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ABSTRACT

We present a stellar population analysis of the absorpti@strength maps fot8 early-
type galaxies from th&AURON sample. Using the line strength index maps ¢f, Ife5015,
and Mgb, measured in the Lick/IDS system and spatially binned to mst@mt signal-to-
noise, together with predictions from up-to-date stellapydation models, we estimate the
simple stellar population-equivalent (SSP-equivalegg,ametallicity and abundance ratio
[a/Fe] over a two-dimensional field extending up to approxahabne effective radius. A
discussion of calibrations and differences between modeligtions is given. Maps of SSP-
equivalent age, metallicity and abundance ratifi-g] are presented for each galaxy. We find
a large range of SSP-equivalent ages in our sample, of whigh per cent of the galax-
ies show signs of a contribution from a young stellar popoifatThe most extreme cases
of post-starburst galaxies, with SSP-equivalent ages 8fGyr observed over the full field-
of-view, and sometimes even showing signs of residualfetanation, are restricted to low
mass systemsr{ < 100km s™* or ~2 x10'°M/,,). Spatially restricted cases of young stel-
lar populations in circumnuclear regions can almost exetlgbe linked to the presence of
star-formation in a thin, dusty disk/ring, also seen in thamUV or mid-IR on top of an older
underlying stellar population.

The flattened components with disk-like kinematics presigpudentified in all fast ro-
tators (Krajnovic et al.) are shown to be connected to megif distinct stellar populations.
These range from the young, still star-forming circumnachtisks and rings with increased
metallicity preferentially found in intermediate-masstfeotators, to apparently old structures
with extended disk-like kinematics, which are observedaeehan increased metallicity and
mildly depressedd/Fe] ratio compared to the main body of the galaxy. The slaatows, of-
ten harboring kinematically decoupled components in ttertral regions, generally show no
stellar population signatures over and above the well knoetallicity gradients in early-type
galaxies and are largely consistent with atdlQ Gyr) stellar populations.

Using radially averaged stellar population gradients wd finagreement with Spolaor
et al. a mass-metallicity gradient relation where low mass fotators form a sequence of
increasing metallicity gradient with increasing mass. fore massive systems (abov8&.5
x10'9My) there is an overall downturn such that metallicity gratiemecome shallower
with increased scatter at a given mass leading to the mosiveaystems being slow-rotators
with relatively shallow metallicity gradients. The obsedwshallower metallicity gradients and
increased scatter could be a consequence of the compéitaeen different star-formation
and assembly scenarios following a general trend of dithingsgas fractions and more equal
mass mergers with increasing mass, leading to the mostveasgstems being devoid of
ordered motion and signs of recent star-formation.

Key words: galaxies: bulges — galaxies: elliptical and lenticular,-€[@alaxies: evolution
— galaxies: formation — galaxies: kinematics and dynamigalaxies: structure — galaxies:
nuclei

1 INTRODUCTION of galaxies on the red sequence has increased by a factob of 2-
since redshiftz: ~ 1 (Bell et al.|2004] Faber et &l. 2007; but see
Marchesini et al. 2009). This growth of mass can arise from tw
main sources (1) the growth of objects already on the redeseme

(in the case of cold gas accretion they may move from the red se
guence into the 'green valley’ during the period of stamiation)

and (2) the addition of galaxies from the blue cloud once-star
formation is shut off either by consumption or by the remafal
the cold gas reservoir (Faber etlal. 2007).

In hierarchical galaxy formation models withAadominated cold
dark matter cosmologyACDM), early-type galaxies are predicted
to have formed through the merging of smaller galaxies anteac
tion events over time (e.dg., Somerville & Primack 1999; Gailal.
2000;/ De Lucia et al. 2006; Bower et al. 2006). Large galaxy su
veys in the local universe as well as at medium redshift have
shown that galaxies follow a strong bimodality in colour mag
nitude space, forming a red sequence’ and a 'blue cloudh wit
an intermediate region sparsely populated by galaxies tmee
dubbed the 'green valley’ (e.q., Baldry etlal. 2004; BellleRa04;
Willmer et al.| 2006). The hierarchical galaxy formation sago

has received renewed observational support by the recet fin
ings of the COMBO-17 and DEEP2 surveys that the stellar mass

There is observational evidence that the detailed growth of
mass on the red sequence is a function of luminosity (herd ase
a proxy for total galaxy mass) as well as a function of envinent.
While most massive galaxies have already joined the redesegu
atz ~ 1 (Treu et all 2005; Bundy et al. 2006; Cimatti et al. Z006),
the low mass end of the red sequence seems to be subject to the
continued arrival and re-rejuvenation of galaxies up topresent
* Email: hkuntsch@eso.org day (Treu et al. 200%; Schawinski etlal. 2007; Sansom & Naghe



2008;| Smith et al. 2009; Shapiro et al. 2010, butisee Tragar et
2008). Taken together, a scenario emerges where low mdgs ear
type galaxies (on the red sequence), irrespective of timeiran-
ment, are predicted to show younger stellar population #ums
their more massive counterparts. In addition, galaxiegliregs in
high-density environments are older and show less sprestéliar
age than those in less dense regions (see also Trager e&). 20

Many authors have investigated the scenarios summarized
above by means of a stellar population analysis of nearlly-egre
galaxies based on optical line strength indices often mredsn the
Lick/IDS system. In most of the studies galaxies are treatesba-
tially unresolved sources (e.g.. Bernardi et al. 2006; Yeret al.
2006; | Schawinski et al. 2007; Trager et al. 2008; Thomasl et al
2010) allowing access to either large samples of galaxe$ora
example in the case of the Sloan Digital Sky Survey (York =t al
2000), or the analysis of extremely high signal-to-noitmrS/N)
data. Only a limited number of studies have investigatee lin
strength gradients obtained with long slits (€.9., Davies|£1993;
Sanchez-Blazquez etlal. 2007; Spolaor et al. 2009) oaligichv-
eraging the data from integral-field-units (Rawle et al. @08pa-
tially resolved stellar population maps of early-type gada re-
main the exception (e.g., McDermid eflal. 2006; Chilinga809;
Pracy et al. 2009; Blanc etlal. 2009).

With the advent of high throughput integral field units on
medium size telescopes, the study of two-dimensionalastptip-
ulations maps has become feasible. We have conducted ay/surve
of 72 representative early-type (E, SO, and Sa) galaxiewubie
integral-field spectrograpBAURON mounted on the William Her-
schel Telescope in La Palma (Bacon et al. 2001; de Zeeuw et al.
2002). This allowed us to map the stellar and gas kinematics a
well as a number of stellar absorption line indices up to dooe
effective radiusR. for most of the galaxies in the sample. Ana-
lyzing the global properties of the velocity fields of the 4&kd
S0 galaxies Emsellem etlal. (2007, hereafter Paper 1X) ctara
ized the population of early-type galaxy with two classeslofv
and fast rotators, according to their specific (projecteduéar mo-
mentum measured within one effective rading, [Krajnovic et al.
(2008, hereafter Paper Xll) further analyzed the velocitg &e-
locity dispersion maps using kinemetry, a generalizaticsucface
photometry to the higher order moments of the line-of-sigtbc-
ity distribution (Krajnovic et al. 2006) and found that 7drpcent
of Es and 92 per cent of SOs in tIBAURON sample exhibit ro-
tation, which can be well-described by that of a simple,imed
disc.|Scott et al.| (2009) explore the surprisingly tightretation
between the local escape velocitys. and stellar population pa-
rameters.

In this paper, we present for the 48 E and SO galaxies in the
SAURON sample, estimates of the mean simple stellar population-
equivalent (hereafter SSP-equivalent; see Tragerlet@k)Xdellar
population parameters, age, metallicity and abundani®z[raf-e]
for each bin in our maps. The study is based on the line stiengt
measurements presented_in Kuntschnerlet al. (2006, herdédt
per VI), although we provide a short description of an imgebv
data-reduction scheme and the resulting updated linegitrenea-
surements in this paper. Compared to many other line stiengt
based stellar population studies, our work rests on a ldmitem-
ber (3-4) of line strength indices. However, our study hastén-
efit of covering a contiguous region of the galaxies, oftexthing
out to approximately one effective radifs. Furthermore, it com-
plements and extends tI8AURON survey studies of th6&ALEX
near-UV (hereafter NUV) imaging (Jeong et al. 2009, heezdta-
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per Xlll), Spitzermid-IR imaging (Shapiro et al. 2010, hereafter
Paper XV) and ionized gas (Sarzi ellal. 2010, hereafter P&gpr

This paper is organized as follows. In Sectidn 2, we present
the details of our revised data-reduction leading to impdoline
strength measurements. In Sectidn 3, we describe our méshod
estimate stellar population parameters from the availableof
Lick/IDS indices along with a discussion on the reliabildf/the
results. The two-dimensional stellar population maps ezegnted
in Sectior[#, where we first discuss in detail the findings dsd a
analyze overall stellar population gradients and scaktations of
the aperture measurements with central velocity dispewsial dy-
namical mass of the galaxies. The conclusions follow iniSe.
We present a revised table of circular aperture line strengga-
surements withirR. /8 and oneR. in the Appendix.

2 REVISED DATA REDUCTION

The results presented here are based on the observatiommEnd
reduction described in Emsellem et al. (2004, hereaftee P,
Paper VI and Sarzi et al. (2006, hereafter Paper V). Howeuer,
spectral template library which is used to derive the kintitaa
and the gas emission was changed from the Jones librarys(Jone
1999) to the stars from the recently published MILES stelilar
brary (Sanchez-Blazquez et al. 2006). This new libramgvigles
better fits to our spectra, therefore minimizing templatematch
(see also Cappellari etlal. 2007). The main consequencéscirih
small, but significant changes to the kinematics; nametiyceds
and hy4 values where the change is most significant in the central
regions of our sample galaxies and over a larger area for ts m
massive systems. These changes in the kinematics carpgtinto
the fully corrected line strength measurements via theniateve-
locity broadening corrections and result in slightly regdiwalues
for Mg b, Fe5015 and Fe52¢0n the affected regions of the maps
(see Paper VI).

In an attempt to further improve the emission-line coratdi
to our absorption line strength measurements, we alsotraeted
the nebular emission fluxes and kinematics using the MILES st
lar library. In the case of emission-line measurements,evew it
is crucial to provide an underlying fit to the stellar continu that
is as physically motivated as possible in order to avoidispsrre-
sults. For this reason, rather than using a subset of stgkectra
from the MILES library for each separate galaxy, we used fier t
entire sample a single template library consisting of 4&$istel-
lar population models from Vazdekis et al. (2010, based onB\#
stellar spectra) to which we added a number of stellar tetepla
obtained by matchin§AURON spectra devoid of emission. Specifi-
cally, based on the maps of Paper V, we extracted 50 high{3#bt s
tra from circular apertures in regions without significamtigsion.
We fitted these with the MILES stars over tkatire wavelength
range (i.e. without excluding regions prone to emissiox}|eling
only the stellar templates with exceedingly low (0.9 A) values
of the H3 absorption-line strength. The optimal combination of the
stellar spectra that best matched each of our emissiorafresture
spectra constitute each of the empirical templates in owrteen-
plate library. Care was taken to extr&&AURON spectra covering
the range of absorption-line strengths observed in Papdn\tis
respect, our empirical templates approximate as closelyoasi-
ble the spectra of real early-type galaxies, were they entdtl by
kinematic broadening.

Although adopting the new template library does not lead to
a dramatically better sensitivity in the detection of neloidmis-
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sion, the use of such a physically-motivated set of templktaeds

to more robust emission-line measurements, and therefoetter
correction of the absorption-line strength indices a#ddty emis-
sion (mostly H3 and Fe5015 in our survey). For further discussion
of the new emission-line measurements see Paper XVI.

In summary, the use of the new spectral template library sig-
nificantly improved the measurements of the line strengtlicas.
Main results presented in earlier papers, however, areffeated.
Specifically, in Paper VI we presented a comparison between t
isoindex contours of Mg and the isophotes of the surface bright-
ness finding that the Mg contours appear to be flatter for about
40 per cent of our galaxies without significant dust featutés
ing the revised index measurements, we find that ellipticiga-
surements for the My contours have slightly changed, but agree
within the oneo errors with the previous measurements. Further-
more, the stellar M/L ratios derived in_ Cappellari et al.@@pre-
main the same within the quoted errors.

In Table[Al of the Appendix we present the updated line
strength measurements for circular apertures withifi8 and one

a first order analysis. We emphasize that these compositeesd
are largely used for presentation purposes when we wantoiw sh
our measurements in the observational plane of indéxdex dia-
grams.

