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ABSTRACT

Compact groups of galaxies (CGs) show members with morphological disturbances, mainly products of galaxy-galaxy in-
teractions, thus making them ideal systems to study galaxy evolution, in high-density environment. To understand how this
environment affects the properties of galaxies, we select a sample of 340 CGs in the Stripe 82 region, for a total of 1083 galaxies,
and a sample of 2281 field galaxies as a control sample. By performing a multi-wavelength morphological fitting process using
S-PLUS data, we divide our sample into early-type (ETG), late-type (LTG), and transition galaxies using the r-band Sérsic
index and the colour (1 — 7). We find a bimodal distribution in the plane of the effective radius-Sérsic index, where a secondary
“peculiar” galaxy population of smaller and more compact galaxies is found in CGs, which is not observed in the control sample.
This indicates that galaxies are undergoing a morphological transformation in CGs. In addition, we find significant statistical
differences in the distribution of specific Star Formation Rate (sSFR) when we compare both environments for LTGs and ETGs.
We also find a higher fraction of quenched galaxies and a lower median sSFR in CGs than in the control sample, suggesting the
existence of environmental effects favoring the cessation of star formation, regardless of galaxy type. Our results support the
notion that CGs promote morphological and physical transformations, highlighting their potential as ideal systems for galaxy
pre-processing.
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1 INTRODUCTION denser environments compared to less dense ones (Kauffmann et al.
2003). Gonzélez Delgado et al. (2022) found that the fraction of
quenched galaxies is higher in groups of galaxies than in the field,
and the fraction of quenched galaxies, both in groups and in the field,
increases with stellar mass. They also found a larger fraction of blue
quiescent and green valley galaxies in groups compared to the field.
In addition, studies have shown that large numbers of galaxy cluster
members have been pre-processed in groups and low-mass clusters
(Eckert et al. 2014, Haines et al. 2015,Bianconi et al. 2017, Pallero
et al. 2019, Pallero et al. 2022). Within this context, it is important
to understand the physical processes that cause the pre-processing
of galaxies in groups, in order to further understand the evolution of
galaxies in different structures in the Universe.

Interactions between galaxies play an important role in their evolu-
tion, generating changes in morphology (e.g., Byrd & Valtonen 1990;
Park & Hwang 2009,Smith et al. 2022), mass growth (e.g., Cattaneo
et al. 2011), an increase of star formation (e.g Patton et al. 2013
Yoon & Im 2020) or cessation of star formation (e.g., van den Bosch
et al. 2008; Woo et al. 2013). Thus, the environment in which galax-
ies reside is a key ingredient in their evolution. Several studies have
shown differences in the properties of galaxies that reside in differ-
ent environments. For instance, elliptical and passive galaxies reside
preferentially in regions of very high local density (Dressler 1984;
Baldry et al. 2006), and, the specific star formation rate is lower in

Compact groups (CGs) of galaxies are ideal laboratories to study
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sities comparable to cluster cores, and their low-velocity dispersions,
oG ~ 200km/s (Hickson 1982). Indeed, these systems have from 3
to 10 luminous galaxies within a projected radius of the order of a
few tens of kiloparsecs (Sohn et al. 2016). One of the most famous
sample corresponds to the Hickson Compact Group (HCGs) Catalog
developed by Hickson (1982), and is the most studied sample of CGs,
where he systematically selected 100 CGs from photometric plates
of images. This environment contains a high fraction of galaxies that
have morphological (Mendes de Oliveira & Hickson 1994, Coziol
& Plauchu-Frayn 2007) or kinematic (Rubin et al. 1991, Mendes de
Oliveira et al. 2003, Torres-Flores et al. 2013) peculiarities, which are
typically associated to tidal interactions and mergers. Besides, when
comparing CGs with less dense environments, such as the field or
loose groups, it can be seen that CGs members have redder colours,
which might indicate a higher fraction of early-type galaxies (Lee
et al. 2004, Deng et al. 2008, Coenda et al. 2012, Poliakov et al.
2021). Galaxies located in CGs have preferentially larger concentra-
tion index, i.e. they are more compact, compared to systems located
in less dense environments (Deng et al. 2008, Coenda et al. 2012,
Poliakov et al. 2021). In addition, CGs have been studied to char-
acterize the presence of intra-group light (e.g. Da Rocha & Mendes
de Oliveira 2005). For instance, Poliakov et al. (2021) found that
the surface brightnesses of the intra-group light component corre-
late with the mean CG morphology, such that brighter systems are
dominated by early-type galaxies. Additionally, a gap or so-called
“canyon" has been observed in the mid-infrared (MIR) colour space
for CG galaxies; galaxies with those colors are called infrared green
valley galaxies, which are located between star-forming galaxies with
red colours and quiescent galaxies with blue colors in MIR. This fea-
ture is not detected in field galaxies (Johnson et al. 2007, Gallagher
et al. 2008), and it is only seen in a weaker form in galaxies falling in
the Coma cluster (Walker et al. 2010). Walker et al. (2013) found that
galaxies in this MIR gap have already transitioned to the optical red
sequence. This makes CGs an extreme environment for galaxy evo-
Iution, where the processes that transform galaxies from star-forming
to quiescence act in an efficient way, and where photometric studies
have been extremely useful.

The interaction history of galaxies in CGs can also be traced by
studying their Hi distribution. This allowed to propose an evolution-
ary scenario for CGs of galaxies which depends on the amount and
distribution of neutral hydrogen. Verdes-Montenegro et al. (2001)
found that HCGs members are deficient in Hi, which may be pro-
duced by tidal stripping and/or heating. This lack of neutral gas af-
fects the physical properties of galaxies in CGs. Furthermore, studies
based on molecular gas (Alatalo et al. 2015) and neutral gas (Jones
et al. 2023) showed that only by knowing the amount of Hr or H, gas,
that galaxies in HCGs have, is not enough to infer their star forma-
tion activity. Indeed, Hi-deficient galaxies still are active in infrared
(i.e. star-forming galaxies can be detected in the infrared), suggesting
that these galaxies, even though they lose their Hi, still are able to
maintain their star formation thanks to Hy (Jones et al. 2023). On the
other hand, Alatalo et al. (2015) found that galaxies in HCGs do not
need to eject their gas reservoirs in order to quench and undergo a
transformation from blue spirals to red early-type galaxies. They also
found that many of the galaxies in the "canyon" or infrared green val-
ley galaxies contain molecular gas but cannot form stars efficiently,
perhaps due to the existence of significant turbulence and shocks in
the gas (Alatalo et al. 2015), and most of these warm H, galaxies
have suffered a significant decrease in molecular gas content and star
formation (Lisenfeld et al. 2014) for HCG. Nevertheless, Bitsakis
et al. (2016), who used a larger sample, also found that shocks and
turbulence have a relevant role in the cessation of star formation, and
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that the morphological transformation of late-types to earlier types
occurs in the infrared green valley. All these studies indicate that
physical and morphological processes in CG environments are quite
complex.

Within this context, it is still not clear what are the morphological
differences between the CG galaxies and a sample of galaxies in a
less dense environment, and how actually the CG environment favors
morphological transformations. In addition, it is not clear whether
there is any difference in the star formation of galaxies of the same
morphological type in CGs compared to less dense environments.
In other words, does the CG environment promote cessation in the
star formation of galaxies, i.e. are these systems responsible for the
pre-processing of galaxies?

