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ABSTRACT

We present a study of bars in lenticular galaxies based omalsaof 371 galaxies from

the SDSS-DR 7 and 2MASS in optical and near-infrared barefpectively. We found a
bar in 15% of the lenticular galaxies in our sample, whichassistent with recent stud-
ies. The barred galaxy fraction shows a luminosity depeoelanith faint lenticular galaxies
(Myx > —24.5, total absolute magnitude iR band) having a larger fraction of bars than
bright lenticular galaxiesM[x < —24.5). A similar trend is seen wheh/,, = —21.5, the
total absolute magnitude in SDSShand is used to divide the sample into faint and bright
lenticular galaxies. We find that faint galaxies in clus&ew a higher bar fraction than their
counterparts in the field. This suggests that the formatfdmaos in lenticular galaxies not
only depends on the total luminosity of galaxy but also oreindironment of the host galaxy.
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1 INTRODUCTION 2005). A recent study by Barazza et al. (2008), with a large-sa
ple, found that the bar fraction is higher in blue, lower-lnosity,
late-type disks compared to more massive, red, early-tybexg
ies. However, bars in early-type galaxies tend to be stnomgere
elongated and longer, both in an absolute sense and refatitie
size of the disk (ElImegreen & Elmegreen 1985; Erwin et al.5200
Menendez-Delmestre et al. 2007). There have been a fewestudi
on the relation between the bar fraction and environmentef t
host galaxy which suggest that the frequency of bar formatimes
not depend significantly on host galaxy environment (Agiegral.
2009, Barazza et al. 2009; Marinova et al. 2009; van den Bergh
2002). On the other hand, some studies have suggested thed ba
galaxies are more concentrated towards cluster centensuha
barred disks in rich clusters like Coma and Virgo (Barazzalet
2009; Thompson 1981; Andersen 1996).

The presence of bars has important implications for diskogal
ies due to their deep connection with the dynamical and aecul
evolution of such galaxies (Kormendy & Kennicutt 2004). bl
simulations and many theoretical studies predict that trarsfer
angular momentum to the outer disk, which causes the statlar
bits in the bar to become elongated and the bar amplitude-to in
crease (Pfenniger & Friedli 1991; Sellwood & Wilkinson 1993
Athanassoula 2003). The growing bar becomes more and more ef
ficient in driving gas in towards the centre of the disk, whien
trigger star-bursts (Hunt & Malkan 1999; Sakamoto et al. 9199
Regan & Teuben 2004) and contribute to the formation of disky
bulges or pseudo bulges (Kormendy & Kennicutt 2004; Deftatti
et al. 2004; Athanassoula et al. 2005; Jogee et al. 2005h &et
al. 2005; Debattista et al. 2006). Bars are typically dotedeby

evolved stellar populations (Gadotti & de Souza 2006) buteso Optical and near-infrared imaging has revealed bars (both
times they are also associated with enhanced nuclear angheir prominent and weak) in a majority (50-70%) of local disk gala
nuclear star formation (Ho et al. 1997). Barred galaxiesare  jes, including lenticular galaxies and irregulars, with @ewange
served to have larger reservoirs of molecular gas in theitres of bulge-to-total luminosity ratio and mass (de Vaucouel®63;

relative to unbarred galaxies (Sakamoto et al. 1999, Shetth. e Eskridge et al. 2000 Whyte et al. 2002; Marinova & Jogee 2007;
Menendez-Delmestre et al. 2007; Barazza et al. 2008). At@nbs
tial population of bars exists in lenticular galaxies (Nai#braham
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Figure 1. Distribution of total K band absolute magnitudé{x). The
vertical dashed line corresponds to total absolute madmidd - = -24.5,
which we use to divide low- and high-luminosity lenticulaalaxies in the
near-IR.

instabilities in cold stellar systems (Bournaud & Combe820
The lenticular galaxies introduced by Hubble (1936) as a-mor
phological transition class between elliptical and edylye spiral
galaxies, which have most the massive bulges among diskigala
may have formed in several different ways as suggested oy the
retical and numerical simulation studies (Bekki 1998; Altdal.
1999).

