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ABSTRACT

Context. Understanding the formation and evolution of late-type galaxies requires deep imaging for tracing the faintest stellar compo-
nents in their outskirts (i.e. accreted material, diffuse halos, and tidal streams). Despite their crucial role in the build-up of stellar mass,
these low-surface-brightness features remain largely unexplored due to observational limitations. The VST Survey of Mass Assembly
and Structural Hierarchy (VST-SMASH) is designed to fill this gap, providing deep, wide-field optical imaging for a volume-limited
sample of nearby spiral galaxies (D < 11 Mpc), overlapping with the Euclid Wide Survey in the southern hemisphere.

Aims. This paper aims to introduce the VST-SMASH survey and showcase its scientific potential through the analysis of IC 5332, a
late-type spiral galaxy observed in the g, r, and i bands. The main goal is to demonstrate the depth, quality, and diagnostic power of
the dataset in tracing low-surface-brightness features and structural components in galactic outskirts.

Methods. We carried out detailed surface photometry of IC 5332, using elliptical isophotal fitting and growth curve analysis to extract
radial surface brightness and colour profiles down to y, ~ 30 mag arcsec™2. We performed multi-component Sérsic decompositions
in each band and constructed stellar mass surface density profiles. Furthermore, we identified and characterized faint stellar streams
visible in the very deep and smoothed images, estimating their colours and comparing them with adjacent galactic regions.

Results. While the internal (<1 effective radius) negative colour gradients can be explained by dissipative (monolithic) collapses and
supernovae outflows, the colour profiles at larger radii reveal a significant gradient towards redder g — r and g — i, spatially consistent
with the presence of accreted populations in the outskirts. Nevertheless, we also find bluer »—i, which , together with the behaviour of
g—r and g—i, could be explained by strong He emission. Single-component Sérsic fits fail to reproduce the observed light distribution,
especially in the outer regions, requiring a two-component model. In the outskirts, multiple faint stellar streams are detected, with
integrated g — r colours consistent with disrupted dwarf and/or low-surface-brightness satellites. However, spectroscopic follow-ups
would be needed to detect possible strong emission lines, which could affect the -band photometry. These findings support a scenario
of ongoing stellar mass assembly through accretion and highlight the capability of VST-SMASH to uncover faint structures in nearby
galaxies.

Key words. galaxies: dwarf — galaxies: evolution — galaxies: fundamental parameters — galaxies: interactions —
galaxies: photometry — galaxies: spiral

1. Introduction

The study of the outer halos of galaxies and, in particular,
of the low-surface-brightness (LSB) structures, is pivotal for
understanding the hierarchical nature of galaxy formation and
the complex evolutionary pathways that lead to the diver-
sity observed in the modern Universe. Theoretical frameworks
grounded in the ACDM (lambda cold dark matter) cosmolog-

* Corresponding author: rossella.ragusa@inaf.it

ical model, the most accredited scenario, posit that the Uni-
verse’s structure develops hierarchically: small-scale perturba-
tions in the early Universe collapse under gravity to form the
first galaxies, which then merge and accrete material over time
to create larger, more complex systems (e.g. Blumenthal et al.
1984; White & Frenk 1991; Springel et al. 2008).

Within this scenario, LSB structures such as tidal streams,
stellar halos, diffuse plumes, and intra-group or intra-cluster
light (IGL or ICL) preserve the fossil record of past gravitational
interactions. These features typically arise from minor mergers
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(mass ratios ~1:10, or lower; e.g. Conselice et al. 2014), the
disruption of dwarf galaxy satellites, or the stripping of satel-
lite outskirts. Their origin can be investigated through radial
colour profiles, tracing stellar population gradients from the
galaxy core to its faint periphery. Mergers tend to flatten these
gradients, whereas tidal stripping or dwarf disruption produces
stronger colour variations (e.g. Montes 2022). Deep, wide-field,
and multi-band photometry is therefore essential to probe stellar
populations and reveal the structure of faint outskirts. The result-
ing streams, arcs, and diffuse remnants also trace the underlying
DM distribution (e.g. Johnston et al. 2001; Cooper et al. 2010;
Nibauer et al. 2025; Starkman et al. 2025), and provide criti-
cal tests for numerical simulations of galaxy growth (Bell et al.
2008; Sandford et al. 2017).

Detecting and characterizing LSB features is observationally
challenging, as they typically lie below uy ~ 27 mag arcsec™>.
Such studies require wide-field, deep, and high-resolution imag-
ing to distinguish faint emission from sky background, scattered
light, or Galactic cirrus, as well as the light coming from fore-
ground or background sources in the field (e.g. Trujillo & Fliri
2016; Roman et al. 2020; Ragusa et al. 2021). Traditional sur-
veys have been constrained by sky brightness, detector sensi-
tivity, and limited field of view (FoV), preventing the recovery
of extended diffuse structures (Martinez-Delgado et al. 2010).
Even space-based facilities such as the Hubble Space Telescope
(HST), despite their resolution, are hindered by a narrow FoV
that restricts mapping of galactic outskirts (Radburn-Smith et al.
2011).

Until recently, detecting LSB features was extremely chal-
lenging. The advent of Gaia and the Dark Energy Survey
(DES) has marked a ‘golden age’ for stellar stream studies (e.g.
Belokurov et al. 2017; Shipp et al. 2018). While these surveys
have provided key results within the Local Group (LG), deeper
imaging beyond it is crucial to fully trace galaxy assembly.
So far, systematic searches for tidal structures outside the LG
remain limited, which emphasizes the need for wider, homoge-
neous studies. Ground-based surveys such as MATLAS (Mass
Assembly of early-Type GalLAxies with their fine Structures;
Bilek et al. 2020), ELVES (Exploration of Local VolumE Satel-
lites; Carlsten et al. 2022), SSH (Smallest Scale of Hierarchy
Survey; Annibali et al. 2020), and LIGHTS (LBT Imaging of
Galactic Halos and Tidal Structures; Trujillo et al. 2021) have
significantly advanced the detection of faint stellar streams and
satellites, though most focus on the northern sky. The south-
ern hemisphere remains underexplored—an important gap given
its overlap with major upcoming surveys such as Euclid. The
VLT Survey Telescope (VST) at Paranal Observatory (Chile) is
uniquely suited to bridge this gap. Its OmegaCAM, with a 1-
square-degree FoV, is ideal for deep imaging across extensive
areas (Arnaboldi et al. 1998; Kuijken et al. 2002). The VST has
shown its capability through successful projects such as VEGAS
(VST Early-type Galaxy Survey; Capaccioli et al. 2015) and
the Fornax Deep Survey (FDS; Iodice et al. 2016). These sur-
veys demonstrated that VST can achieve surface brightness
(SB) limits down to ~29-30 mag/arcsec” in the ¢ and r bands,
which are deep enough to identify diffuse LSB features of both
early-type and late-type galaxies (e.g. lodice et al. 2016, 2017;
Spavone et al. 2017a; Ragusa et al. 2021, 2022, 2023).

The VST Survey of Mass Assembly and Structural Hier-
archy (VST-SMASH, P.I. C. Tortora) aims to leverage these
strengths to conduct a systematic survey of 27 nearby galaxies
(D < 11 Mpc) within the Euclid footprint (Tortora et al. 2024).
This survey, conducted in the g, r, and i bands, offers a unique
opportunity to map LSB features and probe the mass assembly
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history of galaxies in the local volume. By extending the depth
of imaging and capturing the halo structures, VST-SMASH
can reveal subtle, yet critical, components of galaxy assem-
bly, including stellar streams and outer shells, which are often
missed by shallower surveys. Beyond morphology, LSB obser-
vations constrain the age and metallicity distributions of stellar
populations in the outskirts (e.g. Sanderson et al. 2018), offer-
ing clues to galaxies’ accretion histories and merger processes.
They also probe the underlying dark matter (DM) potential,
sensitive to halo substructures predicted by ACDM models
(e.g. Bell et al. 2008; Sandford et al. 2017; Tulin & Yu 2018;
Nibauer et al. 2025; Starkman et al. 2025), and thus link bary-
onic assembly to DM structure formation. Observatories such
as the Rubin Observatory’s Legacy Survey of Space and Time
(LSST) and Euclid will greatly advance LSB studies thanks to
their wide FoV and deep imaging capabilities, though their full
impact will emerge only over the next decade. LSST will reach
the required SB limits after several years of cumulative observa-
tions (u, ~ 30.3 mag arcsec™? in ~10 years; Brough et al. 2024),
while Euclid, operating mainly in the NIR with a single broad
optical filter (VIS), will lack the full colour information needed
for detailed LSB analyses. In this context, VST-SMASH can
deliver immediate scientific returns and acts as an optical com-
plement to Euclid. Providing deep, multi-band, wide-field opti-
cal imaging of southern-sky galaxies, it fills a crucial observa-
tional gap and complements other existing surveys such as MAT-
LAS, ELVES, SSH, LIGHTS, VEGAS, and FDS. Its results will
yield essential datasets to test hierarchical formation models,
constrain DM properties, and refine our understanding of galaxy
evolution.

In this first paper, we: (i) introduce the VST-SMASH survey,
presenting the galaxy sample, observations, and data reduction,
and verify that the planned survey depth is reached (Sect. 2); (ii)
illustrate the first VST-SMASH galaxy observed and reduced,
IC 5332, a low-mass, almost face-on spiral galaxy at a dis-
tance of 7.8 Mpc (Meyer et al. 2004; Karachentsev et al. 2013),
together with the literature (Sect. 3); (iii) present the deep and
wide field photometric analysis for IC 5332 (Sect. 4); (iv) dis-
cuss the results (Sect. 5), draw conclusions, and describe future
prospects (Sect. 6). The magnitudes throughout the paper are
provided in the AB system, and have been corrected for Galactic
extinction using the dust maps of Schlafly & Finkbeiner (2011).
The V-band foreground extinction' is Ay = 0.046 mag, which
corresponds to A, = 0.063 mag, A; = 0.046 mag, and A; = 0.035
mag in the VST g, r, and i filters, respectively.

