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Euclid: Early Release Observations of ram-pressure stripping in
the Perseus cluster

Detection of parsec-scale star formation within the low surface brightness
stripped tails of UGC 2665 and MCG +07-07-070*
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ABSTRACT

Euclid is delivering optical and near-infrared imaging data over 14 000 deg” on the sky at spatial resolution and surface brightness levels that can
be used to understand the morphological transformation of galaxies within groups and clusters. Using the Early Release Observations (ERO) of
the Perseus cluster, we demonstrate the capability offered by Euclid in studying the nature of perturbations for galaxies in clusters. Filamentary
structures are observed along the discs of two spiral galaxies, UGC 2665 and MCG +07-07-070, with no extended diffuse emission expected from
tidal interactions at surface brightness levels of ~30 mag arcsec™2. The detected features exhibit a good correspondence in morphology between
optical and near-infrared wavelengths, with a surface brightness of ~25 mag arcsec™, and the knots within the features have sizes of ~ 100 pc,

* This paper is published on behalf of the Euclid Consortium.
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as observed through I imaging. Using the Euclid, CFHT, UVIT, and LOFAR 144 MHz radio continuum observations, we conducted a detailed
analysis to understand the origin of the detected features. We constructed the Euclid I — Yy, Yg — Hg, and CFHT u —r, g —i colour-colour plane and
show that these features contain recent star formation events, which are also indicated by their Ho and NUV emissions. Euclid colours alone are
insufficient for studying stellar population ages in unresolved star-forming regions, which require multi-wavelength optical imaging data. There
are features with red colours that can be explained by dust being stripped along with the gas in these regions. The morphological shape, orientation,
and mean age of the stellar population, combined with the presence of extended radio continuum cometary tails can be consistently explained if
these features formed during a recent ram-pressure stripping event. This result further confirms the exceptional qualities of Euclid in the study of

galaxy evolution in dense environments.

Key words. galaxies: clusters: intracluster medium — galaxies: evolution — galaxies: spiral — galaxies: star formation

1. Introduction

Star-forming galaxies in the Universe follow a tight relation
between the star-formation rate and the stellar mass, which
has been observed to be present from redshift z ~ 6 to 0
(Brinchmann et al. 2004; Salim et al. 2007; Noeske et al. 2007,
Elbaz et al. 2007; Daddi et al. 2007; Popesso et al. 2023). The
existence of this relation since early epochs suggests that the
process of gas condensation and star formation is well-regulated
and closely tied to the galaxy’s gravitational potential well. Pri-
marily, star-forming galaxies have spiral morphologies, where
gas stabilises and collapses to form new star-forming regions in
the disc, a process regulated by the availability of atomic and
molecular hydrogen (Kennicutt & Evans 2012). In dense envi-
ronments, including galaxy clusters and groups, external pro-
cesses such as galaxy mergers, starvation, thermal evaporation,
ram-pressure stripping, and tidal interaction with the cluster
potential can alter the gas content and star formation process
(see for reviews Boselli & Gavazzi 2006, 2014; Cortese et al.
2021). When galaxies fall into galaxy clusters for the first
time, they can experience mergers on the outskirts that disrupt
their gas and stellar content, potentially triggering a starburst
episode that rapidly depletes fuel for regulated star formation
(Barnes & Hernquist 1992; Barnes 2004). The cluster environ-
ment can cut off the gas supply to galaxies, leading to a grad-
ual reduction of star formation, known as starvation, which
slows down the star formation rate once the galaxy becomes
a satellite of a larger halo (Larson et al. 1980). The cluster
potential can create perturbations to galaxies and even disrupt
low-mass galaxies falling in radial orbits close to the clus-
ter centre (Valluri 1993; Moore et al. 1996; Mastropietro et al.
2005). The cold interstellar medium (ISM) of a galaxy can
interact with the surrounding hot intracluster medium (ICM),
leading to thermal evaporation (Cowie & Songaila 1977). Ram-
pressure stripping (RPS) can remove gas from the disc of an
infalling gas-rich spiral galaxy, dragging its interstellar medium
into the surrounding intergalactic medium (Gunn & Gott 1972;
Boselli et al. 2002). This process can be observed in the form
of stripped tails in CO, radio continuum, HI, dust, He, and
X-rays (Gavazzi et al. 2001; Vollmer et al. 2004; Kenney et al.
2004; Sunetal. 2006; Chungetal. 2009; Yagietal. 2010;
Merluzzi et al. 2013; Fumagalli et al. 2014; Abramson et al.
2016; Jachym et al. 2017; Moretti et al. 2018; Poggianti et al.
2019; Roberts et al. 2021a,b; Ignesti et al. 2022). The trajec-
tory of the infalling galaxy, its properties, and those of the
cluster determine whether these processes act alone or jointly.
(Gullieuszik et al. 2020; Smith et al. 2022).

Hydrodynamical processes such as RPS act only on the
diffuse components of the ISM (gas, dust), leaving the stel-
lar component unaffected. They can easily be identified when-
ever the tails of stripped material do not contain stars.
Indeed, several examples exist of stripped tails of cold,
ionised, or hot gas without any associated stellar emission
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(Gavazzi et al. 2001; Boselli et al. 2016; Boissier et al. 2012;
Yagi et al. 2007, 2010, 2017; Jachym et al. 2017; Laudari et al.
2022; Serraetal. 2023). However, under specific and still
unclear physical conditions (Boselli et al. 2022), star forma-
tion can occur in the tails of stripped gas (Owen et al.
2006; Cortese etal. 2007; Smithetal. 2010; Owers et al.
2012; Ebeling et al. 2014; Fumagalli et al. 2014; Rawle et al.
2014; Poggianti etal. 2016, 2019; Bellhouse etal. 2017;
Gullieuszik et al. 2017; Boselli et al. 2018; George et al. 2018,
2023; Poggianti et al. 2025; George et al. 2025). Mixing the
cold ISM with the hot ICM is expected to warm up the cold
gas component, preventing its collapse into giant molecular
clouds, where star formation occurs. The occurrence of star
formation in the stripped tail is intriguing, as it takes place
outside the galaxy disc within the very hostile environment
of a hot ICM, with a temperature of 10’3 K (Sarazin 1986).
Within the stripped tails, spectacular trails form, and star for-
mation progresses as the galaxy moves within the cluster. The
nearly face-on or edge-on orientation of the in-falling galaxy
can make the star formation in the stripped tails appear to
have a different morphology. The smallest scales at which star
formation progresses in these regions, as well as their diffuse
extent, can set constraints on the nature of gas collapse within
the stripped tails (Portegies Zwart et al. 2010; Elmegreen 2010;
Elmegreen et al. 2014). To understand the size distribution of
star-forming knots in the stripped gas at the faintest levels and
the star-forming process in this hostile environment, it is nec-
essary to observe star-forming regions at high spatial resolu-
tion and low surface brightness. High-resolution optical imaging
of RPS galaxies can resolve knots of star formation in the
stripped tails at 50-100pc scales in nearby galaxy clusters
(Abramson & Kenney 2014; Kenney et al. 2015; Cramer et al.
2019; Boselli et al. 2021; Giunchi et al. 2023a; Gullieuszik et al.
2023; Waldron et al. 2023; Giunchi et al. 2025).

The recently launched Euclid mission, with its (0”716 spatial
resolution in I, can resolve these knots at 50 pc scales up to dis-
tances of 72.5 Mpc (z ~ 0.016). Perseus (Abell 426) is a massive
galaxy cluster (100 = 2.2Mpc, My = 1.2 X 10 Mo, velocity
dispersion = 1040 km s7!) located at a redshift of ~0.0167
(Aguerri et al. 2020; Cuillandre et al. 2025a). The core region of
the Perseus cluster is exceptionally rich in early-type galaxies,
with a strong deficiency in late-type systems (Kent & Sargent
1983). The galaxy cluster is located very close to the Galactic
plane (latitude —13 degrees). There are four known RPS galaxy
candidates in the central regions of the Perseus cluster (MCG
+07-07-070, UGC 2654, UGC 2665, and LEDA 2191078).
These RPS candidates have been identified from the presence of
cometary-shaped radio continuum tails at 144 MHz and from the
peculiar, asymmetric morphology of the stellar disc seen in
ground-based optical imaging (Roberts et al. 2022). The Euclid
satellite observed the Perseus cluster in optical (/) and infrared
(Y, Ji, Hp) bands as part of the Euclid Early Release Observations
(ERO; Euclid Early Release Observations 2025) programme.
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Two of these galaxies (MCG +07-07-070 and UGC 2665)
are included in the Euclid ERO field with near-simultaneous
co-aligned imaging in the optical and near-infrared.

The goal of this paper is to demonstrate the possibility
opened up by Euclid in studying galaxy evolution in dense envi-
ronments. We demonstrate this through a study of star-forming
regions in the tails and main bodies of the galaxies UGC 2665
and MCG +07-07-070, made possible by the high spatial resolu-
tion and low surface brightness regime of Euclid’s optical and
near-infrared imaging observations. The dominant perturbing
mechanism can be first established using Euclid imaging data.
The features resulting from gravitational perturbations are dif-
fuse and include shells, plumes, and tidal tails (Bilek et al. 2020).
On the other hand, those related to RPS are filamentary and
clumpy, with a cometary shape, as expected from star formation
in the stripped gas (Boselli et al. 2022). The sensitivity to low
surface brightness features, in addition to the angular resolution
offered by Euclid, can be used to identify the dominant perturb-
ing mechanism (gravitational or hydrodynamic), resolve the star-
forming regions in the stripped material, and reconstruct their
star formation history. Finally, our results demonstrate the capa-
bilities of the Euclid Wide Survey (EWS) in detecting low sur-
face brightness features around galaxies across a large region of
the sky, enabling the study of galaxy evolution in different envi-
ronments. The low surface brightness imaging data from EWS,
which reaches 29.8 mag arcsec™2, will enable surface brightness
limits necessary to identify any possible perturbations induced
on the stellar component by gravitational perturbations, and thus
determine the dominant perturbing mechanism in rich environ-
ments on large, statistically significant samples. In identifying
galaxies undergoing an RPS event through morphological anal-
ysis of broadband imaging data, it is particularly important to
note that the lack of any evident perturbation in the stellar distri-
bution is crucial for ruling out gravitational perturbations.