Within the SAURON wavelength range we measure three dif-
ferent metallicity indicators: Fe5015, Mgan Fe5279 (for details
see Paper VI). These indices are not pure metallicity indisa
but are also sensitive to age changes. Furthermore, nanamin-
dance ratios can severely affect the interpretation oftivatices if
not taken into account (e.d.._Kuntschner et al. 2001; Thaghat
2003). In practice it is sometimes convenient to define rieitstl
indicators which are insensitive to abundance ratio viariat The
first indeX] of this sort was defined by Gonzélez (1993) and further
improved by Thomas et al. (ZC@)However, theSAURON wave-
length range does not allow us to measure Fe5335. Therefere,
define new, abundance-ratio-insensitive index combinatfor the
available indices. We follow the approachlby Thomas et 8082
and also use their models to derive the index definitions. Stie
set of the model library we use to define the new indices spges a

R.. These values supersede the ones presented in Paper V4. Aperfrom 1 to 15 Gyr, metallicities froniZ/H] = —1.35 to 0.35 and

ture line strength measurements changed by less than 1&per c
with robustly measured mean offsets®12, —0.37, —0.02, and
0.00 A for the HB, Fe5015, Mg and Fe527¢ indices over the
(Re/8) aperture, respectively. For the ofk aperture, the offsets
are0.12, —0.31, —0.01 for the H3, Fe5015 and M¢ indices, re-
spectively. Note that we also made use of revised estimétibe o
effective radiiR. (see Tabl€ZAl) which were derived withRt/™
growth curve analysis from our wide-field MDM (1.3m) imaging
survey of theSAURON sample (Falcon-Barroso in preparation).

3 ESTIMATING STELLAR POPULATION
PARAMETERS

Estimates of luminosity-weighted stellar population pageters
such as age, metallicity and abundance ratios can be idfénom

a set of line strength indices measured on integrated spéctr
combination with the predictions from stellar populatioodeals.

In this section we begin by presenting a first order overviéw o
the ages and metallicities of our sample galaxies usingsicials
age/metallicity diagnostic diagrams and then describe thch-
nique used for the full analysis of our data including theratance
ratio variations.

3.1 Afirstlook with classical techniques

The classical problem of the degeneracy between age and- meta
licity changes in an old%2 Gyr) integrated stellar population can
be partially overcome by plotting a combination of metétic
sensitive indices against an age-sensitive index (e.grthéo
1994). This method has been used successfully in the pastand
will present an overview of our data with this traditional timed
before we employ state-of-the-art techniques for the fodlgsis

of our line strengths maps (see Secfiod 3.2).

Due to our limited wavelength ranged800 — 5380,&) we
can only use KB as an age-sensitive index. In order to minimize
the influence of abundance ratio variations on our first4oedg
estimates derived from the classical indexindex diagrams we
define composite indices. These indices are constructddthat
a mean metallicity is measured rather than a metallicitgdiato
one species. TheHindex shows only a mild dependence on abun-
dance ratios (e.g._Thomas etlal. 2003) and can be safelyinised

abundance ratios g /Fe] = 0.0 to 0.5. This covers most of the
range of stellar population parameters which we probe mghi-
vey.

The new abundance ratio insensitive indices are defined as:

0.64 x Mg b 4 Fe5270

[MgFe52]" = 5 Q)
MgFeso] — %09 Mg2b 1 Fe5015 @

The scaling factor for the My index was optimized so that the
mean difference between solar and non-solar models is aetioi$
index. Figuréll demonstrates that, similar to the [MdFejex de-
fined by Thomas et al. (2003), the new composite indices #nera
insensitive to abundance ratio changes over the rangeghthe
model predictions.

In Figure[2 we show the relation between [MgFe5ahd
[MgFe50] versus[MgFe] for a sample of well calibrated Fornax
early-type galaxies taken from Kuntschner (2000). Theeegsod
linear correlation between the new composite indices angHaf
as expected if they are good indicators of mean metallicity.

Throughout this paper we use index measurements calibrated
to the Lick/IDS system (see Paper VI and Sectidn 2). There
are various stellar population models available for thistem
(e.g., | Worthey 1994; Vazdekis et al. 1997; Thomas et al. |2003
Lee & Worthey! 2005 Schiavon 2007) which agree to first order
in their predictions of index strength as function of agetattie-
ity and abundance ratio, but differ in details. We demonstthis
in Figure[3 where we show radial gradients averaged alorg lin
of constant surface brightness in the3 Mersus [MgFe50] plane
for the 48 early-type galaxies in our sample. The center ohea
galaxy is indicated by a filled circle. Overplotted are moged-
dictions from Schiavori (2003 Yor [o/Fe] = 0.0 on the left and
model predictions by Thomas et &l. (2003) far/Fe] = 0.0 on
the right. This diagram provides a convenient overview aflme

1 [MgFe] = \/Mgb % (Fe5270;Fe5335)

2 [MgFe] = \/Mgb x (0.72 x Fe5270 + 0.28 x Fe5335)

3 We use here the “base” models from Schiavon (2007) with salan-
dance ratios, where the abundance ratio bias of the stidtary} has been
removed. The model predictions were transformed to the kickem by
using the offsets described in Table 1 of Schiavon 2007.
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Figure 1. The dependence of [MgFe]Thomas et al. 2003), [MgFe52]
and [MgFe50] on abundance ratioofFe]. Shown is the difference be-
tween the model predictions (Thomas et al. 2003) at solanddnce ratio
and the model predictions for non-solar abundance ratibs. model li-
brary used here spans ages from 1 to 15 Gyr, metallicities &/ H| =
—1.35 to 0.35 and abundance ratios pf/Fe] = 0.0 to 0.5.

strength measurements while at the same time showing ged|yhi
the relation between the stellar population parametensiniosity-
weighted age and metallicity, as predicted by the models.

It is evident from the plot and consistent for both stellappo
ulation models that the galaxies span a large range in Iwitino
weighted age with the majority of galaxies clustering at afgbs
(~12 Gyr). However, taking a9 Gyr isochrone as a dividing line,
about 40 per cent of our sample galaxies show signs for the pre
ence of young stellar populations. Excluding the very yast@b-
jects, radial line strength gradients translate into aide¢h metal-
licity with increasing radius.
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[MgFe52] (A)

[MgFe50] (A)

Figure 2. [MgFe52] and [MgFe50] versus[MgFe] for a sample of For-
nax galaxies taken from Kuntschner (2000) are shown as ojpemodds.

Overplotted are stellar population models by Thomas|eP03) at solar
abundance ratio. Average error bars for the Fornax datahemersin the

upper left corner. Note, however, that the errors are catedldue to some
indices being used in both axis.

models predict for those galaxies an age gradient suchitbaten-
ter is younger than the outskirts. Moreover, a significaattion

of galaxies shows H strengths at large radii which are below the
model predictions for an age of 15 Gyr. Using the Schiavo®720
models both effects are mitigated in the sense that theilésdr

no evidence for age gradients for old galaxies and that theritya

of line strength measurements lie within the range of modadig-
tions.

The TMBO03 and Schiavon models both use the same index
sensitivity functions from_Korn et all (2005) to correct fabun-
dance ratio patterns, however, they use different stabbaaries;
namely the Jones (1999) library in the Schiavon models aad th
Lick/IDS library (Worthey et al. 1994) in TMBO03.

Although the_Schiavon (2007) models appear to better fit the
observational data of tH®AURON survey, we emphasize that stellar
population models are not considered perfect by us andratib

Examining the diagram in more detail one can see that most uncertainties between the models and observed data remasn a

galaxies that are dominated by old stellar populations (ege>
9 Gyr) exhibit roughly constant Blabsorption strength with radius
(see also Paper VI). Taken at face value,[the Thomas et &3)20

sue (see also Graves & Schiavon 2008). For the remaindeisof th
paper we will use the models bf Schiavon (2007) for our stella
population analysis. However, we will make specific refeseto
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Figure 3. Radial line strength gradients averaged along isophotehdo48 early-type galaxies in tlBAURON sample. The center of each galaxy is indicated
by a filled circle and different colours are used for eachygal&or galaxies with a strong contribution from a younglatepopulation (8 > 2.5 /3\) we
give the galaxy name next to the central data-point. We aldicate the location of NGC 4486 which exhibitgldbsorption strength substantially below the
models. Overplotted are stellar population models by Sohig2007, left) and Thomas et &l. (2003, right; hereafteiBOg) for solar abundance ratios. Note
that the TMBO3 models extend {@d/H] = +0.67, whereas Schiavon models reach ofdyH] = +0.2.

Thomas et &l (2003) at key points to demonstrate the model in
pendence of our results.

3.2 Thex? technique

In the classical index-index diagrams described above a®s d
typically not make use of all available index measurements a
furthermore it requires an iterative scheme if one is irge@ in
abundance ratio estimates. A more elegant way of deterggtai-

lar population parameters is thé technique (e.g._Proctor et al.
2004). Here the best fitting stellar population model to agiset
of index measurements is found by minimizing the differenige-
tween the measured index values and the stellar populatomieim
predictions in ay? sense. This approach was already used by our
team in_McDermid et al! (2006, Paper VIII), and will be empdy
for the remainder of this paper to derive the estimates qfragéal-
licity and abundance ratio for a given set of observed irglide
allow for a reasonable accuracy in the estimates we intatpol
the Schiavon models to a fine grid providing 340681 individua
models, spanning [Z/HE —1.19 to 0.57 (in steps of 0.02 dex),
age= 0.89 to 17.7 Gyr (logarithmically, in steps of 0.02 dex), and
[a/Fe] = —0.2 to 0.5 (in steps of 0.01 d&) The above model
parameter space covers the majority of our measurementldor

4 The Schiavon (2007) models are provided as function of [Fafid were
converted by us to [Z/H] as used throughout this paper byrestoamation

sample of 48 galaxies. For index measurements which liedmuts
of the stellar population model parameter space, we usedbe b
fitting values at the boundary of the interpolated modelavéier,
observed index values are generally covered by the modahmar
ter space and only individual data points may cross the banigsl
We estimate confidence levels on the derived parameterg tign
Ax? values (for details see Press et al. 1992).

We use they? technique to derive SSP-equivalent stellar pop-
ulation parameters for each bin in our maps. We also usedtiis t
nique to derive stellar population estimates over circafzartures
of one effective radiugz. and of radiusR./8, where all the spec-
train these apertures have been summed up and line strexigésv
re-derived. For 28/48 galaxies tBAURON data cover less then one
effective radiusk. and we applied aperture corrections to the line
strength using the average corrections derived in Paperhérev
necessary (see Table 4 therein). Corrections for thartdex are
negligible and are relatively small for the Fe5015 andiMigdices
with maximum corrections of 8 per cent. The fully correctetaf
indices is given in Table A1 of the Appendix.

Due to our limited wavelength range, only theggH-e5015,
and Mgb indices are available for the full field of view. The fourth
index, Fe5279), typically covers a smaller fraction of the field-of-
view (see Paper VI). However, for a circular aperturef/8 we

kindly provided by R. Schiavon. As a result of the transfatiorathe mod-
els do not cover the full metallicity range given above atdadFe].



can derive the Fe52%0values for 37 out of the 48 sample galaxies
(see also Table“A1). This allows us to compare the stellaupop
lation parameters derived by using the Fe5015 index or the mo
widely utilized Fe5270 ind€k The results of the comparison are
shown in Figurél.

Because the Hindex is the primary age indicator and is used
in both derivations, the age estimates show excellent egee
Overall we also find good agreement for the metallicity anghab
dance ratio estimates with maximum differences of 0.08 dek a
0.11 dex for [Z/H] and §/Fe], respectively. Linear fits taking into
account errors in both variables are close to the one-torelae
tion (see dashed lines in Figure 4). However, in order tointaa
good agreement for the abundance ratio estimates we usest a cu
tom built version of the Schiavon models (Schiavon, privaim-
munication) wherdTi/Fe] = 0.5 x [Mg/Fe]. More specifically
abundance ratios of [C/Fe], [N/Fe], and [Cr/Fe] are fixeddias
ratios, whereas [O/Fe], [Mg/Fe], [Ca/Fe], [Na/Fe], [SEee var-
ied with [Ti/Fe] = 0.5 x [Mg/Fe|. Using the standard version
of the Schiavon models witfil'i/Fe] = [Mg/Fe] together with
the Fe5015 index leads to somewhat underestimatéee] ratios
for the most massive galaxies. From our data alone it is reatrcl
whether the Fe5015 index shows a slightly incorrect catiitnan
the fitting functions or if indeed the [Ti/Fe] ratio is not tkang the
[Mg/Fe] ratio. Further calibrations with e.g., globulauster data
are needed to settle this particular issue. Throughouptper we
employ the [Ti/Fe] adjusted models in our estimates of tedast
population parameters.