Given the relevance of CGs galaxies in the context of galaxy
transformation and evolution, this study presents a comprehensive
analysis of the physical and morphological characteristics of galax-
ies belonging to CGs. The primary data source for this analysis is
the Southern Photometric Local Universe Survey (S-PLUS) project
(Mendes de Oliveira et al. 2019), which provides photometric infor-
mation in 12 bands enabling a precise and detailed multi-wavelength
analysis. We supplement this dataset with the GALEX-SDSS-WISE
LEGACY catalogue (Salim et al. 2018). Through this work, we aim
to systematically characterize and quantify the observed differences
in galaxy properties between CGs and field galaxies. By achieving
this in a standardized and homogeneous manner, our findings may
help to enhance our understanding of the processes that drive galaxy
evolution in CGs.

The outline of this paper is as follows: in Section 2, we describe
the data used and how we select the CGs as well as our control field
sample. In Section 3, we present the methodology for obtaining the
structural parameters in a multi-wavelength analysis of each galaxy.
In Sections 4 and 5 we present and discuss our results, and we
summarize and conclude our work in section 6. Throughout this paper
we have adopted a flat cosmology with Hy = 70km s~ Mpc~!,
Qpr =0.3,and Q, = 0.7 (Spergel et al. 2003).

2 DATA

In this Section, we describe the selection of the CGs of galaxies that
we analyze, their photometric data as well as the control sample of
field galaxies. We analyze a region inside the stripe data from the
Stripe 82 region (Abazajian et al. 2009) because it was associated
with the first data release of the S-PLUS project (Mendes de Oliveira
etal. 2019). We note, however, that the analysis shown in this paper is
based on the Data Release 3 (DR3) of S-PLUS, where the photometry
has been improved. We complement these data with the GALEX-
SDSS-WISE LEGACY catalog (Salim et al. 2018) to obtain Star
Formation Rates (SFR) and stellar masses.

2.1 Compact groups sample

To identify CGs in the S-PLUS catalog we use two catalogues to se-
lect the CGs, which cover a larger region of the sky because they are
produced from SDSS data. The first one was published by Sohn et al.
(2016), and it is built based on a sample of galaxies extracted from
the SDSS-DR12. Groups were selected from photometric and spec-
troscopic information and using a Friends Of Friends code (FOF).
Their CG selection is based on the following criteria: i) the abso-
lute value of the average velocity of the group (V) minus the radial
velocity of each member (V;) should be lower than 1000 km s71:
ii) each group must contain at least 3 members within Amag, < 3



mag of the brightest member of the group; iii) galaxies should have
a magnitude in r-band < 17.77; iv) the CG should satisfy the com-
pactness criterion, i.e. the surface brightness of the group, that is
defined as the total magnitude of the group galaxies averaged over
the smallest circle containing the galaxies (Hickson 1982), should
be lower than 26 mag arcsec™2 in the r-band. The second catalogue
was produced by Zheng & Shen (2020), who used data from SDSS-
DR14, LAMOST spectra, and GAMA survey. These authors select
the CGs based on the combination of two methods: i) the Hickson
(1982) photometric criterion and ii) the spectroscopic technique, i.e.
it uses the difference in radial velocities between the group and each
individual galaxy. In this case each galaxy in a group must satisfy:
a) richness and magnitude; 3 < N(14.00 < r < 17.77) < 10, b)
isolation; Oy > 360G, where 6 is the radius of the group and 6y
is the radius of a bright galaxy closest to the group, ¢) compactness;
Hr <26.0 mag arcsec™2, and d) velocity difference; |V —V;| < 1000
km/s. The second catalogue contains a greater number of CGs, al-
though there are some CGs that appear in both catalogues, with 46%
of the CGs that are in the Sohn et al. (2016) catalogue also listed in
the Zheng & Shen (2020) catalogue. However, the Sohn et al. (2016)
complements the Zheng & Shen (2020) catalogue, especially at low
redshift, since the latter catalogue contains galaxies brighter than
14.0 mag (petrosian magnitude in the r-band), whereas there is no
bright limit applied on the magnitudes of the galaxies in the Sohn
et al. (2016) catalogue. It should be noted that these two catalogues
do not have any colour selection. The combination of these two cat-
alogues produces an initial galaxy position and redshift catalogue
of 424 CGs, which will be cross-match with S-PLUS, as described
below.

2.1.1 S-PLUS Photometric data

S-PLUS is an ongoing imaging survey that began its observations
in 2016 and will cover a region of ~ 9300 deg2 on the sky, using a
robotic 0.8m aperture telescope at the Cerro Tololo Inter-American
Observatory (CTIO), Chile. S-PLUS uses the Javalambre 12-band
magnitude system (Cenarro et al. 2019), which includes the 5 broad-
band filters u, g, r, i, z and 7 narrow-band filters centered on promi-
nent stellar spectral features: the Balmer jump/[OII], Ca H+K, Hd,
G-band, Mg b triplet, He, and the Ca triplet (J0378, J0395, J0410,
J0430, J0515, J0660 and JO861) (Mendes de Oliveira et al. 2019).
S-PLUS is divided into five sub-surveys and the Stripe 82 region
belongs to the main survey. Stripe 82 comprises the coordinates be-
tween 0° to 60° and 300° to 360° in right ascension and —1.4° to
1.4° in declination. More details about the survey can be found in
Mendes de Oliveira et al. (2019). The exposure times of the main
survey are 681, 660, 354, 177, 171, 99, 183, 120, 870, 138, 240, and
168 seconds for filters u, J0378, J0395, J0410, J0430, g, JO515, r,
J0660, i, J0861 and, z, respectively.

The S-PLUS data were reduced by using the jype pipeline designed
for J-PLUS and J-PAS (Crist6bal-Hornillos et al. 2015). Almeida-
Fernandes et al. (2022) explained in detail the procedure to generate
the S-PLUS catalogues. The source detection and photometry are
done with the SExtractor software (Bertin & Arnouts 1996) and the
zero-point photometric calibrations were estimated by using an op-
timized technique for wide-field multi-filter photometryl. The pho-
tometric depths of S-PLUS were defined for different values of S/N,

I The zero points are available in the auxiliary tables section https://
splus.cloud
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where the lowest value is S/N=3. Then, the limiting magnitude is de-
fined as the peak of the magnitude distribution at that S/N. In the case
of a S/N=3, the shallowest filter is J0861 with a petrosian magnitude
of 19.9. The deepest magnitudes are reached in filters g and r with
21.3 (Almeida-Fernandes et al. 2022). Reaching surface brightness
of ~ 24.5 mag arcsec™2 in the r-band.

The S-PLUS DR3 catalogue contains astrometric, structural, and
photometric information for each source, such as the celestial co-
ordinates (RA, DEC) in the J2000 system, the physical position on
the CCD (X, Y), the size of the different photometric apertures,
their magnitudes and errors, the signal to noise ratio, the FWHM,
the parameters on the isophotes (A, B, and THETA), the light
fraction radii (FLUXRADIUS). The different apertures included
were "AUTQO", "PETRO", "ISO", "APER3", "APER6", "PSTOTAL",
where "APER3" and "APERG" are circular apertures of 3 and 6 arc-
sec diameters, respectively. The magnitudes in the S-PLUS catalogue
have not been corrected for Galactic extinction. In this work, we
use the information on the RA and DEC positions, the AUTO and
APERS3 magnitudes in the twelve filters, the physical position in
the CCD, and the parameters on the isophotes of the sources in CG
galaxies from the S-PLUS catalogs in DR3.