Throughout the paper we adopt a standard flat ACDM
cosmology with Q, = 0.319 and Hy = 67kms 'Mpc~!
(Planck Collaboration VI 2020). Magnitudes are in the AB sys-
tem, and, in concordance with other Perseus ERO papers, we
adopted a distance of 72 + 3 Mpc to the Perseus cluster, where
1”” corresponds to 0.338 kpc (Cuillandre et al. 2025a).

2. Data and analysis

Cuillandre et al. (2025b) have presented details on FEuclid
ERO and data reduction optimised for preserving low sur-
face brightness features. We used the data products gener-
ated as part of the Perseus cluster observations, which are
described in detail in Cuillandre et al. (2025a). The Euclid
visible imager (VIS) has a broad passband (/i) that covers the
wavelength range 55009000 A (Cropper etal. 2014, 2016;
Euclid Collaboration: Cropper et al. 2025). The near-infrared
spectrometer and photometer (NISP) covers the wavelength range
9200-20 000 A using the Yz, Ji, Hy passbands (Maciaszek et al.
2014, 2016; Euclid Collaboration: Jahnke et al. 2025). Obser-
vations were taken centred on coordinates RA = 03"18™405,
Dec = 41°39°00” with a ~0.7 deg” field of view. The Perseus
imaging from ERO was created by combining four reference
observation sequences (ROS), whereas the EWS will consist
of one ROS (Euclid Collaboration: Scaramella et al. 2022;
Euclid Collaboration: Mellier et al. 2025). The final combined
image exposure time is 7456s in the [ filter and 1392.2s
in the Y;, Ji, and H; filters. Euclid VIS and NISP imaging
data have pixel scales of 0.1 arcsec pix~!' and 0.3 arcsec pix~!,
with angular resolutions of ~0716 and =0748, respectively.

This enabled us to achieve resolved spatial scales of ~54 pc in
VIS and 135 pc in NISP imaging observations of the stripped
tails. The limiting surface brightness of the Perseus clus-
ter field is 30.1 magarcsec™? in I;, 29.1 magarcsec™ in Y,
29.2 mag arcsec 2 in J,, and 29.2 mag arcsec™2 in H, for a 10" x
10" scale at 1o~ (Cuillandre et al. 2025a).

We used the optical broadband u, g, 7, i,z photometry and
narrowband Ha imaging data of the Perseus cluster field taken
with the Canada France Hawaii Telescope (CFHT) before the
Euclid launch. Details on the CFHT observations, data analysis,
and image quality for all the bands are given in Cuillandre et al.
(2025a). The image quality of CFHT band images varies between
u~ 1746,g~ 123, r= 0779,i~ 0756, z~ 0760, and Ha
~ 0749. The narrowband He ‘off” filter (CFHT ID 9604), centred
ond.=6719 A, has a width of 64 = 109 10\, which corresponds to
a heliocentric velocity range of 4660-9600 km s~! and is used for
Ha observations. We created the He stellar continuum-subtracted
(pure Ha+NTI emission) image by subtracting with the » band
image of the field.

We used the archival data of Perseus cluster observed using
the Ultra-Violet Imaging Telescope (UVIT) onboard AstroSat
(Agrawal 2006; Tandon et al. 2017). The level 2 data were gen-
erated using the latest version (7.0.1) of the UVIT pipeline
(Joseph et al. 2025). The observations are in the far ultraviolet
[FUV; filter F154W: Apean = 1541 A, 6, = 380 A. integration
time=11099 S]g and the near ultraviolet [NUV; filter N245M:
Amean = 2447 A, 6, = 280 A, integration time = 10966.4 s]. The
UVIT NUV imaging was performed using a narrowband filter
at ~1”72, compared to the FUV imaging done with a broadband
filter at ~1”/4 resolution. We used NUV N245M imaging in the
analysis as it offers a better resolution than FUV (Tandon et al.
2017, 2020).

We used the LOw Frequency ARray (LOFAR) 144 MHz
observations of Perseus cluster field for radio continuum emis-
sion from the galaxies. These observations were taken as part of
LOFAR Two-metre Sky Survey (Shimwell et al. 2017,2019). The
LOFAR 144 MHz image covers the central ~2° x 2° of the Perseus
cluster field, with aresolution of 6" and an RMS of 100 uJy/beam.
The details of the LOFAR data reduction and analysis are pre-
sented in Roberts et al. (2022), van Weeren et al. (2024).

We note that the data from other wavelengths are at different
spatial resolution and relative depths. Comparisons of observa-
tions from different instruments and wavelengths can be biased
by this sensitivity issue, especially when using Euclid’s low sur-
face brightness optimized imaging. This makes it difficult to
quantitatively compare the details of the galaxies at low surface
brightness between different wavelengths.

We used stellar masses derived from the spectral energy dis-
tribution fitting over the u, g, r, i, z, I, Yz, Ji, and H; photometry,
using the hyperz code (Bolzonella et al. 2000, 2010). The eftec-
tive radius is measured from the surface brightness profile using
AutoProf/AstroPhot. Details of the derivation of these quantities
are given in Cuillandre et al. (2025a).

A colour composite image of UGC 2665 and MCG +07-07-
070 made from I, Y;, and Hy band is given in Figs. 1 and 2.

3. Results

3.1. Identifying the dominant perturbing mechanism:
Gravitational or ram-pressure stripping

Galaxies infalling into rich clusters can undergo gravitational
interactions with the cluster potential as well as with other galax-
ies in the immediate vicinity. The gravitational interactions can
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Dec (J2000)

1 arcmin

RA (J2000)

Fig. 1. Colour-composite image of the UGC 2665 galaxy created by combining and assigning blue, green, and red colours for f;, Yg, and Hg
imaging data. The direction to the cluster centre is shown with a light magenta-coloured arrow. In the bottom right of the image, the blue patch is

an artefact caused by dichroic ghost in /; imaging.

create tidal features that form tails, shells, and plumes around the
galaxies (see galaxy images in Bilek et al. 2020, 2022). These
features, however, are normally very diffuse, with low surface
brightness, formed from the stars that are tidally pulled out of
the galaxies over a large region. On the other hand, RPS is a
purely hydrodynamic process in which the gas is first stripped,
sometimes appearing as filamentary cometary structures with or
without clumpy and compact regions, where new episodes of star
formation can occur (see Poggianti et al. 2016, 2019; Durret et al.
2021). We examine the primary mechanism responsible for the
features observed in the case of two galaxies, using imaging obser-
vations from Euclid and the associated data products generated as
part of ERO observations of the Perseus cluster.

3.1.1. Gravitational interaction with the whole cluster

The galaxy cluster can exert gravitational perturbations on
infalling galaxies. The constituent matter of a radially infalling
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galaxy is subjected to the internal acceleration of the galaxy
itself (aqq1), and the two components of the acceleration from
galaxy cluster potential: the radial acceleration (drydcruster)> the
gradient of which tends to enhance the elongation of a galaxy
along the galaxy-galaxy cluster direction, and the generally
much weaker transverse acceleration (@ans cluster ), the gradient of
which tends to contract a galaxy in the perpendicular directions
(Henriksen & Byrd 1996). When the cluster aaq cjuster OVErcomes
the agy, the perturbation can remove matter from the galac-
tic disc. We compute the radial acceleration dyagciuster €xerted
by the cluster on the galaxies using the following equation
(Henriksen & Byrd 1996),
Aradctusier = M(1) G [1/77 = 1/(R+1)’]. M
The mass of the cluster within the radius r, M(r), where r is
the distance of the galaxy from the cluster centre, is computed
using a concentration parameter ¢ = 6 and a Navarro-Frenk—
White radial density profile (Navarro et al. 1997), as described
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Dec (J2000)
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Fig. 2. Colour composite image of the MCG +07-07-070 galaxy. Details are same as in Fig. 1.

Table 1. Details on the two galaxies undergoing RPS in the Perseus cluster.

Galaxy RAJ2000) Dec(J2000)  Redshift Stellar mass R,  Dcenre Decenre  Velocity
Name h:m:s o M, kpc kpc 7200 kms~!
UGC 2665 03:19:27.37 +41:38:07.10  0.0258 1.78 x 1010 3.94 183 0.10 2441
MCG +07-07-070  03:20:22.02  +41:38:26.60  0.0130 2.14%x10° 4.80 220 0.12 1618

Notes. Spectroscopic redshift of the galaxies, stellar mass (M, ) and half-light radius (R.) from Cuillandre et al. (2025a). Projected distance from
the cluster centre (Deene) and velocity offset of galaxies from Roberts et al. (2022).

in Eq. (9) of Boselli et al. (2022). G is the gravitational con-
stant. We adopt the position of NGC 1275, the central type-
D giant elliptical galaxy, as the centre of the Perseus cluster
(Roberts et al. 2022). UGC 2665 is observed to be located at
a projected distance of 183 kpc from the centre of the clus-
ter (0.10ry00) with a velocity offset ~2441 km s~! from the
Perseus cluster redshift. MCG +07-07-070 is also found very
close to the cluster centre, with a projected distance of ~220kpc
(0.12 ry90) and a velocity offset with respect to the cluster ~1618

km s~! (Roberts et al. 2022). The proximity of both galaxies to
the cluster centre, along with their high-velocity offsets relative
to the cluster, suggests that they were recently accreted and are
likely experiencing their first infall. Table 1 gives details on the
two galaxies in the Perseus cluster taken from Cuillandre et al.
(2025a). We used the distance from the cluster centre (r), the
effective radius (R.) given in Table 1 and the dynamical mass of
the Perseus cluster at location of galaxy M(r) to compute the
Grad cluster USing Eq. (1). We computed ag, of the galaxy using the
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Table 2. Computed details on gravitational and hydrodynamical effects on two galaxies.