In Figure[® we carry out a comparison of the stellar popu-
lation parameters derived with our standard set of indi¢#s, (
Fe5015 and M¢) between the Schiavon (2007) end Thomas et al.
(2003) models. In order to cover the parameter space prabed i
this paper we use the line strength measurements ofRy&
apertures as well as the index maps of a galaxy with old stella
populations (NGC 4660) and one where young stellar pomuiati
dominate (NGC 4150). Overall we find reasonable to good agree
ment between the models with the known ‘saturation’ effexts
the[Thomas et all (2003) model at old ages (15 Gyr; see also Fig
ure[3). For estimates of the metallicities [Z/H] and aburdara-
tios [a/Fe], we find good agreement between the models over a
large parameter space. One difference to note though ifdhat
the most metal rich populations found in the center of ege
galaxies, the Thomas et al. models predict higher metadiscand
younger ages compared to Schiavon. This effect is mainlgexhu
by the different slopes the models predict fog ks function of
metallicity (see also Figurgl 3)._Graves & Schiavon (2008)yca
out a more detailed comparison between the predictions ef th
Schiavon and Thomas etal. models using the sample of galaxie
from|Thomas et all (2005) and also find overall agreemengitalb
finding more significant offsets for metallicity and age esties
(see also Smith et al. 2009).

In summary, we conclude that our stellar population estat
derived from H3, Fe5015 and Mg and the Schiavon models,
which we will use for all maps in this paper, agree well witle th
estimates derived from the more widely used index comlmnaif
HB, Mgb and Fe5270 and the predictions from the stellar popula-
tion models of Thomas et al. (2003).

As final demonstration of thg? technique, we show in Fig-
ure[@ how the oneR. aperture index values of our sample of 48

5 We convert our Fe52Z0measurements to Fe5270 by usifgs270 =
1.26 x Feb270g + 0.06 (for details se2 Kuntschner et al. 2006).
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early-type galaxies project onto the model grids in plarfg¢s.t-e]

vs [Z/H], [Z/H] vs Age and Age vsd/Fe]. Error ellipses are drawn
for each galaxy and demonstrate graphically the well known e
ror correlation between [Z/H] and Age (e.q., Trager et alO(R0
Kuntschner et al. 2001). In Tablé 1, we present our estimaftes
SSP-equivalent age, metallicity and/Fe] for circular apertures
within R./8 and oneR..

3.3 Interpretation of derived stellar population parameters

A word of caution is necessary when making use of the stellar
population models described above to interpret the obdeine
strength indices. Each of the stellar population modelsafgiven
age, metallicity and abundance ratio is made of a set of ttats
all have the same age, metallicity and abundance ratioctigtri
speaking, these models can then only be applied to objacépeo
cific regions within objects for which this is also true. Snwe
observe the integrated light along the line-of-sight for target
galaxies we clearly violate this condition even if only mitiy
gradients are considered. The problem is even larger faxg
with signs of multiple star-formation periods. In practitiee de-
rived stellar parameters, from any of the methods descidbege,
are interpreted aSSP-equivaleniSerra & Trager| (2007) investi-
gated the SSP-equivalent age and chemical compositionuneehs
from Lick/IDS line strength indices of a large set of two-piégtion
(old plus young), composite model stellar populations.iTben-
clusions are that SSP-equivalent estimates are biasedisatctine
derived SSP age depends primarily on the age of the youndagopu
tion, while the derived SSP chemical composition is weidm@re
towards that of the old population. Furthermore, in thistert the
age of a young stellar component and the mass fraction betwee
old and young stars are degenerate.

Changes in observed line strength measurements due teo inter
stellar extinction, most likely to be present for early-¢ypalax-
ies with signs of recent star-formation, are negligiblesiBaim-
ulations show that with a standard extinction curve (Fitdpk
1999) and E(B-V) = 0.7, the B, Fe5015, M@, and Fe5270 in-
dices change by less than 0.01, 0.05, 0.01, and;%),@@spectively,
compared to dust free models.

Given the biases and degeneracies described above, we find
that the broad conclusions on the ages and chemical conguosit
of our sample as described here are still valid, but indizidie-
terminations for a given spectrum can be biased in the pcesen
of composite stellar populations. Specifically, the SSBiadent
age estimate is strongly biased towards the last star-tiwmevent
rather than tracing the age of the majority of the stars dmuting
to the integrated spectrum.

4 RESULTS

Figures10b-I below present maps of SSP-equivalent agalliiet
ity [Z/H] and abundance ratiaj/Fe] of the 48 early-type galaxies
in the SAURON sample, ordered by increasing NGC number. For
each galaxy, we show the total intensity reconstructed fteaull
wavelength range of th8AURON spectra (see also Paper IIl), and
the two-dimensional distributions of age, [Z/H] and/IFe] over-
plotted with isophotes of the reconstructed image spacesingye
magnitude steps. We also include the stellar velocity mapsip
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Table 1.List of SSP-equivalent age, metallicity [Z/H] and/Fe] estimates within a circular aperture ¢ /8 and Re.

Name Age (Gyr) Metallicity f/Fe]  Age (Gyr) Metallicity p/Fe]
Re/8 Re/8 Re/8 Re Re Re

@ @ ® 4 ®) (6) ™

NGC474 93797 005+£004  016£0.05 71707  —0.09+£0.04 0.1740.04

NGC524  154%1%  0.034+0.04 0204004 122777  0.014£0.04 0.18+0.05
NGC821  11.2%1)  0.07+002 0224004 11.2792  —0.1340.02 0.25+0.04
NGC1023 11.779%5  0.09+£0.02  019+0.04 117557  —0.03+£0.04 0.26+0.04
NGC2549  3.7703  027£0.02  0.15£0.03 51705  0.03+£0.02 0.16+0.04
NGC2685 511545 —0.014+0.04 0194004 64752 -0254+0.04 0.21+0.05
NGC2695 16.970% —0.01+£0.04  031+£0.05 17.770% —0.19+0.02 0.37£0.06
NGC2699  6.470%  021£002  016+£004 85707 —0.09+£0.04 0.19£0.05
NGC2768 89755  0.01+0.04 0264004 11.2770 -01940.02 0.28+0.06
NGC2974 89707 0114004  029+£0.04 93709  0.01+£0.02 0.2440.04
NGC3032 09701  003£004  0.07£0.02 11707  0.13+£0.06 0.13£0.02
NGC3156  0.9%57  0.05+0.02 —0.014+0.02  2.075] —0.35+0.06 0.02+0.04

NGC3377 67707  0.01£004  024+004 81707 —023+£004 0.20£0.05
NGC3379 14.7707  001£004  028+0.05 147713 —0.11+£0.02 0.29£0.05
NGC3384 61703 0194002 0134004 71757 —0.014+0.04 0.16 +0.04
NGC3414 13475  0.03£0.04  0.34+£0.05 13475 —021+0.04 0.28+0.06
NGC3489  1.870)  0.15+£0.02  0.10£0.02 23707 —0.09+0.04 0.12£0.03
NGC3608 11.7790  0.05+£0.04  024£004 107705 —0.11£0.02 0.2440.04
NGC4150  1.2701  0.07£0.02  0.08+0.03 21707 —0.17+£0.06 0.1140.04

NGC4262 14.17}5 —0.01£0.04  0.33+£0.05 147712 —0.19+0.04 0.34£0.06
NGC4270  8.1%0%  —0.074£0.04 0084004  8575% —019£0.04 0.15+0.05

NGC4278 17.770F  0.01£0.02  046+0.05 141715 —0.09+0.04 0.39+0.06
NGC4374 14.7713  001£004  030£0.04 16175% —0.15+£0.04 0.31£0.06
NGC4382  3.7107  0.054+004  0164£0.04 54752 —0.114£0.04 0.2140.04
NGC4387 10.2703  —0.03+£0.04  0.20+£0.04 117757 —0.17+£0.04 0.26+0.06
NGC4458 10.77)0 —0.11£0.02  0.28+£0.05 11.77}) —0.31+£0.04 0.34£0.06
NGC4459  3.51702  0174£0.02 0224004 71757  —0.134£0.02 0.20 £ 0.04
NGC4473 11.7700  0.09+£0.02  024+0.04 122705 —0.09+£0.04 0.2740.04
NGC4477 97700  0.03£0.04  0.24+£0.04 11.77}) —0.13+£0.02 0.26+0.04
NGC4486 17.7157  0.134£0.02 0414005 17.775] —0.03£0.02 0.44+0.05
NGC4526  6.4703  0194£0.02  0.22+£0.04 107755 —0.01+£0.02 0.28+0.05
NGC4546 10.77)0  0.13£0.02  0.27+£0.04 117710 —0.13+£0.02 0.31£0.05
NGC4550  4.3%0% —0.09+0.02  0214£0.04 64755 -0254£0.04 0.15+0.05
NGC4552 10.2700 0214004  0.25+0.04 128717  0.03+£0.04 0.26+0.05

NGC4564 10.7155 0214002 0194003 10.775% —0.054+0.04 0.26 +0.04
NGC4570 11.7%15  0174£0.02 0174003 141773 —0.134£0.04 0.27 +0.04
NGC4621 13.47}5  0.09+£0.04  0.28+0.05 147797 —011+£0.04 0.32+0.06
NGC4660 12.2%02  0.154+0.02 0244004 1347735 -0.1140.02 0.29+0.05
NGC5198 12.27]%  0.134£0.04  0.26+£0.04 117717 —0.09+0.02 0.29+0.04
NGC5308 12.879¢  0.05+£0.04  0.24+0.04 13475 —0.07+£0.04 0.29+0.05
NGC5813 11.710f  0.05+0.04 0334005 13479% —0114+0.04 0.324+0.06
NGC5831 81102 0114002 0134004 74757 0114004 0.1340.04
NGC5838 9370 0194002 0204003 11.27%>  —0.0140.04 0.27 4+ 0.04
NGC5845 11.2%0% 0154004 0204004 117798 0054002 0.24+0.04
NGC5846 154797  0.09+£0.02  0.28+0.04 17779 —0.09+£0.04 0.31+0.05

NGC5982 89709  0.174£0.02  0.15+0.03 107705 —0.03+£0.02 0.1840.04
NGC7332 28701 0294004 0104003 37753 —0.0340.02 0.15+0.04
NGC7457 28701  0.01£004  0.07+£0.03 34702 —013+£0.04 0.11+0.04

Notes:(1) NGC number. (2) - (4) SSP-equivalent estimates of agélhieity [Z/H] and [a/Fe] within a circular aperture dRe /8. (5) - (7) SSP-equivalent
estimates of age, metallicity [Z/H] and«[Fe] within a circular aperture of onRe. For galaxies with less than orié. coverage we applied the aperture
corrections given in Paper VI to the line strength indiced #ren derived the stellar population estimates.
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Figure 4. Comparison of stellar population parameters derived fi@gy8 circular aperture line strength measurements (see alse [l by using the
indices H3, Fe5015 and M§ or the indices K, Mgb and Fe5270 with the> method and the [Ti/Fe] adjusted_Schiavon (2007) models asried in
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Figure 5. Comparison of stellar population parameters derived froedtellar population models bf Schiavon (2007) and Thorhak €2003, labeled
TMBO03) using the indices H, Fe5015 and M§. The black diamonds with error bars representfiag/8 circular aperture values of our sample of galaxies.
The results from the index maps of NGC 4660 and NGC 4150 arershe red and blue points, respectively. Representatiee lears are shown in the lower

right corner of each panel for typical stellar populatiotues for each galaxy.

ously shown in Paper fflin the bottom panel for each galaxy, used
as reference for our discussion. The maps are all plottel thvi
same spatial scale, and oriented with respect t&S#ERON field

for presentation purposes. The relative directions ofmand east
are indicated by the orientation arrow next to the galaxg.tithe
maximum and minimum of the plotting range is given in the tab
attached to each parameter map, and the colour bar inditetes
colour table used. In order to allow for an easy comparison be
tween galaxies, the plotting range of the age maps is fixetldo t
range 0.4 to 18 Gyr, where the colour bars reflect a lineairgral
The colours are adjusted such that blue to dark green shades c
respond to old stellar population$0( — 18 Gyr), while younger
stellar populations are represented by red and yellow sh&im-
ilarly, the plotting range of thed/Fe] maps is fixed to the range

6 The kinematics were re-derived using the new stellar teteglarary
as described in Sectidd 2. However, there are only very mitar <
10km s™1) changes in the recession velocities thus the visual irsfmes
of the maps is identical to Paper lll.

—0.2 to +0.5 for all galaxies. For the [Z/H] maps we use an inde-
pendent plotting range for each galaxy in order to bettaralize
the metallicity distribution across the field-of-view.

