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ABSTRACT

Context. We present the analysis of the galaxy structural parameters fr@®&) &h Hy narrow-band imaging follow-up survey of

~ 800 galaxies selected from the HI Arecibo Legacy Fast ALFA Survéy=d_FA) in the Local Supercluster, including the Virgo
cluster, and in the Coma Supercluster.

Aims. Taking advantage of &3, which provides the complete census of the recent star-formingchialaxies in the local universe,
we aim to investigate the structural parameters of the yourid(Myr) and the old¥ 1 Gyr) stellar populations. By comparing the
sizes of these stellar components, we investigated the spatial scale ongatsigles are growing at the present cosmological epoch
and the role of the environment in quenching the star-formation activity.

Methods. We computed the concentration, asymmetry, and clumpiness (CASsalgarameters for recently born and old stars. To
quantify the sizes we computed half-light radii and a new parameterdilly/r based on the half-light radius of thexiéquivalent
width map. To highlight the environmental perturbation, we adopt antegdzlibration of the HI-deficiency parametéx(fy, ) that

we use to divide the sample in unperturbed galaxidsf;, < 0.3) and perturbed galaxieBéfy, > 0.3).

Results. The concentration index computed in th&and depends on the stellar mass and on the Hubble type these variables ar
related because most massive galaxies are bulge dominated thérigfdyeconcentrated. Going toward later spirals and irregulars
the concentration index and the mass decrease along with the bulge-t@aiiliskBlue compact dwarfs (BCDs) are an exception
because they have similar mass, but they are more concentrated thefrirdygulars. The asymmetry and the clumpiness increase
along the spiral sequence up to Sc-Sd, but they decrease going in ainerdgime, where the light distribution is smooth and more
symmetric. When measured orvHmages, the CAS parameters show no obvious correlations with Hubble Itypspective of
whether we used the ratio betwedteetive radii or theEW/r parameter, we found that the concentration index is the main parameter
that describes the current growth of isolated galaxies but, for a fixeceodration, the stellar mass plays a second-order role. At the
present epoch, massive galaxies are growing inside-out, cotwelsedwarfs are growing on the scale of their already assembled
mass.

Key words. Galaxies: clusters: individual: Virgo — Galaxies: clusters: individuam@e- Galaxies: fundamental paramesracture,
sizes— Galaxies: star formation

. 1. Introduction
* Observations taken at the observatory of San Pedro Martir

(Baja California, Mexico), belonging to the Mexican Observatorio . . o
Astrorbmico Nacional. Understanding the physical structure of galaxies is a keshéal

** Tables Al and A2 are only available in electronic form at th#ght on the assembly of the baryonic matter in the Universe
CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5)=or during the cosmic growth of large-scale structures. The firs
httpy/cdsweb.u-strasbg/figi-biryqcat?JA+A/ and most widely used way to describe the physical structure
*** Hubble Fellow of galaxies is the morphological classification. Since tB20s
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several morphological schemes have been proposed ancgddo@round-based integral-field spectroscopy has made thisi-pos

(Hubble 1936; de Vaucouleurs 1959). Although the adopted cble and demonstrated the power of spatially resolved eamissi

teria were somewhat subjective, noticeably thiedéent classi- line surveys at low- and high-redshift (e.gorster Schreiber et

fications proposed by the most distinguished astronomers wal. 2009; Law et al. 2009; Sanchez et al. 2012), but it has been

consistent. In recent years, the enormous size of galaxplseam limited to small samples due to the required extensive ebser

(e.g., those produced by the Sloan Digital Sky Survey, SDS&jtional dfort. Recently, a comparison between theand Hy

made the visual estimate of the morphology virtually impossscale-lengths of galaxies at= 1 was carried out by Nelson et

ble (with the exception of the GalaxyZoo project by Lintatt eal. (2012), using spatially resolved HST grism spectra ftbe

al. (2008), which aims at a human classification using a qua&b-HST survey (Brammer et al. 2012), showing that thiect is

ter of million of volunteers). Nevertheless, the improverseof mild at best. In addition to the CAS parameters, we presast he

computer science made possible the advent of automateti-quahe size measurements of local star-forming galaxies asdra

tative morphological classification methods, which aringjpto by different stellar populations.

make the scheme proposed by Hubble “quantitative” using ob- The outline of the paper is as follows: Section 2 introduces

jective parameters (e.g. Cheng et al. 2011). One altemistito the selection criteria and the completeness of the samplss u

describe a galaxy parametrically, by modeling the distrdvuof in this work. In Section 3, the CAS parameters are reviewed,

light as projected onto the plane of the sky with a prescrihet® together with a description of computation details anddalon

of analytic functions. Following this parametric modelirige tests for the specific software we developed for this paper. |

light profile can be decomposed into a bulge and a disk that c@ection 4 the methods used for the size measurements of the

be fitted with a Sersic function (Sersic 1968) and an exponegpatial extent of galaxies are presented. Finally, theudision

tial, respectively. However, Laurikainen et al. (2005) &®hg of our results follows in Section 5. Throughout the paper we

et al. (2010) have shown that simple bulgedisk models are adopt a flanCDM cosmology, wittHy = 73 km s Mpc and

inadequate for dwarf and irregular galaxies. Q = 0.7. All magnitudes are given in the AB system unless
More recently, a new non-parametric approach to galaexplicitly noted otherwise.

morphological classification is emerging. This scheme das

assume a particular analytic function for the galaxy’stigjstri-

bution and therefore may apply to irregulars as well as taxgal 2. Samples

ies on the Hubble sequence (Lotz et al. 2004). In additicseh

methods are less computationally intensive than profilmgitt 2-1- Local Supercluster

and can be used even at high redshift where the resolution afg, it sample analyzed in this work is drawn from the 900-
signal-to-noise are too low for a parametric (or even visciaks- square-degrees region betweer! 4 RA. < 16" and # <

sification. One of the most popular schemes is the concentfgs. 16°, which covers the Local Supercluster, including the

tion, asymmetry, and clumpiness (CAS) system developed Qi clyster. This region has been fully mapped by ALFALFA

Conselice (2003), inspired by other seminal works (Abrahaggioyanelli et al. 2005). which provides us with a completans
et al. 1996; Takamiya 1999; Bershady et al. 2000; Conseticggge of Hi-selected ga)l’axies V\[l)ith masses as low a7§7m@

al 2000). Although several works use the CAS classificatton
high redshift (e.g. Conselice et al. 2003, 2007, 2008; Gasxa (Haynes etal. 2011).
al. 2005), systematic attempts to quantify the CAS pararsete, ..
at low redshift are rare in the literature. Previodfods have
been carried out by Heamdez-Toledo et al. (2008), applied t
isolated galaxies selected from the CIG catalog (Karacesat
1973). The first goal of the present work is to produce a refare
for the CAS parameters cpmputed ona well-selected, compl 002), and Boselli et al. (2002a,b). Images and fluxes & al
sample that is representative of !ate—type galaxis-a0. ublicly available via the GOLDMine web server (Gavazzilet a
Since Walter Baade (1944) discovered that young Pop-I Sta{§3) "y data for galaxies in low-density regions of the Local
have a broader spatial distribution than older Pop-Il im@pi g,nercluster were presented in Gavazzi et al. (2012 hereaft
nebulae (made possible by wartime blackouts, which reducggper |y Outside the Virgo cluster the redshift winda Ho3
the light pollution at Mount Wilson), it became increasingl js 350 < ¢z < 2000 km s, and we limit our selection to objects
clear that galaxies grow inside-out (see e.gidz-Mateos etal. i HI fluxes Fui > 0.7 Jy km s?, while in the Virgo cluster
2007). Qwing to the extensive sky coverage of the SDSS sur velocity interval is extended to 350 cz < 3000 km s2,
(Abazajian et al. 2009) and of the GALEX (Martin et al. 2005)iihqyt any constraint on the HI flux, to map the cluster in its