2. The VST-SMASH survey

The primary goal of the VST-SMASH Survey is to achieve
an extensive characterization of stellar populations, tidal struc-
tures, dwarf galaxies, globular clusters, and all the LSB features
around a galaxy sample within a volume-limited distance of ~11
Mpc. Leveraging the capabilities of the VST and OmegaCAM,
the survey targets SB limits of ~30, 30, and 28 mag/arcsec2 in g,
r, and i bands in the AB system, respectively. This section out-
lines the sample selection defining the complete VST-SMASH
survey (Sect. 2.1), followed by a discussion of observation strate-
gies and data reduction (Sect. 2.2) and of the method adopted for
determining the surface photometry (Sect. 2.3).

' We retrieved foreground extinction in the three bands from the
NASA/IPAC Extragalactic Database (NED, https://ned.ipac.
caltech.edu).
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Fig. 1. VST-SMASH sample properties. From top to bottom, the panels
show the SFR, dynamical mass, HI gas mass, and Holmberg radius (in
kiloparsecs) as functions of stellar mass for the VST-SMASH sample.
The target analysed in this paper, IC 5332, is highlighted with black
symbols. SFR- and My;—M, best-fit relations from Hunt et al. (2019)
and Hunt et al. (2020) are also shown.

2.1. Galaxy sample

To comprehensively characterize mass assembly processes
within a distance of 11 Mpc, we selected a volume-limited
galaxy sample that includes diverse objects in terms of morpho-
logical type, mass, and size, fully exploiting the capabilities of
the VST and OmegaCAM. By observing both the target fields
and an adjacent field for effective background subtraction (see
Sect. 2.2 for a detailed description), we can analyse the galax-
ies’ halos up to roughly 250 kpc, depending on the targets’
distances. The sample was chosen from the Updated Nearby
Galaxy Catalogue (UNGC, Karachentsev et al. 2013), which
includes 869 galaxies within 11 Mpc, applying the following
criteria:

— Declination: only galaxies with declinations of <5 deg were

included to ensure optimal visibility conditions.

— Holmberg diameter: we selected galaxies with Holmberg
diameter (i.e. the radius at which up = 26.5 mag arcsec™>)
A > 5 arcmin to maximize the use of VST’s wide FoV.

— Euclid footprint: the targets were constrained to lie within
the Euclid observational footprint.

— Exclusions: (i) large galaxies, such as the LMC, SMC, and
Sag dSph, as well as Milky Way companions, were excluded
due to extensive previous study; (ii)) NGC 3115 was excluded
as it was already observed with VST; (iii) galaxies heavily
affected by overlapping or very bright stars in the field were
also excluded.

This selection yielded a final sample of 27 galaxies, cov-
ering a broad range of properties. The galaxies span total
masses between 10°-2 x 10! My, stellar masses in the range
107-10"' M,, HI gas masses from 108 to 10'°M,, and a variety
of morphological types, orientations, and environments. Their
apparent sizes range significantly, with Holmberg diameters
Ay between 5 and 40 arcmin (corresponding to 2—40kpc). A
table summarizing the targets and their main properties, along
with additional details on the survey objectives, is provided
by Tortora et al. (2024). In Fig. 1, we present the main physi-
cal parameters of the VST-SMASH sample, showing how the
star formation rate (SFR), the total dynamical mass, HI gas
mass, and Holmberg radius (Ays) correlate with stellar mass.
The SFR was computed as the mean of the Ha- and FUV-
based estimates from Karachentsev et al. (2013), corrected to
a Chabrier IMF by subtracting 0.25 dex (Tortora et al. 2009).
Dynamical masses within the Holmberg radius and HI masses
were taken from Karachentsev et al. (2013), the former derived
from rotation curves and the latter from integrated H I fluxes. The
Holmberg radius was converted to physical units using catalogue
distances. Stellar masses were derived from the catalogue BVK
magnitudes using the mass-to-light ratio (M/L)—colour relations
of Bell & de Jong (2001), based on a scaled Salpeter IMF. The
SFR- and My—M, relations of the VST-SMASH sample are
consistent with the literature (Hunt et al. 2019, 2020).

In this work, we focus on IC 5332, intending to present
preliminary results and the goals achieved by the survey. This
galaxy is described in Sect. 3.1, with its characteristics outlined
in Table 1, and its position in the various scaling relations shown
in Fig. 1.

2.2. Observations and data reduction

The data utilized in this study stem from the VST-SMASH sur-
vey, an extensive imaging survey in g, r, and i bands, con-
ducted using the ESO’s VST, a 2.6-meter telescope designed
for wide-field optical imaging. Equipped with OmegaCAM
(Kuijken et al. 2002), which provides a 1 square degree FoV at
a pixel scale of 0.21 arcsec per pixel, these observations were
carried out in service mode under optimal conditions—dark skies
and photometric stability with specified lunar illumination lim-
its, benefiting from the sky conditions of Cerro Paranal (Chile).
A seeing FWHM < 1.4 arcsec in all bands, a maximum airmass
of 1.8, along with lunar illumination below 0.3, 0.4, and 0.5 in
the g, r, and i bands, respectively, were required with the total
exposure times optimized to maximize depth, especially in the g
and r bands, which reached 2.5 hours of integration each, while
the i band was observed for a total of 2 hours.

In the LSB regime, accurately estimating the sky background
contribution is crucial. Depending on the projected radius of the
galaxy, two observational strategies were employed: (a) a stan-
dard strategy, observing only the field surrounding the target
(ON), or (b) an ON-OFF step-dither strategy, observing both the
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Fig. 2. Left: Colour composite (using g, r, and i bands) VST images of IC 5332. The image size is 28.3’x 18.6’. Right: Enlarged region of the VST
FoV (~61 x 64 arcmin, i.e. ~140 x 145 kpc) in the deep g-band image centred on IC 5332. North is up and east is to the left.

target field (ON) and an adjacent field (OFF). Each field consists
of five pointings in the g and r bands, and four in the i band, cen-
tered on different positions. For each pointing, a standard diag-
onal dither strategy was used (reproducing that tested on FDS
and VEGAS data), comprising six short exposures of 300 s each.
Both of these approaches, optimized by their respective dither-
ing patterns, efficiently bridge the gaps between the 32 CCDs of
OmegaCAM on the VST. For the galaxies with a projected major
axis under 5 arcmin, the standard strategy was employed, and
only the field around the target was observed. As documented in
Capaccioli et al. (2015) and Spavone et al. (2017a), this method
estimates the sky background directly from the science frame by
fitting a two-dimensional (2D) polynomial surface to the mosaic
pixel values that are unaffected by celestial objects.

For more extended and bright galaxies with extensive
envelopes (e.g. with major axis diameter >5 arcmin), the ON-
OFF step-dither technique was applied. This strategy uses the
OFF field (i.e. the frame in proximity, within +1 sq. deg., to the
science frame but sufficiently far away from the bright, extended
halo of the galaxies to avoid contamination from the faint out-
skirts and ICL) to independently measure the sky background,
modelled as a plane, after carefully masking the foreground or
background sources, and subtracts it from the whole mosaic con-
sisting of the ON and OFF fields, in case it is also needed to man-
age the OFF frame (see e.g. Spavone et al. 2017b; Ragusa et al.
2021, 2022, 2023). Data reduction and calibration were pro-
cessed through the Astro-WISE pipeline, developed specif-
ically for OmegaCAM observations (McFarland et al. 2013),
encompassing bias, flat-field correction, sky background sub-
traction, and the creation of a co-added mosaic (for more
details see Venhola et al. 2017) with a spatial scale of 0.2 arcsec
per pixel.

2.3. Surface photometry

The investigation of LSB structures linked to galaxy halos repre-
sents a major challenge in contemporary astronomy due to their
extremely faint SB levels (uy > 2627 mag/arcsec?) and, in some
cases, their vast spatial scale, as seen in the ICL or the large tidal
tails, which can stretch over 100 kpc. These intrinsic properties
make LSB features particularly difficult to analyse.
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Table 1. Literature data for IC 5332.

Parameter Value
Target name IC 5332@
Morphological type SA(s)d
Hubble type 7
Environment NGC 7713 Group
Right ascension (J2000) 23:34:27.567
Declination (J2000) -36:06:03.728
Distance (D) [Mpc] 7.80
Linear scale [kpc/arcsec] 0.0378
Ajg [arcmin] 8.32

A [kpc] 19
Ellipticity (€) 0.13
Inclination (i) [°] 30

Total mass (Mo (rr < Azg)) [Mg] 1.7 x 1010
HI mass (My1) [Mo] 1.5x10°
Stellar mass (M) [Mo] 1.4x10°®
SFRy, [Me yr'] 0.3@
SFRryy [Mg yr~'] 0.4©

Notes. @Most of the data are taken from Karachentsev et al.
(2013), unless otherwise stated. Based on BVK magnitudes
from Karachentsev etal. (2013) and M/L-colour relations from
Bell & de Jong (2001), based on a scaled Salpeter IMF. This value is
much lower than the estimate of 7.6 x 10° M, reported by Cook et al.
(2014), obtained from the 3.6 um emission and assuming a constant
M/L = 0.5. ©The SFRs were calculated using Ha and FUV data and
formulae in Karachentsev et al. (2013), and rescaled to a Chabrier IMF.
These values are quite consistent with the estimates by Lee et al. (2009),
namely 0.34 and 0.5 M,, yr~! (after accounting for the IMF conversion).

