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ABSTRACT

We measure the effect of the environment on the intrinsic shapes of spiral and elliptical galaxies
by finding the 3D shape distribution and dust extinction that fits better the projected shape of
galaxies in different environment. We find that spiral galaxies in groups are very similar to
field spirals with similar intrinsic properties (magnitudes, sizes and colours). But for spirals
in groups, those in denser environments or closer to the centre of the group tend to have a
more circular disc than similar galaxies in less dense environments or far from the group
centres. Also we find that central spiral galaxies in their groups tend to be thinner than other
similar spirals. For ellipticals, we do not find any important dependence of their shape on their
position in a group or on the local density. However, we find that elliptical galaxies in groups
tend to be more spherical than field ellipticals with similar intrinsic properties. We find that,
once in groups, the shape of member galaxies do not depend on group mass, regardless of

their morphological type.

Key words: surveys—galaxies: fundamental parameters—galaxies: general —galaxies:
groups: general — galaxies: structure.

1 INTRODUCTION

It is well known that the environment has observable effects on the
galaxies, either on the star formation history (Balogh et al. 2001;
Kauffmann et al. 2004), gas content (Cortese et al. 2011; Yoon
& Rosenberg 2015), morphology (Oemler 1974; Dressler 1980),
structure (Toomre & Toomre 1972; Hendel & Johnston 2015), etc.
The location of a galaxy regarding large-scale structure plays an
undeniable role on galaxy evolution.

The study of galaxy shapes can shed light about their dynamics
(Davies et al. 1983; Binney 1985), and also bring information on
their formation history (Sandage, Freeman & Stokes 1970). Also,
the knowledge of the realistic distribution of galaxy shapes can help
to test both semi-analytic and hydrodynamical simulated galaxy
formation models. Besides, the agreement between the shape distri-
bution of simulated and real galaxies serves as a further test of the
models. In particular, it is important to study the dependence of the
shape of galaxies on environment if we aim at fully understanding
the processes that drive the formation and dynamics of the stellar
content in galaxies.

The effects of the environment on the morphology of a galaxy
were first pointed out by Dressler (1980). He found that there is
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a clear relation between the local density and the morphologi-
cal type. As the local density increases, the abundance of spirals
decreases and that of ellipticals and SO increases. He also found
that for ellipticals the luminosity tends to increase with the local
density.

More recently, Kuehn & Ryden (2005) concentrated on the possi-
ble impact of the environment on the shape of galaxies. They found
that galaxies with exponential luminosity profiles tend to be flatter in
high-density environments and that galaxies with a de Vaucouleurs
luminosity profile with similar magnitudes tend to be rounder in
high-density environments, but Kuehn & Ryden (2005) only used
the projected shape (b/a) to perform their analysis, and they did not
restrict their samples to the same intrinsic properties.

The intrinsic shape of galaxies has been analysed in many works
(Sandage et al. 1970; Lambas, Maddox & Loveday 1992; Andersen
et al. 2001, etc.), one of the most recent is Rodriguez & Padilla
(2013, hereafter RP13), a work that extended the analysis made by
Padilla & Strauss (2008) using data from Sloan Digital Sky Survey
(SDSS) Data Release 8 (DRS; Aihara et al. 2011) and Galaxy Zoo
1(Lintott et al. 2011). RP13 take into account the parametrizations
of galaxy shapes in Shen, Shao & Gu (2010).

The goal of this work is to extend the work in RP13 with en-
vironmental information, that is, to determine if the distribution
of intrinsic shapes of the galaxies depends on the environment
of the galaxies. A priori, it would be expected to find galaxies
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with more spherical shapes in denser environments, especially in
the case of ellipticals. For spirals we could expect a similar ef-
fect, although late types are significantly less frequent in denser
environments, therefore, our data could not exhibit a significant
trend.