mission, even an eyeball inspection of pseudo-color imafest| extent. At the distance of 17 Mpc assumed for the Virgo
galaxies, especially the most inclined ones in the planéef tg ciyster A (Gavazzi et al. 1999), the adopted flux limireor
sky, reveal bluer colors in the outer wings, suggesting geun ¢,44s to an HI mas¥ly = 10°7 Mo, while Ha3 is complete
_stellar populations (see e.g. de_ J_ong 1_996). However, ata My > 10° M, (see Paper I). ALFALFA detects about 50%
is that radial gradients of metallicity (Skillman et al. BY®&nd o the |ate-type galaxies in the Virgo cluster, either beeathe
dust extinction would eventually artificially enhance amjot o aining are dwarf galaxies with an HI content below the lim
gradientinduced by a pure change in stellar age. ResoleBalrst jiing sensitivity or because they are highly HI-deficieniegies.
populations have been studied with the Hubble space telescg;g” 1 jjjystrates the sky region covered by8 which contains

(HST) and revealed, for example, the inside-out growth ef thy 59 yalaxies. Among these 372 obiects are late-tvpe @saxi
disk galaxy M33 (Williams et al. 2009). A definitive proof of .4 gre shown as reg dots. : ype g

inside-out build-up of galaxies would need to be derivednfro
a direct comparison of the radial extent of old stars (trfced 1 The lower velocity limit is set to avoid galaxies whose lie falls
example byr-band observations or redder) with that of stars a the steep shoulder of the transmission curve of the filter used at SPM
young as 187 yr, such as those revealed byrldbservations. (see Paper I).

Ha3 is a follow-up survey consisting ofddimaging obser-
ons of ALFALFA detections with high signal-to-noise/gt
ically S/N > 6.5) and a good match of two independent polar-
Qzations (code= 1 sources; Giovanelli et al. 2005, Haynes et al.
2011). Hr observations of members of the Virgo cluster were
esented in Gavazzi et al. (2002a,b, 2006), Boselli & Gavaz
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Fig. 1. Sky distribution (R.A. and Dec. not in scale) of the Local SuperclustEnges with superposed the X-ray contour$iinger et al. 1994)
highlighting the position of the Virgo cluster. Red points refer to the 372 late-gygtaxies observed byd3 in the ALFALFA footprint. The 13
optically selected VCC galaxies followed-up imtdre shown as blue points.

In addition, 13 galaxies from the Virgo Cluster Catalogadio-selected galaxies. The remaining 290 galaxies yen
(VCC, Binggeli et al. 1985) that are undetected by ALFALFAhe ALFALFA footprint or are Hl-undetected by ALFALFA,
have been previously observed irbHThey are well-known therefore they are considered to be optically selected.rm&e
highly HI-deficient objects from previous deep pointed absejority of these optically selected galaxies (230) are degdn
vations taken at Arecibo by Helou et al. (1984), Haynes &l from previously deep pointed observations (see refereit
Giovanelli (1986), H&man et al. (1987, 1989), and Gavazzi ebec 2.1). We recall that because the HI observations have bee
al. (2005). Although these galaxies are not selected acmptd carried out with diferent integration times, this sample is not
any criterion of completeness, we included them to fullyleitp complete to a well defined HI-mass limit. Nonetheless, the op
the dependence of the structural parameters on the amountaify selected galaxies have HI properties that mimick ¢hois
HI. These galaxies are shown in Fig. 1 as blue dots. The totaé radio-detected ones at the distance of Coma, and theve is
number of late-type galaxies in this sample is 385. ery expectation that most of them 80%) will be detected by

ALFALFA. The remaining ¢ 20%) are HI-deficient galaxies,
for which ALFALFA is too shallow. Our combined sample is
2.2. Coma Supercluster at least as deep as ALFALFA for the HI content of the galaxies.

This second sample includes 650 nearby galaxies, selecte(iNe refer to the detailed comparison of the optical vs. radiecs

from ALFALFA in the “spring” sky of the Coma Supercluster. ion performed by Gavazzi et al. (2013b, hereafter Papgfdil

- the other properties. According to these authors, our gseteof
The traditional area of the Coma Superclusterflk RA. < ; . X
135" 18 < Dec < 32°: 3900 < cz < 9500, hereafter re- bright objects from the CGCG catalog allowed us to build a-sam

Rle whose stellar masses, colors and star formation ragersoar
%{;nificantly diferent from the late-type galaxies selected from

that connect the clusters and build the Great Wall (Gavazzi’e-FLFA. In conclusion, we expect to introduce no biases by

; ; combining the two selection criteria.
gAZOiol)@Og% islggl s<tr|2p8§hgrnedaf3tg(r)(r)e<g|0(;n <2)9288Wkerﬁh ;110 The Hx images in the Coma sample are taken from3H

is currently included in the ALFALFA catalog (Haynes et aI.(GaV‘ijZZi etal. inprep., hereafter Paper V) (see Fig. 2 redg)o

2011). At present, half of the Coma cluster lies in the faitpr O" from previous observations of 155 optically selected GGC
of AL)FALFI?A. We found 683 galaxies with high/S and a good 92laxies by Gavazzi etal. (1999, 2002a, 2002b, 2006), Bésel
match of two independent polarizations. These are the sdme 2%\6222' (202.2)' ;gé?smsd?atmogt atlﬁ (28828,Gand Cortese dz‘tl al.
teria as for the Local Supercluster selection but, becatifgeo ) (see Fig. 2 blue points). For the +IMmages anasiuxe
distance of Coma (100Mpc) we applied no additional thresshof'® Publicly available via the GOLDMine web server (Gavazzi
on the limiting HI flux. The limiting sensitivity of ALFALFA et al. 2003). The number of galaxies (with available images)

at the distance of Coma My jm = 10°M,. Furthermore, the " the Coma Supercluster sample is 413, which brings thé tota
Ha3 survey is still not complete in this strip, where only 26{'UMber of galaxies analyzed in this work to 798.

galaxies have been followed-up inHt present. Following the prescriptions adopted in the previous papers

Because neither ALFALFA nor B are currently complete of the series, the stellar mass was derived from the SD&&)-

in the whole region under study, we complemented the Hl s%'-tUdeS and - i color using the transformation

lection with galaxies optically selected from the CGCG taja M.
(Zwicky et al. 1961-68) that were previously observed ia.H 109 M )
We found 372 brightrfim = 15.7 magyegs) late-type galaxies in

the CGCG in region 1. Of these, 82 are in the region coveradhere logL; is thei-band luminosity in solar units (ldg =
by ALFALFA and are HI-detected therefore we refer to them g$meg — 4.56)/ — 2.5). This is a modification of the Bell et al.