In Paper VI we found non-physical values of thg H-e5015
and Mgb line strengths in the outer regions of some galaxies where
many individual lenslets are averaged to achieve the taBget
of 60. Additionally, we removed regions where a simple atell
population interpretation is not meaningful; for examgie ten-
tral AGN contaminated region and the jet of NGC 4486 or the re-
gions affected by neighbour galaxies of NGC 5846 and thensgi
affected by foreground stars. These bins are indicated gvitly
colour in the maps presented in Figures]10a—I.

Whenever we make reference to the dynamical mass of a
galaxy, we have estimated it with the scalar virial relation

Mayn = 5.0 X Rea? /G, )

where o, is the luminosity-weighted second velocity moment
within one effective (half light) radiugz. and the factor 5.0 was
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Figure 6. Examples ofAx? space for finding the best-fitting stellar population partmse(SSP-equivalent age, metallicity [Z/H] ard¥e]; Schiavon 2007
models) to the line strengths of all 48 early-type galaxiesn@asured within a circular aperture of aRe. The best-fitting model is found by minimizing
the difference between the model predictions and the thigd€IDS indices H3, Fe5015 and Mg. The three panels show different projections of the three-
dimensional solution space, with one of the parameters fixekle best fitting value. The contours indicate thecbnfidence levels based axy?2 for two
degrees of freedom. The small black dots show all grid paitiisrex 2 is evaluated.

calibrated using detailed dynamical models in Paper I\VsThass
represents

Mdyn ~2X .1\41/27 (4)

wherelM, /, is the total dynamical mass within a sphere containing
half of the galaxy light. It should not be confused with theamu
larger total galaxy mass within the virial radius.

4.1 Overview of stellar population maps

The stellar population maps in Figs_10a—| show a wealth oftstr
tures. Some general trends are apparent and we discusdrtiiese
following.

4.1.1 Age maps

To aid the discussion in this section and to provide a simple
overview of the different age map categories, we show in feigu
radial line strength gradients averaged along isophottstiaé pre-
dictions of stellar population models overplotted. Thisiigilar to
Figure[3. However, here we have separated the galaxiesanto f
groups according to their radial age gradients. For eacdxgate
indicate by colour whether it belongs to the fast rotatotagor
slow rotators (red; see Paper IX). An overview of the varistas-
formation indicators used in thBAURON survey is given in Ta-

NGC 3156, NGC 3489, NGC4150, and NGC7457) show age
maps indicating a spatially extended, recent star-fonati
episode covering large parts of the observed field-of-vieih w
SSP-equivalent ages of less thaB Gyr (see Figurg]7a). Our age
maps show that the youngest stellar populations in thesxigal
are found in the central parts, with typically steep age igrad.
Furthermore, ionized gas, optical dust features or evenlaeg
disks are detected in this group of objects (see Papers V & XVI
and TabléDR).

All of the above galaxies are also detected in a systematic si
gle dish CO survey of th6€AURON sample|(Combes etlal. 2007)
further supporting the scenario of recent star-formatiecently,
the SAURON observations have been extended with auxiliary data
in the NUV with GALEXimaging (Paper XlIlI) and in the mid-
IR with SpitzerlRAC imaging and IRS spectroscopy (Paper XV).
The NUV - V colour may be used to trace young stars (age
Gyr) although conservative limits have to be chosen to awoit
fusion with the UV-upturn phenomenon (elg., O'Conhell 19P§-
per XIII). Similarly, the existence of young stars and evegang
star-formation is closely connected to the presence ofgyalic
aromatic hydrocarbon (hereafter PAH) emission aroupthg§Pa-
per XV). Remarkably, but perhaps not surprisingly, the foaiiax-
ies with the youngest SSP-equivalent ages in our sample<age
2 Gyr within an aperture oR. /8) clearly exhibiting signs of recent
star-formation in the NUV and in the mid-IR where data is kalae
(see TablgR). This suggests residual ongoing star-foomatithis

ble[2, where galaxies have been grouped in the same manrrer as i group of galaxies. Evidence for ongoing star-formatioroisfd in

Figure[3.

About 60 per cent of the 48 galaxies in our sample show
roughly flat age maps of dark-blue to green colour indicating
overall old age £ 9 Gyr) over the observed field-of-view. Due to
the linear sampling of the colour map in age, the similar golo
in our maps hides potentially significant age variationshiscdute
terms (9-18 Gyr). This reflects, however, the increased @mrour
age estimates towards older ages, which is dictated by theay
sitivity of the HB index, becoming more uncertain for the same
index measurement error at older ages (see also Higure 3).

In marked contrast, individual galaxies (NGC 3032,

NGC 3032 even in our own emission-line analysis of the iahize
gas (i.e. a very low [@I]/H ratio) as demonstrated in Paper XVI.
The next youngest galaxy in our sample NGC 7457 with a cen-
tral SSP-equivalent age of 2.8 GgR./8) is only marginally de-
tected in the UV and not detected in CO or by PAH emission in the
mid-IR. We interpret the slightly older SSP-equivalent agd the
absence of PAH emission in the mid-IR as evidence for an edolv
version of the younger galaxies discussed above. It isastig to
note that all of the above mentioned galaxies have veloc#yed-
sions ofge < 100km s™" (Mayn < 1.6 x 10'° M) and thus be-
long to the low mass end of our sample. Paper XV argues thsg¢ the



kinds of galaxies are the product of recent gas-rich (minuzjg-

ers where the cessation of star-formation occurs in aniteds’

manner as the molecular gas is heated or consumed. The youghl

equal distribution of co- and counter-rotating kinematiustures

in these systems supports the external origin of the gag(Pap).
Another group of galaxies exhibit a more localized centeal r

gion of young stars embedded within an otherwise oldersstsyls-

tem (see maps and Figure 7b; NGC 4459, NGC 4382, NGC 4526,

NGC 4550, NGC 4552, NGC 4477, NGC 5838, and NGC524). In

all but two cases (NGC 4382, NGC 4552), the recent star-fioma

event — with sometimes residual ongoing star-formation seéhe

NUV, the mid-IR and theSAURON gas emission analysis (see Ta-

ble[2) — is located in a thin, embedded disc clearly visibl¢him

emission line maps and the unsharp-masked optical dustesnag

of Paper V. These thin stellar discs are typically co-rogtivith

the main body of the galaxy albeit at the distinctly highetaro

tional speeds of disks. The metallicity maps (see also Q€diil.2)

of these galaxies show a spatially coincident region of pobd

metallicity, indicating the signs of ongoing metal enricgkmh due

to disc star-formation. NGC 524 is perhaps the least obvioes-

ber of this group of galaxies. It shows only very mild signs of

younger stars in the cerftbibut it features a prominent face-on op-

tical dust disk with a clear spiral pattern (see Paper Vhéfé are

young stars associated with this thin disc, the near faceri@m-

tation may dilute their contribution to the integrated lofesight.

CO is detected in four out of six cases, with recent interfexb

ric CO observations of NGC 4459, NGC 4526, NGC 4550 reveal-

ing molecular gas discs co-rotating with the stellar disesnsin

the SAURON observations (Young et al. 2008; Crocker et al. 2009).

Also theSpitzeRAC observations (Paper XV) clearly support the

scenario of star-formation in well defined thin disks forstroup

of galaxies with detections for the majority of observedagas

(see TablgR.)
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bow-tie like distribution of the young stars also seen inimesced
region of the metallicity map can be matched to the stellaeikiat-
ics, which show a marked twist in these areas with a strongedep
sion in the velocity dispersion map (see Figurél 10f and PaAper
together with a central counter-rotating component as seéme
higher spatial resolution data of Paper VIII. We interptes @as a
kinematically distinct stellar component (see also Pagérifade
of stars from a recent, but more tharl Gyr ago star-formation
episode. The ratio of mass involved in this star-formatieene to
the total mass of the galaxy may be significantly higher camgba
to the mass ratio of the young stars in the embedded, this distn
in the other galaxies of this group.

For NGC 4552 the observed, mild increase ifi Bbsorption
strengths and thus inferred decrease in SSP-equivalerafape
central region is not supported by any of the other recent sta
formation indicators probed by our survey (see Table 2h@igh
this galaxy is known to exhibit a significant UV-upturn (Bateet
al. in prep.), itis unlikely that the Blincrease originates from this
since none of the other slow rotator galaxies that show a ptvm
(NGC 4374, 4486, 5198. 5846, 5982; Bureau et al. in prep.péxh
a clear central increase infHabsorption strength (see Paper VI)
or corresponding decrease in SSP-equivalent age. Due wighe
nificant amount of gas emission present in the center of tiexg
(see Papers V & XVI), itis also possible that thg Hbsorption has
been somewhat over-corrected.

Typically star-formation and the resulting younger SSP-
equivalent ages are found towards the center of early-tgbexg
ies and star-formation takes place in a thin disk/ring molph
ogy (see Figurd]7a-c and also Paper XV). However, there is
also evidence for star-formation outside the nuclear regim
two galaxies. (1) NGC474 shows an age map with a relatively
old central part 9 Gyr) while the SSP-equivalent age becomes
younger towards larger radi (> 6”). This observation is sup-

The SSP-equivalent ages derived for the regions affected by ported by blue NUV-optical colours at the same radii (see Pa-

star-forming disks in the galaxies above mentioned range fr
about 3Gyr to ages barely below the age of the universe. This,
of course, is a reflection of the luminosity weighting andoired
mass fractions. Typically these disks represent only a nrimass
fraction of the total galaxy mass (elg., Crocker et al. 200@f)con-

tain contributions of very young~{ 100-300 Myr) stars (see also
Kaviraj et al{ 2009). We note that these thin, embedded dists
recent star-formation typically reside in galaxies of intediate
mass range witlr, = 160 — 240km s (May, = 1 — 25 x

10'° M; see also Paper XV).

For the galaxies with circumnuclear star-forming disks or
rings, Paper XV suggests a scenario where they experiemae-a t
sient period of renewed star-formation on top of an undegyi
much older population. The origin of the gas may be internal b
also very minor mergers are conceivable. This process isod go
candidate for producing the central, rapidly rotating aretahrich
stellar disks seen in many of our fast rotating galaxies @ae
per XIl and Sectiof 4.1]2).

There are two galaxies with a localized region of young stars
(NGC 4382 and NGC 4552) lacking a detection of young stars in
the NUV and the mid-IR. However, optical HST photometry and
ground based imaging provide evidence for a recent mergéein
case of NGC 4382 (Lauer etlal. 2005). In NGC 4382, the unusual

7 The SIN per observed spatial element was particularly lowhis galaxy
and for radii larger than 20with large bins the line strength indices are of
modest quality.

per XllIl) and is perhaps connected to the famous shell sirast
of NGC 474 (Turnbull et al. 1999). (2) NGC 2974 shows signifi-
cant star-formation in a ring like structure, both cleankhibiting
signs of recent star-formation in the NUV and in the mid-1Rt-o
side the observed field-of-view (hereafter FoV) of 8AJRON ob-
servations|(Jeong etlal. 2007, Paper XV). There is also Hiotied
in a ring like configuration, (Weijmans etlal. 2008). We detaaly
mild signs of younger stellar populations.

Besides the galaxies with strong signs of recent star-fioma
or spatially constrained star-formation connected to,teimbed-
ded disks, there is a sizable group of galaxie8Q per cent of the
sample) that show intermediate SSP-equivalent ages (3 y01 G
over large parts of the observed FoV (in increasing ordeenfral
R./8 SSP-equivalent age: NGC 7457, NGC 7332, NGC 2549,
NGC 2685, NGC3384, NGC2699, NGC3377, NGC4270,
NGC5831, NGC2768, NGC5982, NGC4387, NGC4564,
NGC5845). With only two exceptions (the polar ring galaxy
NGC 2768 |(Crocker et al. 2008) and NGC 2685) these galaxies
are not detected in CO, indicating that they have exhausieid t
molecular gas supply and are now evolving passively. Maeov
neither the dust maps nor the NUV or mid-IR indicators shoiv ev
dence for recent{1 Gyr) star-formation. This is consistent with a
star-formation episode in these galaxies which is long gh@ago
to be devoid of dust and very young stars, but recent and weassi
enough to be traced by theSHndex and thus our SSP-equivalent
age maps. For these galaxies (see also F[dure 7c) we findillypic
flat age maps or only mildly increasing SSP-equivalent age as
function of radius.
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Table 2. Summary of star-formation indicators in tBAURON survey.

