated for a given
RA and DEC location on the different CCDs by the GalSim
Python package (Rowe et al. 2015). It enables the convolution
of injected objects by the VIS PSF and the addition of Poisson
noise to these stamps. The native GalSim package contains a
Sérsic function used for galaxies detailed later. For the EGCs,
we have written a custom function to allow GalSim to use the
King model (King 1962).

All added galaxies were given a Sérsic profile with an index
of n = 2, an ellipticity of 0.3, an effective radius of reff = 1 kpc,
and an absolute magnitude of MIE = −18.5 mag, but projected to
the required distance. In FoV4, 29 of the standard galaxies were
replaced with modelled ultra-diffuse galaxies, with MIE = −14
and reff = 2 kpc, placed at a distance of 20 Mpc. As the appar-
ent sizes of the galaxies shrink with distance, the simulations of
further distances include more galaxies overall.

On top of these galaxies we add GCs with varying magni-
tudes and colours, all represented with King models. Their IE
magnitudes are chosen such that they cover the GC luminos-
ity function in steps of 0.5 mag, within the range detectable in
Euclid VIS images at a given distance. The range of absolute
and apparent magnitudes for each distance are listed in Table 1.

At magnitudes brighter than IE = 18.5 sources start to satu-
rate, which is a concern in FoV1 at 5 Mpc where any GC brighter
than MIE = −10 would fall into this range. Therefore, luminosi-
ties of simulated GCs in FoV1 are truncated to MIE ≤ −9 mag,
whereas for all other distances the brightest GC is between
MIE = −10 and MIE = −11.5 depending on distance. This cov-
ers the magnitude range up to objects with magnitudes brighter
than MV = −10 that are similar to ultra-compact dwarfs (UCDs).
Our faintest added GCs have IE = 25.5, which translates to
MIE = −6.0 and MIE = −8.5 mag, respectively, in FoV3 and
FoV4.

We adopted a typical GC core radius of rc = 1.2 pc
and a King concentration index of rt/rc = 1.4, where rt
is the tidal radius where the density falls to zero for GCs
(McLaughlin & van der Marel 2005). In all simulations except
the one at 5 Mpc one, we also included larger size GCs with core
radii of 4 pc. The host galaxy properties and the GC ranges are
summarised in Table 1 and the arrangement for FoV1 is shown
as an example in Fig. 8.

3.2. Globular cluster detection in simulated VIS images

The most straightforward way of identifying GCs is not to ana-
lyze the vast data set of VIS images that will be taken by Euclid,
but rather to use the data catalogue that will be created by the
Euclid analysis pipeline automatically. This pipeline-catalogue
contains the merged information for all extracted sources from
both VIS and NISP. As such, it contains fluxes in the IE, YE,
JE, and HE bands, positions, morphological information such as
their compactness, central surface brightness, or their likelihood
to be a star or a galaxy. In this catalogue a large quantity of infor-
mation on the detected sources is already present. This pipeline1

was also run on our simulated VIS data after the addition of the
galaxies and GCs.

Using these output catalogues for artificial GCs will give us
an idea of how such objects compare to other sources in the field,
and thus what purity and completeness we can expect of a GC
candidate catalogue derived from this source catalogue. In addi-
tion this gives us the opportunity to compare how accurately the
pipeline recovers the known input properties of the GCs.

To this aim we match the input catalogue of artificial-GC
positions with the output pipeline-catalogue. We use a small
matching radius of 0′′.1 to avoid random field contamination.
The average distance of our matched positions is 0′′.05, cor-
responding to half a pixel in VIS and thus indicating that we
indeed retrieved the input GC sources. Overall we find that the

1 We use the version available in 2023.
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Fig. 8. Location of artificial galaxies and GCs that were added to simu-
lated Euclid pointings, which already contained foreground stars and
background galaxies. The host galaxies are represented by surface-
brightness contours marking the half-light radius, µ = 23 mag arcsec−2,
and µ = 29.5 mag arcsec−2. The artificial GCs are distributed in a grid
pattern, coloured according to their magnitudes. This image is FoV1 for
which the distance adopted for the added objects is 5 Mpc. The coordi-
nates are shown in units of 0′′.1 pixels and the colour bar is the apparent
IE magnitude of the injected GCs.

automatic Euclid pipeline was able to detect 18 340 GCs com-
pared to the 24 154 artificial GCs that were injected, for an over-
all recovery fraction of 76%.

The fact that these GCs get recovered by the pipeline and
included in the catalogue does not necessarily imply that we can
identify them as bona fide GCs right away. For this they will
have to be studied more carefully for their light profile or fol-
lowed up by spectroscopy. However, the recovery fractions indi-
cate how many we can expect in the catalogue to begin with,
based on which we generate a GC candidate list. Those GCs
that are not directly recovered by the Euclid photometric pipeline
will still exist in the images if they are brighter than the detec-
tion threshold. The large spatial coverage of the Euclid survey
means that detecting them in a systematic manner will be chal-
lenging because it requires treating each image separately and
for example removing the light of the surrounding galaxy.