Our sample of 424 CGs (described in Section 2.1) was matched
with the S-PLUS DR3 catalogues. We find 340, out of the 424, CGs
in the S-PLUS database (80% of the CG sample). These CGs had all
their galaxies identified in S-PLUS, with 1092 galaxies at redshifts
0.015 < z < 0.197. We eliminated 9 galaxies from the total sample
because they were visually contaminated by bright stars. In total, we
have 1083 galaxies. This is our final sample for CGs galaxies that
will be analyzed throughout this paper.

2.1.2 Achival GALEX-SDSS-WISE LEGACY photometric data

In order to complement our analysis, we search for multi-wavelength
data in the GALEX-SDSS-WISE LEGACY (GSWL) catalogue,
published by Salim et al. (2018). We find that 88% of our selected
CG galaxies are included in this catalogue, corresponding to 321
CGs with a total of 967 galaxies. Salim et al. (2018) fit the Spectral
Energy Distribution (SED) for galaxies in the GSWL catalogue
by using the CIGALE code (Noll et al. 2009) and considering the
GALEX, SDSS and WISE photometry data calibrated in Herschel-
ATLAS. In this work, we will use the SFR derived from their SED
fittings to complement our analysis in the following sections.

2.2 Control sample: Field galaxies

In order to determine the influence of the environment on the proper-
ties of CG galaxies (e.g. size, colours, and SFRs), we have defined a
sample of galaxies located in less dense environments, namely field
galaxies, which we use as our control sample. We selected this sam-
ple to have the same apparent magnitude in r-band and redshift limits
as the sample of galaxies in CGs.

The field galaxies are selected from the catalogue published by
Yang et al. (2007) as those labeled as single-member groups (i.e. a
halo of an individual galaxy) in the Stripe 82 area. Yang et al. (2007)
used spectroscopic data from SDSS-DR4 (Adelman-McCarthy et al.
2006) and NYU-VAGC (Blanton et al. 2005) and a similar method
to the group finder used by Yang et al. (2005).

We cross-match the field sample with the S-PLUS DR3 catalogue
obtaining a sample of 11841 galaxies for the same redshift interval
at which we have our CGs sample, 0.015 < z < 0.197. From this
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Figure 1. The upper panel shows the absolute magnitude in r-band as a
function of redshift, and the lower panel shows the normalized histogram
distribution of M,- in both environments. Galaxies in CGs are in orange
whereas galaxies in the control sample are shown as blue points. Absolute
magnitudes in r-band corrected for galactic extinction and with K-correction.

sample, we randomly select a subsample of 2300 galaxies using a
Monte Carlo algorithm which preserves the characteristics of the
initial sample. We consider from now on only this sample of 2300
control field galaxies for our analysis. We excluded 19 galaxies from
this sample because they either suffered from contamination caused
by saturated stars affecting their flux or exhibited low surface bright-
ness, i.e., they are diffuse. For this control sample of 2281 galaxies,
we also perform a match with the GSWL catalogue, finding 92% of
galaxies in this catalogue.

2.3 Final sample of galaxies

The top panel of Figure 1 shows the r-band absolute magnitude of
galaxies as a function of redshift. We estimate the absolute magnitude
from M, = m; —5x1log(Dy/10pc) — K. Here, Dy is the luminos-
ity distance calculated from the redshift and K is the K-correction
(Chilingarian et al. 2010) 2, used to transform the observed mag-
nitudes into magnitudes in the rest frame. All the galaxies in our

2 The K-correction was made with the code that is available athttp://
kcor.sai.msu.ru/
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sample have observed (g-r) colors within the range of -0.1 to 1.9,
which ensures that we can apply the K-correction by Chilingarian
et al. (2010). Blue points in the figure are galaxies in our control
sample and orange points are galaxies in the CGs, as described in
2.1. Magnitudes have been corrected for Galactic extinction by us-
ing Cardelli et al. (1989), extinction law with R, = 3.1, and the
maps from Schlafly & Finkbeiner (2011). Although in S-PLUS it is
possible to reach magnitudes as faint as r-band~ 21, our sample is
limited to galaxies spectroscopically selected from the Main Galaxy
Sample catalogue in the legacy SDSS. This catalogue is complete
for a magnitude of r < 17.77 (petrosian magnitude corrected for
Galactic Extinction). We note that the sample chosen by Yang et al.
(2007), Sohn et al. (2016), and Zheng & Shen (2020) used the SDSS
r-band magnitude for selecting their samples, whereas in our case, we
employed S-PLUS data for the photometric measurements. This dif-
ference may account for the minor dispersion observed at the bottom
region in the z vs M,- plane (top panel in Figure 1).

In the bottom panel of Figure 1 we show that the sample covers
absolute magnitudes which range between M, = —17 to M, = —24,
with a peak at M, = —22. Since our goal is to study how the envi-
ronment impacts galaxy evolution, we study all galaxies detected in
the CGs, and compare them with a similar magnitude distribution in
the field sample, as shown in Figure 1.

3 METHODOLOGY
3.1 Morphometric parameters

The use of photometric information in 12 bands allows us to study
the morphology of galaxies in different wavelength ranges. To obtain
the morphometric parameters of each galaxy we use the MegaMorph
code (Bamford et al. 2011, HauBler et al. 2013,Vika et al. 2013)
which performs a two-dimensional fitting at multiple wavelengths by
using the GALFITM algorithm, a modified version of GALFIT 3.02
(Peng et al. 2002, Peng et al. 2010). This code models the surface
brightness of a galaxy by using a two-dimensional analytical func-
tion, that can be a Sérsic (Sersic 1968), Nuker (Lauer et al. 1995), de
Vaucouleur (de Vaucouleurs 1948) or Exponential (Freeman 1970).
Additionally, to extend these functions to multiple wavelengths, free
parameters are replaced by wavelength functions, which are a set of
Chebyshev polynomials. GALFITM performs multiple fitting com-
ponents where users can include information regarding the sky back-
ground, as well as decompose the galaxy in bulge, disk, and bar. The
advantage of using a multi-wavelength morphological fitting over
single-band fitting is that it improves the results in terms of accuracy
and robustness (Vika et al. 2013). The best fit is determined using
the Levenberg-Marquardt (LM) algorithm, minimizing X2

All galaxies were fitted with a single component model, following
a Sérsic profile, as shown in equation 1:

R
1=1Ieexp[~bn(()'" = 1) M

where I, is the intensity at the effective radius R. (i.e. the
radius containing half of the total light), b, depends on n as
I'(2n) = 2y(2n, bn), where T" and y are the Gamma function and
lower incomplete Gamma function (Ciotti 1991), respectively, and n
is the Sérsic index which determines the shape of the light profile.
For instance, n = 1 typically represents an exponential profile for
galactic disks (Freeman 1970), and n = 4 is associated with a de
Vaucouleurs profile (de Vaucouleurs 1948), which is usually associ-
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ated with massive spheroidal components such as elliptical galaxies
or galaxy bulges.

