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Abstract
We studied the dependence of selected structural and kinematic properties of early-type galaxies (ETGs) on their environ-
ments. The selected sample, extracted from the SDSS-DR17 MaNGA survey, consists of 946 ETGs in clusters (cETGs) and
288 isolated ETGs (iETGs) within a spectroscopic redshift z ≤ 0.15. We investigated the distribution of these galaxies in the
Fundamental Plane (FP), Kormendy Relation (KR), Faber-Jackson Relation (FJR) and the Mass-Size Relation (MSR). We
found that massive galaxies, whose stellar masses M∗ > 1011M⊙, are predominantly elliptical (> 65%). The analysis of the
four scaling relations showed that the effect of the host environment is negligible for massive (M∗ > 1011.5M⊙) ETGs, most
likely because of their passive evolution through dry mergers and/or stellar aging. On the other hand, low-mass ETGs are
influenced by their environment, where iETGs with M∗ < 1010M⊙ and velocity dispersion σ0 ≤ 100 km/sec are 25% more
luminous and 11.5% larger than cETGs. Low-mass cETGs may have suffered processes that removed their gas content and
hence quenched star formation while low-mass iETGs may have experienced a recent wet merger that triggered star forma-
tion and led to their, currently, observed low mass-to-light ratio. However, further spectral analysis is needed to confirm these
findings.

Keywords Early-type galaxies · Isolated galaxies · Fundamental plane · Kormendy relation · Faber-Jackson relation ·
Mass-size relation · Evolution

1 Introduction

Elliptical (E) and lenticular (S0) galaxies form the family
of early-type galaxies (hereafter ETGs), that have elliptical
isophotes (i.e. contours connecting points of equal bright-
ness), and dynamically supported by the random motions
(velocity dispersion) of their stars (Ferreras 2019).

ETGs are sometimes referred to as quiescent or passive
galaxies since they tend to have old, metal-rich stellar popu-
lations, with little cold interstellar gas and dust. Hence, they
have weak (or absent) stellar formation events, and domi-
nated by a reddish color in the optical band due to their old
stellar content (Renzini 2006; Samir et al. 2016; Yoon and
Park 2022). This color may indicate the rapid formation of
the stellar component within these systems at early epochs,
during the formation of the galaxies at z ⩾ 2 (Bernardi et al.
1998).

The family of elliptical ETGs possesses a wide range of
luminosities; from the very luminous giants (−24 ⩽ MB ⩽
−20) to dwarfs (−17 ⩽ MB ⩽ −13). Consequently, they
contain most of the visible mass of the entire Universe
(Schechter 1976; Kelvin et al. 2014; Cimatti et al. 2020).

Galaxies are found to follow the morphology-density re-
lation (Dressler 1980) in which galaxies exist in different
environments (e.g. clusters, groups, and isolated in the field
with no significant neighbors in a given volume (Karachent-
seva 1973)) with different populations. ETGs are commonly
found in clusters, concentrated more toward the cluster
core, rather than being isolated (Postman and Geller 1984;
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Dressler et al. 1997; Calvi et al. 2012). The dominance
of ETGs in denser regions may reflect the environmental
role of galactic merging and interactions in their evolution
(Samir et al. 2020; Yoon and Park 2022).

In contrast, the smaller fraction of ETGs that are found in
isolation allows to probe the evolutionary processes within
the galaxy itself, where the environmental physical pro-
cesses (e.g. tidal interactions, mergers, ram-pressure strip-
ping (Boselli et al. 2022), star-formation quenching (Gu
et al. 2021), galactic encounters, etc.) are of less importance.
All of these processes are more frequent in denser regions.
Therefore, studying the properties of ETGs in high- and low-
density regions is crucial in understanding the environmen-
tal processes that drive their evolution.

ETGs follow a very tight relationship defined by a thin
plane in a three-dimensional parameter space; known as
the Fundamental Plane (hereafter FP; Djorgovski and Davis
1987; Dressler et al. 1987; Evstigneeva et al. 2002). The FP
correlates two surface photometric parameters that are the
effective radius, Re (the radius that contains half of the total
light of the galaxy) and ⟨μe⟩, which is the mean effective
surface brightness within Re expressed in mag/arcsec2) and
for simplicity it is referred to as the mean surface bright-
ness, with a spectroscopic parameter known as the central
velocity dispersion (σ0). This relationship can generally be
expressed as

log(Re) = a log(σ0) + b ⟨μe⟩ + c (1)

where the coefficients a and b are the slopes, and c is the
intercept, or the zero-point, of the relation. This tight rela-
tionship has been interpreted as a consequence of the virial
theorem as follows:

log(Re) = 2 log(σ0) + 0.4 ⟨μe⟩ − log

(
M

L

)
(2)

If ETGs were virialized, perfectly homologous systems
and had constant mass-to-light ratios, then the virial theorem
would expect a “virial” plane of the form

log(Re) = 2 log(σ0) + 0.4 ⟨μe⟩ (3)

where the values 2 and 0.4 are the predicted values of the co-
efficients a and b in Eq. (3). However, several studies (e.g.
Bernardi et al. 2003b; La Barbera et al. 2010; Samir et al.
2016, 2020; Yoon and Park 2022) showed the observed co-
efficients are smaller than the predicted ones, with a and b

have ranges of (1.0 – 1.6) and (0.30 – 0.35), respectively.
This discrepancy between the observed and expected coef-
ficients is known as the ‘tilt’ of the FP, and it provides con-
straints on the formation and evolution of ETGs. The ori-
gin of the tilt of the FP can be attributed to some reasons: a
consequence of variations in the stellar mass-to-light ratios
(Faber et al. 1987; Pahre et al. 1998; Cappellari et al. 2006;

de Graaff et al. 2021), the existence of dark matter (Ciotti
et al. 1996; de Graaff et al. 2021), different metallicities or
ages in the ETGs (Reda et al. 2005; La Barbera et al. 2011;
Trevisan et al. 2012; Yoon et al. 2023), and the effect of envi-
ronments (de Carvalho and Djorgovski 1992; Capelato et al.
1995; Bernardi et al. 2003b; Deng et al. 2008; La Barbera
et al. 2010; Samir et al. 2016, 2020; D’Onofrio and Chiosi
2022).

The construction of the FP of ETGs due to mergers was
the target of several studies (e.g. Bekki 1998; Aceves and
Velázquez 2005; Robertson et al. 2006; Hopkins et al. 2008;
Taranu et al. 2015). For example, Robertson et al. (2006)
examined the fundamental scaling relations of ETGs, using
simulations to deduce the properties of the progenitor galax-
ies involved into the merger. The results showed that a gas-
dissipative merger could contribute to the FP tilt, while dissi-
pationless mergers of disk galaxies should produce remnants
that occupy a plane predicted by the virial plane.

An important relation, that correlates the photometric
properties of galaxies (Re and ⟨μe⟩) is the Kormendy rela-
tion (hereafter KR; Kormendy 1977). KR is one of the pro-
jections of the fundamental plane, along the (logσo) axis. It
can be written as

⟨μe⟩ = α log(Re) + β (4)

where α and β are the KR coefficients. This relation sug-
gests that more luminous ETGs have larger radii and conse-
quently lower surface brightnesses.

