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Received xxx; accepted xxx

ABSTRACT

Aims. We explore properties of barred active spiral galaxies in groups and clusters selected from the SDSS-DR7, with the aim of
assessing the effects of bars on AGN and the role of the high density environment.
Methods. We identified barred active galaxies that reside in groups and clusters from SDSS-DR7 group catalog. With the goal
of providing a suitable quantification of the effects of bars, a reliable control sample of unbarred active galaxies in high density
environments with similar redshift, magnitude, morphology, and bulge size distributions was also constructed.
Results. We found that the fraction of barred AGN galaxies in groups and clusters (≈ 38%) is higher than those in the total barred
AGN sample (≈ 28%), indicating that AGN spiral galaxies in groups are morelikely to be barred than those in the field. We also
found that barred AGN galaxies are more concentrated towards the group centers than the other unbarred AGN group members.
In addition, barred AGN host galaxies show an excess of population dominated by red colors, with respect to the control sample,
suggesting that bars produce an important effect on galaxy colors of AGN hosts. The groups of AGN galaxies with and without bars
show similar virial masses; however, the host groups of the barred AGN exhibit a larger fraction of red colors than the host groups of
the corresponding unbarred active galaxies. Color-magnitude relations of both host groups of AGN differ significantly: the host group
colors of barred active galaxies display distributions spreading toward red populations, at the same (Mr)Group, with respect to the host
groups of the unbarred AGN objects.
Barred active galaxies show an excess of nuclear activity compared to galaxies without bars. We found that barred activegalaxies
located farther from the group-center have strongerLum[OIII]. In addition, for both AGN samples, nuclear activity increases in bluer
host groups however, barred active objects systematicallyshow higherLum[OIII] values, irrespective of the global group colors. Our
findings suggest that the efficiency of bars to transport material towards the more central regions of the AGN galaxies in high density
environments reveals an important dependence on the localization of objects within the group/cluster and on the host group colors.
Conclusions.
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1. Introduction

Galactic bars are believed to be directly related to the dynami-
cal evolution of their host spiral galaxies. Several studies of nu-
merical simulation show that bars can efficiently transport gas
from the outer regions of galaxies to the central kiloparcecscale
(Athanassoula 2003; Debattista & Sellwood 1998; Weinberg
1985). The gas clouds suffer shocks by interaction with the edges
of the bars, producing angular momentum losses and allowinga
flow of gas toward the innermost central regions of the barred
galaxies (Shlosman, Begelman & Frank 1990). Given the high
efficiency of gas inflow, the presence of bars plays an important
role in enhancing the nuclear star formation (Arsenault 1989;
Devereux 1987; Emsellem et al. 2001; Hawarden et al. 1986;
Heckman 1980; Ho, Filippenko & Sargent 1997; Huang et al.
1996; Hunt et al. 2008; Jogee et al. 2005; Knapen et al. 2002;
Martinet & Friedli 1997).

In addition, the bar-driven material toward the most inner
regions has been considered an efficient mechanism for trigger-
ing activity in active galactic nuclei (AGN) (Combes et al. 1993;
Corsini et al. 2003). Shlosman, Frank & Begelman (1989) pro-
posed a model that they called ”bars within bars” as
a mechanism for fueling AGN galaxies. In this scenario,
the external bars transport gas on a scale of a few par-
sec and the material is accumulated. It shows a gravi-

tational instability producing a secondary bar, which al-
lows gas to approach closer to a central black hole
(Ho, Filippenko & Sargent 1997; Maciejewski & Sparke 1997;
Mulchaey & Regan 1997). Different observational studies, us-
ing the Hubble Space Telescope images and the spectroscopic
data obtained from ISAAC/VLT and SAURON (Carollo et al.
2002; Emsellem et al. 2001; Laine et al. 2002; Malkan et al.
1998) have confirmed the presence of secondary bars, by ob-
serving nuclear bars inside large-scale external bars.

There is still a debate on the observational analy-
sis that shows different results regarding the effects pro-
duced by bars on the central nuclear activity. For instance,
Ho, Filippenko & Sargent (1997) found that bars have no sig-
nificant effect on the AGN activity in a sample of 187 barred
spiral galaxies. Lee et al. (2012) also used a sample of AGN,
selected with the Kewley et al. (2001) classification, from the
Sloan Digital Sky Survey Data Release 7 (SDSS-DR7) volume
limited sample of late-type galaxies (b/a > 0.7) concluding
that bars do not have an important effect on the nuclear ac-
tivity. However, Oh, Oh & Yi (2012) found evidence that bars
enhance central activity in blue galaxies with low black hole
masses from a sample of late-type active galaxies (b/a > 0.6)
selected from SDSS-DR7 with the Kauffmann et al. (2003) cri-
teria. In the analysis, Lee et al. (2012) do not include the com-
posite galaxies within the sample of AGN host and because these
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galaxies are in general, younger and less massive (Kewley etal.
2006) than the AGN sample defined by the Kewley et al. (2001)
criteria. So, the different AGN selection criteria could affect the
results related to the effect of enhanced AGN activity by bars.

