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ABSTRACT

The VEGAS imaging survey of the Hydra I cluster has revealed an extended network of stellar filaments to the south-west of the spiral
galaxy NGC 3314A. Within these filaments, at a projected distance of ∼40 kpc from the galaxy, we discover an ultra-diffuse galaxy
(UDG) with a central surface brightness of µ0,g ∼ 26 mag arcsec−2 and effective radius Re ∼ 3.8 kpc. This UDG, named UDG 32,
is one of the faintest and most diffuse low-surface-brightness galaxies in the Hydra I cluster. Based on the available data, we cannot
exclude that this object is just seen in projection on top of the stellar filaments and is thus instead a foreground or background UDG
in the cluster. However, the clear spatial coincidence of UDG 32 with the stellar filaments of NGC 3314A suggests that it might have
formed from the material in the filaments, becoming a detached, gravitationally bound system. In this scenario, the origin of UDG 32
depends on the nature of the stellar filaments in NGC 3314A, which is still unknown. The stellar filaments could result from ram-
pressure stripping or have a tidal origin. In this letter we focus on the comparison of the observed properties of the stellar filaments
and of UDG 32 and speculate on their possible origin. The relatively red colour (g − r = 0.54 ± 0.14 mag) of the UDG, similar to that
of the disk in NGC 3314A, combined with an age older than 1 Gyr and the possible presence of a few compact stellar systems, points
towards a tidal formation scenario.
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1. Introduction

Ultra-diffuse galaxies (UDGs) have a special role in the realm
of the low-surface-brightness (LSB) universe. They are empir-
ically defined to be faint (µ0,g ≥ 24 mag arcsec−2) and diffuse
(Re ≥ 1.5 kpc) objects, with stellar masses similar to those of
dwarf galaxies (∼107−108 M�; van Dokkum et al. 2015). The
dark matter (DM) content of UDGs is one of the most debated
open issues. Recent literature has suggested that UDGs are
dwarfs in terms of their DM halo (Lim et al. 2018; Prole et al.
2019a). However, a larger DM amount was inferred for sev-
eral UDGs (e.g., van Dokkum et al. 2019; Forbes et al. 2020a;
Gannon et al. 2021). In contrast, some UDGs with very low DM
content have also been discovered (e.g., van Dokkum et al. 2018;
Collins et al. 2021). This has raised new questions on the whole
framework of galaxy formation and on whether long-lived dwarf
galaxies that do not have a tidal origin should have a massive
DM halo (Lelli et al. 2015).

To date, a significant population of UDGs has been found
in dense environments, such as clusters and groups of galax-
ies, as well as in the field (Koda et al. 2015; Román & Trujillo
2017; van der Burg et al. 2017; Shi et al. 2017; Müller et al.
2018; Venhola et al. 2017; Prole et al. 2019b; Forbes et al. 2019,
2020b; Janssens et al. 2019; Habas et al. 2020). Based on their
colour distribution, morphology, stellar population, and globu-
lar cluster (GC) systems, a wide range of observed properties
are found for UDGs, which do not fit into a single for-
mation scenario (Leisman et al. 2017; Román & Trujillo 2017;
Ferré-Mateu et al. 2018; Martín-Navarro et al. 2019; Lim et al.
2020; Forbes et al. 2020a; Rong et al. 2020).

Several formation channels have been proposed for UDGs.
As the first detections of UDGs suggested a high DM content in
a few of them, they have been termed ‘failed’ galaxies because
they lost gas supply at an early epoch, which prevented the
formation of normal, higher-surface-brightness systems despite
having effective radii comparable to normal (Milky Way-like)
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galaxies (van Dokkum et al. 2015). Ultra-diffuse galaxies with
stellar masses and DM contents consistent with dwarf galaxies
could form as a consequence of anomalously high spins of DM
halos (Amorisco & Loeb 2016; Rong et al. 2017; Tremmel et al.
2019) or of the kinematical heating of their stars induced by
internal processes (i.e. gas outflows associated with feedback;
Di Cintio et al. 2017). According to Sales et al. (2020), a popu-
lation of genuine LSB galaxies with UDG properties forms in the
field and later enters the cluster environment, while the so-called
tidal UDGs (T-UDGs) stem from luminous galaxies and evolve
into UDGs due to cluster tidal forces that remove their DM con-
tent. Tidally released material during galaxy interactions was
also invoked to explain the formation of the DM-free tidal dwarf
galaxies (Lelli et al. 2015; Duc et al. 2014; Ploeckinger et al.
2018). Finally, Poggianti et al. (2019) suggested that the DM-
free UDGs might form from ram-pressure-stripped (RPS) gas
clumps in the extended tails of infalling cluster galaxies.

To date, on the observational side, there have been few cases
of UDGs clearly associated with tidal debris. In the sample of
tidal dwarf galaxies (TDGs) studied by Duc et al. (2014), two
objects have Re and µ0 values consistent with being UDGs and
are clearly associated with the tidal tails of the massive early-
type galaxy NGC 5557. In that work the authors did not describe
them as UDGs, because the specific name for this class of galax-
ies was introduced later (van Dokkum et al. 2015).

