arxiv:0704.2839v2 [astro-ph] 25 Jun 2007

Mon. Not. R. Astron. Sod00, 000-000 (0000) Printed 23 January 2008 (MK style file v2.2)

The SAURON project - Xl. Stellar Populations from Absorption
Line Strength Maps of 24 Early-Type Spirals

Reynier F. Peletiér, Jesis Faldn-Barrosé?, Roland Bacoty Michele Cappellari?,
Roger L. Davie, P.T. de Zeeuw Eric Emsellem, Katia Ganda, Davor Krajnove®,
Harald Kuntschnér Richard M. McDermid, Marc Sarzi, Glenn van de Ve

1Kapteyn Astronomical Institute, University of Groning&0. Box 800, 9700 AV Groningen, The Netherlands

2European Space Agency / ESTEC, Keplerlaan 1, 2200 AG Ngkrdie Netherlands

3Sterrewacht Leiden, University of Leiden, Niels Bohrwed333 CA Leiden, The Netherlands

4Université de Lyon 1, CRAL, Observatoire de Lyon, 9 av. @sahndré, F-69230 Saint-Genis Laval; CNRS, UMR 5574 ; E&Bydn, France
5Sub-Department of Astrophysics, University of Oxford, \Bewilkinson Building, Keble Road, Oxford OX1 3RH, Unitedggiom

6Space Telescope European Coordinating Facility, Europ@amthern Observatory, Karl-Schwarzschild-Str 2, 85748&8iag, Germany
"Centre for Astrophysics Research, University of Hertfbids Hatfield, UK

8|nstitute for Advanced Study, Einstein Drive, Princetod,08540, USA

23 January 2008

ABSTRACT

We present absorption line strength maps of a sampfel eépresentative early-type spiral
galaxies, mostly of type Sa, obtained as part ofSBJRON survey of nearby galaxies using
our custom-built integral-field spectrograph. Using higheality spectra, spatially binned to
a constant signal-to-noise, we measure several key agalligigt and abundance ratio sen-
sitive indices from the Lick/IDS system over a contiguous-imensional field including
bulge and inner disc. We present maps df, e 5015, and Mg, for each galaxy. We find
that Sa galaxies on the average have slightly smalleb lsigd Fe 5015 line strengths than
ellipticals and S0s, and highertHralues, but with a much larger scatter.

The absorption line maps show that many galaxies contairesgunger populations
(< 1 Gyr), distributed in small or large inner discs, or in cimmuuclear star forming rings. In
many cases these young stars are formed in circumnucleastaibursts, which are domi-
nating the light in the centres of some of the early-typeadgirThese mini-starburst cause a
considerable scatter in index-index diagrams such as Mglg and Mgb — Fe 5015, more
than is measured for early-type galaxies. We find that thealmegions of Sa galaxies display
a wide range in ages, even within the galaxies. We find that¢inéral regions of early-type
spirals are often dusty, with a good correlation betweerptiesence of young central stellar
populations and a significant amount of dust extinction. 5f%he sample show velocity
dispersion drops in their centres.

All of the galaxies of our sample lie on or below the Mg o relation for elliptical
galaxies in the Coma cluster, and above the &bsorption line —o relation for elliptical
galaxies. If those relations are considered to be relafimnthe oldest local galaxies we see
that our sample of spirals has a considerable scatter imatlpethe largest scatter at the lowest
o. This is in disagreement with highly inclined samples, inichhgenerally only old stellar
populations are found in the central regions.

The discrepancy between our sample and highly inclined Esnpnd the presence of
so many stellar velocity dispersion dips, i.e., so-cattedrops, in these spiral galaxies with
large bulges (type Sa) can be understood if the centralmegibSa galaxies contain at least 2
components: a thin, disc-like component, often containgaognt star formation, and another,
elliptical-like component, consisting of old stars andatotg more slowly, dominating the
light above the plane. These components together form tbptetrically defined bulge, in
the same way as the thin and the thick disc co-exist in the seighbourhood. In this picture,
consistent with the current literature, part of the bule, thicker component, formed a very
long time ago. Later, stars continued to form in the centglons of the disc, rejuvenating
in this way the bulge through dynamical processes. Thisipds able to explain in a natural
way the heterogeneous stellar populations and star foometiaracteristics that we are seeing
in detailed observations of early-type spiral galaxies.
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1 INTRODUCTION

The measurement of absorption line strengths in combimatith
stellar population models has been used for many years tepro
the age, metallicity and abundance ratios of certain elésriann-
tegrated stellar populations of galaxies (e.g., Faber 1Bié8stein
et al. 1984, Gonzalez 1993, Davies et al. 1993, Kauffmaral.et
2003). Up to recently, this was done using long-slit speciopy.
Now two-dimensional absorption line maps are starting terge
Kuntschner et al. (2006, Paper VI) recently published limergyth
maps for theSAURON sample of 48 ellipticals and S0s. One of
the main advantages of having maps is that one can easiliifiden
two-dimensional structures, so that one can isolate areasgyq
high Mg/Fe ratio, or young stellar populations, and theneund
stand better their origin by looking at their morphology ordmat-
ics. Kuntschner et al. used the Lick/IDS system (Faber €tS5,
Gorgas et al. 1993, Worthey et al. 1994), in order to allowasye
comparison with existing data. Here we present similar,datsfor
the inner regions of thBAURON sample of Sa galaxies. Since this
type of spiral galaxies consists, amongst others, of a bahgkean
exponential disc, one might wonder which fraction of thegleuils
covered by th6&AURONfield. In this paper we will use the practical
definition, which has been often used in the literature, tth@bulge

is the central component causing the excess in light abavexh
ponential disc (e.g. MacArthur et al. 2003, de Jong 1996h&ra
2002). This so-called bulge is often much brighter than ke oh
the centre of the galaxy (up to factors of 100 or more). In b¥ol
ing paper (Falcon-Barroso et al., in preparation) we widsent a
photometric bulge-disc decomposition for this sample aSérsic
bulge and an exponential disc. Here we just use the fact ehatf
galaxies in the sample the whole region in which the bulgeidom
nates the disc is included in t8BAURON field.

Contrary to ellipticals, for which absorption line indicase
available for many galaxies, there are very few spiral gakawith
good literature measurements. The reason is probably fiat s
rals are more complicated, with much more star formation and
dust, with several clearly distinguishable morphologicampo-
nents such as bulge and disc, and more difficult to observengi
their generally lower surface brightness. While for eltpt galax-
ies one can obtain a significant amount of useful informattiom
broadband colours, for spiral galaxies these colours axkthan-
terpret due to the much more ubiquitous presence of duss. It i
therefore timely and important that more absorption lirrersjth
observations of spirals become available.