More recently, Alonso et al. (2013, hereafter A13) studied
a sample of face-on barred AGN spiral galaxies, in comparison
with a suitable control sample of unbarred active galaxies with
similar redshift, magnitude, morphology, bulge sizes, andlocal
environment distributions. They found that barred AGN galaxies
systematically show a higher fraction of powerful activitywith
respect to unbarred AGN in the control sample. In addition, the
analysis of the accretion rate onto the central black holes shows
that barred AGN host galaxies show an excess of objects with
high accretion rate values with respect to unbarred active ones.

Galaxy properties (star formation, gas content, morphology,
etc.) show a strong dependence on the local environment in
which galaxies reside. Therefore, to have a better understand-
ing of the formation and evolution of bars, an important point
is to analyze, not only the internal structures of spiral galax-
ies, but also the external influence on their host environment.
Nevertheless, the dependence between the bar fraction and envi-
ronment is a controversial point since different studies show con-
tradictory results. Several observational works found that the bar
galaxy fraction does not depend on the environment (Lee et al.
2012; Martı́nez & Muriel 2011; Mendez-Abreu et al. 2010;
van den Bergh 2002). However, Elmegreen et al. (1990) found
a higher bar fraction in pair systems for a sample of spiral galax-
ies. In addition, Eskridge et al. (2000) show that the bar fraction
in the Fornax and Virgo clusters is slightly higher than the aver-
age value for fields. Moreover, from the analysis of galaxiesin
the Shapley-Ames Catalog, van den Bergh (2002) found that the
fraction of barred galaxies in cluster environments is larger than
in lower density regions. Recently, Skibba et al. (2012) show
that barred galaxies tend to reside in denser environments than
their unbarred counterparts for a large sample obtained from the
Galaxy Zoo 2 project (Lintott et al. 2011), finding a clear envi-
ronmental dependence on barred galaxies.

Motivated by these finds, here we analyze the effect of bars
on active nuclei galaxies and the role played by high density
environments. We study active galaxies with and without bars
within groups and clusters with the aim of assessing whether
high density environments play a significant role in modifying
the host properties and nuclear activity of barred active galax-
ies. For this purpose, using data from the SDSS-DR7, we ob-
tain samples of barred and unbarred AGN residing in groups
and clusters of galaxies. We analyze the spatial distribution, host
galaxy properties, and nuclear activity of barred AGN in high
density regions, and compare them to those of unbarred active
galaxies from a suitable control sample, with the aim of obtain-
ing additional clues about the interplay between the high density
environments and barred AGN galaxies.

This paper is structured as follows. Section 2 describes the
procedure used to construct the catalog of barred AGN group
galaxies from SDSS-DR7, and the control sample selection cri-
teria. In Section 3, we study the barred and unbarred AGN
relative position in groups/clusters. Section 4 explores the bar
dependence on colors of host active galaxies with respect to
both group central distance and group virial masses and Section
5 analyses environmental properties. In Section 6, we analyze
the black hole activity in barred AGN in high density environ-
ments, and in Section 7 we summarize our main conclusions.
The adopted cosmology through this paper isΩ = 0.3,Ωλ = 0.7,
andH0 = 100 kms−1Mpc.

2. Selection of barred AGN galaxies in high density
environments

The analysis of this paper is based on the SDSS-DR7
(Abazajian et al. 2009) photometric and spectroscopic galaxy
catalog; DR7 is the seventh data release corresponding to the
survey SDSS-II, and comprises 11663 square degrees of sky im-
aged in five band widths (u, g, r, i, and z). It provides imag-
ing data for 357 million objects, as well as spectroscopy over
≃ π steradians in the north Galactic cap and 250 square degrees
in the south Galactic cap. The SDSS-DR7 main galaxy sam-
ple is essentially a magnitude limited spectroscopic sample with
rlim < 17.77 covering a redshift range 0< z < 0.25, with a me-
dian redshift of 0.1 (Strauss et al. 2002). For this work, several
physical properties of galaxies were derived from the published
SDSS-DR7 data: stellar mass content, indicators of star-bursts,
emission-line fluxes, concentration index, etc. (Blanton et al.
2005; Brinchmann et al. 2004), and were obtained from the
fits files at the MPA/JHU 1 and the NYU2 catalogs.

In our previous work (A13) we compiled a barred AGN
catalog obtained from SDSS-DR7. The active galaxy sam-
ple was selected by applying the Kauffmann et al. (2003) cri-
teria, employing a standard diagnostic diagram proposed by
Baldwin, Phillips & Terlevich (1981) (hereafter BPT), and by
using the publicly available emission-line fluxes (for details see
A13). By visual inspection of SDSS images we classified 6772
hosts of face-on (b/a > 0.4) AGN spiral galaxies brighter than
g−mag<16.5 and with redshiftsz < 0.1 as barred or unbarred.
We found 1927 AGN hosted in barred galaxies, representing a
fraction of 28.5% with respect to the full sample of AGN in
spiral host galaxies, and this value agrees with the bar fraction
found by visual inspection of optical galaxy samples in previ-
ous works (de Vaucouleurs et al. 1991; Marinova et al. 2009;
Masters et al. 2011; Nilson 1973; Oh, Oh & Yi 2012). The re-
maining 4628 face-on spiral galaxies are unbarred. The authors
excluded 207 objects that did not match the bar classification
completely.