The first evidence of UDGs formed through galaxy interac-
tions was presented by Bennet et al. (2018). They reported the
discovery of two new UDGs (NGC 2708-Dw1 and NGC 5631-
Dw1) that are probably associated with the stellar streams
around them caused by the encounters with nearby massive
galaxies. Müller et al. (2019) investigated the possible connec-
tion between the two UDGs (NGC1052-DF2 and NGC1052-
DF4) in the NGC1052 group with the LSB features (loops and
stellar streams) detected in the intra-group space. They pointed
out that no clear association can be made between NGC1052-
DF2’s origin and the tidal interaction in the group where it
resides. Recently, Montes et al. (2020) have proposed that the
existence of faint stellar tails found in the outskirts of NGC1052-
DF4 result from tidal stripping. This mechanism could have also
removed a significant percentage of the DM, thus explaining the
low DM content of this UDG.

In this letter we report the discovery of a UDG in the Hydra I
cluster (51±6 Mpc, Christlein & Zabludoff 2003) located within
the newly detected faint stellar filaments of NGC 3314A. We
have investigated whether this UDG and the filaments could be
associated, and our results point towards new observational evi-
dence for UDG formation in galaxy interactions.

2. A UDG candidate in the stellar filaments of
NGC 3314A: UDG 32

NGC 3314AB, a member of the Hydra I cluster (see the top-left
panel of Fig. 1), is a system of two spiral galaxies seen in pro-
jection on top of each other along the line-of-sight. NGC 3314A
is the foreground galaxy, with a heliocentric velocity of cz =
2795 km s−1 (Christlein & Zabludoff 2003), and NGC 3314B
has cz = 4665 km s−1 (Keel & White 2001; McMahon et al.
1992). Deep images of the Hydra I cluster, in the g and r
bands, were acquired with the European Southern Observa-
tory (ESO) VLT Survey Telescope (VST), as part of the VST
Early-type Galaxy Survey (VEGAS)1 and presented in a recent
paper by Iodice et al. (2020). The VST images have revealed an

1 See http://www.na.astro.it/vegas/VEGAS/Welcome.html

extended (∼3.4 arcmin ∼50 kpc) network of stellar filaments SW
of NGC 3314AB (see the top-right panel of Fig. 1). Since we do
not see any discontinuity in the light distribution, it is reasonable
to associate this structure with NGC 3314A.

Images from the Wide Field Planetary Camera at Hubble
Space Telescope (WFPC2/HST), published by Keel & White
(2001), cover 63′′ × 70′′ (i.e. only ∼17% of the VST field around
NGC 3314AB), and thus they do not show the whole exten-
sion of this system. In fact, the authors refer to the presence
of ‘tails’ in the SW regions of the disk in NGC 3314A. We
downloaded and analysed archival data for the Advanced Cam-
era for Survey (ACS) at HST mosaic, in the optical F606W fil-
ter, and GALEX images in far-UV (FUV) and near-UV (NUV).
They are briefly described in Appendix A. The highest signal-
to-noise stacked ACS/HST mosaic (see Fig. A.1) extends out
to ∼1.4 arcmin (∼20 kpc) on the SW side. Here, the disk of
NGC 3314A has a lopsided morphology, and several filamen-
tary structures, which contain bright knots, are also detected.
Since the ACS/HST mosaic covers the ∼60% of the VST images
around NGC 3314, a morphological assessment of the outermost
regions could not be done. Based on the new VST images, we con-
cluded that the features detected from HST data on the SW side of
NGC 3314A are part of the more complex and extended structure
of stellar filaments, which we estimated to be ∼20 kpc wide and
∼50 kpc long (see the top-right panel of Fig. 1), becoming fainter
(µg ∼ 26−27 mag arcsec−2) at larger radii. The GALEX data
show that they have UV emission out to ∼3.7 arcmin (∼54 kpc)
from the centre of NGC 3314A (see Fig. A.1).

The HI surface brightness distribution presented by
McMahon et al. (1992) shows a long tail (∼30 kpc) extending
south from the galaxy centre and a clump to the SE. Both fea-
tures spatially overlap with the stellar filaments and the promi-
nent star-forming regions in the SE, which were detected in the
VST images.

UDG 322 is found within the stellar filaments of
NGC 3314A, at a projected distance of 161.5 arcsec (∼40 kpc)
from the centre of NGC 3314A (see Fig. 1). This object is out-
side the HST/ACS field of view. The GALEX images do not
show any clear emission associated with UDG 32 (see Fig. A.1).
This might suggest that it does not have a UV emission or,
alternatively, that the GALEX images are too shallow. Multi-
band observations for the Hydra I cluster are also available in
the Canada France Hawaii Telescope (CFHT) science archive,
which in any case are ∼2.5 mag shallower in the g and r bands
relative to the VST data. To date, no further data as deep as the
VST images have become available, nor have there been other
studies of the region where we detected extended stellar fila-
ments.