Barway et al. (2009, 2007) have presented evidence to suppor
the view that the formation history of lenticular galaxiespdnds
upon their luminosity. According to this view, luminous te-
lars are likely to have formed their bulges at early epochsuith
a rapid collapse followed by rapid star formation, similarthe
formation of elliptical galaxies (Aguerri et al. 2005). Cmetother
hand, low-luminosity lenticular galaxies likely formed the strip-
ping of gas from the disc of late-type spiral galaxies, whitturn
formed their pseudo bulges through secular evolution @sE®Rin-
duced by bars. If this is true there must be signatures ofdhed-
tion mechanism imprinted in the light profile (correlatedgaudisk
sizes), stellar populations (as traced by colours), stkitematics
(as traced by 3D spectroscopy) and more evidently in theepoes
of a kinematic structure such as a stellar bar.

In this Letter, we present evidence for a significantly erlean
probability of the existence of a bar in fainter lenticulataxies rel-
ative to brighter ones. We focus on the variation of the bectfon
in lenticular galaxies with total luminosity, iK” band as well as
band, using 2MASS and SDSS data, respectively. We use asampl
of 371 lenticular galaxies in the local Universe in the prestudy.
Throughout this Letter, we use the standard concordanaeates
ogy withQas = 0.3, Qa = 0.7, andhigo = 0.7.

2 THE SAMPLE AND DATA

We aimed for a sample, from the field as well as cluster environ
ments, which is a fair representation of the lenticular (§lpxy
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Figure 2. Distribution of totalr band absolute magnitudéA;.). The verti-
cal dashed line corresponds to total absolute magniddde= -21.5, which
we use to divide low- and high-luminosity lenticular gaksin the optical.

population in the near-by universe and has a statisticathyam
ingful number of galaxies spanning a large range of lumiressi
We began by selecting all galaxies with apparent blue madeit
brighter thanm s = 14 and classified as lenticular in the Uppsala
General Catalogue of Galaxies (UGC; Nilson 1973). The UGC is
essentially complete to a limiting major-axis diameter efrtmin,

or to a limiting apparent magnitude of 14.5 on the blue prafithe
Palomar Observatory Sky Survey for the sky north of dedlmat
-2°.5. This provides a sample of 635 lenticular galaxies. Nexgt,
searched the Sloan Digital Sky Survey Data Release 7 (SDSB-D
Abazajian et al. 2009) to get data from that survey on our $gamp
of lenticular galaxies. We found that 387 lenticular gaéexhave
SDSS-DR7 imaging in five bands (g, r, i, z). All of these galax-
ies except two (which are affected by artifacts in the 2MA8&hs)
have near-infrared data from 2MASS ih H and K bands as
well. We also use thelyperleda® database anbASA Extragalactic
Database (NED)? for distance measurements and morphological
classifications. For four galaxies we do not have distancasome-
ments and 10 galaxies are classified as either ellipticgbioalsn
bothNED andHyperleda databases. After excluding these galaxies,
we are left with a final sample of 371 lenticular galaxies fdnah

we report our analysis in this Letter. We have not appliediaol-
nation cut on our sample galaxies. The sample, while not tetep

is representative of lenticular galaxies in the nearby ensie# and
with the availability of multi-wavelength data is an unpedented
resource to study lenticular galaxy properties.

We retrieved the data for all sample galaxies in the form of
images and photometric/spectroscopic measurements flR88S
and 2MASS data archives. The magnitudes reported here &re no
corrected for galactic extinction and K-correction (whiefil be
small because all galaxies have< 0.05). In Figure 1 we show
the distribution of total absolute magnitud&/f) in the K5 band
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Figure 3. Distribution of barred (solid line) and unbarred galaxidet{ed
line) as a function of total absolute magnitud¥ ). The vertical dashed
line corresponds to total absolute magnitude; = -24.5, which we use to
divide low- and high-luminosity lenticular galaxies. 54aydes are classi-
fied as barred in thelyperLeda database.