As detailed in Sect. 1, overcoming these challenges requires
the use of wide-field, ultra-deep, multi-band photometry. Nev-
ertheless, analysing LSB structures adds a layer of complexity
to interpretation. Their similar origins through accretion events
make it particularly difficult to distinguish LSB features from
the original stellar envelope using photometry alone. This dif-
ficulty arises from the gradual and smooth transition between
the accreted stellar halo and the surrounding LSB components,
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which often share comparable SB profiles and are therefore chal-
lenging to separate.

To address these complexities, the characterization of the
LSB components was conducted through a robust methodology
grounded in well-established surface photometry techniques, as
described in our recent studies (e.g. Ragusa et al. 2021, 2022,
2023). This approach allows for a detailed examination of faint
galactic outskirts and potential tidal features.

This methodology includes cropping low-S/N edges, manual
masking of contaminating sources, and correction for scattered
light from bright stars. The limiting radius (Ryy,) was defined
where the galaxy’s light merges with residual background fluc-
tuations, using the sky RMS to estimate uncertainties. Isopho-
tal fitting was finally performed in the g, r, and i bands with
photutils.Ellipse, fixing the centre and deriving radial pro-
files of SB, ellipticity (€), and position angle (P.A.). These steps
ensured a robust characterization of the LSB components. A
more detailed description of the surface photometry steps is pro-
vided in Appendix A.

3. The first VST-SMASH target: IC 5332

In this section we present the target analysed in this study, pro-
viding a concise description of its fundamental characteristics,
along with a summary of the key findings reported in the litera-
ture in Sect. 3.1. In Sect. 3.2 we provide a general description of
the observational setup adopted for the target, the FWHM PSF
in the three VST gri bands, as well as the depth achieved.

3.1. IC 5332: The literature

IC 5332 is an almost face-on, LSB spiral galaxy located in the
Sculptor constellation, at ~7.8 Mpc distance. It belongs to the
NGC 7713 group, with NGC 7713 likely acting as its primary
perturber. Among the galaxies in the VST-SMASH sample, it
exhibits intermediate values of stellar, total, and HI mass. In
particular, the stellar and HI masses are both ~10°M,, while
the total mass is estimated to be ~2 x 10'° M. The SFR, derived
from both Ha and FUV emission, is ~0.3-0.4 M, yr~!. Its main
physical properties, compiled from the literature, are summa-
rized in Table 1 and some properties are also visualized in Fig. 1.

It exhibits interesting interstellar structures, particularly in
the context of gas dynamics, kinematics, and star formation
(SF) processes. The galaxy is part of the PHANGS-ALMA
(Schinnerer et al. 2019; Leroy et al. 2021) and PHANGS-JWST
(Lee et al. 2023) programmes, and its study provides valuable
insights into the interrelation of gas, dust, and SF. Below,
we explore key aspects of IC 5332 in terms of its physical
properties.

— Star formation and stellar populations: IC 5332 shows many
regions of active SF, at a rate consistent with the SF
main sequence (Fig. 1, Hunt et al. 2020; Leroy et al. 2021;
Popesso et al. 2023). Its SF extends to large galactocentric
radii, with UV emission suggesting that the outer disc is
still forming stars (Hassani et al. 2024). However, there are
no strong spiral patterns or massive star-forming complexes
present. Instead, SF occurs in irregular clumps, particularly
in the south-east and western regions of the galaxy. The Ha
and FUV emission (Karachentsev et al. 2013) supports the
idea of recent SF in these regions. This irregularity ques-
tions the classification of IC 5332 as an XUV-disc galaxy
(Thilker et al. 2007).

— Gas properties and kinematics: IC 5332 exhibits complex gas
dynamics, with an extensive HI component detected in its

outer disc, as observed by Parkes and ATCA (Pisano et al.
2011). The internal kinematics, as revealed by MeerKAT
observations, suggest that IC 5332’s HI disc is relatively
undisturbed, with no signs of significant tidal interac-
tion (Leroy et al. 2021). In contrast, PHANGS-JWST data
reveal a web of filamentary structure in the interstellar
medium (ISM) within the galactic disc. These filaments,
lacking a large-scale SF pattern, resemble cold gas fila-
ments seen in simulations of multi-phase disc fragmenta-
tion (Meidt & van der Wel 2024). Such structures may result
from differential rotation stretching overdensities within the
disc (e.g. Duarte-Cabral & Dobbs 2017).

— Metallicity and environmental impact: IC 5332 is charac-
terized by a relatively small number of HII regions, which
limits the spatial sampling of its gas-phase metallicity.
PHANGS-MUSE data indicate that IC 5332 exhibits a strong
gas metallicity gradient (Groves et al. 2023; Hassani et al.
2024). It also present low gas metallicities, in line with
the mass-metallicity relation established by Lee et al. (2006,
2009), according to which less massive galaxies tend to
be metal-poorer. Furthermore, as discussed by Leroy et al.
(2013), low-metallicity systems such as IC 5332 are
expected to show a reduced CO detectability and an
increased CO-to-H, conversion factor, highlighting the con-
nection between metallicity and the molecular gas content.
Though part of the NGC 7713 galaxy group, IC 5332 does
not show signs of active interaction with nearby galaxies.
However, its location within this group and irregular SF pat-
terns suggest the possibility of past mergers or interactions
that may have influenced its outer disc and HI structure
(Pisano et al. 2011).

Therefore, IC 5332 presents an intriguing case of a low-
mass, star-forming galaxy with a unique interplay between its
gas, dust, and star-forming components. The lack of strong
spiral arms and ordered star-forming complexes, combined
with a complex filamentary gas structure, sets IC 5332 apart
from other galaxies in the PHANGS-JWST sample. While the
galaxy’s metallicity gradient and PAH properties are consis-
tent with its low SFR, its outer disc may have undergone
episodes of interaction, contributing to its current state. Fur-
ther study of its star-formation history (SFH) will help clar-
ify its evolution and the role of the environment in shaping its
properties.

3.2. Observational set-up, PSF, and survey depth

IC 5332 was observed between May and December 2023 as
part of the VST-SMASH runs 110.25AA.001 and 112.266Z.001,
under optimal seeing conditions. Due to the galaxy’s large angu-
lar size, the ON—OFF strategy was adopted. The OFF frame was
used not only to estimate the sky background around IC 5332 but
also for the other adjacent field containing NGC 7713, resulting
in a mosaic covering approximately 3 sq. degs. In this paper,
however, we focus solely on the surface photometry analysis of
IC 5332, and refer the reader to a forthcoming paper for the anal-
ysis of the remaining field.

The colour-composite image, created by combining the three
bands, is shown in the left panel of Fig. 2, while the g-band
image covering an area of approximately 1 square degree is pre-
sented in the right panel of Fig. 2. This illustrates how a sin-
gle VST FoV can encompass a significant portion of the DM
halos of galaxies targeted by the VST-SMASH survey. In the
case of IC 5332, the image allows us to trace its outskirts out
to ~70 kpc. Furthermore, by leveraging the larger mosaic that
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Fig. 3. Deep photometry of IC 5332. Azimuthally averaged SB profiles

of IC 5332 in VST g (blue), r (green) and i (red) bands. The g—r (black),

r — i (magenta) and g — i (orange) colour profiles of IC 5332 are also
shown in the bottom region of the panel.

includes NGC 7713, we can potentially probe the DM halo of
IC 5332 out to a distance of ~350 kpc.

We calculated the PSF FWHM by fitting a Moffat func-
tion to the stars with the highest S/N, excluding saturated stars,
and restricting the analysis to stars in the vicinity of IC 5332,
after masking a circular region of 150 arcsec radius centred on
the galaxy. From this analysis, we determined median FWHM
values of ~0.9, ~1.1, and ~0.8 arcsec in the ¢, r, and i
bands, respectively. These values meet the intended observa-
tional requirements to conduct studies at both high spatial res-
olution and great depth, which are essential to accurately trace
and characterize LSB features in the outskirts of galaxies (e.g.
Ragusa et al. 2021).

Finally, calculating the limiting magnitudes in each band is
crucial for verifying our ability to detect and characterize faint,
diffuse structures. In the LSB regime, achieving reliable mea-
surements of these limits ensures that we can identify and anal-
yse extended features, such as stellar halos, tidal debris, and
other faint structures, which are often concealed within back-
ground noise. We used the methods outlined in Hunt et al. (2025)
and summarized in Appendix B, to calculate the formal limit-
ing SB, tyim, within an area of 100 arcsec? at the 1o~ level. We
find 10 depths of 30.7, 30.5, and 29.5 mag arcsec™2 in the g,
r, and i bands, respectively, which match the planned depths of
VST-SMASH (Tortora et al. 2024), typically required for LSB
analyses (e.g. Martinez-Delgado et al. 2010; van Dokkum et al.
2014). These correspond to 1o noise levels for individual pix-
els of 26.45, 26.15, and 25.25 mag arcsec2 for g, r, and i bands,
respectively.

4. IC 5332 deep photometry

IC 5332 is face-on galaxy, often noted for its flocculent spiral
structure and low inclination, making it ideal for disc structure
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studies. In this section we present the results of the deep surface
photometry analysis of IC 5332 in the g, r, and i bands, including
the two-component Sérsic decomposition, as well as an investi-
gation of its faint outer regions.