To analyze the properties of barred AGN galaxies in high
density environments in detail, in comparison with AGN with-
out bars, we identified barred and unbarred active objects that
reside in groups and clusters by cross-correlating the total barred
and unbarred AGN samples with the SDSS-DR7 group cata-
log constructed by Zapata et al. (2009). These authors iden-
tified groups of galaxies using a friends-of-friends algorithm
with the same parameters corresponding to the values found by
Merchan & Zandivarez (2005) to produce a reasonably com-
plete sample (95%) with low contamination (< 8%). The group
catalog has 122,962 galaxies within 12,630 groups that havea
minimum number of four members andz < 0.1. Moreover, it
provides several useful galaxy group properties used through-
out the paper, such as the geometric group center coordinates,
virial mass, richness, line-of-sight velocity dispersion, and virial
radius.

As a result of this cross-correlation, we obtained a sample of
319 barred and 519 unbarred AGN galaxies in groups. These val-
ues represent a fraction of 16.6% with respect to the full sample
of 1927 barred AGN galaxies, and 11.2% with respect to a total
of 4628 AGN without bars. Table 1 lists the numbers and per-
centages of the different AGN galaxy samples used in this work,
and here we observed that the fraction of barred AGN galax-
ies in groups (≈ 38%) is higher than those in the total barred

1 http://www.mpa-garching.mpg.de/SDSS/DR7/
2 http://sdss.physics.nyu.edu/vagc/
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Fig. 1. Images of typical examples of barred active galaxies in highdensity environments. The images are≈ 3′.5 x 3′.5. Right images
show a zoom of the barred AGN galaxies.

AGN sample (≈ 28%). This finding shows a higher bar fraction
in groups and clusters of galaxies, indicating that AGN spiral
galaxies in groups are more likely to be barred than those in the
field, in agreement with previous work by Skibba et al. (2012)
and Eskridge et al. (2000). This suggests that bars are stimu-
lated in accordance with the local density environment and that
the physical processes such as ram pressure stripping, starva-
tion or strangulation, harassment and interactions in groups and
clusters seem to be related to the bar phenomenon. Skibba et al.
(2012) found that bars are formed by secular evolution and
that this process depends on the local environment of the host
galaxies, suggesting that there is a dichotomy between inter-
nal secular mechanisms and external environment. Recently,
Kormendy & Bender (2012) show that harassment may influ-
ence secular evolution of the bars by the cumulative effect of
several rapid encounters with other cluster members. In addi-
tion, starvation or strangulation, which are gas strippingpro-
cesses of the hot diffuse component of satellite galaxies, influ-
ences the star formation on longer timescales (Larson 1980)and
could also stimulate the growing bars (Berentzen et al. 2007;
Masters et al. 2012). Figure 1 shows images of typical exam-
ples of barred AGN host galaxies in high density environments
selected from our sample.

Table 1. Results of classification.

Classification Number of galaxies Percentages
Barred 1927 28.5%

Unclear barred 207 3.0%
Unbarred 4638 68.5%

Total 6772 100.0%
Barred in groups 319 38.2%

Unbarred in groups 519 61.8%
Total 838 100.0%

In addition, we calculated the bar fraction as a function of
colors and stellar masses of the host galaxies in our sample (see
Table 2). We can observe that the bar fraction increases towards
redder and more massive AGN host galaxies, in accordance with
previous work (Masters et al. 2011; Oh, Oh & Yi 2012).

2.1. Control sample

Some studies of the effect of bars from observational analy-
sis show contradictory conclusions. In several cases, authors
have attempted to isolate the effects of bars by comparing
barred galaxies with unbarred ones. However, different authors
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Table 2. Percentages of barred and unbarred active galaxies with
different color and stellar mass ranges.

Color ranges Barred AGN Unbarred AGN
0.55< (Mg − Mr) <0.7 26.6% 73.4%
0.7< (Mg − Mr) <0.85 45.4% 54.6%
0.85< (Mg − Mr) <1.0 42.5% 57.5%

Stellar mass ranges
10.2< log(M∗/M⊙) <10.6 31.2% 68.8%
10.6< log(M∗/M⊙) <11.0 40.0% 60.0%
11.0< log(M∗/M⊙) <11.4 40.5% 59.5%

have proposed different ways to build comparison samples,
and so the discrepancy in the results could be mainly due to
a biased selection of these control samples. By using SDSS
mock galaxy catalogs built from the Millennium Simulation,
Pérez, Tissera & Blaizot (2009) showed that a suitable control
sample for pair galaxies should be selected that at least match,
redshift, morphology, stellar masses, and local density environ-
ments. This criteria is also applicable to the building of control
samples of barred galaxies with the purpose of analysing differ-
ent properties with respect to unbarred ones.