for the sample, which is seen to span a wide range in luminos-
ity (—26.5 < Mg < —17.5). We divide the sample into faint
and bright groups, using/x = —24.5 as a boundary follow-
ing Barway et al. (2007;2009). The boundaryMix = —24.5

is somewhat arbitrary but our results do not critically depen
small (~ 0.5 mag) shifts in the dividing luminosity. The bright
group has 160 (43 %) lenticular galaxies while the remairdihd
(57 %) lenticular galaxies belong to the faint group. Usinym
ical colour ofr — K = 3.0 for early-type galaxies (Fukugita et
al. 1995; Mclntosh et al. 2006) this luminosity division O band
corresponds td/,, = —21.5 in SDSSr band. Using this, we di-
vide the sample into faint and bright groups in the opticalva$.
According to this luminosity division the bright group ha&31(44
%) lenticular galaxies while 208 (56 %) lenticular galaxietong
to the faint group (Figure 2), with absolutemagnitudes being in
the range-23.5 < M, < —14.5.

3 ANALYSISAND RESULTS

Historically, bars were identified by eye, by experts usinguaety

of criteria (de Vaucouleurs 1963, Eskridge et al. 2000). st
widely adopted quantitative technique for identifying @ the
ellipse-fitting method, in which a bar must exhibit a chagaistic
signature in both the ellipticity and position angle pr&fil@ari-
nova & Jogee 2007; Barazza et al. 2008; Sheth et al. 2008;dtnap
et al. 2000). A simplified version of this techniqgue measuhes
difference in the axial ratio and position angles of a besiHipse

to one interior and exterior isophote (Whyte et al. 2002)gém-
eral, the visual and ellipse-fitting methods agree about 85%e
time, with egregious disagreement only 5% of the time (Melegn
Delmestre et al. 2007, Sheth et al. 2008). In edge-on gaaae
Combes & Sanders (1981) first pointed out, bars result in boxy
or peanut-shaped bulges (Athanassoula 2005, Bureau €(d).2
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Figure 4. Distribution of barred (solid line) and unbarred galaxidet{ed
line) as a function of total absolute magnitud&/,(). The vertical dashed
line corresponds to total absolute magnitude = -21.5, which we use to
divide low- and high-luminosity lenticular galaxies. 54aydes are classi-
fied as barred in thelyperLeda database.

Studying the Fourier modes of the light distribution (Aguet al.
1998, 2000; Laurikainen et al. 2005), or fitting the differstruc-
tural components to the surface brightness distributioie(®et al.
2001; Aguerri et al. 2005; Laurikainen et al. 2005; Weineirlal.
2009) have also been used to reveal the presence of a bar.

In the present study, we used two methods to identify a galaxy
as barred: (1) we checked if each galaxy was classified asdirr
the HyperLeda and NED databases and (2) we independently, vi-
sually, classified each lenticular galaxy as barred or usbarsing
SDSS images in optical and 2MASS images in the near-infrared
In order to reach a higher S/N than that of the individual iesag
in different filters, we produced a combined image, as deedrin
Lisker et al. (2006), by co-adding thg r, ands for SDSS andJ,

H, andK for 2MASS by applying weights to each image, follow-
ing Kniazev et al. (2004). The visual inspection of theseadded
SDSS and 2MASS images was carried out by us to look for the
presence of a bar. The two classification methods were ireclos
agreement with a consistency level better than 98%. A caweat
using this approach is that our methods do not make any distin
tion between strong, weak and nuclear bars. In the few cdses o
conflict between our classification and the Hyperleda diassion,

we use the Hyperleda one. It must be remembered that bai-ident
fication is highly subjective because (a) one might miss wesak
during visual classification if the images are too shallowi)rone
might miss some bars because of inclination effects thatave h
not considered. Nevertheless, the consistency betweerisusl
classification and that in Hyperleda was very good, indicpthat
only obvious, strong bars were being identified in both cases