Since the surface brightness profiles are simultaneously fitted in all
filters, MegaMorph requires all the S-PLUS multi-wavelength images
as input parameters. It also needs a file with initial parameters such
as photometric zero points and seeing, and the point spread function
(PSF) derived for each band. In all cases, the PSF was modeled

with a Moffat function, PSF(r) = /;—;i [1 + (%)2] and FWHM =

2aV21/B — 1 where the full-width half maximum (FWHM) and beta
parameter () are available in the DR3 catalogues.

In addition, we masked some images in order to avoid spurious
detections produced by foreground/background sources in the line
of sight of CGs galaxies. To obtain the masks we first generate
the segmentation images using the SExtractor software (Bertin &
Arnouts 1996), which masks all the sources it detects, including the
galaxies in the CGs we are interested in. As a second step, we use
the generated images to create a new segmentation image, where we
unmask the galaxies of the CGs. We then assign a numerical value of
one to the pixels that are masked, and a value of zero to those that are
not; this is because GALFITM requires that the mask we provide as
input must contain zeros for the regions to be fitted. Figure 2 shows
an example of a GALFITM output for one of the CGs analyzed in
this work. In this figure, the top panels display the images in each
S-PLUS filter, the middle panels show the light profile model, and
the bottom panels show the residual image, i.e. the model subtracted
from the observed image.

3.2 Stellar masses estimation

Bell & de Jong (2001) and Taylor et al. (2011) have demonstrated
that a robust and reliable estimate of the stellar mass of a galaxy
can be obtained from optical bands, thanks to the mass-luminosity
relation, which is derived from stellar population synthesis models.
Taylor et al. (2011) used the Single Stellar Population (SSP) models
by Bruzual & Charlot (2003) and assumed a Chabrier (2003) Initial
Mass Function. In order to correct for the internal extinction of
galaxies they use the extinction law proposed by Calzetti (2001).
They derived the following relation to estimate M, / L using the colour
(g —i)o, at rest frame, and the absolute magnitude in the i-band, M;:

log1o(M./Mg) =1.15+0.7 X (g —i)g — 0.4 X M; 2)

We use Equation 2 to estimate the stellar mass using the S-PLUS
data of the galaxies in our samples, both in the control sample and
in the CGs. Figure 3 shows the histograms of the stellar masses in
both environments, in blue and orange for the galaxies in the control
sample and in CGs, respectively.

In Figure 4 we compare the stellar masses that we estimate with
those published in the GSWL catalogue (based on SED fitting),
where the blue and orange dots represent the galaxies in the control
sample and the CGs, respectively. The solid line represents a one-
to-one relationship. The data follow closely this relation with some
scatter, which indicates that using the colour (g —¢) and the Equation
2 proposed by Taylor et al. (2011), provides a good estimate of
stellar mass. We thus use the stellar masses obtained from Equation
2 throughout this paper.

3.3 Star Formation Rates

The star formation rates (SFR) that we use in this work are those
estimated by Salim et al. (2018), based on the SED fitting done using
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the CIGALE code as mentioned in Section 2.1.2. Those authors
assumed a two-component exponential star formation history, one for
the younger population and another for the older one. The formation
times for the younger component range from 100 Myr to 5 Gyr, where
the mass fraction of the younger component must range up to 0.5.
The old population times ranged from 850 Myr to 20 Gyr. Using the
SFR from GWLS catalogue and the stellar mass estimated by us in
the previous section, we estimate the specific star formation rate as:

SFR

*

sSFR = [yr_l]

4 RESULTS

We explore in this section the relation between the structural and
physical parameters of the galaxies analyzed in this work.

4.1 Structural parameters

4.1.1 Classifying galaxies: Late-type, transition, and early-type
systems

The colours of galaxies are associated with their predominant stellar
populations and are related to their morphology (Morgan & Mayall
1957). In particular, blue galaxies are typically star-forming objects,
whereas red galaxies are mostly quiescent, containing red and old
stars. Indeed, we may expect a correlation between colours and struc-
tural parameters of galaxies (e.g. Vika et al. 2015). As indicated in
section 3.1, in this work we characterize the morphology of each
galaxy by fitting its light profile with the Sérsic function. Therefore,
colours and Sérsic index can be used to separate early-type galaxies
(ETGs) from late-type galaxies (LTGs), where red galaxies with high
values of n are classified as ETGs and blue galaxies with low values
of n are classified as LTGs (Ball et al. 2008, Kelvin et al. 2012, Vika
et al. 2015).

We use the Sérsic index in the r-band and the (u — r) colour to
classify galaxies as ETG and LTG following the criteria proposed by
Vika et al. (2015). Galaxies with n > 2.5 and (u—r) > 2.3 are ETGs
and galaxies with n < 2.5 and (u —r) < 2.3 are LTGs. The top panel
of Figure 5 shows this classification for galaxies in the CGs. The same
classification for our control sample of field galaxies is shown in the
bottom panel of Figure 5. The galaxies located in the top-left region
of each n—colour diagram, i.e. red colours and n < 2.5, are defined
as transition galaxies. Previous authors have named this region as
red low-n galaxies (Vulcani et al. 2014) or red disk galaxies, where
they used colour and concentration to classify them or just the colour
and the morphological classification from Galaxy Zoo (Lopes et al.
2013, Tojeiro et al. 2013). In the Appendix A we present the results
we find for the region with n > 2.5 and (« —r) < 2.3, which we have
defined as Other region. For Vulcani et al. (2014) the galaxies in this
region are a mixture of green and blue high-n.

In Table 1 we list a summary of the median values for the different
physical and morphological parameters obtained for the populations
of ETGs, LTGs, and transition galaxies, classified as described above
(see Fig. 5). The values outside and inside the parenthesis represent
the CGs and the control sample, respectively. We find that the median
values of the effective radius and stellar mass are lower in CG galax-
ies, except for LTGs. The Sérsic index is similar for LTGs in both
environments, however, it is slightly higher for transition galaxies in
CGs, whereas for ETGs this value is slightly higher in the control
sample. In addition, The median of sSFR is lower in CGs than in the
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Figure 3. Normalized histograms of stellar masses for galaxies in CGs (or-
ange) and in the control sample (blue).
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Figure 4. Comparison between the stellar masses estimated in this work and
that estimated in the GSWL catalog using SED fitting. Orange points represent
galaxies in CGs and the blue ones galaxies in the control sample. The solid
line is the one-to-one relationship between the compared parameters.

control sample regardless of the morphological type. Furthermore,
in CGs, the percentage of quenched galaxies is higher than in the
control sample for all three types of galaxies, where we consider a
galaxy to be quenched if Log(sSFR) < —11, based on the criterion
proposed by Wetzel et al. (2013). The implications of these results
are discussed in the following sections

Following this classification, and as can be seen in the histogram
shown in Figure 6 and in the first row in Table 1, there is a larger
fraction of ETGs in the CGs than in the control sample, while in
the control sample, there is a larger fraction of LTGs and transition
galaxies. This suggests an environmental difference in the fraction of
ETGs and LTGs between the CGs and the control sample. However,
it is worth noting that this may be due to a selection effect in the CGs
sample since one of the criteria used is that they should have surface
brightnesses u, < 26.0 mag arcsec™2, which favours groups with
bright galaxies such ETGs. In addition, the catalogue of CGs used in
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Figure 5. ETGs, transition galaxies, and LTGs classification, using (1 — r)
colour and Sérsic index in the r-band (n, ), the vertical line is for n, = 2.5
and horizontal for (1 — r) = 2.3. The upper plot corresponds to the galaxies
in CGs and the lower plot to the galaxies in the control sample, in blue and
orange are density plots, where the black dots are the original data.

this work was produced by using optical data, which likely generated
a bias toward groups with massive galaxies (Herndndez-Fernandez
& Mendes de Oliveira 2015). This is also reflected in the colour
distribution of these galaxies. Figure 7 shows the histogram of the
(g —r)p colours at rest frame. CG galaxies display a bimodal colour
distribution with a red component that dominates, which peaks at
a colour (g — r)g ~ 0.75, with a small tail at bluer colours, while
galaxies belonging to the control sample show a clear bimodality.