Nigoche-Netro et al. (2007a) investigated the effect of
gravitational interactions on the behavior of the KR for 82
isolated ETGs, 116 ETGs in the Coma cluster, and a sample
of perturbed S0 in dense environments. The results revealed
that the KR for all samples have the same behavior, depend-
ing on the magnitude range within which the samples were
selected, regardless of the environment or the degree of in-
teraction that these ETGs were subjected to. These findings
are similar to the results obtained by Reda et al. (2005), Ret-
tura et al. (2010) and Samir et al. (2016).

The Faber-Jackson Relation (hereafter FJR) is another
projection of the FP that relates the luminosity of the galaxy
(L) and its velocity dispersion (σ0) (Faber and Jackson
1976) via

log(L) = η log(σ0) + γ (5)

where η ≈ 4. Focardi and Malavasi (2012) studied the ef-
fect of the local environment on a sample of 384 nearby el-
liptical galaxies and found that the scatter of FJR of ellip-
ticals in high-density environments is reduced when com-
pared with those in low-density regions. Samir et al. (2016)
studied ETGs in different environments and found that the
location of a galaxy along FJR is influenced by its age, with
young Es are observed to be brighter and have lower σ0 com-
pared to the mean relation.
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Table 1 Selected MDLM-VAC column names and their descriptions

Column name The description in MDLM-VAC

T-Type Morphological T-Type value; T-Type < 0 for early-type galaxies (ETGs) and T-Type > 0 for late-type galaxies (LTGs)

PLTG Probability of being an LTG; PLTG > 0.5 for LTGs and PLTG < 0.5 for ETGs

PS0 Probability of being an S0 galaxy; PS0 > 0.5 for S0s and PS0 < 0.5 otherwise

Visual_Class Visual Classification; VC = 1 for Es, VC = 2 for S0s, VC = 3 for Ss and Irr, and VC = 0 for unclassified objects

Visual_Flag Visual classification Flag; VF = 0 for certain class and VF = 1 for uncertain one

In this study, we aim to present the environmental effects
on selected fundamental properties of ETGs by studying
their behavior in different scaling relations. The paper is or-
ganized as follows. In Sect. 2, we explain the selection of our
ETG samples with the quantification of their environments.
In Sect. 3, we determine the fundamental properties of our
samples. We study different scaling relations of ETG sam-
ples and discuss the results in Sect. 4. Finally, we summarize
the key results and conclusions in Sect. 5. Throughout this
study, we adopt a flat cosmological model with parameters:
�m = 0.3, �� = 0.7, and Hubble’s constant H0 = 70 km
s−1 Mpc−1.

2 Galaxy sample and selection criteria

In this section we describe the strategy of selecting our sam-
ple of ETGs and the criteria by which we identified their
host environment. Galaxy samples were extracted from the
seventeenth data release (hereafter; DR17) of the final re-
lease of the fourth phase of the Sloan Digital Sky Sur-
vey (SDSS-IV; Abdurro’uf et al. 2022). DR17 includes the
complete release of Mapping Nearby Galaxies at Apache
Point Observatory (MaNGA) survey (described elsewhere;
Bundy et al. 2015). The strength of SDSS-IV MaNGA sur-
vey comes from the unprecedented large sample of nearly
10,000 galaxies, and from its ability to probe a wide range
of environments where galaxies reside. MaNGA uses Inte-
gral Field Units (IFUs) to measure multiple spectra across
the 10,000 nearby galaxies.

We created our samples from the MaNGA survey, in
the r-band, by the following strategy: we, firstly, used the
MaNGA Deep Learning Morphology DR17 Value-Added
Catalog (MDLM-VAC; see Domínguez Sánchez et al. 2022)
to select galaxies that are morphologically classified as ellip-
ticals (Es) and lenticulars (S0s). Secondly, we identified the
environment of the selected ETGs (isolated or in clusters)
with the Galaxy Environment for MaNGA Value-Added Cat-
alog (GEMA-VAC; Argudo-Fernandez et al. 2021). Finally,
the photometric and spectroscopic observable parameters of
our samples and their errors were extracted with the help
of Catalog Archive Server Jobs System (CasJobs), which is

available online through the SDSS website.1 In the follow-
ing subsections we are going to describe the details of our
selection strategy.

2.1 Morphological classification

The morphological classification of the MaNGA galaxies,
appeared in MDLM-VAC, is performed with the aid of
convolutional neural networks (Domínguez Sánchez et al.
2022). The catalog contains 10,293 classified galaxies, how-
ever some of them have duplicated spectroscopic observa-
tions. The individual spectroscopically observed MaNGA
galaxies are 10,127 (see Domínguez Sánchez et al. 2022, Ta-
ble 4). We combined the information in Table 1 for selecting
MaNGA-ETGs as follows:

1. For Es: (T-Type < 0) and (PLTG < 0.5) and (PS0 < 0.5)
and (VC = 1) and (VF = 0).

2. For S0s: (T-Type < 0) and (PLTG < 0.5) and (PS0 > 0.5)
and (VC = 2) and (VF = 0).

Applying these criteria and filtering the sample for dupli-
cation, we obtained 3310 galaxies; 2430 of which are Es and
880 are S0s.

2.2 Identification of the host environments

We identified the environments where the MaNGA-ETGs
are located using GEMA-VAC in DR17, which contains
quantifications of the environments for MaNGA galaxies.
GEMA-VAC has 15 Header Data Units (HDUs) to charac-
terize the environments of 10,087 galaxies. A general de-
scription of the contents of the catalog can be found in SDSS
Data Model website2 (Argudo-Fernandez et al. 2021) as
well as through the Marvin3 interface (Cherinka et al. 2019).

2.2.1 Isolated ETGs

Based on the techniques described by Argudo-Fernández
et al. (2015), a galaxy is considered isolated (with no neigh-
bors) within the line-of-sight if the velocity difference, 	v,

1CasJobs: https://skyserver.sdss.org/CasJobs/.
2GEMA: https://data.sdss.org/datamodel/files/MANGA_GEMA/.
3Marvin: https://dr17.sdss.org/marvin/.

https://skyserver.sdss.org/CasJobs/
https://data.sdss.org/datamodel/files/MANGA_GEMA/
https://dr17.sdss.org/marvin/
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is ⩽ 500 km s−1, in a field radius dNN ⩾ 1 Mpc, where
dNN is the projected distance to the first nearest neighbor
of this galaxy. The HDU7, in GEMA-VAC, quantifies the
Large Scale Structure (LSS) environment up to 5 Mpc pro-
jected distance for all observed redshifts in MaNGA survey.

According to Argudo-Fernández et al. (2015), the selec-
tion criterion for isolated galaxies in this study is 1 Mpc
⩽ dNN ⩽ 5 Mpc. The number of selected isolated MaNGA
galaxies is 1449. We cross-matched the morphologically se-
lected 3310 MaNGA-ETGs with the 1449 isolated MaNGA
galaxies and obtained a sample of 382 isolated ETGs (here-
after iETGs).