4.1. Deep and extended surface brightness and colour
profiles

The averaged radial SB profiles in the g, r, and i bands, obtained
following the detailed procedure described in Appendix A, using
the initial geometric parameters from Jarrett et al. (2003), are
shown in the top panel of Fig. 3. The profiles extend out to 503,
737, and 609 arcsec in the g, r, and i bands respectively, cor-
responding to galactocentric distances of approximately 19, 28,
and 23 kpc. The faintest SB levels reached are 29.1, 29.9, and
28.9 mag arcsec™? in the g, r, and i bands,respectively. These
SB limits are slightly brighter than the ones we infer over 100
arcsec’ regions, because they are averaged over radial bins with
areas smaller than this. Specifically, assuming a radial extent of
737 arcsec (609 arcsec) for r (i), respectively, we would expect
differences of SB limits between the profiles and those given in
Sect. 3.2 of 0.54 mag arcsec™? in r, and 0.65 mag arcsec™? in i.
These expected differences are within 0.05 mag arcsec™> of the
two sets of SB limits given here.

Although our formal depth estimates (calculated in Sect. 3.2)
suggest comparable sensitivities in the g and r bands, the auto-
mated data—reduction procedure affects the g-band image, pro-
ducing a residual oversubtraction in the galaxy’s outer regions.
We applied extensive masking to the areas most affected by
this issue, but minor residuals may still be present. This prob-
lem is likely related to the background estimation stage, during
which the Astro-WISE automatic pipeline may not have prop-
erly masked nearby saturated bright stars, leading to an over-
estimation of the sky level to be subtracted. As a consequence,
the oversubtraction in the g band prevents us from tracing its
surface-brightness profile down to the same SB levels reached
in the r-band image. However, this limitation does not impact
our conclusions, which rely mainly on colour profiles that are
constrained by the shallower band.

The azimuthally averaged SB profiles, after explicitly cor-
recting for large-scale residual background fluctuations, display
a smooth decline with radius, which approximates an exponen-
tial trend at intermediate-to-large radii (see the next sections
about structural analysis), as typically observed in disc-
dominated galaxies. The lower panel of Fig. 3 presents the radial
colour profiles in g — r, r — i, and g — i. Also in this case, we
allowed the ellipse geometry to vary freely in each band, in order
to better trace possible physical variations within the galaxy,
since the main goal of our work is to highlight potential asym-
metries related to accretion events. However, we emphasize that
this choice, which appeared to be the most consistent with our
scientific aims, does not significantly affect the results, as can be
seen in Fig. 5 (see Sect. 4.4), where the radial trends of € and PA
show no substantial variation from band to band.

Within the inner ~40 arcsec (~1.5 kpc), the colours are
remarkably flat, indicating a relatively homogeneous stellar pop-
ulation in the central regions. A trend towards bluer colours
is observed out to ~170 arcsec (~6.5 kpc), suggesting the
presence of a radial stellar population gradient, with younger
and/or lower-metallicity stars populating the outer disc (e.g.
Tortora et al. 2010).

Beyond this radius, the colour gradients exhibit an inversion:
the g — r and g — i colours become redder, while the r — i trends
towards bluer values, although with larger uncertainties. The g—r
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and g — i behaviour might indicate the emergence of distinct
stellar components in the outskirts, such as faint tidal debris,
stellar halos, or LSB streams (see Sect. 5), where photometric
uncertainties increase due to the dominance of background fluc-
tuations. In this regime, redder g — r and g — i colours can be
interpreted as the contribution from older and/or more metal-rich
stellar populations, while the decline in r — i colour may require
particular caution.

Interestingly, the colour inversion observed in the outer
regions —where g—r becomes redder and r—i bluer —and, in partic-
ular, the significant bump at ~220 arcsec in the r band, may indi-
cate enhanced r-band emission. Therefore, a contribution from
diffuse Ho+[N 1] emission cannot be excluded—particularly in the
presence of extraplanar ionized gas—even if it is difficult to distin-
guish in an almost face-on galaxy such as IC 5332. Moreover, the
reddening of the g —r and g — i colour gradients starts at about 170
arcsec, which — as discussed in Sect. 5 — corresponds to the radial
distance where the two stellar streams detected in the outskirts
of IC 5332 begin, possibly reflecting the emergence of a distinct
stellar population associated with accreted material.

To assess whether the colour behaviour in the radial range
170 < R < 400 arcsec could be affected by scattered light
from bright foreground stars, we performed an angular sector
analysis of the SB and colour profiles. The galaxy was divided
into three independent sectors, one of which (-60°, 60°), anti-
clockwise with respect to the horizontal, completely includes the
region where the bright stars are located. The resulting colour
profiles are shown in Fig. E.1. We find that, within the radial
range of interest, the sector encompassing the region potentially
affected by scattered stellar light shows no significant deviation
with respect to the others. This consistency indicates that the
measured colour properties in the outer regions are not signifi-
cantly affected by stellar contamination. A detailed description
of this test is provided in Appendix E.

4.2. Structural parameters from the growth curve and colour
gradients

The growth curve analysis provides, for such extended galaxies,
a model-independent approach for estimating the galaxy effec-
tive radii (R.). To obtain the growth curve, we integrated the
SB profiles up to the radial extension of each band, reported in
Sect. 4.1 and in Fig. 3%. Once the R, values were derived for
each band, we computed the integrated magnitudes and colours
of IC 5332 within this radius. The resulting effective radii are
R.4 =108 arcsec (4.1 kpc), R, = 127 arcsec (4.8 kpc), and R, ; =
104 arcsec (3.9 kpc). They indicate that in the r band, the galaxy
is less concentrated than in the g and i bands. This could also be
an effect of the enhanced emission in the r band seen both in the
bump at 220 arcsec and in the outer regions. Therefore, these val-
ues show an increase from the g to r bands and then a decrease
in the i/ band, indicating a non-monotonic trend with wave-
length, contrasting with the average trends found in observations
(Vulcani et al. 2014) and simulations (Baes et al. 2024) of late-
type galaxies. This suggests a more intricate interplay among
stellar population parameters, dust, and the effect of emission
lines. When compared with a population of local late-type
galaxies selected from the NYU-VAGC catalogue (Blanton et al.
2005), according to the selection criteria on Sérsic index and
concentration adopted in Tortora et al. (2010) the ratios of the

2 Although some residual oversubtraction is visible in the g band, the
growth curve flattens out towards a plateau, confirming that the results
are only marginally affected by this issue.

effective radii in the different bands appear to be broadly con-
sistent with the bulk of the local galaxy population. To be more
specific, we find R. ¢ /Ry = 0.86 and R. o /R.; = 1.04, where the
former is smaller than the median value reported in the NYU-
VAGC catalogue at similar stellar masses, while the latter is con-
sistent with the corresponding median (i.e. Re g /R = 1.02+0.07
and Reg/R.; = 1.03 = 0.10).

Because the ratios of the R, provide only partial informa-
tion, we follow Tortora et al. (2010) and calculate the colour
gradient between 0.1 X R.; and R.,. Studying the correlations
between colour and stellar population gradients and galaxy mass
is known to provide deeper constraints on galaxy formation and
evolutionary processes (e.g. Tortora et al. 2010, 2011b,a, 2013;
Goddard et al. 2017; Liao & Cooper 2023). We adopt the g — i
colour for consistency with Tortora et al. (2010) and to exclude
the r band, which can be affected by Ha—[N II] emission, as dis-
cussed previously. The colour profile is fitted with the relation
g—1i=c+m X log(R/R.;), where m is the colour gradient.
We find a gradient of m = —0.32 dex, which is steeper than the
median value for LTGs of similar stellar mass (~1-3 x 10° M),
reported by Tortora et al. (2010) as ~ — 0.15 dex.

To interpret these colour gradients, we note that Groves et al.
(2023) report an internal dust extinction for IC 5332 decreas-
ing from Ay = 0.40 mag at the centre to Ay = 0.25 mag at
one R.. Assuming a linear variation in extinction between these
radii, we derived the corresponding corrections in the g and i
bands and applied them to the colour profiles. After removing
the dust contribution, the resulting gradient is m = —0.24 dex,
which is consistent with being driven by stellar metallicity vari-
ations (Tortora et al. 2010). A direct comparison with the results
of Tortora et al. (2010) is not possible, since an analogous dust
correction cannot be applied to their sample. Nevertheless, a
metallicity-driven gradient, with the metallicity radially decreas-
ing, is in line with the steep gas-phase metallicity gradients of
IC 5332 measured in Groves et al. (2023), which are among the
steepest in the PHANGS sample.

Steep metallicity gradients in massive galaxies can be largely
explained within the framework of the monolithic collapse sce-
nario, which is further enhanced by the contributions of stellar
and supernova-driven outflows. They are expected when stars
form during strong dissipative (monolithic) collapses in the deep
potential wells of galaxy cores, where the gas is more effi-
ciently retained. This results in more efficent SF and chemical
enrichment in the central regions compared to the outskirts,
thereby producing negative metallicity gradients (e.g. Larson
1974; Kobayashi 2004). In addition, the delayed onset of
supernova-driven winds, which provide a further supply of met-
als to the central regions, can act to reinforce the steepness
of these gradients (e.g. Pipino et al. 2008). Since the depth of
the gravitational potential regulates these processes and thus
correlates with galaxy mass, massive galaxies are expected to
host steeper metallicity gradients than lower-mass ones. The
sharp colour (and presumably metallicity) gradients observed in
IC 5332 can be naturally explained within this scenario.

The total magnitudes measured out to the outermost radius
reached by the photometric profiles are: m, = 10.68 mag, m,
= 10.29 mag, and m; = 10.19 mag. As expected, these values
show a progressive brightening from the ¢ to the i band. We also
computed the integrated magnitudes within the r-band R,.. These
values are m,; = 11.29 mag, m, = 11.04 mag, and m; = 10.78
mag, which also show a consistent brightening towards redder
bands.