4.1.2 Sérsic index behaviour as a function of wavelength

Since the Sérsic index is available for each of the 12 S-PLUS filters,
we can analyze the median behaviour of this parameter with respect
to wavelength, for each population in each environment. In Figure
8 we show the median Sérsic index that we obtain for each galaxy
population, as a function of wavelength. The triangles and circles in
Figure 8 represent the median Sérsic index for the galaxies in the
control sample and in CGs, respectively. LTGs, transition galaxies
and ETGs (as described in section 4.1.1) are shown as blue/cyan,
green/light green, and red/orange colours, respectively. Uncertainties
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Early type Transition region Late type
Percentage 529% (33%) 1% (19%) 229 (37%)
Median R, [Kpc][r] 7.24779 8.779:30) 5.78550 (7.017:37) 5.315:03 (656834
Median n[r] 4.645 18 (4.94330) 161783 (1.41]4%) 1.191-25 (1.131-18)
Median Log(M.[Mo]) 10.7010-75 (10.77;5-7%) 10.51}9-61 (10.6310-68) 10.07}9-12 (10.18]0-21 )
Median Log(sSFR[yr™']) —11.997 308 (-11.92711-86)  —11.007}9-73 (-10.83710-73)  —10.16!% %5 (-=10.0710-29 )
Percentage of quenched galaxies  87% (82%) 50% (45%) 10% (3%)

Table 1. Median values of the different physical and morphological properties derived for each galaxy population for CGs. The values in parentheses correspond
to those of the control sample. The supra and subscript are the values at the 90% confidence interval estimated with the bootstrapping technique for each median.

We considered quenched galaxies as those with Log(sSFR) < —11.
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Figure 6. Histogram of the fraction of galaxies in each population, LTGs,
ETGs, transition galaxies, and galaxies in the right lower region (other),
defined in the text and shown in figure 5.
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Figure 7. Histograms of the colour distribution (g —r), for both environments.
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were estimated from a bootstrapping technique with a confidence
interval (CI) of 90%. Top left, top right, and bottom panel show
the entire CGs sample, CGs that contain three members, and CGs
that contains four or more members, respectively. This separation
is made because Hickson (1982), originally proposed that the CGs
should have at least 4 members. Given that the Sérsic index is one of
the most important parameter in this work, we want to check if there
are differences in our results if our sample is subdivided according to
the members the CGs have. We note, however, that Duplancic et al.
(2013) showed that galaxy triplets satisfying the other CGs selection
criteria did not differ in terms of the total star formation activity and
global colours from more populated CGs. We find, as it can be seen in
Fig. 8, that there is no difference in the results presented here (Sérsic
index as a function of wavelength) when subdividing the sample of
CGs. For this reason, we decide that for the following analyses, we
would use all galaxies in CGs without discriminating the number of
members.

In general, we find that the median of n increases with wavelength.
In the case of ETGs in CGs (in the control sample) the value of n in-

creases from the bluest filter to the reddest by 23%%232 (28%335772). For

fag i fes : : 49% 35%
galaxies in the transition region n increases by 34%/74° (29%57q’)-

For LTGs we find that n increases by 37%3232 (38%;‘3‘;@). Also, we
note that ETG in CGs exhibit slightly lower n at redder filters, than
those of the control sample. On the contrary, in the transition region,
the increase of the median value of # is higher for the CG galaxies,
especially in the red filters. This is between ~ 10% and ~ 28% for
the median n in CGs compared to the control sample. Section 4.2
will analyze the transition galaxies in more detail, connecting it with

other properties such as SFR, R, and n.

4.1.3 Effective radius as a function of mass, Sérsic index, and
wavelength

In this subsection, we analyze how R, behaves as a function of stellar
mass, how the structural parameters (n vs. R,.) are related for each
galaxy population, and how these relations change with the galactic
environment. The correlation between galaxy sizes and masses, for
nearby galaxies, suggests that the size of a galaxy is an important
key to understand its origin (Conselice 2003). In Figure 9 we show
R, as a function of stellar mass, for each galaxy population analysed
in this work, where blue contours represent galaxies in the control
sample and orange contours show galaxies in CGs. The top, middle,
and bottom panels show the relation for ETGs, transition galaxies,
and LTGs, respectively. The relations are displayed in the g, r, and
z-band, from the left to right panels. Marginal to the scatter plot
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right plot for CGs contains the galaxies in groups with three members, and the lower panel only the galaxies in CGs in groups with 4 or more members.

there are histograms of each parameter, where the dashed lines rep-
resent the median, the shaded regions represent the 90% CI using
bootstrapping, and the error bars on the histograms are the Poisson
counting uncertainty. In general, we find that there are no significant
differences in the size-mass relation between the environments in
each population where R, increases as a factor of the M... However,
from the marginal distributions we do observe that the median stellar
mass for each population is slightly lower in CGs than in the control
sample; the difference is bigger for LTGs. We also find that galaxies
appear larger, i.e. bigger R, in the control sample than in CGs. This
is in agreement with what was found by Coenda et al. (2012) i.e.,
galaxies in CGs are smaller than galaxies in the control sample, but it
differs from the findings reported by Poliakov et al. (2021), who found
that galaxies in CGs are brighter and larger than isolated galaxies.
However, they have deeper images, reaching surface brightnesses of
~ 28 mag arcsecond 2 in the r-band, therefore they can better trace
the fainter component of the galaxies, because we achieve surface
brightnesses of ~ 24.5 mag arcsecond 2. In addition, the methodol-
ogy used by Poliakov et al. (2021) is different than ours, given that
they used GALFIT code, on which GALFITM is based. The main
difference is that with GALFIT it is possible to perform a fit just
in one filter and not simultaneously as with GALFITM, since they
only have data in the r-band filter. On the other hand, Deng et al.

(2008) find no strong dependence on galaxy size and environment,
providing a different result on this topic, which was mainly based
on a narrow range of luminosity. One of the possible origins for the
discrepancy found with the Deng et al. (2008) study could be that the
method used by them to estimate the size is different than ours: they
use the half-light radius direct from the image.