2.2.2 ETGs in clusters

In HDU15, the LSS environments where galaxies reside can
be characterized by the eigenvalues of the tidal tensor along
the major, intermediate and minor axes at the galaxy’s posi-
tion (Hahn et al. 2007; Wang et al. 2016). These eigenvalues
are labeled t1, t2 and t3. Galaxies in LSS environments are
characterized as follows:

1. Cluster: t1 > 0, t2 > 0, t3 > 0.
2. Filament: t1 > 0, t2 > 0, t3 < 0.
3. Sheet: t1 > 0, t2 < 0, t3 < 0.
4. Void: t1 < 0, t2 < 0, t3 < 0.

According to this rule, our sample contains 2872 galaxies
in clusters. This number was reduced to 1230 after cross-
matching with the morphologically selected sample. These
galaxies will be referred to as cETGs in the rest of this paper.

In order to ensure that no duplicated galaxies were in
both samples, we cross-matched both samples together and
excluded 60 duplicated galaxies. This resulted in a whole
sample of 322 iETGs and 1170 cETGs. The equatorial co-
ordinates (RA and DEC) of these galaxies were imported in
CasJobs to extract their photometric and spectroscopic pa-
rameters required for this study.

2.3 ETGs parameters extraction using CasJobs

The extracted photometric and spectroscopic parameters
with their descriptions are shown in Table 2. We set the
search radius between the position of our sample galaxies
and the SDSS primary object to be 2′′, and obtained the pa-
rameters of 310 iETGs and 1130 cETGs. After excluding the
objects that are classified as Quasi-stellar Objects (QSOs; 4
from iETGs and 1 from cETGs), we got 306 iETGs and 1129
cETGs.

Moreover, we considered only galaxies having values
of velocity dispersion and/or σ0 between 75 km s−1 and
350 km s−1 (see Sect. 3.1.4). The reason for choosing this
range is that velocity dispersion values < 70 km s−1 may
come from significant spectral uncertainties (Hou and Wang

2015) while those > 350 km s−1 may result from objects
observed in superposition, which affects the strength of the
spectral absorption lines (Bernardi et al. 2006, 2008).

We also calculated the relative errors for the extracted
parameters of both samples to ensure that they do not exceed
0.5. Thus, the final number of iETGs and cETGs are 288
and 946, respectively, with spectroscopic redshift, velocity
dispersion and σ0 ranges listed in Table 3.

Finally, to ensure that the galaxies in our samples are
bulge-dominated, we checked the weight values (from 0
to 1) of the de Vaucouleurs fit component in the com-
bined model of de Vaucouleurs and exponential disk fit in
the r-band (the f racDev_r in SDSS tables). We found
that about 97% of cETGs and about 95% of iETGs have
f racDev_r ⩾ 0.7. Thus, our final whole sample is bulge-
dominated, whose surface brightness profiles are well de-
scribed by the de Vaucouleurs model (de Vaucouleurs 1948).

3 Methodology

In order to study the environmental effects on the evolution
of the galaxies, we need to study the correlations between
the galactic fundamental parameters. These correlations are
known as the scaling relations. We calculated these funda-
mental parameters from the observable parameters extracted
by using SDSS CasJobs tool. The observable parameters we
used were reduced and analyzed previously by Westfall et al.
(2019). It is important to mention that all of the following
calculations and measurements were performed using TOP-
CAT (Tool for OPerations on Catalogs And Tables) software
(Taylor 2005), as well as some Python Packages.

3.1 Determining fundamental parameters

3.1.1 The effective radius

To calculate the Re , we should first calculate the effective
angular radius, r0 (Eq. (6)) following Samir et al. (2020)

r0 = rdev

√
b

a
(6)

where rdev is the de Vaucouleurs angular radius in arcsec and
(b/a) is the de Vaucouleurs axial ratio. We then convert r0 in
arcsec to the physical effective radius, Re, in kpc (Eq. (7)).

Re = r0 DA(z) (7)

where DA(z) is the angular distance at redshift, (z), in
kpc/′′, which is calculated using the cosmological calcula-
tor (Wright 2006) which is available at NASA/IPAC Extra-
galactic Database (NED).4

4NED: https://astro.ucla.edu/~wright/CosmoCalc.html.

https://astro.ucla.edu/~wright/CosmoCalc.html
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https://www.sdss4.org/dr17/algorithms/magnitudes/#ModelMagnitudes:devMag,expMag,modelMag
https://www.sdss4.org/dr17/algorithms/magnitudes/#ExtinctionCorrection
https://www.sdss4.org/dr17/algorithms/magnitudes/#CompositeModelMagnitudes:cModelMag
https://www.sdss4.org/dr17/algorithms/magnitudes/#CompositeModelMagnitudes:cModelMag
https://www.sdss4.org/dr17/algorithms/photo-z/#PhotozsupdatedinDR12,unchangedinDR13andlaterdatareleases
https://www.sdss4.org/dr17/algorithms/redshifts/#VelocityDispersions
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Table 3 Spectroscopic redshift, velocity and central velocity dispersion ranges for our final samples

Sample Redshift Velocity dispersion Central velocity dispersion

(km s−1) (km s−1)

iETGs 0.018 < z < 0.15 77 < σ < 321 84 < σ0 < 340

cETGs 0.015 < z < 0.12 75 < σ < 343 77 < σ0 < 348

3.1.2 The mean surface brightness

The mean surface brightness is the surface brightness of the
galaxy enclosed within Re and expressed in terms of mag-
nitudes as ⟨μe⟩. We calculated the ⟨μe⟩ in mag/arcsec2 via
Eq. (8) following Hou and Wang (2015) and Samir et al.
(2020).

⟨μe⟩ = mc,r − Ar + 2.5 log(2πr2
0 ) − k(z)r

− 10 log(1 + z) + Q z
(8)

where mc,r is the composite model magnitude, Ar is the ex-
tinction, k(z)r is the k-correction. All of these quantities are
measured in the r-band. z is the spectroscopic redshift and
Q is the correction factor in luminosity for the evolution of
the galaxy. According to Bernardi et al. (2003), the Q values
are set to be 1.15, 0.85, 0.75 and 0.60 for griz bands, respec-
tively. We set the value to Q = 0.85 which corresponds to
the r-band.

3.1.3 The absolute magnitude

It is possible to express the luminosity of a galaxy, L, in
terms of its absolute magnitude, M , in the r-band by Eq. (9),
following Samir et al. (2020)

Mr = mc,r − 5 log

(
DL

10pc

)
− Ar − k(z)r + Q z (9)

where DL is the luminosity distance which is calculated
with the spectroscopic redshift of the galaxy, using the NED
cosmological calculator.

3.1.4 The central velocity dispersion

The angular radius of the fixed fiber aperture of the SDSS
spectrograph is 1.5′′. Thus, the observed velocity dispersion,
σ , of any galaxy with a larger angular radius than that of the
spectrograph will reflect the motion of the innermost stars
compared to another galaxy with a smaller angular radius. It
is therefore necessary to apply an aperture correction for the
observed velocity dispersion to obtain the “central” velocity
dispersion, σ0. In this case, the comparison among different
galaxies with different sizes is meaningful (Jorgensen et al.

