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ABSTRACT

We present ground-based MDM-band andSpitzefIRAC 3.6um-band photometric
observations of the 72 representative galaxies o5S#WdRON Survey. Galaxies in our sample
probe the elliptical E, lenticular SO and spiral Sa popalaiin the nearby Universe, both in
field and cluster environments. We perform aperture photgn®derive homogeneous struc-
tural quantities. In combination with tH&AURON stellar velocity dispersion measured within
an effective radiusd.), this allows us to explore the location of our galaxies ia twolour-
magnitude, coloutr,, Kormendy, Faber-Jackson and Fundamental Plane scaliatipres.
We investigate the dependence of these relations on ountr&z®matical classification of
early-type galaxies (i.e. Slow/Fast Rotators) and théestebpulations. Slow Rotator and Fast
Rotator E/SO galaxies do not populate distinct locatiorteéscaling relations, although Slow
Rotators display a smaller intrinsic scatter. We find thag&laxies deviate from the colour-
magnitude and colour,, relations due to the presence of dust, while the E/SO gaaaéine

tight relations. Surprisingly, extremely young objectsrds display the bluestV —

(3.6])

colours in our sample, as is usually the case in optical ¢slothis can be understood in the
context of the large contribution of TP-AGB stars to theaméd, even for young populations,

resulting in a very tightV —

[3.6])—0o. relation that in turn allows us to define a strong corre-

lation between metallicity and.. Many Sa galaxies appear to follow the Fundamental Plane
defined by E/SO galaxies. Galaxies that appear offset fremdlations correspond mostly to
objects with extremely young populations, with signs ofgming, extended star formation.
We correct for this effect in the Fundamental Plane, by @ptaluminosity with stellar mass
using an estimate of the stellar mass-to-light ratio, sbah@alaxies are part of a tight, single
relation. The new estimated coefficients are consistendih photometric bands and suggest
that differences in stellar populations account for aba@lt of the observed tilt with respect
to the virial prediction. After these corrections, the Sl®etator family shows almost no
intrinsic scatter around the best-fit Fundamental Plane.uBe of a velocity dispersion within
a small aperture (e.d?./8) in the Fundamental Plane results in an increase of arb&#din
the intrinsic scatter and an average 10% decrease of tlagvaly from the virial relation.

Key words: galaxies: bulges —

galaxies: elliptical and lenticular<@alaxies: photometry —

galaxies: structure — galaxies: stellar content — galakieglamental parameters

1 INTRODUCTION

Galaxies are fundamental building blocks of our universel, aur
knowledge of their distribution, structure and dynamicslasely
tied to our general understanding of structure growth. &ked
scaling relations, that is correlations between well-adefirand
easily measurable galaxy properties, have always beemnatent
our understanding of nearby galaxies. With high redshiitists
now routine, scaling relations are more useful than evéowal
ing us to probe the evolution of galaxy populations over gdar

avenue of research to unravel the epoch of galaxy assembly (e

De Lucia et al. 2004; Andrebn 2006; Arnouts ef al. 2007).

Since its discovery (Djorgovski & Davis 1987; Dressler et al
@), the Fundamental Plane (FP) has been one of the mdst stu
ied relations in the literature. Given its tightness, likany other
scaling relations the FP was quickly envisaged as a distestie
mator as well as a correlation to understand how galaxies &rd
evolve (e.g! Saglia et Al. 1998; Jgrgensen €t al. |1996: Rakaie
11998;| Kelson et al._2000;_Bernardi et al. 2003;_van der Wellet a

range of lookback times (elg. Bell etlal. 2004; Conselice.@0D5;
Ziegler et all 2005; Saglia etlal. 2010).
The colour-magnitude relation (CMR) was already recog-

nised in the sixties and seventies (de Vaucouleurs|1961dzggn

12004; | Holden et all_2005; MacArthur etal. 2009). It is widely
recognised that the FP is a manifestation of the virial teeofor
self-gravitating systems averaged over space and timephigbi-
cal quantities total mass, velocity dispersion, and gatigibal ra-

1972; Visvanathan & Sandébe 1977) and has served as an impordius replaced by the observables mean effective surfagathess

tant benchmark for theories of galaxy formation and evolusiince
(e.g/Bower et &l. 1992; Bell etlal. 2004; Bernardi et al. J00%e
main drivers are thought to be galaxy metallicity, which s&si
more metal rich galaxies to be redder, and age, causing goung
galaxies to be bluer. Galaxies devoid of star formation hoeight
to populate the red sequence, while star-forming galaiéds lthe

blue cloud (e.gl_Baldry et Bl 2004). The dichotomy in thetrdis
bution of galaxies in this relation has opened a very pradect

* Email: jfalcon@iac.es
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((ue)), effective (half-light) radius R.), and stellar velocity dis-
persion ). Since velocity dispersion and surface brightness are
distance-independent quantities, contrary to effectadius, it is
common to express the FPlag(R.) = alog(o) + B{ue)+, to
separate distance-errors from others. If galaxies wereolagous
with constant total mass-to-light ratios, the FP would beiedent

to the virial plane and be infinitely thin, with slopes = 2 and

B = 0.4 (in the notation used here). By studying the intrinsic scat-
ter around the FP, one can study how galaxy properties avitbin

the observed sample.

Some projections of the FP, known earlier in time, have
also been widely studiedﬂb??) found that the sur
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face brightness density (i.e. mean surface brightness)gaflaxy
changes as a function of its size. This relation is usuallywkmas
the Kormendy relation (hereafter KR). The correlation ishsthat
larger galaxies have lower surface brightness densit@sapared
to their smaller counterparts. The size-luminosity relaSLR) is
widely used to establish the size evolution of galaxies asna-f
tion of redshift (e.g. Trujillo et al. 2006; van Dokkum et @D08).
Finally, the last projection of the FP that we consider irs tha-
per is the Faber-Jackson relation (Faber & Jackson 1976afier
FJIR), which relates the luminosity of a galaxy to its steli@ocity
dispersion.

The highest quality and best understood scaling relatiotisei
optical/near-infrared are the ones for early-type galxiis is be-
cause observationally they are much simpler than spiraik,less
complicated star formation histories, and less extinctgndust,
and thus tighter scaling relations (€.g. Laurikainen 5alL0). It
is for that reason that often the two groups are treated agghar
in physically similar relations: the prime example being tiela-
tions between the central stellar velocity dispersion apsbhite
luminosity of elliptical galaxies (FJR), and the rotatioalacity
and absolute luminosity of disc galaxiés (Tully & Fisher 197n
an attempt to unify properties of these two groups, spir&bges
are usually studied in terms of their bulge and disc propgrfThe
resemblance of bulges to ellipticals has lead to their Biolu in
the scaling relations of early-type systems
Khosroshahi et al. 2000; Falcon-Barroso ét al. 2002)paljh they
often reveal a much larger scatter and show, on average fset of
with respect to the relations of early-type galaxies. Wttile might
not be surprising due to the mentioned effects of (younget)as
populations and dust, part of the reason might also be then(ddr
from trivial) decoupling of the bulge from the disc.

These scaling relations exist for galaxy parameters at vari
ous radii. While photometric quantities inside one effextiadius
are easy to measure, the inherent limitations of traditi¢gingle-
aperture or long-slit) spectrographs have restricted tesurement
of the stellar velocity dispersion to the central regionsgafax-
ies. For instance, papers based on the Sloan Digital Skyegurv
(SDSS) data (e.g. Bernardi el al. 2003; Graves & Faber| 204@) u
velocity dispersions that have been determined from clegataxy
apertures, corrected to effective velocity dispersionsgustan-
dard aperture corrections. In this paper we follow the apgino
of [Cappellari et dl.[ (2006, hereafter Paper 1V) and make udse o
the panoramic capabilities AURON to measure velocity disper-
sions in circular apertures going out to an effective raiu$, and
present scaling relations for which all the parameters aasured
within the same aperture. This method offers the interggimssi-
bility of presenting the spiral Sa galaxies in the same i@iatas
early-type E/SO galaxies. When measuringfrom the integrated
galaxy spectrum galaxy broadening can be caused by irtrigsi
locity dispersions, or by galaxy rotation. Despite this entainty,
o Will still be a measure of the mass in a galaxy insitle In addi-
tion, these velocity dispersions will not be affected by phesence
of central discs, which often show low velocity dispersidesy.
[Falcon-Barroso et dl. 2003). Sindg for most of our Sa galaxies
is much larger than the radius inside which the galaxy butiaid
nates, the scaling relations will give us information ablootth the
bulges and the inner discs of the Sa galaxies. This papes tend
investigate both issues by combining photometry with iraegeld
spectroscopy for a representative sample of E to Sa gajdréased
in a consistent manner with a homogeneous database anddsetho
The importance of this last point should not be overlookedsup-
posedly standard parameters can vary greatly when meabyred
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different groups. An example of this is provided by the measu
ment of nuclear cusp slopes (e.a. Ferrareselet al) 1994; 8yain
[1996] Gebhardt et 4l. 1996; Carollo el al. 1997; Restlet 8120

With these goals in mind, we have carried out an optical
spectroscopic survey Gf2 representative nearby E/SO galaxies
and Sa galaxies to onk., using the custom-designed panoramic
integral-field spectrograptfSBAURON mounted on the William
Herschel Telescope, La Palna (Bacon ét al. 2001, hereadiserP
1). The SAURON representative sample was chosen to populate
uniformly M g—e planes, equally divided between cluster and field
objects(de Zeeuw et !al. 2002, hereafter Paper II). The wotkis
paper builds on previous results of our survey on scalinafiteis
in other wavelength domains (Paper 200@afitar
Paper XIIl). The reader is referred to other papers ofSA&RON
survey for results on the stellar kinematics (Emsellem e2@04)
and kinematic classification (Emsellem ef al. 2007; Cappedt al.
[2007) of early-type galaxies and their stellar populations
(Kuntschner et al.|_2006| Shapiro et al. 2010; Kuntschnet/et a
[2010) and on the kinematids (Falcon-Barroso Et al. 2006 yap-
ulation of early spirald (Peletier et|al. 2007). Hereafterwill refer
to them as Paper lll, IX, X, VI, XV, XVII, VIl and XI respectivg.

We present in this paper homogeneous ground-b&sédnd
and Spitzer3.6um-band imaging observations of tRe elliptical
E, 24 lenticular SO and 24 spiral Sa galaxies of S®&URON rep-
resentative sample. Aperture photometry (growth curvdyaig)
is carried out to homogeneously derive a number of chaiatiter
quantities to which the more compleSAURON integral-field
observations are compared. We introduce the sample selecti
biases and completeness §il. The observations and basic data
reduction are presented §i8. We describe the aperture photometry
and determination of the spectroscopic quantitie§ i and§ 5.
Bivariate scaling relations are shown§f@l, while the Fundamental
Plane relation is specifically addressed §i. We summarise
our results and conclude briefly 8. Description of the stellar
population synthesis models and methods used to deriviarstel
mass-to-light ratios for our galaxies are presented in Agjmed A
and[B. Scaling relations showing the dependencies withnkatie
substructure and environment are shown in Appefdix C. $able
with the measured quantities are presented in Appdnbix D.

Throughout the paper we adopt thReMAP (Wilkinson Mi-
crowave Anisotropy Probe) cosmological parameters for-b-
ble constant, the matter density and the cosmological anhsbf
respectivelyH, = 73kms~* Mpc™*, Qs = 0.24 andQy = 0.76

{.2007), although these parameters only haveat

effect on the physical scales of the galaxies due to theixigprity.

2 SAMPLE SELECTION, BIASES AND COMPLETENESS

The SAURON sample is designed to be representative of the popu-
lation of early-type galaxies in the nearby Universe. Bystac-
tion, E, SO and Sa galaxies were selected in equal numberis (24
each group) to populate uniformly the absolute magnitudsuse
ellipticity diagram. Within each morphological class, @dks were
chosen to sample the field and cluster environments equiiyn(
the field and 12 in clusters). The sample therefore consfsi o
galaxies. The basis for the sample selection was the Lyandivle
Extragalactic Database (LED997).

Besides the astrophysically-motivated criteria, therimsent
specifications impose further constraints on the sampkxsen:
6° < § < 64° to avoid instrument flexurezz < 3000 km s~}
to ensure that all the lines of interest are in the observedtsgl
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Figure 1. Photometric characterisation of t8AURON survey. Top row:V -band effective radiusK.), mean effective surface brightnegs.{)) and absolute
total magnitudes. Bottom row: same quantities in the:hand from theSpitzefIRAC dataset. The sample is defined such that galaxiesmmiqopulate
the desired B-band) absolute magnitude range and that our integral-dietervations reach typically as far as die (se€ de Zeeuw et/al, 2002).

range; Ms < —18 mag to ensure that all central velocity disper-
sions (above 75 km'g) can be measured; b |> 15° to avoid
crowded fields and large Galactic extinctions. These rgins
make theSAURON set a representative but incomplete luminosity-
and volume-limited sample of galaxies (see Paper II).

In Figure[1 we show some of the main properties of the
SAURON sample in theV- and 3.6um-bands. The photometric
guantities have been derived as outlined in Sedfion 4. Tl fie
of-view (FoV) for a single pointing of th&AURON integral-field
unit (IFU) is 33 x 41 arcseé, and therefore, as shown in the fig-
ure, covers up to one effective (half-light) radiis for most of
our galaxies. Larger galaxies were usually mosaiced witiersé
SAURON pointings to reach the effective radius. As intended in our
sample selection, our galaxies uniformly populate therddsabso-
lute magnitude range above the selection cut.

While Figure[d illustrates the limits in size, mean surface
brightness and luminosity of our sample, it still lacks imf@tion
about potential biases (other than the luminosity) and ekellof
completeness of our sample. Preliminary checks with largere
complete samples of early-type gaIaXZBere-
after BO3[ La Barbera et al. 2010; Cappellari et al. 20113 aéthat
our SAURON representative sample covers rather well the parame-
ter space defined by these three photometric indicatorgfor<21
mag arcsec’ at V-band. We illustrate this using theband cata-
logue of BO3 as a comparison sampled and 7. This dataset
consists of around 9000 early-type galaxies up to redst8fiadth
stellar velocity dispersions above 70 km's

3 OBSERVATIONS AND DATA REDUCTION

3.1 MDM dataset

Part of the imaging data were obtained at the 1.3m McGraw-Hil
Telescope of the MDM Observatory located on Kitt Peak, Ao
over 5 observing runs totallingd nights: 2003 March 25—-April 6,
2003 October 27—-November 2, 2004 February 18-25, 2005 April
11-17 and 2005 November 2—-6. The entB&URON representa-
tive sample was observed (Paper Il). The thin8 x 2048 pix?
backside-illuminated SITE ‘echelle’ CCD was used, and adi-ad
tional 128 column virtual overscan region was simultaneously ob-
tained with every frame. In direct imaging mod&/{.5), this yields
pixels of 0”508 x 0’508 and a17’4 x 17!4 field-of-view, ensuring
proper sampling of the seeing and plenty of sky around thyetar
for sky subtraction. The seeing was typicall{8 to 2”6 and no ob-
servation with a seeing abo@€0 was used. The readout noise and
gain were typicaly3.0 e~ and5.7 e~ ADU !, TheHubble Space
TelescopgHST) F555W and F814W filters were used, similar to
the CousinsV” and I optical filters. Long non-photometric expo-
sures were obtained during most nights. To reach a suffidegoth
and allow correction of CCD defects when combining the insage
our stated goal was to acquire at least three long offsetsexps in
each filter for every object. Exposure times for individuaig ex-
posures were typically00 s in F555W, although we adjusted both
the exposure times and the number of exposures based oneweath
conditions. To internally calibrate the photometry, weoasquired

a short (00 s) exposure of every object during the few truly photo-
metric nights.