3.3. Recovery fraction as a function of local surface
brightness and GC magnitude

The left panel of Fig. 9 shows how the GC detectability depends
on the local surface brightness at the GC location and the input IE
magnitude of the GCs. The local surface brightness at the posi-
tion of each inserted GC is derived by calculating the surface
brightness in an annulus between r = 2′′ and r = 3′′. The error
bars shown are calculated as the 95% binomial Wilson confi-
dence intervals.

The Euclid pipeline automatically removes foreground
galaxy light if it spans more than one CCD. This is the case for
FoV1 and FoV2 and thus here the calculated surface brightness
is the background of the images plus the residual galaxy surface
brightness from this removal. In the two most distant simula-
tions, the galaxies are smaller and the pipeline does not attempt

to remove the light and thus the calculated surface brightness
includes the background plus the galaxy.

The fraction of recovered GCs is mostly below 20% for
a surface brightness brighter than around 25 mag arcsec−2 and
then increases sharply to an 80−90% recovery fraction when the
local surface brightness drops below that. This surface bright-
ness threshold is the same for each simulation and thus inde-
pendent of distance. For the most distant simulation FoV4 we
find a spike for the recovery fraction at 21 mag arcsec−2, which
is likely due to the detection of the inserted nuclear clusters in
these simulations.

The surface-brightness of 25 mag arcsec−2 at which the
detectability is very high corresponds to about 4 times the effec-
tive radius of the simulated galaxy in FoV3 and FoV4, where the
pipeline does not automatically subtract the galaxy light. In the
two closest simulations FoV1 and FoV2 this limit is closer to
the core of the galaxy as the pipeline removes galaxy light from
foreground galaxies that span at least an entire detector.

We conclude that host galaxy light subtraction is required for
the detection of GCs close the host centre. For nearby (<20 Mpc)
galaxies, the Euclid pipeline does this in an automated, albeit not
perfect manner, whereas for galaxies at larger distances this will
have to be done separately. Only for ultra-faint dwarfs is this
effect negligible, as their central surface brightness levels are not
much larger than 25 mag arcsec−2.

We also tested whether there was a general magnitude depen-
dence of the recovery fraction. The overall detectability is shown
in the right panel of Fig. 9, where we find that the recovery frac-
tion does not depend directly on GC magnitude when they are
brighter than IE = 25. Only when the GC magnitude is close
to the VIS detection threshold we observe a sharp drop-off in
the detectability of a given GC; in our simulations this is the
case for our faintest GC magnitude bin, at IE = 25.5. At all
GC magnitudes brighter than this threshold, the detectability is
mainly driven by the location of the GCs in terms of local sur-
face brightness, which in the sky results from a combination of
distance to the host galaxy and galaxy light profile. This empha-
sizes the benefits one may obtain from galaxy subtraction prior
to detection, a feature that is not implemented in the standard
Euclid pipeline because it is not a requirement of its core sci-
ence program. The majority of GCs that we will detect with the
standard pipeline will be in the outskirts of the galaxies and not
within their half-light radius.

Finally, it is worth noticing that in FoV4 the recovery frac-
tion for the GCs placed on low surface-brightness galaxies is
96%. Euclid will excel at detecting the GCs of dwarf galaxies.
We refer to Saifollahi et al. (2025) and Marleau et al. (2025) for
first results in this area, based on early observations of both the
Fornax and the Perseus galaxy clusters.

3.4. Magnitude accuracy of the recovered globular clusters

Here we provide a basic test of how well the input GC prop-
erties are recovered by the automatic Euclid pipeline and how
accurately the recovered magnitude compares to the input mag-
nitude. We show the comparison of input VIS magnitude against
the recovered VIS aperture photometry in the left column of
Fig. 10. The aperture diameter used for the ouput VIS pho-
tometry is twice the FWHM of the PSF. We use aperture pho-
tometry instead of PSF photometry as our mock GCs are sub-
stantially more extended than the PSF. This figure shows only
those objects that had a match in the output data and does not
account for those that were not detected by the photometric
pipeline. Clusters inserted exactly at the centre of a galaxy were
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Fig. 9. Recovery fraction of GCs. Left panel:
Fraction of added GCs that have been detected
by the Euclid photometric pipeline as a function
of the local residual surface brightness at the
location of the GC. The four different symbols
are denoting the different configurations of the
simulations. Right panel: Fraction of detected
GCs by the Euclid photometric pipeline as a
function of the total input GC IE magnitude.
The Color codding is the same in both panels.

also removed, as their recovered magnitudes are inevitably too
bright.