1995; Wegner et al. 1999). The applied correction for the
values of σ0 is adopted from Hou and Wang (2015)

σ0 = σ

(
rfiber

r0/8

)0.04

(10)

where rfiber is the angular radius of the fiber (1.5′′ in our
study) and r0 is the effective angular radius, previously cal-
culated using Eq. (6).

3.2 Least trimmed squares technique

The Least Trimmed Squares (LTS) fitting technique is based
on the Chi-squared (χ2) minimization after excluding (i.e.
trimming) the outliers, from inside out, and therefore, LTS
reduces the scattering around the best-fit plane (for three di-
mensional, 3D, data sets) or line (for two dimensional, 2D).
In this work, a data point is considered an outlier if it devi-
ates more than three times the standard deviation (σ ) of the
data.

Applying the LTS on a 3D set of data (xi, yi, zi) with
symmetric errors (	xi, 	yi, 	zi) generates a best-fit plane
on the form z = ax + by + c. In this case, the scattering is
reduced along the z-direction (εz). Similarly, for a 2D set of
points (xi, yi) with symmetric errors (	xi, 	yi), the best-
fit line takes the form y = αx + β .

We investigated the scaling relations of our samples using
the python package LTSFIT5 (Cappellari et al. 2013; Yoon
and Park 2022).

4 Results and discussion

In this section we present and discuss the results of the four
scaling relations for c- and i-ETGs and the impact of the
host environment on their properties. The effect of the envi-
ronment is measured by defining the comparison parameter,
σcomp, which is calculated considering the cluster environ-
ment as the reference environment. The parameter σcomp for
any fitting coefficient, for instance a, can be expressed as

σcomp = (ac − ai)/	ac

5LTSFIT python package: https://www-astro.physics.ox.ac.uk/
~cappellari/software.

https://www-astro.physics.ox.ac.uk/~cappellari/software
https://www-astro.physics.ox.ac.uk/~cappellari/software
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Fig. 1 Fundamental Plane for ETGs (a) in clusters (cETGs) and (b)
isolated (iETGs). In both panels, red circles are ellipticals (Es), orange
triangles are lenticulars (S0s) while black crosses are the trimmed out-
liers. Solid lines represent the best-fit lines whereas dashed and dotted

lines are the 1σ and 3σ deviations, respectively. The coefficients of the
FP (a, b, c) are listed for each sample. Panel (c) shows the FP of the
whole ETG sample in this work (see key). All data points are plotted
with their error bars

Table 4 A summary of coefficients of the FP obtained for both
ETG samples using the Least-trimmed squares (LTS) fitting tech-
nique. Column (1) is the galaxy sample. Columns (2-3) are

the σ0- and ⟨μe⟩- slopes while column (4) is the zero-point.
Columns (5-6) show the intrinsic scatter and the standard devia-
tion

Sample Fitting coefficients

(a ± 	a) (b ± 	b) (c ± 	c) (ε ± 	ε) 1σ

cETGs 1.272 ± 0.021 0.3304 ± 0.0037 − 8.884 ± 0.081 0.0763 ± 0.0020 0.079

iETGs 1.145 ± 0.040 0.2871 ± 0.0074 − 7.71 ± 0.16 0.0895 ± 0.0043 0.093

where 	ac is the uncertainty in the obtained coefficient and
the subscripts (c and i) stand for c- and i-ETGs, respectively.
The effect of the environment is determined through the con-
dition

if σcomp

{
> 3, has effect

≤ 3, no effect

4.1 The fundamental plane

Figure 1 shows the fundamental plane for cETGs, panel (a),
and iETGs, panel (b). For both samples, red circles represent
elliptical galaxies, orange triangles are the lenticulars. Solid
lines represent the best linear fitting while dashed and dotted
lines are the 1σ and 3σ standard deviations for both sam-
ples, respectively. Galaxies denoted by thick black crosses
were excluded and considered outliers (i.e. have values of
Re, ⟨μe⟩, σ0 that deviate > 3σ ). Our sample contains 22
cETG and 3 iETG outliers. Also, the coefficients of FPs of
both samples were inserted in each panel, where we plot the
x-axis as (a logσ0 + b ⟨μe⟩ + c). Moreover, we display
the distributions along the FP for both samples together in
panel (c), where cETGs and iETGs are represented by grey
squares and blue stars, respectively. The slopes, zero-points,
intrinsic scatter and the 1σ deviation around the linear fitting
of both samples are reported in Table 4.

The distribution of both samples shows different coef-
ficients. From the fitting, the velocity dispersion slope, a,
the slope of ⟨μe⟩, b, and the zero-point, c, for cETGs are
1.272 ± 0.021, 0.3304 ± 0.0037 and −8.884 ± 0.081, re-
spectively. On the other hand, these values are 1.145 ±
0.040, 0.2871 ± 0.0074 and −7.71 ± 0.16 for iETGs, re-
spectively. It is clear that a, b and c for iETGs are within
7σcomp, 12σcomp and 15σcomp of those for cETGs, respec-
tively. Finally, the intrinsic scatter ε around the FP of cETGs
is 0.0763 while it is 0.0895 for iETGs, as cETGs are obvi-
ously less scattered around the FP than iETGs.

According to the virial theorem (see Eqs. (1) and (2)),
the value of the zero-point, c, provides an estimate for
the mass-to-light (M/L) ratios of galaxies. cETGs have a
smaller zero-point value than iETGs, which may indicate
that cETGs have older stellar populations than iETGs. As a
result, cETGs would have larger M/L ratios than iETGs. In
addition, the relatively larger coefficient a for cETGs indi-
cates that cETGs have higher values of σ0 than iETGs. Al-
though, we excluded σ0s higher than 350 km s−1, the large
value of a for cETGs implies that most of these galaxies
have higher σ0, compared to iETGs. Moreover, the larger
⟨μe⟩ coefficient, b, for cETGs indicates that cETGs have
higher ⟨μe⟩ (i.e. lower surface brightnesses, Ie) than iETGs.
The reason for that can be attributed to the large fraction of
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Fig. 2 Residuals around the FP for (a) cETGs and (b) iETGs where the upper panels show ellipticals and the lower panels display the lenticulars
(see key). Dashed line indicates 	FP = 0 whereas the dotted line is the 1σ deviation of the data points

less-luminous cETGs that have relatively larger sizes than
that of iETGs.

It is clear from panels (a) and (b) in Fig. 1 that in both
environments, Es are more concentrated toward larger sizes
(Re), higher σ0 values and higher values of ⟨μe⟩, whereas
the majority of S0s are distributed along the FP, with a small
fraction lying in the regions with larger Re. Also, Es show
less scatter around the linear relation when compared with
S0s in both environments.