We also estimated the isophotal (or Holmberg) radius corre-
sponding to an SB level of 26.5 mag arcsec™2, obtaining values

A42, page 7 of 17



Ragusa, R., et al.: A&A, 710, A42 (2026)

of 294, 344, and 350 arcsec in g, r, and i, respectively, which
are within the maximum radial extent reached by the SB pro-
files (see Sect. 4.1). Comparing with the SB profiles, this con-
firms that light is detected well beyond the 26.5 mag arcsec™>
isophote, extending to radii of about twice the Holmberg radius.
This highlights the importance of deep photometry in capturing
the extended LSB emission in spiral galaxies, which may sig-
nificantly affect the inferred stellar luminosity and mass budget
(see Sect. 4.5), especially when a substantial fraction of the light
lies beyond the R, and well past conventional isophotal radii.
From these values, we derived both the total integrated colours
and those computed within the R, (corrected only for foreground
extinction). The total colours are g—r = 0.39 mag and r—i = 0.10
mag, indicating an overall blue stellar population.

The colours measured within the R, are (g — r)g, = 0.25
mag and (r — i)z, = 0.26 mag, showing that the inner regions
are slightly bluer in g — r but redder in » — i compared to the
global values. These differences are clearly driven by the oppo-
site behaviour of g—r and r—i in the outer regions. The total inte-
grated colours derived from the growth curve method are fully
consistent with those expected for less massive spiral galaxies.
These values fall within the typical ranges observed for Sc—Sd
galaxies, which generally show g — r in a range 0.3-0.5 mag
and r — i between 0.1 and 0.3 mag (e.g. Strateva et al. 2001;
Baldry et al. 2004). Such colours reflect the composite nature of
the stellar populations in these systems: the relatively blue g — r
colour indicates ongoing SF and the presence of young stellar
populations in the disc, while the modest r — i colour suggests
a moderate contribution from more evolved stars, particularly in
the inner regions. Overall, R., magnitudes, and colours show sys-
tematic trends with wavelength, consistent with a stellar popula-
tion increasingly dominated by old stars towards redder bands.

4.3. Sérsic decompositon

In this section we model the SB profile of the galaxy in the g,
r, and i bands. The analysis was performed on azimuthally aver-
aged surface-brightness profiles extracted using isophotes whose
ellipticity and position angle were allowed to vary with radius,
in order to accurately trace the intrinsic geometry of the galaxy
and possible physical asymmetries. At each radius, the azimuthal
averaging provides a robust estimate of the mean light distribu-
tion, which is well suited for one-dimensional structural mod-
elling.

As shown in Appendix C, a single-component Sérsic model
fails to provide a satisfactory fit to the galaxy’s outer regions,
which require an additional exponential component, even though
these outer parts contribute only marginally to the total stel-
lar mass. Therefore, because a single Sérsic component does
not adequately reproduce the full SB profile in any of the three
bands, particularly in the outer regions, we introduced a second
component.

The Sérsic decomposition was intentionally performed in
one dimension, as the primary goal of this analysis is to char-
acterize the radial structural components of IC 5332 as a func-
tion of galactocentric distance, rather than to perform a full 2D
morphological decomposition of the galaxy. The SB profiles of
IC 5332 in the g, r, and i bands were therefore modelled with
a 1D two-component Sérsic decomposition using our Python
code. The results are presented in Fig. 4. Parameter uncertain-
ties were estimated as the square roots of the diagonal elements
of the covariance matrix provided by the fitting algorithm curveg
within the Python library scipy.optimize. This matrix was com-
puted from the inverse of the Hessian of the Xz function, and
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the resulting values represent the 1o~ confidence intervals under
the assumption of Gaussian, independent errors. The fitting was
performed using inverse-variance weighting, where the uncer-
tainties associated with each radial bin include both photon noise
and large-scale background fluctuations, as estimated following
the procedure described in Appendix A. The goodness of fit
was quantified using the reduced y* and the sum of the abso-
lute residuals, allowing a direct comparison to be made between
single- and two-component Sérsic models. In all bands, the two-
component Sérsic model provides a statistically better descrip-
tion of the data, yielding lower reduced y? values and the sum of
the absolute residuals than the single-component fit (see Appen-
dices D and C for details). Each profile was fitted with an inner
(red) and an outer (blue) Sérsic component, highlighting the
radial structural variation as a function of wavelength. The inner
component, typically associated with a central stellar concen-
tration or an inner disc, shows a clear trend: the effective SB
becomes progressively brighter from .1, = 22.60 + 0.11 to
Hetr = 22.37+0.06 and p,1; = 21.86+0.07 mag arcsec™2. Simul-
taneously, the effective radius decreases from R, = 12.87+0.6
arcsec to R, = 10.65 £ 0.5 arcsec and R,;; = 10.35 + 0.4 arc-
sec, while the Sérsic index n; evolves from ny 4, = 1.17 £ 0.06 to
ny, = 1.06 £ 0.03 and n;; = 0.99 + 0.05. This behaviour sug-
gests that the inner structure becomes more compact and dom-
inant at longer wavelengths, consistent with a central concen-
tration of older stellar populations. The outer Sérsic component,
which likely traces the extended disc, also exhibits systematic
variations. The effective SB remains nearly constant in g and r
(Ue2,g = 23.80+0.04 and p,p , = 23.77 £ 0.06 mag arcsec™2) and
becomes brighter in i (u,; = 23.30 + 0.06 mag arcsec™2). The
effective radius shows some fluctuations, with R,y , = 114.85+3
arcsec, R, = 126.59 + 4 arcsec, and R,»; = 110.34 + 4 arc-
sec. However, the Sérsic index shows a marked increase from
nyg = 1.06 £0.06 to ny,, = 1.47 £ 0.1 and np; = 1.37 £ 0.1.
This suggests that the outer profile becomes more centrally con-
centrated at longer wavelengths, reflecting a growing contribu-
tion from older stellar populations dominating the light in the r
and i bands. The transition radius R,,, defined as the point where
the two components have equal SB, also varies significantly: it
decreases from R, = 9.11 arcsec to R, = 3.98 arcsec, and
reaches Ry.; = 5.20 arcsec. The reduced R, in the redder bands
compared to the g band indicates that the outer disc compo-
nent begins to dominate the light distribution much closer to the
centre at longer wavelengths, while the larger R;., reflects the
wider dominance of the younger stellar population in the central
regions.

Finally, the best-fit model (violet curve) in each band suc-
cessfully reproduces the observed light distribution across the
full radial range, confirming the presence of two structural com-
ponents: the inner component, associated with a more compact
central stellar structure, or inner disc, formed through secu-
lar processes such as bar-driven inflows or early gas collapse,
in conjunction with supernovae feedback (driving the negative
colour gradients discussed in Sect. 4.2) and an outer Sérsic com-
ponent, which likely traces an extended stellar disc that could
be a result of radial migration, accretion of material, or minor
interactions. Altogether, these findings reinforce the importance
of multi-band surface photometry in tracing stellar population
gradients and disentangling the structural components of disc
galaxies, especially considering the observed dependence of the
galaxy’s structural parameters on the wavelength, pointing out
that the observed light distribution is not solely shaped by struc-
tural morphology but is strongly modulated by the age and
metallicity distributions of the stellar content.



Ragusa, R., et al.: A&A, 710, A42 (2026)

204 —— Inner Sérsic
—— Outer Sérsic
—— Total model
’r -==- Ry =4.0"
,T'T‘ Observed
]
A
J 241
—
@®©
[®)]
g 26
—
~
3
28 1
30
15
1.0
05 .
. t,t
% 0.0 Poeeeeseststocerescecrstosesettog oy, ot tatacss ;:::;;,,’,)“'.’_,’,_J_
-0.51
1.0
-1.5

10° 10t 10?

sma [arcsec]

Fig. 4. Sérsic decomposition of IC 5332. Top panel: Two-component
model of the azimuthally averaged SB profiles of IC 5332 in the r band.
The red line indicates the inner Sérsic component, while the blue one
corresponds to the outer regions. The purple line represents the sum
of both components as the best fit for the observed light profile. The
vertical dashed black line shows the estimated value for R,,. Bottom
panel: Residuals of the fit, Ay = tobs — Mmodel-

4.4. Tracing the morphology

The PA and e radial profiles, measured in the g (blue), r (green),
and i (red) bands, are shown in Fig. 5, in the left and right pan-
els, respectively. In all three bands, the inner regions display a
relatively smooth behaviour for the PA and € values, consistent
with a nearly face-on spiral disc morphology. At intermediate
radii (from ~12 to ~170 arsec), the PA profiles exhibit a series of
abrupt oscillations, evident in all three bands. These fluctuations
are likely associated with the presence of spiral arms, whose
asymmetric and winding structures locally distort the isophotes,
leading to local twists in the isophotes that propagate into the PA
measurements. The € profiles in this radial range remain moder-
ately low and stable, showing a gentle decline with radius, fur-
ther confirming that the main disc is nearly circular in projection.
In particular, considering radii outside the central bulge, we find
that the € are mostly below 0.2, corresponding to a circular disc
with an inclination of <35°, consistent with the values reported
in Table 1 and in the literature. However, at larger radii, partic-
ularly beyond ~170 arcsec, both the PA and € undergo signif-
icant changes. The PA tends to stabilize at high values (~170-
180 deg), forming a plateau, while the e starts to rise, reaching
values as high as at least € ~ 0.7 in all bands. This behaviour
marks a transition in the photometric morphology, where the
isophotes are no longer dominated by the disc but instead by
more asymmetric and elongated outer features, such as stellar
streams or LSB substructures, which could alter both the orien-
tation and the shape of the isophotes. This coherent change in
both PA and € across the three bands, despite slight differences
in the amplitude of fluctuations, strongly supports the scenario in
which the outer isophotes are dominated by tidal material, likely
of external origin. Such features are characteristic of ongoing
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Fig. 5. Radial profiles of position angle (left column) and ellipticity,
defined as € = 1 — (b/a) (right column) as a function of the semi-major
axis (in arcsec) for the galaxy IC 5332, in the g (top), r (middle), and i
(bottom) bands. Shaded regions indicate the uncertainties. The vertical
dashed line marks a transition where stellar streams or asymmetric LSB
structures begin to dominate the isophotal shape and orientation.

or past accretion events, and their photometric imprint is visible
both in the radial profiles and in the morphological deviations
from the inner, symmetric, star-forming disc-dominated struc-
ture.