A bar was found in 15% of the lenticular galaxies in our sam-
ple i.e., 54 galaxies were classified as barredHijperLeda and
NED database as well as from our visual inspection of SDSS and
2MASS co-added images. This should be taken as a lower limit o
detection of bars in lenticular galaxies as the fraction alfgies
classified as barred strongly depends on the techniquesasied
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tect the bars (Aguerri et al. 2009). Our detected bar fractigrees
well with a recent study by Nair & Abraham (2010) based on a
catalogue of detailed visual classification for 14,034 gjakin the
SDSS DR4. Out of 966 lenticular galaxies in the Nair & Abraham
(2010) sample, 117 (12%) were classified as barred whiclsé al
consistent with the RC3 visual strong bar fractions in ttrealani-
verse. These authors have adopted the bar classificatiemscim
which all the bar types are viewed as definite bars and is nmre ¢
servative than that of the RC3, where systems classified aklyve
barred include objects that only possibly contain bars.3drdrac-
tions reported by these authors as well as from our studyoave |
compared to some previous studies which quote bar fractsns
high as 60% (de Vaucouleurs 1963; Aguerri et al. 2009) indent
lar galaxies.

Our analysis finds that the bar fraction in lenticular gagaxi
depends on the luminosity. In Figure 3 and Figure 4 we show the
distribution of barred and unbarred lenticular galaxiea Amction
of luminosity in 2MASSK and SDSS band, respectively. The
distribution for barred lenticular galaxies in both optiaad near-
infrared bands reveals that 83% of the barred lenticulaaxies
belong to the faint group while the bright group has 17 % lshrre
lenticular galaxies out of 54 barred lenticular galaxiesumn sam-
ple. Bars are found in 21% of fainter lenticular galaxiesle/tiey
are found in only 6% of more luminous lenticular galaxiesisTh
suggest that bars occur preferentially in faint lenticiataxies
pointing to a possible fundamental difference in the way ol
faint and bright lenticular galaxies are formed as suggdsyeBar-
way et al. (2009;2007).

It would be particularly interesting to know whether enviro
ment plays a role in the dichotomy in bar fraction for the btig
and faint lenticular galaxies that we found in our invediigss.
This is important because lenticular galaxies are more comim
high density environments (i. e., groups and clusters) /tex in-
fluence of environment greatly affects galaxy disks (Aguetral.
2004). To investigate this issue, we examine the enviromwfesur
sample of lenticular galaxies and divide our sample intalfaid
group/cluster environment using data from Tago et al. 20hi¢hv
uses the FoF (friends-of-friends) group search methodahdor
groups in the SDSS Data Release 7 (DR7). Out of 371 lentgular

Table 1. Environment dependence for our sample.

Galaxy Type All SO's Barred SO's

Bright field 48/108 (44%)  04/09 (44%)
group/cluster  115/263 (44%)  08/45 (18%)

Faint field 60/108 (56%)  05/09 (56%)

group/cluster  148/263 (56%)  37/45 (82%)

Notes. group/cluster membership determined by Tago e2@1Q).

4 DISCUSSION AND CONCLUSION

Many observations of disk galaxies, combined with resuitsrn-
ulations, strongly suggest that the rearrangement of diasksrmto
rings and bars funnels gas and stars to the centre of theygalax
which is an important driver for the secular evolution pExe
(see Kormendy & Kennicutt 2004; Athanassoula 2005 and +efer
ences therein for reviews). Recent studies of the distabudf bar
strength has shown that lenticular galaxies on averagevneaker
bars than spiral galaxies in general, and even weaker théy ea
type spirals (Knapen 2010). Barazza et al. (2009) foundesvid
that the bar fraction is related to the morphological strcebf the
host galaxies in the sense that the bar fraction rises fraty-ea
to late-type disk galaxies (i. e., from bulge-dominatecaggs to
disk-dominated galaxies) and does not change with red3tiése
authors also suggest that bars are typically formed oralgsdrdur-
ing processes in which the morphology of the disk is emerging
changing. In other words, bars are not dissolved in, foraimse,
lenticular galaxies, but can be destroyed during the pezen
which a disk galaxy is transformed into a lenticular. Gadett
al. (2003) have proposed, from the study of two lenticuldaxa
ies without disks using N-body simulation, an alternateace in
which bars can be formed in lenticular galaxies through shech-
ical effects of nonspherical halos.