In Fig. 2, we analyze the residuals of both samples around
their FPs, 	FP, to examine their deviations around the FP via

	FP = log(Re) − a log(σ0) − b ⟨μe⟩ − c (11)

The coefficients in Eq. (11) are set for cETGs and iETGs,
as obtained from the LTS fitting. In order to obtain a rea-
sonable comparison between both samples, we separated
Es from S0s in the samples and plotted each morphologi-
cal sub-sample with respect to 	FP = 0, which represents
the zero-error around the FP. It is clear from the upper pan-
els in Fig. 2 that Es are less scattered around the FP, with
a large fraction concentrated toward larger Re , regardless of
their host environment. On the other hand, the distribution of
S0 residuals in both environments (lower panels) shows that
they are more scattered than Es, especially isolated S0s, with
a small number having large Re . This can be explained as a
consequence of age and/or metallicity variations in larger
ETGs.

We compare the derived coefficients of the FP of our
cETG sample with La Barbera et al. (2010) who studied a

sample of 39,993 ETGs with redshift z < 0.1. Their σ0 coef-
ficient (a = 1.39) is larger than ours by about 6σ while their
⟨μe⟩ coefficient (b = 0.314) is smaller by about 4σ . How-
ever, their zero-point coefficient (c = −8.867) is within the
same range of our value. The FP coefficients of the iETGs
are compared with 550 isolated ellipticals (hereafter; IEs)
with redshift z ≤ 0.08 (Samir et al. 2020). Their a value
(a = 1.43) is larger by about 7σ than ours whereas the value
of b of their sample (b = 0.29) is within the same value of
ours. The value of c = −8.48 is smaller than ours by about
5σ .

The general trend of the FP of cETGs and iETGs may
indicate that the environment has an influence on the ob-
served properties of these nearby ETGs. iETGs may have
suffered a recent wet (gaseous) merger, resulting in their
small M/L ratios, i.e. younger stellar population (Reda et al.
2005; Cappellari et al. 2013; Samir et al. 2016) while cETGs
may have passively evolved or undergone a few dry minor
mergers, causing an increase in the sizes of a large fraction
of them. Thus, gaseous merger route may be responsible for
the obtained FP coefficients of iETGs while passive evolu-
tion and/or dry mergers may explain cETGs derived coeffi-
cients (Bernardi et al. 2003b).

Bernardi et al. (2003b) found that ETGs reside in dense
regions are slightly less luminous (fainter) and possess
higher σ0 than ETGs in less dense regions. This finding is
inline with the present work as we find that about 49% of
our cETGs and about 38% of iETGs have logσ0 ≥ 2.35.
Bernardi et al. (2003b) concluded that the observed evo-
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Fig. 3 Kormendy relation for (a) cETGs, (b) iETGs and (c) the whole sample (see key)

lution in the galaxy properties was consistent for ETGs in
dense regions that formed the majority of their stars about 9
Gyrs ago and have been passively evolving since then, which
is in agreement with the present work. However, Reda et al.
(2005) found, for a sample of 23 isolated ETGs, that those
ETGs follow the same tilt and scatter of the FP of the Coma-
cluster galaxies, except for a few deviant galaxies that have
smaller M/L ratios (i.e. have younger stellar population) as
expected from a recent gaseous merger.

D’Onofrio et al. (2008) analyzed the FP of ETGs in 59
nearby clusters (0.04 < z < 0.07) and found that there is a
strong correlation between the FP coefficients and the local
galaxy density (ρ). Their results showed that as the galaxy
density increases, the FP coefficients a and b increases while
c decreases, which is consistent with our findings. Hyde and
Bernardi (2009) found that the scatter around the FP is larger
for smaller sizes and less-massive galaxies. Bernardi et al.
(2020) found that the thickness of the FP depends strongly
on the morphology of the galaxies included in the sample.
For slow-rotating Es only, the observed scatter is reduced
to ∼ 16% while for fast-rotating Es and S0s, the observed
scatter increases to ∼ 25%. These results are in agreement
with ours.

La Barbera et al. (2010) attributed the decrease of the
slope (a) with local galaxy density, to environmental effects
such as tidal stripping. This decrease in the slope (a) con-
tradicts with our results. This discrepancy may be due to
the small cut-off of σ0, (< 75 km/sec). However, La Bar-
bera et al. (2010) found that the coefficient, b, is larger for
galaxies in massive clusters and in galaxy groups than for
field galaxies. Also, the authors concluded that galaxies in
low-density environments have lower mass-to-light ratios
than those in high-density regions, indicating younger stellar
population, which is consistent with the results of this work.

Moreover, Forbes et al. (1998), Samir et al. (2016) and
Yoon and Park (2020) found that the scattering in the FP
is smaller for old ETGs while young ETGs exhibited larger

scattering in the FP, which indicates that the scenario of a
recent gaseous major merger can be responsible for the large
scatter of younger ETGs.

Furthermore, Samir et al. (2020) found that the brightest
cluster galaxies (hereafter; BCGs), having higher σ0 than
the IEs, lie on a FP slightly different from that of IEs, with
BCGs showing larger coefficients a and b compared to IEs.
They suggested a diversity in the structural and dynamical
properties of BCGs and IEs, leading to their different FPs.
They also found smaller scatter around FP of BCGs than of
IEs. Similar results were obtained by Yoon and Park (2022)
who divided their sample into bins of specific σ0 intervals
and found a smaller scatter for higher values of σ0. Thus,
these results are in agreement with ours.

4.2 Kormendy relation

Figure 3 represents the Kormendy relation (KR) which re-
lates Re and ⟨μe⟩ for cETGs (panel a) and iETGs (panel b).
A holistic view of the KR for both samples is given in panel
(c) of the same figure. The excluded outliers are 10 from
cETGs and 3 from iETGs. Table 5 shows the values of the
best-fitting coefficients (from Eq. (4)), 1σ deviation and the
intrinsic scatter around the relation.

We found a little statistically-detected dependence of the
galaxy distribution of both samples on their host environ-
ment which is clearer from their best-fitting coefficients (Ta-
ble 5). In general, the slope (α) for iETGs (2.030±0.084) is
within 4σcomp of that for cETGs (1.886 ± 0.039). The zero-
point (β) for iETGs (18.604 ± 0.057) is within 3σcomp of
that for cETGs (18.672 ± 0.027). Comparing the intrinsic
scatter (ε) for both samples, we find that the intrinsic scatter
around cETGs is slightly smaller than that of iETGs.

In Fig. 3, in both environments, most of the Es (circles)
are concentrated toward larger Re and higher ⟨μe⟩ while the
distribution of the majority of S0s (triangles), with a small
fraction of Es, is scattered over the whole range of sizes
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Table 5 KR coefficients for our
ETG samples obtained using
LTS fitting technique. Slopes
(column 2), zero-points (column
3), intrinsic scatters (column 4)
and 1σ deviation (column 5) are
displayed for both ETG samples

Sample Fitting coefficients

(α ± 	α) (β ± 	β) (ε ± 	ε) 1σ

cETGs 1.886 ± 0.039 18.672 ± 0.027 0.3849 ± 0.0093 0.39

iETGs 2.030 ± 0.084 18.604 ± 0.057 0.437 ± 0.020 0.44

and brightnesses. It is clear, from panel (c), that both sam-
ples have nearly similar behavior where large galaxies tend
to be less scattered around the best-fit lines than smaller
ones. Also, for any Re value, we found values of ⟨μe⟩ to
be nearly identical for both samples. For example, galaxies
with log(Re) = 1 have ⟨μe⟩ value of about 20.6 mag/arcsec2

(see Table 5).
The slope (α) of KR for our cETGs is smaller by about

43σ than that for ETGs studied by La Barbera et al. (2010)
where they obtained α = 3.55. On the other hand, for our
iETG sample, it is smaller by about 22σ than that for IEs
studied by Samir et al. (2020) for which α = 3.87. How-
ever, the zero-points (β) for our c- and i-ETGs are larger by
about 19σ and 13σ than that of La Barbera et al. (2010) and
Samir et al. (2020) which, for both studies, are β = 18.16
and 17.87, respectively. This differences may be attributed
to different fitting procedures.