As expected, the precision of the retrieved magnitudes
decreases with increasing distance of the modeled GC system.
The standard deviation of the retrieved magnitudes is around
0.1 mag for the closest FoV1 at 5 Mpc but increases to 1.8 mag
for FoV4 that covers distances of 40 to 60 Mpc. Out to 20 Mpc
distance the mean retrieved magnitude is in very good agreement
with the simulated input values. The mean magnitude becomes
brighter than the input value for the faintest GCs in the two more
distant simulations due to injected GCs approaching the detec-
tion threshold at 26 mag. Thus, close to the detection threshold
the retrieved magnitudes are likely biased due to contamination
by noise and neighbouring objects.

An important difference between the nearby simulations at 5
and 10 Mpc and the more remote ones, is that the nearby host
galaxies span more than one VIS-detector chip, and some of
the emission in their outer parts is removed by the background-
subtraction algorithm of the default pipeline. For the two more
distant simulations the size of the simulated host galaxies is
smaller, so that their light remains present in the mosaics. This
is likely a major source of added uncertainty in the retrieval of
GC magnitudes for the two simulations at larger distances.

In this section, we use the simulated VIS mosaics exactly as
they are returned by the pipeline. We could subtract the galaxy
light for the smaller galaxies, yet this type of manual intervention
into the imaging data will require a very large computational
cost due to the vast data size of the full EWS. Thus we want
to validate our GC detection accuracy on standard Euclid data
products. However, in the future it might be useful to remove the
host galaxy light in an additional step for selected sections of the
full Euclid survey that are of particular interest to EGCs, such as
in galaxy clusters.

3.5. Maximum surface brightness versus magnitude

The larger the distance, the harder it becomes to distinguish the
image of a GC from that of a point source, which may be a star
or a small background object. We will thus fall back to deriving
a catalogue of candidates for subsequent follow-up. Catalogue
column combinations that inform indirectly about source com-
pactness make it possible to reduce the number of candidates
drastically (Cantiello et al. 2018). For example in Voggel et al.
(2020) the astrometric excess noise tabulated in Gaia catalogues
was combined with magnitude around Centaurus A, and a source
catalogue of several million point-like sources was reduced to
several hundred good candidates, which then facilitated a much

more focused follow-up. In the central 30 kpc of Cen A, the spec-
troscopic success rate of that selection was 68% and outside of
30 kpc it dropped to 8% as in the sparse very outer regions real
GCs are more rare (Hughes et al. 2021).

We test the purity and completeness of a GC catalogue
based on simple selection criteria from the Euclid photomet-
ric catalogue that is provided with each observation. As this is
an idealised framework based on simulations with limited GC
sizes and magnitudes, and only a single type of host galaxy,
we assume that in reality the foreground/background separation
from the GCs will be somewhat more difficult than what we test
here. Nevertheless, this offers us a first estimate of the expected
contamination by fore- and background objects.

We plot the maximum surface brightness measured by the
Euclid pipeline on the VIS image of a GC against the ouput IE
magnitude in Fig. 11, for the four simulated FoV. We plot all the
sources of a given FoV in blue and the injected artificial GCs
in orange. The discrete distribution of GCs in this figure derives
from the fact that there are only six input GC magnitudes and two
GC sizes in the simulation. The objects that fall into a straight
vertical line at IE = 16−17 are the nuclear star clusters that we
placed at the centre of each galaxy. Their magnitude is heavily
affected by the host galaxy and they are not well visible in FoV1
and FoV2 because there are only four and 16 galaxies and thus
nuclei in each of these FoVs. The surface brightness comparison
can be useful to identify GCs, as the maximum surface bright-
ness of GCs is in theory lower than those of stars, but higher than
for galaxies. The figure lets us evaluate how much that effect is
present in simulated Euclid data.

Figure 11 shows that the GCs fall into a specific parameter
space that is offset from the locus of galaxies and stars. Stars
form a tight sequence above the GCs location as they have a
higher surface brightness compared to GCs, and galaxies form
a cloud of data points at lower surface brightness. This separa-
tion of objects is clearest for the closest FoV1 at 5 Mpc and with
increasing distance in FoV4 the GCs do not separate out eas-
ily from background galaxies anymore. Their location in terms
of surface brightness has strong overlap with galaxies and stars,
and thus more parameters are needed to ensure an efficient pre-
selection of GC candidates.

4. Detecting globular clusters in early Euclid data

We can test the combination of selection methods further using
Euclid early-release observations (ERO) of the Fornax galaxy
cluster (Saifollahi et al. 2025; Cuillandre et al. 2024), which
have been acquired recently. The Fornax cluster was chosen
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Fig. 10. Comparison of magnitudes of simulated GCs. Left column:
Comparison of input and output IE magnitudes of the simulated GCs.
The distributions of measured magnitudes from the Euclid photome-
try pipeline are plotted against the input values, with the mean and the
extremes marked with horizontal bars. From top to bottom we show the
results for simulated FoV 1, 2, 3, and 4, which correspond to increasing
galaxy distance. The solid line marks the 1:1 relation. Right column:
Histograms of the differences between the input and output IE magni-
tudes for the GCs for the same four FoV.

because, being located at a distance of about 20 Mpc, it is one
of the nearest galaxy clusters to the Milky Way, and it contains
a large number of GC-hosting galaxies. Two VIS observations
with an exposure time of 560 s each were taken, centred on
position RA = 3◦36′8′′.759 Dec =−35◦16′00′′.38, and were co-
added and processed with an ERO-specific pipeline, which is
half of the expected observing time of the EWS where four
exposures are the standard. A cut out of the image focussed on
NGC 1374 is shown in Fig. 12. The co-added full image is shown
in the bottom panel of Fig. 13.