In Figure 10 we show the median effective radius for each galaxy
population, as a function of wavelength. The triangles and circles
represent the values for the galaxies in the control sample and in
CGs, respectively. ETGs, transition galaxies, and LTGs are shown
as red/orange, green/light green, and blue/cyan colours, respectively.
Uncertainties were estimated from bootstrapping with a CI of 90%.
We find that the median R, varies with wavelength for all the pop-
ulations. In the case of ETGs in CGs (red circles), we find that R,
increases with wavelength until the J0660 filter and it begins to de-
crease from the filters 7 until z. Overall, this parameter has an increase
of 4% between the bluest and the reddest filter. For the control sam-
ple (orange triangles) the increase in R, is close to 8% between the
bluest and the reddest filter, where R, increases until the g filter, and
after that, it remains almost constant in the median value of R,. For
the transition galaxies, R, increases only 5% in the CGs galaxies
(green circles), where the bluest filters remain almost constant in the
median value of R.. However, the transition galaxies belonging to
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Figure 9. Effective radius as a function of stellar mass for each of the populations; the top three figures for ETGs, the middle three for those in the transition

region, and the bottom three for LTGs in g, r, and z filters from left to right,
sample galaxies. At the margin of each plot are histograms of each paramete
90% CI using bootstrapping, and the error bars in the histogram bars are the

the control sample (light green triangles) show a decrease in R, at
larger wavelengths, by 13%. For the LTGs in the CGs (blue circles),
R, (in median) decreases smoothly, with a difference between the
bluest and reddest filter of 4%. In the case of the control sample (cyan

triangles) the decrease is slightly more pronounced with a difference
of 8%.

In Figure 11 we show the effective radius as a function of the Sér-
sic index for the filters, g, r, z, from the left to right, where the blue
contours represent galaxies in the control sample and orange con-
tours display the distribution of galaxies in CGs. The top, middle,
and bottom panels correspond to ETGs, transition region galaxies,
and LTGs, respectively. In general, we find that larger R, are reached
for galaxies in the control sample, as also shown in Figures 9. In ad-
dition, and interestingly, the distribution of transition galaxies in CGs

MNRAS 000, 1-16 (2023)

respectively. Orange contours represent CG galaxies and blue contours are control
1, in which the dashed lines represent the median and the shaded lines represent the
Poisson counting error.

exhibits different behaviour, such that there is a bimodal distribution
in this diagram, which is not detected in the control sample. This
indicates that transition galaxies in CG have a secondary population
of smaller and more compact objects, i.e. lower values of R, and
larger n, that we define in this work as a peculiar galaxy population.
We further discuss this peculiar population in Section 5.2.

4.2 Star formation: statistical differences between the CGs and
the control sample

In the top panels of Figure 12 we show the stellar mass versus SFR
for ETGs (left), transition galaxies (middle), and LTGs (right), for
galaxies in the control sample (blue contours) and in the CGs (or-
ange contours). We find that, in general, galaxies belonging to CGs
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have lower SFRs than the galaxies in the control sample. We also
observe a bimodality in the distribution of SFR for the transition
galaxies in the control sample, whereas the galaxies in the CGs
have a distribution that peaks at the middle of this bimodality (at
Log(SFR[M@yr_l]) = —11.2). The bottom panels of Figure 12
show the sSFR instated of SFR. We observe that galaxies in CG
reach lower values in sSFR than in the control sample. Also, the
bimodality previously found in the distribution of SFR as a function
of the stellar mass (in the top middle panel of Figure 12) is observed
for transition galaxies in the control sample, but we do not find this
bimodality in the transition galaxies in CGs. Another important de-
tail to note is that the transition galaxies have intermediate sSFRs
compared to the distributions for the LTG and ETG. To quantify
these differences, we measured the median sSFR for each popula-
tion, as shown in Table 1, which is consistent with what we observed
in Figures 12. In CGs, the medians of sSFR are lower compared to
the control sample. Additionally, based on the criterion proposed by
Wetzel et al. (2013), we observe that CGs contain a larger percentage
of quenched galaxies (i.e. Log(sSFR) < —11), for each galaxy pop-
ulation. This seems to indicate that the CG environment disfavors
the star formation activity. To determine whether the differences we
find in sSFR between the galaxies in the CGs and the control sample
are statistically significant we perform a Kolmogorov-Smirnov (KS)
test for the sSSFR. We compare the cumulative distribution function
(CDF) of this quantity in the CGs and in the control sample and test
the null hypothesis that they (i.e. both environments) follow the same
distribution. The null hypothesis, in this case, it would mean that,
statistically, we cannot be certain of the environmental influence on
these populations for star-forming galaxies. We find the null hypoth-
esis to be rejected for ETG and LTG galaxies with Pgg = 0.01 and
0.005 respectively, while for transition galaxies the null hypothesis
cannot be rejected with a Pgg = 0.38. This confirms that the CGs
environment may be affecting the star formation process, likely due
to tidal interactions, increasing the fraction of quenched galaxies.
This scenario will be discussed in more detail in Section 5.3.
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4.3 Correlation between physical and morphological
transformation

We find morphological and physical differences when comparing
galaxies in CGs with respect to galaxies belonging to the control
sample. Thus, it is worth exploring if there is any connection be-
tween the morphological and physical parameters of galaxies in both
environments, according to their morphological classification. In Fig-
ure 13, we show the Sérsic index in the r-band as a function of the
logarithm of sSFR for the three populations of galaxies: early-type
(left plot), transition (middle plot), and late-type galaxies (right plot).
The blue contours represent objects in the control sample, while the
orange contours represent systems in CGs.

From these plots, we observe that transition galaxies have, on
average, higher Sérsic indices and lower sSFR values than LTGs, but
higher sSFR values compared to ETGs, indicating their intermediate
properties as discussed in the previous section. These results, based
on sSFR, are in agreement with our criteria to define early, transition,
and late-type galaxies, which was based purely on Sérsic index and
colors.

Furthermore, we observe that ETGs and LTGs follow a similar
distribution in the n-log(sSFR) plane in both environments. How-
ever, we find differences when comparing transition galaxies in the
control sample with those in CGs. While these galaxies in both
environments have lower sSFR for higher n, values; displaying a
bimodality in this plane (see Figure 13), the n, values are much
higher in the CGs for the peak in the bimodality for quenched galax-
ies (i.e. log(sSFR) ~ —11). We find that a significant fraction of the
peculiar galaxies defined in Section 4.1.3 contributes to the forma-
tion of the larger n,-, lower sSFR peak in the bimodality, centered
at n, ~ 2.1 and log(sSFR) ~ —11. This suggests that the peculiar
galaxy population is undergoing both physical and morphological
transformations.

5 DISCUSSION

In this section, we discuss the physical meaning of the results found,
as well as compare them with other works.

5.1 Behaviour of the median of Sérsic index and effective radius
as a function of wavelength

Figures 8 and 10 summarize the dependence of the median value
of n and R, on wavelength. First, we find that galaxies in CGs are
smaller, i.e. have lower R, values, than those in the control sample
when comparing each galaxy population. This could be due to the
truncation of galaxies due to tidal interactions that strip material from
the outer part of galaxies and enrich the intragroup medium.

For ETGs we observe an increase in both parameters with wave-
length in both environments. However, the increase is smoother for
galaxies in CGs compared to the control sample. The behavior of
these parameters can offer insights into the formation history of
ETGs. According to Hopkins et al. (2009), elliptical galaxies are
composed of two components that were generated after a violent re-
laxation from a major merger of two disk galaxies: a larger, older, and
red component, and an inner, younger, and bluer stellar component
formed during a central starburst produced during the merger. This
scenario could explain why we observe an increase in n and R, with
wavelength.