The obtained results of KR for both environments are
consistent with the scenario of environmental dependence
during their formation. Assuming that larger and massive
ETGs have experienced dry mergers, this can effectively in-
crease the sizes and stellar masses of the merging remnants
leaving their luminosities and velocity dispersions similar
to their progenitors. This scenario leads to the currently
observed large and massive remnants with lower surface
brightnesses (e.g. higher ⟨μe⟩).

Moreover, if we assume for smaller (log(Re) < 0.02) and
less-massive (log(M∗/M⊙)) < 10) cETGs, tidal and ram-
pressure stripping could effectively remove their gas con-
tent, the current observed properties would be smaller and
less-luminous galaxies due to the quenching of star forma-
tion. On contrary, assuming wet mergers for smaller and
less-massive iETGs, this would lead to the formation of new
stars, and hence a more-luminous (i.e. lower ⟨μe⟩) remnant.

Hamabe and Kormendy (1987) re-derived the KRs for el-
liptical galaxies and bulges on the form μe,V =
2.94 logRe + 19.48, to which the coefficients of our sam-
ples are shallower. Nigoche-Netro et al. (2007b) compared a
sample of isolated ETGs with a sample of ETGs in the Coma
Cluster and perturbed S0 galaxies. They found similar KRs
for isolated ETGs, galaxies in high-density environments
and galaxies in interaction. These findings are inline with
the outcomes of Reda et al. (2005), Rettura et al. (2010) and
Samir et al. (2016) where changing the host environment
does not effectively affect the KR, in agreement with the
current study.

In addition, Rettura et al. (2010) found a fraction of
ETGs in the field have longer timescales to assemble their
mass, compared to their peers in clusters. Also, their results
showed that the formation epoch of ETGs depends on their
mass while the environment regulates the timescales of their
star formation histories. This finding is in agreement with
ours. Moreover, Samir et al. (2020) showed a KR for BCGs,
with shallower slope than IEs, that is similar to that of the
bright family which confirms their formation out of highly
evolved objects that experienced merging events, inline with
our results.

4.3 Faber-Jackson relation

The Faber-Jackson relation (FJR) relates the σ0 and the lu-
minosity in the r-band (Lr ). Figure 4 represents this relation
for our samples as indicated in the figure key. 15 cETG and 3
iETG outliers were excluded from the samples. Table 6 lists
the slopes, zero-points, intrinsic scatter, and the 1σ devia-
tion for both samples as obtained for this relation (Eq. (5)).

The slope (η) of iETGs (2.451 ± 0.093) is within 6σcomp

of that for cETGs (2.752 ± 0.058). The zero-point (γ ) of
iETGs (5.01 ± 0.21) is within 6σcomp of that for cETGs
(4.28 ± 0.13). Although the slopes of both samples deviate
from the original relation (η ≈ 4), this should reflect some-
thing about the evolution of the properties of our samples.
Comparing the intrinsic scatter for both samples, we found
that both samples have similar scattering around the fitting
line of the relation. The slope (η) of FJR for our cETGs is
much smaller by about 42σ than that obtained by La Bar-
bera et al. (2010) which equals 5.208, whereas for iETGs it
is smaller by about 2σ than the IEs obtained by Samir et al.
(2020) for which η = 2.63.

From Fig. 4 one can notice that most of the Es (cir-
cles) have higher Lr and σ0 values, but all of the S0s (tri-
angles) show highly scattered distribution in both environ-
ments. This behavior can be is explained in terms of the or-
der of stellar motion in each galaxy type. S0 galaxies gener-
ally have moderately ordered stellar orbits, thus called fast
rotators, while stars in more massive and luminous Es have
random motions and hence Es are known as slow rotators.
Therefore, slow rotators are expected to have higher σ0 re-
gardless of their environment compared to fast rotators and
less luminous Es (see panel (c) in Fig. 4).

For higher σ0 values, ETGs in both samples have nearly
the same luminosity. For example, at σ0 = 300 km/sec, the
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Fig. 4 Faber-Jackson relation for (a) cETGs and (b) iETGs while (c) shows FJR for the whole sample (see key)

Table 6 FJR coefficients for our
ETG samples obtained using
LTS fitting technique. Slopes
(column 2), zero-points (column
3), intrinsic scatters (column 4)
and 1σ deviation (column 5) are
displayed for both ETG samples

Sample Fitting coefficients

(η ± 	η) (γ ± 	γ ) (ε ± 	ε) 1σ

cETGs 2.752 ± 0.058 4.28 ± 0.13 0.2273 ± 0.0056 0.23

iETGs 2.451 ± 0.093 5.01 ± 0.21 0.2147 ± 0.0100 0.22

ratio of the luminosity of cETGs to iETGs is almost unity.
This indicates that luminous ETGs have more randomized
stellar motions, regardless of their environments. However,
for smaller values of σ0, we find that iETGs are more lu-
minous than cETGs with the same σ0. For example, if we
take σ0 = 100 km/sec, we find that cETGs are ∼ 25% less
luminous than iETGs and hence less massive cETGs are less
luminous than their counterparts in the field. The observed
trend is influenced by the environment which may have an
impact during the early phases of ETGs formation. Slow-
rotating (higher σ0) cETGs and iETGs have very similar lu-
minosity, which agrees with the scenario of rapid formation
of massive ETGs at early epochs and their passive evolution.
Therefore, these massive, luminous and old ETGs in both
environments have similar kinematic and structural proper-
ties (Bernardi et al. 2003b). On the other hand, mechanisms
such as a ram-pressure stripping and tidal interactions would
suppress any star formation in fast-rotating cETGs and cause
them to appear fainter. In addition, fast-rotating iETGs show
an agreement with the scenario of wet mergers, causing star
formation and thus the relatively observed luminous merger
remnants.

Emsellem et al. (2007) found that fast rotators tend to
be relatively less-luminous galaxies while slow rotators ap-
pear brighter and more massive galaxies. They suggested
that slow rotators are the extreme evolutionary end-point
reached deep in gravitational potential wells where dissipa-
tionless (dry) mergers played a major role in the evolution.
This finding is inline with our results. Nigoche-Netro et al.
(2011) showed that the intrinsic dispersion depends on lu-

minosity, mass, and redshift, with brighter and more mas-
sive galaxies have smaller intrinsic dispersion compared to
fainter and less massive ones, that is consistent with our find-
ings. The authors concluded that the intrinsic dispersion in
the FJR may depend on the formation and evolution history
of galaxies. Moreover, Focardi and Malavasi (2012) found
that the scatter in the FJR was significantly reduced when
Es in high-density environments are compared to those in
low-density environments, which is in agreement with our
result.

