






Abstract
The fraction of barred galaxies decreases with increasing cluster mass and with decreasing clustercentric distance, a dependence that vanishes once we control for morphological 
type, which indicates that the likelihood of a galaxy hosting a bar in the cluster environment is determined by its morphological transformation. At large clustercentric distances, 
we detect a dependence on the distance to the nearest neighbor galaxy, suggesting that tidal forces with close companions are able to suppress the formation of bars or even 
destroy them. Barred galaxies in our sample are either early-type, star-forming galaxies located within the virial radii of the clusters or late-type quenched galaxies found beyond 
the virial radii of the clusters. We propose a scenario in which already quenched barred galaxies that fall into the clusters are centrally rejuvenated by the interplay of the 
perturbed gas by ram pressure and the bar, in galaxies that are undergoing a morphological transformation. We found an increase in central SFR in ram- pressure-affected 
galaxies when compared with unperturbed ones. The most extreme cases of increased SFR and central rejuvenation occur in barred galaxies that are at advanced stages of ram 
pressure stripping. 

1. Bar fraction, environment 
and morphology

Top panel. The fraction of barred 
galaxies shows a decrease with 
d e c r e a s i n g c l u s t e r c e n t r i c 
distance, with a drastic drop once 
we cross the virial radius of the 
clusters. The corresponding 
morphology-density relation is 
shown, with the expected decline 
of spiral galaxies to the center of 
t h e c l u s t e r s , a p o s s i b l e 
explanation for the decreasing bar 
fraction. 

Bottom panel. Looking at the bar 
fraction in the morphological type 
vs clustercentric distance space, we 
can clearly see that for late-type 
galaxies, at fixed morphological 
type there is no dependence with 
clustercentric distance, indicating 
that the likelihood of a galaxy 
hosting a bar in the cluster 
environment is determined by its 
morphological transformation.

mass and as a function of clustercentric distance, but within
clusters galaxies also experiencing galaxy–galaxy interactions.
In order to investigate if this kind of interaction influences the
occurrence of bars in the cluster environment, we made a
similar analysis as followed by Park & Hwang (2009),
measuring the projected distance to the other galaxies, and
determining the closest one. This distance is normalized by the
virial radius of the neighbor rvirial neigh( ) , calculated as the radius
of a sphere whose density of baryonic matter (approximated by
only taking into account the stellar mass obtained through
SINOPSIS) is equal to 200 times the critical density of the

universe at that redshift:

�R
M3

4 200
. 2vir

c

1 3

Q S
� ⎜ ⎟⎛⎝ ⎞⎠· ( )

This strategy was applied only on galaxies spectroscopically
confirmed as cluster members. With these results, we compute
the bar fraction as a function of the distance to the nearest
neighbor galaxy, as shown in the top panel of Figure 6, where
we note a fairly constant fbar in galaxies with a separation larger
than one virial radius. But when we look at close pairs, log
(rp/rvirial)ng < −0.4, the fraction of barred galaxies presents a
dramatic decline. This result confirms previous findings
indicating that close gravitational encounters between galaxies
are able to perturb galaxies to a point that bars are destroyed.
Such results were for example reported by Lee et al. (2012) and
Lin et al. (2014) for the general galaxy field population in the
Local universe.
Figure 6, the bottom panel, presents the codependence of the

bar fraction on the clustercentric distance and the distance to
the nearest neighbor. It is clear that the maximum fbar values are
found in galaxies located beyond the virial radius of the
clusters, i.e., not yet experiencing its potential well, with
increasing bar fraction for increasing clustercentric and
neighbor distances, reaching a maximum at the virial radii in
both axis. The maximum of fbar at this precise location might
indicate a “sweet spot” where the gravitational potential of the
cluster and/or the nearest neighbor triggers the formation of the
bar (Romano-Díaz et al. 2008; Łokas et al. 2016; Martinez-
Valpuesta et al. 2016; Łokas 2020) while not being strong
enough to dissolve preexisting ones (Lee et al. 2012; Lin et al.
2014; Zana et al. 2018).

4.4. The Relation between the Presence of the Bar and the
Central Star Formation Activity

Using the results from SINOPSIS, we study how the presence
of a bar might affect the properties of the stellar populations,
possibly influencing the ability of a galaxy to boost/enhance or
quench the star formation in the central parts.
One way to study this aspect, is to analyze possible

dependencies of the specific star formation rate (sSFR), i.e.,
the star formation rate per unit stellar mass, on the presence/

Figure 4. Left panel: the fraction of barred ( fbar) and spiral ( fspiral) galaxies as a function of the projected clustercentric distance, normalized to the virial radius of the
cluster ( r rp virial cl( ) ). Right panel: bar fraction isocontours in the Mtype vs. r rp virial cl( ) space. Contours denote regions of constant fbar in the range 0.15 � fbar � 0.50.