Name Age(Re/8) Oe Flatter Mgb CO NUV mid-IR Optical lonized Rotator
(Gyr) (kms1) contours PAH dust gas (fast/slow)
@ 2 3 4 5y (© (M 8 9) (10)
Strong, widespread (post) starburst; see Fifilire 7a
NGC 3032 0.9 90 N Y Y Y Y Y (sf) F
NGC 3156 0.9 65 N Y - Y Y Y F
NGC 4150 1.2 77 N Y Y Y Y Y F
NGC 3489 1.8 98 N Y - Y Y Y F
Spatially constrained, central (post) starburst; seerE[gb
NGC 4459 35 168 N Y Y Y Y Y (sf) F
NGC 4382 3.7 196 Y N - N N ) F
NGC 4550 4.3 110 Y Y Y Y Y Y (S)
NGC 4526 6.4 222 N Y Y Y Y Y (sf) F
NGC 5838 9.3 240 Y N N Y Y Y F
NGC 4477 9.7 162 Y Y N Y Y Y F
NGC 4552 10.2 252 N N N N Y (Y) S
NGC524 >12 235 N Y N Y Y Y F
Spatially extended signs of SSP-equivalent younger age=iggird ¥c
NGC 7457 2.8 78 N N Y N N ) F
NGC 7332 2.8 125 Y - - N - Y F
NGC 2549 3.7 145 N N - - N Y F
NGC 2685 5.1 96 N Y - Y Y Y F
NGC 3384 6.1 145 N N - N N Y F
NGC 2699 6.4 124 N N N N N N F
NGC 3377 6.7 138 Y N - N Y) Y F
NGC 4270 8.1 122 N N - N N N F
NGC 5831 8.1 151 Y N N N N ) S
NGC 2768 8.9 216 N Y N N Y Y F
NGC 2974 8.9 233 Y N Y Y Y Y F
NGC 5982 8.9 229 Y - N N N ) S
NGC 474 9.3 150 N N Y N N Y F
NGC 4387 10.2 98 N N N N N N F
NGC 4564 10.7 155 Y N N N N N F
NGC 5845 11.2 239 N N N Y) Y N F
SSP-equivalent ages consistent with old stellar populstisee Figurgl 7d
NGC 4546 10.7 194 Y N N N N Y F
NGC 4458 10.7 85 N N N N N N S
NGC 821 11.2 189 Y N N N N N F
NGC 1023 11.7 182 N N Y) N N Y F
NGC 3608 11.7 178 Y N - N Y ) S
NGC 4473 11.7 192 Y N N N N N F
NGC 4570 11.7 173 Y N N N N N F
NGC 5813 11.7 230 N N N N Y Y S
NGC 2695 >12 188 N N N N N N F
NGC 3379 >12 201 N N - N Y ) F
NGC 3414 >12 205 N N - N N Y S
NGC 4262 >12 172 N N - N N Y F
NGC 4278 >12 231 Y N N N Y Y F
NGC 4374 >12 278 N N N N Y Y S
NGC 4486 >12 298 N N N N Y Y S
NGC 4621 >12 211 Y N N N N ) F
NGC 4660 >12 185 Y N - N N N F
NGC 5198 >12 179 N N N N Y) S
NGC 5308 >12 208 N N N - N N F
NGC 5846 >12 238 N N N N Y Y S

Notes: This table provides a summary of the star-formation indicaused in theSAURON survey. We group galaxies in four major categories and sort
them by increasing SSP-equivalent age in each categoryn@ol lists the galaxy name. Column 2 the SSP-equivalent egeaocircular aperture with
radius Re /8 (see also Tablel1). Column 3 gives the average velocity digpeover an aperture dt.. Column 4 provides information on the shape of the
Mg b contours compared to the isophotes (see Paper VI). Columg 7 indicate detections for molecular gas (CO), NUV &ianation signatures and
mid-IR star-formation detections from the studies of Cométeal. [(2007), Paper XlIl and Paper XV, respectively. Trespnce of optical dust and ionized
gas emission is indicated in columns 8 and 9 (see Papers V &.)Détections given in brackets ['(Y)'] are marginal, whilé (sf)’ indicates signs of
ongoing star-formation as detected by the analysis of teegassion in Paper XVI. Column 10 gives our classificatido 8low and fast rotators (see Paper
IX for details). Since NGC 4550 features two counter-rotilisks it shows little overall rotation and hence is ckedias slow rotator.
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Figure 7. Age/metallicity diagnostic diagrams for our sample of thelyetype galaxies in th&AURON survey. For each galaxy a radial gradient averaged
along isophotes is shown. The center of each galaxy is itetichy a filled circle and open circle for cluster and field ges, respectively. The colour
indicates whether a galaxy belongs to the fast rotatore|lmuslow rotators (red). Overplotted are stellar popafathodels by Schiavon (2007). (a) Galaxies
with an extended, recent star-formation episode; (b) gedawith signs of a central, spatially constrained, regibsiounger stellar populations; (c) galaxies
with milder but spatially extended signs of a younger steiapulation; and (d) galaxies consistent with overall a&dlar populations.

Last, but not least we have the group of galaxies that show dictions and therefore lead to non-physically large SSkvatent

line strength indices consistent with overall old stellapplations, ages. A thorough check of the data-reduction procedurealede
at least within the sensitivity of our line strength obséinm@s and nothing special for these galaxies and thus we can offer plaea-
stellar population analysis (Figuié 7d). Eight out of thesenty tion to why the H3 line strength is so weak for these two galaxies.
galaxies are classified as slow rotators in Paper IX and ibds i

deed the group of galaxies with old stellar populations whee We note that, when explored at higher spatial resolution,

find most of the slow rotators (see also Secfiod 4.3). Twoxgala jndividual galaxies in the 'old’ group can show signs of re-

ies (NGC 2695 for I.arger radii and NGC 4486 for gll radii) show cent star-formation. For example, HST imaging of NGC 4570
H3 line strength which are below the stellar population modet p (van den Bosch & Emsellérh_1998) reveals evidence for a bar
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driven ring of young stars~{2 Gyr) at a radius of’17 at the pre-
sumed location of a bar inner Lindblad resonance (ILR).

It is interesting to explore the stellar populations of the
class of early-type galaxies with kinematically decouptedpo-

two galaxies are among the most extreme examples of a ré¢eent s
burst in our sample (see Talblk 2). Due to the degeneracies et
star-formation age and young star mass fractions, as wtikedsi-
ases described in Sectibn13.3, the stellar population miihese

nents (KDCs). We define them here as sub-components that ei-galaxies are difficult to interpret and a simple interpietamay be

ther rotate around a different axis to the main galaxy, ot tha

tate around the same axis, but with an opposite sense of rota-

tion and thus are distinct from the young discs discussedeabo
In Papers lll, VIl and XII, 13 galaxies of th&AURON survey
were identified to harbor KDCs. Broadly speaking there appea
to be two types of KDCs: kiloparsec-scale structures whigh a
found almost exclusively in slow rotating galaxies with gweni-
nately old stellar populations (NGC 3414, NGC 3608, NGC 4458
NGC 5198, NGC 5813, NGC 5831, NGC 5982); and more compact
KDCs showing a range in SSP-equivalent ages with a prefertenc
wards more recent star-formation episodes (NGC 3032, NGG,41
NGC 4382, NGC 4621, NGC 7332, NGC 7457; see Paper VIII).
While the central, thin discs discussed above show a prarhine
connection between young stars, optical dust, nebularséonis
NUV and mid-IR star-formation indicators and enhanced ineta
licity, it is remarkable that most of the large scale KDCs ad n
show an equivalent, significant signature in the stellarupatjon
maps. NGC 5831 and NGC 5982 do exhibit mild signs of a con-
tribution from young stars, but the spatial location of thB®s
and that of the young stars is not well correlated. Additiynéhe
metallicity maps (see Sectién 4.11.2) also do not show a fiigmnit
correlation with the rotation direction of the KDC, but ratHol-

low a normal, smooth radial behavior. In summary, any asgemb
and star-formation scenario designed to explain the obddarge-
scale KDCs must account for the absence of significant staia:
ulation parameter signatures (i.e. age, metallicity onalamce ra-
tio).

This can be achieved, for example, if the formation process
was completed a long time ago (e.g., Davies et al. |2001). How-
ever, other possibilities are being explored too. A recemiadhi-
cal study [(van den Bosch et/al. 2008) applying triaxial ebaised

misleading.

Mean metallicity and d{/Fe] gradients averaged along
isophotes are described in more detail in Sedfich 4.2 whileon-
centrate in this Section on the two-dimensional aspectsaftaps.

In Paper VI we found that the Mgisoindex contours appear
to be flatter than the isophotes of the surface brightnesatfout
40 per cent of our galaxies without significant dust featfedso
see Tabl€R). This flattening is almost always associatell sigf-
nificant rotation in the galaxies (see also Paper XIl) andnferied
from this that the fast-rotating component features a highetal-
licity and/or an increasedyFe] ratio compared to the galaxy as a
whole. With the stellar populations maps presented in thidyswe
confirm that the metallicity is enhanced for fast rotatingteyns
such that the iso-metallicity contours appear more flattethan
the isophotes (prominent examples include NGC 4564, NGG,447
NGC 4621 and NGC 4660; see Figlide 8). However, the region of
enhanced metallicity is typically connected with a nikecreasen
our abundance ratio maps (see also Fifglire §ahd 12).

For individual galaxies such as NGC 2549 and NGC 3377 the
region of increased metallicity is connected to the preseoic
younger stellar populations in a rotating structure witbkeike
kinematics. For other galaxies there is only mild (e.g., N4564)
or no (e.g., NGC4660) evidence for younger populationssit i
tempting to associate these flattened regions of enhancéal-me
licity and somewhat lower abundance ratios with the moremtc
star-formation seen in thin disks in galaxies such as NG© 441l
NGC 4526 (see Figurle] 8). Taken together, a scenario emanges i
which the star-formation event that created the fast mugadiisc-
like structure is distinct from the formation of the galaxyaim
body, which took place at a later stage and on somewhat longer
timescales, leading to an increased metallicity and redlatein-

models to the prominent KDC galaxy NGC 4365 (see also Bender dance ratio value.

1988 Davies et al. 2001) shows that the observed KDC is nat-ph
ically distinct from the main body, but rather caused by aespp-
sition of orbits. A more systematic study of the dynamics &&
galaxies is in preparation (van den Bosch et al.) but it maly lvge
that a significant fraction of the observed large scale KD@sat
dynamically distinct subcomponents, but rather are theltre$ a
projection of orbits from a more extended structure, thusnadly
explaining the absence of any distinct stellar populatignatures.

4.1.2 Metallicity and abundance ratio maps

For galaxies with old stellar populations, the abundantie raaps
often show to first order no or only mild positive radial gretis
with values of fy/Fe] ~ 0.2 — 0.4 (red to yellow colour shad-
ing). The most significant structures, over and above thergdy
rather noisy appearance of the maps, are typically conthéatine
presence of (very) young stellar populations, which leakbaeer,
more solar values ofd/Fe] (see e.g., NGC 3156, NGC 4150, and
NGC 7457). The metallicity maps generally show negativaligra
ents with increasing radius, often roughly consistent wighmor-
phology of the light profiles and consistent with many of tlag-e
lier long slit studies (e.g., Davies et al. 1993; Carollolei1893;
Sanchez-Blazquez etlal. 2007). Two remarkable outligns fthis
trend exist: NGC 3032 and NGC 4150, showing a central peak in
metallicity with a surrounding ring of depressed metatjici hese

Norris et al.|(2006) demonstrated in their detailed studhef
lenticular galaxy NGC 3115, that a simple spheroid + disofmr
tion model, where the old spheroid hagfe]= 0.3 and the some-
what younger disc shows close to solar abundance ratiokswor
well to explain the observed stellar population trends is galaxy.

In the SAURON sample, we find good evidence for this sec-
ondary star-formation in disk-like structures for low taérmedi-
ate massd. = 100 — 160 km s™'), fast rotator galaxies such as
NGC 3377 and NGC 4550 where the young stars are still promi-
nently seen in the SSP-equivalent age maps affecting lagjerns
of the galaxy. Can we also find evidence of this type of secgnda
star-formation in older galaxies?

For more massive galaxiesr{ > 160kms ') the disk
formation and increased metallicity is typically consted to a
central location involving only a minor fraction of the tbtaass
of the galaxy (e.g., NGC 4459, NGC 4526; Figlile 8). However,
examining the ¢/Fe] maps more carefully, one can see central
depressions in about 25 per cent of the galaxies (e.g., NGC 82
NGC 1023, NGC2699, NGC4270, NGC4387, NGC4473,
NGC 4546, NGC4564, NGC4570, NGC4621, NGC 4660,
NGC5838). All of these galaxies are classified as fast rotato
and exhibit overall old ¥ 9 Gyr) stellar populations, while the
depression ind/Fe] is highly correlated with an enhancement of
the metallicity estimates in the same spatial position. feftd
examination of the age maps often also reveals a weak signatu
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Figure 8. Prominent examples of fast rotators with a distinct, cewlick-like component. For each galaxy we show from the thp stellar velocity field, the
Mg b line strength map (see Paper VI), the metallicity map, thendbnce ratio mapj/Fe] and the SSP-equivalent age map. The disk-like compsan be
clearly seen in the velocity fields and are reflected in endduhdgb and [Z/H] regions and mild depressions in tkéfe] maps. NGC 4526 and NGC 4459 are
examples of currently ongoing residual star-formation d@isk. Bins shown in grey colour for NGC 2549 indicate regiofifow S/N ratio and thus doubtful
line strength measurements. Note the varying spatial sshlewn for different galaxies; units are given in arcsec.

of a contribution from a younger stellar population in these
central regions as compared to the outer regions. Howeher, t
most important connection to mention is that all of the g&lax
with central depressions ina[Fe] show pinched iso-velocity
contours towards the center indicating the existence ofnérale
fast rotating, disk-like componeﬁtRemarkany, all galaxies of the
above group that are included in the analysis of HST imaging b

.ms, 6/12 galaxies) reveal the signature délas
disk in the central regions. Figurlels 9 12 show radiakyayed
stellar population gradients for selected galaxies whesecentral
depressions ind/Fe] are more apparent.