Samir et al. (2016) found that young ETGs are observed
to be brighter and/or have lower σ0 compared to the mean
relation. Samir et al. (2020) showed that BCGs follow a FJR
of the form L ∝ σ 6.25

0 while IEs have a different FJR of the
form L ∝ σ 2.63

0 . The slope of their IEs sample is similar to
our iETGs, but the FJR of their BCGs shows a steeper slope
because of the nature of this ETG class. Domínguez Sánchez
et al. (2020) found that at a fixed σ0, more luminous S0s
and fast-rotating Es are younger than slow-rotating Es, in
agreement with our results. Yoon and Park (2022) found that
for a fixed σ0, luminous and massive ETGs are observed to
have higher μe and concluded that the dry merger route may
be responsible for the observed properties of ETGs which is
inline with ours.

4.4 Mass-size relation

One of the most important relations that has been studied
to investigate how galaxies assemble their masses and grow
in size is the relation between the size (expressed by Re)
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Fig. 5 The Mass-Size relation for (a) cETGs, (b) iETGs and (c) the whole sample (see key)

Table 7 MSR coefficients for
our ETG samples obtained using
LTS fitting technique. Slopes
(column 2), zero-points (column
3), intrinsic scatters (column 4)
and 1σ deviation (column 5) are
displayed for both ETG samples

Sample Fitting coefficients

(ν ± 	ν) (τ ± 	τ ) (ε ± 	ε) 1σ

cETGs 0.5501 ± 0.0086 −5.479 ± 0.096 0.1356 ± 0.0034 0.14

iETGs 0.528 ± 0.017 −5.21 ± 0.19 0.1446 ± 0.0067 0.15

and the stellar mass of the galaxy (M∗). This relation can be
expressed as Re ∝ Mν∗ , or in a logarithmic scale as

log(Re) = ν log(M∗) + τ (12)

In Fig. 5, we display the Mass-Size relation (Eq. (12)) for
cETGs and iETGs in panels (a) and (b), respectively. Panel
(c) represents the distribution of both samples as a function
of environment. We excluded 9 cETG and 6 iETG outliers
using the LTS-fitting technique. The best-fitting coefficients
as well as the intrinsic scatter coefficient around the best-
fit line are shown in Table 7. The coefficients of both sam-
ples are similar, with a slope (ν) equals 0.5501 ± 0.0086 for
cETGs, and 0.528 ± 0.017 for iETGs. The slope of iETGs
is within 3σcomp of that for cETGs. The zero-point (τ ) for
cETGs is −5.479 ± 0.096, whereas it is −5.21 ± 0.19 for
iETGs. Also, the zero-point of iETGs is within 3σcomp of
that for cETGs. In addition, the intrinsic scatter around the
linear relations of cETGs and iETGs is nearly similar. We
compare the slopes of our samples with those obtained by
Chen et al. (2024) for quiescent galaxies in clusters and in
the field at redshift z < 0.1. Their slopes (ν = 0.31 for clus-
ter quiescent galaxies and ν = 0.37 for field quiescent galax-
ies) are smaller by about 28σ and 9σ than that for our cETG
and iETG samples, respectively.

In Fig. 5, one sees that a large fraction of Es (circles)
in both environments shows a tendency to be more mas-
sive and larger in size, compared to S0s (triangles) that ap-
pear distributed over a wider range of masses and sizes.
The fraction of massive Es (with log(M∗/M⊙) ⩾ 11) in
cETGs and iETGs are about 76% and 68%, respectively.

This fraction is much smaller for S0s (∼ 24% for cETGs
and ∼ 29% for iETGs). Furthermore, galaxies with stellar
masses (log(M∗/M⊙) < 10.5) are more scattered around
the linear relation than the massive galaxies. A consider-
able fraction of these galaxies are S0s (∼ 45% in cETGs
and ∼ 35% in iETGs) and are generally younger than the
massive ones.

In panel (c), over the entire range of stellar masses of both
samples, iETGs exhibit a similar distribution to cETGs. At
the massive end, both samples have nearly equal sizes for
a specific fixed stellar mass. For example, massive ETGs
whose stellar masses are log(M∗/M⊙) = 11.5 have Re of
7.033 kpc for cETGs and 7.278 kpc for iETGs. Therefore,
massive iETGs are about 3.5% larger than cETGs of the
same stellar mass. At the low-mass end, the values of Re

that correspond to, for example, log(M∗/M⊙ = 10.0 are
1.052 kpc and 1.175 kpc for cETGs and iETGs, respec-
tively. This means that low-mass iETGs are about 11.5%
larger than their cluster counterparts. Although the size-ratio
of isolated-to-cluster ETGs decreases slightly with increas-
ing the galactic stellar masses, the observed mass-size rela-
tion for both environments remains roughly the same. This
means that nearby ETGs in clusters and in the field in our
samples have similar trends, which in turn implies that a lit-
tle statistically detected impact of the environment on the
observed properties of ETGs.

A plausible explanation for this observed similarity is
that massive ETGs in both environments may have formed
at early epochs, quickly transformed their gas content into
stars, and evolved passively by stellar aging and/or merg-
ers (specially dry mergers) and interactions, supported by
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what we find from the FP analysis for cETGs and iETGs.
Massive ETGs in clusters and the field have generally older
stellar population than low-mass ETGs. In contrast to mas-
sive ETGs, low-mass cluster and isolated ETGs have to be
explained separately.

Low-mass cETGs may have suffered from processes such
as tidal stripping due to the gravitational interactions with
the surrounding galaxies and/or ram pressure stripping by
the hot halo that removes the gas content and suppresses
any further star formation. On the other hand, low-mass
iETGs may have experienced wet merging or interactions
with other galaxies, resulting in recent star formation in the
remnants. However, a spectral analysis is needed to confirm
this explanation and to investigate the star formation histo-
ries.

Thomas et al. (2010) studied the environmental effect on
a sample of ETGs from SDSS DR4 within redshift range
(0.05 ≤ z ≤ 0.06). The results showed that the effect of
environment begins to increase with decreasing the stellar
mass of the galaxy, consistent with this work. Bernardi et al.
(2011) suggested that galaxies with stellar masses larger
than 2 × 1011M⊙ have likely grown in sizes by major dry
mergers that leave the velocity dispersion of the merger rem-
nant unaffected while galaxies with stellar masses below
3 × 1010M⊙ are likely evolving via wet merging. Similarly,
Huertas-Company et al. (2013,b) found that the MSR de-
pends on both the galactic morphology and the stellar mass
range. Their results showed that Es dominate masses with
log(M∗/M⊙) ∼ 11 while S0 galaxies are the majority at
lower stellar masses in the range (10.5 < log(M∗/M⊙) <

11), with no clear difference in the evolution of the galaxy
size in both environments, which is in contradiction with
this work. However, the authors did not discuss which of the
merger route or mass-loss via quasar and/or stellar wind is
the plausible scenario for this size-growth with stellar mass
in both environments. Cebrián and Trujillo (2014) found that
isolated low-mass ETGs are ∼ 3.5% larger than their coun-
terparts in clusters. This suggests that galaxies in clusters
could be formed earlier than those in the field and that they
originate from a more homogeneous set of progenitors be-
cause of their less scattering than the isolated galaxies. This
agrees with our findings except that low-mass iETGs in this
study are about 11.5% larger than cETGs.