GalaXY Arad cluster/ Agal Arad neighbour/ Agal pPICM V2 2nG z:slarzgas
name dyn cm™? dyn cm™2
UGC 2665 0.011 (0.007,0.015)  0.00008 (0.00005,0.00012)  1.15 x 10~° 1.90 x 107!
MCG +07-07-070 0.40 (0.35,0.45) 0.0014 (0.0012,0.0016) 503x 1071 1.17x 10712

Notes. The ratio of radial acceleration due to cluster potential to the centripetal acceleration of galaxy (draciusi/@ga1), the ratio of radial acceleration
due to neighbouring galaxy to the centripetal acceleration of galaxy (@radneighbour/@ga) (With lower and upper limits given in brackets) and ram-
pressure (p;cm V?) and gravitation anchoring forces (2 7 G ZtarZgas) for the two galaxies.

following equation,
@

The dynamical mass of the galaxy (mgy,) is estimated using
the M, values given in Table 1. We used the method described
in Behroozi et al. (2013) where the halo mass versus stellar
mass/halo mass relation can be used to compute the median stel-
lar mass for a given halo mass. We note that the inverse of which
does not give the average halo mass for a given stellar mass
because of the scatter in the relation. Our goal is to get a rough
estimate of the mgy, of the galaxy from the M,. We therefore
computed the mgy, by considering the 0.01 dex scatter on the
M, /mgy, and put a lower and upper limit for the mgy,. Within
these limits we discuss whether the gravitational effects dom-
inate over hydrodynamic effects on these galaxies. The UGC
2665 has mgy, ~ 40 M, (lower limit ~ 29 M,, upper limit ~
67 M,.), and the MCG +07-07-070 has ~12.5 M, (lower limit
~ 11 M, upper limit ~ 14 M,).

When daq cluster/dgal > 1, the cluster potential can create grav-
itational perturbations able to remove matter from the infalling
galaxy. The computed @rad cluster/@gar Values for both galaxies are
given in Table 2. We should consider these values as upper lim-
its, as we used projected distances from the centre of the cluster
t0 COMPULE drad cluster- BOth galaxies are found to have ag, greater
than ar,qciyseer- The cluster potential may have a greater effect on
MCG +07-07-070, which has a slightly lower mass than UGC
2665. The truncation radius (Ryync), beyond which matter can be
removed by the cluster potential, was computed for both galaxies
as given in Binney & Tremaine (2008),

2
Agal = G mdyn/R .

Ruune = 7 [mayn /M]3, A3)

where r, M(r) from Eq. (1) and mgy, from Eq. (2). The trun-
cation radius is ~ 37 kpc for UGC 2665, while it is ~14 kpc for
MCG +07-07-070. The truncation radius might range in between
33kpc < Ryune < 44kpe for UGC 2665 and 13kpe < Ryype <
14 kpc for MCG +07-07-070 considering the dispersion on the
Mgyn. The isophotal radius measured at 26 mag arcsec™ from the
I image is 13.64 + 0.01 kpc for UGC 2665 and 13.12 +0.01 kpc
for MCG+07-07-070 (Cuillandre et al. 2025a). The truncation
radius values are larger than the isophotal radius of the galaxies
(comparable to MCG+07-07-070 lower limit), implying that it
is not possible for the cluster potential to pull out material from
the galaxy.

3.1.2. Gravitational interaction with nearby companions

We searched in NASA/IPAC Extragalactic Database (NED)!
for any nearby galaxy that could have gravitationally interacted

! https://ned.ipac.caltech.edu/
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with these two objects. We search within an area covered by
a circle with a 20 arcminute (~405 kpc) radius centred on the
galaxy and a velocity separation of 2000 km s~ (~2x veloc-
ity dispersion of Perseus). The galaxies are having spectroscopic
redshift information from the catalogue of Kang et al. (2024)
down to r-band apparent magnitude (rpeyo0) ~ 20.5. Stellar
masses of the galaxies are taken from Cuillandre et al. (2025a).
In the case of galaxy UGC 2665 (M, = 1.78 x 100 M),
67 galaxies meet these criteria, with the nearest two galaxies
being WISEA J031917.76+413839.6 (M, = 3.64 My x 10'°
M,,) located at a projected distance of ~ 40kpc to the west
with a velocity difference of 6v = 1577km s~! and WISEA
J031937.46+413758.3 (M, = 1.48 My x 10'° M), located at
a projected distance of ~40kpc to the east with a velocity dif-
ference of 6v = 831 km s~!. The two closest galaxies in velocity
space are WISEA J031848.10+412622.8 (6v = 3 km s~ located
at a projected distance of ~281 kpc and PUDG R24 (M, =3.91
x 108 M), (6v = 30km s™!), an ultra diffuse galaxy at a pro-
jected distance ~288 kpc (Gannon et al. 2022). The radial accel-
eration exerted by the nearest object on the perturbed galaxy can
be calculated using the same formalism discussed earlier in this
section, as given in Eq. (1), but with the cluster mass replaced
by the neighbouring galaxy mass and using the distance to the
neighbour (7) and the effective radius of the galaxy (R.). We
checked the dragneighbour/@gar for all the neighbouring galaxies
within the search radius of 405 kpc centred on UGC 2665 and
found that the highest value is 0.004 which is negligible.

There are 131 galaxies that meet this criteria for MCG +07-
07-070 (M. = 2.14 x 10° M) with the nearest galaxy NGC 1281
(M, =5 x 10" M) located at a projected distance of ~61 kpc
with a velocity difference 6v = 315.0km s~!. The closest galaxy
in velocity space is WISEA J031943.81+412725.1 (M, = 1.26
x 10" Mgy, 6v = 2km s7!), located at a projected distance of
~276 kpc. We checked the dyad neighbour/@gat for all the neighbour-
ing galaxies within the search radius of 405 kpc centred on MCG
+07-07-070 and found that the highest value is 0.09. The values
are much smaller when considering the nearest galaxy in veloc-
ity space. Additionally, we note that a high-velocity encounter
with another nearby galaxy can only remove mass from a galaxy
when the distance between them is shorter than the typical length
of the tidal tail and the galaxy’s mass is >1.33x dynamical mass
of the main galaxy (Boselli et al. 2022). We could not detect
any massive galaxies at the distances of the tail length to both
galaxies. Given the high-velocity dispersion (1040km s~') of
the cluster and the relatively high velocity of the galaxies, it
is unlikely that the galaxies are undergoing gravitational inter-
actions with other galaxies at the cluster centre that could lead
to the observed features. Another possibility is that interactions
with a group of galaxies can collectively perturb the galaxies.
In velocity space, we searched for galaxies within a 20 arcmin
radius centred on both galaxies, but we did not find any grouped
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Fig. 3. Colour scale I; image of galaxy UGC 2665 with the scaling set to highlight faint stripped features at the galaxy outskirts. The features that
are likely part of the stripped tail are marked with cyan boxes. Coloured contours overlaid on the image are for NUV N245M imaging data of the
galaxy in blue, Ha in red and 144 MHz radio continuum in black. The NUV and He contour levels created for 20, 40 and 60 are shown. The
contour levels created for 30, 60~ and 120" from LOFAR image are shown. The direction of the stripping feature is marked with magenta-coloured
arrows. White contours show isophote generated for surface brightness level of 30 mag arcsec™2.

systems that could have interacted with the galaxy. However,
as discussed in Boselli et al. (2023), gravitational interactions
between the galaxies could have occurred in the past, when they
were falling into the cluster outskirts, potentially perturbing the
stars and the ISM. Galaxies could have undergone preprocess-
ing in groups and got dispersed while falling into the cluster
(Dressler et al. 2004). This can then help strip the gas efficiently
as the galaxy moves to the denser regions of the ICM. We recall
here that the ram-pressure scales with the square of the velocity
of the galaxy times the density of the ICM. We cannot entirely
dismiss the possibility of gravitational interactions from any of
these neighbouring galaxies, and galaxy groups in the past, as
well as from the faint nearby galaxies with no confirmed spectro-
scopic redshifts. The gravitational perturbations caused by other
companions can combine with those due to the cluster potential
well (galaxy harassment), making the perturbing process much
more efficient (Moore et al. 1996). There can be galaxies in the
Perseus cluster that may be detected in Euclid imaging but are
not listed in NED due to being beyond the magnitude limits
of available spectroscopic surveys. Such galaxies can also exert
gravitational influence. In the case of UGC 26635, this is relevant,
since the galaxy that appears to be interacting from the southern
direction does not have confirmed redshift information.