RP13 models the distribution of y = C/A and ¢ = 1 — B/A,
where A, B and C are the intrinsic minor, medium and major axis
of a galaxy, respectively, for samples of spirals, ellipticals and sub-
samples selected by magnitude, size and colour. They use the y and
€ distribution, along with the dimming of the magnitude in edge-
on galaxies due to dust (Ey) to fit the observed b/a distribution,
where b and a are the observed minor and major axis of a galaxy.
The relation between y and € and b/a is the same given in Binney
(1985).

Ey is used to model the distribution of the polar inclination angle
6 in the sample of spirals (in ellipticals, they assume E, = 0, that
is, a flat cos @ distribution), due to the fact that, in a flux-limited
sample, the number of edge-on galaxies detected is smaller than the
number of face-on galaxies due to the dust obscuration. The value
of Ey is obtained from the difference in the luminosity function of
the edge-on and face-on samples. The galaxies that belong to each
sample are chosen according to the b/a value.

To model y and €, RP13 use two different types of parametriza-
tion. In the case of “Type n’ they parametrize the y distribution
as the sum of 10 Gaussians, with dispersion 0.08 and centres run-
ning from 0.1 to 0.82, with steps of 0.08, varying the number of
galaxies in each Gaussian to change the shape of the distribution.
The € distribution is parametrized as the sum of the positive side
of 10 Gaussians (each one weighted by its own dispersions, see
Rodriguez & Padilla 2014) centred in 0, with dispersions running
from 0.02 to 0.2 with steps of 0.02. In the case of “Type r’ they also
parametrize y as the sum of 10 Gaussians with dispersion of 0.08,
but the centres run from 0.04 to 0.4 with steps of 0.04. The € dis-
tribution is parametrized as a lognormal distribution, with variable
centre and dispersion. The sub-samples of ellipticals are well fitted
with the parametrization type n; in the case of spirals it depends on
each sub-sample. In particular, the total sample of spirals is well
fitted with type r. This is the parametrization we will adopt in this
paper.

This work is organized as follows. In Section 2, we describe
the sample used in this work and how we select the sub-samples
with different environment. In Section 3, we show the main results
obtained for the shapes of these different sub-samples. In Section 4,
we summarize and discuss our main results.

2 SAMPLE

RP13 use a sample obtained from SDSS DR8 (Aihara et al. 2011)
with morphological information from Galaxy Zoo (Lintott et al.
2008, 2011) with cuts in magnitude and redshift. To obtain envi-
ronmental information, we extend the group catalogue from Zapata
etal. (2009) to the SDSS DR8. Zapata et al. (2009) used a friend-of-
friends algorithm applied to SDSS DR6(Adelman-McCarthy et al.
2008) to find galaxy groups and also determine their properties (see
also Padilla, Lambas & Gonzalez 2010). We add this group infor-
mation to the RP13 sample for this paper work. In the process, we
added a more stringent cut in redshift (including only galaxies out
to z < 0.1) to avoid incompleteness of the sample, due to the fact
that above this redshift the group sample only includes the most
massive ones.
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We study different options to produce sub-samples and keep
those that show different b/a distributions.! The final sub-samples
are composed by galaxies in groups and in the field. Additionally,
galaxies in groups are separated between centrals and satellites,
where a galaxy is considered a central if it is the brightest galaxy
in the group, and satellite otherwise,? by r/ri, the distance from a
galaxy to the centre of mass of the group in units of the virial radius,
by M/M¢, the virial mass of the group, and by Xs, the projected
density to the fifth nearest neighbour of the galaxy. We also construct
a sample adding the field and satellite samples together.

For the galaxies separated using discrete parameters (group or
field, satellite or central), we assign galaxies to each sample so that
the medians of the intrinsic properties used by RP13 (magnitude,
colour and physical size) are similar between the samples that we
are comparing. That is, the medians in intrinsic properties are simi-
lar between spiral group and spiral field galaxies, between centrals,
satellites and satellite+field spirals. And the same for ellipticals.
Table 1 shows the medians of intrinsic characteristics of each sam-
ple. Fig. 1 shows the resulting distributions of b/a for the selected
sub-samples, separated between spirals and ellipticals using their
Galaxy Zoo morphologies.