Figure 5. Bar fraction isocontours in the Δv/σ vs. r rp virial cl( ) space. Contours
denote regions of constant fbar in the range 0.20 � fbar � 0.40. The red dashed–
dotted line corresponds to the escape velocity in a NFW halo.
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2. Barred galaxies in infall to galaxy 
clusters.

A more complete picture of a possible environmental 
cluster effect can be gained by analyzing the 
occurrence of bars in a phase-space diagram, where the 
highest occurrence of bars is at large clustercentric 
distances and high velocities, with a peak of the bar 
fraction just above the escape velocity demarcation line, 
an indication that barred galaxies are recent infallers. 

mass and as a function of clustercentric distance, but within
clusters galaxies also experiencing galaxy–galaxy interactions.
In order to investigate if this kind of interaction influences the
occurrence of bars in the cluster environment, we made a
similar analysis as followed by Park & Hwang (2009),
measuring the projected distance to the other galaxies, and
determining the closest one. This distance is normalized by the
virial radius of the neighbor rvirial neigh( ) , calculated as the radius
of a sphere whose density of baryonic matter (approximated by
only taking into account the stellar mass obtained through
SINOPSIS) is equal to 200 times the critical density of the

universe at that redshift:
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3. Star formation history of 
infalling barred galaxies.

Barred galaxies in our sample are 
either early-type, star-forming galaxies 
located within the virial radii of the 
clusters or late-type quenched galaxies 
found beyond the virial radii of the 
clusters. We propose a scenario in 
which already quenched barred 
galaxies that fall into the clusters are 
centrally rejuvenated by the interplay 
of the perturbed gas by ram pressure 
and the bar, in galaxies that are 
u n d e r g o i n g a m o r p h o l o g i c a l 
transformation.

peak in the bar fraction is observed at the youngest ages and
earliest morphologies, an an indication that bars tend to
“centrally rejuvenate” galaxies in the cluster environment. This
result is in line with the reported bar rejuvenation in S0 galaxies

by Barway & Saha (2020) who found bluer bars in S0 galaxies
when compared with spiral galaxies, attributing this difference
in color to induced star formation activity in S0 galaxies
triggered by mergers or tidal interactions in intermediate-
density environments.
In the lower panel of the same figure, we analyze the bar

fraction in the plane of stellar age and clustercentric distance,
the latter being used as a broad proxy of the intensity of the
cluster influence on the galaxies. Again, two peaks in the bar
fraction distribution are found: the first is located at larger
distances and intermediate ages. The latter are late-type
galaxies that are barely infalling into the cluster, and that are
still retaining their morphologies, and in our view they would
hence display the highest probability of hosting a stellar bar.
The other peak is found at around 0.5–1 Rvir, and at the
youngest ages. These are likely in their first interaction with the
cluster, for which the presence of a bar combined with other
effects such as ram pressure, can favor central star formation
activity, visible through younger average ages.
Another quite effective and more general mean of quantify-

ing the influence of a stellar bar on the properties of the stellar
populations, can be achieved by using “quenching indexes”,
which are the ratios between SFR in two contiguous age bins as
defined in Section 2:

S
SFR
SFR

, 3i j
i

j
, � ( )

in which the index i refers to an older age bin than j. Like this, a
quenching index value larger than one represents a diminishing
SFR, while an enhancement is expected for values lower
than one.
Quenching indexes were calculated for barred and unbarred

galaxies for three different stellar mass bins. Separating into
mass bins allows us to disentangle downsizing effects, by
which more massive galaxies are expected to have the bulk of
their stellar populations formed at earlier epochs, hence
displaying on average higher quenching index values. We
present these results in Figure 9.
We have analyzed three possible combinations for the

quenching indexes: S4,3, S3,2, and S2,1 comparing barred and
unbarred to look for possible signs of enhancement/quenching
or differences provoked by the presence of the bar. As
expected, for the older index, S4,3, there is no difference when
barred and unbarred galaxies are considered, at any mass: this,
in fact, represents the star formation mode at the epoch of the
galaxy assembly when a bar was very likely not formed yet,

Figure 7. Bar fraction isocontours in the log (sSFR) vs. log (M*/Me; left panel),Mtype (middle panel), and r rp virial cl( ) (right panel) spaces. Contours denote regions of
constant fbar in the range 0.15 � fbar � 0.50.