Our aim is to focus on the effects of bars on the active nu-
clei galaxies that reside in high density environments. Therefore,
we constructed a reliable control sample of unbarred AGN host
galaxies that share similar environmental conditions in order to
compare these with the barred host results. Using a Monte Carlo
algorithm we selected unbarred active galaxies in groups with
similar redshift and stellar mass distributions (see panelsa andb
in Fig. 2). We have also considered unbarred AGNs in the control
sample with similar concentration indices3, C, as for the barred
AGN host sample, with the purpose of obtaining a similar bulge-
to-disk ratio (see panelc). Thus, the differences in the results
will be driven by the presence of bars and not by the difference
in the morphology of the galaxies. In addition, we have take into
account active galaxies with similar bulge prominences in both
AGN samples, selecting control galaxies with similar distribu-
tions of the f racdeV parameter to the barred AGN host sam-
ple (paneld in Fig. 2). This parameter is a good indicator of
bulge sizes in disk galaxies (Bernardi et al. 2010; Kuehn 2005;
Masters et al. 2011; Skibba et al. 2012). The methodology fol-
lowed to obtain the control sample of unbarred active galaxies in
this work ensures that it will have the same selection effects as
the barred AGN host catalog. It can then be used to estimate the
real difference between active galaxies with and without bars in
groups and clusters, unveiling the effect of bars on the nuclear
activity and the role played by high density environments.

3. Analysis of the relative position in groups

The study of the bar fraction in the extremely dense regions of
the cluster core with respect to the lower density environments
of the outer regions of the galaxy clusters can provide impor-
tant clues to understanding the relative effects of internal and
external physical mechanism on the evolution of the barred disk
galaxies. We may ask whether barred AGN galaxies have a par-
ticular location in groups and clusters with respect to the control
sample. Therefore, we analyze the distribution of projected ra-
dial distance with respect to group centers,dCG, for barred AGN
galaxies and AGN without bars in the control sample. In orderto
calculate reliable group centers, we have only considered groups

3 C = r90/r50 is the ratio of Petrosian 90 %- 50% r-band light radii

Fig. 2. Distributions of redshift (z), stellar mass (log(M∗)/M⊙),
concentration index (C), and bulge size indicator (f racdeV)
(panelsa, b, c, andd), for barred AGN host galaxies (solid lines)
and active galaxies without bars in the control sample (dashed
lines).

with a minimum number of seven members, thereby avoiding
large uncertainties in this determination. Both the virialmasses
and virial radius distributions of the restricted sample are similar
to the total group sample. The resulting distributions are shown
in Fig. 3. It can be clearly seen that barred AGN galaxies are
more concentrated towards the group center than the unbarred
AGN in the control sample. We also calculated the normalized
group-centric distance,dCG/RVirial, finding the same tendencies
(see the inset). In addition, we find that the fraction of barred
AGN galaxies nearest the group-centric distance,dCG < 300kpc
h−1, is higher (≈ 49%) with respect to those in the unbarred AGN
sample (≈ 38%).

The pioneer work of Thompson (1981) also showed that the
bar fraction is significantly larger in the core of the Coma cluster
than in the outer region.

More recently, Marinova et al. (2012), using high resolution
images from the Hubble Space Telescope ACS Treasury sur-
vey of the Coma cluster atz ≈ 0.02, studied bars in the dense
core of this cluster. They found a hint of an increase in the mean
bar fraction toward the core of the Coma. In addition, the study
of the bars in lenticular galaxies (S0) in the rich Coma cluster
showed that there is a radial increase in the bar fraction towards
the cluster core with respect to the low density outer regions
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Fig. 3. Distributions of group-centric galaxy distances,dCG, for
barred AGN (solid lines) and unbarred AGN (full surface) in the
control sample. The inset shows to the distribution of the normal-
ized group-centric distance,dCG/RVirial, in the same samples.

(Lansbury et al. 2014). Andersen (1996) found that the radial
distribution of the barred spirals in the Virgo cluster is clearly
different than that of the spirals without bars, showing that barred
galaxies are more centrally condensed than the unbarred ones.
Moreover, observational studies in several galaxy clusters also
found an increase in the bar fraction in the dense core of the
clusters (Andersen 1996; Barazza et al. 2009; Marinova et al.
2012).

From numerical studies, Byrd & Valtonen (1990) argued
that the observed tendency for disk galaxies in the center of
rich clusters to be barred is due to the strong tidal field. This
can transform unbarred spiral galaxies into barred ones. Inthis
context, the tidal field has a constant direction and is symmetric
about the spiral galaxy, as would be the case for cluster members
approaching in an eccentric orbit towards the cluster center. This
symmetric perturbation can produce distortions in the galaxy
disk and then form strong arms and bars. In addition, other tidal
effects of the cluster field have been studied, e.g., tidal stripping
(Merritt 1984) and tidal disruption (Miller 1986). These authors
also found that galaxies in the core of the groups and clusters can
survive over the long term without being destroyed. Our results
confirm these previous findings for statistically reliable observa-
tional data.