We will now briefly summarize the literature on absorption
line strengths in spiral galaxies. Note that the galaxiesafoich
measurements are available are almost all early-typelsgtsgpe
Shc or earlier). Spinrad & Taylor (1971) already noticedstreng
lines (i.e. high metallicity) in the central regions of M 3nd the
complicated spectrum of M 81 with emission and absorptioedi
Bica (1988) fitted spectra of several spiral galaxies to aafijpof
star clusters and found that young stellar populations roowre
often in spirals than in ellipticals. While calibrated Mupdices for
large samples of early-type galaxies were already availabthe
beginning of the nineties (Faber et al. 1989, Bender et &3),9
only in 1996 calibrated Mg indices and a number of other un-
calibrated line indices were published for a sample of SOspid
ral galaxies by Jablonka, Martin & Arimoto (1996). They faua
reasonably tight relation between Mgnd central velocity disper-
sion. They also found that the Mg/Fe ratio in the centre isi&ig
than solar for bright galaxies, and close to solar for thetésit
galaxies (M; > -19). Idiart, de Freitas Pacheco & Costa (1996)

observed Lick indices in the centres of early type spiralseyT
found correlations of the small number of indices observéti w
both bulge luminosity and velocity dispersion. Proctor &nSam
(2002) published a large number of Lick indices for a sample ¢
taining 15 spirals. They found that bulges are less enhaindaght
(a-capture) elements and have lower average age than epdy-ty
galaxies. A detailed comparison with this sample is giveBét-
tion 4. Afanasiev & Sil’chenko (2005) show aborption line psa
of two early-type spirals in the Leo group: NGC 3623 and NGC
3627, partly using the san®A\URON data that we present here, but
reduced in a different way. Gorgas, Jablonka & Goudfrodijo@)
and Jablonka, Gorgas & Goudfrooij (2007) comment on observa
tions of 31 spirals that they observed on the minor axis. Thnely
that their vertical line strength gradients are generadiyative, and
agree very well with the results found for elliptical gakesiand
SO0s from Gonzalez & Gorgas (1995). We conclude that theae is
concensus that Mg/Fe ratios for spirals seem to be somewiuat |
than for ellipticals. The results for the ages of the stghapula-
tions in the centres of spirals are still under discussiashét et

al. (1996) investigated major and minor axis line streng#dggents

of SO galaxies. Interestingly enough, they found much lagya-
dients along the minor axis than along the major axis. Aldrg t
minor axis, they found negative gradients, consistent si#tlar
population gradients from colours, that are larger thasehno typ-
ical elliptical galaxies. Very recently Moorthy & Holtzm4B006)
published a large absorption line strength study of lortgspectra

of 38 spirals of type SO-Sbc. They separated their sampledn r
(B—K > 4) and blue bulges. According to them red bulges of all
Hubble types have stellar populations similar to lumindiiptecal
galaxies. Blue bulges consist of metal-poor bulges with Veloc-

ity dispersion, and young, metal-rich bulges that contdiHabble
types and velocity dispersions. Bulges and ellipticalsasshaon-
tinuous and overlapping sequence in indexdiagrams. Most blue
bulges have solax/Fe ratios.

The star formation (SF) history of spirals has traditiopall
been studied using theirddionised gas emission. Massive SF can
be convincingly traced by the accompanying ldmission and is
very easily observed with standard telescopes and cant¢easit
cutt 1998). Hv is mainly produced in the HIl regions surrounding
massive B and O stars, although shocks and non-stellaitaatan
also lead to K emission. Knapen et al. (2006) recently studied the
morphology of the K emission in the circumnuclear regions, as
well as from the nucleuper se using a sample with some prior
evidence for the presence obtHThese authors conclude thatvH
is often found in circumnuclear regions such as inner rimgt)
diameter smaller than 2 kpc. Such low-luminosity starlsueste
found in around one fifth of spiral galaxies (Knapen 2005¢héer
K05), and are believed to be directly related to the dynamidke
host galaxy and its stellar bar (e.g., Buta & Combes 1996 pkna
2005). Can this phenomenon also be seen from the absorpteon |
indices? What is the distribution of young stellar popalas?

This question is important when one wants to study the ori-
gin of bulges and discs. At present, there are a number ofig®o
about the origin of bulges. One is the theory of dissipatéapse
(Eggen, Lynden-Bell, & Sandage 1962), where the bulge assem
bled from a primordial proto-galaxy on a short timescalectta
collapse is thought to create a bulge that looks like an tethp
galaxy, also sometimes calledkssicalbulge (e.g. Carollo 1999).
However, since bulges live inside discs, some of which arehmu
larger than them, there must be interactions with them. 8 lhee
also theories predicting that bulges are made from disc nahte
In those so-calledecular evolutiorscenarios, in which the bulge



is formed by dynamical instabilities of the disc, theseabdities
are often bar-driven. Bars might lead to radial inflow of miaie
buckle and thicken in the vertical direction, and may everiée
stroyed by sufficiently massive central mass concentratieng.
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dices H3 Fe 5015, M@ and Fe 5270, and the emission line§ H
[OIll] at 4959 and 5007A and the [NI] doublet at 519%. More
details about the data reduction are given in Paper VII. is pha-
per the Fe 5270 index is not used, since its maps cover oglythli

Combes et al. 1990; Pfenniger and Norman 1990; Norman et al. more than half the field of the other indices.