2.1. Detection of UDG32

UDG 32 is one of the 20 newly discovered UDG candidates
in the Hydra I cluster. The first sample of 12 UDGs detected
by visual inspection were presented by Iodice et al. (2020).
In order to increase the detection rate of the LSB galaxies
in this cluster, we combined the automatic tool SExtractor
(Bertin & Arnouts 1996) with a subsequent visual inspection of
the VST mosaics in the g and r bands. This led to the detection of
20 new UDGs. While we plan to present a detailed study of these
UDGs in a forthcoming paper (La Marca et al., in prep.), which
will also include details on the detection process and UDGs
selection, their properties are used here for comparison with one

2 RA = 159.26775 [deg], Dec =−27.715428 [deg].
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Fig. 1. VST images in the g band for the SE group of the Hydra I cluster and of NGC3314 AB. The top-left panel shows the extracted region of the
VST mosaic (16.2 × 13.8 arcmin), in the g band, in the SE part of the Hydra I cluster. The brightest galaxy members, NGC 3312, NGC 3314AB,
NGC 3316, and HCC 008, are marked. The dashed lines SW of NGC 3312 indicate the region where stellar filaments are detected. The light of
the bright stars in the field has been modelled and subtracted from the reduced images (see also Iodice et al. 2020). North is up, and east is to the
left. The black square is the region (6.44 × 6.04 arcmin) around the galaxies NGC 3314AB that is shown as a gr colour composite in the top-right
panel. The dashed orange box indicates the region around the UDG 32 candidate, in the SW regions of NGC 3314AB, described in the text and
shown as a g-band image (4.8×4.1 arcmin) in the lower-right panel. The dashed circular annulus indicates the region where we estimated the local
background (see text for details). In the lower-right panel we show the azimuthally averaged surface brightness profile in the g band of UDG 32
compared with the best-fit Sersic law (solid red line). The colour g − r profile is shown in the lower-left sub-panels.

interesting UDG candidate, UDG 32, which is the main focus of
this letter.

2.2. Structural properties of UDG32

UDG 32 is one of the most diffuse UDGs detected in the
Hydra I cluster, with a central surface brightness µ0 = 26 ±
1 mag arcsec−2 and Re = 3.8 ± 1 kpc. This object was found
by visual inspection of the area around NGC 3314AB. Being
so faint and diffuse, it falls below the SExtractor detection
threshold with parameters tuned for detection of LSB galax-
ies in Hydra I (La Marca et al., in prep.). Figure B.1 (right
panel) shows that in the new sample of UDGs in Hydra I there
are few other UDGs with µ0 and Re values similar to those of

UDG 32, within the error estimate. Compared to the previous
sample of LSB galaxies in Hydra I by Misgeld et al. (2008), the
faint, tidally disrupting dwarf HCC 087 (Koch et al. 2012) is the
only object falling in the parameter space occupied by UDGs. In
Appendix B we describe the main steps of the surface photom-
etry performed in the area of NGC 3314AB, where UDG 32 is
found, and how the structural parameters are derived.

UDG 32 has an integrated colour of g − r = 0.54 ± 0.14 mag
and an absolute r-band magnitude of Mr = −14.65 mag. Accord-
ing to the colour-magnitude relation for early-type giant and
dwarf galaxies in Hydra I (Misgeld et al. 2008), UDG 32 is con-
sistent with being a cluster member, and its structural parameters
are fully consistent with those measured for all UDGs in the clus-
ter (see Fig. B.1). The azimuthally averaged surface brightness
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Fig. 2. E-MILES single stellar population (SSP) synthesis models. The g − r colours versus metallicity (left panel) and M/L ratio (right panel)
predicted by the SSP models (coloured points) corresponding to different ages, indicated by the colour bars to the right, are shown. The solid black
line indicates the integrated colour measured for UDG 32, and the two dashed lines correspond to the 1σ error.

and colour profiles derived for UDG 32 are shown in Fig. 1.
The redder colours in the centre and the minimum in the surface
brightness profile could be due to dust absorption. Adopting the
relation given by Into & Portinari (2013)3, the g − r colour and
Mr were used to derive the stellar mass for UDG 32, which is
M∗ ∼ 9 × 107 M�.

VST images in the region of NGC 3314A were analysed to
detect GC-like systems around UDG 32. To this aim, we adopted
the same procedure and assumptions to identify old GCs as in the
first sample of UDGs in Hydra I cluster (see Iodice et al. 2020),
which is described in Appendix D. We find the total number of
GC candidates (NGC) within 1.5Re, 3Re, and 5Re to be 0 ≤ NGC ≤

6. In particular, we identified a compact source near the centre
of UDG 32 (at ∼3.5′′), with colour, magnitude, and compactness
properties close to those expected for a bright, old GC (g − r ∼
0.6 mag, mg ∼ 24.9 mag).