Follow-up observations of previous ground- and space-based
surveys of Fornax have established a set of spectroscopically
confirmed GCs (Saifollahi et al. 2021; Chaturvedi et al. 2022),
that we can use to train an automatic classification algorithm. We
initially intended to use Euclid-pipeline catalogues for the For-
nax VIS data to ensure comparability with the results from the
simulations, but this was not possible so early after launch with
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Fig. 11. Maximum surface brightness of all sources in the Euclid output
catalogue of each of our four simulated tiles as a function of the IE mag-
nitude. All sources are plotted as the blue density distribution and the
GCs that we added to the simulations are shown as the orange density
distribution.

Fig. 12. Cut-out of the Euclid VIS image focused on NGC 1374. The
circles mark the location of the GC candidates in this region.

data taken in a sequence that does not correspond to the standard
sequence of the future EWS. We thus ran Source Extractor
(Bertin & Arnouts 1996) on the VIS images independently of
the pipeline. The resulting catalogue is called the ‘ERO-Fornax
catalogue’ hereafter.

When matching the known GCs with the ERO-Fornax cata-
logue, we found a handful of sources with ellipticity e > 0.6 and
FWHM > 0.75 pixels in the VIS images. Typical GCs are round
and do not have large half-light radii. We clipped our sample
at 3σ above the mean in FWHM and ellipticity, which resulted
in a sample of 181 GCs with ellipticities smaller than 0.38 and
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Fig. 13. Spatial distribution of GC candidates. Top panel: Positions of
the 1541 high likelihood GC candidates are shown as black data points
and location of the main galaxies is shown as white crosses. The colour
and contour shows the normalised kernel density estimate of GC den-
sity. Bottom panel: The Euclid image from the VIS instrument in the IE
band. The white locations are where there are gaps in the data.

FWHM < 0.64 pixels. Upon visual inspection, we found that
the rejected sources were affected by blending with faint nearby
sources, although this did not trigger the blending flag in Source
Extractor as these blending sources were too close and faint
to be picked up as secondary sources. In two of these objects
they were close to the centre of larger galaxies, which caused the
faulty ellipticities. Sources that are blended will be challenging
cases to identify as bona fide GCs with such automated classifi-
cation methods.

The ERO-Fornax catalogue provides us with magnitudes in
apertures of different sizes and basic size measurements such as
the FWHM for all detected sources in the field. More details
on this catalogue are given in Saifollahi et al. (2025). The goal
was to identify a parameter subspace in which a good classifi-
cation could be achieved, thus distinguishing between the dif-
ferent classes of objects. We use the IE magnitude, FWHM,
ellipticity, and central surface-brightness parameters, which are
comparable to the parameters used in the simulation test. The

0.0

0.5

1.0

1.5

2.0

C 4
8

a)

0.0

0.5

1.0

1.5

FW
HM

 [p
ixe

ls]

b)

0.0

0.2

0.4

0.6

0.8
El

lip
tic

ity
c)

14 16 18 20 22 24
IE [mag]

15

20

Ce
nt

ra
l 

 [m
ag

 a
rc

se
c

2 ]

d)

Fig. 14. Parameters of detected sources against VIS IE magnitude. Panel
a is the concentration index C4−8, which is the difference in magnitude
between the aperture with a radius of 4 and 8 pixels. The parameter
shown in panel b is the FWHM of the sources in arcsec, panel c is
the ellipticity and panel d is the maximum surface brightness. All four
parameters are derived from the ERO-Fornax catalogue and are intrin-
sic size parameters deconvolved with the PSF. Known GCs are shown as
red symbols. The blue shaded density distribution represents all photo-
metric sources in the Fornax FoV. The yellow, orange, red and maroon
ellipses mark the levels that include 95%, 90%, 68%, and 50% of all
known GCs in the Gaussian mixture output.

ERO-Fornax catalogue contains no concentration parameter. We
thus constructed a new one that is the difference between mag-
nitudes in an 4-pixel and a 8-pixel aperture, labelled C4−8. In
Fig. 14 we show the distribution of our training set of known
GCs (red) in comparison to the full ERO-Fornax catalogue (blue
density bins). Although the Euclid data set extends to 26 magni-
tude, we decided to limit our data set for classification to IE ≤ 24
because that is the magnitude limit of our training sample.