(© 0000 RAS, MNRASDOQ, 000—-000



3.1.1 Data reduction

The data reduction of the MDM images was carried out usin
standard procedures iRAHY. The bias was subtracted in two steps.
First, the average of the overscan region of each frame was su
tracted from each column. Second, a ‘master’ bias was sibtta

from every frame. Since the bias was found to be stable, we use

a run-wide average of (overscan-subtracted) bias framesnelol

at the beginning and end of each night. Dark current was found

to be non-negligible and was subtracted using a ‘mastei,dar
again resulting from a run-wide average of dark frames abthi
at night during bad weather conditions. All galaxy and stadd
star exposures were then divided by a ‘master’ flatfield frame
resulting from an average of twilight frames obtained inhefiiter.
Surprisingly, the flatfields were found to vary from night tight
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SAURON series (Papers IV, VI, IX, X_McDermid etlal. 2006;

9) were computed from combined F814W HST and

9 MDM images before we identified this issue. Neverthelessyti-

ues calculated there appear to be 1% smaller than the onssireda
here in thél’-band (thus consistent with the presence of colour gra-
dients) and with a scatter implying a small error of 8%. Ndtatt

this issue has no effect on any of the conclusions in thoserpamd

has a very small effect on the quantities derived from owegrsl-

field data, which have been updated in Paper XV and subsequent
papers of th&SAURON series.

3.1.3 Flux calibration

During photometric nights, in addition to galaxies, we afs-

by up to2 per cent, so a night average was used whenever possible formed repeated observations of stellar fields includirenaard

This is not a major limitation, however, as we are mostlyrieséed
in azimuthally-averaged quantities (Sgd)). All images of a given
galaxy in each filter were registered using timatch routine by
Michael Richmond (available at http://spiff.rit.edu/rolaf), based
on the algorithm ba95). Star lists were ioleth
using SExtractor (Bertin & Arnout$| 1996). Position uncertainties
in the registered images were typically smaller than a terith
pixel. Individual images were then sky subtracted and coetbi
using a sigma clipping algorithm and proper scaling. Indeeatly
of the photometric calibration, the short exposures arereiszs
in the central region of many objects, where long exposures a
often saturated. The combined images were flux calibratedyus
the photometric transformations determined, night by tighthe
way explained below. We estimate the limiting surface lrigks
of our V-band data#25 mag arcsec?) as the surface brightness
level 1o above the uncertainties in the determination of the sky.

3.1.2 F814W images

During the reduction of the data a few important issues weea-i
tified in the F814W images. First, the images suffered framgfr
ing at thel—2 per cent level. Since no nighttime exposure of blank
fields was obtained, we attempted to devise an alternativeat®mn
from standard star exposures, and also from the galaxips'sexes
themselves. Standard star images, however, proved to bavevt
signal-to-noise ratio$'/N, while median-combined galaxy expo-
sures failed to remove all the galaxy signal, as most of ageta
cover a substantial fraction of the field-of-view. We therefcould
not correct for the fringing. Second, and most importargigys in
the F814W long-exposure images showed a faint, but extemaled
around them. This was mostly noticeable in the saturatesl. Sthis
problem, commonly termed 'red halo point spread functioBK)P,
is due to the use of thinned CCDs together with other effests r
lated to the aging of the telescope coating (see Mi¢hard! 26002
an in-depth study on the issue). These cause the PSF in tH&\F81
filter to extend to well over 100 arcsec (see also Wu kt al.| 2005
1 2008). Although one could in principle devise a aios,

it would be rather uncertain. Since this issue will affecy amea-
surement with this filter, we deemed the F814W dataset wainleli
and discarded it from our analysis.

The effective radii presented in previous papers of the

1 IRAF is distributed by National Optical Astronomy Obsenrés, which
is operated by the Association of Universities for ReseamnchAstronomy,
Inc., under cooperative agreement with the National Seidfgundation,
USA.
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stars frol2), covering a range of apparent iadgs
and colours; for many fields, the observations were repestéte
beginning, in the middle and at the end of the night, in order t
also calibrate the dependence on airmass. In total, we rach8i
stellar fields, with several (3 tex 10) standard stars in each one.
The aim was to calibrate the data using photometric solsitidithe
following form:

Mmvyv,std = MFs55W,ins + 2Fs55w + krssswA + 1)

crsssw (Mv std — MIstd),

wheremsq are the standard magnitudes fds)_Lt__(iQ%),,S

is the instrumental magnitude,the photometric zero-poink; the
atmospheric extinction coefficient| the airmass and the colour
correction coefficient. In practice, for each of our stellaids,
we identified the standard stars with the help of the maps pub-
lished byl Landolt[(1992), and for each star measured the mag-
nitude which enters in equatidd 1 asi.s. This was done by
means of standartRAF tasks, within thenoao.digiphot.daophot
andnoao.digiphot.photcgbackages. The sky background was eval-
uated taking the mode of the intensity in an annular regionraa
each star, situated 3-4 times the full-width half maximurd/¢fv)

of the stellar profile away from its peak; the star was skytsabed
and the computed magnitude corrected for aperture effatitthe
stars affected by scattered light or saturated, and thosehiich the
fits performed inIRAF did not converge, were removed. We took
all the remaining stars with measured instrumental madagwand
solved equatiohll fot, k andc. We then grouped the stars accord-
ing to the night in which they had been observed and solvethaga
equatior L on a 'per-night’ basis, keeping the colour terwhich

is very close to zero- fixed to the ‘global’ value determinedhe
previous step and fitting for the airmass teknand the zero point

z only. Given that the standard magnitudes of the reference La
dolt stars are in th& -band (Johnson) filter, the photometry of our
images is based on that filter. During the flux calibration,hage
therefore converted our images from the HST F555W tdtHeand
(Johnson) filter.

The internal accuracy of our flux calibration is around 0.03
magnitudes. In order to investigate systematic departofesur
calibration, we compared our measurements to apparentimagn
tudes measured with the same aperture on HST/WFPC2 PC1 im-
ages. The set of galaxies used in the comparison is thatshelli
byl.5) and for which sky values are reportde T
choice of aperture was arbitrarily set/&/2, with the constraint of
it being larger than5to avoid uncertainties derived from the differ-
ent PSFs and smaller than1& be fully included within the PC1
chip. The difference between olf-band magnitudes and those of
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Figure 2. Contours of the surface brightness of three galaxies in the
SAURON sample (in 0.25 mag arcseg steps) in both thé’- and 3.6m
bands. The largest isophotes are set to reach the limitirfgcgubrightness

of the survey in each band-@5 and~:21 mag arcsec? respectively). The
orientation of the images is such that north is up and easttislihe Hubble
morphological type is indicated in the bottom right corriére field-of-view

of the observations is much larger than displayed here.

Lauer's HST/F555W imaging is better than 0.05 magnitudes, rm
with a small systematic offset. The MDM flux calibration pictd
slightly brighter €0.05 mag) galaxies than HST. This shift is, how-
ever, within the expectetd — F555W zero-point transformation for
different late-type stellar templates (i.e. it conformshte dominant
old population in our galaxigs)

2 see Table 5.2 in the HST/WFPC2 handbook for zero-point foams-
tions (http://www.stsci.edu/hst/wfpi2).

3.2 Spitzer/IRAC 3.6um dataset

In an attempt to extend our analysis of the scaling relatimns
longer wavebands than the optical, and to alleviate thedbsise
F814W MDM observations, we decided to use the homogeneous
IRAC 3.6um imaging dataset provided by tt&pitzertelescope.
This dataset has the great advantage of being less sernsitikie
presence of dust and provides a better tracer for the undgrly
dominant, predominantly old stellar mass component ofxieda

We retrieved the InfraRed Array Camera (IRAC) images of our
sample galaxies &t6.m through the Spitzer Science Center (SSC)
archive. These archival images cover a significant fractibthe
SAURON sample, and were acquired in the context of several pro-
grams. The remaining objects were observed as part of thofispe
program 50630 (PI: G. van der Wolk) during Cycle 5, meant taco
plete observations of tHRAURON sample in both IRAC and MIPS
(Multiband Imaging Photometer for Spitzer) bands. We uded t
BCD images, and mosaiced them together using the MOPEX soft-
ware. This avoided the artificial point sources sometimesgmt
in the centre of the PBCD images. Details about the reduetien
given in the IRAC instrument HandbddKThe output mosaics were
then sky subtracted in the standard way. As indicated in &melh
book, a zero-point of 280.9 Jy was assumed for flux calibnatio
the data into the Vega system. Further details regardindatere-
duction can be found in Paper XV and in van der Wolk et al. (in
preparation).

After the data reduction and flux calibration processes, sve e
timate the limiting surface brightness of duizm-band data to be
~21 mag arcsec’. In order to illustrate the quality of our imaging,
in Figure 2 we show isophotal contours down to the limitingace
brightness of a few galaxies in our sample. The consistamtiya
photometric depth of both datasets ensures that our mehpare
rameters truly reflect the potential structural changes fasetion
of waveband, and are not affected by poor imaging.

3.3 Distances

We have made a comprehensive effort to collect the bestadlall
distance estimates in the literature for all galaxies in sample.
We have assigned distance estimates adopting the follquwiagty
order in the methods used:

(i) For 42 galaxies, the distances were obtained with thiaser
brightness fluctuation (SBF) method by Mei et al. (2007) foe t
ACS Virgo Cluster Survey, Cantiello etlal. (2007) using arah
ACS imaging, and Tonry et al. (2001) using ground-based intag
We subtract 0.06 mag from the latter distance moduli (i.2.,7&6
decrease in distance) to convert to the same zero point &$Sfie
Key Project Cepheid distances (Freedman et al.|2001).

(i) For 1 galaxy (NGC5308), the distance is derived using
Supernovae type la luminosities fram_Reindl €t al. (200%Q-s
tracting 0.43 mag from the distance moduli to convertHe =
73kms !t Mpc!.

(iii) For 10 galaxies within 12 of the Virgo cluster center
(defined by the galaxy M87) and with heliocentric velocities
2500km s™!, we followed| Crook et al.| (2007) and assigned the
Virgo cluster distance modulus 81.092 mag (Mei et all. 2007) and
an error 0f0.082 mag due to the depth of the cluster.

(iv) For 2 galaxies (NGC 2273 and NGC 5448), the distances

3 http://ssc.spitzer.caltech.edu/irac/dh/
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are based on "Look-Alike” galaxie’s (Patirel 1984) flom Vest al.
), calibrated with the HST Key Project Cepheid disésnc

(v) For 4 galaxies, the distances are based on the cornela¢io
tween galaxy luminosity and linewidth (Tully-Fisher rédat) from
), calibrated with the HST Key Project Cejoh
distances.

(vi) For1 galaxy (NGC5198), the distance is based om¥heo
(see87) relation from Willick et mmﬁopt-
ing Hy = 73kms ' Mpc™! and an error of).40 mag in the dis-
tance modulus.

(vii) For the remaining 12 galaxies, the distances are based
their observed heliocentric radial velocities given by I&Dsing
the velocity field model of Mould et all (2000) with the ternts f

the influence of the Virgo Cluster and the Great Attractor.

The methods (i)—(iii) typically yield errors in the distasof
< 10%, while methods (iv)—(vi) are expected to be accurate to bet
ter than<< 20%. Comparing these reliable distance estimates for
60/72 galaxies in our sample with the distance estimatescbas
the observed redshifts using method (vii), we find a (biwgigs-
persion of~ 23%. Taking into account the average 7% error in the
accurate distance estimates, we thus adopt for the red#dtdinces
a typical error ofx 22%, i.e. 0.487 mag in the redshift distance
modulus. Tables D1 ald D2 list the adopted distances as wtikea
sources of the distance estimates.

4 PHOTOMETRIC QUANTITIES

One of the main goals of this project is the measurement of ho-
mogeneous photometric quantities. As in Paper IV, we hatedop
for simple, yet frequently used, methods to derive theseaegl
This has the advantage of being well reproducible and ofrvallo
ing comparison with a wide range of studies (et
[1987]Jargensen etlal. 1992) . The values measured heresa ba
on aperture photometry. For each galaxy, in both%theand and
the 3.6um-band, we extracted radial profiles on circular apertures
using themgefit_sectorsl pLA package M@OZ). Fore-
ground stars and nearby objects were masked usin§Exé&actor
lists generated for the registration of the images (d8€l.1). The
profiles were flux calibrated and corrected for Galacticrestion
using the Ar and A 6,.m values from NED, which are based on
COBE IRASand the Leiden-Dwingeloo HI emission maps as dis-
cussed by Schlegel etlal. (1998). We have made no attempt-to co
rect the observed fluxes or luminosities for internal extorc
Throughout the figures of this paper, circles denote E/Sfxgal
ies and diamonds Sa galaxies. Filled symbols indicate gedavith
good distance estimates, whereas open symbols denotewvitbse
only recession velocity determinations. In blue we highfigast
Rotator galaxies, in red Slow Rotator galaxies (§B€l) and in
green Sa galaxies. The special case of NGC 4550, a galaxyrknow
to consist of two counter-rotating stellar discs of simitaass
[199P; Paper X), is marked in yellow.

4.1 Effective Radii, mean effective surface brightnesseséd
absolute magnitudes

We have determined the effective radii and mean effectiviace
brightnesses for our sample galaxies by fitting our apeghotom-

4 http://nedwww.ipac.caltech.edu/
5 http://www.ittvis.com/
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etry profiles withR'/" (Sérsili 1968) growth curves of the form

L(< R)

R
27r/0 I(RR dR (2

e [2 b(R/R )1/"]

(bn)Qn Y |47 On e ,

with ~ the incomplete gamma functio®. the effective radius.
the effective surface brightness @@t), n the Sérsic index describ-

ing the curvature of the radial profile, and we ad
[1999)

2 n IeRf

PR S S
" 3 405n = 25515n2’

which is an approximation to better thad—* for n > 0.36.

When fitting the growth curve profiles, generally the inner
~ 10" as well as regions outsiderlabove the sky level have been
ignored. The former avoids potential complications duéeogoint
spread function and the latter reduces the uncertaintescieted
with imperfect sky subtraction. We have used the integr&@mic
profile only to extrapolate the outermost part of the growtive to
infinity and estimate the total galaxy luminosity. Afterghive have
determinedR. from the radius where the growth curve profiles are
equal to half this total luminosity, i.e., equal Ia= L(<R.). In
other words, we have not adopted tRe values from the Seérsic
fit, even though they turned out to be very similar to thosenfro
the growth curve profiles after obtaininf. from the Sérsic fit.
While the surface brightness profiles of galaxies are ndepty
described by &'/* law (e.gl.Caon et él. 1993; Graham el al. 1996;
MacArthur et al| 2003), the growth curves for the vast majoof
the objects in our sample, typically early-type galaxiesrewvell
represented at large radii by = 4. However, the growth curves
of galaxies displaying extended discs and intermediatel¢e-®n
configurations (i.e. mainly spirals, but also some lenéics)l were
often poorly described by a de Vaucouleurs law, hence walfitte
a Sersic law withn < 4 instead. Overall, the adopted Sérsic in-
dicesn were the same in both the€-band and the.6um-band.
The adopted Sérsic values together with all the other photomet-
ric quantities for the sample galaxies are listed in Tabldsand
[D2. The approach of using aR'/* growth curve to extrapolate
the galaxy luminosity to infinity was the same adopted bysitas
studies (e.g._Burstein etlal. 1987; Jorgensen, Franx, &rtjaed

) and by previous papers of our survey on scaling relatio
(e.g. Paper V). This allows for a direct comparison of oumiers
with theirs. In addition to the measurementdQfand ., we have
computed their uncertainties via MonteCarlo realisati@esides
including the uncertainty in the background sky subtractiee in-
cluded correlations among the pixels in the images in tweifit
ways, providing lower and upper limits to the uncertaintiéisst,
we assumed that the dominant source of error is Poisson aoise
that the pixels are un-correlated when we include the eirnotise
sky, except for scales smaller than the FWHM of the PSF. Femeth
scales we defined a correlation length (FWHM/pixel scaleictvh
we set to 2.0 after some tests. The choice of this correldgiogth
does not significantly change the output uncertaintiesdares be-
low 6. Second, we assumed that the pixels are fully correlatel
that this is significantly higher than the Poisson noise (Wi also
included). We adopted as the uncertainty the one produceteby
first method throughout the paper. The second estimate i@ go
test to assess the maximum error one could expect in the worse
possible situation. For reference we show the differerdramea-
surements folR, in Fig[3.