We found that massive galaxies are larger with a lit-
tle statistically-detected dependence on their environments
which is in agreement with Lacerna et al. (2016). How-
ever, Yoon et al. (2017) found that nearby massive galax-
ies (M ≥ 1011.2M⊙) are about 20% − 40% larger in dense
environments than their counterparts in less dense regions,
which contradicts with our results. Yoon et al. (2017) con-
cluded that these nearby massive galaxies have hierarchi-
cally grown in their sizes through frequent mergers with
other galaxies.

More recently, Yoon et al. (2023) found differences in
mass-size relation in that Low-mass Quiescent Galaxies
(LQGs) in high-density environments exhibit a shallower
slope compared to those in isolated environments. The au-
thors concluded that recent gas-rich mergers affect the trans-
formation from star-forming to quiescent galaxies since
LQGs in dense environments have more disk-like structures,
compared to those in low-density environments. This find-
ing is in contrast with our results. However, Yoon et al.
(2023) found that High-mass Quiescent Galaxies (HQGs)
show a nearly identical mass-size relation across all envi-
ronments, consistent with our results. Finally, Chen et al.
(2024) showed a slight difference in the mass-size relation
observed between cluster galaxies (other than BCGs) and
the isolated ones, inline with our results.

5 Conclusions and summary

The current study investigated the role of environment in
shaping the structural and kinematic properties of nearby
ETGs. The studied samples were extracted from the latest
release of Mapping Nearby Galaxies at APO (MaNGA) sur-
vey which is part of the SDSS-IV DR17 (Abdurro’uf et al.
2022). The morphological classification of the ETG sam-
ple (Es and S0s) was selected from MaNGA Deep Learn-
ing Morphology DR17 Value-Added Catalog (MDLM-VAC;
Domínguez Sánchez et al. 2022) while the characterization
of their host environments was taken from Galaxy Environ-
ment for MaNGA Value-Added Catalog (GEMA-VAC). The
studied sample contains 946 ETGs in clusters (cETGs) and
288 isolated ETGs (iETGs) within a spectroscopic redshift
(zspec ≤ 0.15). We utilized CasJobs tool to extract the ob-
servable parameters of the selected samples (see Table 2).
The physical parameters (e.g. Re , ⟨μe⟩, Mr and σ0) were
calculated to study the different scaling relations: the Funda-
mental Plane (FP), the Kormendy relation (KR), the Faber-
Jackson relation (FJR) and the Mass-Size relation (MSR).
The results of all scaling relations show a little dependence
of the studied ETGs on their host environments. In addition,
the results revealed that Es are, generally, less-scattered than
S0s. The main conclusions of this study can be summarized
as follows.

1. The FP relation:

• For cETGs, the FP is on the form (logRe = 1.272 logσ0 +
0.3304⟨μe⟩− 8.884) whereas for iETGs it is expressed as
(logRe = 1.145 logσ0 +0.2871⟨μe⟩−7.71) which means
that a considerable fraction of large cETGs (≈ 49%) and
iETGs (≈ 38%) have σ0 higher than 225 km/sec as well
as higher values of ⟨μe⟩ (i.e. lower surface brightnesses).

• The coefficients (a, b and c) for iETGs are within 7σcomp,
12σcomp and 15σcomp of those for cETGs. The smaller
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zero-point (c) for cETGs implies that cETGs have larger
mass-to-light ratios, compared to iETGs.

• The analysis of the residuals showed that most S0s are
more scattered around the FP than Es in both environ-
ments. This can be attributed to variations in the age
and/or metallicity trends of the stellar population.

2. The KR:

• There are little statistically detected environmental ef-
fects on galaxies; cETGs and iETGs show similari-
ties in their distributions. The obtained KR is (⟨μe⟩ =
1.886 log(Re) + 18.672) for cETGs while it is (⟨μe⟩ =
2.030 log(Re) + 18.604) for iETGs. The slope (α) and
zero-point (β) for iETGs are within 4σcomp and 3σcomp of
that for cETGs, respectively.

• Large ETGs have higher ⟨μe⟩ values and hence slightly
less luminous than smaller ones.

• In both environments, the distribution of Es is concen-
trated toward larger sizes while S0s are widely distributed
over the entire range of sizes.

3. The FJR:

• The FJRs for cETGs and iETGs are Lr ∝ σ 2.752
0 and Lr ∝

σ 2.451
0 , respectively. The slope (η) and the zero-point (γ )

of iETGs are both within 6σcomp of that for cETGs.
• The analysis showed that cETGs with (log(σ0) ≥ 2.35)

are ∼ 5% less luminous than iETGs while cETGs with
(log(σ0) ≤ 2.0) are ∼ 25% less luminous than iETGs.

• A large fraction of Es are concentrated at higher σ0 (about
57% of cluster Es and 51% of isolated Es have logσ0 ≥
2.35) while S0s are more scattered around the FJR fitted
line, in particular, towards the lower-luminosity part.

4. The MSR:

• In general, both cETGs and iETGs have sizes that are di-
rectly proportional to their stellar mass content.

• The slope (ν) equals 0.5501 ± 0.0086 for cETGs and
0.528 ± 0.017 for iETGs while the zero-point (τ ) for
cETGs is −5.479 ± 0.096 whereas it is −5.21 ± 0.19 for
iETGs. These iETGs coefficients are both within 3σcomp

of those for cETGs.
• Massive iETGs (log(M∗/M⊙) = 11.5) are about 3.5%

larger than cETGs whereas low-mass cETGs
(log(M∗/M⊙) = 10.0) have sizes ∼ 11.5% smaller than
iETGs of the same stellar mass.

• The majority of massive ETGs are Es while low-mass
ETGs are generally S0s in both samples.

5. Massive galaxies may have formed their stars at early
epochs and evolved passively since their formation, by
stellar aging (Saracco et al. 2014) and/or dry mergers
(Trussler et al. 2021; Yoon and Park 2022). As a result,
the observed remnants would have larger sizes and stellar
masses without affecting other properties.

6. Low-mass cETGs may have experienced environmental
mechanisms that cease any further star formation (e.g.
ram-pressure stripping and/or tidal interactions), leaving
the remnant with lower stellar mass and luminosity.

7. Furthermore, low-mass iETGs may have undergone a re-
cent gaseous merger. This would induce a new star for-
mation episode in the remnant and result in the observed
smaller mass-to-light ratios for iETGs than their cluster
counterparts.

However, we may need to conduct a further spectral anal-
ysis for the stellar populations. Also, larger galaxy samples
in different densities and redshifts are needed to be able to
study their formation and evolution routes.
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