We then analysed the /; imaging data to identify signatures of
gravitational interactions, such as tidal tails, shells, and plumes
around the galaxies, as well as asymmetries on the galaxy disc.
The colour composite images of the galaxies shown in Figs.
1 and 2 show several interesting details. The southern edge
of the disc of UGC 2665 is consistent with a smooth stellar

halo. In the case of MCG +07-07-070, there is diffuse emis-
sion extended along the end of the spiral arms. Isophotal anal-
ysis was performed on the I, images of the galaxies down to
surface brightness levels of 30 mag arcsec™2. The isophotes gen-
erated for these levels are overlaid on the galaxy images in Figs.
3 and 4. The galaxy images are generally symmetric, suggest-
ing that the underlying population that contributes to the bulk
of the galaxy’s stellar mass is not perturbed. The contamina-
tion from neighbouring stars and galaxies creates artefacts that
appear as connections in the surface brightness levels. In the case
of UGC 2665, there is a connection with the galaxy in the south
as shown in Fig. 3. There are features emanating from the disc
of the galaxies likely due to RPS but there are no faint diffuse
extended features expected from tidal interactions. Deep opti-
cal imaging is expected to reveal features from any gravitational
interactions in the form of isophotal asymmetries for the galaxy
disc (Duc et al. 2015; Boselli et al. 2023). We note these features
can be present below the surface brightness limits, as simula-
tions suggest the presence of such features at very low surface
brightness of 33 mag arcsec™? (Mancillas et al. 2019). However,
observations of a large sample of galaxies gathered with Mega-
Cam at the CFHT demonstrate that tidal features are rare at a sur-
face brightness limit below 27.5 mag arcsec™ (Sola et al. 2022).
The asymmetric structures seen in the images are mainly fila-
mentary and clumpy with a cometary shape. As shown in Figs.
3 and 4, these features have gradual surface brightness varia-
tion and appear to be escaping from the stellar discs detected
with a limiting surface brightness level of 30 mag arcsec™2 in the
I images.
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Fig. 4. Colour scale I; image of galaxy MCG +07-07-070 with the scaling set to highlight faint stripped features at the galaxy outskirts. Details

are same as in Fig. 3.

3.1.3. Ram pressure stripping

Ram-pressure stripping occurs when the hydrodynamic pressure
exerted on the cold ISM of an infalling galaxy moving at a veloc-
ity (V) into a galaxy cluster with an ICM density (ojcm) sur-
passes the internal gravitational force holding the cold ISM to
the galaxy disc. This can be expressed as

Pram = picm V2 > 271G Zggar z:gas, 4

where X, and Xg, represent the stellar and gas mass sur-
face density. Following the mathematical formalism given in
Boselli et al. (2022) we compute pjcm for the region around
the two galaxies in the Perseus cluster. We used the radial
variation of electron density (n.) in the Perseus cluster from
Churazov et al. (2003) to estimate the (projected) value at the
galaxy location (n, = 1072 cm™>) within the cluster. Xy, and
g5 are computed for both galaxies within their effective radii
using Eq. (20) of Boselli et al. (2022).

Since we do not have an estimate of the measured gas mass
for the two galaxies, we used Eq. (25) from Boselli et al. (2022)
to compute the total gas mass for each galaxy from the given
stellar mass, using the luminosity-dependent Xco conversion
factor provided in Boselli et al. (2022). The computed values
of the ram pressure and the gravitational anchoring forces for
two galaxies are given in Table 2. It is clear from Table 2 that
ram pressure exceeds the gravitational anchoring of gas for both
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galaxies (UGC 2665 by a factor ~61 and for MCG +07-07-070
by a factor ~430). We caution that the location of the galax-
ies within the cluster (and hence the ICM density) is estimated
based on the projected distance from the cluster centre. The
ram-pressure computation provides an upper limit, which can
decrease significantly depending on the true distance from the
centre, where the ICM density is correspondingly lower.

3.1.4. Multi-frequency analysis

The 20, 40, and 60 contours? of NUV (blue) and Her (red)
are overlaid on both galaxies in Figs. 3 and 4. Both the NUV
and Ha emission are due to the presence of recent star forma-
tion and follow the filamentary features seen in Euclid imag-
ing. Roberts et al. (2022) presents the LOFAR 144 MHz radio
continuum imaging of the two galaxies, which reveals the pres-
ence of extended, cometary tails extending from the galaxy disc.
This low-frequency, non-thermal radio continuum is from syn-
chrotron emission given off by cosmic ray electrons that were
accelerated by supernova within the galaxy disc. We overlay the
30, 60 and 120 144 MHz radio continuum contours (black) over
the I; imaging of the two galaxies in Figs. 3 and 4. We note that
the LOFAR imaging is at a lower spatial resolution of 6" com-
pared to the near-infrared, optical, and UV imaging presented

2 The term o is the sky RMS.
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here. The features detected from I; imaging of the two galaxies
are almost co-aligned with the radio-continuum contours, with a
slight displacement in the case of MCG +07-07-070.

Contributions to radio continuum emission can come
from physical mechanisms other than star formation
(van Weeren et al. 2019; Hardcastle & Croston 2020). These
include past and recent activity from an active galactic nucleus
(AGN) at the galaxy centre, as well as radio relics from recent
mergers found within the galaxy cluster. The presence of an
AGN can produce jets and create lobe-like features detectable
in LOFAR 144MHz radio continuum imaging. According
to the WHAN diagram (Cid Fernandes et al. 2011), which
combines the equivalent width (EW) of the He emission line
with the emission line ratio EW(NII)/EW(Ha), UGC2665
is classified as having a weak AGN, with an energy budget
insufficient to produce jet/lobe-like features (Meusinger et al.
2020). Another possibility is radio relics from cluster mergers
that can be detected through radio continuum imaging. The
orientation and appearance of the radio continuum contours
are more likely to be associated with galaxies than with the
cluster. The radio continuum emission is therefore associated
with the stripped tails of the galaxy and traces cosmic ray
electrons accelerated by supernovae. Cosmic ray electrons in
the stripped tails can undergo synchrotron aging, characterised
by a steep spectral index that can be flattened by the presence of
star formation (Roberts et al. 2022). The displacement of radio
continuum contours from the features seen in I; imaging for
MCG +07-07-070 can be explained by the detection of regions
with steep spectral index in 144 MHz radio continuum imaging.
The radio mini-halo detected around NGC 1275, the central
cluster galaxy, at 144 MHz overlaps with UGC 2665, which can
also contribute to radio continuum emission detected from the
RPS tail of the galaxy (Roberts et al. 2022).

The correspondence between the broadband optical emission
from these features and the presence of a radio continuum tail
strongly supports the RPS origin. First, the gas is stripped from
the galaxy, forming extended tails where star formation occurs
in situ, which is then visible as optical emission. The direction
of the tails can indicate a ram-pressure origin, since galaxies
falling into a cluster for the first time on radial orbits tend to have
tails oriented opposite to their velocity vector. The orientation of
the stripped tails can help in understanding the orbital dynamics
of the galaxy within the cluster (Smith et al. 2022; Salinas et al.
2024; George et al. 2024). However, this is complicated by the
effect of galaxy rotation when moving at high speeds within the
galaxy cluster environment.

3.1.5. Ram-pressure stripping as the dominant perturbing
mechanism

In summary, we emphasise that the morphology of the fea-
tures observed in Euclid imaging of both galaxies does not
display any diffuse tidal tail or shells, which would be
expected in recent gravitational perturbations, down to the lim-
iting surface brightness of 30.1 mag arcsec™> of Euclid I (and
similarly in the slightly shallower Y;, J;, H; imaging). The fea-
tures have a filamentary and clumpy structure, with a cometary
shape, which is expected in star formation occurring in the tails
of galaxies undergoing RPS. These features are extended and
have a low surface brightness connection to the galaxy’s disc. In
the case of MCG +07-07-070, the one-sided features from the
galaxy’s disc resemble the fireballs detected in the stripped tails
of galaxies in nearby clusters (Yoshida et al. 2008; Hester et al.
2010; Yoshida et al. 2012; Smith et al. 2010; Kenney et al. 2014;

Jachym et al. 2014, 2019; Giunchi et al. 2023b). The two galax-
ies have also extended radio continuum tails of cometary shape
that are co-aligned with the features detected in I; imaging. The
radio continuum tails have the expected morphology of ram pres-
sure stripping, where the stripped gas is displaced in the ICM,
while the in situ formed stars are not affected. This is particularly
clear in the case of MCG +07-07-070, where the radio contin-
uum detected tail is displaced from the features detected through
I; imaging. Galaxies experiencing their first infall should have
stripped tails pointing away from the cluster centre, which can
then be redirected towards the centre after a pericentre passage.
We observe that the tail of UGC 2665 is oriented away from the
cluster centre, whereas the tail of MCG +07-07-070 is oriented
towards the cluster centre, as shown in Figs. 1 and 2. As demon-
strated in Table 2, the location of both galaxies in the Perseus
cluster is far enough from the centre to avoid gravitational per-
turbations from the cluster potential, and ram pressure dominates
over the gravitational anchoring forces of the cold gas, which can
potentially strip the gas. Theoretical arguments, supported by
observational evidence from Euclid and multi-wavelength data
from UVIT, CFHT He, and LOFAR, suggest that the two galax-
ies are currently experiencing a RPS event. Still, the effect of
gravitational interactions in the past with other galaxies cannot
be fully ruled out. Such an interaction can perturb the gas con-
tent of the galaxy, loosening the tightly bound disc gas, thereby
making the RPS process more efficient (Cortese et al. 2021).

3.2. Ram-pressure stripping in optical and near-infrared
imaging

Having established the ram-pressure origin of the features
seen in the Euclid imaging data of the two galaxies, we then
conducted a combined analysis of the stripped tails of the
galaxies using both optical (/;) and near-infrared (Y;) imag-
ing data. The colour composite images of the galaxies, cre-
ated from optical and infrared imaging shown in Figs. 1
and 2, display filamentary dusty and stellar structures escap-
ing from their stellar discs, similar to those observed in a few
cluster objects with available HST data (Kenney et al. 2015;
Abramson et al. 2016; Cramer et al. 2019). Next we discuss the
morphological features detected in the Euclid imaging for both
galaxies.

UGC 2665 is a spiral galaxy, morphologically classified in
NED as Scd, which lacks a bulge. The galaxy is observed almost
edge-on, with a measured axis ratio of 0.444 from /; imag-
ing, corresponding to an inclination of ~64° (Cuillandre et al.
2025a). The galaxy displays features suggesting star formation
is occurring in the stripped tail, visible in an edge-on direction.
There are features in the galaxy that are due to dust lanes. The
dust lanes on the galaxy disc are visible in I; imaging, but not in
Y; and H; imaging, as shown in the colour composite image in
Fig. 1. The dust present in the galaxy disc can also be stripped
along with the gas. There are knots that appear to emanate from
the spiral arms but are superimposed on the galaxy’s disc due to
projection. The features outside the galaxy close to the disc are
clumpy, elongated, and follow the direction of stripping.