1996). Those processes may occur repetitively, espedialthie
presence of gas infall, gradually building a bulge (e.g. fBaud

& Combes 2002; Martinez-Valpuesta, Shlosman & Heller 2006
One might possibly be able to distinguish between both nsoolel
looking at the stellar populations (a bulge made from distema
rial should be younger than a classical bulge), the mormgyola
disc-like bulge should be thinner) or the kinematics (itidddbe
more supported by rotation). A detailed discussion aboeitdil
ferent formation models, and their comparison with dataiverg

in Kormendy & Kennicutt (2004). In this paper we consider wha

To allow for a good calibration of the line indices, also from
run to run, we observed during each run a number of starscover
ing a broad range of spectral types. Specifically, we incustars
from the Lick stellar library catalogue (Worthey et al. 1984d the
MILES library (Sanchez-Blazquez et al. 2006) in orderablrate
our line strength measurements to the flux-calibrated Lix&kys-
tem and its associated models (e.g. Worthey 1994, Vazdekis e
1996). Spectrophotometric standard stars were observedlito
brate the response function of the system (Paper VI), whee t
observations of stars and elliptical galaxies are compaittdob-

the SAURON data, and especially the stellar populations can tell us servations from resp. Worthey et al. (1994) and Trager ¢1888),

about the formation of spirals.

showing that these measurements can be reproduced witherth

The paper is structured as follows. In Sectidn 2 we briefly rors of the Lick system. In Paper Il a detailed comparisot wie

summarize our observations and data reduction. In Sectiae 3
present the absorption line maps. In Section 4 we discudsaten
ages, metalicities and abundance ratios, determined asstinat
the stellar populations can be represented by SSPs. Ino8egti
we discuss the central indices, and their correlations watfious
relevant galaxy parameters. In Section 6 we discuss thiéarelse-
tween the indices and the dynamics, as derived in parti¢tdar
the central velocity dispersion. In Section 7 we discussirtiygli-
cations of these data to our understanding of spiral gadakidges
and discs. Conclusions are given in Section 8. Finally, & dp-
pendix the individual objects are discussed. In a forthognpiaper,
we will discuss line strengths as a function of radius.

2 INTEGRAL-FIELD SPECTROSCOPIC
OBSERVATIONS

The SAURON survey is a study of the two-dimensional kinematic
and stellar population properties of a representative Eawip48
early-type galaxies (E + S0) and 24 early-type spirals. iRshout
the definition and properties of the survey sample can bedfoun
in de Zeeuw et al. (2002) (Paper Il). The observations were ca
ried out using the Integral Field SpectrograBAURON on the
4.2m William Herschel Telescope of the Observatorio del uoq

literature is made for two ellipticals: NGC 3384 and NGC 5813
showing good agreement.

The spectra were fitted with the stellar population models of
Vazdekis (1999), allowing us to separate the emission liresa
the absorption line spectrum (for details about this pracedee
Papers V and VII). On the cleaned spectra we obtained the line
indices (see Paper VI for details on how this was done). Tine'si
lations in Appendix A of Paper V show that the accuracy in veco
ering the emission-line fluxes does not depend on the strasfgt
the emission, as quantified by the A/N ratio between the Ime a
plitude and the noise level in the stellar continuum. Thisasause
the errors in matching the line amplitudes do not depend en th
A/N ratio but only on the amount of noise in the continuum. €on
sidering only statistical fluctuations, the uncertantieshie fluxes
of the emission lines will therefore increase with incragss/N in
the stellar continuum but the uncertainties in the equivalédth
of the lines will decrease.

For the worst S/N=60, the typical uncertainties in the line
fluxes in Appendix A of Paper V (see Fig. Al of that paper) trans
lates in errors in the emission line equivalenth width~oD.08A,
which will correspond to similar errors in thed#e 5015 and Mg
line indices. The fact that the spectra are packed so clagttter
implies that neighbouring spectra, at wavelengths by a favdred
angstroms, will affect the absorption lines discussed.#dtkeough

de los Muchachos at La Palma, Spain, and were performed dur-our reduction programs have been optimized to get rid ofdbis

ing 6 runs from 1999 to 2004. Paper VIl (Falcon-Barroso et al
2006a) presents the kinematics of gas and stars of the saifriple
early-type spirals for which we present the absorption $imength
distribution here. Most of these galaxies have been cladsds
Sa in the RC3, although a few have™S(B0/a, Sab or Sb classi-
fications. In this paper also practical details about thepbarof
this paper are given, showing the total integration time,dbserv-
ing run and the number of pointings for each object. The sampl
is summarised in Table 1. The field SAURON is 33’ x 41",
with a spatial sampling of®4 x 0”94. Although for most galax-
ies we only observed one position, we performed two poisting
for three of the largest galaxies. Details about the instminare
given in Paper | (Bacon et al. 2001). The data and maps pezbent
in this paper will be made available via tiBAURON WEB page
http://wwv. strw. | ei denuni v. nl/sauron/.

The data reduction was performed with thkeAURON pack-
age, providing cubes of spectra covering a narrow wavefengt
range 4800 — 5308 at a resolution of 4. A(FWHM) and a sam-
pling of 1.1A/pix. In this wavelength range one finds the Lick in-

taminating emission, it is unavoidable that some effectsr be
removed. This is the case in particular when the galaxy aagt
emission lines. Other, smaller errors arise because oflétenpr-
rors between the galaxy and the input spectra of the stidtairy of
Vazdekis (1999). Considering these points, we presumedfmaut
the rest of this paper that the uncertainty in the data paimsunts
to more conservative values of 0&2for Mg b and H3 and 0.3A
for Fe 5015.

A few of the galaxies (NGC 4369, NGC 4383) have emis-
sion lines that are stronger by a factor of about 100, raddtivthe
absorption lines, than the elliptical or lenticular of papewith
the strongest emission lines. We have done some extra sionsa
similar to the ones of Appendix A of Paper V, with A/N now rang-
ing up to 100. Since the results are such that the errors ilirtee
indices H3,Fe 5015 and Mg do not increase noticibly, we use the
same errors in this paper. As a test we also used the MILERistel
population models (Sanchez-Blazquez et al. 2006) to agpab-
sorption and emission. The resulting line strengths arsahge as
using the Vazdekis (1999) models within the errors.
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Galaxy  Type SF Type ¢ Mp Activity W5,  0cen/0max aw — O2en
) @) ©) 4) ®) ) @) ®) C)
NGC RC3 RC3 RC3  Paperll H97 RC3 Paper VII Paper VII
1056 Sa: CR 0.44  -19.44  Sy2 311 0.83 52
2273 SBa(r): Cs 0.25 -20.21  Sy2 513 0.83 70
2844 Sa(r): R 0.55 -18.38  Hil 334 0.94 34
3623 SABa(rs) N (D) 0.76  -20.82 L2 520 0.80 100
4220 SO (r) LR 061 -19.01 T2 - 0.99 16
4235 Sa(s)sp N (D) 0.78 -19.20 Syl.2 335 0.84 90
4245 SBO/a(r) R 0.17  -18.72  HIl - 0.92 36
4274 (R)SBab(r) R 0.63  -20.08  HIl 481 0.68 100
4293 (R)SBO/a(s) CS 0.48 -20.37 L2 424 0.92 42
4314 SBa(rs) R 0.05 -1955 L2 - 0.93 43
4369 (R)Sa(rs) CR 0.01 -18.96  HIl - 0.99 10
4383 Sa pec CR 049 -18.93 HIl 237 1.00 0
4405 S0/a(rs) CR 0.34 -1854  HII 187 0.91 25
4425 SBO :sp N 0.64 -18.83 - 0.93 28
4596 SBO () N (D) 0.13 -19.94 L2 - 0.92 59
4698 Sab(s) N (D) 0.31 -20.05 Sy2 544 1.00 10
4772 Sa(s) N (D) 042 -1956 L1.9 531 0.99 15
5448 (R)SABa(r) CS 048 -20.78 L2 464 0.86 65
5475 Sasp N 0.74  -19.39 - 0.99 14
5636 SAB(r)0+ N 0.32 -18.42 430 0.99 8
5689 SBO(s) N (D) 0.71  -20.32 381 1.00 0
5953 Sa:pec R 0.26 -19.61 L1/Sy2 363 0.66 81
6501 S{og N 0.10 -20.38 L2 503 0.99 27
7742 Sh(r) R 0.05 -19.76 T2/L2 267 1.00 0