gion 1) is a very complex environment composed of two m
jor clusters, Coma and A1367, and smaller groups and filasne

=-1.94+059-(g—-i)+ 115- Iog(#), 1)
©
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Fig. 2. Sky distribution (R.A. and Dec. not in scale) of the Coma Superclustaxigs. Black dots represent the optically selected galaxies (all
types) selected from the SDSS databas€3@1 < RA. < 13'30", region 1) or from ALFALFA in the strip between 24 Dec. < 28° beyond the
previous R.A. window (region 2). Red dots refer to the 261 galaxiesrabd in H3 in the ALFALFA strip. The 139 optically selected CGCG
galaxies followed-up in k| outside the ALFALFA strip and 16 in the ALFALFA strip are shown as blue dots

(2003) formula introduced for consistency with the masgdet addition, the concentration index iffected if there is an active
mination of MPA-JHUJ. Morphological types are taken from thegalactic nucleus (AGN), because in these cases the centisi e
VCC and CGCG catalogs when available. For all the others thi®n in the Hr images does not trace recent star formation but
type was assigned after visual inspection of the SDSS pseutte ionization of the gas caused by the AGN. To overcome this
colorimages. Following a procedure similar to the one desedr problem, we used the nuclear spectra from Gavazzi et al1j201
in Gavazzi et al. (2010), giant late-type galaxies (Sa - Sebew to identify galaxies with an AGN. Then, the central regiorswa
classified in steps of half Hubble class on a purely morpholomasked in these images to exclude tffeas of the AGN emis-
ical basis. Among dwarf galaxies, blue compact objects (BCBion. The standard radius for this mask was set to be 10 arcsec
were classified according to their amorphous compact mérphfor nearby galaxies in the Local Supercluster and 2.5 ariteec
ogy and blue color, on the other hand, dirr are blue but low sugalaxies belonging to the Coma Supercluster
face brightness objects. We also excluded from the analysis of the CAS parameters
107 galaxies that are either undetected ind# that show only
nuclear emission associated to an AGN. In the end, strdgiara
3. The CAS System rameters were measured pivand images for 74298 galaxies

One of the most popular non-parametric sets of morpholog?l[‘OI on Hy images for 635798 galaxies.

cal measurements is the CAS system introduced by Conselice
(2003). It is based on three indices: concentra@oasymmetry 3.2. Concentration index

A, and clumpiness. L i L .
Concentration is defined in slightly féerent ways by dferent

authors, but it basically measures the ratio of light withioir-
3.1. Computing CAS parameters cular or elliptical inner aperture to the light within an eutiper-
ture. The CAS system adopts the Bershady et al. (2000) defini-
ion as the ratio of the circular radii containing 20% and 8806
he “total flux”:

=), @)

20

Before structural parameters measurements were obtdiaed,
sic digital image-processing was applied to all frames.,(i.
bias-subtraction, flat-fielding, cosmic-ray removal, arg-s
subtraction; see Paper I). In addition, any objects in thaxys
image that are not part of the galaxy, such as foreground st@r= 5 x Iog(
or foreground and background galaxies, were removed uséng t

IRAF taskimedit. CAS parameters in the Gumrband images , .
were computed as described in the following subsectionalfor Whererso andry are the circular apertures containing 80% and
galaxies except for close pairs or those that #iected by haloes 20% of the total flux. As a_deflnltl_on_ of the_total flux, Cons_ellc
of bright stars. Furthermore, we disregarded galaxies e/sus (2003) used the flux contained within 1.5 times the Petrosian

face brightness is so low that the centering and noise-ctiore

. 3 The Coma Supercluster is five times farther away than Virgo,
routines never converge. These two problems preventedms frtherefore the masking radius should be 2 arcsec. We used 2.5 arcsec

measuring structural parameters for 56 gaIaXIe_s In our tsnp (~ 1.5x < PSF FWHM>) to take into account the average seeing con-
The CAS parameters were also computed in therfages. gitions of our images. For extended low ionization nuclear emission re-

The center of the images was set to be the same computed indid@s (see Keel 1983; Hameed & Devereux 1999) which, in mosscase

r band since i is often centrally depressed (Shapley 2011). lare ionized by post-asymptotic giant branch (PAGB) stars (@tkaiet

al. 2008), we used a masking radius twice as large, i.e., 20 arcsex at th

2 httpy/www.mpa-garching.mpg.@¢8DS3DR7/ distance of Virgo and 5 arcsec at the distance of Coma.
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dius* rp, (rgo andrpo are considered only if they are larger tharthe asymmetry parameter but, following Conselice (2008)zL
1.5 times the seeing, as suggested by Arribas et al. (2012), et al. (2004), and Vikram et al. (2010), we used this cengerin
erwiseC is not given). For the measurement®fthe galaxy’s method also compute the two other CAS parameters.
center coincides with the center that minimizes the asymymet Operationally, we made an initial guess starting from the
(see below). photometric center and then iteratively computed the asgsmm
Yamauchi et al. (2005) pointed out that the concentratidry in a 5x 5 pixel grid. Unlike those of other authors (Conselice
index can be overestimated for edge-on galaxies when cir@803; Vikram et al. 2010), our grid steps are integer pix@sC
lar apertures are used. We performed multi-aperture pheitym et al. (2013) claim that the use of fractional pixels introdsi a
non-negligible smoothing thattacts the CAS parameters. The
Petrosian radius was recomputed after each step, untisgme-a
metry reached a minimum. The asymmetry computed in this way
can be overestimated if the background contains struchigre (
haloes of bright stars or poor flat fielding). Theskeets were
corrected for by simultaneously performing the asymmetegam
surement on both the source and a neighboring blank area of th
image. Taking into account these noise corrections, thateau
used to compute the asymmetry is

_ 2ij NG, J) = Rusoli, DI Xi,j ING, J) = NRugoli, J)I
- i@, pl 2@, i '

whereN is the background image ardR is the rotated back-
ground image.

Local Sup. Coma Sup.

(4)

C-C, (Gunn r)

3.4. Clumpiness index
Fig. 3. Difference between the concentration index inrttend com- ) )
puted in elliptical and circular apertures as a functios eflog,,(a/b) The clumpiness paramet&rhas been developed by Conselice
(de Vaucouleurs et al. 1991) for the Local Supercluster (left) and t2003), inspired by the work of Takamiya (1999), to quantify
Coma Supercluster (right) samples. the amount of light in small-scale structures. The clumgsnie
defined as the ratio of the amount of light contained in high-
frequency structures to the total amount of light in the gala

both in circular and elliptical apertures and we found arsiro For ellipticals this ratio should be, and generally is, reeo.

gg:]rci%ttlgar]cigﬁtmggz tcf:)emaxlljergtilﬁ g?gutlgzﬁgcgllti)et?g;seg ';he First, the original galaxy féective resolution was reduced
mpu P € . 1o create a blurred imagé). This was done by smoothing the
apertures, as showed in Fig. 3. In other words, edge-onlspir