The galaxy displays a distinct “unwinding” effect in the
outer spiral arms of the disc, as shown in Fig. 5. This is
an effect observed in several RPS galaxies in the literature,
both in observations (Bellhouse et al. 2021; Vulcani et al. 2022)
and simulations (Schulz & Struck 2001; Roediger et al. 2014,
Steinhauser et al. 2016). To better visualise the effect of ram-
pressure on the spiral arms of the galaxy, the [; image of the
galaxy is reprojected into polar coordinates, with radial distance
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Fig. 5. Left panel: I; image of UGC 2665 galaxy “unwrapped” in polar coordinates in terms of radial distance from the centre of the galaxy (r)

and azimuthal angle around the disc (). Right panel: Original image in greyscale. Logarithmic spiral arms have been drawn on the left-hand panel
on the prominent dust lanes in cyan colour crosses. Spiral arms are shown projected back onto the galaxy disc on the right panel.

1 arcsec

Fig. 6. Zoom-in on the I; imaging of stripped features for UGC 2665 galaxy. These correspond to the boxes marked in Fig. 3. Each box has a

size of 5.1kpc X 4.4kpc with the arcsec bar shown corresponding to 338 pc at cluster frame. The details of markers are as in Fig. 3. Contours
corresponding to the boundaries of the segments detected from /; image in section 3.3 are overlaid.
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1 arcsec

Fig. 7. Zoom-in on the ¥; band imaging of stripped features for UGC 2665 galaxy. These correspond to the boxes marked in Fig. 3. Each box has
a size of 5.1kpc x 4.4kpc with the arcsec bar shown corresponding to 338 pc at cluster frame. The details of markers are the same as in Fig. 3.
Contours corresponding to the boundaries of the segments detected from Y image in Section 3.3 are overlaid.

Table 3. Parameters used for SourceXtractor++ run of u, Is, Yg, Jg, He images of the two galaxies.

Parameter u I Y: Ji H,
Segmentation-filter 2.0 2.0 2.0 2.0 2.0
Detection-threshold UGC 2665/MCG +07-07-070 1.5/1.5 1.5/1.5 1.0/1.3 1.0/1.3 1.0/1.3
Detection-minimum-area 15 10 5 5 5

from the galaxys’ centre () and azimuthal angle around the
disc (0) in the plane of the galaxy. The galaxy is corrected for
inclination using the axial ratio from I; imaging, by scaling the
distances along the dimension of the minor axis. Each pixel is
reprojected into polar coordinates according to its radial dis-
tance and azimuthal position. To preserve the area of each pixel
in polar space, the reprojection is carried out for each corner
of the pixel individually, mapping the shape of each pixel from
a square in the cartesian image plane to a polygon in polar
coordinates. This is particularly important in regions close to
the galactic centre, where some pixels span a large range of
azimuthal angles. The left panel of the figure shows the galaxy
“unwrapped” in polar coordinates, whilst the right panel shows
the original image. On the left-hand panel, logarithmic spiral

arms have been drawn to highlight the prominent dust lanes.
These spiral arms are shown reprojected back onto the galaxy
disc on the right panel. The pitch angle (the angle between a
spiral arm and the tangent to the circle on the plane of the
disc) can be used as a measure of the tightness of the spi-
ral arm. The pitch angle, ~0, lies along the tangent, while 90°
lies along the normal; tightly wound spiral arms have lower
pitch angles, and steeper, more loosely wound spiral arms have
higher pitch angles. The median pitch angle of the most promi-
nent spiral arms in the galaxy is ~22° within 2Xx the effective
radius of the disc (marked by the dashed line/ellipse in Fig.
5), and ~39° outside this radius. Higher pitch angles in the
outer regions of the disc compared with the inner disc suggest
that the spiral arms are effectively being unwound. In the trail-
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Fig. 8. Zoom-in on the I; imaging of stripped features for MCG +07-07-070. These correspond to the boxes marked in Fig. 4. Each box is having
a size of 5.1 kpc X 4.4 kpc with the arcsec bar shown corresponding to 338 pc at cluster frame. The details of markers are the same as in Fig. 4.
Contours corresponding to the boundaries of the segments detected from /5 image in Section 3.3 are overlaid.

ing region of the galaxy’s disc, the spiral arms are extremely
extended, and they become steeper towards the outskirts of the
disc and tails. As demonstrated by simulations in Bellhouse et al.
(2021), this is consistent with ram-pressure “unwinding” the gas
component of the spiral arms. The stars formed in situ out-
side the galaxy’s disc exhibit a steeper pitch angle than those
formed within the disc, yet still maintain the general shape of
the spiral arms. The presence of this pattern further confirms
the RPS operating in this galaxy. The pattern and amount of
unwinding in this galaxy suggest that it is consistent with ram-
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pressure stripping, as seen in galaxies confirmed by integral-
field spectroscopy, and that gravitational processes are not nec-
essary to explain the curved tails. Furthermore, the presence of
unwinding in this manner tells us that the galaxy is likely to be
in an early stage of infall. According to Bellhouse et al. (2021),
the visual unwinding stage is relatively short-lived, lasting up to
0.5 Gyr before the pattern is washed out by the ICM wind into
the tail of the galaxy.

The unique, low surface brightness optimised imaging data
from Euclid allowed us to explore stripped tails at faint lev-
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1 arcseé

Fig. 9. Zoom-in on the Y; band imaging of stripped features for MCG +07-07-070. These correspond to the boxes marked in Fig. 4. Each box has
a size of 5.1 kpc X 4.4 kpc with the arcsec bar shown corresponding to 338 pc at cluster frame. The details of markers are the same as in Fig. 4.
Contours corresponding to the boundaries of the segments detected from Yy image in Section 3.3 are overlaid.

els. We performed a morphological analysis of the low surface
brightness features observed along the stripped tails using opti-
cal, near-infrared, and other wavelength imaging data. Euclid
I; imaging of the galaxy is used to construct a surface bright-
ness map, with features associated with stripping marked in cyan
boxes, as shown in Figs. 3 and 4. The stripped features in boxes
1 to 10, marked on the I; and Y; images, are shown in detail
in Figs. 6 and 7. The RPS features seen in /; imaging are seen
in Y; imaging as well, though at a slightly lower spatial reso-
lution. Figure 3 shows the overlaid contours of ultraviolet, Ho

and 144 MHz radio continuum. The Ha emission clearly dis-
plays a stripping pattern, with the emission from the bright fea-
tures outside the galaxy detected in /; imaging. Ha emission
in star-forming regions is due to the recombination of hydro-
gen that is ionized by O and early-B stars with ages < 10 Myr
(Kennicutt 1998; Kennicutt & Evans 2012). The NUV N245M
contours appear to cover the detected features, suggesting the
presence of very recent star formation (with ages < 200-300
Myr) in the stripped tails. The NUV flux is coming from the
photospheres of A—F spectral type stars with age ~ 300 Myr
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(Boselli et al. 2009). The Ha and NUV N245M regions exhibit
a spatial correlation, indicating very recent star formation (less
than 10 Myr) in these areas. We note that the He and NUV imag-
ing is at a different depth compared to Euclid, and therefore, we
do not make any claims about the features detected along the low
surface brightness tails. Radio continuum contours clearly reveal
the morphology of the gas in the galaxy’s disc and the intraclus-
ter medium, with prominent cometary tail features indicative of
RPS. The feature highlighted in box 10 is the farthest from the
disc and is likely associated with the RPS of the galaxy. Note
that the bright streaks in box 10 are due to a foreground nearby
bright star in the field. Diffuse emission and clumpy features are
observed in the direction of stripping, prominently seen in boxes
1 to 10.

MCG +07-07-070 is a peculiar galaxy classified in NED
as SBR(pec). The galaxy is seen face-on with a measured axis
ratio of 0.721 from I; imaging that corresponds to an inclina-
tion of ~43°. The stripped material in MCG +07-07-070 is ori-
ented towards the centre of the cluster, as seen in projection,
which suggests it may be moving away from the cluster cen-
tre after a recent pericentric passage. The features are marked
in cyan boxes numbered 1 to 16 in the /; image of the galaxy,
as shown in Fig. 4. The galaxy I image is overlaid with Ha
and 144 MHz radio continuum contours. The NUV N245M con-
tours are confined to the galaxy’s disc in projection, as is the He,
except for a few regions on the stripped tail ends. The faint fea-
tures outside the disc of the galaxy do not show NUV N245M
and Ha emission. The Ha morphology in the disc appears trun-
cated with respect to that of the underlying stellar disc. Star-
formation truncation is an aftereffect of RPS, where the outer
disc gas is stripped, leaving the gas confined to the central
regions, hosting star formation. (Koopmann & Kenney 2004a,b;
Koopmann et al. 2006; Boselli & Gavazzi 2006; Cortese et al.
2012; Fossati et al. 2013; Fritz et al. 2017; Vulcani et al. 2020).
The RPS scenario is expected to cause a stronger truncation
of Ha than NUV because the stripping occurs from the out-
side in. If there is an age effect, between 10 and 100 Myr after
the start of the stripping, the Ha disc will be completely trun-
cated, while the NUV disc will only be marginally affected
(Boselli & Gavazzi 2006). Mondelin et al. (2025) provide more
details on the truncation occurring in these galaxies based on
the ERO of the Perseus field. We note that MCG +07-07-070
Ha observations can be affected by the galaxy’s peculiar veloc-
ity, such that the Ha filter does not completely cover the emis-
sion line. Radio continuum contours show the cometary tail
features expected from RPS and are slightly displaced from
the features seen in 7, imaging. The stripped features from the
I; images are shown in detail in Fig. 8 and shown for the Y;
image in Fig. 9. The features exhibit a “fireball” structure (see
Appendix for a description of this scenario), characterized by
head clumps at the leading edge and diffuse emission at the trail-
ing edge. The orientation of the stripping with respect to the line
of sight likely explains this pattern, with the diffuse emission
revealing the extent of star formation within the tails. The fea-
tures marked with arrows in boxes 1, 2, 4, 5, 6, 7, 10, and 12
are not all parallel, as expected when the galaxy rotates while
moving within the cluster. The stripped tail direction represents
the composite vector of the stripping direction and the galaxy’s
rotation.