4. Color in host AGN galaxies

Galaxy colors, as is well known, are correlated with star for-
mation, age, gas content, and environment, all of which may be
related to the presence of disk instabilities such as bars, and with
the central nuclear activity. With the aim of exploring the colors
of the barred active nuclei galaxies and the effects of denser re-
gions, in this section we analyze colors in both samples of AGN
with and without bars that inhabit groups and clusters.

In Fig. 4 we show the (Mu − Mr) and (Mg − Mr) color
distributions of barred and unbarred active galaxies residing in

Table 3. Percentages of barred and unbarred AGN host galaxies
in groups with red colors.

Restrictions % of barred % of unbarred
(Mu − Mr) > 2.4 56.2% 40.3%
(Mg − Mr) > 0.65 89.6% 75.7%

groups and clusters. It can be clearly seen that there is a signifi-
cant excess of barred AGN hosts with red colors. In Table 3 we
quantify the excess of red color indexes ((Mu − Mr) > 2.4 and
(Mg − Mr) > 0.65) of barred AGN hosts with respect to the
unbarred AGN in the control sample.

Several previous studies displayed an excess of barred galax-
ies with redder colors from different samples. Masters et al.
(2011) found a high fraction of bars in the passive red spiral
galaxies for a sample obtained from the Galaxy Zoo catalog. In
addition, Oh, Oh & Yi (2012) showed that a significant num-
ber of barred galaxies are redder than their counterparts ofun-
barred spiral galaxies. Furthermore, in our previous work (A13)
we found an excess of red colors in a sample of isolated spiral
barred AGN with respect to unbarred active galaxies in a suit-
able control sample. The results obtained here from barred AGN
hosts in high density environments are consistent with those of
barred galaxies in low density regions.

In addition, we analyze the colors of barred AGN hosts in
denser regions in comparison with those of active galaxies with
bars in the field. For this purpose we used isolated barred AGN
hosts obtained from our previous work (see A13 for details).
This sample has similar redshift, stellar mass, concentration in-
dex, and bulge size indicator distributions to the sample ofbarred
active galaxies in high density environments. From Fig. 4 we
can see that there is an excess of barred AGN hosts with red-
der colors in groups and clusters with respect to isolated barred
active galaxies. Furthermore, we calculated the excess of red
color indexes for the isolated sample, (Mu − Mr) > 2.4 and
(Mg −Mr) > 0.65, finding 46.5% and 84.8%, respectively. This
result also shows that isolated barred AGN hosts are redder than
unbarred active galaxies in groups, suggesting that bars deter-
mine changes in the host colors.

Moreover, to help us to understand the behavior of the col-
ors in barred AGN hosts within high density environments,
we measured the mean color values with respect to the group-
centric distance. In the left panels of Fig. 5, we show the mean
< Mu − Mr > (upper panel) and< Mg − Mr > (lower panel)
colors as a function of group-centric distance for both samples
of barred and unbarred active galaxies. As is well known, the
central regions of the groups and clusters of galaxies are mainly
populated by objects redder than those in the outer regions.It
can also be seen that the number of active galaxies with redder
colors increases toward the group centers, and this tendency is
more significant in barred AGN with respect to those in the con-
trol active galaxies without bars.

Figure 5 (right panels) shows the mean colors for barred
AGN (solid lines) as a function of the host group virial mass.
We also show the results for the control sample (dashed lines).
As can be seen, the number of redder AGN hosts increases to-
wards higher group virial masses. In addition, we can see that
barred AGN have systematically redder colors than active galax-
ies without bars in the control sample.

Redder colors found in barred active galaxies, with respect
to unbarred counterparts, suggest that bar perturbations have a
considerable effect on colors of AGN hosts.
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Fig. 4. Distribution of colors, (Mu − Mr) and (Mg − Mr) (upper
and lower panels), for barred AGN host galaxies (solid lines)
and AGN hosts without bars (shaded histograms) within groups
and clusters. Dot-dashed lines represent barred AGN hosts in the
field.

5. Local environmental properties

In this section, we analysed the host group properties. For this
purpose we explore the virial masses and the group colors in
both host groups of barred and unbarred active galaxies. We cal-
culated the group color, (Mu − Mr)Group, which is measured by
summing the luminosities of the four brightest galaxy members
in ther andu bands in each group. Different authors (Eke et al.
2004; Padilla et al. 2004) found that this measure is a good pa-
rameter with which to quantify the global group luminosity.

