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Abstract: Understanding the origin of galaxies remains a topic of debate in the current astronomy. In
this work, we have focused on lenticular (S0) galaxies located in low-density environments, using
their associated globular cluster (GC) systems as a tool. Initially, we have started the study of three
S0 galaxies—NGC 2549, NGC 3414 and NGC 5838—using photometric data in several filters obtained
with the GMOS camera mounted on the Gemini North telescope. The different GC systems, as
well as their host galaxies, have shown particular features, such as multiple GC subpopulations
and low-brightness substructures. These pieces of evidence show that the mentioned galaxies have
suffered several merger/interaction events, even the accretion of satellite companions, probably
causing their current morphologies.
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1. Introduction

One of the biggest challenges that persists in astronomy today is understanding how the galaxies
we observe were formed. In this context, a fundamental aspect lies in identifying those influential
factors in the formation and evolution of galaxies of a given morphological type. In this regard, the
importance of globular clusters (GCs) has been recognized as tracers of the first formation stages of
the galaxies, and also as a useful tool for obtaining information about different epochs, regions, and
physical processes that would otherwise be inaccessible [1].

To a greater or lesser extent, GC systems reveal a bimodal colour distribution, indicating the
presence of at least two subpopulations of GCs, usually referred to as “blue” and “red”. This
colour bimodality has usually been interpreted as a metallicity bimodality, suggesting that the galaxy
has experienced two periods of intense star formation. However, the presence of trimodal colour
distributions has been observed in some massive galaxies [2–4], which would indicate that new GCs
have been formed through merger events, and/or have been stripped off of smaller galaxies.

As each history has a beginning, the beginning of the work presented here focused on the
analysis of the GC systems associated with lenticular galaxies (S0) located in relatively low-density
environments, such as groups and/or the field (Escudero et al., in preparation). To this end, we have
used excellent photometric data obtained with Gemini/GMOS through the filters g′r′i′. This data set
in itself constitutes an important contribution to the study of this type of galaxy, since it will serve as
the starting point for future spectroscopic work, and will allow the different processes that govern the
galaxies and their GC systems to be delineated.
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2. Sample of Galaxies

In this work, we have focused on three S0 galaxies: NGC 2549, NGC 3414 and NGC 5838,
essentially classified as S0, and are located in poor (NGC 2549) as well as rich groups (NGC 3414
and NGC 5838). Table 1 shows some properties thereof.

Following is a brief description of the galaxies presented here, with relevant information obtained
from previous studies in the literature.

NGC 2549: This edge-on S0 galaxy is the central galaxy of a low-density group or “poor group”. It
presents an X-shape distribution of light in the bulge [5], and evidences a ring-like structure towards
larger radii [6,7]. The spectroscopic study by Sil’chenko et al. [8] shows that this galaxy presents a
young bulge with an age ∼ 2 Gyr, whereas the disk reveals an increase of the age from 6.4 to 12 Gyr.

NGC 3414: Defined as a peculiar S0, it is the central galaxy of the LGG 227 group [9]. The
appearance of this galaxy has given diverse interpretations about its nature. Whitmore et al. [10]
suggested that it was an edge-on galaxy with a large polar ring, whereas Chitre and Jog [11] considered
it as face-on galaxy with a prominent bar. Age estimates of the bulge and disk are in ∼ 12 Gyr [8].

NGC 5838: This SA0 galaxy is located in the group of galaxies NGC 5846. However, NGC 5838 is
the dominant galaxy of a smaller subgroup. It presents kinematically decoupled nuclear regions, with
two rings or dust disks and young stars [12]. Its bulge contains old stellar populations with a slight
colour gradient [13]. On the other hand, Michard and Marchal [14] suggest that the outer disk could
show weak signs of a spiral pattern. McDermid et al. [15] estimated ages within the effective radius,
obtaining 11.27 Gyr.

Table 1. Galaxy sample. Morphological type taken from the NASA/IPAC Extragalactic Database
(NED), right ascension and declination (NED), V magnitudes from the RC3 catalogue, distance modulus
of Tully et al. [16], Tonry et al. [17] and Theureau et al. [18] for NGC 2549, NGC 3414, and NGC 5838,
respectively. Last column indicates the mean surface density of galaxies inside a cylinder of height
h = 600 km s−1 centered on the galaxy which contains the 10 nearest neighbors [19].

Galaxy Type αJ2000 δJ2000 MV (m − M)0 log Σ10
(h:m:s) (d:m:s) (mag) (mag) (Mpc−2)

NGC 2549 SA00(r) 08:18:58.3 +57:48:10.9 −19.44 30.51 −0.71
NGC 3414 S0 pec 10:51:16.2 +27:58:30.3 −21.11 32.01 −0.16
NGC 5838 SA0− 15:05:26.2 +02:05:57.6 −21.24 32.01 −0.39

3. Results

We present the analysis developed on each galaxy and the preliminary results obtained. Initially,
we obtained the surface brightness profile of the galaxies using the IRAF task ELLIPSE. In order to
avoid the light contribution from nearby bright or extended objects, before executing ELLIPSE we
masked them in the image. In each case we modelled the galaxy light allowing the centre, ellipticity
and position angle of the isophotes to vary freely. Subsequently, the smooth ellipse models were
subtracted from the original images.