. : Lo . . &alaxy with a boxcar filter of widtlr. Although in principle any
h_ave an abnormally high concentration of light '.f.def'nedh'v'tscale can be used to measure various frequency components in
circular apertures, and the morphological classificatioased

on C will suffer from significant contamination. Using eIIipticaIgalaXy’ we followed Conselice (2003) and Lotz et al. (20@4) s

. - ting a smoothing filter size(1) = 1/5x 1.5xr, = 0.3 xr,. The
apertures remedies this problem, therefore our CAS reatdts effect of the blurring is to create an image whose high-frequenc
based on the concentration indéx

structures have been washed out. If a galaxy only consists of
concentrated but structureless light (like a BCD, for exianp
3.3. Asymmetry index it has a very low clumpiness. The blurred image was then sub-
tracted from the original image)( The clumpiness parametsr

The asymmetry parametérquantifies the degree to which thes gefined as the flux in the residual image normalized to the flu
light of a galaxy is rotationally symmetri@ is defined as the i, the original image.

difference in flux between the original image and the one rotated The central pixels within a circular aperture equal to the
by 180 from its center, normalized to the flux in the Or'g'”agmoothing length @ r, were excluded from the sum because

image (Abraham et al. 1996; Conselice et al. 2000): the central parts of the galaxies are often unresolved and co
311G, §) = Rusofis j)l tain significant high-frequency structure due to finite skngp
A== — , (3) (Conselice 2003). Following the definition of Conselice,al&o
Zij G, j)l forced to zero any negative pixel in the residual map befone-c

puting S. This was achieved by substituting the original image

where is the original image an®ug is the image rotated by u o, h e o [max) Obtained taking the highest value between

18C°. A is summed over all pixelsi,(j) within 1.5 r, of the ;
galaxy center. andB for each pixel.

The computation of the asymmetry is not robust with respect EVEN the clumpiness can be overestimated by ndisete
to the assumed photometric center, since a positioti@rdnce caused by the graininess of the background. We correctsd thi

of 1 arcsec produces substantiallffdient asymmetry V<';1Iues.1§°u|rce of r_loise in dthe same wa); as fp r thebasymmetry, and the
To overcome this centering problem, we defined the rotagon ¢ "al éguation used to compute clumpiness becomes
ter as the position that yields a minimum value of the asymme- T i i) — B i CINefil 1) — NB(i. i
try parameter. It should be noted that this issue espedcifiigts S = 102"‘[ max(i, J) _ (i, ) _102"’[ max(i, J) _ . )]
i illmax(i, )] i ilTmax(i, )]

4 The Petrosian radius is the radiysat which the ratio of the surface ) ) ) )
brightness at, to the mean surface brightness withinis equal to a WhereNmay is the maximum background image aNd® is the
fixed value, typically set to 0.2 (Petrosian 1976). blurred background image.

{(5)
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Fig. 4. Comparison between CAS parameters computed in this work and theselgivConselice (2003). The dashed lines mark the 1:1 relation.
The red point is the VCC 1987 (NGC 4654).

3.5. Comparison with the literature + 0.3, 0.1, and 0.2 when thgM$per pixel, within 15 x rp, is

The code developed for the morphological analysis wasdest<e SIN> 2 5.

on 18 Local Supercluster galaxies in common with Frei et al.
(1996) that have also been analyzed by Conselice (20033€Thg size measurements
are all giant, nearby NGC galaxies wiliig < —20 magyega . _ . _ _ .

Our estimates of the CAS parameters for this subsample dfeinvestigate on which spatial scale galaxies are growivey,
listed in Table 1 along with details on the telescope, thelpixparameterized the spatial distribution of the old and thengo
scale and the seeing conditions (Full width half maximurhef t Stellar populations. The stellar mass of a galaxy was trased
point spread function, PSF FWHM) of the images. The Frei #tg the Gunnr band and the star-formation was traced by the
al. images have been taken with simitafilters, but in slightly Ha line emission. Some uncertainties théeat the size mea-
poorer seeing conditions (PSF FWHM 2" — 57). surements are to be considered. First, #6563 and the [NII]

The comparison between the three CAS parameters co#@ubletid 6548 6584 are not spectrally resolved by means of
puted using our in-house codes and those given in Conselig@grow band interferential filters. We do know the line ratio
(2003) are shown in Fig. 4. The discrepant red point inAhe for a large number of objects from integrated drift-scancspe
andS comparisons is VCC1987 (NGC4654), a giant Sc galatyoscopy (Gavazzi et al. 2004; Boselli et al 2012), althotigdy
in the Virgo cluster. This galaxy appears to be far more asyrare of limited use for our purpose, since line ratios almest ¢
metric and clumpy in our analysis than in Conselice (2003). Wainly vary with the position in the galaxy (Genzel et al. 800
have several reasons to believe that this galaxy is in fagchas Yuan et al. 2011). Therefore we did not apply any mean correc-
metric. First, in the analysis of Conselice, this galaxynsge¢o tion. We tried to reduce this problem by masking the AGN emis-
be less asymmetric and clumpy than the remaining Sc galaxiesion (dominated by [NII]), where present, using nuclearctpe
the sample. Furthermore, it is known that this galaxy isrejtp  (S€€ below). A second systematic uncertainty is dust ztem
asymmetric in the stellar disk, in atomic gas (HI) (Chunglet aPifferential extinction couldféect the spatial distribution of the
2007), in molecular gas (Bl (Cayatte et al. 1990; Chung et al.He emission (Boissier et al. 2004, 2007), and thus the size mea-
2009), and also in the divelocity field (Chemin et al. 2006). surements. Finally, the Gunrfilter contains the I (and [NII])

For these reasons we excluded this galaxy from the comparis#nes, which introduces a correlation between the two irsage

The agreement for the other points is remarkable. We fouh@vertheless thisfiect is small because the lines’ contribution
that the average deviation between our values and the p“blhe stellar continuum images is lower than 10% of the total
lished ones for concentration, asymmetry, and clumpiness #ux (Paper I).

—0.02+0.18, 0.03+ 0.03, and 006 + 0.09. Similar dispersions

were seen in previous comparisons. The dispersion betvaeen : "

CAS parameters reported by Vikram et al. (2010) from that gfl' Effective radi

Conselice (2003) are0.11+0.14, 0.00+0.04, and 006+ 0.09 The dfective radius (or half-light radius) is a parameterizatbn
using the whole Frei et al. (1996) sample. The agreemenéseth a galaxy’s light distribution. It is defined as the radiustaiming
results gives an idea of the robustness of our software|éwmbé half of the total light in a specific band. The standard metiood
the stability of the CAS parameters when usinffaetient source determining half-light radii of galaxies is to fit two-dimsional
images. We verified that convolving our images to a commanodels to the galaxy light profiles (e.g. using GALFIT, Peng
PSF (with FWHM= 3") does not significantly change the com-et al. 2002). However, this parametric method does not geovi
parison with published values. Any resolutioffieet, if present, meaningful results for the &l images because they are typi-
is negligible due to the small seeindldrences between our im-cally clumpy and often have asymmetric or centrally depdss
ages and those by Frei et al. (1996) and to the limited gtaist light profiles (Shapley 2011). For this reason we followed th
Only by comparing the results from our whole sample with éhosnethod suggested bydEster Schreiber et al. (2009), Arribas et
of Conselice (2003) a small systematidtdience can be seenal. (2012), and Nelson et al. (2012). We measutéecéve radii
and ascribed to a resolutioffect (see Sect. 5.1). Indeed, Lotz efor both the Hr images and the opticatband continuum us-
al. (2004) found that C, A, and S parameters are reliableinvithing integrated curves of growth (CoG). Using this methoé, th
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Table 1. Observational specifications and CAS parameters computed in this araakskt of 18 galaxies in common with Conselice (2003).