For galaxies selected by continuous parameters, we take a differ-
ent approach than for the other samples (where we cut the samples
until their intrinsic properties are similar). We take the group sample
without cuts, we separate in bins of magnitude, colour and size, and
for each bin we measure the median value of the parameter. We then
select for each bin the galaxies above and below the median value
of the environmental property; the median value is referred to as
Y5, for projected density, which is a function of M,, g — r and Rsy.
For virial mass we use M,,, and r,, for distance to the group centre
in units of the virial radius. With this method we obtain samples
with similar distributions of magnitude, colour and size without
excluding any galaxy.

The medians in magnitude, colour and size of these samples are
also listed in Table 1 and Fig. 1 shows the b/a distributions for these
samples.

Fig. 1 also displays examples of galaxy images that belong to
each sample. These galaxies where selected to have b/a values
close to the mean of the respective sub-sample.

3 RESULTS

Fig. 2 shows the distributions of y and e for sub-samples of ellip-
ticals. It can be seen in this figure important differences between
the resulting distributions, in particular for ellipticals in groups and
in the field. Table 2 shows the mean values of y and € obtained
for all the samples, alongside with the values of E for spirals. The
top left panel in the right-hand set of panels in Fig. 1 shows a clear
difference between the group and field samples of ellipticals, this
is confirmed by the results shown in the right-hand panels in Fig. 2
in which we can see that the group galaxies tend to have a higher
y than field ellipticals. That is, the ellipticals in groups are more
spherical than field ellipticals. In the case of spirals, we do not find
any relevant difference between the group and field galaxies. This
can be confirmed by the data in Table 2, in which we cannot see any

! Unless it is explicitly indicated, we use b/a values measured in the SDSS
r band.

2 To determine the brightest galaxy in a group, we use the full sample of
galaxies in groups, not only the galaxies with morphological classification
from Galaxy Zoo.
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Table 1. Medians of magnitudes, colours and sizes for samples of spirals and ellipticals separated by environmental

properties.
Medians for spirals Medians for ellipticals
Sample M, —5logh g—r Rso (kpch™!) M, — 5logh g—r Rso (kpch™!)
Group —20.606 0.718 3.899 —20.543 0.973 2.243
Field —20.602 0.711 3.894 —20.54 0.97 2.299
Centrals —20.603 0.718 3.807 —20.547 0.97 2.226
Satellites —20.6 0.719 3.897 —20.547 0.974 2.287
Satellite+field —20.602 0.714 3.892 —20.54 0.97 2.299
Y5> X5 —20.226 0.724 3.417 —20.832 0.977 2711
Es.m > Zs —20.225 0.723 3.382 —20.833 0.976 2.713
Im > /Tyir —20.204 0.722 3.353 —20.777 0.975 2.622
r/ric > m —20.203 0.724 3.378 —20.787 0.976 2.605
M/Mg > My, —20.217 0.721 3.397 —20.851 0.976 2.733
My > M/Mcy —20.218 0.718 3.388 —20.853 0.976 2.713
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Figure 1. b/a distributions for sub-samples divided by environmental properties along with images of sample galaxies from each sub-sample. The upper set
of figures show the results for spirals, and the lower set for ellipticals. In both sets the top left panel shows samples of group and field galaxies separately. The
top right panel shows the samples of central, satellite and satellite+field galaxies. The middle left panel shows the samples according to ¥5. The middle right
panel shows the samples divided according to r/ry;; values. The bottom left shows samples divided by group mass.

important difference between the shape parameters or dust of those
samples.

Fig. 1 shows that there is no important difference between satellite
and central ellipticals. The right-hand panels in Fig. 2 do not show
any difference in the y distributions of centrals and satellites. The

satellite4field ellipticals shows a difference in y with the other two
samples, but this difference could be due to the difference between
group and field ellipticals.