In general, we detected the features seen in the I; imag-
ing, albeit at a slightly lower resolution, in the Y, imaging of
the two galaxies. The near-infrared emissions from the galaxies
are dominated by an old-evolved population of stars. However,
this is not the case for stripped tails, which can include contri-
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butions from the stellar continuum of cool main-sequence stars
and red supergiants that have recently left the massive end of the
main sequence. We demonstrate this in the next section based
on colour information derived from the Euclid optical and near-
infrared imaging data. We note that the morphology of the opti-
cal and near-infrared detected features is very similar, with the
peak emission from the knots coinciding.

3.3. Surface brightness of stripped features: Optical,
near-infrared analysis

Euclid imaging is optimized for high angular resolution and
low surface brightness, enabling the detection of a larger extent
of features created by RPS. We detected these features with
SourceXtractor++ (Bertin et al. 2020; Kiimmel et al. 2022).
This new and extended implementation of a source detection
algorithm has the advantage of performing photometric mea-
surements in multiple bands based solely on the World Coor-
dinate System, unlike SExtractor2 (Bertin & Arnouts 1996),
which requires alignment of all measurement images.

To compute the surface brightness of the stripped features,
we made independent SourceXtractor++ runs on the I, Y,
Je, and Hg images. Table 3 gives details on the parameters used
for the run. As discussed in Cuillandre et al. (2025a), these ERO
images have already had their backgrounds removed.

— We verified that the images used in this analysis have a rea-
sonable background subtraction in our regions of interest and
decided not to perform additional background determination.

— We used the associated weight image for detection and pho-
tometry in each band.

— We optimized the detection result with the built-in detection
filter [2.0 pixel full width half maximum (FWHM)].

— We selected the detection threshold and minimum area in
each band independently to keep the false positive detection
rate low (<1.0%). We note that this is different for the two
galaxies in NISP bands.

The average surface brightness distribution of the stripped fea-
tures were then computed using the auto_mag brightness, which
is measured in an elliptical aperture derived from the object’s
surface brightness distribution, and the segmentation area, which
is the area above the detection threshold.

We utilised the segmentation map from the /; image, which
is deeper than near-infrared images, to isolate the features asso-
ciated with stripping. The features associated with stripping are
identified by visually inspecting the segmentation map overlaid
on the I; images of the two galaxies. These are the features that
appear in the marked cyan boxes shown in Figs. 3 and 4. We
note that this process is done visually and may leave behind
faint, irregular, and distant galaxies, contaminating the detec-
tion of genuine features. We checked the possibility of contam-
ination by computing the number density of objects within the
limiting magnitude of the detected knots in I, Yz, J;, and Hg
band images of the galaxies. We calculated the number den-
sity, measured in objects/arcmin?, within the boxes marked along
the tails of the galaxies in Figs. 3 and 4, as well as in a few
regions away from the galaxy. The number density is found to be
3.6/2.2/2.2/1.9 times higher along the stripped tails of UGC 2665
and 4/3.16/2/2.1 times higher along the stripped tails of MCG
+07-07-070 in I;/Y:/Je/H;; bands. This suggests that objects clus-
ter along features in the boxes, which are very likely part of
the stripped tails. However, a robust confirmation requires spec-
troscopic redshift information. We selected those features that
show diffuse emission associated with stripping. We excluded
stars and features that have the morphology of a likely back-
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Fig. 10. Distribution of surface brightness of segments from the stripped tails detected from Iz, Yi, Ji, Hy images of UGC 2665 and

MCG+07-07-070. Poisson errors are shown with an error bar.

Table 4. Number of the features detected independently from I, Yz, Jg,
H; images of the two galaxies.

Galaxy Ni Ny, Ny Ny
UGC 2665 252 81 72 62
MCG +07-07-070 433 160 166 176

ground galaxy from the selection. After measuring the surface
brightness of stripped features from /; images of the galaxies,
we created segmentation maps for stripped tails independently
using Y, Ji, and H; imaging data. The distribution of surface
brightness of the features is shown in Fig. 10. The limiting sur-
face brightness of these features changes with the imaging band
which in turn is dependent on the sensitivity of the imaging data.
Table 4 gives the number of detected segments associated with
the stripped features of the two galaxies. Table 5 lists the sur-
face brightness and corresponding area of the faintest feature
detected for two galaxies. We note that the faintest features have
a surface brightness of 25.17 magarcsec™> for MCG +07-07-

070 and UGC 2665, as seen in I imaging. The surface bright-
ness changes to 25.17 mag arcsec™> for MCG +07-07-070 and
25.36 mag arcsec > for UGC 2665 based on H;, imaging data. To
better understand the nature of the selected features, we provide
the segmentation map of these features, detected independently
from the [; imaging in Figs. B.1 and B.2 and at a NISP resolu-
tion in the Y; imaging of the two galaxies in Figs. B.3 and B .4.
We also overlay the contours corresponding to the boundaries of
the segments in Figs. 6, 7, 8 and 9. Our goal here is to determine
the faintest features that can be resolved within the stripped tails
with Euclid imaging. This information can be used to plan for
the study of stripped features from Euclid DR1 imaging data.

3.4. Optical, near-infrared colour of the stripped features

We measured the Euclid colour of the low surface brightness
clumpy features detected for the two galaxies. Measuring object
colours in imaging data with large differences in resolution
and pixel scales requires special attention. SourceXtractor++
projects the elliptical apertures determined on the detection
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Table 5. Surface brightness and the corresponding area of the faintest features detected from /g, Y:, /g, Hg images of the two galaxies.

Galaxy iy Area Mg Area Mg Area HHg Area
magarcsec”> arcsec’ magarcsec > arcsec’ magarcsec > arcsec’ magarcsec >  arcsec’

UGC 2665 25.17 £ 0.12 0.20 25.40 + 0.38 0.54 2541 +0.31 0.63 25.36 = 0.20 1.53

MCG +07-07-070  25.17 £ 0.10 0.48 25.24 +0.35 0.54 25.17 £ 0.15 1.98 25.17 £ 0.14 1.98

image onto the other measurement images, measuring the bright-
ness of the objects within. The image with the lowest resolution
is used as the detection image, which allows the flux of each
object to be measured in the same sky area for the better-resolved
bands, thereby largely eliminating the impact of resolution on
photometry. We used H; as the detection band to measure the
colours of the stripped features in the Fuclid bands.

We removed contamination from foreground stars after
matching the position of knots with the Gaia DR3 catalogue of
stars in the field. We note that the limiting magnitude for Gaia
G is ~ 21 in the regions of the galaxies, where the Perseus ERO
has a point source depth with a So- PSF magnitude of 28.0, 25.2,
25.4, and 25.3 in I, Y;, Ji, and H;, respectively and with the
exceptional angular resolution in /; star complexes down to the
scales of 50 pc can be resolved. This suggests that fainter stars
may be present in these fields, detectable through Euclid imag-
ing, which could potentially contaminate the detected features.
The extinction due to MilkyWay in the direction of the galax-
ies is computed for each band using the procedure described in
Cuillandre et al. (2025a). The colours computed for these fea-
tures are then used to constrain the age of the underlying stellar
population in the stripped tails. We quantify the resolved knots
found in the low surface brightness features identified from the
segmentation map. We consider these knots, which lack redshift
information, to be in situ star-forming regions, as they fall on low
surface brightness stripped features. Additionally, the regions are
also covered by the emission detected through UVIT NUV nar-
rowband imaging, as shown in Figs. 3 and 4.