NGC Telescop®e Plate Scale Seeing C; A S C A S

(arcsec pixett)  (arcsec) This Work Conselice (2003)
3596 SPM 0.31 1.39 279 017 034 293 014 021
4189 SPM 0.31 2.20 235 028 032 246 0.26 0.37
4192 OHP 0.69 2.62 3.67 022 064 362 0.19 0.36
4216 OHP 0.69 351 516 0.21 041 5.08 0.17 0.38
4254 OHP 0.69 1.93 324 031 048 332 0.29 049
4303 CA 0.41 1.59 286 025 059 279 024 051
4321 OHP 0.69 2.10 294 0.16 0.38 291 0.12 0.28
4501 OHP 0.69 2.41 327 016 021 322 0.13 0.20
4535 OHP 0.69 2.65 248 012 031 254 0.12 040
4548 CA 0.41 1.64 392 007 013 3.71 0.00 0.03
4569 OHP 0.69 3.86 3.78 015 0.22 336 0.08 0.16
4579 CA 0.41 1.64 418 0.06 0.07 4.04 0.03 0.06
4654 CA 0.41 1.68 273 030 041 283 011 0.17
4689 CA 0.41 1.72 274 001 020 3.05 0.03 0.08
5248 SPM 0.31 1.79 348 0.22 042 346 0.16 0.26
5364 SPM 0.31 1.39 3.07 015 038 315 0.12 0.27
5669 SPM 0.31 1.44 306 019 038 319 0.18 0.31
5701 SPM 0.31 1.73 3.72 002 -001 411 0.04 0.06

Notes. @ SPM= San Pedro Martir 2.1m; CA Calar Alto 3.5m; OHP= Observatoire de Haute Provence 1.2m.

effective radii depend on the limiting sensitivity of the image r > = 0.4) because our sample is dominated by blue dwarfs. The
However, we compared théfective radii measured from CoGsissue arises for the bulges of massive spirals that can be up t
with those obtained fitting the radial light profiles by Cege 1 mag redder. In these cases the underlying continuum may be
et al. (2012) on a sample not presented here (Fossati et alunder-subtracted (up to a factor of 10%), leaving a residual
prep.), and found only small fierences £ 10%) between the in the Hx images that is completely unrelated to ongoing star
two methods. Another uncertainty can arise if the limitiegps formation.
sitivity of narrow-band K images and that of thebroad-band To overcome this technical problem and the additional un-
are diferent. The sensitivities in those two bands are compakgertainties due to central AGN-like emission, we definedwa ne
ble if the exposure times are in the same ratio as the filted-baparameter, calleEW/r, as the ratio between théfective radii
passes. We have a range of these exposure time ratios spanedmputed in the equivalent width of theXEW) map and in the
from 60% to 100%. We verified that using the galaxies observedand image. By dividing the &by ther-band continuum im-
in the correct ratio of the exposure times and simulating 40%ges®, we obtain a map of the EW that is defined as the strength
shorter exposures in the narrow-band filter, the derifégttive of a line normalized to the underlying continuum. The signal
radiusre(He) typically varies by only~ 5%. We conclude that of emitting HIl regions with a shallow continuum is enhanced
even in the worst conditions this uncertainty is negligible in this image, and on the other hand the signal in the regions
The CoG procedure is similar to the one used to compute tleminated by the old stellar populations, like in the bulges
concentration index, with some minoifidirences. The center ofquenched.
each galaxy here is the photometric center and not the syimmmet  Another important correction needs to be performed before
center. To achieve a better comparison between the ttierdi dividing the Hr andr images. Since the background of both im-
ent bands, the &l center was forced to coincide with théband ages is zero on average with a Gaussian distribution, digidi
center. Furthermore, the elliptical apertures used topHotom- the two images can produce spurious high values in pixels wit
etry were defined by-band isophotes. Thefective radii were alowr-band flux. Using the IRAF tasknreplace we replaced all
defined as the radii containing 50% of the maximum curve pixel values from-co to +3c-4y With zero. Then, by setting the
growth value. The fective radii were considered reliable onlyIRAF taskimarith to place a 0 when trying to divide by zero, we
if they exceeded 1.5 times the seeing in both bands (Arribals e obtained an EW image with zero background below the sensitiv
2012). For AGN the central region of thexHimage was masked ity limit®. It should be noted that setting such a sensitivity limit
before computing of the &leffective radius. could lead to an underestimate BYV/r. Nonetheless, we veri-
fied that lowering the limit tar20-4y increase€W/r by ~ 10%,

but also increases the probability that noisy regions irbtek-
4.2. EW/r parameter

Visual inspection of the H images reveals that the bulge of the _Sd I]O aflcﬂieve a reatI)EVZ, ft_?e pixeldv?lueﬁ S?°“|d é)e mult_ipliedbby Lhe
. R o , width of the narrow band filter used for the line observations, but be-
early type spirals often showsftlise line emission. This can because we do not require absolute calibration to compflieet/e radii

due t(,) ionization from AGNs, or fr_om red_ and old PA_GB star hey are normalized to the maximum value of the curve of growth) we
(Stashska et al. 2008) or a technical artifact due to impropeftiplied the pixel values by the arbitrary value of 100. This was to
normalization of the OFF-band images. Indeed, as pointéd @yoid systematic errors due to the poor handling of small pixel values
by Spector et al. (2012), the normalization fimeent of ther- by Funtools.

on the narrow-band image strongly depends on the color of the The few isolated pixels greater than th8o g, limit have been re-
galaxy. We calibrated our normalization for blue galaxieg- placed with a 0 using a Python script.
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Gunnr Ha NET Ha EW

Fig. 5. Gunnr band (left), Hr (center), and EW (right) images of three galaxies spanning the fulerahtipneEW/r parameter: fronEW/r = 0.55
(AGC 7874: top) EW/r = 1.06 (CGCG 160-098: middle), tBW/r = 3.87 (AGC 7874: bottom). The red contours are drawn from thentrhp,
and the black line marks the 1 arcmin scale.

ground around the galaxy are included in the galaxy flux. &in&. Results

the EW image translates into a map of the specific star forma- ]

tion raté, this EW/r parameter traces the position of newly bor?-1. The CAS parameter space in the r band
stars weighted on the distribution of the old stars, redativthe

position of the old stars. It is computed as follows: When investigating the three-dimensional space of CAS param

eters computed in the Gurmband we must remove edge-on
galaxies from our sample because clumpiness (and to a lesser
re(EWhq) extent also asymmetry) istacted by inclination. This is because
EW/r = ro(Gunn 1) (6) the presence of a projected central dust line completelyggm
€ the apparent morphology of edge-on galaxies as defined in the
) . CAS relative to nearly face-on objects. To avoid this prigec
If this parameter is greater than 1, new stars are born @tsigrect it is recommended to work with galaxies whose axial ra-
the already constituted assembly of old stars. On the oted,h +i5 is smaller than the disk oblateness. Conselice (200@)esd
galaxies whos&W/r is smaller than 1 are building up their cenyye dependence @& as a function of the axial ratio and, fol-
tral concentration. Figure 5 shows théand, Hr, and EW im-  |oying his results, we set a rather conservative limi¢ at 0.4,
ages of three galaxies spanning the full range ofEM¥/r pa- \yheree = log;o(a/b) as defined in de Vaucouleurs et al. (1991).
rameter. This limit corresponds to galaxies with an inclination lawiean
66.5° on the sky.