Fig. 3 shows the best-fitting parameters for samples selected by
continuous properties that show significant differences between the
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Figure 2. Distributions of y and € for galaxy samples divided according to different properties. Top panels show y distributions and bottom panels show
€ distributions. Left: group and field ellipticals. Right: central, satellite and satellite+field ellipticals. Vertical lines correspond to the mean values of the

distributions and the dashed areas show the uncertainties of the mean values.

Table 2. Mean values of y and € for all the analysed samples. Also are listed the E values for the spiral samples.

Results for spirals

Results for ellipticals

Sample Ey ¥) (€) ¥) (€)
Group 0.218700%% 0.352 £ 0.017 0.126 £ 0.01 0.63 + 0.032 0.097 £ 0.017
Field 015970048 0.349 £ 0.011 0.099 + 0.018 0.51 + 0.033 0.113 £ 0.015
Central 0.1170168 0.239 + 0.013 0.118 + 0.025 0.667 + 0.067 0.12 + 0.008
Satellites 0.11175:053 0.382 + 0.035 0.12 + 0.0107 0.61 + 0.026 0.11 =+ 0.007
Satellites-+field 018270048 0.331 & 0.015 0.113 & 0.009 0.518 & 0.022 0.096 & 0.01
25> X5 0.19570953 0.269 % 0.029 0.146 =+ 0.046 0.647 + 0.027 0.113 = 0.009
5. > s 0.18670:08 0.232 £ 0.017 0.264 =+ 0.035 0.62 £ 0.015 0.099 + 0.017
T > T/ Tvir 0.11770053 0.219 + 0.016 0.176 + 0.023 0.616 + 0.014 0.116 = 0.005
7/ Pie > 0.2047507 0.257 + 0.022 0.251 + 0.03 0.611 £ 0.02 0.116 £ 0.009
M/Mg > M, 014970081 0.249 + 0.022 0.186 =+ 0.02 0.615 =+ 0.027 0.127 + 0.018
M, > M/Mg, 0.14470:0 0.256 £ 0.017 0.202 + 0.026 0.614 £ 0.017 0.111 £ 0.011

distributions of y or €. Fig. 1 shows that there is no important
difference between the galaxies with £s > X5, and X5 ,, > X5
for ellipticals, and shows just a small difference for spirals. For
these spirals, there is an important difference in the € distribution,
in which the galaxies in denser environments tend to have a rounder
disc than galaxies in less dense environments. This difference is
consistent with the results shown in Fig. 2 in which spiral galaxies
closer to the centre of their host group tend to have a smaller value
of € than spirals located further from centre. For ellipticals, we do
not find any important difference between galaxies in environments
with different density (see Table 2).

The middle right panel in both sets of panels of Fig. 1 shows that
there is no significant difference between galaxies located relatively
near to the centre of mass of the group for spirals, and galaxies that
are far from the centre, in terms of the virial radius. Fig. 2 shows
that spirals do not show a difference in y, but there is a difference
in €, where the spirals that are near to the centre of the group tend
to have a smaller value of ¢ that the other spirals in groups. These
results show that spirals that are relatively near to the centre tend to
have a more circular disc. This is consistent with the results using
Y5 and the central-satellites samples. For ellipticals, we do not find

MNRAS 456, 571-577 (2016)

any relation between shape and the distance to the centre of mass
of the group.

In the case of samples separated by virial mass of the group, the
shapes of the galaxies do not show any difference between the high
and the low mass group samples for spirals or ellipticals. Table 2
shows that there is no difference between the shape parameters or
the dust extinction of any of these samples.

3.1 Central and satellite spirals

Among the 3D shape distributions obtained, we argue that those
of central and satellite spirals deserve a further analysis. Fig. 4
shows the y and € distributions for these samples, which exhibit no
important differences. However, y distributions suggest that central
galaxies tend to be thinner than central spirals. This trend is also
present in the satellites+field sample. Summary of these results are
also listed in Table 2.