The results are plotted in Fig. 6 where we show the distri-
butions of the virial masses,log(MVirial/M⊙) (upper panel), and
the group colors, (Mu − Mr)Group (lower panel), of the groups
hosting, for barred AGN and their unbarred counterparts. We
find that both host groups of the barred and unbarred AGN show
similar virial mass distributions. Interestingly, the group color
distributions of both samples show significant differences. The
host groups of the corresponding barred active galaxies show a
larger fraction of red colors with respect to the host groupsof the
unbarred galaxies in the control sample. We calculate the frac-
tion of active galaxies with and without bars that reside in red
groups, defined as (Mu − Mr)Group > 2.4 and find a percentage
of about 62.2 % and 51.8 %, respectively.

Figure 7 shows color-magnitude diagrams for host groups
of barred active galaxies and unbarred AGN in the control sam-
ple. In addition, the analysis was performed for two ranges of
group virial masses:MVirial < 1013.5M⊙ andMVirial > 1013.5M⊙
(middle and lower panels, respectively). As can be observed, for
the same (Mr)Group, the host group colors of barred active galax-
ies show distributions spreading toward red populations with re-
spect to the host group colors of the unbarred AGN objects. In
addition, this trend is more significant in less massive groups.
However, groups withMVirial > 1013.5M⊙ have a more similar

0 200 400 600 800 11 12 13 14

Fig. 5. Mean < Mu − Mr > and < Mg − Mr > galaxy
colors (upper and lower panels) as a function of the group-
centric galaxy distances,dCG (left panels), and virial group mass,
log(MVirial/M⊙) (right panels), for barred and unbarred AGN
host galaxies (solid and dashed lines).

Fig. 6. Distributions of group virial masses,log(MVirial/M⊙)
(upper panel), and group colors, (Mu − Mr)Group (lower panel),
for host groups of barred and unbarred AGN galaxies (solid lines
and full surface, respectively).

color-magnitude distributions than that of host groups of active
galaxies without bars.
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Fig. 7. Color-magnitude diagrams (Mu − Mr)Group versus
(Mr)Group. The density map shows the host groups of barred
AGN (color scale corresponding to the cumulative percentage
of objects, as shown in the key). For comparison, the black solid
lines enclose 14%, 28%, 42%, 57%, 71%, and 85% of the host
groups of unbarred AGN in the control sample. Middle and
lower panels show host groups with different ranges of virial
masses:MVirial < 1013.5M⊙ and MVirial > 1013.5M⊙, respec-
tively.

6. Nuclear activity in barred AGN galaxies

With the aim of assessing the effect of bars on the nuclear ac-
tivity and the role played by high density environments, in this
section we analyzed the central activity in the samples of AGN
galaxies with and without bars in groups and clusters. We fo-
cused on the dust-corrected luminosity of the [OIII]λ5007 line,
Lum[OIII], as a tracer of the AGN activity. The [OIII] line is
the strongest narrow emission line in optically obscured AGN
and has a low contamination from contributions of star forma-
tion lines in the host galaxy. Furthermore, theLum[OIII] es-
timator has been widely used by different authors in several
works (Brinchmann et al. 2004; Heckman et al. 2004, 2005;
Kauffmann et al. 2003; Mulchaey et al. 1994). From an in-
spection of the BPT diagrams, Kauffmann et al. (2003) found
that high metallicity hosts show a low contamination from
star formation in theLum[OIII]. In our sample, most of the

galaxies have stellar massesM∗ > 1010 M⊙ (see panelb in
Fig.2), therefore their metallicities are expected to be high be-
cause of the mass-metallicity relation (Kauffmann et al. 2003;
Tremonti et al. 2004), with low contamination of star formation
lines.

In Fig. 8 we show the distributions ofLum[OIII] for AGN
with and without bars within groups and clusters. We also plot
isolated barred active galaxies residing in the field. It is inter-
esting that in high density regions barred AGN show a slight
trend toward higher values ofLum[OIII] than AGN without
bars in the control sample. Moreover, isolated active galaxies
with bars show an excess of higher nuclear activity values with
respect to those of barred AGN within groups and clusters.
Following A13, we divide the sample by using theLum[OIII] to
study trends with luminosity. Then, we consider the luminosity
Lum[OIII] = 106.4L⊙ as a limit between the lower-luminosity
and the higher-luminosity subsamples. Thus, we estimate that
the 43.4%, 35.7%, and 31.5% of isolated barred active objects,
barred, and unbarred AGN hosts in denser regions, respectively,
belong to the higher-luminosity subsample, because they are the
strongest AGN. These findings indicate that the central nuclear
activity in barred AGN galaxies is more efficient in lower density
regions than in higher density environments.