7 The specific star formation rate (SSFR) is the star formation rate Giant spirals are clearly separated in @ievs A, panel (see
normalized to the stellar mass of a galaxy. Fig. 6) since the concentration index decreases along thelelu
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Fig. 6. Galaxy distribution (with inclinations lower than &8 on the sky) in the space of CAS parameters measured inlihad. The solid black

line is the best fit of Conselice’s (2003) data and the red-orange line e#tdit of our data restricted to the spirals (Sa-Sd) to be consistent with
the Frei et al. (1996) selection used by Conselice. Points are coledaxtording to the morphological type: red for Sa-Sh, orange f@dc
green for Sdm-Im, and blue for the BCDs. The black contoured rpoitts are the average values for each group of morphological tydeha
black contoured triangles are the average values given by Consd)@®) @r the same group of types. Error bars mark thesttndard deviation.

sequence toward later types (and with decreasing stellas)naet al. (1996). This is highlighted also by the fact that onfew
The BCDs are as concentrated and asymmetric as the Sc-Sdpalints lie above Conselice’s best fit (black solid line in.Fay
though they are dwarfs. T vs S, panel is the only one show- Finally, different Hubble types are, albeit with significant scat-
ing a linear correlation between the parameters, as alneaigyl ter, separated in th8, vs C, panel. The Sa-Sb giant spirals are
by Conselice (2003). The best bisector fit (Isobe 1990) of othre highest concentrated and their clumpiness is similéinab
data is of the dwarf irregulars. The Sc-Sd intermediate-mass Ispére
more clumpy but less concentrated than the Sa-Sb. The irregu
A = (0.48+0.02)x Sy +(0.05+ 0.01) () lars are the least concentrated but still clumpy, and the 8&®
Both the slope and the intercept of the fit are higher than wh concentrated as the Sc-Sd, but are definitely not clunegy (s
was found by Conselice (2003), probably because of therbettdd 7)-
resolution and seeing of our images compared to those of Frei
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Fig. 7. CAS parameters in theband (for galaxies with an inclination lower than.56on the sky) as a function of Hubble type. The red points
are the average values for each type and the error bar marks-tstaridard deviation.

Table 2. Average values andoirms of the CAS parameters computedower than those published by Conselice (2003) because we

in the Gunrr band for galaxies with an inclination lower than.56on

the sky in bins of Hubble type.

Type G A S

Sa-Sb 3d1+05 010+004 010+0.09
Sc - Sd 28+03 013+£006 016+0.14
Sdm-Im 25+03 011+005 009+0.10
BCD 27+03 013+006 008+0.11

made use of elliptical apertures. We verified that thifedence

in the method increases the mean value€dfy ~ 0.1 — 0.3.
Furthermore, we note that the sample used by Conselice Y2003
consists of spiral galaxies more massive than those caeside
here M. > 10°°M,). If we restrict our analysis to the galax-
ies in common with Conselice (2003) (see Table 1) and using
circular apertures, we obtain mean value€aff 4.0 + 0.5 and

3.0 = 0.3 for Sa-Sb and Sc-Sd. Although the statistics is insuf-
ficient to rule out every other possible explanation, theiltss
are now remarkably consistent. Harmdez-Toledo et al. (2008)
analyzed a sample of 539 isolated galaxies from the SDSS. The

~ Table 2 gives the average values and the standard deiancentration index appears to be overestimated 0% in
tions of the CAS parameters in the same bins of type as ffeir work compared to ours because they use circular apsrtu

ported by Conselice (2003). The agreement with previou$ stysee Sect. 3.2). They also found mean values foAthadS pa-
ies is remarkable for spirals and for the concentration ef th

irregulars. We expect the mean values@fn our work to be

10
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Fig. 8. CAS parameters in theddimages (for galaxies with an inclination lower than®6on the sky) as a function of Hubble type. The red points
are the average values for each type and the error bar marks-tstaridard deviation.

rameters in the band that are consistent with those in ConseliddGC incompleteness beloMg ~ —16 magyega INSpecting the
(2003) and in this work for Sa-Sb galaxies. images shown by van Zee (2000), we note that only a few of
) o ) her galaxies are low surface brightness objects and notfall o
We did not find, in our sample that dwarf irregulars are mofgem? have been analyzed by Conselice (2003). Albeit the mea-
asymmetric and significantly more clumpy than spirals, asfdo surement method can play a role in this issue, we expect that
by Conselice (2003). Conversely, we detected a decrementigk afects the measurements by orly0.1, given the scatter in
these values going from spirals to the irregulars, therab@u- the right panel of Fig. 4. We conclude that this discrepascy i
lating the region of the CAS space &t~ 0.1. The same result not fully understood and should be addressed in detail iméut

(S ~ 0.2) was obtained by Heémdez-Toledo et al. (2008), al-studies using a more complete sample of irregular galaxies.
though they did not consider late spirals (Sc-Sd) separftah

dwarf irregulars. A possible explanation might be fiatent se-
lection and definition of irregulars. Conselice (2003) usieel
dwarf irregular sample selected by van Zee (2000). This &amp
is composed of 58 galaxies selected from the UGC (Nilson 1973
catalog withMg > —18magyegaWithout completeness in volume & The only low surface brightness galaxy whose CAS parameters
or surface brightness. These galaxies are on averagesiotiily have been computed by Conselice is UGC10669, whose clumpiness is
brighter than the galaxies detected in HI by ALFALFA due taearly zero $ = —0.07), as one might expect from the image.