In order to further test these results, we have performed a similar
analysis using the i band (both for the b/a parameter and galaxy
magnitudes) which is less affected by seeing (Abazajian et al. 2003).
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Figure 4. Distribution of y and e for spirals separated into central, satellites
and satellites+field samples. The upper set of panels contains the distribu-
tions calculated using the r-band data. The lower set of panels contains
the distributions that we obtain using the i-band data (do not include the
satellite+field sample).

The results are also given in Fig. 4 showing the same trend that those
in the r-band distribution.

Since it is expected that events affecting morphology were more
frequent and violent in central spirals than in satellites, the shape of
central galaxies would, in principle, tend to be more spherical than
those of satellites. However, Alatalo et al. (2015), using galaxies

from the ATLAS3P survey (Cappellari et al. 2011), have recently
found that the ratio between '2CO(1-0)/"*CO(1-0) decreases with
the density of the environment (see also Crocker et al. 2012). In
these works, it is proposed that the gas is confined to a thinner disc
due to the pressure from the intracluster/group medium so that star
formation would also occur in a thinner disc. This fact could explain
our observations of central spirals thinner than satellites.

In order to further test this hypothesis, we sub-split the central
and satellite spiral samples using parameters related to the stellar
age, star formation and the structure of the galaxy (D,4000, the
strength of the break at 4000 A see, g — rcolour and concentration
in the » band). The D,4000 and concentration sub-samples were
built following the same method that those applied to continuous
variables (such as ¥5) and the g — r case was obtained splitting in
equal number sub-samples. Fig. 5 shows the results obtained and
Table 3 lists the values of Ey, (y) and (€).

The results for D,4000 (left-hand panels in Fig. 5) show no
important difference between the y distributions, but galaxies with
a lower D,4000 values tend to have a lower €. This implies that for
both central and satellite, galaxies with a younger stellar populations
tend to have a more circular disc.

The distributions for the samples divided according g — r (middle
panels in Fig. 5) show that, for central galaxies, the bluer ones tend
to have a more circular disc, for satellites, the redder galaxies show
a thinner and less circular disc. In the case of concentration (right-
hand panels in Fig. 5) in both cases, the less concentrated galaxies
tend to have a thinner and less circular disc.

The colour results are in good agreement with the hypothesis of
Crocker et al. (2012) and Alatalo et al. (2015), since the redder
galaxies are those expected to have suffered stronger confinement
by the warm/hot intragroup medium, are those with thinner discs.
The redder, older ones are expected to have formed and evolved
under this confinement, while the blue ones are expected to have
star formation activity post-mergers which possibly heated the disc
causing higher y values. We stress the fact that colour may bet-
ter represent the global age of the galaxy disc since spectroscopic
derived parameters contain information of the central bulge of this
relatively near-by SDSS galaxy sub-samples. It is important to no-
tice that the € results, where the bluer galaxies have a rounder disc,
has also been already observed in RP13, where the environment
has not been taken into account, suggesting that the difference in €
values is likely due to intrinsic galaxy properties. Similarly, RP13
found no important differences in y distributions using colour cuts.

MNRAS 456, 571-577 (2016)
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Figure 5. y and € distributions for the samples of central and spirals separated by different intrinsic properties. The upper panels show the distributions of
central galaxies, the lower panels show the distribution for satellites galaxies. Left: samples separated by D, (4000). Middle: Galaxies separated by g — r colour.

Right: Galaxies separated by concentration.

Table 3. Ey values, (y) and (€) values for the sub-samples created from the central and satellite sample.