The total apparent magnitude and corresponding uncertaint

®)
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Figure 3. Ratio betweenii, v and R, 3.6 for our sample of galaxies.
The solid thick line shows the average rati.([3.¢)/Re,v). The dashed
line marks the one-to-one relation. Circles denote E/S@xges, diamonds
Sa galaxies. Filled symbols indicate galaxies with goothdise estimates,
open symbols those with only recession velocity deterrianat In blue we

highlight Fast Rotators, in red Slow Rotators and in greenSh galaxies.
The special case of NGC 4550, with two similarly-massiventertrotating

disc-like components, is marked in yellow. Black/gray etrars denote the
minimum/maximum uncertainties in our analysis (§4€l)

follows from L., simply asm —2.5log(2Le). The mean ef-
fective surface brightness was computed by dividing the to-
tal luminosity measured within one effective radius, by #rea
of the apertureA. = wR.?, and expressing it in magnitudes,
(pe)= —2.51log(Le/Ae). Since the effective luminosity and radius
are correlated, the uncertainty in the mean effective sarfaight-
ness was derived after first computing the ) values for each of
the corresponding Monte Carlo realisationd.efand R..

As already shown by other authors (e@a1999;
BBernardi et al. | 2003;._MacArthur etlal. 2003; tal.
),RC values in the infrared appear to be, in general, smaller
than those in optical bands. This is mostly due to the fa¢tgatax-
ies tend to be bluer in the outer parts and therefore emitifgesat
these longer wavelengt990). In Figlwe 8how
the relation we find between the independently measixed and
R. 3.6) values;R. [3.¢) is On average 29% smaller thdhy v. As a
results of this, and as shown§fgl andT, differences are thus found
in the scaling relations for the two photometric bands.

4.2 Literature comparison

In order to test the reliability of our measurements, we hzm-
pared them with published values in the literature. Thisr@se

can reveal large differences among sources, mainly depgrati

the depth of the data, photometric band and most importantly
the methodology used to derive the relevant quantities.i¢n F
ure[4 we show the comparison of our estimated values with a
few references in the literature (de Vaucouleurs Et al. |18@hre
11999;| Jarrett et al. 2000; Kormendy etlal. 2009). When necgss
the literature major-axifi. estimates have been transformed to
geometric-mean radius to compare with our values obtaired f
circular apertures. As shown in the figure, the agreemertt thi
different sources is generally good with a typical scatfealmout
0.14 dex inR. and 0.2 mag in apparent magnitude. The most no-

torious difference in our sample is that of NGC 4486 (M87)eveh

our measured value in tié-band of106”, contrasts with other val-
ues in the literature9s” , [de Vaucouleurs et &I, 199104”, [Pahre

[1999;171”, [Ferrarese et dl. 199494”,[Kormendy et al. 2009).

In addition, we show the best-fitting FP relations preseiried
§[77, including data from the same sources. We carry out tis ¢
parison to assess whether different methods to estimatstiihe
tural parameters can affect our relations. In order to mizenun-
certainties, we have re-derived for each source’'s?. value. In
addition, if not provided, our estimated distances werel tise&on-
vert R. from arcsec to kiloparsecs. In the cas etal.
), we do not use their tabulated mean surface brigbgsebut
instead compute them ourselves from the total luminosityedfec-
tive radii they provide in their Table 1 (columns 9 and 17)isTik
to mimic as much as possible our procedure to compute th@phot
metric quantities. The figure shows that even though thetstral
parameters individually might vary among the differentrses, in
combination they agree well within the observed scatted, thos
our best-fitting parameters should not be biased in anyqodati
way.

4.3 V —[3.6] colours

Colour measurements have been widely used in the past to ex-
tract first order information on the stellar content of géaxand

constraint different formation scenarios (€.9. White 1:988rlberg

m). Here we determine the effective colour

(V —1[3.6])c

—2.5log(Lv (< Re,v)/Liz.6)(< Re,v)) + const.

4)
measured within &. v aperture. The choice dt. v was preferred
over R, (3.¢) to match the aperture used to extract @AURON
spectroscopic quantities (séBl). Aperture corrections, as devised
in the IRAC Instrument Handbook, have been taken into adcoun
when deriving the colours. We will use the information franese
parameters, together with absorption line-strength ewlito estab-
lish the stellar population properties of our galaxies fifedent re-
gions of the scaling relations presented here.

Central colours (e.g. withimR. v//8) were not derived due to
the complexity in matching the MDM an8pitzerPSFs. Further-
more, V — [3.6] colour gradients were also discarded given the
presence of dust in many of our galaxies, which introducatifes
in the colour profiles that cannot be accounted for with alsitig-
ear relation. Nevertheless, an in-depth analysis of cqdoafiles in
the SAURON sample, using th8pitzefIRAC 3.6 and4.5um bands,
will be the subject of study in Peletier et al. (2011, in prepian).

5 SAURON QUANTITIES

In addition to the aperture photometry extracted from theNWD
and SpitzefIRAC images, we have determined a number of
guantities from ouSAURON integral-field data that are key for the
analysis presented in this paper. These are parametensbifggc
the richness in dynamical substructures and the stellaenbof
the galaxies in our sample. They have been computed folfpthia
procedures detailed in previous papers of$A&JRON survey. Here
we will briefly summarise the main aspects and refer the retade
the relevant papers for a full description of the methodsleyaal.
For convenience, the final set of spectroscopic quantisidisted

in Table§ DB and_D4.
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Figure 4. Comparison of our aperture photometry with the literatlreur leftmost panelsR. and apparent magnitudes from this paper are compared to

991;[Paar 1999; 3+0

those in the literature (RC

000; K 210819) forV - and3.6um-bands. We

subtracted 0.1 mag to the literatufé-band values (i.e. the medki—[3.6] colour for old stellar populations) to compensatetfe colour difference. Mean
offset and scatter are indicated for all sources (All) anél B@ne (as it is the only sample available in the two bandsHertwo quantities). Two rightmost
panels: the best Fundamental Plane relations deriv§fifl showing our data as well as the literature data for ouptanf galaxies (see details §i4.2).

Dashed lines in the Fundamental Plane relations markdhencertainty.

5.1 Kinematic quantities

The stellar kinematics of our sample galaxies have been ex-
tracted following the procedure outlined in Papers IX and X.

Briefly, we used pPXF|(Cappellari & Emsellem 2004) to fit a

linear combination of stellar templates from the MILES &br
(Sanchez-Blazquez etlal. 2006) and derive the best méagitye)’
and velocity dispersioa for each spectrum in our datacubes. In this
paper we are mostly interested in extracting the true firstugoc-
ity moments of the line-of-sight velocity distribution (IS¥D), and
therefore we deliberately do not fit the higher order mométs
h4). We use the extracted ando maps to computer, a param-
eter that measures the specific angular momentum wRhjin and
that has led to the new kinematical classification of gakxiee-
sented in Paper IX. Throughout this paper we will identifySiew
Rotators(hereafter SR) those galaxies wiklx < 0.1, and asFast
Rotators(hereafter FR) the rest (as all the papers in S3%&JRON
series since Paper 1X). We note that for this sample, thetinata
is consistent with that based on the improved criterion é@effiim
[Emsellem et 21.[(2011) for the galaxies in the ATLESsampl@
(Cappellari et al. 2011).

In order to plot some of the scaling relations§if, we have
measured the mean stellar velocity dispersion withifRar aper-
ture. For that purpose, we summed up all the spectra awailabl
within such acircular aperture and then computedollowing the
same procedure described above. Whenever the apertureotvas n
fully contained within theSAURON FoV, we used the velocity dis-
persion calibration of Paper IV (equation 1) to correct calues.

6 http://purl.org/atlas3d

(© 0000 RAS, MNRASD00, 000—-000

For some aspects if[Z.5, we have also measured the mean stel-
lar velocity dispersion within af. /8 aperture . ). As in other
papers in the survey (see Papers IV and XVII), we adopt a rando
error of 5% for our measured velocity dispersion values.

Finally, we make use of the results|in Krajnovic et al. (2008
hereafter Paper XIl) to describe the level of kinematic suios
ture present in our maps (e.g. inner discs, kinematicalgpdpled
cores, kinematic twists).

5.2 Stellar population quantities

As well as stellar kinematic quantities, we have also mebline-
strength indices withinR. v. In this paper, in order to be fully
consistent with the procedures employed to derive theastieihe-
matics and to minimize the uncertainties in the absolutéical
tion of the line-strength indices, we have opted to measheert-
dices in the recently defineldne Index Syster(LIS) LIS-14.0A
(Vazdekis et dl. 2010, hereafter VAZ10). This method hasathe
vantage of circumventing the use of the so-called Lick fittinnc-
tions for the model predictions, which requires the detaation
of often uncertain offsets to account for differences inftbe cal-
ibration between models and observations. The only redstep
to bring our flux-calibrated data to the LIS-lZﬁG;ystem is to con-
volve the aperture spectra to a total FWHM of 1A.0The choice
of LIS-14.0A over other proposed systems (e.g. LISA.6r LIS-
8.4,&) is imposed by the galaxy with the largest in our sample
(i.e. NGC 4486).
Besides the standard Lick indices_(Worley 1994) that can

be measured within our wavelength range (i.e3, H-e5015,
Mgb), we have also measured thegH index presented in
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Figure 5. Relation between the fHland H3, line-strength indices for our
sample galaxies. Colours and symbols as in[fig.3. The dagtagdlines
mark the predictions of the_Vazdekis et Mom) models diffierent
metallicities. ([M/H]=[-2.32, —1.71,—1.31,—0.71, —0.40, 0.0, +0.2]).
Our sample appears to closely follow the predictions at higtallicities.

Cervantes & VazdeKis (2009). This new index is similar todtzs-

sical H3 index, but it has the advantage of being less sensitive to

metallicity. For convenience, we show the relation betwibertwo
indices for our galaxies in Fi§] 5. We however warn the re it
this relation is necessarily biased by our sample selecgamce
we are using stellar population models with solar abundaaties,

we use the [MgFeSO]ndeﬂ to minimise the effects ak-elements
over abundances (see Paper XVII). For galaxies ith, larger
than theSAURON coverage, we applied the line-strength aperture
corrections devised in Paper VI. As established in Paper Xyfb-

ical random errors for our measured values arédQith system-
atic uncertainties being 0.06, 0.15 and Qlorr Hg3, Fe5015 and

Mgb respectively. We assume the same aperture correctiong-and e

rors as Hb for the H3, index.

Figure[® shows the location of our galaxies in thé &hd H3,
vs [MgFe50] diagrams in the LIS-14.A system. The figure illus-
trates the main reasons for adopting thé,Hnhdex over the tradi-
tional Lick H3 index: (1) the HB, is more insensitive to metallicity
than H3 down to [M/H]~ —0.71, which makes the diagram more
orthogonal, and (2) the vast majority of our galaxies fathivi the
model predictions, which is crucial for a proper estimatidrihe
stellar mass-to-light ratiosy().

Throughout this paper we investigate the potential depende
cies on age via the line-strength indeg¥H This is to be able to in-
clude the Sa galaxies in the same diagrams. While the useesf ag
metallicities and abundance ratios is in general desistinates of
these parameters from a single-stellar population (SSiYysis, as

HB (A)

L L I L L L L B L B |

N

LI B L B L L L B R R I

e b b b b T b b b by

[MgFe50]" (A)

Figure 6. Line-strength index relations for tHeAURON sample galaxies

in the LIS-14.08 system 10). Colours and symbols as
in Fig.[3. The line-strength indices presented have beersuned within a

R, v aperture. Grids show model predictions for constant agasz(mtal
lines with labels in Gyr) and metallicities (vertical linkbelled with [M/H]

with respect to solar metallicity). The top panel shows thssical H3 Lick
index [Worthey 1994) versus [MgFe30The bottom panel shows the same
diagram, but with the the recently definedélindex mis

2009) instead of K.

6 SCALING RELATIONS

In this section we show some of the classic scaling relafionthe
SAURON sample of early-type galaxies. Although much work has
been devoted to these relations in the literature, mosparsging

was done for the 48 E and SO galaxies in Paper XVII, are not rec- galaxies by their morphological classification, here wé foitus on

ommended given the more continuous star-formation agtitiey
have experienced (see Paper XI for more details on thesethed o
caveats). The use of thedd index will instead provide a robust first
order indication of the presence of young stars in our gataxi

how deviations from scaling relations depend on the kinaniat
formation and stellar populations from our integral-fietdal Since
we found no significant correlation with the level of kinematub-
structure or environment in any of the considered scalitations

As is required in some of the relations we are presenting in (demonstrated in AppendiX C), we focus on differences betvike

this paper, we have estimated theof our sample galaxies in both
the V- and3.6um-bands. We dedicate Appendi¢es A aid B to the

SR E/SO, FR E/S0, and Sa galaxies.
In the following sections we derive linear fits of the fogm=

description of the set of models and the methods used toederiv oz + 3 to all relations, except the Fundamental Plang & We

these values.

7 [MgFe50]=0.5x [0.69x Mgb+Fe5015]

started from the1TExYH routine taken from the IDL Astro-Library

3) which fits a straight line to data with eriars

8 Based on a similar routine t992).
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both directions, which we extended to include possiblestations
between the errors in both directions. To find the straigte that
best fits a set ofV data pointsr; andy;, with symmetric errors
Az; andAy; and covarianc€ov (x5, y;), the routine minimizes

2 (y; —ax; — B)?
X =) “Am AT ®)
j; Agba N + A12nt
where the combined observational error is given by
Alosj = (Ay;)” +a®(Az))” — 20 Cov(z;,y;),  (6)

and Ay is the intrinsic scatter, which is increased until the value
of x? per degrees of freedom is unity. Next, finding the changes in
« and B needed to increase? by unity, yields the (1) uncertain-
ties on the best-fit parameters. The values p&re normalized by
subtracting the corresponding observational quantitesgalaxy

by the median value of all galaxies. This choice for the fee
value (or pivot point) minimizes the uncertainty in the fittslope

« and its correlation with the intercept The details and benefits
of this approach are described in Tremaine et al. (2002).