Based on the mean g − r colour derived for UDG 32, within
a 1σ error, we used the E-MILES stellar population synthesis
models (Vazdekis et al. 2012) to provide some constraints on
the age and metallicity for this object. Results are shown in
Fig. 2, where the range of possible ages is reported considering
all the possible metallicity values allowed by the stellar popula-
tion models ([Z/H] ∼ −2.32 and 0.22 dex). This analysis shows
that populations with colours in the range 0.4 ≤ g−r ≤ 0.64 mag
span a range of stellar ages from 1 to 5 Gyrs for −0.7 ≤ [Z/H] ≤
0.5. At lower metallicities (−1.7 ≤ [Z/H] ≤ −1.2), older stellar
ages of up to 13 Gyrs are possible. Assuming that UDG 32 is a
normal LSB galaxy, according to the mass-metallicity relation
derived for galaxies in the LSB regime (Fig. 5 in Pandya et al.
2018), its stellar mass (∼108 M�) would be consistent with a
metallicity of Z/H ≥ −1.5. For this value, models shown in
Fig. 2 predict ages older than 3 Gyrs and a stellar mass-to-light
ratio M/L ≥ 1.2 in the g band. However, it is worth noting that
we cannot exclude that there is dust absorption in the UDG.
Therefore, UDG 32 might be intrinsically bluer, and, as con-
sequence, even younger ages cannot be excluded without addi-
tional data.

According to the hypothesis that UDG 32 formed from the
stellar material in the filaments of NGC 3314A, we would expect
it to have a similar colour as the galaxy. Therefore, we derived

3 This empirical relation was derived for the age range 106−1010 yr and
for metallicities between Z = 0.0001 and Z = 0.019 Z�.

the integrated g − r colour in several regions along the fila-
ments, covering both diffuse emission regions and bright knots
(see Fig. 3 and Appendix B). The colour of UDG 32 is fully
consistent with the range of colours in the filaments, which is
0.3 ≤ g − r ≤ 0.65 mag (see the top-right panel of Fig. 3). On
average, the bright knots in the filaments have bluer colours, with
0 ≤ g − r ≤ 0.5 mag; therefore, these could be star-forming
clumps. However, taking into account that the underlying dif-
fuse emission and dust absorption might affect the fluxes in the
bright knots, bluer intrinsic colours in these regions can also be
expected. On average, the distribution of colours in the filaments
does not depend on the distance from the centre of NGC 3314A
(see the lower-right panel of Fig. 3).

3. Discussion: Formation scenarios

In this section we discuss how the structural properties of
UDG 32 fit within the proposed hypothesis of this system being
associated with the stellar filaments of NGC 3314A. The spatial
coincidence suggests that it might have formed from the baryons
(gas and/or stars) in the filaments or that it is a (foreground or
background) UDG in the cluster, projected on top of the stellar
filaments. The available data do not allow us to choose between
these two equally viable formation channels. However, due to the
non-uniform distribution of the UDGs inside the Hydra I cluster
(see Fig. C.1), the chance of finding a UDG projected on top of a
cluster member is lower (∼9%) in the area around NGC 3314A
than in the cluster core (∼50%; see Appendix C for details).

Under the hypothesis that UDG 32 originated from the fila-
ments, the formation mechanism depends on the nature of these
structures.

3.1. On the nature of the stellar filaments in NGC 3314A:
Ram-pressure stripping versus tidal interaction

The morphology of the filaments and the presence of sev-
eral bright, possibly star-forming knots resemble those seen
in jellyfish galaxies (see Poggianti et al. 2017, and references
therein) as well as in spiral galaxies with unwinding arms
(Bellhouse et al. 2021). In both cases, the filaments originate
from the RPS of the gas in the disk that subsequently formed
new stars. Both the HI and radio continuum maps (see Figs. 2
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Fig. 3. Integrated colours in the stellar filaments of NGC 3314A. Left panel: enlarged portion (4.8 × 4.1 arcmin) of the Hydra I mosaic in the g
band centred on NGC 3314A, where the apertures adopted to compute the integrated colours, shown in the right panel, are marked. The three
bright stars located SW of the stellar filaments were modelled and subtracted from the image. Blue and red open circles are for bright knots and
diffuse regions, respectively. We used circular areas of 5.25 arcsec in radius. This was set on the most extended bright knots to enclose most of the
emission. Right panel: colour-magnitude relation (upper panel) for the apertures covering the filaments in NGC 3314A (shown in the left panel)
and for the Hydra I UDG 32 (green point). In the lower panel the integrated g − r colours of the filament regions and of Hydra I UDG32 are
plotted as a function of the projected distance from the galaxy centre of NGC 3314A. Colours and magnitudes are not corrected for internal dust
absorption.

and 3 in McMahon et al. 1992) show emissions elongated in the
direction of stellar filaments in NGC 3314A. Ram-pressure strip-
ping due to the interaction with the Hydra I intra-cluster medium,
which dominates the cluster core out to about 165 kpc in pro-
jected radius (Hayakawa et al. 2006), would explain the align-
ment, under the assumption that NGC 3314A is part of a group
infalling into the cluster potential.