Notes to Table 1:Some global parameters for our galaxies. (1): NGC num-
ber; (2) Morphological type (from RC3, de Vaucouleurs etl#l91); (3)
Morphology of the central star formation region (see texR € central
region; CS = central starburst; R = ring, LR = large ring, N =signs
of significant recent star formation. (D) indicates the pree of a central
disc) (4): Ellipticity 1-b/a (RC3); (5) Absolute blue magpmle (Paper II),
(6) Activity class (Ho et al. 1997). Asteriscs indicate tti@ galaxy is not
included in H97 and that the classification is from NED. Catuf#) gives
the inclination corrected HI velocity width at 20% of the p¢from NED),
in km/s. In column (8) the central stellar velocity dispersis given divided
by the maximum velocity dispersion in tf®AURON field, and in column
(9) a similar quantity, in km/s, not scaled by the centrabeiy dispersion.

3 ABSORPTION-LINE STRENGTH MAPS
3.1 Thedata

Figure 1 present maps of the absorption line strengths df4hah-
jects, ordered by increasing NGC number. In the first row, nees
the measured two-dimensional line strength distributiohsis,
Fe5015 and Mg . In the second row, the total intensity map recon-
structed from theSAURON spectra is followed by the age, metal-
licity and Mg/Fe overabundance maps derived from singlkaste
population (SSP) models (see Section 3.2). The relatiextiins
of North and East are indicated by the orientation arrow teite
galaxy title (the orientation is identical to Paper VII). & maxi-
mum and minimum of the plotting range is given in the tab dugaic
to each parameter map, and the colour bar indicates therdalie
used.
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Figure 1. Absorption line strength maps of the 24 Sa galaxies iINSABRON representative sample. TISAURON spectra have been spatially binned to a
minimum signal-to-noise of 60 by means of the Voronoi twoensional binning algorithm of Cappellari & Copin (2003prfeach galaxy its orientation is
indicated by the arrow behind its NGC number, pointing to Nuweth and the associated dash to the East. The correspopdsitipn angle of the vertical
(upward) axis is provided in Table 2 of Paper VII. Shown arertf left to right): line indices 14 ,Fe 5015 and M§g. Second row: Reconstructed intensity,
logarithmic Age, Metallicity (log Z/2Z,) and [n/Fe] (for details about how these parameters were obtaieedext). The reconstructed intensity is overlayed
in white contours on the magpSgure 1a available as separate jpg-file

Figure 1.b - continued. Figure 1b available as separate jpg-file
Figure 1. ¢ - continued. Figure 1c available as separate jpg-file
Figure 1.d - continued. Figure 1d available as separate jpg-file
Figure 1. e - continued. Figure le available as separate jpg-file
Figure 1.f - continued. Figure 1f available as separate jpg-file

Figure 1.9 - continued. Figure 1g available as separate jpg-file

Figure 1. h - continued. Figure 1h available as separate jpg-file
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Galaxy H3 Mg b Fe 5015
1.2/ 100 127 100 12" 10

NGC 1056 3.16 285 163 155 265 225
NGC 2273 333 271 207 288 288 430
NGC 2844 213 254 272 201 427 325
NGC 3623 1.78 1.70 4.13 396 580 5.00
NGC 4220 253 252 3.05 281 567 5.00
NGC 4235 1.27 184 3.02 342 375 474
NGC 4245 208 212 380 327 566 4.57
NGC 4274 224 206 353 329 596 4.58
NGC 4293 364 259 233 279 468 497
NGC4314 181 229 389 287 550 4.16
NGC4369 437 352 120 146 3.03 247
NGC4383 269 311 089 127 031 1.25
NGC4405 354 332 172 178 356 3.05
NGC 4425 2.00 196 347 317 544 451
NGC4596 186 1.71 420 390 579 479
NGC4698 155 166 4.08 356 528 448
NGC 4772 152 150 423 387 459 432
NGC 5448 2.77 210 269 327 466 4.38
NGC5475 240 220 333 314 554 481
NGC5636 256 234 202 223 363 3.20
NGC5689 205 198 3.73 328 583 486
NGC5953 228 324 204 145 314 242
NGC 6501 137 155 494 411 586 4.99
NGC 7742 241 290 3.05 228 463 3.56

Notes to Table 2:Here we present central line indices in apertures of 1.2
and 1@ radius. The numbers are given in the Lick system, i.e., ctioies
of -0.13A and 0.28A resp. have been added tg@Hnd Fe 5015 (Paper VI).

3.2 Stellar Population Structures in theSAURON maps

In our sample of 24, we distinguish two kinds of galaxies:stho
with smooth line strength gradients, and those with featdioe
which Mgb and Fe 5015 are considerably lower than the surround-
ing areas and H higher, i.e. areas with younger stellar popula-
tions. These younger stellar populations are generallgdaither
in rings, or everywhere in the central regions; the presefigeung
stars always comes with the presence of dust.

Starting with the second category: we find rings of younger

strength maps, similar to elliptical and lenticular gaésxiln six of
those ten there are clear indications of dust in the cerdggabns.