In deriving the errorf\z; andAy;, we include the uncertain-
ties in all contributing quantities, i.e., the errors in tiistances,
the photometric quantities, the kinematic quantitiesligateeloc-
ity dispersion) and the stellar population quantities.r€ations in
the photometric quantities are taking into account via ounié
Carlo realizations of; [4.1]); for example, when deriving the error
N (pe)= —2.5log [Le/(mRZ)], we first compute from all realiza-
tions of L. and R. the corresponding.) values, and then derive
the error as the (biweight) standard deviation. Similar Mddarlo
simulations of all quantities are used to calculate the Ganae
Cov(z;,y;), which can be significant especially when the same
quantities are used in botk; andy;, such asR. in the Kormendy
relation and the distance in the size-Luminosity relation.
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galaxies using the effective colour (- [3.6]).. There are two main
sources that can change the slope and increase the intscesic
ter in these CMRs: young stellar populations and dust etkinc
They have opposite effects. Young populations will, in pigte,
shift galaxies down from the relation (galaxies becomejuehile
dust will make galaxies appear redder than their stellauladions.
Our sample contains galaxies which clearly exhibit dustginmm-
tably Sa galaxies). Since we have made no attempt to comect f
internal extinction, the position of these galaxies in AR can-
not be used to infer information about their stellar popals. The
reddest objects (NGC 1056, NGC 2273, NGC 4220, NGC 4235 and
NGC 5953) in the plotted relations are indeed Sa galaxigs veity
prominent dust lanes.

The bottom-left panel of Fid.]7 shows the colour versus
relation. Here both the FR and SR families define a much tighte
sequence than in the CMRs shown in the top panels. Parfigular
striking are the relations defined by the SRs and FRs, witimint
sic scatters of only 0.019 and 0.064 mag respectively, assgup
to the Sa galaxies with deviations of about 0.30 mag, sintdar
those of the CMRs. The Sa galaxies systematically populage a
gion above the best-fit relation. Given the relative ins@rii of
oe to dust (at least much less than absolute magnitudes in the op
tical), this diagram is potentially useful to remove dushyjeets in
samples destined for CMR studies. It also confirms that thesae
dust content is larger in spiral galaxies than in earligpetgystems.
Despite these deviant objects, it is worth noting that tlaeesa few
Sa galaxies in the region populated by SR/FR galaxies.

As already shown in Papers XI, Xlll and XV, our sample con-
tains a number of objects with clear signs of widespreadfetar
mation (NGC 3032, NGC 3156, NGC 4150, NGC 3489, NGC 4369,
NGC 4383, NGC 4405 and NGC5953). Following the arguments
outlined above, one might expect these galaxies to dispiay t
bluest colours (in the absence of dust). Surprisingly, thisot

Unless mentioned otherwise, for consistency and hence for the case. In order to understand this behaviour, we havéeglot

easy comparison with most publications on scaling relatifor
early-type galaxies, only E/SO galaxies with reliable alise es-
timates are included in the fits (i.e. 46 objects). The rasylbest-

fit relations are written in the figures themselves, whilelibst-fit
parameters and corresponding errors are given in Tableelvdlh
ues indicated byAs: represent the scatter around the best-fit rela-
tion in the vertical direction, i.e., the (biweight) standlaeviation

of y; — ax; — B, for the galaxieg used in the fit. The value in
parentheses is the intrinsic scatter, after subtractinguadrature,
from Ag; the (biweight) mean of the combined observational er-
rors Aons,j, Which, as indicated in equatiofl (6), include potential
covariances between the variables. The intrinsic scasiees and
corresponding error estimates can be found in Table 1. We con
firmed that well within these errors, the intrinsic scattelues are
the same ad\i,,; in equatior s when the value gf per degrees of
freedom is unity. The other quoted scatter valdgs | are based
onall galaxies within the family/families indicated by the index
square brackets, i.e., also the galaxies with distancexitastheir
recession velocities.

6.1 Relations with colour

We presented a set of CMRs in different photometric bandsain P
pers Xlll and XV. In both cases the most deviant objects wataxg
ies displaying widespread ongoing star formation. Here riregka
new element to these works by investigating the locatioratsbges
with distinct kinematic properties (e.g. SR/FR) in the CMR.

In Figure[T (top panels) we plot the CMRs for our sample

(© 0000 RAS, MNRASD00, 000—-000

in the bottom-right panel of Fid.] 7 the effective colour wesghe
Hp3, index measured within the same aperture. In addition to our
data points, we also include colour predictions f.
m, hereafter MAROE)together with line-strength predictions
from the recently released MILES moc@s{VAZlO) This combi-
nation of colours and line indices is consistent, in the s¢nat both
predictions are based on the same set of isochrone dice
[2000) and were computed for a Kroupa (2001) initial mass s-func
tion. These isochrones take into account the latest stdgs®le

lar evolution through the thermally pulsing asymptoticgibranch
(AGB) regime to the point of complete envelope ejection. Sehe
models show that the dependence of thie-{ [3.6]). colour with
age is rather subtle even for young stellar populationggogiuch
more sensitive to metallicity than age. This is the reasdiriokthe
lack of a strong signature of the youngest objects in the CiRs
FigurelT.

Now that we have assessed that metallicity is the main doiver
the (V' — [3.6]). colour, we can deduce from the colotir-relation
that there must be a strong correlation between metallicityo..

We have made an attempt to determine this relation by comguti
the best linear relation between metallicityd/ H]) andV — [3.6]
colour in the MARO8 modelsi — [3.6] = 0.73[M/H] +3.28, see
Appendix[8), and then substituting that in the colour.-relation
found here. The selected galaxies are predominantly oldtzursl

9 http://stev.oapd.inaf.it/cmd, version 2.2
10 http://miles.iac.es
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Figure 7. Colour-magnitude, colous, and colour-t8,, relations for theSAURON sample of galaxies. The best-fit linear relations to the EfSl@xies with
good distance determinations are indicated in each padeh@nshown with solid black lineg\g, indicates the observed and intrinsic scatters (the latter i
parentheses) for the galaxies used to obtain the fit, while | represent the measured values for the different familiearat the best-fit relations. Colours
and symbols as in Figufd 3. The lines in the bottom-right panerespond to tha08) model colour préaiits combined with MILES

LZ_QiO) Lick/IDS line-strength indices fdffetent metallicities (se§ [6.1 for details): [M/H]=[-0.71 (dotted-dashed);-0.40 (dashed)0.00
(solid), +0.20 (dotted)]. For reference, some ages (in Gyr) are indicakedgathe different metallicity tracks. Peaks seen in the@apltracks are due to an
enhancement in the production rate of AGB stars, that causesisient red phase in the integrated SSP coIourm @).

are well reproduced by single stellar population modelss Yields
a relation of the form

[M/H] = 0.88 (£0.07) log(ce) — 1.92 (40.16).

(R. Schiavon, private communication) afd/Fe is taken from
Paper XVII. The slope of the resulting relation still apgsety be
a factor of 2 steeper than that of Paper XVII. The apparent in-
consistency between the two determinations might indisatee
issues in the modelling of the always complex AGB phase. The
comparison with other relations in the literature (&.g.0é@sen
[1999;| Kuntschner 2000; Trager ef al. 2000; Thomas!et al.|:2005
Sanchez-Blazquez etlal. 2006; Proctor et al. 2008; Adiaret al.
[2009] Graves et dl. 2009) is not straightforward eitheresiitc ad-

)

A similarly strong correlation was presented in Paper XVII
([Z/H](R.) = 0.32log(o.) — 0.82) from an independent set of
model predictions@ﬁi@ﬁ) and methodology (i.&agus
line-strength indices rather than colours). Note, howetreat the
two relations cannot be directly compared as the one predént
Paper XVII is based on non-solar scaled stellar populatiaa-m  dition to the stellar population models used, they are mdsised
els, while the one derived here is not. In order to comparenthe on central aperture measurements (both metallicity aratitgldis-
we have determined the metallicity of our models using the re persion).

lation from the MARO8 models and then adjusted it assuming

[Z/H] = [M/H] + 0.75]«/Fé, where the factor 0.75 is a con-
stant that depends on the element partition used for the Ismode

(© 0000 RAS, MNRASDOQ, 000—-000
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Figure 8. Kormendy (KR) and size-luminosity (SLR) relations for theaxies in theSAURON sample in thé/- and3.6,m-bands. Symbols as in F[g. 3. The
thick solid line is the best fit relation (as indicated in tlygiation in each panelA g, indicates the observed and intrinsic scatters (the laitparentheses) for
the galaxies used to obtain the fit, whilg . | represent the measured values for the different familiesrat the best-fit relations. The grey area marks the

extent of thm@%) sample.

6.2 Kormendy and size-luminosity relations

The KR and SLR for theSAURON sample of galaxies are shown
together in Fig[B. As already noticed by other authors, tieer
one obtains for these relations critically depends on tlogptd se-
lection criteria. In particular, the Malmquist bias caussdselect-
ing galaxies according to their luminosities can have agampact

on the resulting best-fit relatioh_(Nigoche-Netro i al. 200rhe
volume and luminosity range of our survey means we lack small
high surface brightness, faint objects (as estimated fraonapar-
ison with the parent sample of galaxies in the ATLRSsurvey,
Cappellari et 2. 2011). Nonetheless, limiting our fit toayéés with
distances below 25 Mpc (where our sample does not suffeethos
limitations) results in best-fit relations that are ideatiwithin the
uncertainties. The comparison of our data in the KR and SUR wi
that of BO3 shows that the strongest bias introduced in oal-an
ysis by the sample selection is in mean surface brightnegth W
the exception of NGC 5845 (the galaxy with the smallgs}, our
galaxies seem to populate rather homogeneously the areedefi
by the BO3 sample fotu.v)< 21 mag arcsec®. This implies a
shallower KR and steeper SLR relation than in the more cam@ple
B03 sample.

The observed scatter around the best-fit relations is densis
with that found in others studies for galaxies within the samag-

nitude range (e.g. Nigoche-Netro etlal. 2008). It appeasttiere

is still a significant amount of intrinsic scatter in bothatgbns, with
the SR family displaying the smallest values. SR galaxied te

(© 0000 RAS, MNRASD00, 000—-000

populate the high luminosity end (with the exception of NGIGE),
while FR extend across the whole luminosity range displayed
our sample. In general, Sa galaxies appear to be fainterz(h
mag) than SR/FR galaxies of the same size. This result i$stens
with the observed strong dependence of these relations gohmo
logical type (e.d. Courteau etlal. 2007).

One interesting feature is the lack of large, high surface
brightness (or small and very luminous) galaxies. Thige of
avoidance (ZOA) was already noted by Bender et al. (1992)
and has been later better defined by D'Onofrio étlal. (2006) an
Cappellari et al|(2011).

6.3 Faber-Jackson relation

In Figure[9, we show FJRs for our sample. As in previous reaeti
the SR family tends to occupy the high luminosity end of the
relations. Sa galaxies, however, deviate from the beseffitions

in the sense that they systematically populate high lunitiess
for a given o, (for 0.<125 kms'). Disc galaxies are often
characterised by the Tully-Fisher relatian (Tully & FishE977)
instead of the FJR. This is because in low mass systems the
maximum rotational velocity is a much better tracer of totess
than the traditionally measured central velocity dispersi The
use of a large aperture for the velocity dispersion measemém
(oe) presented here significantly helps to improve matters bygus
a parameter close to the integrated second moment (seelWaper
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Figure 9. Faber-Jackson relation for the galaxies in 8#8JRON sample in
the V- and3.6m-band. Symbols as in Figl 3. The solid line is the best fit re-
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for the galaxies used to obtain the fit, whilg | represent the measured
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marks the extent of tHe Bernardi et @003) sample.

We believe that the observed offset is mainly a stellar petr
effect, whereby Sa galaxies are on average younger (andhtves
in general lower stellar mass-to-light ratios) than eartiges,
as already discussed in the literature (e.g. Paper Xl). &ffiect
is further supported by the best-fitting relation for the SBg.
predominantly old systems). As shown in the figure, the slafpe
the relation for the SRs is larger (dashed line) than theiralg
fit and in better agreement with BO3. Nevertheless, the nurobe
SRs in our sample is rather limited and thus complete sanfplgs
ATLAS®P survey) are required to confirm the observed trend.
The FJR for our sample appears to 'bend’ toward wal-

ues at low luminosities. There is a hint of this feature inrelations

7 FUNDAMENTAL PLANE

In this paper we adopt the following notation for the FP:

log(Re) = a log(oe) + B (pte) + 7- 8

The multivariate nature of the FP makes common least-sguare
minimisation algorithms not suitable to determine the mpain
rameters &, 3,7). The literature is vast on alternative methods
(e.g. 9o7: La Barbera et al. 2000; Sagh et
), several of which we tested to yield consistent begiafi
rameters within the corresponding estimated errors. TheeBHts
presented in this paper are determined via an orthogonal fiitib-
imizing the sum of the absolute residuals perpendiculdnegtane
(e.glJgrgensen etlal, 1996). Assildl, we include the uncertainties
in all contributing quantities and take into account catieins in
the photometric quantities via our Monte Carlo realization

In addition to the fitting scheme, sample selection biases in
any of the quantities of Eq. 8 can have an important impact on
the resulting coefficients_(Nigoche-Netro et al. 2009). Weven
tested the sensitivity of our best-fit parameters to magdeitand
distance (the two main selection criteria in our sample)r Ou
sample is a good representation, in terms of luminosity, hef t
complete early-type galaxy population up to a distance d¥l@e,
beyond which we lack small, faint, high surface brightndsgcts.
Nevertheless, the inclusion of galaxies at larger distauriardly
alters the best-fit parameters. In terms of luminosity aldhe
best-fit parameters remain within the uncertainties as Emghe
faintest level in absolute magnitude is brighter thag M —19
and M3 ~ —22 magnitudes. Therefore, while distance has no
major impact on the best-fit parameters, the removal of timefia
objects in our sample does. As shown in Fig. ard
), the expected bias in the parameter due to our sample
selection in terms of absolute magnitude is below 10%. Aghiio
relations we restrict our fit to E/SO galaxies with good dis&
determinations (i.e. filled SR/FR galaxies in the relatjofsom
the comparison of our data with those of B03, we have estadalis
that the lack of objects withiu. v)< 21.0 mag arcsec? in our
sample effectively means that we miss galaxies Vit>12 kpc.
We have checked, using the BO3 sample, that this effect daoes n
seem to bias our results in any particular way.