11
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Table 3. Average values andoirms of the CAS parameters measuredween the HI mass observed in one object and the expecteel valu
on Ha images for galaxies with an inclination lower than®6on the in isolated and unperturbed objects of similar type and size

sky in bins of Hubble type. commonly used as a proxy for the degree of the perturbation
that galaxies experience in dense environments. In thik wer
Type Cha Ao SHo used an updated calibration of the Hl-deficiency parametigt v
Sa-Sb  2+09 028+015 065+0.30 both for giant spirals and dwarf systems (see Paper Ill)s It i
Sc-Sd  2+06 029+£017 069+043 immediately recognizable that environmentally perturbaidx-

Sdm-Im 20+09 021+016 045+0.35

BCD 23505 036019 033+0.25 ies have a more concentrated star-formation than theirtatd s

(re(Ha) < re(r)). This also agrees with the results of Koopmann
et al. (2006), who found, on a smaller sample of galaxies in
the Virgo cluster, a similar correlation between HI deficign
and the extension of thedHemission. More recently Cortese et
al. (2012) have shown a strong correlation between the H defi

The concentration index computed fron iinagesCy, is def- ciency and the extension of the star-forming disk tracedhiey t
initely not a function of Hubble type. Only a minor decreast/V emission. They also performed a comparison between ef-
can be found from Sd to Im (see Table 3). The scatter withfictive and isophotal radii showing that scatter in the eation
each distribution is larger than the one found@pr Herrandez- With the HI content can be greatly reduced using isophotiil ra
Toledo et al. (2008) found that the correlations of the CAS pfom radial profile fitting. Unfortunately, as discussed iecS
rameters with Hubble type are scattered in any SDSS band, Buk, such technique can not be applied safely ¢ardages.
this scatter is greatly reduced in the andi band$, suggesting It has been shown by Cayatte et al. (1994), Boselli et al.
that the structure of galaxies is better revealed in the agd- (2006), Fumagalli & Gavazzi (2008), Welikala et al. (200#)d
infrared bands. Rose et al. (2010) that the HI removal by the ram-pressuige str
As an example we focus on the Sa galaxies. They are bulgé2g (Gunn & Gott 1972) mechanism leads to a truncation of
dominated giant spirals whose color is redder than that afrtiw the HI disk. When the HI removal is so severe that the HI disk
star-forming galaxies (Gavazzi et al. 2010). The red colmr-s shrinks inside the optical radius, there is also a trunoatfcthe
gests that they are dominated by old and evolved stars. THégr-forming disk. The féiciency of this process is a function
show ongoing star formation activity that can sometime kitequ ©f the environmental conditions that each galaxy is experie
relevant in an absolute quantity but their star formatiote raing (i.e., density and temperature of the intracluster mmecdand
per unit mass (SSFR) is very low compared to the blue dwaiMglocity of the infalling galaxy). It has been shown both iy o
(Gavazzi et al. 2013a, hereafter Paper II). For this realsein t Servations and simulations that the timescale of gas stgpp
Ha concentration index spans the whole parameter range wight the order of a few 100 Myr (e.g. Yoshida et al. 2004, 2008,
out any dependence on the morphological classification. \g812; Boselli et al. 2006, 2008; Kapferer et al. 2009; Toenes
give two examples of Sa galaxies whda3g, is very diferent. & Bryan 2009, 2010, 2012; Yagi et al. 2010; Fumagalli et al.
AGC7538 has a starburst nucleus (confirmed both by NED aA@11).
by the SDSS-DR7 spectrum) and low star formation on the disk It is thus recommended that any investigation on the scale
so the concentration index in thexHeache<,,, = 5.1. On the at which galaxies produce new starszat= 0 should be re-
other hand, AGC9436 has a giant bulge without star formatig#ficted to objects that are currently not undergoing emriren-
(the nuclear activity is that of a retired ga|axy, Cid Ferdes tal disturbances: i.e., non HI-deficient galaxies. We satesh-
et al. 2011; Gavazzi et al. 2011) and the star formation iagtiv 0ld between deficient and non-deficient galaxiededt; = 0.3,
takes place in a thin ring in the disk givingGy, = 0.3 (see i.€., 1o above the mean deficiency of the isolated galaxies. The
also Figure 5 bottom). The asymmetry i ifbllows a similarly scaling relations presented hereafter are obtained onlydo-
weak trend as the one computed in thikand (but with larger deficient galaxies.
scatter), which supports the theory that the “flocculentragg-
try”, as it was called by Conselice et al. (2000), is caused
recent star formation. For the most part, the contributiorthe
asymmetry of normal galaxies come from blue star-forming rénspecting the ratio betweenaHandr effective radii as a func-
gions in the arms of the spirals. Finally, the clumpiness in Htion of Hubble type, we find that the recently born starsH
follows the same trend as a function of Hubble type previpustienerally track the-band stellar continuum, but the average val-
found in ther band, but the scatter of points within the same bines are slightly higher than 1 for giant spirals, consistgtit 1
of type is dramatically greater (see Figure 8). The scattprab- for late spirals and dwarf irregulars, and they become Iatvn
ably due to the stochasticity thafects the star-forming regions, 1 for Im and BCDs (see Fig. 10, left panel).
especially in the dwarfs, that are populated by a small nummbe By comparing the K effective radii with those of the stel-
HIl regions (Boselli et al. 2009, Fumagalli et al. 2011, We#s lar continuum, we have two snap-shots: a current spatialy r
al. 2011). solved star formation map, and an age-weighted integral map
of the mass built in the past. These quantities, although doe
not directly measure the growth rate of galaxies over tina@, c
be used to infer the growth size at the current epoch. Thase fo

F|g 9 shows the ratio betweeffective radii (|eft) and thEW/r which re(-H(Y) > I’e(l’) have a star form_ation that is more extended
parameter (right) as a function of the Hi-deficiency for allax- than their assembled stellar mass, implying that at pretbeyt
ies. The Hi-deficiency parameteD¢fy,) has been defined by are growing in the outer regions: inside-out growth. On thep

Haynes & Giovanelli (1984) as the logarithmicffidrence be- hand, galaxies for whiche(Ha) < re(r) are now building up the
mass in the center.

® Thez band is found to be intrinsically noisy since the poor filter ~ Since the morphological classification is intrinsicallypc-
transmission provides images with lowgNS tive, we explored possible correlations between the rdtihe

5.2. The CAS parameter space in the Ha line emission

@.’4. Spatial growth of galaxies

5.3. Environmental effects on effective radii
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Fig. 9. Ratio between fective radii (left) and th&eEW/r parameter (right) as a function of the Hi-deficiency. Big red dots aratkeage values
along the y-axis in dferent bins of HI deficiency. Thevierror bar is from bootstrap resampling.

T T (which we expect to be the most contaminated by [NII] (Paper
“ . TS 1" I) and dust extinction issues) less dominant than the ousér d
r . B I emission, where the metallicity is lower (Zaritsky et al949
_afl [ .o LE. ; L. . %1, ~ Skillman et al.1996) and the blue color provides a better con
I I T DR 7= % tinuum removal (Spector et al. 2012). UsiBYV/r increases the
ot heg. 2o o1 ] , 4] = trend of the average values for unperturbed galaxies in dfins
2 . % ; { g 3T % } 1 & Hubble type than when using(He); (see Fig. 10, right panel).
=00 : i_--_ S I 717 = The average values are significantly higher than 1 for SgaBb s
[Ts B2 17 et I ral rals, then they decrease toward 1 for later spirals. We show i
of ' YT e A the bottom panels of Fig. 11 tHeW/r parameter (i.e., the ef-
Clesbivtin ot b hn o L Lot bl © fective radius computed in the EW image as a function of the
Hubble Type effective radius in the band). Less concentrated galaxies have a

mean value oEW/r of one, regardless of the stellar mass. On the

other hand, the most concentrated galaxies have a meanofalue
Fig. 10. Ratio between féective radii (left) and theEW/r parameter EW/r that strongly depends on the stellar mass. Dwarf galaxies
(right) as a function of Hubble type. The big red dots mark the avefe on the 1:1 relation, but with increasing mass the poiets-d
age ratios and the therlerror bar marks thedt standard deviation. ate from equality, following a relation slightly steepeathlin-