In an alternative scenario, the disturbed morphology of
NGC 3314A may be the result of a past tidal interaction with a
nearby cluster member, as proposed by McMahon et al. (1992).
To explain the asymmetries found in the HI distribution, the
authors suggested that NGC 3314A and the giant spiral galaxy
NGC 3312 could be members of a weakly interacting group in the
foreground of the Hydra I cluster. NGC 3312 is a cluster member
at a similar radial velocity as NGC 3314A (∆Vhel = 35 km s−1),
located SE of the cluster core (see Fig. 1). VST images show
that the disk morphology of NGC 3312 is also quite disturbed,
where protruding stellar filaments are detected SW of the disk (see
Fig. 1). Ongoing tidal interaction with the background galaxy of
the system, NGC 3314B, could be reasonably excluded since this
galaxy has an undisturbed morphology and a very different radial
velocity (Keel & White 2001). However, a high-speed encounter
in the past between the two galaxies or with other cluster mem-
bers that induced a tidal distortion in the disk of NGC 3314A
cannot be excluded. There are two more bright galaxies in the
field, NGC 3316 and HCC 008, and the deep VST images reveal
a distorted morphology in their outskirts (see Fig. 1). They are
cluster members with larger radial velocities (cz ∼ 4000 km s−1;
Christlein & Zabludoff 2003). The intra-cluster region between
NGC 3312 and NGC 3314A is strongly affected by the residual
light from the two bright stars in the cluster core, modelled and

removed from the image (see Iodice et al. 2020), which limits the
detection of other LSB features as possible remnants of a past
interaction between the two galaxies.

3.2. On the origin of UDG 32

Based on the nature of the stellar filaments in NGC 3314A, two
possible scenarios are viable for the origin of UDG 32, assum-
ing that these systems are physically connected. If the stellar fil-
aments in NGC 3314A result from RPS, the UDG might have
formed from the gas clumps. Alternatively, the UDG might orig-
inate from the stripped material (stars and gas) in the filaments
that was caused by a tidal interaction of the parent galaxy with
other group members in the past.

The possible origin of UDGs from the star-forming clumps
of gas in jellyfish galaxies has recently been suggested by
Poggianti et al. (2019). To date, no UDGs have been indis-
putably identified within the filaments of a jellyfish galaxy.
The stellar mass of UDG 32 (M ∼ 108 M�) is consistent with
the stellar mass range (105−108 M�) of the clumps in jellyfish
galaxies (Poggianti et al. 2019). If the UDG originated from
RPS, we would expect a young stellar age (107 up to 109 yr,
Poggianti et al. 2019) and bluer colours than those observed for
UDG 32. However, according to Poggianti et al. (2019), star-
forming clumps are affected by moderate extinction due to dust
(AV ∼ 0.5 mag). In NGC 3314A, Keel & White (2001) found
that the extinction in isolated and well-defined dust clumps
reaches AB = 0.4 mag (AV = 0.3 mag), and even larger (AB >
1 mag) in the interspersed dusty arms. Therefore, if UDG 32
formed from the materials in the filaments, dust could be present
and their intrinsic colours might be bluer.
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Gravitationally bound systems, with a baryonic mass similar
to that of dwarf galaxies, could form in the tidally stripped mate-
rial during galaxy interactions: This is the mechanism proposed
for the formation of TDGs, which have been observed in several
interacting systems (Duc 2012; Ploeckinger et al. 2018). If the
interaction of gas-rich galaxies is recent or ongoing, the TDGs
are still star forming and should be blue. In the sample of TDGs
studied by Duc et al. (2014), two galaxies have Re and µ0 values
consistent with being UDGs (NGC5557-E1 and NGC5557-E2).
Their stellar masses (1.2 × 108 M� and 0.15 × 108 M�, respec-
tively) are comparable with that of UDG 32 in Hydra I. On the
other hand, they have bluer colours (g − r ∼ 0.2–0.4 mag) with
respect to UDG 32, significant HI emission, and ongoing star
formation.

Assuming that NGC 3314A might have weakly interacted in
the past with a cluster member, which induced the formation of
the stellar filaments, UDG 32 might originate from the material
in the tidal tails of gas and stars. This formation mechanism for
UDGs was suggested by Bennet et al. (2018) and recently revis-
ited by Jones et al. (2021). The newly discovered UDGs they
studied are clearly associated with stellar streams connected to
the parent galaxy, which could result from past galaxy interac-
tion in the group. Both UDGs in that study are very diffuse, have
Re of 2.60 and 2.15 kpc, are faint (µ0,g = 26−27 mag arcsec−2),
have reddish colours (g − r = 0.4−0.5 mag), and have a low
UV emission, suggesting the absence of active star formation.
All the above quantities and properties are quite similar to those
observed in UDG 32.

As pointed out by Jones et al. (2021), the presence of GCs
in UDGs might be a key quantity for determining which of
the different formation scenarios is more reliable. Ultra-diffuse
galaxies formed as TDGs from RPS gas should not host typical,
old GCs. The possible presence of a few old GCs in UDG 32
(see Sect. 2.1), with NGC similar to that found in other UDGs
in the cluster (Iodice et al. 2020), would support the possibil-
ity that this system is in projection on top of the stellar fila-
ments. It is worth noting that the number of GCs detected in
UDG 32 is still consistent with zero, although this represents a
lower limit. However, in the tidal stripping scenario also pro-
posed here for the origin of UDG 32, the GCs could be tidally
stripped together with the stars. Therefore, it remains a viable
formation path for this UDG. The formation mechanism for
UDG 32 is unlikely the same as that of UDGs hosting rich GC
systems (Beasley & Trujillo 2016; Forbes et al. 2020a), unless
the tidal stripping also removed a substantial fraction of its GCs
(Bellazzini et al. 2020).