Figure 8. Bar fraction isocontours in the log (age) vs. Mtype (top panel) and
r rp virial cl( ) (bottom panel) spaces. Contours denote regions of constant fbar in
the range 0.15 � fbar � 0.50.
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Chown et al. (2019). The turnover strength is defined as

% w � � �Y Y r Y r0 0 , 2extrap( ) ( ) ( )
where Y(r= 0) is the value of Y in the central radial bin, and
Yextrap(r= 0) is the best-fitting line extrapolated to r= 0. In
order to investigate the combined influence of the RP
phenomena and the presence of a bar on the turnover nature
of our galaxies, we segregated our sample into those with and
without evidence of RPS effects, and between barred and
unbarred galaxies. Then, we proceed with the comparison
between the observed central value and the extrapolated those
of the two SFH indicators. The result is displayed in Figure 5.
The top panels show RPS galaxies and the bottom panels non-
RPS galaxies with red points representing barred galaxies,
while blue indicates unbarred ones. For all panels, the dashed
line represents the 1:1 relation. The x-axis error bars denote the
estimated 1σ confidence interval around the adjusted extra-
polated profile, while the y-axis error bars indicate the
dispersion around the mean value for the innermost region of
the corresponding parameter. For RPS galaxies, the different
stripping stages are shown using different markers. Finally, the
red and blue solid lines correspond to separately fitting the
subsamples of the barred and unbarred galaxies respectively.
We point out that in Figure 5 we only include 58 galaxies with
estimated ΣSFR and sSFR, while for the plot regarding age, we
count 66 galaxies, due to the reasons described in Section 5.1.

From Figure 5, we can observe that the RPS galaxies (top-
left panel) have a larger scatter (around the 1:1 relation) than
the non-RPS ones (bottom-left panel) by 0.1 dex. This is also
shown in the top panels of Figure 6 where we present box plots

for the turnover strength for the SFR surface density: the
distributions of galaxies experiencing RP are more extensive
with respect to their counterparts. As the sizes of the
subsamples are small, we implemented a bootstrap resampling
method to test the statistical significance of our results. The test
relied on the generation of 1000 random realizations from the
original sample and the variance of the central value of each
accounted variable. As an outcome of this procedure, we also
show as red bars the 4σ confidence intervals, based on the
random realizations of the turnover strength values.
We also note that more than half of both RPS and non-RPS

galaxies (left panels) are above the 1:1 relation. This is also
shown in the top panels of Figure 6, where the median of the
distribution falls on positive values, indicating that the average
population of galaxies experiences an enhancement in the SFR
in the central regions. Furthermore, as expected based on the
results of Vulcani et al. (2020), we note that this enhancement
is slightly higher in RPS galaxies.
When we segregate our sample into barred and unbarred

galaxies, we note that this enhancement is larger for barred
galaxies than for unbarred ones. Nevertheless, this difference
becomes even more noticeable if these galaxies are undergoing
RPS, by a factor of 0.15 dex. This is also reflected in the
median values in the top-left panel of Figure 6, where box plots
for barred and unbarred galaxies undergoing RPS are shown.
Finally, we observe that RPS galaxies that host a bar are those
that present the furthest distance from the 1:1 relation (i.e.,
galaxies that are beyond the 1σ distribution), while for non-
RPS galaxies there is no strong distinction. When we take into
account the stripping stage of the galaxies that present the
greatest distance in the 1:1 relation, we observe that they are
galaxies that show the highest degree of disturbance in the

Figure 6. Turnover strength for % 4log SFR and Δlog age of RPS (left panels) and non-RPS (right panels) galaxies, segregated into barred and unbarred galaxies.
Boxes mark the interquartile range of each sample, the horizontal black line in the boxes represents the median value. The top and bottom black lines stand for the
highest and lowest value, respectively. The dotted diamonds indicate the outliers for each subsample. Here we also report, in red, 4σ values calculated by
bootstrapping.
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4. The case of barred jellyfish galaxies

Galaxies that are going through ram pressure have a 
greater increase in star formation activity in the 
central region compared to galaxies that are not 
affected by this process. The most extreme cases of 
increased central star formation activity and 
rejuvenation of the stellar population that we find are 
in jellyfish barred galaxies. 
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