The zoom-in I; images show that the identified knots have
diffuse emission associated with them in the direction of strip-
ping. These knots are selected from the regions outside the
galaxy in the direction of stripping. Knots that appear to follow
the stripping pattern are visible in projection, overlapping with
the galaxy’s disc. This is particularly true of UGC 2665, and we
exclude these knots from consideration due to their susceptibil-
ity to contamination from the galaxy’s disc flux. The selected
knots on the stripped tails of the galaxies are used to construct
a Euclid colour-colour diagram. Figures 11 and 12 show the
colour-colour plots of the detected knots in UGC 2665 (green)
and MCG +07-07-070 (grey), created using I; — Y, Yy — Hg,
and Y; — J; colour combinations. We only show the knots that
exceed the resolution limit (0750) of the H; imaging data, with
a 30 detection. There are 37 knots detected for UGC 2665 and
138 knots detected for MCG +07- 07-070. The colour values
for single stellar populations of ages ranging from 0 to 300 Myr
were generated using Bruzual & Charlot (2003) stellar popula-
tion models (BCO03), Padova 94 isochrones, and a Kroupa initial
mass function (IMF, Kroupa (2001)), for solar metallicity, cor-
responding to a redshift of 0.01, are overlaid. The corresponding
age range (<300 Myr) is shown in the colour bar scale and the
colour distribution of the knots is shown in the side panels. The
measured flux from these knots can be affected by extinction due
to dust within the system and in the foreground from the Galaxy.
We performed MilkyWay extinction correction for the magni-
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tude values, but the intrinsic extinction can affect these colour
values plotted here. The modeled colour values for different stel-
lar population ages exhibit non-monotonous behaviour, mainly
because integrated stellar population colours shift to blue before
the first massive stars become red supergiants (which takes about
10 Myr), then to the very red colours of red supergiant dom-
inated populations, and later to slightly less red colours when
these supergiants become less luminous. The rotation of massive
stars also affects this, as it determines the coolest temperature a
star of a given mass can reach, and additionally, the spectra of
massive stars are uncertain. This makes it difficult to estimate
the ages of the underlying stellar population from Euclid colour-
colour plots alone. However, as we demonstrate here, we can
determine whether the colours are compatible with a young age
across an age/metallicity range. The I bandpass covers a broad
wavelength range, which is sensitive to spectral energy varia-
tions for different stellar population ages. We could effectively
discriminate the contribution of different age stellar populations
to the spectral energy distribution by using u, g, i, z imaging data.
The resolution of the CFHT data is lower than that of the Euclid
imaging data. We used the u band image with the lowest res-
olution of ~1”746 for detection and identification of the knots.
We applied the segmentation map to the g,r,i, and z imaging
data of both galaxies after running SE++ on the u band imaging
data using the parameters given in Table 3. There are 11 knots
detected for UGC 2665 and 39 knots detected for MCG +07-
07-070 that coincide with the regions seen in the Euclid imag-
ing. The magnitudes are measured and corrected for MilkyWay
extinction. The u — r, g — i plot of the detected knots for UGC
2665 (in green) and MCG +07-07-070 (in grey) are shown in
Fig. 13. The colour values for single stellar population ages for
u—r, g—icolours over the range 0—1000 Myr are overlaid. Most
knots have colours consistent with hosting recent star formation,
but a few have red colours. There can be several reasons for
this behaviour of the detected knots such as source contamina-
tion and flux attenuation due to dust. CFHT ground-based imag-
ing of these knots can be contaminated by background or fore-
ground sources.Dust at the stripped tail sites, where these knots
are located, can weaken blue band (# and ¢g) flux, leading to a
strong degeneracy when interpreting the ages of the underlying
stellar population. We examined how colours change due to dust
extinction in the models we used in Figs. 11, 12, and 13 assum-
ing A, = 1 mag (median value of A, = 0.5 mag along the stripped
tails of GASP galaxies (Poggianti et al. 2019)), and the extinc-
tion law of Cardelli et al. (1989) with R, = 3.1 for full range of
solar metallicity model colours. The differential extinction val-
ues for different colours are sufficiently close to be represented
by a single vector in the figures. E(I; — Y;) = 0.42 for the bluest
model and 0.35 for the reddest model, E(Y; — H;) = 0.20 over
the full range of model colours, E(Y; — J;) = 0.115 over the full
range of model colours, E(u — r) has a non-monotonic behaviour
as a function of (u—r) but stays between 0.685 and 0.705. E(g—i)
= 0.56 for the bluest model and 0.50 for the reddest model. We
note that the adopted extinction does not explain the dispersion



George, K., etal.: A&A, 701, A40 (2025)

in the Euclid colour plots. We note that we haven’t included the
nebular emission in our models, which can explain quite a part
of the dispersion seen in Euclid colour plots. Detailed modelling
of the dust content and nebular emission is required to under-
stand the true nature of the underlying stellar population in these
knots.

3.5. The smallest knots detected in the stripped tails

We demonstrate Euclid’s capability to detect small-scale knots
in the tails of RPS galaxies using higher resolution optical I
imaging. The high spatial resolution imaging enables small-
size knots to be detected within the stripped tails, which can
be used to determine the smallest scales at which gas col-
lapses in the stripped tails. Young, hot stars in star-forming
complexes ionise dense molecular clouds, creating HII regions
with typical sizes of ~0.01-1000 pc, found in both Galactic and
extragalactic environments (Hunt & Hirashita 2009). We per-
form source detection using SExtractor2 which is applied on
a ring-filtered [, frame (with inner and outer radii of 4 and 8
pixels) (Bertin & Arnouts 1996). We used the following param-
eter values, DETECT_MINAREA=3, DETECT_THRESH=1.5,
ANALYSIS_THRESH=1.5, DEBLEND_NTHRESH=32, and
DEBLEND MINCONT=0.0005 for the SExtractor2 run on
the I; images of the galaxies. We performed aperture photom-
etry for the detected sources using photutils, with an aper-
ture diameter of four times the FWHM of the PSF, which was
about 7 pixels in all the filters. The aperture magnitudes were
corrected for the fraction of the light beyond the aperture. Addi-
tionally, the background was estimated for an annulus around
each object with an inner diameter of 10 times the FWHM of
PSF and a thickness of 20 pixels. We selected the knots at the
resolution limit (0”716) that fall on the low surface brightness
features within the boxes overlaid in Figs. 3 and 4. We show
only the detected knots at the resolution limit of the I, imaging
data. These knots are unresolved and have an upper size limit
of 2 x 0”716 ~ 108 pc. The I; magnitudes detected from the tails
of UGC 2665 (in orange) and MCG +07-07-070 (in blue) are
shown in Fig. 14. There are 42 knots for UGC 2665 and 46
knots for MCG +07-07-070. The detected knots are of size <
108 pc with a limiting magnitude of 27.8 mag for UGC 2665
and 30.2 mag for MCG +07-07-070. It is worth noting that, at
these faint magnitudes, contamination from foreground stars is
possible, and the true nature of these knots associated with the
stripped tails remains to be fully established. Eight knots in UGC
2665 and five in MCG +07-07-070 have Ha emission associ-
ated with them, but none show any NUV emission. The rea-
son we fail to detect all these knots in NUV and Ha may be
that Euclid is more sensitive to faint features than UVIT/CFHT
and has a higher angular resolution, which is crucial for avoid-
ing flux dilution of point sources such as those analysed in this
work. Similar-sized star-forming knots (50-100 pc) have been
reported in the tails of RPS galaxies in the Coma and Virgo clus-
ters (Cramer et al. 2019; Boselli et al. 2021).

Euclid’s exceptional angular resolution enables identifica-
tion of star-forming complexes as small as 108 pc at the distance
of the Perseus cluster, providing further insight into the impact
of perturbation on the stripped material in two galaxies. Figure
11 reveals a significant limitation in studying the physical prop-
erties of these features at high spatial resolution and low sur-
face brightness levels: the broadband filters of Euclid are insuf-
ficient to identify the dominant stellar population and determine
the age.

4. Discussion

The Euclid optical and near-infrared imaging of the Perseus clus-
ter field reveals that RPS is the dominant perturbing mechanism
for galaxies UGC 2665 and MCG +07-07-070. The cometary-
shaped features with clumps likely host star-forming knots in the
stripped tails outside the galaxies, as observed in the low surface
brightness optimized I, Yz, Ji, H; imaging data. Both galaxies
show cometary tails in low-frequency radio continuum imaging
observations. These tails have a morphology expected from RPS.
In the case of UGC 2665, dust lanes are visible on the galaxy’s
disc in /; imaging, but they almost disappear in the Y;; imaging
data. This galaxy’s appearance is very similar to that of NGC
4522, another object in the Virgo cluster undergoing RPS and
hosting dust lanes (Kenney & Koopmann 1999). The dust lane
features resemble those observed in the HST imaging of spiral
galaxy NGC 4921, which is undergoing RPS in the Coma clus-
ter, as seen at high angular resolution (Kenney et al. 2015). The
dust lanes appear to follow the stripping pattern, suggesting that
dust has been stripped away with the gas, as observed in other
galaxies in Virgo and Coma galaxy clusters (Abramson et al.
2016; Longobardi et al. 2020). As dust and gas are well mixed
within the ISM, they can be removed together during the hydro-
dynamic interactions experienced due to RPS. The dust lanes in
the disc of the galaxy UGC 2665 follow the spiral arms, which
appear to have an unwinding pattern in the direction of strip-
ping. The orientations of dust lanes along with the presence of
cometary tails in radio continuum observations are strong evi-
dence supporting RPS in this galaxy. We have identified the
candidate star-forming knots that appear to be connected to the
main body of the galaxy by low surface brightness features, with
the direction of the features indicating that these are likely due
to ongoing star formation in the ram-pressure stripped tails of
the galaxy. This is further corroborated using the NUV N245M
imaging data of the galaxies. We identified those knots that fall
within the NUV N245M contours as star-forming knots in the
stripped tails of the galaxies. We caution here that there can be
background or foreground objects contaminating the knots, and
in the absence of a redshift estimation, we cannot quantify them
as real knots associated with the RPS. The presence of associated
diffuse emission, oriented towards the knots as shown in Figs. 6
and 8, suggests that these are formed in situ in the stripped tails
of the galaxies. The positions of detected knots from the stripped
tails of UGC 2665 and MCG +07-07-070 in the u—r, g—i colour-
colour plane are consistent with hosting recent star formation.
The current study showcases Euclid’s ability to resolve faint
star-forming knots in optical and near-infrared at the smallest
possible scales across a wide region around galaxies under-
going RPS in the Perseus cluster. The imaging data, with its
excellent image quality (FWHM = 0716) and high sensitivity to
low surface brightness features (1 ~ 30.1 mag arcsec™2), enables
us to detect the furthest extent of star-forming regions associ-
ated with stripping at different distances from the galaxy’s disc
at the highest spatial resolution. The extent of star formation
in the stripped tails can be identified by measuring the length
of the low surface brightness diffuse features. The longer the
length, the more extended the regions of ongoing star formation,
and hence the larger the strength of RPS. The detected diffuse
features are expected to be longer for galaxies in clusters that
experience higher ram pressure effects (Kenney et al. 2004).
The Euclid ERO of the Perseus cluster field is taken
with 4 ROS, whereas the normal EWS will have only a
single ROS. The ERO data are therefore slightly deeper
than the normal EWS, for which the expected limiting sur-
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Fig. 11. Colour-colour plot of the detected knots created using Iz — Yz,
Yy — Hg colour combination for UGC 2665 and MCG +07-07-070. We
show the colour of the low surface brightness features detected from
the segmentation map over the stripped tails of the galaxies. The colour
values for different single stellar population ages generated using BC03
stellar population models, Padova 94 isochrones, and Kroupa IMF for
solar metallicity are shown in filled circles connected with dotted line.
The corresponding age is shown in the colour-bar scale. The /g — Y and
Ye — Hg colour distribution of the knots are shown in side panels.
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Fig. 12. Colour-colour plot of the detected knots created using Yy —
Je, Yg — Hg colour combination for UGC 2665 and MCG +07-07-070.
Details are same as in Fig. 11.