A251, page 11 of 18



Euclid Collaboration: A&A, 693, A251 (2025)

0 200 400 600 800
log10 (Likelihood)

100

101

102

103

104

105

Nu
m

be
r o

f s
ou

rc
es

All Sources
Known GCs

Fig. 15. Non-normalised distribution of log-likelihoods of extracted
sources: known GCs (orange) and all sources (blue). The vast major-
ity of the source catalogue falls in the smallest bin of probability, which
includes all log-likelihoods below 40 in the units of this figure.

We train a Gaussian mixture model on the known GCs in
the five-dimensional parameter space defined above. The results
of this training is shown as ellipses in Fig. 14. The red and yel-
low ellipses mark the levels that include 50%, 90%, and 95% of
all known GCs in the Gaussian mixture output. This Gaussian
model, which is essentially a description of the region of five-
dimensional parameter space accessible to GCs, is then applied
to the whole photometric data set of 32 554 sources brighter than
24 mag whose nature is unknown. Sources near the centre of
the Gaussian model are intrinsically more likely to be GCs than
sources near the outer contours. The corresponding likelihood
distribution of all sources is shown in Fig. 15. At the cost of
lower completeness, one could consider additional truncations
based on the preferential locations of non-GC populations, but
we focus on completeness here.

The vast majority of the catalogue sources have very small
likelihood values and are thus easily excluded as GCs. The tail
at high likelihoods for the full catalogue is where the most
likely GCs are located, with properties similar to those of known
objects. We make a cut at a log-likelihood of 8.5 (in the units of
Fig. 15) for objects that we consider good candidates. That value
corresponds to the ellipse that includes 90% of all known GCs
(second ellipse from the outside in Fig. 14) assuring a good com-
pleteness of our candidate sample. This results in 1541 sources,
out of 32 363 in total, that we consider as good GC candidates.
The known objects have been removed from the source cata-
logue so these are all new candidates. While we do expect a sub-
stantial contamination of faint galaxies and stars, the decrease
of our original source catalogue by 95% is the key for an effi-
cient selection of GC candidates solely from the photometric
catalogues of the full EWS.

The spatial distribution of the 1541 high-likelihood GC can-
didates is shown in the top panel of Fig. 13. The colour and con-
tours in the top panel are the normalised kernel density estimate
for the GCs using a Gaussian kernel.

The density of GC candidates peaks at the location of the
main galaxies in the Fornax FoV (marked with a white cross).
This is consistent with what we expect from typical GC sys-
tems, which display a radially decreasing number density pro-

file centred on their host galaxy. This suggests that our auto-
matic selection method is picking up a large number of real GCs.
From this figure it appears that there is a bridge of overdensity
of GCs between the galaxies going from NGC 1387 at the bot-
tom left of the FoV to the galaxy on the very top (NGC 1380) as
well as to the galaxies on the right side of the FoV (NGC 1374
and NGC 1379). However this impression of a bridge of intra-
cluster GCs could also be caused by a projection effect of the
GC systems of the two smaller galaxies along the path of these
two ‘bridges’. Three such intracluster GC bridges were found
in the Fornax deep survey (Cantiello et al. 2020), however our
FoV does not cover those three previously known GC bridges. A
more detailed analysis of the intracluster GCs and a comparison
to the intracluster light is presented in Saifollahi et al. (2025).
With the full Euclid survey data, such bridge-candidates will be
detectable in all nearby galaxy clusters.

The above analysis shows the efficiency of the training
method in a field with known GCs. For nearby galaxies and clus-
ters this will enable us to derive a candidate catalogue with a
high completeness based solely on catalogue data. Such a pre-
dictive modelling has the advantage that it is computationally
cheap and fast, thus enabling an efficient selection of GC candi-
dates for further study. We do expect significant contamination
from both foreground and background sources, but the removal
of typically more than 90% of contaminants will enable us to
make a very efficient follow-up while keeping a large complete-
ness of GCs in our sample.

This method is also adaptable to fields where we have no
good training sets. Using the expected FWHM and magnitude
of GCs at a given distance one can use a method similar to a
‘matched filter’ where the location of GCs can be modeled given
an array of possible distances. These expected parameter spaces
can then be used to provide the best GC candidates even in a
field where we do not know the distances of potential GCs. Here
we investigated, how detecting GCs in Fornax could be scaled to
the real Euclid data. This simple and computationally efficient
method is able to reduce background contamination by at least
90%, indicating that such a machine learning analysis based on
GMM is a very promising approach.

5. Size measurement for globular clusters in VIS
images

The 0′′.14 FWHM of the VIS point-source images allows us to
carry out size measurements for GCs in nearby galaxies. GC
sizes are useful to establish their membership of the host galaxy
and also to measure distances (Jordán et al. 2005; Masters et al.
2010). We take the catalogue of 233 spectroscopically confirmed
GCs from Saifollahi et al. (2021) that fall within the coverage
area of our Fornax VIS observations and use these as a vali-
dation sample for size measurements based on light-profile fit-
ting. These GCs are all brighter than r = 23 with their magni-
tude distribution peaking at r = 21.5 and the brightest GC is at
r = 18.7. As a reference we also fit known stars, which are true
point sources. The two codes used are Ishape (Larsen 1999)
and GALFIT (Peng et al. 2002). Both fit two-dimensional ana-
lytic profiles convolved with the PSF to the image of a source,
provide the best-fit parameters and allow the user to examine
model-subtraction residuals.