ear. That is, concentration of the light is the main parantét

effective radii and the concentration index for unperturbdega |_anuences the growth of galaxiesat 0, but at fixed concentra-
ies. Fig. 11 shows thefiective radii of the k emission and UON the stellar mass plays a second-order role. Massixigsl
those of the stellar continuum in the lowest and highesttiesr 12Ve built their central bulges at high redsh#t{ 1 Nelson et
of the concentration index as measured inrtiand. Points are al. 2012) and.are now growing in the outer Q'Sk' Qonverslaly, t
color-coded in quartiles of stellar mass and the big poireste dwarfs are still growing on the scale of their previouslyesss
average ratios for each bin of stellar mass. The averagmrafi"led mass.
with 1o errors from bootstrap resampling are given in Table 4.
All averages are consistent with a 1:1 relation except those
the last two bins of concentration and with high masses. iBhat
the most massive and already concentrated galaxies haae a\de have investigated several structural paramete+s38f0 late-
formation that is more extended than their stellar masss Ehi type galaxies in the nearby Universe in two optical bandsrica
evidence of an inside-out assembly of disk galaxieg at 0. different stellar populations. We used the emission tht traces
This result is consistent with those by Nelson et al. (2012) e youngest stellar population in a galaxy, and the optibahd
z ~ 1 who found an average ratiorg(Ha)/re(r) > =1.3+0.1, that traces intermediate-age and less massive stars, which
and with those of Koopmann et al. (2006)zat 0 who found stitute the bulk of the mass in galaxieszat 0. The samples are
an average ratio of.14+ 0.07, although this latter result is moremainly radio (21cm) selected and biased toward gas-rich sys
uncertain due to small statistics and the use of the profile fiems. This selectionfiect almost completely misses the early
ting method for the measurements. These authors also eétetypes which were neglected in this work and instead focuees o
a higher ratio for the largest galaxies, whereas the lessiugas the most highly star-forming objects in the local Universay-
galaxies of their sampleg(M./My) ~ 9.5 have a mean ratio of ering all late-types, from giants to the low surface brigsiir-
one, consistently with our results highlighted in Table 4. regulars. The HI reservoir of these galaxies is mostfiietted

The newly definedEW/r parameter is lessfiected by the by environmental mechanisms, and they are the most suitable
uncertainties described in Sect. 4. Computing theative ra- objects for studying theffects of secular evolution on the struc-
dius in the EW image makes the central emission of giantlspirdural parameters. Nonetheless, we complemented the main HI

6. Conclusions and summary
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Fig. 11. Top panels: relation between half-light radii of ther ldmission and those of the stellar continuum radiation in the lowest and highest
quartiles of ther-band concentration index for unperturbed galaxies. Bottom panelsathe, but using the half-light radii of t&M,, (EW/r
parameter). Points are color-coded in quartiles of stellar mass: rdddgil./M;) > 10.3, orange for 8 < log(M./M,;) < 103, green for

9.3 < log(M../M,) < 9.8, and blue for logil. /M) < 9.3. The black-contoured big points are the average ratios for each binltafr mass.

selection with optically selected galaxies in the densegten- the sequence, toward later types. This agrees with delez-
ments to fully understand thefect of the environment on the Toledo et al. (2008), although they did not consider dwarf ir
typical galaxy sizes. regulars separately from late spirals. Although even egishis

A reliable statistical analysis of the CAS properties ofgal pattern is recognizable also in theandS parameters measured

; ; ; in the Hx images. This evidence supports the theory suggested

ies requires large, complete, and unbiased samples. When miad! . X : .

suring the CAS parameters in tiheband, it appears to be ev—by Coﬂse'!ce et a]. (2000) that disregarding dynammfﬁéqhs
e.g., tidal interactions or mergers), the asymmetry oflaxgeis

ident that the concentration index depends on the Ste"asmréominated by the number and the distribution of its stamiog

and on the Hubble type; these variables are related becauste ions. The dependen f the CAS parameters on th f
massive galaxies are bulge dominated, thus most conogthtra egions. 1he dependence of ne parameters on the age o
Ia traced stellar population agrees with previous findiregs

Whithin this sequence BCDs represent an exception since t .
. : . ported by Taylor-Mager et al. (2007), Héamdez-Toledo et al.
are dwarfs but they are as concentrated as intermediatespas (2008), and Fossati et al. (2012). Our results for the CAS pa-

rals. The asymmetry and clumpiness do not exhibit stronlgaeorrameters in the b can be compared to those of Taylor-Mager et
lations either with stellar mass or with Hubble type. Altigbu %; (2007) in the UV since these two bands trace similar young
fi

noisy, we detected an increase of these two indices from " lations. We found a remarkabl reement ®@r th
ant Sa-Sb spirals to Sc-Sd and a subsequent decrement a Ba populations. Ve found a remarkable agreeme
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Table 4. Average values andslvariations from bootstrap resampling for the ratitHa)/re(r) (top) or for the ratiao(EW4,)/re(r) (bottom) for
unperturbed galaxies in quartiles of concentration index and stellar NMas&lue is given for fewer than 20 objects.

C. <24 24<C, <26 26<C <29 GC >29
Tog(M. /M) < 9.3 009+ 004 091+004 099= 0.07 -
93<log(M,/M,) < 9.8 094+003 098+ 0.03 099+ 003 115+ 0.09
9.8 < log(M,/M,) <103 098+003 101+ 003 110+003  119+007
log(M./M,) > 103 - 1.04+0.03 107+003  128+007
Tog(M./M,) < 9.3 107+ 004  102=0.06 106= 0.07 -
93<log(M,/M,) < 9.8 107+003 107+ 0.04 108+004 131013
9.8 < log(M,/M,) < 103 107+003 107+ 0.04 124+ 004  145+0.09
log(M./M,) > 10.3 - 1.09+ 0.04 118+005 154008

concentration index, and also for the asymmetry and cluegsin ing spatially resolved IFU data from the CALIFA (Sanchezlet a
that are consistent within uncertainties, although it nbediaken 2012) survey, detected a similar inside-out growth for locas-
into account that the statistics of the UV sample used byorayl sive galaxies and no gradient in the age of stellar populatior
Mager et al. (2007) is limited and thus their uncertainties alow-mass objects, corroborating the findings of this work.
larger. The dependence of the CAS parameters on wavelength
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Appendix A: Tables of the structural parameters

Tables Al and A2 (available only in electronic form at the DS
contain the structural parameters presented in this warkhfo
Local and Coma Supercluster galaxies respectively. Treatat
listed as follows:

— Col. 1: AGC designation, from Haynes et al. (2011);

— Col. 2: VCC (Binggeli et al. 1985) designation. For Coma
replaced by the CGCG (Zwicky et al. 1968) designation;

— Cols. 3-4: RA and DEC coordinates (J2000);

— Cols. 5-7:r-band, Hr and EW,, effective radii (in arcsec);

— Cols. 8-10: concentration, asymmetry and clumpiness (CAS)
parameters from-band images;

— Cols. 11-13: concentration, asymmetry and clumpiness
(CAS) parameters from &limages.

The dfective radii and the CAS parameters from lhages are
provided only when has been possible to compute them (see Sec
3.1and 4).