For LTGs, we find that n increases and R, decrease as a function
of wavelength, regardless of the environment. Therefore, at longer
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Figure 11. Contours of effective radius as a function of Sérsic index for each of the populations, the top three figures for ETGs, the middle three for those in the
transition region, and the bottom three for LTGs, for each environment in three filters g,r, and z. The distribution of each parameter is shown in the margin of

each plot.

wavelengths, we observe a redder and more concentrated population
that is likely associated with the presence of bulges in these galaxies.
The variation of these quantities is smooth in both environments, but
in CGs the change in R, is even smoother from the bluer to the redder
filters. This, together with the lower values of R, in CGs, suggests
that interactions in this environment are smoothing the drop in the R,
values with wavelength. In other words, the outer more bluer parts
of LTGs seen in the control sample is not detected in CGs, due to the
truncation of galaxies from the interactions in the latter environment.

For transition galaxies, we see the same behavior as in LTGs, with
n increasing for redder wavelengths, with a slightly larger increase
in CGs than in the control sample. On the other hand, while R,
decreases for the control sample in this type of galaxies, we find an
increase of it for CGs. This indicates that R, in transition galaxies
behaves similar to that of ETGs in CGs, while transition galaxies
in the control sample behave in a similar way that LTGs. These
results suggest a morphological transformation that occurs in the
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environment of CGs that does not occur in the control sample of
field galaxies. This difference in behavior is related to the population
of peculiar galaxies that exist in CGs (see Section 4.1.3), which
contain more compact and smaller galaxies. Future studies should pay
attention to transition galaxies located in CGs given their importance
in galaxy evolution (as we discuss below).

La Barbera et al. (2010), Kelvin et al. (2012), and Vulcani et al.
(2014) studied the median behavior of R, and n, for a sample of
galaxies in various environments; i.e. they did not focus on a par-
ticular environment and, instead, were interested in having a large
sample of galaxies to analyse their general behavior. La Barbera et al.
(2010) focused on ETGs, while the other two studies classified the
galaxies according to their n and their colours. These three investi-
gations find that R, decreases for ETGs and LTGs, from blue to red
bands. Furthermore, they find that the average n increases strongly
with wavelength for LTGs, while for ETGs they find that the average
n increases smoothly until the z/Y filters and is more stable for longer
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on the middle and LTGs on the right. Galaxies in CGs are contours in orange and in the control sample in blue.

wavelength, for the J, H, and K filters n remains constant. Vulcani
et al. (2014) associate these results for LTGs to the fact that the sam-
ple is dominated by two-components bulge-disk galaxies, although
they also mention that there is likely to be a contribution from stellar
population gradients within each component and from dust atten-
uation. The behavior for ETGs is interpreted as a superposition of
different stellar populations associated with multiple minor merger

events, arguing that early-type galaxies are expected to comprise a
compact population of red stars formed in situ and a more diffuse,
bluer population of stars formed in accreted systems generating their
effective radius to decrease with wavelength. It is worth noting that
the observations analyzed in Vulcani et al. (2014) are shallower than
~ 25 mag arcsec™2 (Kelvin et al. 2012), thus it is unlikely to observe
the diffuse outer regions in these galaxies. In addition, Lima-Dias
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et al. (2021) studied the Hydra cluster and found an increase of n
with respect to wavelength for the ETGs (13% from u to z) and a
decrease of n, by 7% from u to z, for the LTGs, which can indicate
that star formation is concentrated in the inner regions.

Differences in the way the effective radius (R, ) behaves have been
observed between ETG galaxies and earlier studies, it is essential
to read these results with careful consideration. In this study, our
goal is to analyse R, as a function of wavelength in order to inves-
tigate whether the environment of CGs affects this morphological
feature compared to a less dense environment, such as field galax-
ies. Previous studies examined a larger sample of galaxies to explore
the relationship between colour and structure within galaxies using
optical-near-infrared imaging in bright, low-redshift galaxies, with-
out giving relevance to the environment in which these galaxies are
found. The differences with the behavior of the R, as a function of the
wavelength offer a promising opportunity to investigate how the en-
vironment impacts R, changes as a function of wavelength and how
this information can be used to further improve our understanding on
galaxy formation and evolution, particularly for ETGs. Although this
goes beyond the scope of this paper, it highlights the necessity of ad-
dressing this issue through hydrodynamical simulations that would
enable us to trace the influence of various interactions on galax-
ies throughout their history, particularly through a multi-wavelength
analysis.

5.2 A peculiar galaxy population in CGs: Are we witnessing
morphological transformation in CGs?

One of the most interesting results reported in this work is that
transition galaxies in CGs display a bimodal distribution in the R, —n
diagram, not seen in the control sample. There is a peculiar population
of galaxies in CGs identified as having larger Sérsic index and smaller
effective radii than galaxies belonging to the control sample. Indeed,
in the marginal plots of R, — n, Figure 11, the distribution of n
presents a clear bimodality in CGs that is not observed in the control
sample. A KS test based on the cumulative distribution function
(CDF) on this parameter allows us to identify statistically if both
samples follow the same distribution. We find that the p-value is
Pks = 2.5 x 10™*, which confirms what is visually observed in
Figure 11, i.e. that transition galaxies from the CG and the control
sample do not arise from the same distribution.

This difference found in the population in transition galaxies be-
tween CGs and the control sample indicates the existence of a galaxy
population that is suffering morphological transformation: Galaxies
become more compact and smaller, thus promoting the transforma-
tion of transition galaxies into ETG in dense environments. In addi-
tion, we have visually inspected all the transition galaxies in CGs. We
find that 65% of them are disk-like galaxies, 25% have a spheroidal
shape, and 10% are undergoing a merger with a close companion.
Since these transition galaxies have colours redder than the LTGs and
moderate sSFRs, they are good candidates to fall into the gap found
in the medium infrared (MIR) (Johnson et al. 2007, Gallagher et al.
2008, Tzanavaris et al. 2010, Walker et al. 2010, Walker et al. 2012,
Walker et al. 2013, Lenkié et al. 2016). The transition galaxies in CGs
appear as a unique sample to study, in detail, how the environment
affects galaxy evolution.

5.3 Physical transformation according to each population type

We find that there are statistical differences in LTG and ETG when
comparing the sSFR distribution of galaxies in CGs with the control
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sample galaxies, while this is not the case for transition galaxies.
Additionally, the percentage of quenched galaxies is always higher
in the CGs compared to the control sample for all galaxy population
types. For LTGs a possible scenario that favors the differences found
in sSFR between the two environments are tidal interactions, shocks,
and turbulence (Alatalo et al. 2015, Bitsakis et al. 2016), causing
these gas-rich galaxies to lose material due to interactions in CGs.
This is consistent with the scenario proposed by Verdes-Montenegro
etal. (2001), where CG galaxies are Hi deficient. For the ETGs there
is a higher fraction of quenched galaxies with a lower median sSFR in
CGs compared to the control sample. Furthermore, ETGs have been
found preferentially in more dynamically evolved CGs (Montaguth et
al. in prep), therefore they have undergone more interactions which
explains the differences in the sSFR.