NGC 2549: when modeling and subtracting the diffuse galaxy halo (panel (a) in Figure 1), different
stellar structures are evident. In particular, some excesses of light are clearly observed at the position
of the two possible rings (orange letters A and B). On the other hand, when analyzing the colour
distribution of the GC system (panel (b) in Figure 1), it does not show signs of a clear bimodality,
although the system is obviously not unimodal. The colour histogram is dominated by the presence
of the blue GC subpopulation (modal value (g′ − i′)0 ∼ 0.84 mag), and a less conspicuous red GC
subpopulation ((g′ − i′)0 ∼ 1.07 mag). In addition, these red GCs have a “knee” extending to the
red end in (g′ − i′)0. When observing the spatial distribution of the latter (red circles in panel (a)),
they have a slight concentration towards the galaxy (∼ 16 candidates within 4.2 kpc of galactocentric
radius). These features suggest the accretion and/or merger of some lower-mass neighbours.
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Figure 1. (a) Image after the galaxy light is removed. The letters A and B indicate the excesses of
light possibly associated with two rings. Red circles show the position of the globular cluster (GC)
candidates with reddest colours. (b) Colour histogram (g′ − i′)0 for the GC candidates of NGC 2549.
The dashed lines show the Gaussian fit performed for each GC subpopulation.

NGC 3414: In this case, by subtracting the model on the original image (panel (a) in Figure 2), two
clear structures arise. On the one hand, the probable bar or disk perpendicular to the dust spiral, and
shell structures on opposite sides, located at a distance of Rgal ∼ 1.7 arcmin (orange letters A and B,
respectively). Shell structures are usually interpreted as evidence that the galaxy has experienced a dry
minor merger event recently. Furthermore, the asymmetric dust structure would indicate the accretion
or merger of some gas-rich minor galaxy. In this case, the GC colour distribution presents a broad and
flat shape (panel (b) in Figure 2). To study the different possible GC subpopulations in this galaxy, we
separated our sample into several radial bins. Panel (c) shows that there are at least three peaks in
the innermost region, which are found in the modal values (g′ − i′)0 ∼ 0.75, (g′ − i′)0 ∼ 0.96, and
(g′ − i′)0 ∼ 1.09 mag, in addition to a possible group of GC significantly redder in (g′ − i′)0 ∼ 1.24
mag. The first and third peaks correspond to typical values for the aforementioned blue and red
GC, while the intermediate and the reddest peaks may be associated with different subpopulations
present in this galaxy. Towards larger galactocentric radii (panel (d)), the number of blue candidates
begins to increase, clearly observing two peaks (blue and red GCs). The spatial distribution of the
possible intermediate subpopulation and those GCs with reddest colours are shown in panel (a) (green
crosses and red circles, respectively). The latter ones show a clear concentration towards the center of
NGC 3414 which confirms the nature of GCs associated with the galaxy. The mean integrated colour
shown by this group may have originated from highly enriched material during an old fusion with
neighboring galaxies, although the reddening effect caused by the dust cannot be ruled out.
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Figure 2. (a) Image after the galaxy light is removed. The orange letters A and B indicate the bar/disk
and the shells structures, respectively. Red circles and green crosses show the position of the GC
candidates with the reddest colour (g′ − i′)0 and those with intermediate colour, respectively. (b)
Colour histogram (g′ − i′)0 for the GC candidates of NGC 3414. Solid black line represents the
smoothed colour distribution. (c,d) Colour histograms with the GC candidates according to the
galactocentric distance < 43 and 43− 64 arcsec, respectively. The dashed lines show the Gaussian fit
performed for each GC subpopulation.

NGC 5838: to highlight the various complex structures present in this galaxy, we have used the
unsharp masking technique. In panel (a) of Figure 3, a ring of dust (orange letter A) is observed
towards the central part, whereas towards the outer zones it is possible to observe stellar rings and/or
thin remains of a possible spiral structure, or the debris of a low-mass object destroyed in a fusion
(B, C, D). The GC system of NGC 5838 (panel (b) in Figure 3) has a clear trimodal integrated colour
distribution with peaks in the modal values (g′ − i′)0 ∼ 0.79, (g′ − i′)0 ∼ 1.06, and (g′ − i′)0 ∼ 1.28
mag. The first two are in good agreement with typical colors for the blue and red GC subpopulations,
with a clear “valley” between them in (g′ − i′)0 ∼ 0.90 mag. On the other hand, when analyzing
the spatial distribution of the reddest candidates (red circles in panel (a)), it is observed that they
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present an elongated distribution along the semi-major axis of the galaxy. As mentioned in the case of
NGC 3414, the presence of GCs with these particularly red colours may be due to the effects of internal
reddening coming from the galaxy, and/or the existence of a very rich metal subpopulation formed in
a third GC formation.
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Figure 3. (a) Image after the galaxy light is removed. The orange letter A indicates the inner ring of
dust. Letters B, C, and D show the outer stellar rings and/or the thin remains of a possible spiral
structure. (b) Colour histogram (g′ − i′)0 for the GC candidates of NGC 5838. The dashed lines show
the Gaussian fit performed for each GC subpopulation.

4. Conclusions

We have obtained photometric data from three S0 galaxies located in relatively low density
environments in order to initially characterize their GC systems and look for evidence about their
formation. As shown in this work, the various and particular properties exhibited by some of
these systems, such as the existence of multiple GC subpopulations and low surface-brightness
substructures, indicate that most of the studied galaxies have probably undergone several
merger/interaction-accretion events. The presence of these features may be related to the formation
history of the GCs [20–22], mainly of those that present different colours to the typical blue and red
subpopulations. These pieces of evidence leads directly to a question: is it possible that these events
are responsible for their current morphologies? The answer is still open.
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