Figure 9 (upper and middle panels) shows the nuclear activ-
ity distributions,log(Lum[OIII]/L⊙), of barred active galaxies
compared with the unbarred AGN host counterparts. The analy-
sis was performed for the different ranges of group-centric dis-
tances (dCG < 500kpc h−1 and dCG > 500kpc h−1), with the
purpose of studying the efficiency of nuclear activity in AGN
galaxies with and without bars located in the cluster cores and
in the regions far from the group centers. Different authors
(Kent & Gunn 1982; Sarazin 1980) found that the values of the
cluster core radius are typically between 300kpc and 600kpc.
Dressler (1980) also obtained similar values for the sampleof 55
rich clusters. Moreover, the X-ray emitting gas gives a suitable
proxy to the mass distribution in the clusters, which is an impor-
tant parameter for obtaining the core radius. In this context, sev-
eral X-ray observations (Forman & Jones 1982; Haarsma et al.
2010; Patel et al. 2000) usually imply core radii of≈ 500 kpc.
We found that towards the group center, theLum[OIII] distribu-
tions of barred AGN hosts are similar to those of AGN without
bars in the control sample. Interestingly, towards regionsfarthest
from the group center, the activity distributions of barredand
unbarred AGN hosts exhibit significant differences, with barred
objects having a higher fraction of powerful AGN. We have also
computed the mean< log(Lum(OIII)/L⊙) > values for different
bins of group-centric distance,dGC, for both AGN samples. The
results from the lower panel in Fig. 9 show clearly that, in barred
AGN for larger group-centric distance, theLum[OIII] values
strongly increases, while in active galaxies without bars in the
control sample remains approximately constant with a slight de-
cline. It could be interpreted in terms of the greater ability of
bars to fuel the central black holes in host group member galax-
ies located far from the group center.

With the aim of understanding the behavior of the nuclear
activity in AGN galaxies with and without bars as a function of
host group colors, in Fig. 10 we show the nuclear activity distri-
butions for different ranges of group colors: (Mu − Mr)Groups >

2.4 and (Mu − Mr)Groups < 2.4 (upper and middle panels, re-
spectively). It can be clearly seen that barred AGN show a trend
toward higher values ofLum[OIII] than AGN without bars in the
control sample. This tendency is more significant in active galax-
ies that inhabit bluer groups. Moreover, in Table 4 we quantify
the percentage of barred and unbarred active galaxies in denser
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Table 4. Percentages of barred and unbarred active galaxies with
Lum[OIII] > 106.4L⊙ in different ranges of group-centric dis-
tances and host group colors.

Ranges % of barred AGN % of unbarred AGN

dCG < 500kpc h−1 34.1% 34.4%
dCG > 500kpc h−1 41.5% 20.8%

(Mu − Mr)Groups > 2.4 31.1% 26.3%
(Mu − Mr)Groups < 2.4 43.8% 34.2%

Fig. 8. Distributions of log(Lum[OIII]/L⊙) for barred AGN
(solid line) and unbarred active galaxies (full surfaces) in high
density environments. Dot-dashed line represents isolated barred
AGN galaxies.

regions withLum[OIII] = 106.4L⊙, for different ranges of group-
centric distance and host group colors.

In addition, in Fig. 10 (lower panel) we present the mean
< log(Lum[OIII]/L⊙) > values as a function of the global group
colors. This relation was calculated for the correspondinghost
groups of the barred AGN and for active galaxies without bars
in the control sample. The results clearly show that generally
in bluer groups, active galaxies show higherLum[OIII] values.
We can also see that barred AGN objects systematically show
higher nuclear activity, irrespective of the group colors.These
findings show that the higher-luminosity subsample AGN reside
preferentially in bluer groups, which could provide suitable con-
ditions for the central black hole feeding. In this context,the
most efficient nuclear activity in barred AGN galaxies with re-
spect to their unbarred counterparts reflect that bars have an im-
portant role in helping the gas infall towards the central regions
in active galaxies. Considering that the group colors, (Mu −Mr),
given by the four brightest members is a representative parame-
ter of the global color of the groups, this result is in agreement
with that found by several authors. Coldwell et al. (2009) show
that the power of the AGN activity is strongly dependent on
the environment, finding that the AGN with higher values of<
log(Lum[OIII]/L⊙) > are located in regions populated by bluer
galaxies. Similar results were found by Coldwell et al. (2014);
Padilla, Lambas & González (2010) suggesting that AGN very
close to the high density regions need more available gas to
effectively feed the central black hole. This is reflected in the
higher probability of finding AGN in regions populated by bluer
galaxies.

Fig. 9. Distributions of log(Lum[OIII]/L⊙) for barred AGN
(solid lines) and unbarred active galaxies (full surfaces)with dif-
ferent group-centric distances:dCG < 500kpc h−1 and dCG >

500kpc h−1 (upper and middle panels, respectively). Lower
panel shows mean< log(Lum(OIII)/L⊙) > as a function of
group-centric distance,dCG, for AGN galaxies with and without
bars in groups (solid and dashed lines, respectively).