First, we create postage stamp cut-outs of 300 pixels ×
300 pixels centred on each known GC that will then be fed into
GALFIT (Peng et al. 2002). GALFIT also requires an input PSF
with which the models are convolved. We derive this PSF by
oversampling and stacking the bright and non-saturated point
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sources using SWarp (Bertin et al. 2002). The point sources for
the modelling were selected to be non-saturated and to fall well
within the magnitude, FWHM, ellipticity, and classifier parame-
ter range of typical stars. More details on this PSF creation are
given in Saifollahi et al. (2025). We use the same PSF for both
papers.

We then fit each of the known GCs with a King light profile
(King 1962). We use a standard King profile and fit for the core
radius rc and the concentration c := rt/rc, where the tidal radius
rt is set to rt = 1′′.2. Fixing the latter is necessary because the
faint truncation radius is not well constrained by the data, a free
search often causing GALFIT to fail to converge. The results for
rc are not very sensitive to the choice of rt among values com-
patible with normal GC or UCD properties. Adopting a distance
of 20.9 Mpc to Fornax (Blakeslee et al. 2009), rt = 1′′.2 corre-
sponds to a core radius of 4 or 5 pc when c = 25 or c = 30, or
an FWHM of 8 to 10 pc (0′′.8 to 0′′.1), which is representative of
a large GC or a small UCD.

All other parameters in the fitting procedure such as posi-
tion, central surface brightness, core radius, and the axis ratio
are allowed to vary. We perform a similar fitting of light profiles
of the confirmed GCs using Ishape as a comparison method.
Ishape also needs a PSF, which is convolved with the analytic
King model (King 1962) until the best fit to the data is obtained.
The PSF was derived by a similar procedure as described above,
and then oversampled by a factor of 10 as required by Ishape.
In the Ishape run only circular light profiles were allowed. The
Ishape fits also assume a King profile, in this case with a fixed
concentration parameter of c = 30.

We also select known stars from Gaia DR3 in our field of
view to make a comparable measurement for them and use them
as a baseline for a non-extended source. For this, we select
every Gaia source in the ERO field-of view that had parallax and
proper motion in both RA and Dec direction detected at higher
than 3σ. We also require that they are fainter than 19th magni-
tude (in Gaia G) to avoid possible saturation in the Euclid VIS
band, which occurs at around 18th magnitude.

Figure 16 shows the distribution of estimated intrinsic
FWHMs of the three source categories: known GCs measured
with GALFIT (blue) and with Ishape (red), and known stars
(green dashed). The stars selected with Gaia are unresolved
as expected, with estimated intrinsic FWHMs smaller than
0′′.03. The spectroscopically confirmed GCs or UCDs are mostly
extended, with estimated intrinsic FWHMs between 0′′.03 and
0′′.1. This corresponds to a physical size of 3 pc < FWHM <
10 pc, which is equivalent to half-light radii of 4 pc < rh < 15 pc
(with some dependence on the value of c). If for simplicity we
consider that normal GCs have half-light radii between 1 and
10 pc while very bright GCs or UCDs have larger radii between
10 and 50 pc (Jordán et al. 2005; Liu et al. 2020), this shows that
we do resolve the half-light radii of all the compact objects but
the smallest GCs.

To further validate our size measurements on the VIS
images, we compare with the catalogue of GC properties from
the ACS Fornax Cluster Survey, ACSFCS (Jordán et al. 2015).
In that work, GC half-light radii were measured on HST/ACS
images by fitting King (1966) models, convolved with the PSF,
to the ACS images. As HST has four times the effective area
of Euclid and the ACS images are sampled at 0′′.05, these data
provide a useful reference against which our measurements can
be verified. The ACSFCS catalogue contains sources to a lim-
iting magnitude of z ' 25 [AB]. The result of this compari-
son is shown in Fig. 17 for the ACSFCS z-band measurements.
The FWHM values measured by Ishape have been converted
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Fig. 16. Size distribution of known GCs in the Euclid imaging. The
blue histogram shows the results from GALFIT and in red those from
Ishape. The comparison data set of known stars is shown as dashed
green histogram.
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Fig. 17. Globular cluster half-light radii measured with Ishape on
Euclid VIS images versus measurements from the ACS Fornax Clus-
ter Survey (Jordán et al. 2015).