4. Conclusions and perspectives

In this letter we have reported the discovery of a UDG, named
UDG 32, that lies within the extended faint stellar filaments of
the spiral galaxy NGC 3314A, at ∼40 kpc from the galaxy centre.
UDG 32 is one of the faintest and most diffuse galaxies found in
the cluster. We investigated the hypothesis that UDG 32 might
have formed from the stellar and/or gas material in the filaments.

To the best of our knowledge, the detection of the faint sys-
tem of stellar filaments extending over ∼50 kpc towards the SW
from NGC 3314A from deep VST images of the Hydra I clus-
ter is a new discovery. The origin of the filaments is yet to be
explained. We addressed the possibility that the stars in the fil-
aments could have formed in the RPS gas or, alternatively, that
the spiral disk of NGC 3314A could have been tidally distorted
through an interaction with a cluster member. The above scenar-
ios could provide two possible formation channels for UDG 32:

It might have built up from one of the gas clumps resulting from
RPS or from the tidal material of interacting galaxies. The rather
red colour (g − r = 0.54 ± 0.14 mag) of UDG 32, similar to
that in the disk of NGC 3314A, an age older than 1 Gyr, and the
possible presence of a few old GCs would be consistent with a
moderately evolved stellar content and, therefore, with the tidal
formation scenario. Differently from the few other UDGs known
in the literature and associated with tidal features, the stellar fil-
aments in NGC 3314A are the most extended LSB structure in
which a UDG is clearly detected.

The possibility that UDG 32 is a foreground or background
UDG falling in that region of the cluster cannot be ruled out.
Follow-up spectroscopy is required to confirm the cluster mem-
bership of the newly discovered UDG 32, and thus its physical
association with NGC 3314A, and to unveil the nature of the stel-
lar filaments. To probe the physical association of UDG 32 with
the filaments in NGC3314A, a homogenous map of the stellar
and gas kinematics is needed. The velocity of stripped gas in
RPS galaxies can differ from the systemic velocity of the par-
ent galaxy by up to ∼1000 km s−1 (see Bellhouse et al. 2017).
Therefore, given the location of the UDG at the outer edge of
the stellar filaments, its redshift should be consistent with the
possible radial velocity gradient inside the filaments, from the
disk of NGC 3314A outwards. From stellar and gas kinematic
maps we would also be able to disentangle the RPS from the
tidal origin of the stellar filaments in NGC 3314A. In fact, RPS
affects only the gas, leaving the stellar components unperturbed
(see Poggianti et al. 2017; Gullieuszik et al. 2017).

To date, there have been no detected UDGs formed in RPS
filaments; therefore, if confirmed, this would be the first case.
The structure of NGC 3314A could be even more complex, that
is, tidal forces might have acted in the past and RPS may still be
ongoing. This is the scenario proposed to account for the optical
and HI structure in NGC 1427A, a member of the Fornax clus-
ter (Lee-Waddell et al. 2018). The new WALLABY data for the
Hydra I cluster (Wang et al. 2021) will help to disentangle the
nature of the stellar filaments in NGC 3314A.
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Appendix A: Archival data for NGC3314AB

Fig. A.1. GALEX FUV emission in the region centred on NGC 3314AB of 6.44′×6.04′ (left panel) and ACS/HST stacked mosaic (∼ 5.28′×3.67′)
of NGC 3314AB in the F606W filter (right panel). The FUV image has been treated with ASMOOTH (Ebeling et al. 2006), selecting a S/N above
the background of τmin=1.5. The region of UDG 32 (marked with the empty black circle in both panels) is outside the ACS/HST mosaic.

In Fig. A.1 the ACS/HST and GALEX archival data for
NGC 3314AB are shown. The ACS/HST mosaic is in the
F606W filter. It covers a total area of 5.28′ × 3.67′ and has a
total integration of 18hrs. The GALEX data cover an area of
∼ 1 deg2, and the FUV emission has a total integration time of
261 sec.

Appendix B: Surface photometry and structural
parameters for UDG 32

In this section we describe the main steps adopted to derive the
surface photometry and the structural parameters for UDG 32.
As described by Iodice et al. (2020), the observing strategy and
data reduction adopted for Hydra I are optimised to study galax-
ies and features in the LSB regime. The long integration times
(2.8 hours and 3.22 hours in the g and r bands, respectively)
allowed integrated magnitude sensitivities4 of mg = 28.6 ±
0.2 mag and mr = 28.1±0.2 mag to be reached. The observations
used in this work were acquired with the step-dither observing
strategy, which guarantees an accurate estimate of the sky back-
ground (see e.g. Iodice et al. 2016; Venhola et al. 2017). There-
fore, the final reduced mosaics for the Hydra I cluster are already
sky-subtracted. In addition, since in the area of this cluster there
is a bright (seventh-magnitude) foreground star on the NE side of
the cluster core, during the data acquisition we took special care
to always put this star in one of the two wide OmegaCam gaps,
thereby reducing the scattered light. The residual light from this
bright star was modelled and subtracted from the mosaic in both
bands. The light distribution of the second brightest star in the
field, located SE of the core, was also modelled and subtracted
from the parent image (see Fig. 1 in Iodice et al. 2020). On the

4 Derived as the flux corresponding to 5σ, with the RMS of the back-
ground σ estimated over an empty area of 1 arcsec.

residual image, we analysed the SE region of the cluster, where
NGC 3314A and UDG 32 are located (see Fig. 1).