7.1 Classic FP

In Figure[I0 we present the FP for our sample galaxies in thah t
V-band and3.6um-band. Sa galaxies share the same relation de-
fined by early-type systems and are not clearly displaceahbtie
relation as they usually are. We believe that the main re&son
this behaviour is the way we have derived the quantitiesiveeb
When including spiral galaxies in the FP, it is customary &asure

the photometric and spectroscopic quantities only withaliulge

dominated region (e.g. Falcon-Barroso et al. 2002). Hezehawe

for the Coma Cluster by Bower etlal. (1992) and Jgrgensen et al measured the half-light radius, mean surface brightnebselncity

(1996), but it is somehow not seen in other relations in the i

dispersion in a consistent and homogeneous way for all g as-

erature based on much larger numbers of galaxies (e.g. B03,gardless of morphological type. The importance of also aging

La Barbera et al. 2010). This might be because galaxies with |
velocity dispersions are often removed from the samplesspec-
tive of selection effects, the slopes derived here are tijiginal-
lower than previously found (e.999). In part thibe-
cause it is common to use central velocity dispersions, htiid
increasingly deviate from the values reported here (medsur a
larger aperture) for larger galaxies, as the velocity disipe gradi-
ents are steeper in the inner parts of larger galaxies.

the velocity dispersion within the same half-light radiussalready
shown in Figurd}: even though the photometric quantitigsrta
from different literature sources for galaxies in our sagripdivid-
ually might vary substantially, when combined with a cotesigly
measured integrated velocity dispersion, they all fall an loest-
fit classic FP. In§[Z.H we investigate the effects in the best-fitting
parameters if non-consistent velocity dispersion measengs are
used.
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The best-fit coefficients in both bands are somewhat inconsis starburst in the last 2 Gyr (see Paper XVIl). NGC 7332 wasdye
tent with some of the most recent works in the Iiterature.@b recognised as an outlier of the FP in the optical and near-IR
[1999;[Bernardi et al. 2003; Proctor ef al. 2008; Hyde & Badhar ~ bands byl Falcon-Barroso ef al. (2002). Although it shovgmsi
[2009;| La Barbera et Al. 2009). Although difficult to assessuac of widespread young populations, it is not at the level ofeoth

rately, we believe that the main differences are due to a guatibn early-type galaxies. Nevertheless, this object is pecitiahat it
of photometric bands employed, fitting methods, and spgcial is rich in kinematic substructure (Falcon-Barroso et 804 and
sample selection (since we include the Sa galaxies, uniidqus might have suffered from a recent interaction with NGC 7339.
works). There is nevertheless a large disparity in theditee Moreover, the presence of two gaseous counter-rotatings dis

regarding the value of the FP coefficients. There seems to be, (Plana & Boulestelx 1996) suggests that this galaxy mightbeo
however, a consensus on the fact thathanges gradually with in dynamical equilibrium. It is interesting to note that tblject

photometric band (increasing with wavelength) whileremains in our sample with the strongest presence of widespreadgyoun
almost constant (e.g. Hyde & Bernardi 2009). The relatie@rs/dd populations, NGC 3032, does not deviate at all from the bisst fi
here share that property. The parameters also deviate frowmirial Individual inspection of the outliers to understand thesozes

theorem predictions (i.ex = 2 and3 = 0.4 in the notation used for their unusual location with respect to the main FP sthpsgg-
here), an effect known as thelt’ of the FP. At first sight it might gests young stellar populations as a common factor. Wetigets
seem surprising that th@coefficient in thel’-band, more sensitive  this further by exploring whether the residuals correlaith stellar

to young stellar populations than infrared bands, has dairvalue population quantities, such as3sshown in Figuré 1. A correla-
to that in the3.6pum-band. It is important to remember, however, tion with the H3, index indeed exists in both bands. With the ex-
that they parameter, while assumed constant, is in fact a function ception of NGC 3032 noted above, galaxies with young stptiar

of the total mass-to-light ratioM(/L), which is not necessarily  ulations are systematically located below the main refatidhese
constant among galaxies. In fact thi$/L depends on the stellar  residuals suggest that, while metallicity gradients mantitoute
populations, i.e., one can express the tdtglL as a function of the to the scatter in the FP, young populations are the domiaa&idif
stellar mass-to-light ratig.. and the relative fraction of luminous
to dark matter. It seems that during the fitting processast@ibp-
ulation effects conspire to kegpconstant while affectinge and-y. 73 Influence of discs
In order to disentangle the possible effects on the FP duguo-s
tural non-homology in galaxies from those due to youngatgibp-
ulations, we have carried out a simple experiment illustian Fig-

Not all the galaxies in our sample appear to follow the maimeH&: ure[I2. We have defined a mock early-type galaxy as a spheroid
tion. NGC 4382 is a well-known shell galaxy (mt with a light profile described by a de Vaucouleurs’ law. By €on
) which must have suffered some recent interactionteven struction, we put this spheroid on a generic FP (black fillede

It contains a rather young nuclei (3.7 Gyr, see Paper XVil), i and solid line). In order to assess the impact of an additidisa

is the youngest of all the non-CO detectSAURON galaxies component, we added exponential discs to the spheroid,seétlte
(Combes etall_2007) and it also displays a prominent central lengths of respectively 0.2, 0.5, 1.0, 1.5 and 2.0 timesihef the
velocity dispersion dip (see Paper Ill). NGC 1056, NGC 4369, spheroid (circles, upward triangles, diamonds, downwasahgles
NGC 4383, NGC 5953 and NGC 7742 are Sa galaxies that containand squares, respectively). For reference, we note thayieal

a significant fraction of young stars withiR. (see Paper XI). values are> 5 for late-type galaxieO?). Addi-
NGC 3489 is one of the few early-type galaxies with a strong tionally, we set the light of the disc to be 0.2, 0.5, 1.0, 2nd &.0

7.2 Outliers and residuals

(© 0000 RAS, MNRASD0O, 000—-000
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Figure 11.Residuals (along the log) axis) of the Fundamental Planes in
Fig.[10 as a function of the B}, line-strength index. Symbols as in Fig. 3.

times the light of the spheroid (dark blue, cyan, green,aad,pink,
respectively). We have analysed the growth curves of adieimeock
galaxies in the same way as the real galaxies presentedsipdhi
per. We have assumed the samédor all mock galaxies as its value
does not seem to depend on the Sérsitsed in the growth curves
of our real galaxies.

The figure shows that with an increase of the disc light frac-
tion, the mock galaxies tend to deviate more and more from the
original FP. This is expected as the increase of light wildeo
higher surface brightnesses, which in turn will push thexctsj be-
low the relation. It is interesting, however, that the déweias only
seem significant when the light fraction of the disc relativehe
bulge is above a factor 2, regardless of the size of the diatve
to the spheroid. We note the large excursions infheand verti-
cal directions for large disc light fractions. Figure] 12cahows
the effect of a compact or extended disc relative to the uyider
spheroid. Compact bright discs tend to shift the galaxiesatds
the left of the relation, while extended ones shift towatdsright.

It is important to realise that the presence of a disc has litflu-
ence on the end location of a galaxy, unless the disc is rhtigit
relative to the spheroid.

There are, in principle, other sources for the scatter dnd ti
of the FP that we are not accounting for here in detail: pt@ac
effects, rotation, structural homology, etc. All thosesides stel-
lar populations, have been studied in detail in the litemie.g.
\Guzman et all_1993; Saglia ef al. 1993; Prugniel & Simien 1994
Ciotti et al.| 1996] Jargensen et al. 1996; Graham & Collegs19
Prugniel & Simien 1997; Pahre et al. 1998; Mobasher et al9199
Truijillo et all [2004), although with different and sometisneon-
flicting conclusions. Recent studies, however, point tdast@op-
ulations and dark matter as the main driv;2006
\Cappellari et al. 2006; Bolton etlal. 2008; Graves & Fabex20ih
this paper we focus on the effect of stellar populations.only

Results on the importance of young stellar populations in de
termining the location of galaxies in the FP were alreadyhhig
lighted in Paper XllI, based oGALEX observations in the ultra-
violet regime. Although the analysis in that paper was kaito
fewer galaxies than the sample presented here, it appestrarth
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Figure 12. Simple experiment to show the effects of adding a disc to a
spheroid on the location of galaxies in the FP (§€&3). The black dot
marks the location of a pure spheroid, by construction or-feTl he black
solid line marks the FP, and for reference dashed and datted tlenote
the 1o and 3 scatter in the relation shown in Figurel 10. Different sym-
bols indicate the ratio between the scale length of the adid(h,.) and

the effective radiusR.) of the underlying spheroid. Colours correspond to
different fractions of disc lightfq;s.) relative to the spheroid{s,nheroid)-

important fraction of the tilt and scatter of the UV FPs is dae
the presence of young stars in preferentially low-massydgpe
galaxies. Triggered by those results, we have attemptedtbéake

a step further and correct the FP for stellar populationcesfan or-
der to bringall galaxies into a common FP relation. The results of
this exercise are shown in the following section.

7.4 FP corrected for stellar populations

A first test to assess the importance of young stellar popaksibn
the tilt of the FP is to derive the best-fit relation after riesing

the sample to predominantly old galaxies, i.e. SRs and FRs wi
HB.< 3.0A, and good distance determinations (35 objects). This
simple experiment yields the best-fit parameters= 1.39, § =
0.35 andy = —9.61 in the V-band andv = 1.63, 8 = 0.34 and

v = —8.85 in the 3.6um-band. The dramatic change compared to
Fig.[10Q is the sudden increase of thgarameter, whilgd remains
almost unaltered. This object selection reduces the tithef FP
and brings it much closer to the virial prediction. Nevelgiss it is
worth noting that the twax values (i.e. one for each band) are not
close to each other, as one might expect if we had fully ctecec
for stellar population effects and hence were left with @fein
particular the luminous-to-dark matter fraction, that imsensitive

to wavelength.

Considering the residuals in Flg.]11, one can take this exper
iment a step further and try to fully compensate for stellapwp
lations (young and old) simultaneouslysklis not a quantity that
directly enters the FP equation as defined in [Eqg. 8. Howeeer, a
stated in Secf_711, the coefficient does depend on stellar popu-
lations via~v.. We have made an attempt to estimate the effective
~. for each galaxy based on the combined MILES+MARO8 mod-
els, assuming a combination of two single stellar poputetias the
baseline star formation history (see Appendicks Aland B3.reha-
tions between our computed and observed H, index are shown
in Fig.[13, one for each photometric band. It appears that id
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Figure 13.~, vs HB, relations for theSAURON sample galaxies in th&’
and 3.@um-band. Best-fitted (log-log) linear relations are indéchin each
panel and plotted with a dotted ling.. values have been determined as
explained in AppendikB.

strongly correlated with our measuredand thus could be used as
a rough surrogate foy.. This behaviour was already shown in Pa-
per IV for the H3 index. The fitted relations, despite being strong,
have two important shortcomings: (1) they over-predictat the
low H3, end and (2) they are rather uncertain fg#Halues above
3.0A. The first effect is an inherent limitation of the models dise
i.e. any given set of models predicts a maximymfor a given ini-
tial mass function. The second effect is related to the waahge of
allowed~. for a given H3, value, as parametrised by the set of two
single stellar population models used here.
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bands. The top row in Fig._14 shows the resulting fits using the
classic FP definition (el 8), whereas the middle and bottanels
present the fits including the &4 and~. terms (equationg]9 and
[10). It seems that the inclusion of the Sa galaxies in the fithe®
original FP relation (top panels) results in smaller slopesich
translates into larger departures from the virial expéemtat

Our first attempt to bring deviant objects closer to the refat
is to add the H, term in the FP relation. Unfortunately, leaving
all the input parameters unconstrained results in very fitsothat,
while successful in bringing back the most deviant galgxdesplay
much larger scatters than previous relations derived & phaper
and, more importantly, have unreasonable coefficientsrderao
get meaningful fits, we have instead fixed th8,Herms to the co-
efficients expected from the fits to the original FP residwalsus
HB, shown in Fig[Ill. The results of fixing this term are shown
in the middle panels. These fits are able to bring the youngotbhj
much closer to the relations and at the same time to sligatiyce
the intrinsic scatters. Tha' coefficients have increased with re-
spect to the original relation, getting them a step closénéovirial
prediction, while thes’ values have only changed within the un-
certainties & 0.01). The main disadvantage ofdd as a substitute
to 7. can be seen in the case of NGC 3032. As already shown in
Fig.[I3, this galaxy is a deviant object in the vs H3, relation,
and this translates in it being pushed out of the relatiar(iea-
sured H3, value over-predicts its trug,).

Finally, in the bottom panels of Figurel14, we add theterm
in the FP relation. In this case the unconstrained fits résylhys-
ically meaningful coefficients, while at the same time biggthe
most deviant points closer to the relation. The best-fit paters
reduce the FP tilt compared to the original relations by ain50%
in each band. It is important to remark that best-fit coeffitsan
both bands are now consistent within the errors, as expécies
had corrected for the effects of stellar populations. Theffments,
at least in the 3.6m-band, are also within the uncertainties of those
obtained by fitting the old galaxies only (see above). Whil¢hie
V-band most of our young objects get closer to the relatiothén

There are a few ngtable exceptions to the strong correlation 3.6um-band this is not the case (even though we have corrected
at 3.qum. These are objects located very close to the peaks of the yqiy ~, estimates based on Fig]13 as explained above). In fact,

V — [3.6] colour in the MARO8 models for solar metallicities or

these objects cannot be brought back to the:Sband relation

above (i.e. NGC 1056, NGC 4383 and NGC 5953; seelFrig. 7). Their gyen with the most extremg. values allowed by our stellar popu-

Hp3, values range from 3.8 to 4% Since oury, (3. predictions
are made after correcting for the colour difference wijth, (see
Appendix8), itis not completely surprising that the 5 ¢ values
in that region somehow deviate from the trend defined by reigh
bouring objects. However, sudden jumpsyin of that magnitude
seem unrealistic for these galaxies, and thus we opted teator
their values using the lineay. vs H5, relation in that band pre-
sented in Figure-13.

Considering the nearly linear log-log relations betwegeiand
HpB,, we can re-write the original FP equation in terms of these
variables:

log(Re) = o' log(ce) + B {pe) + " + 8 log(HB,), (9)

log(Re) = o' log(oe) + B {pe) + ' + 8" log(Vs), (10)

wherey’ now depends (mainly) on the luminous-to-dark matter ra-
tio.

In Figure[14 we plot the results of this experiment. In oraer t
make a meaningful estimate of the effects of the stellar |adjons,
we considerall objects with good distance estimates in the fit (60

lation fitting procedure.

As an additional exercise (not shown here) we have studied
the effect of using thel( — [3.6]). colour, instead of KA, or 7., in
reducing the tilt of the FP. As expected, given the poor $eitgi
of this colour to age (as shown in Fig. 7), this quantity does n
help reducing the tilt. At the same time it also demonstrétes
metallicity cannot be a major player in producing the tiib¢ this
colour correlates strongly with metallicity, see Apperi8ix

It is important to remind the reader that we have only cor-
rected for the effects produced by stellar populations, audly
by rotation (by usings.). Still there are a number of other factors
that influence the final location of galaxies in the FP. The mlem
manner in which star formation and dust compensate each othe
might be at the heart of the location discrepancies of sontbeof
objects in theV- and 3.6:m-band FPs. Nevertheless, the results
of our exercise demonstrate that it is possible to correcstellar
population effects and bring most galaxies to a commoniogiat
regardless of their morphological type and photometricdbem-
ployed by including sensible estimates of the stellar ntadight
ratios. This approach was previously adopte

galaxies, as opposed to the fits in Fig] 10 where only 46 E and S0 (1996) in a sample of elliptical galaxies and has been marentéy

with good distances were considered). We perform this telsdih

(© 0000 RAS, MNRASD0O, 000—-000

exploited by other groups on much larger samples, thoudh sti
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Figure 14. Edge-on views of the Fundamental Plane relations for thexged in theSAURON sample in thé/- and3.6um-band. Symbols as in Fifgl 3. (Top
row) Original FP relation. (Middle row) Original FP relatiawith a H3,, term. (Bottom row) Original FP relation with4. term. The dashed lines mark the
1o uncertainty (measured along the 164 axis) considering all objects. The solid line is the bestdiation (as indicated in the equation in each panel).
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represent the measured values for the different familiesrat the best-fit relations.

restricting the analysis to early-type systems (e.q. Ala the differences between the values reported. The scattetisef Sa
12009;/ Hyde & Bernardi 2009; Graves & Falber 2010). Our results galaxies in the first figure are larger than in the second. sely
are largely consistent with those. the rms for the SR/FR families is smaller in the first figurentiva
the second one. This is simply due to the fact that for det@nyi
the FP we fit only the SR/FR galaxies in Hig] 10, while Eid. 14 in
cludes the Sa galaxies as well. If we focus on this last figuee w
One of the most striking features observed in our fits of thésFP ~ observe, apart from a change in the slopes, an improvement(i
the very tight relation defined by the SR galaxies in both band decrease) of the scatter fall families when we include the £}

7.5 Scatter in the FP

This is not a totally unexpected result as SR galaxies afermiy and-y. terms to correct for the effects of young populations. It is
old, but it is remarkable how the trend is kept even for smailfed also interesting to note that once corrected for this effbetintrin-
fainter galaxies (as SR galaxies extend over the whole ramge sic values found for the different families indicate thatleiR and
luminosity of our sample). The FR family displays slightbrder Sa galaxies are consistent within the uncertainties, theglaarly

rms (Arr)) Values. The scatter of the Sa galaxies appears to be different from those of the SRs. This finding emphasises ée r
the largest of the cases we have studied here. The diffepselp ~ Sults presented in Paper IX and subsequent papers in the SNUR
in Fig.[ZI0 and_T¥ show the observed as well as the intrinsittesca ~ Series suggesting, based on our kinematic classificatian these

(within brackets) for each family. For easily comparisorthaither may be intrinsically a different kind of galaxies. This alefistinc-
works in the literature we choose to provide them measuraagal  tion is not found between morphologically classified eitipt and
the log(R.) direction. lenticular galaxies.