The young stellar populations that we see in the absorption
line strength maps are always detected in the eission line
maps (shown in Paper VII). Features in the line strength ras@s
often, but not always seen in the stellar and gaseous kimesnat
In galaxies with a ring at high inclination (e.g. NGC 4274) sex
that the ring rotates rapidly, and is associated with gast, dund
regions of young stellar populations. Here one can cleaythat
the young stellar populations are confined to a flat, dise+égion.
Another correlation between the presence of young popuatnd
the kinematics can be found in galaxies with central youegast
populations. For example, in NGC 2273 we find a thin disc in the
stellar kinematics in the inner regions. A region with theessize
as this disc along the major axis, but more extended on thermin
axis shows evidence of younger stellar populations. In #iexy
ies with rings, sometimes stellar discs are seen insidarigge.g.
NGC 4245, 4314). In NGC 4293 we see central young populations
associated with abnormally low gas velocities, indicaigsibly
ionised gas in outflow. In NGC 4698 we clearly see a centrdt pea
both the Mgh and Fe 5015 maps, indicating a high metallicity. This
galaxy has a central stellar disc rotating perpendiculdinéaest of
the galaxy (Pizzella et al. 2002, Sarzi 2000). This comdmabf
a kinematically decoupled core and an enhanced centrallimeta
ity is also seen in several central discs in elliptical andy8@xies
(NGC 3414, 3608, 4458, 4621, 5198, 5813, 5831, 5982 and 7332;
Paper VI, and NGC 4365 (Davies et al. 2001)). NGC 5953, part of
an interacting pair, shows a ring of young stellar poputatiorhe
stars inside this ring rotate perpendicular to those oetefdt. In
Paper VII we suggest that we are seeing here a kinematicedly d
coupled core being formed. Finally, in NGC 7742 the data ijpePa
VII show that the ionised gas is not only counter-rotatinghe
stars inside the ring (as was shown in Paper 1), but alsadwits
of it. In the ring itself, dominated by young stellar popidats, the
rotation velocity is lower than immediately inside and daesof it.

How do these Sa galaxies relate to earlier-type galaxigs, e.
S0s? In Paper VI we mention in Section 5.1 that in NGC 3032,
3156, 4150 and 4382 central depressions inbMge found, corre-
sponding to regions of enhance@HAll 4 galaxies are lenticulars.

stars in NGC 2844, 4220, 4245, 4274, 4314, 5953 and 7742. TheWe can compare them to the spirals with central starburstthe
appearance of the line strength maps in e.g. NGC 2844 and 4220S0 galaxies NGC 524 and NGC 3608 there is some evidence for

is different from those in e.g. NGC 4314, because of the &ffet
inclination.

In the same category we find a class of galaxies with young
stellar populations in the central regions. Here we distisiy again
two subgroups. The first group, consisting of NGC 2273, 4288,
5448, contains a compact central region with diameter ofiah0
arcsec or~ 1 kpc, inside an otherwise old stellar population. The
other group contains galaxies for which the stellar popurtat are
young across the whol8AURON field (NGC 1056, 4369, 4383,
4405). These are amongst the faintest galaxies of our satmgle
HST images show that there is very little star formation Hart
out in the disc. If there had been, they probably would notthav
been classified as Sa in the RC3. The [Oll|Jfemission line ratio
in these objects is generally low, indicating the preserfcetar
formation (Paper V). For this category the presence of ysiats
is always accompanied by large amounts of dust (see the ygmsha
masked images from HST and MDM in Paper VII). Seven galaxies
in total (29+ 9 %) belong to this class. At higher spatial resolution
some of these might change to the previous category.

The remaining galaxies, NGC 3623, 4235, 4425, 4596, 4698,

rings, associated with younger stellar populations (P&p&aper
VI), although the amount of light from the young stars is much
smaller than in the ring galaxies in this paper. Also, thiggracon-
tains a case of a galaxy with young stars in a ring (NGC 4526),
similar to NGC 4274.

4 SSP AGES, METALLICITIES AND ABUNDANCE
RATIOS

In the way we described in Paper VI and in McDermid et al. (2006
Paper VIII) we determined ages, metallicities and abunelaae
tios in each bin, assuming that the stellar populationseticeuld

be represented by a single-age, single metallicity stedaulation.

In practice, we determined the SSP for which the line stienge
5015 , H3 and Mgp fitted best in thex? sense. These maps are
shown in the second row of Figure 1. Although we know thatét is
great over-simplification to represent the stellar popoihet (even
locally) of a galaxy by a SSP (e.g., Allard et al. 2006), in sQes-
pecially elliptical galaxies (e.g. NGC 5128, Rejkuba et2£105)

4772, 5475, 5636, 5689 and 6501 show generally smooth line the |ocally averaged metallicity and age do not vary very imuc



across the galaxy, so that the errors that one makes whea-repr
senting the local stellar population by an SSP are the saemg-ev
where. For that reason by far the large majority of papersirdga
with stellar populations in ellipticals treats these as S 3 Paper

VI one can see that among the S0 galaxies some have stellar pop
lations with different ages, such as NGC 3032 in the veryeugl
(see also OASIS data of this galaxy in Paper VIII). In thisagsl

a representation in terms of SSPs removes a considerablenamo
of information and can lead to wrong results. Such youndastel
populations, however, are rare in the survey of ellipticalbgies
and SOs (see Paper VI). The line strength maps of Fig. 1 shatw th
for Sa-galaxies the situation is different. Several g&ashow fea-
tures in their age distribution, indicating younger steff@pula-
tions. Apart from the absorption line maps, the emissioa tiraps
also show that K is sometimes strong, indicating stars of around
10° years. Some galaxies have absorption line strength maps wit
out features, just like elliptical galaxies. Others areyifferent.
For the former objects the SSP approach might give resudts th
are close to reality. For the latter objects, where the linength
maps show features, one should just consider the age, itigyall
and alpha-enhancement maps as tools, and interpret théntheit
caveats given here.

In some objects an unconstrained SSP-fit gives rather inappr
priate results. This is illustrated in Allard et al. (2006) the star
formation ring in NGC 4321. Allard et al. (their Fig. 12) shomat
in the ring Mgb , Fe 5015 and K are such that the stellar popu-
lations there have to consist at least of two components:uag/o
one, and an old, metal-rich stellar population. If one feroaly
one Single Stellar Population, it will have low metalliciéyd old
age. Since metallicities of HIl regions in this galaxy ately to
be higher than solar (Zaritsky et al. 1994) the SSP solutokd
clearly wrong. This seems to be the case in particular for NGC
4314, 4369, 4383, 5953, and 7742. For these especially asmha
understand the limitations of the ages obtained here.