The kinemetry analysis of our velocity maps presented in
Paper XlI suggested that all fast rotators contain flattefest-
rotating components contributing at various levels to theltight
of the galaxy. For example, there are disk dominated gadasteh

such as NGC 821 and NGC4660 (see Paper Xll), the latter sigowin
largely old stellar populations. Furthermore, 70 per céttt® sam-
ple shows evidence for distinct, multiple kinematic comguts.

A picture emerges where essentially all fast rotator galax-
ies have seen a period (often multiple periods) of seconstany
formation in kinematically disk-like components on top af a
older, spheroidal component. This picture is perhaps waiin
and accepted for classical SOs with small bulge to disk satio
(e.g./Fisher et al. 1995; Norris et/al. 2006). However, we §inb-
components with disk-like kinematics and distinct steltepu-
lations in all fast rotators ranging from galaxies clasdifees Sa
to (elongated) ellipticals: (a) central very young, stiirsforming
disks in e.g., NGC 4526 (Sa), NGC 4459 (S0; Papers Xlll and,XV)
(b) intermediate age systems devoid of any ongoing standtion
but clear detections of a younger, metal rich antFg] depressed

as NGC 3156 and NGC 2685 and more bulge dominated systemscomponent with disk-like kinematics as seen in NGC 2699 () a

8 We note that due to inclination effects, edge-on disks inceter are
more visible than face-on examples.

NGC 3384 (SB) and (c) in the systems with largely old stellzp-p
ulations where the star-formation event connected to thle-ldie
kinematics is mostly evidenced by a raised metallicity imbma-
tion with lower [o/Fe] ratios as seen in e.g., NGC 4621 (E5) and
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NGC 4660 (E5). Figurgl8 presents an overview of selecteddast
tators with metal rich, butd/Fe] depressed disk-like components
ranging from still star-forming disks as found in NGC 452@ter-

all old stellar populations as seen perhaps in NGC 4660.

The frequent disk-like structures observed at variousesdal
our sample of fast-rotating early-type galaxies suggedstshtive
processes play a major role in their formation. The very regént
stellar disks seen in HST imaging and the somewhat largér dis
like kinematic structures with increased metallicity areprbssed
[a/Fe] seen in our observations of fast rotators match welh wit
the recurring but transient circumnuclear star-formasiean in the
mid-IR Spitzerobservations described in Paper XV. The rotational
support on larger scales ftow massgalaxies, which are also of-
ten showing signs of younger stellar populations is propabh-
nected to gas-rich (major) mergers adding a widespreatlydas
tating younger component to the galaxies (seelalso Hoffrhah e
2009). It is not obvious that all fast rotating componentdasger
scales in early-type galaxies can be produced in this wayeder,
recent IFU observations far = 2 ~ 3 galaxies revealed striking
evidence for a transient phase of clumpy, turbulent disknfgion
fed by rapid cold flows| (Genzel etlal. 2008). The datge-scale
disk-like structures seen in our sample of galaxies coull e
the fossil relic of such a cold flow mode of star-formationrsee
at higher redshift. The rotational support and the relatighort
timescale € 1 Gyr) of the secular evolution in these ancient turbu-
lent gas-rich disks seems consistent with our observafgeesalso
Elmegreen et al. 2008).

The slow rotators in our sample (excluding NGC 4550 with
its two counter-rotating disks) mostly show flat/Fe] maps with
metallicity gradients consistent with the isophotes. Thipports
their likely different formation path as already argued apErs IX,

X and XIll. There are however, four slow rotators which show
abundance ratio maps indicating a somewhat depresséte]

[Z/H]

[a/Fe]

0.0t

020 ‘ ‘
-2.0-1.5-1.0-0.5 0.0 —2.0-1.5-1.0-0.5 0.0
log (R/R.) log (R/R.)

Figure 9. Radial gradients of stellar population estimates for t fata-
tor galaxy NGC 4621. The black dots represent individuak hirile the
solid line connects values averaged along isophotes whelial tbins are
indicated by open diamonds. The stellar population esémate shown as
derived from_Schiavor| (2007, left column) and Thomas et2408, right
column) models. The red dots show the results from high apasolution

ratio towards the center: NGC 4552, NGC 5198, NGC 5831 and oASIS observations (see Paper VIIl) where the stellar pijmu estimates

NGC5982. This group of galaxies, which partially also shows
weak signs of a contribution from a younger stellar popatatmay
indicate that the class of slow rotators is perhaps not asogem
neous in their stellar populations as their kinematics nuagest.

A few words of caution with regard to the results presented
so far are due. We note that as shown in Paper VI, the g
dex is a very goodabservationaltracer of the increased metallic-
ity of the disk-like structures. However, in the presence/@ing
stellar populations (SSP-equivalent age3 Gyr) the Mgb index
reacts significantly to age and this causes a decrease irptibso
strength compared to an old population with the same meitglli
For example, NGC 4382 (see Paper VI) shows a centraiHvigex
depression which renders the Mdndex a less useful tool to de-
tect metallicity enhancements connected to disk-like rkiatcs in
these kind of galaxies.

were derived with_Thomas etlal. (2003) models, however,gusidarger
set of Lick/IDS indices, namely Bl Fe5015, Mg, Fe5270, Fe5335 and
Fe5406. The vertical dashed lines indicate a radiug’of 2

4.2 Average stellar population gradients

Average stellar population gradients can be used to study th
formation history of early-type galaxies since differenrrha-
tion models predict different gradients. In a nutshell, mon
lithic collapse models| (Carlberg 1984; Arimoto & Yoshii 138
Pipino et all. 2008) predict steep metallicity gradientagdiag from
0[Z/H]/s1log R = A[Z/H] = —0.35 to —1.0) with metal rich
centers whereas hierarchical models, following a merge, fore-
dict shallower gradients due to the dilution of any line Styth
gradients existing in the pre-merger units (White 1980; da@tshi

Using the Thomas et al. models instead of the Schiavon mod-|2004). However, adding secondary star-formation, intceduby
els does not alter our main findings and conclusions disdusse gas rich mergers with a range in degree of dissipation, wyii-t

above. In fact, the signs of distinct stellar populationghimregions
of disk-like kinematics would be more pronounced in metétfi

for galaxies with old stellar populations. In Figlife 9 we whe-

sults for radially averaged stellar population estimatrivéd from
both stellar population models for NGC 4621 (for detailsf pro-
cedure see Section 4.2).

cally lead to enhanced metallicity over the inner regiond tirus
again steeper metallicity gradients. The metallicity ggatb are
predicted to be strongly correlated with the efficiency df ths-
sipative process, and to only weakly depend on the remnas$ ma
(Kobayashi 2004; Hopkins etlal. 2009a, b).

In this section we derive robust and simple stellar popula-

The main limitation of our abundance ratio estimates is the tion gradients for SSP-equivalent age, metallicity andnalbince

limited number of indices available for the analysis. Nevearb
vations covering large regions of the galaxies as well amngdp
wavelength range, thus including more indices, are neeuledrt-
firm the above findings.

ratio by averaging the measurements along lines of constant
face brightness (isophotes) with equal stepsoinflux. This ap-
proach does not take into account the deviations from e gtalm
licity or [ a/Fe] contours with respect to isophotes, but does provide
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Figure 10a. Maps of the derived stellar populations of the 48 early-tgpéaxies in theSAURON representative sample TISAURON spectra have been
spatially binned to a minimum signal-to-noise of 40 by meafnthe centroidal Voronoi tessellation algorithm_o te@l& Copin (2003). All maps have
the same spatial scale and the units of x- and y-axis arecarEsem top to bottom: i) reconstructed total |ntenS|ty S&P equivalent age distribution (the
age scale is given in units of Gyr and a linear colour scaii¢)nietallicity ([Z/H]) distribution and iv) fxFe] distribution. The bottom panel in each column
reproduces the velocity maps from Paper .
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valuable estimates aheangradients which can be investigated
throughout the whole sample and compared to the predicbbns
simulations. Due to the two-dimensional coverage of oua tiagse
mean radial gradients can be determined with very good gioeci
The average value in each radial bin is derived after apglgn
3o clipping algorithm. The radius for each bin is calculatedtees
median major axis radius normalized to the effective radaee
Table[A] of the Appendix) along the major axis = Re/+/1 — €,
whereR, is the effective radius andis the average ellipticity of
the galaxy within theSAURON field.

In Fig.[11 we show the radial profiles of SSP-equivalent age,
metallicity and abundance ratio as functionlo§(R/R.) as de-
rived from the data. The following conclusions can be irddrirom
the diagram: (1) If the central parts of a galaxy show ol® Gyr)
SSP-equivalent ages, then age gradients remain typicatly(f)
In contrast, the presence of young stellar populationserctntre
typically leads to age gradients such that older SSP-elguivages
are found at larger raéi This observation supports the scenario of
potentially multiple, centrally located star-formatioveats which
add to the older, underlying stars. (3) Excluding galaxiéh sig-
nificant recent episodes of star-formation (central age Gyr),
metallicity gradients appear remarkably homogeneous awittean
value of -0.28 dex pelog(R/R.) and a rms of 0.12. There is a
significant range in central metallicity not obviously cexted to
the age of the stellar population. (4) Abundance ratio gratdiare
typically consistent with a flat distribution or are mildlygitive
gradient (median value of 0.06 dex feg(R/R.)). Overall, there
is a trend in the sense that the oldest galaxies have thegssbn
non-solar abundance ratios (see also Fifilre 6).

For each galaxy we fit an error-weighted straight line to the
stellar population values at a given radius such that agdigrts
are defined as

T
=

N
[

0log Age
§ log(R/Re)’

where Age is measured in Gyr. A similar definition is used for
measurements of the gradients in [Z/H] andHe], denoted as
A[Z/H] and A [a/Fe], respectively. Examples of the fits are shown
in Figure[12 for galaxies representative of the group of fast
tators with young central disks (NGC 4150, NGC 4382), “old”
fast rotators with evidence for an embedded disk-like camepo
(NGC 4473, NGC 4564) and galaxies from the group of slow rota-
tors (NGC 4374, NGC 3608).

The error of the measurements in each surface brightness bin
is taken as thd o scatter of the data-points within this bin after
applying a3c clipping algorithm. We further restrict the fitting
range to all available data with radii betweéha&nhd R.. The inner
r < 2" regions are excluded from the fit in order to avoid biases
due to seeing effects. The overall quality of the fits is good @so
the assumption of linear gradients piilog R is reasonable, with
the exception of some galaxies with contributions from wewyng
stars (see e.g., NGC 4150 and NGC 4382 in Fifute 12).

In Figured 1B and 14 we explore the connection between stel-
lar population gradients and central stellar populatiotimeges
within an aperture oR. /8, as well as the connection between stel-
lar population gradients and global kinematic parametach s
mean velocity dispersion within one effective radiusthe dynam-
ical massMayn (see Eq.B) and the degree of rotational support as
measured by r.

Alog Age = (5)

9 A notable exception to this trend is NGC 474 which shows ftemation
at larger radii (see also Paper XlIl and Secfion 4.1.1).
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Figure 11. Overview of radial profiles, averaged along isophotes, d&?-SS
equivalent age, metallicity andv[Fe] for the 48 early-type galaxies in the
SAURON sample. The colour coding reflects centfal/8 SSP-equivalent

age with red referring to old stellar populations and blugdong ones (see
top plot).

As was already apparent from Figlird 11, oldg Gyr) galax-
ies generally do not show significant age gradients (meatigra
0.02 £ 0.13; the error reflects the one sigma standard deviation of
the gradients), whereas young, fast rotator galaxies ajlpishow
positive age gradients (corresponding to a younger centegn
gradient0.28 + 0.16). Metallicity gradients are, with two excep-
tions (NGC 3032, NGC 524), all negative with a median value of
—0.27. The mean metallicity gradient for old (age8 Gyr) galax-
iesis—0.25+£0.11. There is, however, a trend wigtr, in the sense
that fast rotators have on average the steeper metallicdatjients
with a large scatter at highg.