4.5. Mass and mass density profiles

From the available optical VST-SMASH photometry, it is not
possible to constrain the stellar population parameters, but sim-
ple prescriptions can be used to estimate the stellar mass profile.
We derive the stellar mass surface density and the corresponding
integrated mass profile by converting the observed g —r and g — i
colour profiles into a stellar M/L using empirical M/L—colour
relations from the literature, which are expected to depend only
mildly on stellar population parameters and dust extinction.

To estimate the r-band M/L, in each radial bin, we
adopted five different M/L,—colour relations, all expressed in the
form
log M/L, = a,co1 + bycol X cOl. @))

We used five different M/L,—colour relations: the one cali-
brated by Zibetti et al. (2009, hereafter Z09), the two relations
from Roediger & Courteau (2015, RC15), based on differ-
ent stellar population synthesis models, and the two from
Into & Portinari (2013, IP13). The corresponding coefficients,
together with details on the adopted IMF and model prescrip-
tions, are reported in Table 2. To exploit the information from
both colour indices while keeping the analysis as simple as pos-
sible, we adopted the mean M/L, value obtained by averaging
the M/L,—~(g — r) and M/L,—(g — i) estimates.

In each radial bin, we calculated the absolute r-band lumi-
nosity density by combining the galaxy’s distance modulus, the
observed SB in the r band, and the solar r-band absolute mag-
nitude My, = 4.65 mag. The stellar mass surface density is
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Table 2. Coeflicients for the adopted M/L, — (g — r) and M/L, — (g — i) relations.

Reference g-r g—i IMF / Model details

Arg-r  brg—r  Grg-i by
709 -0.84 1.654 -0977 1.157 Chabrier IMF, Marigo TP-AGB prescription
RC15 (BC03) -0.792 1.629 -0.861 1.110 Chabrier IMF, BCO3 with Girardi TP-AGB
RC15 (FSPS) -0.647 1.497 -0.644 0973 Chabrier IMF, FSPS with Marigo TP-AGB
IP13 (exp. SFH) -0.593 1373 -0.652 1.005  Kroupa IMF", exponential SFH models
IP13 (disc templates) —0.663 1.530 -0.702 1.098 Kroupa IMF(), disc galaxy templates

Notes. V' These models assume a Kroupa IMF from Rebolo et al. (1998). To convert these to a Chabrier-equivalent IMF, we subtract 0.05 dex from

the resulting log M/L, values (Tortora et al. 2009).

then obtained by multiplying the luminosity density by the cor-
responding M/L, value. Integration of the mass density profile
yields the projected cumulative mass profile.

Figure 6 shows the resulting mass density and integrated
mass profiles for all five M/L,—colour prescriptions. These mod-
els span a range of assumptions regarding stellar population syn-
thesis. The differences among them result in an average offset
between the extreme models of ~0.18 dex in log M/L, corre-
sponding to a scatter of approximately 0.09 dex. The cumulative
total stellar mass of IC 5332 is in the range of log M, /Mg ~
9.42 — 9.54. Following the g — r and g — i colour profiles, the
M/ L remains nearly constant out to ~150 arcsec (i.e. ~5.63 kpc),
beyond which it increases, reaching a peak around R ~ 200
arcsec (i.e. ~7.5 kpc). This complex radial trend in M/L sig-
nificantly affects the mass density profile, which begins to rise
beyond ~150 arcsec (i.e. ~6 kpc), before reaching a maximum
and then declining again. As a result, the cumulative stellar mass
profile exhibits a flattening at R ~ 6 kpc, reaching a value of the
integrated stellar mass (in M, ) in the range 8.90-9.10 dex, fol-
lowed by a secondary rise driven by the M/L bump, and finally
tends to saturate at R > 12 kpc, up to log M, /My ~ 9.3 - 9.4
dex. This complex behaviour coincides with the region where a
distinct stream-like feature is observed. We explore the nature
of this structure in Sect. 5. Finally, we also derived an indepen-
dent stellar mass estimate based on integrated colours up to the
outermost radii. We find total masses that are consistent with
those derived by integrating the mass profile. These estimates are
slightly larger than the value reported in Table 1, which is based
on a scaled Salpeter IMF>. Our mass estimates are also smaller
than the value of 7.6 x 10° M, reported by Cook et al. (2014),
obtained from the 3.6 um emission and assuming M/L3¢um =
0.5. This comparison confirms that such a mass estimate could
be overestimated, due to their assumption of a constant M/L
across their entire galaxy population (Hunt et al. 2019).

5. The western streams

The results in Sect. 4 provide a consistent multi-wavelength pic-
ture of IC 5332, revealing a complex structure shaped by both
secular evolution and external accretion. The azimuthally aver-
aged SB profiles, reaching u, ~ 29.1, y, ~ 29.9, and y; ~ 28.9
mag arcsec™2, show extended LSB outskirts deviating from a
single exponential decline. A two-component Sérsic model is
required to reproduce the profiles, with an extended outer com-
ponent dominating in the g and r bands.

3 The scaled Salpeter IMF of Bell & de Jong (2001) yields only
slightly larger values than a Kroupa IMF.
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Fig. 6. Surface mass density (top panel) and cumulative stellar mass
(bottom panel) as a function of the radius in kiloparsecs. The differ-
ent colours correspond to different stellar M/L—colour relations from
the following papers: Roediger & Courteau (2015, using the BC03 and
FSPS models), Zibetti et al. (2009), and Into & Portinari (2013) for the
exponential SFH and disc models. The r-band effective radius from the
growth curve is shown as a vertical black line.

The wavelength-dependent structural parameters indicate
older, metal-rich stellar populations in the central regions and
a more diffuse, evolved component in the outskirts, consistent
with an accreted stellar halo. The colour profiles display a nega-
tive inner gradient that inverts beyond ~170 arcsec, where g — r
and g — i become redder—a signature of distinct stellar popu-
lations or accreted debris. Similar trends have been associated
with external accretion or disc restructuring (e.g. Bakos et al.
2008; Laine et al. 2016; Roediger et al. 2011). The converse
behaviour of r — i, which becomes bluer at the same radii,
remains unclear, although it may be driven by enhanced Ha
emission.

At comparable radii, both PA and € profiles change shape,
suggesting that the outer isophotes are shaped by the geometry of
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Fig. 7. Deep VST image in the g band (in false colour scale) showing the outskirts of IC 5332 with annotated stellar streams. North is up and east
is to the left. Left panel: Stream 1, emerging to the west of the galaxy at a radial distance of ~170 arcsec, is highlighted by the black polygon. Right
panel: Stream 2 and Stream 3, located to the south-west and west of the galaxy, respectively. Both images were smoothed by using a Gaussian
kernel with o = 5 pixels. In both panels, with blue lines are indicated the regions corresponding to the counterparts.

accreted material rather than by the main stellar disc. The stellar
mass surface density profiles reinforce this scenario, showing
that a significant fraction of the mass lies in the outskirts, hosting
old or metal-rich stars or with stronger Ha-[N II] emission. All
these indicators point to the presence of an extended, accreted
stellar component in IC 5332, consistent with the detection of
several LSB streams in its outer regions (see Figs. 2 and 7),
clearly visible in the deep VST imaging. Similar features have
been observed in other nearby galaxies, confirming that such
stellar streams are a common signature of past accretion events
(e.g. Sola et al. 2022; Pippert et al. 2025).