face brightness for diffuse emission is 29.8 magarcsec™ in I,
(Euclid Collaboration: Scaramella et al. 2022). The EWS will
provide uniform optical and near-infrared imaging data for a
14000 deg? area of the sky, offering a spatial resolution and
low surface brightness that enables the detection of low surface
brightness features associated with perturbed galaxies within dif-
ferent regions of galaxy clusters, galaxy groups, and even in
the field environment. This will enable studies of star forma-
tion quenching mechanisms at different redshifts and will enable
identification of which processes were dominant when the Uni-
verse was much younger and denser. The dominant perturbation
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Fig. 13. Colour-colour plot of the detected knots created using u — r,
g — i colour combination for UGC 2665 and MCG +07-07-070. Details
are same as in Fig. 11.
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Fig. 14. Distribution of the magnitudes of smallest knots detected from
Iz image of UGC 2665 and MCG+07-07-070. Poisson errors are
shown with an error bar.

mechanism leading to star formation quenching can be identified
using low surface brightness imaging data over a wide field of
view around the galaxies. This information enables us to quan-
tify the fraction of RPS tails in galaxies, where star formation
occurs, and allows for comparisons with other multi-wavelength
data, tuned models, and hydrodynamic simulations. The occur-
rence of star formation in the stripped tails is intriguing, par-
ticularly since it happens in the very hostile environment of hot,
dense ICM. There are observations of galaxies with stripped tails
of cold, ionised, or hot gas, but with little or no associated star
formation (eg: Vollmer et al. (2012), George et al. (2025), also
see Table 2 of Boselli et al. (2022) for a list of RPS galaxies
in local Universe cluster). The reason for this low star forma-
tion efficiency along the stripped tails of some galaxies is not
understood. Studies of the stripped tails, both with and without
star formation, can provide important clues about the required
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conditions for the progression of star formation in these envi-
ronments. It is essential to detect the extent and understand the
nature of star formation in the stripped tails of these galaxies.
Understanding in situ star formation at pc scales in the stripped
tails of galaxies is crucial to determine the scales at which gas
collapses in the hostile environment of hot and dense ICM. By
combining this with cold gas (HI & H,) measurements, we can
gain insight into the efficiency of star formation in these envi-
ronments. Euclid’s low surface brightness optimized imaging
can identify galaxies with faint signatures of RPS near the disc,
characterized by little or no star formation, as well as those with
significant star formation along the tails. Using sensitive radio
telescopes such as MeerKAT to obtain HI data, we can com-
pare the HI tail with the Euclid imaging data to measure the
extent of stellar emission along the stripped tails of these galax-
ies. Analysing a large statistical sample of RPS galaxies across
various environments and redshifts allows us to gain insights into
the evolution of star formation and general trends in star for-
mation efficiency within stripped tails, which can be compared
to models (Taylor & Webster 2005; Burkhart & Loeb 2016) and
simulations (Kronberger et al. 2008; Tonnesen & Bryan 2012;
Steyrleithner et al. 2020; Boselli et al. 2021).

5. Summary

Using high-resolution optical and near-infrared imaging obser-
vations optimized for low surface brightness, we demonstrate
how Euclid can uniquely study galaxy evolution in dense envi-
ronments, as exemplified by two galaxies in the Perseus clus-
ter. These galaxies display filamentary structures suggesting an
external perturbation. Euclid ERO of the Perseus cluster, com-
bined with multi-wavelength data including the NUV, He, and
radio continuum imaging, we demonstrate that the dominant per-
turbing mechanism for these galaxies is RPS. Euclid’s low sur-
face brightness optimised imaging capability has made it pos-
sible to detect the diffuse features visible in optical and near-
infrared along the stripped tails of these galaxies. We have
detected features associated with the stripped tails of the galax-
ies, with 252 detected for UGC 2665 and 433 detected for
MCG +07-07-070 from I; imaging, which are associated with
the diffuse emission. The detected features have a limiting sur-
face brightness of 25.17 mag arcsec™2, covering an area of 0.20
arcsec? for UGC 2665, and 25.17 mag arcsec2, covering an area
of 0.48 arcsec’? for MCG +07-07-070. The detected features
show good correspondence in morphology between optical and
infrared (Y;, Ji, Hy) at the smallest spatial scales possible with
Euclid imaging. Euclid colours alone are insufficient for study-
ing stellar population ages in unresolved star-forming regions.
We constructed the Euclid I, — Yz, Ys — Hg, and CFHT u—r, g —1i
colour-colour plane and used single stellar population models to
demonstrate that the position of these detected features can be
explained by recent star formation. Some features on the higher
age model grid may be due to the presence of dust stripped along
with gas in these regions. We detect 42 knots for UGC 2665 and
46 knots for MCG +07-07-070 at the resolution limit of the I
imaging data. These unresolved knots have a size of <108 pc
with limiting magnitudes of 27.8 mag for UGC 2665 and 30.2
mag for MCG +07-07-070.

The study of two galaxies undergoing RPS, with
~30.1 magarcsec™” surface brightness features at scales of
~108 pc, showcases Euclid’s potential to detect and characterize
galaxies undergoing morphological transformation in dense
environments. The wide and deep survey by Euclid will provide
a unique dataset of optical and infrared imaging, covering a

large region and enabling the detection of features around a
statistically significant number of galaxies of varying masses at
different environments, a feat previously impossible.
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Appendix A: Fireball features for galaxy MCG +07-07-070

Euclid’s low surface brightness optimised imaging capability has made it possible to detect the diffuse features visible in optical and
near-infrared along the stripped tails of MCG +07-07-070 galaxy. The bright knots and the diffuse feature seen in Fig. 8 for galaxy
MCG +07-07-070 are thought to have formed due to the “fireball” scenario described by Kenney et al. (2014) and summarised as
follows: A gas-rich spiral galaxy falls for the first time at high velocity into a galaxy cluster and can undergo strong RPS. The
stripped gas clouds can be moving in the opposite direction of the motion of the galaxy. As the gas cloud accelerates and moves
with the galaxy, new stars are forming within it, while slightly older stars become decoupled. This is possible since stars are not
affected by RPS and new stars, once formed, are bound only to the gravitational potential of the galaxy. This scenario results in a
knot-like region associated with the gas cloud, where the most recent star formation is taking place. A trail follows, where a slightly
older population, which formed within the gas cloud, is present. The diffuse trail region should therefore contain a slightly more
evolved population of stars compared to the head region (see Kenney et al. 2014 for a cartoon of the fireball model, Fig. 16.)

Appendix B: Segmentation map of detected features
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Fig. B.1. Zoom-in on the segmentation map of region selected from /; imaging of stripped features for UGC 2665. Each box has a size of 5.1 kpc X

4.4 kpc with the arcsec bar shown corresponding to 338 pc at cluster frame. The details of markers are the same as in Fig. 3. Segments are marked
with individual identification number with colour scale to red shows the progressing identification number.

A40, page 23 of 26



George, K., et al.: A&A, 701, A40 (2025)

N . - 8 - i
\
&
\ w0\ -
\ lz \ - 103 1100 \\ K fae
\ \ 36 et - \ -
\ \ iy 0 wo B \
\ ¥ \ f‘,; & an " \
3 78 %0 L o & \ R
\ - \
ro - E \ £
L y o\
o B\
5 “ 4
L o T
i
# F E . . o
* E ‘ *
! m
g 6 8 w )
W - »
169 \ \ = \\ 65
N\ a0 \ \ L =
o\ 4 \ass \
\ an \ N e
\ e\ s \
as0 - \ \ AN
\ \ e \
\ » - 125 4 2
\ - an \ \ g oA L a
\ \ . \ [
M 26 \\ 116 \N e .
N s _
128 \‘
-3
101 112 2on S208
95 ¥ 80 189 190
3 - nzses
e s 3 an
L L}
9 Lz 10
il
\
\ 5
\ T
v \
\ il
\
\
- \\
45 \
| o \
Bige T3, 3s \
e s N
¥ o 3, e
\\\asa,m s . -
\T w00
a6\ r-3
\ 196
\\
\\ 103
\
N -
.
13 & 144 - 15 16 ¥
>
- - L
-
» -
2 L X -
E, 1. o
"
T & *
[ 3
. A
4 ' *s - L
; L e
g F)o 7 h § f” '3
» | Y
] 9
Fa I -
| b 4
I > | &
L » f s i
i 0
. w 1arcsae® ¥ L N S
L ) »

Fig. B.2. Zoom-in on the segmentation map of region selected from /i imaging of stripped features for MCG +07-07-070. The details of markers

are the same as in Fig. 4 and other details are same as in Fig. B.1.
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same as in Fig. 3 and other details are same as in Fig. B.1.

Fig. B.3. Zoom-in on the segmentation map of region selected from Y;; imaging of stripped features for UGC 2665. The details of markers are the
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Fig. B.4. Zoom-in on the segmentation map of region selected from Y; imaging of stripped features for MCG +07-07-070. The details of markers

are the same as in Fig. 4 and other details are same as in Fig. B.1.
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