to half-light radii adopting the 0′′.1 pixel scale of the VIS instru-
ment and the conversion rh = 1.48 × FWHM as appropriate for
a King c = 30 profile (Larsen 1999). The full set of sources
contained in the ACSFCS catalogue that also have Euclid size
measurements are shown with black dots, while sources brighter
than z = 22 are shown with red dots. Overall, the two indepen-
dent size measurements show a strong correlation and follow the
1:1 relation (indicated by the dashed line) quite well. The stan-
dard deviation of the difference between the two sets of mea-
surements is σACS−Euclid = 0′′.024 (2.2 pc) for the full sample and
σACS−Euclid = 0′′.013 (1.2 pc) for z < 22. Again, this shows that
with careful modelling of the PSF, it is possible to measure sizes
for objects down to a small fraction of the size of a pixel.
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This first size analysis shows that with Euclid imaging we
can obtain a measurement of GC sizes at the distance of Fornax
('20 Mpc). It is clear that accurate modelling of the PSF will
be crucial to the classification and measurement of such com-
pact sources. Sampling effects may also play a role in order to
preserve information at the sub-pixel level. Because our Fornax
VIS mosaic is based on just two images instead of the four that
would be available in the standard Euclid Wide Survey, we post-
pone the analysis of other recovered model parameters to future
work.

6. Conclusion

In this work, we have tested how well GCs can be detected in
Euclid VIS imaging in both simulated pre-launch images and the
first early-release observations of the Fornax cluster. We aimed
to study the potential and capabilities of the Euclid Wide Survey
for the discovery and study of GCs in general. Our main findings
are as follows.

Based on empirical scaling relations that relate GC num-
bers to magnitude, together with a catalogue of known galax-
ies within 100 Mpc that fall in the 14 000 deg2 footprint of the
Euclid Wide Survey, we expect these local-Universe galaxies to
host around 830 000 GCs of which about 350 000 are within the
surveys detection limits of the IE band. For about half of these
GCs we predict that three infrared colours in the YE, JE, and HE
bands will be available as well.

These numbers provide a first prediction, but the final num-
ber of GCs could be lower depending on our ability to correct
for contamination from the light of the host galaxy or for blend-
ing with foreground and background sources. However, these
losses might be compensated by the fact that not every galaxy
within the local Universe is included in the HECATE catalogue
that was our main reference, due to incompleteness at the faint
end of the galaxy luminosity function. The GCs in these missing
dwarf galaxies will add to those estimated GC numbers. Fur-
thermore, this estimate does not include any intracluster or intra-
group GCs, whose numbers in relation to galaxy-cluster mass is
not well understood. Our study shows that Euclid will be able to
provide an estimate of the intracluster GC abundance in local-
Universe galaxy clusters. Thus overall it is likely that the quoted
numbers of detectable GCs are only a lower limit and the true
numbers are even higher.

The typical magnitude limit of the Euclid Wide Survey in the
VIS images is at IE = 26.2, which means that at 50 Mpc around
50% of a typical GC system is within the detection limit. There-
fore for any galaxy within that distance the brighter half of its
GC luminosity function will detectable by Euclid. At distances
below 50 Mpc we cover the peak of the GC luminosity function
whose peak can be used as a distance measure (e.g., Whitmore
1997). In Saifollahi et al. (2025) the GC luminosity function and
its peak magnitude was well determined in Fornax cluster galax-
ies based on GC candidates only, thus serving as a rough distance
estimator.

GCs will also be detected in the infrared YE, JE, and HE
bands down to a magnitude limit of IE = 24.5. Infrared colors
are crucial to study a GCs stellar populations and to help distin-
guish them from fore- and background objects. This magnitude
limit implies that the brightest half of a GC system of a given
galaxy is detectable in the infrared out to 30 Mpc of distance.

The detectability of GCs depends strongly on their contrast
against the residual surface brightness surrounding it. For galax-
ies with smooth profiles, we find that a nearly full recovery frac-
tion of 80 to 90% is expected at a residual host galaxy surface

brightness of 25 mag arcsec−2 in IE, which is independent of dis-
tance. This surface brightness limit corresponds to 5 times the
effective radius of the host galaxy at a distance of 20 Mpc when
no galaxy light is removed. With a careful removal of the host
galaxy light, GCs can be detected much closer to the centre of
the galaxy and thus the removal of galaxy light is crucial for the
detectability of GCs. As removal of host galaxy light is costly,
we predict that Euclid will have much more complete detection
of GCs beyond the effective radii of host galaxies.

We used early Euclid data on the Fornax cluster to test our
ability to select candidate GCs from a photometric catalogue.
We have successfully trained a mixture model on the location of
spectroscopically confirmed GCs in the photometric catalogue
of the observations. We assigned a likelihood to be a bona fide
GC depending on their location in a five-dimensional parame-
ter space that includes magnitude, surface brightness, and size
as well as a parameter for concentration. Making a reasonable
likelihood cut that ensures 90% completeness in our training set,
we derive a set of about 1500 new GC candidates within the For-
nax cluster field observed by Euclid. This selection has reduced
the initial photometric source catalogue by 95%. The method is
computationally efficient as it only requires a photometric cat-
alogue of the Euclid observations and an expected parameter
space of GCs at a given distance as input parameters. This is
essential as a full re-analysis of all Euclid images to study GCs
is computationally prohibitive. Therefore, we plan to use a strat-
egy akin of a matched-filter method where we comb the Euclid
photometry for a given set of expected GC properties at each of
several distances for a first selection of GC candidates.