For lenticular galaxies, our investigations suggest thafor-
mation of bars is a complex process. It not only depends otothk
luminosity of galaxy but environment of the host galaxy gitays
a crucial role in bar formation and the question whethemirekor
external factors are more important for bar formation araligion
are not easy to answer definitively.

Barway et al. 2009 (also see Boselli & Gavazzi 2006) have
suggested that faint lenticular galaxies in clusters migghthe re-

that we have in our sample, 108 galaxies are in the field and 263 sult of ram pressure stripping of disk galaxies, where fadifithe

are members of a group/cluster, which reflects the fact tmaha
jority of lenticular galaxies are located in dense envirents. This
is true also for the barred lenticular galaxies in our samPlely
nine barred lenticular galaxies are found in field and reingid5
barred lenticular galaxies are members of group/clusterd@vnot
see a significant environment dependence for the bright @ind f
class of our sample lenticular galaxies. However, barretide-
lar galaxies show a significant environment dependenceefdn
vides galaxies into bright and faint classes (see Tabledb)b&red
lenticular galaxies, our analysis suggests that faintdohgalax-
ies occur more frequently in group/cluster environmenssttheir
brighter counterparts. This is well supported by the faat there is
no environment bias for bright and faint class of our lerdcgam-
ple as the fraction of galaxies are same in field and grougtetu
environments is about the same in both classes. From Tabls 1 i
clear that for the bright class, we have 44% galaxies in the died
group/cluster. This is also true for faint class where a canaiple
56% galaxies are in the field and group/cluster.

disc causes a change of morphology. Their results obtaised u
only photometric data are consistent with the spectroso@siults
of Barr et al. (2007), which support the theory that lentécgalax-
ies are formed when gas in normal spirals is removed, pgssibl
when well-formed spirals fall into a cluster. If lenticulgalaxies
in clusters are indeed transformed spirals, it is likelyt thay pre-
serve other signatures of their earlier existence, and tbgepce
of a bar could be a natural expectation if disk galaxies amstr
forming into faint lenticular galaxies due to an interantisith the
cluster medium and with other galaxies in the cluster. Thialso
consistent with a scenario in which bars are rather stalildang-
lived structures.

Recent studies have shown that fainter, bluer and less veassi
disk galaxies have higher bar fractions (Barazza et al. 2868erri
et al. 2009). Our study finds that a higher bar fraction initarar
galaxies occurs at luminositied, > —21.5 or Mx > —24.5. At
this point, it should be noted that thelative change in bar frac-
tion between bright and faint lenticular galaxies (not theaute
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value of the fraction) is the relevant parameter, becaus€edtac-
tion fraction can vary substantially when different techugs are
used to identify a bar. At poorer signal-to-noise ratio, jfer faint

galaxies, it should get more difficult to detect a bar. The fhat

we find a larger fraction of bars in faint galaxies indicatest the
effect is real, and may be even stronger, if the bias intredusy
the poorer signal-to-noise ratio is accounted for.

Our results are supported by the study of Mendez-Abreu et al.

(2010) which suggests that bars are hosted by galaxies gha ti
range of luminosities{22 < M, < —17) and mass using mea-
sures of the bar fraction in the Coma cluster, a rich enviremm
from HST-ACS observations. However, in all above studiaside
ular galaxies are treated as disk galaxies and no effort bas b
made to study the luminosity and environment dependencesif h
galaxy on bars for disk galaxies and lenticular galaxiesssply.
Detailed analysis of bar properties and correlations betwEars
and various observed properties of lenticular galaxieptital and
in near-infrared will appear in a forthcoming paper (Barvedal.
2010), where we discuss the results in the context of galaay e
lution scenarios within the framework of N-body simulasoand
possible links to the formation of classical bulges and gebulges
in lenticular galaxies.
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