The first thing to notice for the classic fits in Fig] 10 14 is The comparison of the scatter presented here with others in

(© 0000 RAS, MNRASDOQ, 000—-000
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the literature has to be treated with caution as, while masksv
concentrate in E/SO galaxies, the different samples wdeetsel
with very different criteria in terms of luminosity or velibg dis-
persion. In addition, the methods used to fit the relation &fan
fect this comparison, although the minimisation of the deals
via an orthogonal fit is the most widely adopted. There is a gen
eral agreement that the observed scatter is consistentgapian
tometric bands, a result we share. The typical observedescat
for a general population of E/SO galaxies is around 0.10 dex i
log(R.) (e.g.Jgrgensen etlal. 1996; Pahre Ht al.[1998: Zibettl et al
[2002{ La Barbera et Hl. 2010), with decreasing value8.07 dex)
as soon as low velocity dispersion (< 70km s™!) or fainter
galaxies (M. > —23 mag) are removed from their samples (e.g.
: i etal. 2003; La Barbera|20@8;
Gargiulo et al. 2009). The values measured here for the SRIER
in good agreement with those in the literature for genenalpdas
of E/SO galaxies. In the specific casé of Jgrgensen ét alfj18@

lowest observed scatter, 0.047 dex, is measured for galavih
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no presence of discs and,MS —23.1 mag. They report that this
value is consistent with the measurement errors. The ¢lesesf
galaxies in our sample matching those constraints is thea8R f
ily. For this group, we find a very small amount of intrinsiager
left, 0.021 + 0.029 dex and0.012 + 0.050 dex in the V-band and
3.6mu-band respectively. The uncertainties in the oumes#s sug-
gest that the scatter around the best-fit FP are fully exgthlny the

observational errors.

Another interesting point to discuss is whether the

use of a

large aperture velocity dispersion, instead of a centrileyahelps
to reduce the intrinsic scatter in the relation. This wa®lyiclis-
cussed in Graham & Colless (1997) and Busarello et al. (1987)
ing samples of elliptical and lenticular galaxies and dyitatmod-
els with some assumptions on the shape of the velocity eltips

The SAURON spectrograph gives us now the chance to repeat this

exercise using real data. We have measured the velocitgrdisp

within R v/8 (oe,s) for our sample of galaxies and then fit the FP
in the same manner done in Fig] 14. This is presented inElg. 15
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The different panels show that the use of a small aperturgcvel
ity dispersion affects the resulting fits in two importantysa(1)
increasing the intrinsic scatter of the relations for athiées of
objects, (2) the measured parametehnas lower values than those
obtained wher. is used. The first point is mainly due to the fact
that with the smaller aperture we are probing regions of giaxges
where intense star formation is taking place or inner digist,eand
thus the measured velocity dispersion is more represeatatiar-
eas around the nuclei than the galaxy as a whole. The seciaud ef
is likely produced by the fact that. s systematically departs from
oe (i.e. it is larger) for increasing. values. This, together with
the expected relation betweéh ando. (given the SLR and FJR),
helps to reduce the measured slope of the FP relation. Querl
estimate an increase of around 15% in the intrinsic scatteraa
average 10% decreasednas a result of using a central value for
the velocity dispersion term. It is also worth noting that #tat-

(V —1[3.6])—0o. relation that allows us to define a strong correlation
between metallicity ane..

e A large number of Sa galaxies appear to follow the main rela-
tions defined by earlier-type systems, and are not necbsstiset
as previously found. We believe this is due to the use.qthe stel-
lar velocity dispersion integrated withiR.), which is not as much
influenced by the presence of young inner discs and accouoits t
large extent for rotation in the galaxies.

e FR and Sa galaxies that appear offset from the relations cor-
respond mostly to objects with extremely young populatiand
signs of on-going, extended star formation (as alreadyligigted
in Papers XlIl and XV). For the specific case of the Fundamen-
tal Plane, we made an attempt to correct for this effect sbaha
galaxies are part of a tight, single relation. Once this iseddhe FP
coefficients in thd/- and 3.@um-bands are the same within the un-
certainties. The new estimated coefficients suggest tffateices

ter of the Sa galaxies has not increased as much as for the®R anin stellar populations account for about 50% of the obsetiled

FR families. This supports the idea that star formation ityeigpe
systems takes place predominantly in their central regiile
for Sa galaxies this can happen over a much larger regiora(see
Paper XI), and therefore it does not necessarily make mutdr-di
ence to measure the velocity dispersion in a small or largetae.
Alternatively, this result could be due to the shalloweunatof the
stellar velocity dispersion profiles of the Sa galaxies carag to
those of the SR/FR galaxies.

8 CONCLUSIONS

In this paper we report results from photometric follow-ume
ducted in the context of thBAURON project. We use ground-based
MDM V-band andSpitzefIRAC 3.6um-band imaging to charac-
terise our sample of E, SO and Sa galaxies. We perform apertur
photometry to derive homogeneous half-light radii, meafiecef
tive surface brightnesses and total magnitudes. Combiribdtie
SAURON integral-field spectroscopic observations, this allowtous
explore and understand the location of the galaxies in the stal-
ing relations as a function of the level of rotation, kineimatb-
structure, stellar populations and environment.

A number of conclusions can be derived from the work pre-
sented and are summarised in the following points:

e The level of kinematic substructure (as determined from our
stellar kinematic maps) or the environment do not lead toea pr
ferred location in any of the scaling relations investigatelow-
ever, this is subject to the potential biases introducedunysample
selection. Ourlusterenvironment is defined by the Virgo Cluster
and Leo group.

e The Slow Rotator (SR) galaxies define tighter relations than
Fast Rotator (FR) galaxies. While this is not totally unestpd (i.e.

SR are uniformly old systems), it is remarkable how the trend
kept both for small and largB.. We find that the SR and FR galax-
ies do not populate distinct locations in the scaling refei The
Sa family is the main contributor to the scatters.

e Sa galaxies deviate from the colour-magnitude and cakqur-
relations due to the presence of dust. SR/FR galaxies thdfine
very tight relations.

e Surprisingly, extremely young objects do not display theskt
(V — [3.6]) colours of our sample, as is usually the case for op-
tical colours. This can be understood in the context of thgela
contribution of TP-AGB stars to the infrared even for yourapp
ulations, which makes th@” — [3.6]) colour almost insensitive to
age for populations above 1 Gyr. This effect results in a very tight

with respect to the virial prediction.

e The observed scatter of the SR family around the Fundamental
Plane is smaller than that of the FR or Sa galaxies. Afterectrr
ing for stellar populations, the SR family shows almost rtamsic
scatter around the best-fit Fundamental Plane.

e The use of a velocity dispersion within a small aperture.(e.g
R./8) in the Fundamental Plane results in an increase of around
15% in the intrinsic scatter and an average 10% decrease tiftth
away from the virial relation (as a result of the correlatimiween
R. and c., given by the size-luminosity and Faber-Jackson
relations).

We have deliberately focused on the role of stellar popula-
tions on the main scaling relations of early-type galaXigs ef-
fects other galaxy properties exert on them (e.g. non-hogyl
anisotropy and dark matter variations) will be studied igaing
and upcoming integral-field spectroscopic surveys.
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Table 1. Scaling relations best-fit parameters

Relation Band @ Ié] ~y é Agg Al[sR] A[pR) Alsa] N Sample
@ @ ®) 4) ©) (6) @) ®) 9) (10) 1) (1
Colour-magnitude \% —0.06 £ 0.02 3.30 £0.02 - - 0.092£0.010 0.06740.009 0.101+£0.011 0.2454+0.010 46 E/SO
Colouroe - 0.64 +0.07 3.27+0.01 - - 0.057£0.011 0.01940.017 0.064+£0.010 0.2954+0.010 46 E/SO
Kormendy \% 2.05 £ 0.22 19.75 £ 0.07 - - 0.447£0.061 0.40040.029 0.464+£0.072 0.7434+0.079 46 E/SO
Size-luminosity v —2.84+0.22 —20.73£0.07 - - 0.464+£0.028 0.46140.026 0.489£0.028 0.807+0.040 46 E/SO
Faber-Jackson % —4.99+0.71 —20.61 £0.11 - - 0.662£0.071 0.67240.057 0.644+£0.088 0.8114+0.193 46 E/SO
Fund. Plane v 1.15£0.05 0.34+£0.01 —8.81+0.19 - 0.067£0.015 0.04440.016 0.075+£0.017 0.1614+0.037 46  E/SO
Fund. Plane |4 1.08 £0.04 0.334+0.01 —8.56+0.18 - 0.078£0.018 0.0514+0.015 0.070£0.018 0.1494+0.038 60 E/SO/Sa
Fund. Plane + i, v 1.30 £0.04 0.324+0.01 —9.22+0.19 0.77 0.073+£0.016 0.043+0.014 0.077+£0.016 0.116+0.038 60  E/SO/Sa
Fund. Plane +. |4 1.56 £0.13 0.324+0.01 —9.03+0.31 —0.55+£0.13 0.06440.031 0.021£0.029 0.0704+0.029 0.088 £0.051 60  E/SO/Sa
Colour-magnitude [3.6] —0.06 4 0.01 3.29 4+ 0.01 - - 0.087£0.010 0.06040.010 0.095+0.011 0.2344+0.010 46 E/SO
Kormendy [3.6] 1.98 +0.27 15.94 £ 0.08 - - 0.519£0.082 0.46440.042 0.541£0.085 0.74540.097 46  E/SO
Size-luminosity [3.6] —2.93+0.26 —23.79£0.08 - - 0.541£0.029 0.3964+0.024 0.553+£0.120 0.6594+0.128 46  E/SO
Faber-Jackson [3.6] —5.62+£0.69 —23.69=£0.10 - - 0.640 £0.069 0.66940.054 0.618£0.085 0.9114+0.187 46 E/SO
Fund. Plane [3.6] 1.37+0.05 0.33+0.01 —8.06+0.19 - 0.071£0.014 0.0374+0.012 0.083+£0.017 0.2244+0.035 46 E/SO
Fund. Plane [3.6] 1.23£0.04 0.32£0.01 —7.49=£0.16 - 0.099 £0.016 0.0534+0.012 0.084+0.017 0.1914+0.036 60 E/SO/Sa
Fund. Plane + B,  [3.6] 1.47£0.04 0.314+0.01 —8.35+0.18 0.96 0.082+0.014 0.044+0.011 0.080+0.015 0.132+0.036 60 E/SO/Sa
Fund. Plane +. [3.6] 1.61£0.12 0.324+0.01 —839+0.37 —0.60£0.15 0.0574+0.041 0.012+£0.050 0.06540.036 0.096 £0.057 60  E/SO/Sa

NOTES:

(1) We use the following notation for each of the scalingtiefes:

Colour-magnitude: ¥ — [3.6])e = a(M+24) + g for theV-band and{" — [3.6])e = a(M+-21) + 3 for the 3.6:m-band
Colouroe: (V — [3.6])e = alog(oe/orer) + B, With op.of = 150.

Kormendy relationjie)= alog(Re/Ryet) + B, With Ry.o¢ equal t02.4 and1.7 for the V- and 3.um-band respectively.
Size-luminosity: M= alog(Re/Ryef) + 8, With Ry.o¢ equal to2.4 and1.7 for the V- and 3.6:m-band respectively.
Faber-Jackson: M= alog(oe/over) + B, With op.ef = 150.

Fundamental Plandog(Re) = alog(oe) + B{pe)+y

Fundamental Plane +#4: log(Re) = alog(oe) + B(pe)+v + d log(HBo)

Fundamental Plane +: log(R.) = alog(oe) + B{te)+7 + d log(v«)

Note that theS parameter for the Fundamental Plane #,;Herm has been held fixed (s§£4).

(2) Photometric band of the fit. (3-6) Best-fit parameters @amzkrtainties.

(7-10) Intrinsic scatter and uncertainties for the fit andF5RSa families. Values for the colour-magnitude, coleursize-luminosity and Faber-Jackson are expressed in toagsi while in mag

arcsec 2 for the Kormendy relation. For the Fundamental Plane, tiiBic scatter is given in dex along the Idgy() direction.

(11-12) Number of objects in the fit and type of galaxies fittedly galaxies with good distance estimations have bedaded in the fit.
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APPENDIX A: STELLAR POPULATION MODELS

As described in Sedi 8.1, we use a combination of the new IGILE
models (VAZ10) together with those of MAROS to interpret our
results. The choice of these models is deliberate. The Miii68-

els currently provide one of the best libraries for the study
stellar populations at optical wavelengths. They are basethe
MILES stellar library (Sanchez-Blazquez etlal. 2006) evhton-
sists of~ 1000 stars spanning a large range in atmospheric pa-
rameters and covering the wavelength range 3525450.3A
(FWHM) spectral resolution. The spectral resolution, s@gtype
coverage, flux calibration accuracy and number of staresemt a
substantial improvement over previous libraries used pupation
synthesis models. The MARO8 models on the other hand provide
colour predictions at infrared wavelengths, and in palgictor the
SpitzefIRAC 3.6um-band data used here. These models differ from
MILES in that they have incorporated an improved treatméitt®
thermally-pulsing asymptotic giant branch (TP-AGB) phaBke
main advantage is that both libraries make use of the samaf set
theoretical isochrone al. 2b00) and therefdiav us

to generate photometric and spectroscopic predictionf@sdame
age and metallicity scales, as well as for the same type télini
mass function (IMF). For the purpose of our work we focus @ pr
dictions for a Kroupa IMF (not corrected for binaries). Tipestro-
scopic measurements have been performed after transfprimen
MILES models to the LIS-14 4 system (see VAZ10).

Although still somewhat controversial in the details, the i
portance of the TP-AGB phase on observed colours has beeg-rec
nised (e.gl_Marasthn 2005). In order to understand the itrthac
TP-AGB phase has on the optical and infrared colours usegl her
we show in Figur€All the photometric predictions of both séts
models up to the reddest band predicted by the MILES modéls (
band). Given the small difference observed betweeniheand
3.6um colours, any conclusion based éitband can be extended
to the SpitzefIRAC 3.6um data. The top row shows tHé — K
colour as a function of age for a range of metallicities. Thied
ence between the MILES and MARO8 models, at large metallici-
ties in particular, is significant. While the MILES modelsdict a
strong correlation between colour and age, this is essigntian-
existent for ages above 1 Gyr in the MARO8 models (which show a
constant behaviour). This result contrasts with the goodeagent,
albeit with a small offset, between the two sets of modelstlier
B — V colour (as shown in the middle panel) over the range of
ages and metallicities displayed by our data. This is comfitim
the bottom panel, showing that the predictédand magnitudes in
both set of models are consistent except for an offset.