5 CENTRAL STELLAR POPULATIONS

In this section we analyse the central line strength indicaku-
lated in the central aperture with a radius of'4,.and their corre-
sponding SSP-metallicities, ages anfre ratios, and discuss their
dependence on other galaxy parameters.

5.1 Index-index relations

In Fig. 2 and 3 we show two different index-index diagramse Th
first (Fig. 2) is a metal line indicator (MgFe50) against ae aw
dicator (H3). The numbers used in these figures are given in Ta-
ble 2. Indices are measured in a central aperture with radifs
MgFe50 is defined to b¢’Mgb x Fe5015 (Kuntschner 2000), and
has been shown to be a good metallicity indicator, relativelaf-
fected by the effects of the overabundance of Mg with resfmect
Fe. In red squares are indicated the elliptical and |leraiogdlaxies

of Paper VI (at ¢/8), and in filled blue circles the central aper-
tures of the Sa galaxies of this paper. The choice of apeiguret
arbitrary. If we would take the same aperture gBras in Paper

VI we would have to make a choice of either performing a bulge-
disc decomposition and taking/8 of the bulge, or taking.f8 of

the whole galaxy. For the spiral galaxies we have taken the ap
proach that we would concentrate our efforts on the inneéoney
and therefore only observed o8AURON field per galaxy, as op-
posed to many of the early-type galaxies of paper VI, for Wizior
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3fields were observed. Consequentli8rof the bulge would be the
natural choice for the inner aperture. For bulges, the tffecadius
generally would be smaller than A@Andredakis et al. 1995), so
r./8, corrected for the effects of the seeing, would be conipara
to1.2".

From Fig. 2 one can see that there is a smooth transition
between E and SO galaxies on one hand and Sa galaxies on the
other. Most early-type galaxies can be found in the lowehtrig
part of the diagram, while the Sa galaxies have lower MgFe&BD a
higher H3 values. Added to the diagram is a grid of SSP models
by Thomas, Maraston & Bender (2003). Most early-type gakxi
can be interpreted as having old, metal rich stellar pomriat
(similar to galaxies in the Fornax cluster, see Kuntschri0p,
but some are clearly younger in their central regions. The Sa
galaxies apparently have a large range in age, and have-metal
licities generally lower than the ellipticals, if we assuthat we
are dealing with SSPs. One of the galaxies, NGC 4383, has a
much lower metallicity than the other galaxies, or is dorteédeby
very young stellar populations. NGC 4235 lies slightly belie
grid. The line strength maps of Figure 1 indicate a centralidi
H3, which makes one suspect that this Seyfert 1 galaxy has some
non-thermal emission in its very centre.

In Figure 3 we investigate the [Mg/Fe] overabundance in spi-
rals. Since some elliptical galaxies are known to be ovendant
in a-elements, compared to the Sun (Peletier 1989, Worthey et al
1992), we have plotted in the bottom panel models by Thomals et
(2003) with[a/ F'e]=0.5 (dotted lines) and 0 (solid lines). There is
a general tendency for Sa galaxies with a given velocityetspn
to have the same abundance ratio [Mg/Fe] (in the center)ligs el
tical galaxies. The fact that the abundance ratios of thetjywes
of galaxies are the same shows that the star formation higtor
the centers of these galaxies has been very similar. At Idocve
ity dispersion the scatter for spirals is large, but this @strikely
due to the fact that these galaxies consist of a mix of youigoéh
stellar populations, implying that oy method to derive the abun-
dance ratio breaks down here. One can illustrate this amfsil4
of the spirals have been indicated with blue-yellow opentsyim
These four are the objects that deviate most from the egply-t
galaxies and show apparently high [Mg/Fe] for low centrdbee
ity dispersion. The objects are NGC 1056, 2273, 4383 and.5953
Inspection of their line strength maps shows that all 4 haveel
central H3 values, indicating objects in which a significant fraction
of the light comes from young~ 1 Gyr) stellar populations. These
objects most likely cannot be fitted with SSP models, so fos¢h
we cannot use the Mg- Fe 5015 diagram to derive their [Mg/Fe]
abundance ratio.

Following the currently most popular explanation of nucle-
osynthesis models Mg predominantly comes from Superngyeee t
I, while Fe mainly comes from type la (Worthey et al. 1992,i¥%e
Matteucci & Peletier 1995). The star formation history dipgical
galaxies is thought to be such that most of the stars are fthime
the first Gyr, while this timescale for spirals is supposedegmnuch
longer. Note however that there are several modes of stauafion
in spirals. If star formation is quiescent, which is gengthk case
for late type spirals, solar Mg/Fe ratios would be expediedeed,
some of the galaxies seem to have [Mg/Fe]=0. If star formatio
occurs in bursts, which is clearly happening often as wlt, for-
mation timescales will be short, since the gas will be exteajsind
Mg/Fe could climb to larger values. For fainter galaxiegshuiare
relatively more important (see above), so that the scatteig/Fe is
also expected to be larger. The fact that the Mg/Fe ratianéssive
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1.2 arcsec

Figure 2. Index-index diagram showing the central line indice§ End
MgFe50 (inA) in circular apertures with radius ¥/Zor the Sa galaxies (in
blue, with representative error bars), together with irgeyl indices within
r/8 ( red) for the early-type galaxies of paper VI (in red) , avith SSP
stellar population models by Thomas et al. (2003). Shownraydels with
[Mg/Fe]=0. In the models metallicity goes up from left tohtgfrom Z=-
2.25 to Z=0.35) and age goes up from top to bottom (from 0.15tGgr).
The black crosses are the central values for the 10 spirakigal of Proctor
& Sansom (2002), for which they claim to have reliable cdiogrs for H3
emission.

galaxies are large shows that the stars must have formedfiasn
sive stars, in strong bursts, consistent with hheasurements. For
fainter galaxies star formation must have happened movéyslo

5.2 Comparison with the literature

Very few papers have presented absorption line strengttspfial
galaxies. One of them is the paper of Proctor & Sansom (2002),
which contains data for 15 spirals (type SOa-Sb). Theirra¢data

is also shown in Figs. 2 and 3. Not shown are the galaxies fartwh
Proctor & Sansom claim that theirdHabsorption line is unreliable
because of uncertainties in removing the emission. In gerier
seems as if the sample of Proctor & Sansom has an offset infse 50
and in H3, as compared to ours. There is one galaxy in common:
NGC 3623, for which their measurements are quite differklrt:
(PS) = 1.664A + 0.080; A(HpB) (PS —SAURON) = —0.245A;
Mgb (PS) = 4.803A + 0.065; A(Mgb) (PS - SAURON) = 0.676