7. Summary and conclusions

We have performed a statistical analysis of local environmental
properties, host characteristics, and nuclear activity ofthe AGN
spiral galaxies with and without bars within denser regions. For
this purpose, we have identified barred and unbarred objectsthat
inhabit groups and clusters of galaxies, by cross-correlating the
total barred and unbarred AGN catalogs obtained from our pre-
vious work (see Alonso et al. 2013 for details) with the SDSS-
DR7 group catalog constructed by Zapata et al. (2009). To ob-
tain an appropriate quantification of the effects of bars on the ac-
tive nuclei and the role played by high density environments, we
constructed a suitable control sample of unbarred AGN galaxies
within groups and clusters, with the same redshift, stellarmass,
concentration index, and bulge size parameter distributions.

We now summarize the principal results of our analysis and
its main conclusions.

(i) We found that the fraction of barred AGN galaxies in
groups (≈ 38%) is higher than those in the total barred AGN
sample (≈ 28%). This result shows that AGN spiral galax-
ies in groups are more likely to be barred than those in the
field, indicating that galactic bars are stimulated in accordance
with the local density environment, and also that the physical
mechanisms produced within groups and clusters of galaxies
(ram pressure, strangulation, harassment and interactions) seem
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Fig. 10. Distributions of log(Lum[OIII]/L⊙) for barred AGN
(solid lines) and unbarred active galaxies (full surfaces)with
different host group color ranges: (Mu − Mr)Groups > 2.4 and
(Mu − Mr)Groups < 2.4 (upper and middle panels, respectively).
Lower panel shows meanlog(Lum(OIII)/L⊙) as a function of
the host group colors for AGN galaxies with and without bars in
groups (solid and dashed lines, respectively).

to be related to the bar phenomenon (Berentzen et al. 2007;
Kormendy & Bender 2012; Masters et al. 2012). In addition,
we observed that the bar fraction increases towards redder and
more massive AGN host galaxies.

(ii) We have found that barred AGN galaxies are more con-
centrated towards the group centers than the other unbarredAGN
galaxy members. We quantified this trend and we found that
nearest the group-centric distance,dCG < 300kpc h−1, the frac-
tion of barred AGN galaxies is higher (≈ 49%) with respect to
those in the unbarred AGN sample (≈ 38%). This implies that
barred phenomenon are more likely to occur in the dense core
of the groups and clusters, where the strong tidal field can trans-
form unbarred spiral galaxies into barred ones (Byrd & Valtonen
1990).

(iii) We examined the color distributions of barred and un-
barred AGN host galaxies within groups and clusters, and we
found that barred AGN hosts have a clear excess of redder col-
ors than galaxies in the control sample. In addition, we analyzed
the colors of AGN with bars in the field, finding that isolated
barred AGN hosts are redder than active galaxies without bars
in groups. This result suggests that bar perturbations can signifi-
cantly affect galaxy colors in the hosts of AGN.

(iv) We also studied the mean colors in barred AGN galax-
ies and in the control sample as a function of the group-centric
distance and group virial masses. We found that the number of

red galaxies increases toward the group center as expected,and
barred galaxies have a higher fraction of redder colors thanac-
tive galaxies without bars within groups/clusters. We also show
that redder galaxies increases towards higher group virialmasses
and, in this context, barred AGN galaxies have systematically
redder colors than active galaxies without bars in the control
sample, for all virial mass ranges.

(v) We explored the host group properties of the AGN galax-
ies with and without bars, and we found that both host groups
show similar virial masses. However, the group color distribu-
tions of both samples present significant differences; namely,
the host groups of the barred AGN exhibit a larger fraction of
red colors, with respect to the host groups of the corresponding
unbarred active galaxies in the control sample. We also exam-
ined the color-magnitude relation for both host groups and we
found that at the same (Mr)Group, the host group colors of barred
active galaxies display distributions spreading toward red popu-
lations with respect to the host groups of the unbarred AGN ob-
jects. This trend is more significant in less massive groups than
in groups withMVirial > 1013.5M⊙.

(vi) We found that in high density regions, barred active
galaxies show an excess of nuclear activity compared to galax-
ies without bars in the control sample. We have also analyzed
barred active galaxies in the field, and we found that isolated
AGN galaxies with bars show more efficient nuclear activity
with respect to those of barred AGN within groups and clusters.

(vii) We also analyzed the relation between the central nu-
clear activity with the group-centric distances, and with the
global group colors for barred active galaxies and unbarredAGN
in the control sample. From this study, we conclude that, in par-
ticular, the nuclear activity has strongly increased in barred ac-
tive galaxies located far of the group center, while the nuclear ac-
tivity in AGN galaxies without bars remains approximately con-
stant with the group-centric distance. In addition, we found that
in bluer host groups active galaxies show a higherLum[OIII]
values for both AGN samples; however, barred active objects
systematically show a higher nuclear activity, irrespective of the
global group colors. These results suggest that the efficiency of
bars in transporting material towards the more central regions
of the AGN galaxies in high density environments has a signifi-
cant dependence on the localization of objects within the group
and/or cluster and on the host group colors.

Acknowledgements. This work was partially supported by the Consejo Nacional
de Investigaciones Cientı́ficas y Técnicas and the Secretarı́a de Ciencia y Técnica
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