The relation betweeSAURON line strength index gradients
as well as stellar population gradients with the local escagoc-
ity Vosc was explored in_Scott et al. (2009). A tight correlation be-
tweenVes. and the line strength indices is found. For Kghis cor-
relation exists not only between different galaxies butasably
also inside individual galaxies — it is both a local and glatmarela-
tion. When index measurements are converted to stellaratbmou
estimates the galaxies are found to be confined to a good»>ppro
mation to a plane in the four-dimensional parameter spa&Séf-
equivalent age, metallicity ([Z/H]), abundance ratia/fe]) and
Vesc. The observed tight connection between stellar population
and the gravitational potential, both locally and globgtisesents a
strong constraint on galaxy formation scenarios.
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Figure 12. Examples of radial profiles, averaged along isophotes, &-&fuivalent age, metallicity and/fFe] estimates (open diamonds). We fit an error-
weighted straight line (orange solid line) to each profiledibdata available betweert’{vertical dashed lines) anfl.. See text for details. Small black points
represent individual bins in the stellar population magse Bottom panels show the k1 parameter - a measure of the mmaxiotation velocity - from the
kinemetry analysis of Paper XII.
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Figure 13. Age gradient, metallicity gradient andufFe] gradientversusmetallicity, age andd/Fe] measured within a circular aperture 8§ /8. Fast and
slow rotators are indicated by blue triangles and red aralespectively. NGC 4550, classified as slow rotator duevtocounter-rotating disks, is shown as
orange filled symbol. Cluster and field galaxies are shownllad fand open symbols. In the top middle panel we show in greyrégion occupied by the
simulations of Hopkins et al. (2009a, their Figure 29).
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Figure 14. Age gradient, metallicity gradient and.fFe] gradientversuslog oe, dynamical mass/y,,, andlog A for the 48 early-type galaxies in the
SAURON sample. Fast and slow rotators are indicated by blue tésnaghd red circles, respectively. Cluster and field galaxiesshown as filled and open
symbols. NGC 4550, classified as slow rotator due to two @stnatating disks, is shown as orange filled symbol. The dow sotator at smallog oe is

NGC 4458. NGC 474, which shows star-formation at largeri mtti thus shows a significantly negative age gradient (seeRaper Xl and Sectidn 4.1.1) is
labeled in the Age gradient panels. There is a break in thallicéy gradient vsMg,,, relation ata mass of 3.5 x 1010M® first detected by Spolaor etlal.
(2009) and indicated by the thick grey line. The grey shaded & the left middle panel shows the approximate regiomugied by the simulations of

Hopkins et al. (2009a, their Figure 29).

Spolaor et al. [(2009) noticed a mass-metallicity gradient

downturn with mass and increased fraction of slow rotatmssmtds

relation for early-type galaxies where low mass galaxies the most massive systents ((0''M). The observed scatter may

(<3.5x10'° M) form a tight relation of increasing metallicity
gradient with increasing mass. For galaxies above the itiams
mass there is a clear downturn in metallicity gradient widréased
scatter. Our analysis is consistent with these obsenafgee Fig-
ure[14, middle panel, but also see Rawle &t al. 2010). Thédrac
of slow rotators increases with increasing mass and the mast
sive galaxies are slow rotators (see Paper 1X). Furtherntioeee is
a weak trend among the slow rotators in the sense that theigmla
with the smallest\r exhibit the shallowest metallicity gradients.
This trend clearly needs confirmation with a larger samplel@f/
rotators.

These observations suggest that the formation and subgeque
evolution of low-mass early-type galaxies (which are daated by
fast rotators) leads to a connection between galaxy massatal
enrichment such that the steepest metallicity gradieetaehieved
for masses 0~3.5x10'° M. All these galaxies are rotationally
supported and feature strong disk-components suggesisgich
mergers and accretion to play an important role. We empbasat
low-mass galaxies with youngnd old SSP-equivalent ages fol-
low this relation and thus secondary star-formation dueatarich
(minor) mergers (see Sectibn 4J1.1; Paper XV) does not aestr
the trend. For more massive galaxies (abe&5x10'° M) the
relative influence of the various star-formation and asdgmio-
cesses which determine the galaxies’ properties seem toyeha
We observe a large scatter of metallicity gradients with eerall

be the result of competing processes such as minor gas-gofr m
ers building disk-like structures over extended regionth wnather
shallow metallicity gradients, circumnuclear star-fotima.in rings
and disks leading to steeper metallicity gradients, paldity in the
center, and gas-poor (major) merging removing the sigeaifior-
dered motion and also weakening metallicity gradients énnttost
massive remnants. Consistent with this picture, we find tbetm
massive systems to be slow rotators that exhibit relatisbbllow
metallicity gradients and are devoid of any signs of rec¢at-s
formation (see also Paper XV). Brightest cluster galaxidsich
are underrepresented in our sample, may deviate from the tre
(e.g.,.Brough et al. 2007; Spolaor etlal. 2009). However aied-
ysis of the projected axial ratio distribution of quiescgataxies

in the Sloan Digital Sky Survey (van der Wel etlal. 2009) demon
strates that galaxies above a mass-af0'! M, have essentially a
spheroidal shape without major disk contribution wherbaddwer
mass systems show a large range in axial ratios.

The averaged/Fe] gradients are consistent with zero for the
slow rotators while a significant fraction of the low-masstfrota-
tors show mildlypositivegradients which we interpret as signs of
the contributions from the central, more metal rich and abmce-
ratio depressed regions with disk-like kinematics. Themjedre]
gradients of the fast and slow rotators &@60 + 0.012 and
0.023 £0.016, respectively (the mean was determined with an out-
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Figure 15. Metallicity gradients as derived from radial averages glon
isophotesversus fextra, the fraction of extra light as determined by
Hopkins et al. (2009a) for galaxies in common. The grey stiaakea
shows the approximate region occupied by the simulatiolfogkins et al.
(20094, their Figure 29). Fast and slow rotators are ineliclly blue trian-
gles and red circles, respectively. Cluster and field gatagire shown as
filled and open symbols. NGC 4550, classified as slow rotatertd two
counter-rotating disks, is shown as orange filled symbol.

lier resistant bi-weight method and the errors reflect ermor the
mean values).

In the recent simulations of major mergers of gas-rich disks
by|Hopkins et al. (2009a), a large range of metallicity geath is
found. They emphasize the importance of the degree of dissip
in the central, merger-induced starburst for the resultimegallic-
ity gradient. Their predictions (shown as grey shaded regia
FiguredIB and_14) broadly agree with our observations. ifhis
cludes the overall downturn in metallicity gradient witltieasing
mass. For galaxies in common we specifically explore thestair
tion between our observed metallicity gradients with tbéserved
measurements of extra lightf.. and compare this also with their
predictions from simulations (grey shaded area) in FigGté\thile
the predictions broadly agree with the observations, a fontl-
sion is not possible with this limited number of galaxies.

4.3 Scaling relations of integrated stellar population
estimates

After the presentation of the stellar population maps (©Seét.1)
and the average gradients (Secfion 4.2) we now discuss riudral g
SSP-equivalent stellar population parameters. Our iatedrmea-
surements were derived by averaging the (luminosity-weih
spectra within a circular aperture with a radius of ddeand re-
measuring the line strength indices. Small aperture cbores; as
described in Paper VI, had to be applied for 28 galaxies. Rtem
resulting line strength values (Tallle]A1 of the Appendixg ce-
rived the stellar population estimates as described iniG€&2
and presented in Tablé 1. We emphasize that these 'glob#’ es
mates of SSP-equivalent stellar population parameteingadigrom

data covering essentially one effective radius (half tigat)i for
nearby galaxies are much more representative of the galasia
whole compared to the typically central (oft&a/8) values used in
the past (e.gl,_Trager et al. 2000; Kuntschner 2000; Thotls e
2005).

In Figure[16 we show the SSP equivalent age, metallicity and
[a/Fe] versuslog o., the dynamical mas3/a4y, andlog Ar re-
lations for the oneR. aperture. In agreement with Thomas et al.
(2005) we find a correlation of age with velocity dispersian
This correlation is driven by the very young, low-mass g&ax
(0o < 100km s™1) showing widespread signs of young stellar
populations and the substantial fraction of fast rotatorthe in-
termediate mass range which are affected to various detmees
the contribution from younger stars linked to disk-like danatics.
Since the current sample is not complete, particularly atltiw
mass end, it is difficult to assess how many low-mass, oleByst
exist. Perhaps more importantly, the age versus dynamieakm
plot shows that a strong contribution from young stellar jap
tions is confined to the low mass end @ x 10'°Mg). With in-
creasing mass the relative fraction of 'young’ galaxiesrelases
because any recent star-formation contributes relatiesly to the
total mass of the system. The slow rotators appear to be testol
galaxies in the sample with a weak trend of decreasip@nd in-
creasing SSP-equivalent age. Confirmation of this trendtsiee
analysis of a larger more complete sample of slow rotatoosv-H
ever, there is also a substantial numbefasft rotators for which
the last star-formation event was either long ago or veryomin
mass fraction so that they show old SSP-equivalent ages.

In  agreement with previous investigations (e.g.,
Kuntschner et al. | 2002;| Thomas et al. 2005; Bernardilet al.
2006; | Collobert et all_2006; Thomas et al. 2010) there is mild
evidence for early-type galaxies residing in low densitgioas
to have slightly younger ages on average compared to theeclus
environment. For theSAURON sample, we find mean ages of
10.8 + 0.8 and 9.7 £+ 0.9Gyr, for cluster and field galaxies,
respectively (the errors are given as errors on the mean).

In summary, massive slow rotators have typically old SSP-
equivalent ages while low-mass fast rotators make up the mos
prominent examples of young SSP-equivalent ages. In thee-int
mediate mass range, galaxies show a range of SSP-equiagkent
of greater than 5 Gyr. The contributions from younger steitap-
ulations are linked to secondary star-formation in diskrig-like
structures (see Sectibn 4.11.1).

Despite the various, distinct components and structures we
find in the stellar population maps and discuss in Se¢fioht4el
global, integrated metallicity estimates over one effectiadius
show a significant, positive correlation wilibg o.. A linear fit, ex-
cluding NGC 3032, gives (see Figlre 16):

[Z/H](R.) = 0.32(£0.07) log o — 0.82(£0.15) .

The metallicity —log o, relation is in agreement with previous in-
vestigations (e.gl, Kuntschher 2000; Thomas &t al. [2006)a®
erage we find smaller metallicities compared to the study.@f e
Thomas et &l.[ (2005), which is caused by the larger apertare w
use in our analysis (onB. versusR./10). The most extreme case
of a post star-burst galaxy in our sample, NGC 3032, deviates
the relation. However, we ascribe this to the extreme lusitgio
weighting of young and old stars in this galaxy and theretmne-
sider the SSP-equivalent estimate of the metallicity asnmedn-
ingful. There is no evidence for an environmental depeneeaic
the metallicitye. relation in our sample.

The correlation of our global (on&.) metallicity estimates
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Figure 16.One effective radius, integrated measurements of SSRademi age, [Z/H] andd/Fe] versudog o dynamical masd/g,,, andlog AR relations.
Fast and slow rotators are indicated by blue triangles amhdireles, respectively. Cluster and field galaxies are shas\filled and open symbols. NGC 4550,
classified as slow rotator due to two counter-rotating diskshown as orange filled symbol. The dot-dashed lines iAgleeand f/Fe]versusog o. relations
are taken from Thomas etlal. (2005), whereas solid linesrager fits to our data.

with dynamical mas$/a4,+, is significant at the 3 level but shows
a significant scatter in metallicity at a given mass (rms 8@éx):

[Z/H] = 0.06(£0.02) log Mayn — 0.75(%£0.25) .

Trager et al.|(2000) showed in a study of 50 local ellipticaliag-

ies that in the four-dimensional space of metallicityg age,log o
and [o/Fe] only a two-dimensional plane is occupied. Furthermore
velocity dispersion seems to be the only structural parantaat
determines the stellar population of a galaxy. One of thgptimns
from this plane is the remarkably tight correlation betwgefire]
andlog 0. We show our {/Fe] estimates as function of central ve-
locity dispersion in the bottom left panel of Figurel 16. Inodo
agreement with the literature, we find a rather tight retatiothe
sense that more massive galaxies exhibit largEe ratios (see also
Jargensen 1999; Kuntschner et al. 2001; Proctor & Sansors; 200
Thomas et al. 2005, 2010). We do not detect a significantrdiffe
ence between low and high density environments. The bastfitt
relation for the full sample is:

[a/Fe] = 0.35(40.06) log o — 0.53(£0.13) .
The best fitting relation ofd/Fe] with dynamical mass is:
[/Fe] = 0.09(=£0.02) log Mayn — 0.70(=£0.20) .