A; Fe 5015 (PS) = 6.278 + 0.165;A(Fe5015) (PS -SAURON)

= 0.756A. It is unlikely that the difference in A is caused by
errors in removing the H emission, since this galaxy contains very
little emission (see Paper VII). The offsets in NGC 3623 gpécal

0.5

[Mg/Fe]
A

Fe 5015

1.2 arcsec

N
o

Figure 3. Bottom:Index-index diagram showing central line indices g
and Fe 5015 (i) in circular apertures with radius ¥/Zor the Sa galax-
ies (in blue, with representative error bars), togetheh witegrated indices
within r./8 for the early-type galaxies of paper VI (in red), and witBFS
stellar population models by Thomas et al. (2003). Here saate plotted
with [Mg/Fe] = 0 (solid lines) and 0.5 (dashed-dotted), iaggn metallic-
ity from Z=-2.25 to Z=0.35 and in age from t=0.1 to t=15 Gyrelmodels
with the highest metallicity (Z=0.35) and age (15 Gyr) hake highest
Mg b and Fe 5015 values. The black crosses are the central valugsef
10 spiral galaxies of Proctor & Sansom (2002), for which tbleym to have
reliable corrections for B emission.Top: [Mg/Fe] ratios calculated from
the x2 code (Paper VIII), calculated assuming the stellar popariatcan
be represented by an SSP. The four blue points filled in iroyedire NGC
1056, 2273, 4383 and 5953, objects with large centg@ahilues, that most
likely cannot be fitted with SSP models.

the central aperture is better\ (H3) (PS —SAURON) = — 0.07A,
A(Mgb) = 0.30A, and A(Fe5015) = — 0.09A. The fact that we
don't see any offset between the sample of E and SO’s of Paper V
and the current sample of Sa’s, and the good agreement betwee
Paper VI and the literature make us believe that the datacuit@&r

& Sansom might be subject to a systematic offset.

A paper with line indices for a large number of galaxies is
Moorthy & Holtzman (2006). Although there is only one galamy
common, NGC 5689, the behaviour of the galaxies in the index-
index diagram [MgFe] vs. K is similar to our galaxies in the
MgFe50 vs. H diagram.

5.3 Relation with galaxy morphology

In Fig. 4 we show the central Mgand H3 line strength as a func-
tion of morphological type (T-type from the RC3). Here we see

for the offsets that we see for the sample as a whole. We do seesame trends as in Figure 2 (overall Mdecreases as a function of
that the range in MgFe50 covered by the galaxies of the sampletype, H3 increases, Fe 5015 (not shown) decreases, with scatter in-

of Proctor & Sansom (2002) is much smaller than in SAUJRON
galaxies. As a result, Proctor & Sansom find fewer galaxigh wi
recent star formation than we do. There is one galaxy in commo
with Proctor et al. (2000), NGC 5689. Here the comparison for

creasing towards later types), but what can be seen venhesdlis
that the scatter in line indices from galaxy to galaxy becotaege.
While for elliptical galaxies line indices occupy a very shmange
in equivalent width or magnitude (e.g. Schweizer et al. )98



range becomes larger for SO galaxies, and this trend iresefas
later-type galaxies. A commonly used explanation for thead is
that galaxy populations consist of multiple bursts (see Eager
et al. 2000, Schweizer & Seitzer 1992). A burst of star foromat
causes a luminous stellar population with (after abodt ydars)
high Balmer indices, which slowly become weaker with times|
thought that in the nearby Universe these bursts occur mushk m
frequently in SO galaxies than in elliptical galaxies, ¢agsthe
larger scatter in the former. Here we show that the same isabe
in the central regions of Sa galaxies. It is very importantealise
that we are looking at luminosity-weighted indices. Whilesnof
the mass might be old, a young population, which always hasya v
low stellarM /L ratio, could still dominate the light. Note that both
the Mgb — type and H — type diagram show envelopes: galax-
ies have a maximum Mg b and a minimunBHThese envelopes
represent old, metal rich stellar populations.

6 LINKING STELLAR POPULATIONS WITH GALAXY
DYNAMICS

6.1 Index —o relations

Early-type galaxies show a tight Mg- velocity dispersion rela-
tion (Terlevich et al. 1981, Guzman et al. 1992, Jgrgensal. e
1996). This is one of the important relations linking galargss
with their stellar populations. Deviations from the redais corre-
late well with parameters indicating the presence of yourtias
populations (Schweizer et al. 1990). In Falcon-Barrosa.€2002,
FBO02) we used the relation to show that the stellar populatio a
sample of inclined early-type spirals are generally old.

In Figs. 5, 6 and 7 we show the central Mgnd H3 indices
of our sample as a function of the central velocity dispersiQ...
In the figure are shown the galaxies of this sample, togetlibr w
the ellipticals and lenticulars of Paper VI (at8), and a number
of literature samples of early-type spirals (see captidhg black
line is a best fit to the ellipticals and SO galaxies in the Caina-
ter of Jgrgensen et al. (1996). The Mg o relation of elliptical
galaxies and SOQ’s acts as an upper envelope for the Sa galaxie
Although some Sa galaxy centre measurements lie close t@the
lation, a significant fraction of the galaxies falls belowTihe same
effect is seen for the Bl - o relation. Here the line of ellipticals
and SO galaxies in Coma is not accurately known, since the H
index of a galaxy is crucially dependent on its correctioneimis-
sion, and very few emission-line corrected khdices have been
published in the literature. One sees, however, a well-ddfiower
envelope in the red points. Using the argumentation of Sidere
et al. (1992), the line of galaxies in Coma would correspanold
stellar populations, while deviations would be caused bynger
stars. The fact that our Sa bulges mostly lie below thebMgr
relation or above the B - o relation would indicate that the cen-
tres of Sa bulges generally are significantly younger thay-&gpe
galaxies in the Coma cluster.

This result appears to contradict the tight Mg o relation
for bulges found by FB02 and also the relation by Jablonkd.et a
(1996). It confirms, however, the results of Prugniel et 2000),
also described by FB02, who find several early-type spiraXies
lying considerably below the Mg- o relation. Notice that there are
several SO galaxies that are far away from the relation défige|-
liptical galaxies, in the same location as the spirals withlowest
Mg b values. We have converted the centraldWglues of Jablonka
et al. (1996) to Mg using the tight relation of the Vazdekis et al.
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Figure 4. Central indices (ir) in an aperture of radius 1'/2as a function
of morphological type. In red is shown the sample of elliptigalaxies
presented in Paper VI. Morphological t-types from the R@G8\(ducouleurs
etal. 1991).