In particular, in the western direction, two major features can
be identified. In the left panel, at a radial distance of ~170 arcsec
(i.e. ~ 6.4 kpc, 1.4 R, ), the first stellar stream begins to emerge
prominently, and we highlight it as ‘Stream 1°. It seems to resem-
ble a spiral arm, since it follows a similar orientation to the other
arms, but with a quite different pitch angle, which would suggest
some interaction. Stream 1 appears brighter towards the galaxy,
and, as shown in the left panel of Fig. 7, it is clearly disconnected
from the bright star located at its southern end. This supports
the conclusion that the feature is not an imaging artefact caused
by scattered light from the star. Its projected length is approxi-
mately 7 kpc, with an average width of about 2.3 kpc. A second
feature, i.e. ‘Stream 2’, is shown in the right panel. It is located
at a slightly larger distance from the galactic centre, at a radial
distance of ~220 arcsec (i.e. ~7.6 kpc, i.e. 1.7 R ), which is the
distance at which the bump in the r-band SB profile emerges; it
is instead a completely disconnected feature, which crosses the
Stream 1, and does not follow the spiral arms pattern. It exhibits
an arc-like shape oriented towards the centre of IC 5332, which
also makes it easily distinguishable from a possible stellar arte-
fact in its vicinity. It extends over a projected length of 15 kpc
and has an average width of about 3.2 kpc. In addition to these
two main streams, the galaxy is characterized by smaller in size
streams, for example ‘Stream 3°, which are barely detectable due
to their very LSB. These outer features are morphologically dis-
tinct, then suggesting a tidal origin, possibly the debris from a
disrupted satellite galaxy (e.g. Laine et al. 2016). To confirm the
distinct nature of Stream 1 and Stream 2, we computed the asso-
ciated extinction-corrected average integrated colours, account-

ing also for the residual background fluctuations, and compared
them with those of regions (named ‘counterpart 1’ and ‘counter-
part 2°, respectively) located at the same radial distances from
the centre of the galaxy, as shown in Fig. 7. As previously men-
tioned, we focus solely on the g — r colour, which is the most
informative for our purposes. We find that Stream 2 and its Coun-
terpart 2 exhibit g—r values in the range 0.5-0.6 mag and 0.2-0.3
mag, respectively. Similarly, Stream 1 shows a g —r colour in the
range 0.3-0.4 mag, whereas Counterpart 1 is bluer, with g — r =
0.1-0.2 mag. The presence of such red colours in the two streams
is also supported by the rising radial profile measured within a
wedge oriented towards the west. For both streams, their aver-
age colours are significantly redder than those of their respective
counterparts, as expected in the case of accreted material sur-
rounding a galaxy with the morphology of IC 5332. In partic-
ular, the average colour of Stream 2 is broadly consistent with
the typical g — r values reported for dwarf and LSB galaxies
(Marleau et al. 2021; La Marca et al. 2022; Venhola et al. 2022;
Zaritsky et al. 2022). This agreement suggests a possible sce-
nario in which the stream’s origin is associated with the complete
or partial disruption of such an object, although other interpreta-
tions cannot be entirely excluded based on colour data alone. The
progenitor might still be present but obscured from view by one
of the bright foreground stars located in that region. In the case
of Counterpart 1, it is not surprising that it appears bluer than
Stream 1, given that it is located in a spiral arm of the galaxy. All
the findings listed above support the idea that IC 5332 has under-
gone external accretion events that contributed to the buildup
of its outer disc. Such processes are in line with the theoretical
expectations for the inside-out growth of spiral galaxies, where
the central regions form early and evolve through secular pro-
cesses, while the outer structures are gradually assembled via
accretion of satellites and diffuse material (e.g. Pillepich et al.
2015; Rodriguez-Gomez et al. 2016; Grand et al. 2017). To fur-
ther exclude that the detected streams are artefacts caused by
scattered light from nearby bright stars, we compared our VST
images with independent optical data from the DESI Legacy Sur-
veys DR10. Both streams are clearly detected also in the DESI
data, confirming their physical nature. This comparison is dis-
cussed in Appendix F.
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6. Final remarks

The VST-SMASH survey (Tortoraetal. 2024) has been
designed to detect LSB features in the outskirts of a distance-
limited sample of nearby late-type galaxies, within a distance
of D < 11 Mpc. This is a largely unexplored regime in
extragalactic astronomy, mainly due to the observational chal-
lenges posed by the detection of diffuse structures at very faint
levels. Such a goal requires multi-band, deep, and wide-field
imaging capabilities, which are provided by VST in the opti-
cal g, r, and i bands. Notably, the VST-SMASH survey also
offers the unique opportunity to serve as the optical counter-
part to the Euclid Wide Survey footprint, providing comple-
mentary ground-based data for future multi-wavelength studies
(Euclid Collaboration: Scaramella et al. 2022; Hunt et al. 2025).

In this first presentation paper, we focused on the galaxy
IC 5332 to illustrate the depth, quality, and scientific potential
of the VST-SMASH dataset. We reach 1o limiting SBs, mea-
sured within an aperture of 100 arcsec?, of ~30.7, 30.5, and 29.5
mag arcsec™2, with PSF FWHM values of ~0.9, 1.1, and 0.8 arc-
sec in the g, r, and i bands, respectively. These results confirm
that the survey achieves the required depths, reaching in the g
and r bands levels comparable to those of the Euclid Wide Sur-
vey (Hunt et al. 2025). Through detailed surface photometry, we
derived SB and colour profiles down to unprecedented depths,
revealing structural components and gradients not detectable
in shallower surveys. We performed double-component Sérsic
decompositions in all bands, examined the radial variation in
structural parameters, and investigated stellar population gradi-
ents through both colour and mass profiles. Crucially, we also
identified and characterized faint stellar streams in the galaxy’s
outskirts, interpreting them as evidence of ongoing or past accre-
tion events. While a single-component model fails to capture the
full photometric structure, IC 5332 is well fitted by a double-
component Sérsic profile. The inner component is consistent
with previous literature results, while the more extended com-
ponent appears larger in the r band. The galaxy is charac-
terized by a negative g — i colour gradient within one effec-
tive radius, which, even after accounting for internal extinction,
is somewhat steeper than the average for galaxies of a simi-
lar mass (Tortora et al. 2010), and in agreement with the steep
gas-phase metallicity gradients reported by Groves et al. (2023).
These findings are consistent with a dissipative monolithic col-
lapse scenario, reinforced by supernova-driven winds. In the
outer regions, the scenario is more complex: distorted spiral
arms and stellar streams (e.g. Streams 1 and 2 in Fig. 7) compli-
cate the structure. These streams present integrated colours con-
sistent with disrupted dwarf and/or LSB satellites. When using
azimuthally averaged colour profiles, we also observe opposite
trends in the g —r and r—i colour. Their nature remains puzzling;
we suggest that this behaviour may be driven by a stronger con-
tribution from emission lines in the r-band filter, an interpreta-
tion that will require further investigation.

Although this study focuses on a single galaxy, it clearly
demonstrates the exceptional potential of the VST-SMASH
dataset to uncover and characterize faint features in the outskirts
of spiral galaxies. With this work, we lay the groundwork for
future analyses of the remaining targets in our survey, opening
a new window into the LSB Universe in the nearby cosmos.
In future studies, we will extend this analysis to the full VST-
SMASH sample, aiming to perform a systematic morphological
classification of stellar streams and diffuse substructures, search
for dwarf galaxies and globular clusters, investigate their photo-
metric properties, and quantify their occurrence rates. By com-
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bining this information with ancillary multi-wavelength data,
including space-based Euclid imaging, and comparisons to pre-
dictions from cosmological simulations, we aim to place robust
constraints on the role of hierarchical accretion in shaping the
outskirts of nearby spiral galaxies.
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Appendix A: Surface photometry procedure

In this section we outline the main steps of the data analysis used
to derive SB profiles:

i) Cropping: The first step of the data analysis consisted of
cropping the image edges (i.e. regions with a low S/N) to retain
a sufficiently large area that encompasses the faintest light sur-
rounding the target.

ii) Masking: On the cropped image, we then performed
meticulous manual masking of all potential contaminants in the
images, including foreground and background galaxies, stars,
and galactic cirrus. This step ensured that only the target struc-
tures were analysed while excluding sources of interference.

iii) Correcting for scattered light from bright stars: To mit-
igate the effects of scattered light from bright stars present in
the field, a modelling and subtraction procedure was applied.
Bright stars in the field were modelled using a 2D profile and
subsequently subtracted from the original image out to large
radii. However, this analytical modelling often leaves system-
atic residuals, primarily due to the presence of non-symmetric
features such as optical ’ghosts’—internal reflections typical of
bright sources in these datasets. They break the expected symme-
try of the source and cannot be perfectly removed by the model.
Consequently, these residual regions were manually masked to
ensure the integrity of the LSB measurements. These masks are
visible as white circular patches in the right panel of Fig. 7. This
correction minimizes the influence of stellar light on the LSB
measurements, preserving the integrity of the data.

iv) Assessing the limiting radius and background fluctua-
tions: Following the removal of contaminating stars, the limit-
ing radius of photometry (R;;,,) was determined. This radius cor-
responds to the point at which the galaxy’s light merges with
residual background fluctuations. To estimate Ry, the light dis-
tribution was analysed in circular annuli centred on the galaxy,
to sample the residual sky without being biased by the morphol-
ogy of the galaxy’s isophotes. As the images were pre-processed
for sky subtraction, the residual background level was found to
be near zero. The average residual value and its RMS are then
used in step v), contributing to the estimate of the SB and its
associated errors.

v) Isophotal fitting: We performed the isophotal analysis of
the galaxy light distribution using the Ellipse module from the
photutils python package. The fitting procedure was carried out
independently on each optical band (g, r, i), adopting a fixed
centre across all filters to ensure consistency in the structural
comparison. In each band, we determined the galaxy centre by
first applying a Gaussian smoothing with a 3-pixel kernel to
the image, and then identifying the brightest central region of
9 square pixels. The central pixel of this region was adopted
as the galaxy centre. The initial input parameters — position
angle (PA) and ellipticity (e, defined as € = 1 — (b/a), where
a and b are the semi-major and semi-minor axes, respectively)—
were set based on literature values, providing a physically moti-
vated starting point for the isophotal fitting. The algorithm pro-
ceeds by iteratively adjusting the semi-major axis (sma) with a
step of 0.1 pixels, while solving for the best-fitting isophotes at
increasing radii, up to the edges of the frames. The centre was
kept fixed (fix_center=True), and the fit was performed using
median sampling along the isophotes (integrmode="median’).
The final isophotal solution was derived in a non-linear mode
(linear=False), with convergence controlled by a maximum
number of iterations and a tolerance on gradient errors, which for
the standard setup are maxit=100 and maxgerr=50, respectively.
This approach allowed us to extract reliable radial profiles of SB,
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Table B.1. SB limiting magnitudes fy;, within 100 arcsec® areas in
empty sky regions.