What drives the ¢/Fe] —log o. (or mass) relation? Taking our
results from Sectiofi 4.1 into account we find that the fast-rot
tor galaxies with intermediate velocity dispersioas (= 100 —

160 km s7') are the ones with contributions of stellar populations
formed in a component with disk-like kinematics and moreasol
[a/Fe] values. The luminosity-weighted averages of the tkgk-

component with the main body of the galaxy results in interme
diate values ofd/Fe]. The group of galaxies with SSP-equivalent
ages of< 4 Gyr have the strongest relative contribution of a young
disk and SSP-equivalent estimates @fffe] ~ 0.1 and thus deter-
mine the low-mass point of the relation. We conclude thatin o
sample there is evidence that the young stars with more-blodar
[a/Fe] ratios, created in fast-rotating disk-like composeintlow
and intermediate mass galaxies, reduce the glab#le] and thus
significantly contribute to the apparent/Fe] —log o relation.
However, we also find at least one low mass galaxy (NGC 4458;
0. < 100km s71), which has ad/Fe] value comparable with the
most massive systems in our sample.

For the slow rotators, there is evidence for a trend of ingsrea
ing [«a/Fe] with decreasing\r. Overall, however, the metallicity
and [o/Fe] estimates of the slow rotators appear surprisinglg-inh
mogeneous. Although the current sample of slow rotatorsris |
ited, the significant spread in the detailed stellar pojgbroper-
ties may indicate that there could be more than one formaiabh
resulting in slow rotators.

5 CONCLUDING REMARKS

We caution the reader at this point that tBAURON sample is a
representative sample of limited size and not completaethee
results for the population of early-type galaxies as a wialait
confirmation with larger samples.

Nevertheless, the SSP-equivalent stellar population meps
sented in this paper show that the 48 early-type galaxiefan t
SAURON sample display a significant and varied structure in their
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stellar populations. Up to 50 per cent of the sample galastiesv
signs of a contribution from a young stellar population. Jbeng
stars, dominating the light, are very apparent in the low snas
(g 3x 10'° M) post-starburst systems, showing signs of resid-
ual star-formation in the NUV and mid-IR and even optical gas
emission lines consistent with star-formation in the mostezne

sembly histories which can lead to an early-type galaxy dfarg
mass. We argue that tha/fFe] —o relation is largely driven by an
increasing relative contribution from metal rich and mjl¢itv/Fe]
depressed disk-like components in galaxies with decrgasiss.

case (NGC 3032). For these systems we observe SSP-equivalen

ages of<3 Gyr over the full field-of-view, typically covering one
effective radiusR.. Spatially well localized cases of young stars
in circumnuclear disks and rings are found in eight interimed
ate mass systems. The latter star-formation can be linkéhairip
dusty disks/rings also seen by star-formation signaturéss NUV

or mid-IR and optical gas emission lines consistent withr-sta
formation for two galaxies (NGC 4459, NGC 4526).

About 30 per cent of the sample galaxies show intermedi-
ate SSP-equivalent ages (3-9 Gyr) where ongoing star-fosma
is rarely detected by NUV or mid-IR signatures, suggesthmf t
the star-formation process was concluded more thaGsyr ago.
Common to most of these galaxies is the ubiquitous presehce o
ordered stellar motion, classifying them as fast-rotatdfs show
that the flattened components with disk-like kinematicsitied
in all fast rotators (Paper XIl) are connected to regionsisfimtct
stellar populations. This is clearly seen in the exampleb®fery
young, still star-forming circumnuclear disks and ringghwin-
creased metallicity preferentially found in intermediatass fast
rotators (e.g., NGC 4526). However, signs of increased ity
and mildly depressedfFe] ratios compared with the main body
of the galaxy are seen in many fast rotators extending torappg
old galaxies with extended disk-like kinematics (e.g., NABGO0).
Additionally, intermediate mass fast-rotators show ogidence
for nuclear stellar disks with increased metallicity. A @al for-
mation picture emerges where essentially all fast rotdtare ex-
perienced, often multiple, periods of secondary star-&iiom in
kinematically disk-like components on top of an older, spidal
component.

In contrast, the slow rotators, often harboring kinemditica
decoupled components in their central regions, generabbyvano
stellar population signatures over and above the well knmetal-
licity gradients in early-type galaxies and are largely sistent
with old (>10 Gyr) stellar populations.

Using our radially averaged stellar population gradienes w
find that low mass fast rotators form a sequence of increasétgl-
licity gradient with increasing mass, consistent with theserva-
tions of| Spolaor et al. (2009). For more massive systemsvéabo
~3.5 x10'° M) there is an overall downturn such that metallic-
ity gradients become shallower with increased scatter aveng
mass leading to the most massive systems being slow-retattr
relatively shallow metallicity gradients. The shalloweetatlicity
gradients and increased scatter could be a consequeneearfrti
petition between different star-formation and assembgnados
following a general trend of diminishing gas fractions andren
equal mass mergers with increasing mass, leading to themasst
sive systems being devoid of ordered motion and any sigrecefit
star-formation.

We also use our observations to compute more global stel-
lar population parameters integrated over circular apestaf one-
eighth and one effective radius, and compare the resuklagions
of stellar population parameters versus velocity disparsiith
previous results. In agreement with previous investigestiwe find
significant metallicity -s and [p/Fe] —o relations. The metallicity
- dynamical mass relation is shallow and shows a large scattee
given mass possibly reflecting the many different forma#ind as-
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APPENDIX A: REVISED LINE STRENGTH
MEASUREMENTS FOR CIRCULAR APERTURES OF
R /8 AND Ry

We present revised line strength measurements on the Digk/I
system over circular apertures®f /8 and R, in TabldAl. This ta-
ble supersedes the data presented in Table 5 of Paper VI etdiésd
of the revised data-reduction are given in Sedfion 2. Wé&rmote
that the effective radius values were revised using'&* growth
curve analysis of our wide-field MDM (1.3m) imaging survey of
the early-type galaxy sample (Falcon-Barroso in prearat
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Table Al. List of revised line strength measurements within a cincafgerture ofR. /8 and Re.

Name Re o HB Fe5015 Mg Fe527@ ce HB Fe5015 Mg

" GmsH A ) ) ) kms™Yy A A )
Aperture Re/8 Re/8 R./8 R./8 R./8 Re Re Re Re
@) ) B @ (5) (6) @ ® 9 (@0 @11
NGC 474 28.0 166 1.66 5.33 4.08 — 142 1.82 4.79 3.44
NGC 524 35.4 251 1.34 5.43 4.50 — 225 1.48 5.35 4.22
NGC 821 31.3 200 1.52 5.31 4.38 — 182 1.59 4.67 3.75
NGC 1023 48.7 204 1.49 5.46 4.45 2.33 165 1.51 4.96 4,12
NGC 2549 13.9 148 2.04 5.93 4.12 2.44 140 1.96 5.15 3.59
NGC 2685 23.6 90 1.99 4.94 3.52 2.17 100 1.91 4.20 3.00
NGC 2695 18.7 222 1.31 5.03 4.58 - 184 1.26 4.33 3.95
NGC 2699 12.1 150 1.79 5.79 4.29 2.42 123 1.75 4.81 3.60
NGC 2768 68.0 205 1.68 4.96 4.06 - 200 1.60 4.43 3.62
NGC 2974 28.3 237 1.64 5.16 4.42 2.27 227 1.66 5.02 4.05
NGC 3032 19.3 94 4.77 4.47 1.71 1.61 90 3.86 4.08 2.20
NGC 3156 14.8 66 4.44 3.88 1.54 1.58 66 2.98 3.78 1.84
NGC 3377 38.3 144 1.83 4.88 3.81 2.08 126 1.80 4.37 3.18
NGC 3379 449 216 1.39 5.12 451 2.19 190 1.43 4.74 4.10
NGC 3384 28.5 161 1.85 5.81 4.14 2.46 141 1.82 5.07 3.68
NGC 3414 32.0 232 1.42 4.99 451 2.17 191 1.49 4.46 3.70
NGC 3489 21.5 105 2.81 4.93 2.82 2.01 99 2.60 4.37 2.58
NGC 3608 33.6 191 1.51 5.25 4.39 — 167 1.61 4.74 3.77
NGC 4150 15.9 83 3.53 4.22 2.16 1.69 77 2.82 4.13 2.35
NGC 4262 10.6 196 1.41 4.94 4.45 2.06 164 1.45 4.41 3.85
NGC 4270 13.7 138 1.75 5.15 3.49 — 125 1.75 4.60 3.26
NGC 4278 30.6 252 1.28 4.69 4.70 2.11 217 1.44 4.51 4.17
NGC 4374 70.2 292 1.38 5.08 4.52 2.24 261 1.40 4.61 4.07
NGC 4382 94.4 187 2.11 5.06 3.45 2.11 178 1.99 4.60 3.27
NGC 4387 11.0 100 1.62 5.07 3.95 2.22 98 1.54 4.54 3.69
NGC 4458 19.9 106 1.61 4.60 3.82 1.92 83 1.61 4.05 3.33
NGC 4459 41.0 178 2.14 5.25 3.85 2.26 155 1.84 4.60 3.37
NGC 4473 26.8 192 1.49 5.37 4.51 2.31 186 1.50 4.78 3.98
NGC 4477 46.5 170 1.62 5.06 4.14 2.22 147 1.55 4.67 3.81
NGC 4486 106.2 311 1.15 5.15 5.11 2.25 268 1.15 4.59 4.59
NGC 4526 35.7 232 1.84 5.51 4.31 2.32 214 1.58 4.91 4.16
NGC 4546 22.0 220 1.54 5.34 4.60 2.28 189 154 4.56 3.87
NGC 4550 11.6 88 2.11 4.54 3.17 2.00 103 1.92 4.35 2.96
NGC 4552 33.9 268 1.55 5.65 4.83 2.29 233 1.45 5.14 4.40
NGC 4564 19.3 173 1.52 5.87 4.77 2.42 150 1.57 4.84 4.00
NGC 4570 12.8 197 1.45 5.80 4.67 2.33 167 1.45 4.75 3.97
NGC 4621 46.0 225 1.40 5.29 4.68 2.27 200 1.44 4.67 411
NGC 4660 11.5 221 1.43 5.56 4.76 2.30 181 1.47 4.71 4.02
NGC 5198 18.0 206 1.46 5.44 4.73 - 173 1.55 4.72 3.97
NGC 5308 9.9 244 1.46 5.28 4.46 - 201 1.46 4.83 4.16
NGC 5813 55.9 226 1.49 5.00 4.47 2.12 210 1.49 4.63 4.03
NGC 5831 29.2 168 1.72 5.55 4.13 2.38 148 1.81 4.83 3.34
NGC 5838 20.6 283 1.59 5.68 4.60 2.38 232 1.57 4.96 4.17
NGC 5845 4.3 269 1.51 5.62 4.64 2.30 237 1.51 5.23 4.36
NGC 5846 76.8 236 1.33 5.37 4.80 - 213 1.30 4.83 4.34
NGC 5982 24.9 260 1.62 5.74 4.41 - 223 1.59 5.11 3.95
NGC 7332 9.2 137 2.27 5.87 3.67 2.28 125 2.14 4.85 3.19
NGC 7457 33.2 70 2.37 4.98 2.92 2.09 75 2.25 4.56 2.80

Notes:This table supersedes the values published in Table 5 of Mag@) NGC number. (2) Effective (half-light) radiug. measured with &*/™ growth
curve analysis from our wide-field MDM (1.3m) imaging sunaythe early-type galaxy sample (Falcon-Barroso in pratiam). (3) Velocity dispersion
of the luminosity weighted spectrum within a circular apegtof R /8. Only the first two moments; ando are used in the fit to the spectrum. (4) — (7)
Fully corrected line strength index measurements on th/IDS system of the luminosity weighted spectrum wittfta /8 for the H3, Fe5015, M@ and
Fe527@ indices. Due to limited field coverage we cannot determieeR5279 indices for 11 galaxies. (8) Velocity dispersion of the lnosity weighted
spectrum within a circular aperture of of® . Only the first two moments; ando are used in the fit to the spectrum. (9) - (11) Fully correcieel $trength
index measurements on the Lick/IDS system of the luminagéighted spectrum withiikze for the H3, Fe5015, and Mg indices. For galaxies with less
than oneR. coverage we applied the aperture corrections given in Pép&ormal errors of the line strength indices are belowA&. e note, however,
that there are systematic errors which we estimate to besafrtter of 0.06, 0.15, 0.08, 0.86for the H3, Fe5015, Md, and Fe5278 indices, respectively.
For the velocity dispersion we adopt an error of 5 per cent.
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