The main steps of the photometry, deriving surface bright-
ness profiles, colour profiles, and integrated magnitudes and
colours, are extensively described in many VEGAS papers (see
Iodice et al. 2016; Spavone et al. 2017; Iodice et al. 2019, and
references therein). In short, we estimated the residual sky fluctu-
ations around each galaxy of the cluster out to the most extended
radius and, therefore, the corresponding limiting radius (Rlim)
where the galaxy light blends into this residual sky. During this
process, all bright (background and foreground) sources, includ-
ing the artefacts derived from the modelling of the brightest stars
in the field, were masked and excluded from the analysis.

In the case of UDG 32, we proceeded in two steps. Firstly,
we estimated the average background at large distances from the
centre of NGC 3314A, which starts to dominate at Rlim ≥ 120
arcsec, and we estimated the RMS scatter to be ∼ 20% and
∼ 15% in the g and r bands, respectively. Since UDG 32 is
located on top of the stellar filaments of NGC 3314A, the diffuse
light from the filaments also contributes to the integrated light of
this object. Therefore, in order to account for this contribution,
a local background value around UDG 32 is required. This was
computed in a circular annulus of 20 ≤ R ≤ 40 arcsec centred on
the UDG (see the lower-right panel of Fig. 1). The local back-
ground was then adopted to estimate the integrated magnitudes
and colours, as well as the surface brightness profiles derived for
UDG 32, reported in this work.

The background value derived around NGC 3314A was used
to compute the integrated magnitudes of the regions in the stellar
filaments (see Sect. 2). In fact, the local background around each
of them cannot be considered, since it coincides with the flux
that we aim at measuring.

Using the same analysis and technique presented by
Iodice et al. (2020), for UDG 32, as well as for all the new
LSB candidates detected in the Hydra I cluster, we: (i) measured
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Fig. B.1. Structural parameters for UDGs in the Hydra I cluster. Left panel: Colour-magnitude relation (CMR) for the full sample of dwarf
galaxies (black points) detected in the VST Hydra I mosaic (Iodice et al. 2020) and from Misgeld et al. (2008). Red filled circles indicate the
UDG candidates found by Iodice et al. (2020). The solid black line is the CMR for the Hydra I cluster early-type galaxies derived by (dashed
lines indicate the 1σ scatter Misgeld et al. 2008). The magenta filled circles are the new UDGs detected in the cluster. The green point indicates
UDG 32. Right panels: Structural and photometric parameters for the newly discovered UDGs (filled magenta circles) and for UDG 32 in the
filament of NGC 3314A (filled green circles) as a function of the effective radius. The UDGs previously presented by Iodice et al. (2020) are
marked with red circles. The UDG definition criteria, Re ≥ 1.5 kpc and µ0 ≥ 24 mag/arcsec2 (van Dokkum et al. 2015), are shown by the dashed
lines. The black points are the dwarf galaxies in Hydra I from Misgeld et al. (2008) and Iodice et al. (2020). The vertical shaded region indicates
the range of uncertainty on Re.

Fig. B.2. Results from the 2D fit of the light distribution for UDG 32, in the g band, with the GALFIT tool (Peng et al. 2010). The parent image is
shown in the left panel. The 2D model and residuals are shown in the middle and right panels, respectively. Bright stars as well as foreground and
background objects are masked and excluded from the fit.

the total magnitudes, as aperture photometry for R ≤ Rlim,
and the average g − r colours and (ii) derived the structural
parameters by fitting the 2D light distribution, in the g band,
with GALFIT (Peng et al. 2010), adopting a single Sersic func-
tion. In Fig. B.1 we show the colour-magnitude relation and the
structural parameters for the whole sample of UDGs, including
UDG 32, and dwarf galaxies in the Hydra I cluster. For UDG 32,
as for all UDGs in the sample, we adopted the cluster distance

of 51 ± 6 Mpc. Assuming that UDG 32 is physically associ-
ated with NGC 3314A, which has a distance of ∼ 37.3 Mpc
(Christlein & Zabludoff 2003), we obtain Re = 2.5 ± 1 kpc.
Figure B.1 shows that this estimate of Re is still consistent with
the average values derived for the other UDGs in the sample,
which have similar faint surface brightnesses and large sizes
2 ≤ Re ≤ 3 kpc. For UDG 32, the 2D model and residuals
obtained by GALFIT are shown in Fig. B.2.