We test how well GCs are spatially resolved in early Euclid
images of the Fornax cluster. Typically, in space-based images,
light profile fitting was used to determine which objects are bona
fide GCs, and sometimes also to establish the cluster member-
ship of their host galaxies as well as to measure their distances.
With Euclid this is possible as well, however the exact limits for
which GCs will appear as extended are hard to estimate from
empirical scaling relations and simulations alone. With the new
first release Euclid data of Fornax we have measured the sizes
of known GCs in the cluster with two different methods. For
objects that we can clearly distinguish from stars, we find sizes
of 4 pc < rh < 15 pc, that correlate well with Hubble Space Tele-
scope sizes where these are available.

This demonstrates that the sizes we measure for those GCs
are true extensions. The typical half-light radius of GCs in the
Universe is close to 2 pc, and is equivalent to only 0.2 pixels in
the VIS imager at the distance of Fornax. This is in the grey
zone in which the present exploration, which uses a non-optimal
mosaic of only two VIS images and a single PSF-model, does not
always provide a clear separation from stars. The better signal-
to-noise ratio of standard survey images and a more accurate
modelling of the PSF will be crucial to the classification and
measurement of such very compact sources. However, this result
shows that we can indeed measure the sizes and light profiles of
most GCs at d < 20 Mpc, and once the full Euclid survey is
available, the improvements in the modelling of the PSF with
increasing experience of the data will improve this limit further.

7. Outlook

In this paper we have shown the potential that Euclid data will
present for advancing globular cluster science in the future. We
estimate that there are 350 000 ± 5000 GCs that are possibly
detectable in the Euclid IE band. This value is based on taking
into account all known galaxies within 100 Mpc in the Euclid
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Wide Survey area, and on estimating their total number of GCs
and their magnitude distribution. This number is an estimate on
how many GCs should be visible in Euclid VIS images. The
real number will likely be higher due to the number of intra-
cluster GCs that were not included in the simulation as well
as the faint-end incompleteness of our input galaxy catalogue.
This increase might be offset by a reduction in detected GCs due
to host-galaxy background contamination, blending, and other
observational effects.

We also expect high-resolution VIS-imaging data for hun-
dreds of thousands of GCs and detailed infrared colours for
about half of those enabling us to produce the largest homoge-
nous GC candidate catalogue in an non-spatially biased survey
area over a third of the sky. Such a catalogue will contain many
newly detected GCs, especially in the distant outskirts of galax-
ies and in the intracluster areas and allow for a census of GC
colours, positions, luminosity function and other properties as a
function of host galaxy. Such a catalogue will also allow for tar-
geted spectroscopic follow-up of GCs that makes them usable
as dynamical tracers of galaxy mass profiles and the dynamical
state of entire galaxy clusters.

Using the first real Euclid data on the Fornax cluster we
found that the generation of GC candidate catalogues using
machine learning is an efficient method to reduce the initial con-
taminants from the source catalogue by 95%, while keeping the
completeness above 90%. This efficient reduction into a can-
didate catalogue allows more efficient targeted follow-up stud-
ies of the light profiles as well as spectroscopic follow-up and
confirmation of bonafide GCs. Such automatic classification is
extremely computationally efficient and can be easily expanded
to a blind search across the whole Euclid Wide Survey footprint
by using the expected parameter range of GCs depending on
their distances. In the future we plan to employ a matched fil-
ter technique where we find GCs for their expected parameter as
a function of distance. Such a matched filter run with a whole
range of distances can provide GC candidates even for galaxies
where we have no estimate of their distance. Such an efficient
selection method is essential as the data volume of Euclid images
is much too large to use standard manual GC search methods.

Having used the Fornax cluster as a benchmark, we confirm
that individual GCs are spatially more extended than pure point
sources at 20 Mpc. This knowledge shows that a catalogue of GC
light profiles and structural parameters will be possible for all
sufficiently bright GCs within within 20 Mpc in the future Euclid
data. Our analysis of both simulated and first real data shows the
vast number of GCs that will be present in Euclid image and will
be spatially resolved and have infrared colours. We expect Euclid
to be revolutionary to GC science by increasing the number of
GCs accessible with space-quality high-resolution imaging by
an order of magnitude or more. In particular, the wide field cov-
erage of 14 500 deg2 enables us to search for GCs in a way that is
not biased towards the centres of galaxies. We especially expect
a lot of new discoveries in the outskirts of galaxies and for intra-
cluster GCs, which have been not studied with space telescopes
that have a small field-of-view.
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