For transition galaxies, which are candidate galaxies to be in the
green infrared valley (Johnson et al. 2007, Walker et al. 2012, Bitsakis
et al. 2016) we do not find statistical differences in the distribution of
sSFR for those galaxies in CGs and the control sample. This result
does not imply that they come from the same distribution, it simply
means that we do not have enough statistical evidence to support that
they are from different distributions. It is worth noting, however, that
we do find the median of the SSFR to be lower in CGs compared to the
control sample, and the fraction of quenched galaxies to be higher,
indicating that there is an environmental effect in CGs that favors
galaxies being quenched. Additionally, the transition galaxies in the
control sample present a bimodality in the sSFR, not seen in the CGs
counterpart: they are either star-forming or quenched, whereas in the
CGs we find the galaxies to have intermediate values of sSFR within
this bimodality. Note the higher mass of the quenched population in
the transition galaxies in the control sample.

6 SUMMARY AND CONCLUSIONS

In this work, we used data from 340 compact groups (CGs) in the
Stripe 82 region in order to study the evolution of galaxies in dense,
low-velocity dispersion environments. In particular, we focus on how
this environment affects the morphological and physical properties
of galaxies, by comparing to a control sample of isolated galaxies
that is analyzed in exactly the same way as our CGs sample. Thus, we
have an homogeneous data set of CG and control sample galaxies.
We used multi-wavelength data from the S-PLUS project, which has
12 filters in the optical. By using this data set and the MegaMorph
code we estimated the structural parameters for each galaxy. This
information was complemented with GSWL catalogue to obtain the
SFR. We divided the galaxy population in each sample as early-type
(ETGs), late-type (LTGs), and transition galaxies, according to their
Sérsic index (n) and colour. The most important findings and results
from our analysis are:

(i) We found that galaxies of all types in CGs have a smaller
effective radius than the same type of galaxies located in the control
sample. Tidal interactions may favor galaxies losing material in CGs,
causing them to have a smaller average effective radius than galaxies
in the control sample.

(ii) We have observed different trends with wavelength in the me-
dian values of n and R, depending on the morphological type and
environment. For ETGs, both n and R, increase with wavelength,
with a smoother increase in CGs than in the control sample. This
behavior can be related to the formation history of these galaxies,
where major mergers contribute to the formation of a red, older, and
larger component, along with a younger, bluer, and inner stellar com-
ponent formed from gas (Hopkins et al. 2009). For LTGs, n and R,



increase and decrease, respectively, with wavelength, in both envi-
ronments, indicative of a redder and more concentrated population,
likely associated with the presence of bulges in these galaxies. For
transition galaxies, we observe a different behavior in CGs compared
to the control sample: the R, behaves like the ETGs in CGs, while
it resembles that of the LTGs in the control sample, suggesting a
morphological transformation that occurs in the environment of CGs
but not in the control sample.

(iii) In the R, — n distribution of the transition galaxies, we ob-
serve a bimodality in CGs, that does not appear in the control sample.
Therefore, we find a population of CG galaxies that does not follow
the same properties that we observe in galaxies located in less dense
environments (control sample); we name them "peculiar galaxy pop-
ulation". The galaxies that characterise this sub-sample of transition
galaxies in CGs are smaller and more concentrated, which indicates
that these galaxies are undergoing a morphological transformation
in CGs.

(iv) InCGs,thereis ahigher fraction of quenched galaxies, regard-
less of galaxy type, compared to the control sample. Furthermore,
there are differences in the distribution of sSFR between LTGs and
ETGs when comparing the two environments. On the other hand,
in transition galaxies, there is no statistical differences in the sSFR
distribution between the two environments analyzed, but there is a
higher fraction of quenched galaxies with a lower median sSFR in
CGs compared to the control sample. These results suggest that phys-
ical processes such as tidal interactions, shocks, and turbulence may
play a role in explaining the observed differences in sSFR between
CGs and the control sample.

(v) We observe an anti-correlation in the n,-log(sSFR) plane
for transition galaxies, which leads to a bimodality in this plane.
We find that a significant fraction of the peculiar galaxy population
contributes to the formation of the quenched-galaxies peak in this
bimodality, suggesting that the peculiar galaxies undergo not only a
morphological but also a physical transformation.

The results presented in this work highlight the importance of
studying the morphological and physical properties of galaxies in
CGs in order to understand how dense environments affect their
evolution. As a follow-up work, and based on these results, we will
perform a dynamical analysis of this sample of galaxies to determine
whether there is any relation between dynamical properties and the
morphological transformation that we find in the transition galaxies
in CGs and with the physical properties of each population (ETG,
transition galaxies, and LTG) in the CG compared to the control
sample (Montaguth et al. in preparation). Additionally, future work
with cosmological simulations analyzing compact groups from a
multiwavelength approach may be helpful to interpret the different
trends that we find for the structural parameters as a function of
wavelength.
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APPENDIX A: OTHER REGION

In the fourth quadrant of the classification proposed by Vika et al.
(2015), and shown in Figure 5, we find a population of blue galaxies
having high Sérsic indices. We find that 14.9% and 10.4% of CGs
and control sample galaxies lie in this region, respectively. In Figure
A1 we observe no significant difference between the median effective
radius for the environment of each population. Furthermore, the R, —
n distribution for each population (shown in Figure A2) does not show
significant variations and reaches similar values to the ETGs in the

Re. In this region the mean Log(sSFR) is —1 1.2:%6:; for the CGs

and —10.6~ ig:g for the control sample (in a 90% confidence interval,
in both cases using SDSS data). In Figure A3 we show the contours
for the SFR and sSFR as a function of stellar mass for galaxies in
the other region. We observe that the galaxies in CGs span a wider
range in the plots compared to the control sample. In particular, we
observe a bimodality in galaxies in CGs (lower panels), which could
indicate that in this region there is a mixture of different types of
galaxies.

For this reason we made a visual inspection of the galaxies in this
region. We found that 49% of CGs galaxies have an expected shape;
40% have a disk-like shape and 11% have clear signs of merger.
In the case of the control sample, we found a 38% of spheroids
and 62% of disk-like objects. This explains why we observe similar
Re — n counterpoints to the ETGs, since spheroidal galaxies would
dominate in this plot. In the case of the SFR-mass plots disk-like
galaxies dominate, explaining the high values found in the median.
This is because 36% of the star-forming galaxies located in CGs, in
the fourth quadrant of Figure 5, have spheroidal shape or show signs
of merging, while in the control sample 22% have spheroidal shape.

This paper has been typeset from a TgX/IATgX file prepared by the author.
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Figure A1. Effective radius as a function of stellar mass for galaxies in the other region, in g,r and z filters from left to right of the plot, respectively. Blue
contours are control sample galaxies and orange contours represent CG galaxies. At the margin of each plot are histograms of each parameter, in which the
dashed lines represent the median and the shaded lines represent the 90% CI using boostrapping, and the error bars in the histogram bars are the Poisson counting
error.
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Figure A2. Same as figure 11 but for galaxies in the region that we call other.
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Figure A3. The contours for the SFR (left plot) and sSF R (right plot) as a function of stellar mass for galaxies in the other region. In blue contours for galaxies
in the control sample, and in orange contours for CGs. ETGs.
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