The large similarities between the MILES and MARO8 models
at optical wavelengths allow us to safely combine the spsctpic
prediction from MILES and the photometric ones from MAROS (a
shown in Fig[y).

As shown ing6.1], our sample galaxies display a very tight cor-
relation between thél{ — [3.6]). colour ands.. Transforming that
relation into a mass-metallicity relation requires to dera rela-
tion between they( — [3.6]) and metallicity (M//H]) first. This
is shown in Fig[AR, based on the MARO8 models for the range of
colours and H, values exhibited by our samplé{¢[3.6]). > 2.8
mag and H,<3.0R).

APPENDIX B: STELLAR MASS-TO-LIGHT RATIOS

The effective stellar mass-to-light ratiey.( is one of the most
sought after quantities when it comes to determine theastelass

(© 0000 RAS, MNRASD00, 000—-000
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V-K (mag)

B-V (mag)

Marigo et al. (2008)
— - - — MILES models
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10.0

Figure Al. Comparison of the colour and luminosity predictions of the
. 8) and MILE 10) modalsagunc-
tion of age (in Gyr) and metallicity (increasing fror2.32 to +-0.22, from
bottom to top of the figures, with increasing colour or lunsity), for a
Kroupa initial mass function.

3.6 T T
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Figure A2. (V — [3.6]) vs metallicity relation from the single stellar popu-
lation models ||._(_2Qb8). Dashed lines mark tregligtions for

different ages and metallicities. The thick solid line skdhe best fit for the
range of colours and B, values defined by our sample (top-right quadrant
delimited by the horizontal and vertical dashed lines). fithed relation is
also indicated.
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0.12 (M/L), 7.91

I u

content or to derive the fraction of dark matter present imlaxy
(e.g. after comparison with dynamical estimates). Piangexork

relied on optical and infrared colours (e.g. Bell & de Jon@P0

This has been extended over the years to provide new calibra- 5
tions based on different sets of filters (Longhetti & Sard2009;
). The use of full spectral fitting methdds also
been extensive (elg. Panter €f al. 2007), but as a drawhacjites
some prescription for the amount of dust present in the fgtddx-
ies. An alternative not much explored is the use of linergjtie 3
indices (but see Allanson etlal. 2009; Graves & Haber [2016¢. T

advantage is that line- strengths are largely insensitvine pres-

o

Hpo (A)
=

Hpo (A)
=~
e o L e L

ence of dusS) and only a small number of ieslic 2

is required to get accurate estimates (Gallazzi & Beéll 2009). 6
Ideally one would like to use. from models which include a

proper treatment of the TP-AGB phase. The MARO8 models how- 5

ever do not provide such a quantity. It is possible thouglstorate
~. based on the MILES predictions corrected for the colouediff
ences of the two model libraries (given their consistendhénopti-
cal range). For th& -band, for instance, we scale the MILESfor
the small difference between the modédlsband predictions (bot-
tom panel in FigAlL). Once this is done, it is possible to datee
v« at 3.6um using the MAR08 Y — [3.6]). colour. 2

Detailed studies on the star formation histories (SFHs) of 6
early-type galaxies show a wide range of scenarios. It deems
however that the SFH of a galaxy is largely dependent on its

. : L 5
stellar masmmos), with massive galaxiewisgo _
single stellar populations while lower mass galaxies digphore =
extended star formation. The sample considered here t®nsis % 4

of early-type galaxies as well as Sa disc galaxies. A pribe t
expected range of SFHs is quite large given the range ofesingl 3
stellar population quantities exhibited (see Papers XI ¥xdl).
While full, non-parametric spectral fitting is desirablepirinciple,

it is not clear whether and how the sh@&\URON spectral range 2 . . . .
will provide more constraints than those from thes,HHS,, 0 1 2 .3 4
Fe5015 and M line-strength indices (i.e. the main features in our [MgFe501" (A)

wavelength range).
) ) ~_ Figure B1. Stellar mass-to-light ratiosy() predictions for the set of mod-
We choose here to use as baseline SFHs different combiration els produced by the combination of two single stellar pajrs. Top and

of two stellar populations. While a library with differenbmbina- middle panel show the mediav/ L ratio in theV — and3.6um-band. The
tions might not accurately represent the SFH of any giveaxyalt b_ottom pane_l shows a Mo-d_imen;ional 'dif_:lgram with the nurobmodels
will at least show the maximum range-of allowed for a given pair (i logarithmic scale) falling in a given bin in thefd vs [MgFe50] space.
of HB, and [MgFe50]indices. We thus built a library of 5 x 10° For reference, dashed lines mark locations of equal agadadle vertical

models by combining two single stellar populations in the smge direction) and metallicity (along the abcissae) for a @rgjellar population.

from 0.1 to 17.28 Gyr (sampled logarithmically) ahd/ H] =[-
2.32,0.22] (sampled uniformly) for different mass fraosoof the APPENDIX C: DEPENDENCE OF KINEMATIC
young component from 0 (i.e. an SSP) to 0.25. We set no restric SUBSTRUCTURE AND ENVIRONMENT IN SCALING

tion on the metallicities of the two components, and simpipose RELATIONS

the age of the young one to be lower than the old one. Figure B1

shows the median.., for the V- and 3.6um-bands, in the K, In this Appendix we show the main scaling relations in theand
On average our library of models contains at least 1000 gtieds environment. They are shown here, rather than in the mainftex
per bin. FigureBlL shows that. variations depend mostly on4d completeness as they do not reveal any particular trend.

and that this dependency is stronger in 3igum-band than in the

V —band.

APPENDIX D: PHOTOMETRIC & SAURON QUANTITIES
We determine the best effective via a Bayesian approach

following [Kauffmann et al.[(2003) (see Appendix A in that pap Here we present tables VYith _the aperture photometry defived
for details). This method results into a probability disttion for a the SAURON sample galaxies in both tf€- and 3.um-bands, as
given set of plausible models. We take as effectivéhe weighted ~ described in the text (sefld). We also give tables with the spec-
mean value of the distribution and the 68% confidence intesa  (foscopic quantities derived from tIBAURON data, as described in

its uncertainty. Measured values are listed in Tablés D3[@Ad §E and AppendiXB.
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Table D1.Photometric quantities for tfRAURON sample of E/SO galaxies.

Galaxy Env. D Ref. Rv (e, v) My Ay Re,[3.6] (He,[3.6]) Mi3.¢) Ag (V—1[3.6])e Ny nizg
(Mpc) (arcsec) (mag arcseé) (mag) (mag) (arcsec) (mag arcség (mag) (mag) (mag)

m @ G @ (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
0474 F 2951 1 28.084+1.65 20.72+£0.09 —20.87£0.12 0.11 20.07+0.37 20.724+0.11 —23.94+0.11 0.01 3.26 +0.05 4.0 4.0
0524 F 23.99 3 35.4141.02 19.90+0.07 —21.75+0.20 0.27 28.86 +0.26 19.90 +0.08 —25.04 +0.20 0.02 3.43+0.03 2.8 2.8
0821 F 2410 3 31.33+1.49 20.094+0.08 —21.3040.17 0.36 22.88 £0.46 20.09 £0.10 —24.31 £0.17 0.02 3.19+£0.04 4.0 4.0
1023 F 11.43 3 48.754+1.46 19.65+0.05 —21.08+0.16 0.20 26.95+0.19 19.65+0.08 —24.08 +£0.16 0.01 3.35+0.02 4.0 3.0
2549 F 12.65 3 13.92+043 18.84+0.16 —19.38+£0.28 0.21 11.494+0.08 18.84 +£0.19 —22.564+0.28 0.01 3.30£0.02 2.9 2.9
2685 F 16.60 0 23.68+1.16 20.024+0.10 —19.954+0.49 0.20 16.27 +0.41 20.02 4+0.14 —22.94 +0.49 0.01 3.214+0.04 4.0 3.5
2695 F 3236 3 18.74+1.26 20.05+0.12 —20.86+0.40 0.06 11.724+0.13 20.05+0.19 —23.964+0.40 0.00 3.37£0.04 4.0 3.1
2699 F 26.92 3 12.14+0.95 19.594+0.18 —19.97 +0.27 0.07 7.834+0.08 19.594+0.28 —22.99 £0.27 0.00 3.294+0.05 4.0 2.9
2768 F 2239 3 67.97+£3.11 20.94+0.056 —21.97+0.24 0.14 45.494+0.28 20.94+0.05 —25.034+0.24 0.01 3.294+0.04 4.0 3.5
2974 F 21.48 3 2835+1.61 19.874+0.09 —21.054+0.24 0.18 20.334+0.11 19.874+0.11 —24.274+£0.24 0.01 3.424+0.04 4.0 3.4
3032 F 2198 3 19.304+1.07 20.41+£0.12 —19.73£0.28 0.06 10.61 +£0.09 20.41 +£0.20 —22.49+0.28 0.00 3.08+0.04 3.6 3.6
3156 F 2239 3 14.78+0.44 20.024+0.15 —19.58 +£0.14 0.11 13.40£0.14 20.02+0.16 —22.39+0.14 0.01 2.89+0.03 2.4 2.4
3377 C 11.22 3 3828 4£1.99 20.02+0.07 —20.14+£0.10 0.11 21.80+0.22 20.024+0.10 —22.924+0.09 0.01 3.08+0.04 4.0 4.0
3379 C 10.57 3 44.894+1.47 19.47+0.05 —20.90+0.11 0.08 33.53 +0.40 19.47+0.07 —24.04 +=0.11 0.00 3.31+0.03 4.0 4.0
3384 C 11.59 3 28.5040.91 19.15+0.08 —20.44 £0.14 0.09 20.41 +£0.09 19.154+0.11 —23.574+0.14 0.00 3.28 =0.02 4.0 4.0
3414 F 25.23 3 32.024+1.45 20.31+£0.08 —21.22+0.33 0.08 20.47 +0.23 20.31 +0.11 —24.294+0.33 0.00 3.31+0.03 4.0 4.0
3489 C 12.08 3 21.514+0.81 18.82+0.10 —20.25+0.15 0.05 13.38 +0.14 18.824+0.16 —23.144+0.15 0.00 3.15+0.02 4.0 3.0
3608 F 2291 3 33.64+1.52 20.34+0.07 —21.09+0.14 0.07 23.98+0.15 20.34 +0.09 —24.144+0.14 0.00 3.24+0.04 4.0 4.0
4150 C 13.74 3 15.884+0.52 19.62+0.14 —19.07+£0.24 0.06 10.10+0.09 19.62 +0.21 —22.044+0.24 0.00 3.24 +0.02 2.6 2.6
4262 C 1542 2 10.60+0.43 1853+0.21 —19.54 +£0.06 0.11 7.64+0.07 18.534+0.28 —22.714+0.06 0.01 3.34+0.02 4.0 4.0
4270 C 16.53 5 13.684+0.47 19.74+0.16 —19.02+£0.09 0.07 13.34 +0.14 19.744+0.16 —22.21 =0.08 0.00 3.21 +£0.03 2.2 2.2
4278 C 16.07 3 30.57 £1.07 19.48 £0.07 —20.97 £0.20 0.09 22.51 +0.39 19.48 +0.10 —24.144+0.20 0.00 3.32+0.02 4.0 4.0
4374 C 1845 2 70.084+2.95 20.17+£0.04 —22.39+£0.06 0.13 47.95+0.60 20.17+0.05 —25.46 =0.05 0.01 3.28 =0.03 4.0 4.0
4382 C 17.86 2 94.4043.17 20.58 £0.04 —22.55+0.06 0.10 74.77 +0.70 20.58 +0.03 —25.60 +0.05 0.01 3.21+0.04 4.0 4.0
4387 C 1795 2 11.0440.22 19.33+£0.20 —19.15+£0.06 0.11 10.43 +0.08 19.33 +0.21 —22.28 +0.06 0.01 3.18 £0.02 2.1 2.1
4458 C 16.37 2 19.944+0.96 20.46+0.12 —19.11 £0.06 0.08 15.21 +0.14 20.46 +0.14 —21.994+0.05 0.00 3.07+0.04 3.1 2.9
4459 C 16.07 2 40.97£+1.48 20.09+0.06 —21.00+0.07 0.15 26.54 +0.36 20.09 +0.08 —24.124+0.06 0.01 3.35+0.03 4.0 4.0
4473 C 1528 2 26.76 £0.89 19.29 +£0.08 —20.76 £0.06 0.09 22.26 +0.31 19.294+0.10 —23.97 +0.06 0.00 3.30+0.02 4.0 4.4
4477 C 16.53 5 46.48 £2.22 20.48 £0.06 —20.94 £0.09 0.10 35.87 +0.69 20.48 +0.06 —24.1040.08 0.01 3.32+0.04 4.0 4.0
4486 C 17.22 2 106.18 £4.23 20.60 +0.05 —22.70 £0.08 0.07 80.69 +0.71 20.60 +0.03 —25.98 +0.07 0.00 3.44+0.04 4.0 4.0
4526 C 16.90 3 35.70£+1.29 19.44 +£0.07 —21.46 £0.20 0.07 24.03+0.22 19.444+0.09 —24.754+0.20 0.00 3.53+0.03 3.3 3.2
4546 C 14.06 3 21.984+0.94 19.03+0.10 —20.41+0.20 0.11 13.60+ 0.10 19.03 +0.16 —23.484+0.20 0.01 3.34+0.03 4.0 3.4
4550 C 1549 2 11.5540.27 19.00+£0.19 —19.26 £0.05 0.13 10.13+0.06 19.00 +0.21 —22.304+0.05 0.01 3.15+0.02 1.8 1.8
4552 C 15.85 2 33.89+1.09 19.43+0.07 —21.21 +£0.06 0.13 27.88 +0.21 19.434+0.08 —24.53 +0.06 0.01 3.43+0.02 4.0 4.0
4564 C 15.85 2 19.35+1.11 19.41+£0.12 —20.02+£0.07 0.11 12.97+0.21 19.41 +0.17 —23.134+0.06 0.01 3.34+0.04 4.0 3.4
4570 C 17.06 2 12.754+0.56 1848 £0.17 —20.20+£0.07 0.07 9.17+0.08 18.48+0.24 —23.334+0.06 0.00 3.34 +0.03 4.0 2.4
4621 C 14.93 2 46.06 £2.99 19.96+0.06 —21.22+0.07 0.11 30.38 +0.39 19.96 +0.07 —24.324+0.06 0.01 3.33+0.04 4.0 4.0
4660 C 15.00 2 11.5440.41 1844+0.19 —19.75+£0.05 0.11 8.87+0.11 18.444+0.25 —22.894+0.05 0.01 3.31+0.02 4.0 4.0
5198 F 48.78 8 18.01 £0.69 20.094+0.12 —21.624+0.03 0.08 15.01 +0.14 20.09 +0.14 —24.80+0.01 0.00 3.314+0.03 2.5 2.5
5308 F 29.43 4 9.80+0.25 18.724+0.22 —20.6040.22 0.06 7.31 £0.04 18.72+0.30 —23.73+£0.22 0.00 3.38+0.02 4.0 1.7
5813 F 32.21 3 55.99+2.72 20.944+0.06 —22.334+0.19 0.19 39.03 +0.62 20.94 +0.06 —25.42+0.18 0.01 3.334+0.05 4.0 4.0
5831 F 2716 3 29.19+1.70 20.454+0.08 —21.044+0.17 0.19 21.82+£0.27 20.45+0.10 —24.11 £0.17 0.01 3.23+£0.04 4.0 4.0
5838 F 2399 0 20.61+0.87 19.294+0.11 —21.18 £0.49 0.17 15.25+0.12 19.29 +£0.14 —24.43+0.49 0.01 3.41+£0.03 4.0 3.8
5845 F 2594 3 4.294+0.26 17.374+0.51 —19.86 +0.21 0.17 3.59+£0.08 17.37+0.61 —22.98+0.21 0.01 3.29+0.05 4.0 4.0
5846 F 24.89 3 76.79+3.32 21.034+0.05 —22.374+0.21 0.18 64.39 +0.61 21.03 +0.04 —25.62+0.20 0.01 3.354+0.05 4.0 4.0
5982 F 40.36 1 24.89+£1.19 20.03+0.09 —21.97+£0.09 0.06 19.654+0.19 20.03+0.11 —25.234+0.09 0.00 3.38+0.03 4.0 4.0
7332 F 23.01 3 9.21 +£0.15 18.094+0.24 —20.544+0.20 0.12 &8.144+0.04 18.09+0.27 —23.64 +£0.20 0.01 3.204+0.01 2.0 2.0
7457 F 13.24 3 33.25+£1.28 20.59+0.08 —19.63 +£0.21 0.17 27.374+0.19 20.59 £0.08 —22.554+0.21 0.01 3.08£0.04 2.5 2.5

NOTES: (1) NGC galaxy number. (2) EnV|ronment Field (F) dusger (C). (3) Distance (Mpc). (4) Orlgmal reference floe distance estimate (O: redshift

al. 2005]5; Mei e[ al. 206 see (iii) ing33; 6:

distance from NED;

&l 2007

0B:Tonry et all 2001;

m-z, ' Tully et &l. 2008; 18: Willick et! QBeem for uncertainties in the measurements, (5- 12) Photirrepiantities: effective radii

(Re), mean effective surface brightnegg{)), absolute magnitude (M) and Galactic extinction in ¥heand3.6,m bands. (13) Effectivél” —

colour. (14-15) Sérsic indices used in our growth curveyaim (seefd).
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Table D2. Photometric quantities for tfRAURON sample of Sa galaxies.