L11, page 9 of 11

https://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/202141086&pdf_id=5
https://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/202141086&pdf_id=6


A&A 652, L11 (2021)

Appendix C: 2D number density distribution of
UDGs in Hydra I

Figure C.1 shows the 2D number density distribution of all
UDGs detected in Hydra I. The smoothed distribution is obtained
by convolving the galaxy distribution with a Gaussian kernel
with a standard deviation of σ = 5 arcmin. This suggests
that UDGs in Hydra I are not uniformly distributed: The UDG
distribution peaks close to the cluster core, and a lower num-
ber density is found at larger cluster-centric radii. Based on
this evidence, we derived the probability of finding a UDG
in a circle of fixed area as a function of the number density

levels. Therefore, we defined a circle that covers the whole
extension of the NGC 3314A stellar filaments with a radius of
0.0272 deg and a total area of Atail = 0.00232 deg2, centred
on R.A. = 159.28 Dec. = -27.71 deg. The probability of find-
ing a UDG within Atail is derived inside each density level as
NUDGs×Areatails/Areatotal, where ATOT is the total area between
the two contiguous contours. The probability values are plotted
in the right panel of Fig. C.1. In the region of the cluster where
UDG 32 is located, ATOT = 0.275 deg2, and the total number
of UDGs inside this level is 11. Therefore, assuming that they
are randomly distributed inside it, the probability in this region
is ∼ 9.3%.

Fig. C.1. Projected distribution of UDGs in the Hydra I cluster. Left panel: 2D distribution of UDGs in the Hydra I cluster. The peak of the UDG
density distribution is close to the core of the cluster, where the two brightest cluster galaxies, NGC 3311 and NGC 3309, are shown with the two
black triangles. A lower number density is found at larger cluster-centric radii. All UDGs are marked as grey circles. The black square and open
black circle mark the position of UDG 32 and the region of NGC 3314A. The two brightest stars in the field are marked with magenta points. The
solid coloured lines represent the density contours. Right panel: Probability histogram of finding a UDG inside an area of 0.00232 deg2 (assumed
to cover the extension of NGC3314A and its stellar filaments; see text for details), as a function of the UDGs number density. Each level of the
UDG number density is also shown in the left panel.
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Appendix D: Search for globular clusters around
UDG 32

To detect candidate GCs around UDG 32, we adopted the same
procedure and assumptions to identify old GCs as for the first
sample of UDGs in Hydra I, described by Iodice et al. (2020)
and more extensively presented in Cantiello et al. (2018, 2020). In
short, we ran SExtractor on a large image cutout of ∼ 10.5′ ×
9.5′, in the g and r bands, where the model distribution of the
UDG has been subtracted. For each source, and in each band,
we derived the automated aperture magnitude (MAG_AUTO)
to estimate the total magnitude of the source and the aperture
magnitude within a four- and six-pixel diameter (MAG_APER) to
estimate its g− r[6 pixels] colour and the concentration index (as
CIX = MAG_APERX[4pixel]−MAG_APERX[6pixel]), which is
an indicator of source compactness (Peng et al. 2011). To iden-
tify GC candidates, we selected sources with: i) g-band magni-
tude s23.5 ≤ mg ≤ 26 mag, the expected range between the turn-
over magnitudes (TOMs) of the GC luminosity function (GCLF)
and 3σGCLF mag brighter (Villegas et al. 2010); ii) 0.25 ≤ g−r ≤
1.25 mag; iii) SExtractor CLAS S _S T AR ≥ 0.4; iv) elonga-
tion (i.e. major-to-minor axis ratio) ≤ 2 in both bands; and v) CIX
within ±0.1 mag of the sequence of local point sources.

We find that the number of GC candidates over the ∼
10.5′ × 9.5′ area around the UDG is ∼ 3.0 ± 3 arcmin−2. The

total number of GCs (NGC) was derived within 1.5 Re, adopt-
ing the approach suggested by van Dokkum et al. (2016), and
also within 3 and 5Re, the higher value being close to the
upper limit for bound systems (Forbes 2017; Caso et al. 2019).
All estimates were corrected for the contamination of fore-
ground stars, background galaxies, and possible intra-cluster
GCs, which is ∼ 3 sources/arcmin2, derived in the regions
between 5′ ≤ R ≤ 10′ around the UDG. Since the photome-
try reaches roughly the TOM peak, and assuming the GCLF is a
also Gaussian in UDGs (e.g. Rejkuba 2012; van Dokkum et al.
2016), we derived NGC as twice the background-corrected GC
density over the 3 and 5Re area of the UDG, times the area.
The only difference with the NGC within 1.5 Re is that it is
assumed that only half of the GC population is within 1.5 Re,
and hence the total population is estimated as four times the
background-corrected GC density over 1.5 Re area, times the
area. Therefore, we find 0 ≤ NGC ≤ 6 within all assumed
radii. A similar value for NGC was also found using more strin-
gent criteria (0.4 ≤ g−r ≤ 1.1 mag, CLASS_STAR≥ 0.6, CIX
within ±0.05 mag). In particular, we identify a compact source
near the centre of the UDG (at ∼ 3.5′′), with colour, magni-
tude, and compactness properties close to what is expected for
GCs (g − r ∼ 0.6 mag, mg ∼ 24.9, CLASS_STAR∼ 0.9 in
both bands, and CIX consistent with the stellar sequence within
≤ 0.05 mag).
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