Sample Ey () (€)
Central i band 0.29870:1%° 0.231 £ 0.014 0.114 % 0.029
Satellites i band 0+0 0.294 + 0.02 0.093 + 0.032
Central D,4000 < D,4000,, 0.17670:13 0.214 =+ 0.038 0.129 % 0.039
Central D,4000,, < D,4000 0.74670133 0.273 £ 0.045 0.24 £ 0.033
Satellites D,4000 < D,4000,, 0+0 0.281 % 0.02 0.081 % 0.032
Satellites D,4000,, < D,4000 0.41870:057 0.253 + 0.024 0.281 + 0.03
Central g — ryy > g — r 0.36870145 0.253 + 0.025 0.119 £ 0.022
Central g — r > g — 1y, 0.8337013¢ 0.239 + 0.018 0.405 £ 0.073
Satellites g — ryy > g — r 0.2017013¢ 0.46 + 0.028 60.126 + 0.012
Satellites g — r > g — i 0.293709% 0.263 =+ 0.02 0.376 + 0.036
Central ¢, > r50/790 0.3577013 0.219 + 0.022 0.235 + 0.034
Central r50/r90 > ¢ 0.34770177 0.281 + 0.023 0.079 £ 0.027
Satellites ¢, > rso/roo 0.2171014, 0.285 + 0.028 0.238 £ 0.042
Satellites rs0/ro0 > ¢ 0.1870%¢7 0.42 + 0.023 0.111 + 0.007

The concentration results, on the other hand, provide suitable pre-
dictions, where disc-dominated galaxies (those with lower concen-
tration parameters) tend to be thinner than bulge-dominated spirals,
for both centrals and satellites. We argue that spirals with larger
bulges are likely to have thicker discs given their possible common
origin via mergers of sub-structures (Quinn, Hernquist & Fullagar
1993; Aguerri, Balcells & Peletier 2001).

4 CONCLUSIONS

We have extended the analysis of the intrinsic shape of galaxies in
RP13 to samples selected by environmental properties (galaxies in
groups and field galaxies, central and satellites, near and far from

MNRAS 456, 571-577 (2016)

the centre of mass of the group, in different density environments
and in groups with different mass) to determine if the environment
alone has a role to play in the distribution of galaxy shapes.

We find that spiral galaxies in groups are not different in shape
than field spirals. However, central spirals contain thinner disc than
satellite spirals, and galaxies relatively closer to the centre of mass
of the group tend to have a rounder disc than spirals that are farther
away. We also found that spirals in environments with a higher
projected density also tend to have a rounder disc than galaxies
located in low-density regions.

For elliptical galaxies, we find that group ellipticals are more
spherical than field ones, and the same for central ellipticals com-
pared to satellite ellipticals. For samples of ellipticals selected
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according to the density of the environment, the distance to the
centre and the mass of the group, we do not find any important
difference.

In conclusion, we find that for ellipticals, their shape in cluster
and field environments are different, but when the ellipticals are
restricted to groups, variations of the environment does not play
a major role on their shape. For spirals, on the other hand, the
environment has an important influence on their shape, specifically
the position of the galaxy within the cluster. The mass of the group
itself has no apparent influence.

For ellipticals, the result of more spherical galaxies in groups
rather than the field could be explained by the fact that ellipti-
cal galaxies in groups are exposed to more events that affect their
shapes (mergers, gravitational interactions, etc.). These events af-
fect the galaxies mostly isotropically, and lead to more spherical
galaxies. Perhaps more difficult to understand is the fact that spiral
galaxies in denser environment environments tend to show a thin-
ner and rounder disc. Nevertheless, Crocker et al. (2012) studied the
line ratios of molecular gas in galaxies from the ATLAS3D survey
(Cappellari et al. 2011), and propose that galaxies in environments
with higher density tend to suffer high pressure due to the hot intr-
acluster/group medium, which leads to a gas confined in a thinner
disc. This would explain the apparent (but very weak) decreasing
relation they found between the ratio of '?CO(1-0)/'3CO(1-0) and
the density. This relation was also seen by (Alatalo et al. 2015), and
may cause star formation to also occur in a thinner disc.
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