Galaxy Env. D Ref. Rv (te,v) My Ay Re,[3.6] (He,[3.6]) Mi3.6) Azg (V—1[3.6]))e Nv N3¢
(Mpc) (arcsec) (mag arcseé) (mag) (mag) (arcsec) (mag arcség (mag) (mag) (mag)
mn @ 6 @ (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)

1056 F 3221 7 17484+ 1.24 20.174+0.13 —20.574+0.40 0.48 7.14+0.32 20.17+0.31 —23.84 +£0.40 0.03 3.70£0.06 4.0 4.0
2273 F 31.62 6 27.644+1.22 20.53+£0.09 —21.17+0.39 0.23 17.78 £0.65 20.53 +£0.12 —24.56 +0.39 0.01 3.64+£0.04 2.9 6.6
2844 F 25.12 0 16.91+1.23 20.72+0.14 —-19.42+0.49 0.06 7.39+0.11 20.724+0.29 —22.394+0.49 0.00 3.41 £0.05 4.0 2.9
3623 C 1197 7 48214095 19.73£0.05 —21.07+0.35 0.08 31.99 +£0.32 19.73 +£0.07 —24.14+0.35 0.00 3.45+0.03 2.1 1.5
4220 F 1879 7 20.304+0.50 20.084+0.11 —19.824+0.36 0.06 13.50 £0.08 20.08 £0.16 —23.10+£0.36 0.00 3.62+0.03 1.6 2.1
4235 C 16.53 5 16.444+0.49 19.96 £0.13 —19.21 +£0.09 0.06 12.30 £0.24 19.96 £0.18 —22.74+0.08 0.00 3.71+£0.03 1.9 1.9
4245 C 13.18 0 35.954+1.63 20.774+0.07 —19.60 £0.49 0.07 22.14 £0.23 20.77 £0.10 —22.50£0.49 0.00 3.24 +0.04 3.5 3.5
4274 C 1941 7 45.434+1.26 20.56£0.06 —21.16+0.36 0.07 33.70 £0.16 20.56 +£0.06 —24.45+0.36 0.00 3.53+0.03 2.3 1.6
4293 C 16.53 5 52.204+1.63 21.094+0.06 —20.594+0.09 0.13 31.00 £0.48 21.09 £ 0.07 —23.51 £0.08 0.01 3.36 :=0.05 1.8 2.4
4314 C 17.38 0 46.90+2.24 20.74 £0.06 —20.81 +£0.49 0.08 32.80 £0.59 20.74 +£0.07 —23.94+0.49 0.00 3.31 £0.03 4.0 3.0
4369 F 20.89 0 24.73+1.27 20.384+0.09 —20.184+0.49 0.08 14.67 £0.15 20.38 £0.15 —23.01 £0.49 0.00 3.13+£0.04 4.0 2.7
4383 C 16.53 5 14.834+0.79 19.77 £0.15 —19.18 £0.09 0.08 9.98 £0.19 19.77+0.22 —22.30+0.08 0.00 3.32+0.03 4.0 4.0
4405 C 16.53 5 18.294+0.48 20.514+0.12 —18.89 4+0.09 0.08 12.9540.17 20.51 £0.17 —21.83+£0.08 0.00 3.254+0.04 1.2 1.2
4425 C 16.53 5 15.914+0.65 20.03£0.14 —19.07+£0.09 0.09 12.36 £0.09 20.03 +£0.18 —22.00+0.08 0.00 3.14+£0.04 2.0 2.0
4596 C 16.563 5 59.914+3.05 20.934+0.06 —21.0540.09 0.07 38.24 +0.45 20.93 £0.06 —24.02+0.08 0.00 3.254+0.05 4.0 4.0
4698 C 16.53 5 50.64+2.40 20.76 £0.06 —20.85+0.09 0.08 33.74 +£0.22 20.76 £0.06 —23.80+ 0.08 0.00 3.22+0.04 4.0 3.0
4772 C 16.53 5 42.71 +2.34 21.084+0.07 —20.16 £0.09 0.09 25.26 0.31 21.08 =0.09 —23.01 £0.08 0.00 3.144+0.05 4.0 4.0
5448 F 34.83 6 24.97+0.87 20.88+0.10 —20.81+0.18 0.05 17.09 £0.26 20.88 +£0.13 —24.00+0.18 0.00 3.48 £0.04 1.8 3.0
5475 F 30.20 0 9.424+0.23 19.54+0.23 —19.73+£0.49 0.04 7.78+0.07 19.544+0.28 —22.954+0.49 0.00 3.36 £0.02 1.3 2.4
5636 F 28.84 0 22.894+0.89 21.72+0.11 —-19.38+0.49 0.11 16.65+0.24 21.72+0.13 —21.81 +0.49 0.01 2.85+0.07 1.0 1.0
5689 F 36.31 0 12.63+£0.35 19.29+£0.17 —21.02+£0.49 0.12 7.91+0.04 19.294+0.27 —24.244+0.49 0.01 3.56 +0.03 2.1 2.1
5953 F 33.11 0 12.844+0.72 19.53+£0.17 —20.61 +£0.49 0.16 6.88+0.14 19.53+0.32 —24.03+0.49 0.01 3.71+£0.04 4.0 4.0
6501 F 47.86 0 20.27+1.40 20.37£0.12 —21.56£0.49 0.29 14.02 +0.33 20.37+0.16 —24.73+0.49 0.02 3.35+0.05 4.0 5.9
7742 F 2291 0 13.93+0.36 19.17+0.16 —20.35+0.49 0.18 12.05+0.07 19.174+0.18 —23.414+0.49 0.01 3.18 +0.02 2.1 2.1

NOTES: (1) NGC galaxy number. (2) Environment: Field (F) dusger (C). (3) Distance (Mpc) 4) Original reference floe distance estimate (0: redshift
distance from NED; 1: Cantiello etlal. 20071 2: Mei el al. 208:7 onry et all 20d1; 4: Reindl etlal. 2005]5: Mei el al. J06at see (i) ing3.3; 6:
M@z, ﬂm@m mmgaeeﬂﬂ for uncertalntles in the measurements (5-12) Photrierepiantities: effective radii
(Re), mean effective surface brightnegg()), absolute magnitude (M) and Galactic extinction in theand3.6m bands. (13) EffectivéV — [3.6])
colour. (14-15) Sérsic indices used in our growth curveyeaiem (seefd).
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Table D3. Spectroscopic quantities for tiBAURON sample of E/SO galaxies.

Galaxy SR/FR Kinem. o Hﬁ H?" Fe§015 I\{I@ Y,V Ve,[3.6]
kmis) @) (A (A (A Me/Le)v Me/Lo)s.e
1) 2 3 @ 6 © O 6 9) (10)

0474 FR  MC 142 1.85 2.93 3.84 296 3.5270% 0787013
0524 FR  SC 225 1.52 258 4.26 3.63 536708  1.057010
0821  FR SC 182 1.65 2.65 3.69 3.22 454708 1027012
1023 FR SC 165 1.57 255 3.85 3.55 5177058 1.0970-11
2549 FR  MC 140 201 326 4.14 3.10 2687002  0.53707]
2685 FR  SC 100 205 3.09 3.33 259 2887075 072703
2695 FR  MC 184 1.36 219 3.39 344 5017038 1217082
2699 FR  MC 123 178 283 3.81 3.11 3.9170% 087703
2768  FR SC 200 1.67 2.67 347 3.12 4.28%0° 1.0279:12
2974 FR  SC 227 1.73 277 4.01 350 433705 089701
3032 FR CLV 90 3.85 530 3.19 174 13170% 030752
3156  FR sc 66 293 416 290 1.55 1457079 0.411522
3377 FR SC 126 1.95 3.10 3.48 274 2887072 0.691517
3379  FR SC 190 1.54 260 3.74 3.53 4.9070%8 1.0670-11
3384 FR  MC 141 1.87 2.98 4.05 3.7 340708 071701}
3414 SR KDC 191 1.58 247 3.49 3.17 474735 11479858
3480  FR MC 99 253 3.65 347 221 1947078 0467032
3608 SR KDC 167 1.71 278 3.73 324 4.1070% 0917912
4150 FR  CLV 77 269 357 3.27 200 2027075 0.52%022
4262  FR  MC 164 1.52 245 3.45 3.33 4847072 1157587
4270 FR MC 125 1.77 272 3.64 277 4107085 0.98701%
4278  FR MC 217 1.65 2.73 3.62 3.63 4.377053 0.957512
4374 SR SC 261 149 248 3.61 347 5067078 1147598
4382  FR CLV 178 199 3.09 3.63 2.80 2.93757% 0.6715:1¢
4387 FR MC 98 1.60 251 3.58 3.8 47870755 1127997
4458 SR KDC 83 1.64 246 3.17 288 4187335 1157008
4459 FR MC 155 1.92 3.07 3.62 291 2997070  0.68701%
4473 FR MC 186 1.56 2.54 3.82 345 5117051 1.1075:19
4477 FR SC 147 1.60 261 3.70 3.29 4717059 1.0579:12
4486 SR SC 268 1.25 221 352 3.87 5561030  1.217003
4526 FR  MC 214 1.68 2.70 3.89 3.58 4.6170%  0.96701]
4546  FR  MC 189 1.60 2.49 3.64 3.39 502709  1.137599
4550 SR SC 103 2.01 3.06 346 255 297797 0731917
4552 SR KDC 233 1.55 2.64 4.06 3.79 5.0370%9 1.0079-18
4564  FR SC 150 1.62 2.65 3.84 347 4757052 101791
4570 FR MC 167 151 245 3.75 343 524709 1157008
4621  FR  KDC 200 1.50 241 3.70 3.56 5.34707%, 1177955
4660 FR  MC 181 1.55 2.59 3.72 3.48 4.89702%  1.07751]
5198 SR KDC 173 1.60 259 3.75 3.43 4897023  107f01]
5308 FR  MC 201 152 249 3.83 3.60 5367020  1.1370%)
5813 SR KDC 210 1.54 2.61 3.75 3.47 484705  1.057012
5831 SR KDC 148 1.87 296 3.86 287 340708 0767015
5838 FR  MC 232 1.66 2.67 394 358 4767052  0.99701
5845 FR  MC 237 157 265 419 3.76 5.0370% 0997010
5846 SR SC 213 1.35 236 3.74 3.60 54870%7 1187000
5982 SR KDC 223 1.63 2.66 4.05 3.38 4797052  1.00701
7332 FR  KDC 125 210 327 3.87 275 2537070 0557517
7457  FR  CLV 75 226 340 3.60 240 227707  0.537012

NOTES: (1) NGC galaxy number. (2) Slow/Fast Rotator cla®sK{nematic substructure as defined in Paper XII. (4) Ste#docity dispersion withinR, ~.
(5-8) Line-strength indices withit. y; measured in the LIS-ﬁasystem. (9-10) Stellar mass-to-light ratios. ] in the V- and3.6m bands.
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Table D4. Spectroscopic quantities for tiBAURON sample of Sa galaxies.

Galaxy SR/FR Kinem. o I—lﬁ H?O Fe§015 l\{l@ Vs,V Ve,[3.6]
kmis) @) (A (A (A (Me/Le)v (Me/Lo)s.g
Q@ @ & @» 6 6 0 O ©) (10)
1056 FR ~ SC 83 285 394 176 124 147709%  0.60751%
2273 FR MC 124 272 398 313 227 1637005 0407039
2844 FR  SC 93 245 349 256 170 1967070  0.64703%
3623 FR  MC 141 1.69 2.70 3.70 3.27 4.3970%  0.987512
4220 FR SC 92 261 3.68 3.89 240 2.04%79%% 0437017
4235 FR  MC 165 1.84 2.69 3.67 297 4.29758 1007013
4245 FR MC 97 194 295 343 276 3317573  0.81701S
4274  FR MC 153 1.88 2.89 351 285 353757 0857013
4293  FR  SC 107 244 353 371 230 212%07% 0487029
4314 FR  SC 118 213 313 3.37 260 2797070  0.69701%
4369 FR  SC 59 339 472 199 130 1.0770%% 0367532
4383 FR  SC 51 3.05 405 040 089 1157039  0.6375%
4405 FR  SC 54 313 436 234 153 1217950 037703
4425 FR  CLV 78 189 290 3.62 278 3527570 0837015
4596 FR  MC 156 1.66 2.62 3.51 3.21 449708  1.057013
4698 FR  KDC 141 1.67 259 3.30 290 4.207533  1.08%01}
4772 FR SC 131 154 2550 3.07 3.19 427794 1137099
5448 FR  MC 128 219 327 323 265 2507075 @ 0.627570
5475 FR  SC 101 217 3.35 4.07 285 249108 051707
5636 FR  CLV 40 249 3.64 253 175 1817973  0.587030
5689 FR  MC 166 1.98 3.12 4.02 293 291707 0617075
5953 FR  KDC 100 2.86 3.97 1.69 129 1447335  0.6075 18
6501 FR  SC 190 1.65 2.65 4.06 3.58 4.9175%  1.00701}
7742  FR  KDC 71 281 4.07 287 204 1537972  0.40702;

NOTES: (1) NGC galaxy number. (2) Slow/Fast Rotator cla@sK({nematic substructure as defined in Paper XII. (4) Ste#docity dispersion withinR, ;.
(5-8) Line-strength indices withi, v measured in the LIS-Bsystem. (9-10) Stellar mass-to-light ratiog. { in the V- and3.6m bands.
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