Method Depth
[mag arcsec™2]
(1) 1y 1o~ SB limit 30.7
(2) , 1o SB limit 30.7
(1) sr To SB Timit 305
(2) 1, 1o SB limit 30.4
(1) w; 1o~ SB limit 29.5
(2) 1 1o SB limit 295

Notes. Each line corresponds to the different approaches: (1) the stan-
dard deviation among 100 arcsec? tiles following gnuastro/noisechisel;
and (2) Gaussian fits of the masked sky regions following Romén et al.
(2020).

ellipticity, and position angle, which are then used to investigate
the structural components and stellar population gradients in the
galaxy.

These steps ensured the robust analysis of LSB components,
enabling a deeper understanding of their properties and their
connection to the broader astrophysical environment.

Appendix B: Limiting surface brightness
calculation

In this study, we calculated the limiting SB, i, within a 100
arcsec’ region as a function of the signal standard deviation o
based on the methods outlined in Hunt et al. (2025). We used
two complementary approaches:

— NoiseChisel with gnuastro. We used the NoiseChisel
software (Akhlaghi & Ichikawa 2015), which is specifically
designed to detect highly extended, faint objects embedded in
noisy backgrounds. NoiseChisel runs on tiles of 100 arcsec?
and calculates the median o in regions where no detections are
present, isolating the empty sky background. These results are
shown in Table B.1 as line (1) in each band.

— Gaussian fitting on masked data. Following Roman et al.
(2020), we fitted a Gaussian to the distribution of the masked
sky-background signal using masks from the NoiseChisel detec-
tions (as in method 1). The Gaussian best-fit standard deviation
(o) across the masked background image is then used to calcu-
late limiting AB magnitudes for each band, as shown in line (2)
of Table B.1.

These two methods probe background variations on differ-
ent spatial scales: method (1) measures the local pixel-to-pixel
noise, while method (2) is sensitive to large-scale background
fluctuations across the masked image. As shown in Tab.B.1, both
methods yield consistent values, differing by less than 0.1 mag.

We stress that to assess the effective depth at which reliable
SB measurements can be performed, we additionally quantify
the large-scale residual background fluctuations by analysing the
radial count profiles and identifying the plateau region where
the profiles flatten and become dominated by background resid-
uals, as described in step iv) of App. A. These large-scale back-
ground fluctuations are used both to define the effective SB depth
adopted in the analysis of the radial profiles and to build the cor-
responding uncertainty budget.

The achieved formal depths—30.7, 30.5, and 29.5 mag
arcsec™” in the ¢, r, and i bands—match the planned depths
of VST-SMASH (Tortora et al. 2024). The effective SB depth
reached by the azimuthally averaged profiles is discussed in
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Sect. 4.1. This approach follows closely the methodology
adopted in Ragusa et al. (2021) and ensures a conservative and
physically meaningful assessment of the SB limits.

Appendix C: One-component Sérsic fit

In this appendix we present the results of the one-component
Sérsic fits performed on the azimuthally averaged SB profiles of
IC 5332 in the g, r, and i bands. Figure C.1 shows, from top
to bottom, the best-fit Sérsic models (red lines) overlaid on the
observed profiles in each band.

As discussed in Sect. 4.3, although the single-component
model provides a reasonable approximation in the inner regions,
it systematically fails to reproduce the outer light distribution in
all three bands. Indeed, in all bands, the one-component Sérsic
model yields a reduced X2 values (62.420, 69.27 and 90.81 in
the g, r, and i bands) and a sum of the absolute residuals (17.31,
10.41, 10.07 mag in the g, r, and i bands) higher than the two-
components fit (see Sect. D). The improvement provided by the
two-component model is also clearly visible in the residual pro-
file in the bottom panels of Fig. D when we compare them with
the one in the one-component model, shown in the bottom panels
of Fig. C.

Appendix D: Two-component Sérsic fit

We show in Fig. D.1 the results of the two-component Sérsic fits
performed on the azimuthally averaged SB profiles of IC 5332
in the g and i bands.

The goodness of fit was quantified using the reduced y?,
allowing a direct comparison to be made between single- and
two-component Sérsic models. However, we note that in deep
SB profile analyses the reduced y? values can be systematically
larger than unity due to correlated uncertainties between adja-
cent radial bins and residual background systematics that are
not fully captured by the formal photometric errors. For this
reason, the reduced )(2 should be interpreted as a relative indi-
cator of goodness of fit rather than as an absolute statistical
estimator. In addition to the reduced y?, we therefore quan-
tify the goodness of fit using the sum of the absolute residu-
als, sum(|Au|), where Au = fobs — Mmodel- This metric provides
a robust measure of the typical deviation between the data and
the model. In all bands, the two-component Sérsic model yields
both lower reduced )(2 values (14.67, 23.70, 27.11 in the g, r,
and { bands) and sum of the absolute residuals (1.068, 1.012,
1.954 mag in the g, r, and i bands) than the single-component
fit (see Sect. C), confirming that it provides a statistically bet-
ter description of the observed profiles. This motivates the adop-
tion of a more flexible two-component model, as described in the
main text.

Appendix E: Impact of bright stars on the radial SB
profiles

The presence of two bright stars at the south-west edge of
IC 5332 raises the possibility that diffuse PSF halos could con-
taminate the SB measurements in that region, then to quan-
titatively assess this effect and exclude any bias in the radial
SB profiles, we performed a sector-based analysis. We divided
the galaxy into three angular sectors (-60°; 60°), (60°; 180°)
and (180°; 300°), with respect to the horizontal. We indepen-
dently derived the radial SB profiles in each sector using the
same isophotal fitting procedure described in Sect. A. One of
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Fig. C.1. Sérsic fit of IC 5332. From the top to the bottom: One-
component model of the azimuthally averaged SB profiles of IC 5332 in
the g, r, and i bands, respectively. In each plot, the violet line indicates
the best-fit model of the observed light profile in black. The bottom
panels show the residuals of the fit, A = tops — Lhnoder-
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Fig. D.1. Two-component Sérsic fit of the azimuthally averaged SB pro-
files of IC 5332, in the g (on the top) and i (on the bottom) bands. In both
panels, the red line indicates the best-fit model of the observed light pro-
file. The bottom panels show the residuals of the fit, Ay = tops — tmodel-

these sectors encompasses the entire region potentially affected
by scattered light from the bright stars (-60°, 60°) and overlaps
with the area where the stellar streams are detected. Figure E.1
shows the SB profiles obtained for the three sectors in the g,
r, and i bands. The sector containing the bright stars does not
show any systematic excess or deviation with respect to the oth-
ers. This test demonstrates that the contribution of stellar PSF
halos to the radial SB profiles is negligible and does not affect
the azimuthally averaged profiles adopted in the main analysis.
We therefore conclude that the scientific results based on the SB
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Fig. E.1. Azimuthally averaged surface brightness profiles of IC 5332
in VST g (blue), r (green), and i (red) bands, in three different angular
sectors, anti-clockwise with respect to the horizontal: (-60°; 60°), (60°;
180°), and (180°; 300°), represented with the solid, dashed, and dot-
ted lines, respectively. The g—i (in black) colour profiles of the angular
sectors are also shown in the bottom panel.

profiles are robust against potential contamination from nearby
bright stars.

Appendix F: Comparison with DESI Legacy Survey
DR10 imaging

To further verify the reality of the LSB streams detected in the
outskirts of IC 5332, and to exclude the possibility that they are
artefacts caused by scattered light from nearby bright stars, we
compared our VST images with independent optical imaging
from the DESI Legacy Survey DR10. The DESI DR10 image
of IC 5332 in Fig. F.1 show significantly reduced scattered light
from adjacent bright stars in the region of interest. Unfortu-
nately, the data from DESI DR10 suffer from many artefacts,
especially regarding the coverage of the external parts, which
prevents us from being able to use them consistently for our pur-
poses. However, both stellar streams discussed in Sect. 5, includ-
ing stream 2, which partially overlaps with the region affected
by the bright stars in the VST data, are clearly visible also in the
DESI images. This confirms that these features are genuine stel-
lar structures associated with IC 5332 and not artefacts produced
by stellar PSF halos or background subtraction residuals; there-
fore the detection of the streams in two independent datasets sig-
nificantly strengthens the robustness of our analysis and supports
their interpretation as accretion-related structures.
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Fig. F.1. DESI DR10 image of IC 5332. The stars and streams are
labeled in white.

Appendix G: Impact of the extended PSF wings

OmegaCAM is known to exhibit extended, exponential-like
PSF wings, as detailed by Capaccioli et al. (2015). To assess
their impact on our analysis, we reconstructed a composite
PSF model-comprising a Moffat core and an exponential outer
component—and scaled it to match the central SB of the galaxy.
As shown in Fig. G.1, the scaled PSF profile, in red, remains
several magnitudes fainter than the observed galaxy emission,
in black, at radii larger than ~ 150 arcsec. Even adopting the
conservative model with extended exponential wings as in Fig.
B1 from Capaccioli et al. (2015), the PSF contribution stays well
below the measured SB in the outer regions. This demonstrates
that the extended wings do not significantly affect our SB pro-
files or the detection of the stream-like structure.

Observed SB profile
Scaled OmegaCAM PSF

20.0

22.5

Ug [mag/arcsec?]

37.5 A

40.0

R4 [arcsec]

Fig. G.1. Comparison between the observed g-band SB profile of IC
5332 (black dots) and the scaled OmegaCAM PSF model (red line).
The PSF model accounts for both the core (Moffat) and the extended
exponential wings as described in Capaccioli et al. (2015).
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