(1996) models and plotted them as black crosses. The positio
those black crosses is not very different from our bulgémtieals
and lenticulars. The galaxies of Bender, Burstein & Fab888)
have been selected to be lenticulars, so it is no surprigethibg
agree well with FB02. One should note that there is a smadeoff
for the red points, since their central Mdndices are in general
slightly higher than the value inside/8. Since the velocity disper-
sion profiles of the ellipticals and SO galaxies are generiing
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inward they are probably moving slighly along the line. In(2B
some more details of this figure are discussed.
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Figure 5. Central Mgb as a function of central velocity dispersion (in km/s). Tigew red symbols show the ellipticals and SO galaxies of Pdpfar an
aperture ofr. /8. The filled dark blue symbols indicate central apertureefgalaxies of this paper (including a representative draoy. The black line is
the least-squares fit to the ellipticals and SO galaxies im&of Jargensen et al. (1996). As a comparison we also show ladeature samples in black: the
filled triangles indicate the highly-inclined bulges of FB@he open triangles the bulges of Bender et al. (1993), lemdrbsses the bulges of Jablonka et al.

(1996). For these 3 samples we have converted MdVigb using a least-squares fit to all the Vazdekis et al. (1996)eisadr which Mg > 0.10: Mgb =
12.92 Mg, + 0.537.



12 Peletier et al.

H g

ol 1 | .
40 60 80100 200

o)

cen

Figure 6. Central H3 absorption as a function of central velocity dispersion,, (in km/s). The open red symbols show the ellipticals and S8@xggs of
Paper VI for an aperture of. /8. The filled dark blue symbols indicate central aperturehefgalaxies of this paper (including a representative dxaoy.

Figure 7. Same figure as Figures 5 and 6, but now with iHaps of 3 example galaxies, which show that the stellar poijpals are young when the galaxies
lies off the relation for galaxies in the Coma cludtggure 7 available as separate jpg-file



In the region of interesto{ < 120 km/s) the galaxies of FB02
generally have higher Mggthan the galaxies of this sample. Why
this difference? The only important difference between tihe
samples is the inclination distribution. If the young sielpopu-
lations would be concentrated in the plane we would see ddly o
stellar populations in the inclined sample &t&bove the plane, if
the radial extent of the young stellar populations wouldibretéd
to the very central regions, while this would not be the case f
the SAURON sample. Fortunately, we know more about the sample
of FBO2. From colours from HST Peletier et al. (1999) founatth
the stellar populations at’son the minor axis of all these galax-
ies are old (94 2 Gyr), except for their 3 Shc galaxies. The fact
that we have two-dimensional stellar population informafior the
SAURON galaxies allows us to understand the position of the points
in the Mgb - o diagram much better. We have therefore labeled
three typical points in this diagram, one on the line, and haow
it. For these three points we show theé ldbsorption line maps in
Figure 7. They indicate that the stellar populations forghkaxy on
the line, NGC 4698, are old, while theHnaps for the two galaxies
below the line show signatures typical of galaxies with ypstel-
lar populations. In both the latter galaxies the region$witung
stars are extended. Would NGC 4369, if seen at higher irtaima
lie on the relation of FB02? Since the region dominated byngou
stellar populations is extended, going out to aboUltd®the minor
axis, one would see the old stellar populations’abs the minor
axis if the inclination would be larger than 6@nd the young pop-
ulations would be distributed in a thin disc. NGC 2273 wowldK
old at 8’ on the minor axis at any inclination angle, since the region
of young stars here is small. This qualitative comparismwsh al-
though not very precisely, that the inclination distriloatimight be
the only difference between the sample of FB02 andSAERON
Sa sample. Note that the Mg o relation for the Coma cluster is
a relation for the oldest galaxies that not necessarily alkehthe
same old age of 10 Gyr. This means that the distance of a galaxy
from the line of Coma-galaxies is a measure of the age-éifiee
between the galaxy and the oldest galaxy at the saym®t of its
absolute age. Since differences in metallicity almost doafiect
HpG (e.g. Paper VI) the A - o diagram is a much cleaner diagram
to study these age-differences (Fig. 6). Here one can aksthse
large spread in age for galaxies with low central velocitypeér-
sion. A comparison with the sample of FB02 is unfortunatedy n
possible here.

One might wonder what determines the stellar populations in
the centre. For elliptical galaxies there is a strong retatietween
the total luminosity and the central Mindex (Guzman et al. 1992,
Jargensen et al. 1996), or the central velocity disperSimte also
M/ L correlates with luminosity (e.g. Bender et al. 1993) there i
a strong correlation between the total galaxy mass and titeate
stellar populations. It is not clear whether a similar rielatalso
holds for spiral galaxies, although there is a tight relatietween
the central metallicity from the ionised gas and the massbf s
ral galaxies (Zaritsky et al. 1994). For our objects, thetMgMp
relation (not shown) is much less tight than the dtg ocen re-
lation, implying that the central stellar populations arel@ably
determined more by the local concentration of matter thathby
mass of the galaxy itself. In the same way, there is no good cor
relation between Mg and W, the inclination-corrected velocity
width of the 21cm profile, generally considered a good madis in
cator of galaxies. Or alternatively, one could say thatredstellar
populations are determined more by the central regionstihdne
galaxy itself. This indicates that the stellar populationthe bulge
are probably determined more locally, e.g. by the Star Fooma
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mode, than globally by the mass of the whole galaxy. This doul
be a relation similar to the one between bulge mass and bialek h
mass (e.g., Tremaine et al. 2002) which is tighter than tlztioa

of black hole mass and total galaxy mass.

6.2 SSP age as a function af

Up to this point most of the analysis is based purely on dathpuwt
invoking any stellar population modeling. We now look at tke
sults of the SSP-analysis. In Fig. 8 we have plotted the ak88P-
age versus the central velocity dispersion. Surprisivgd/find that
belowo =100 km/s none of the galaxies is old, and that the average
age drops very fast when going to fainter galaxies. Compartte
early-type galaxies of Paper VI Sa galaxies are slightlgofdr a
giveno.., Or have a lower central velocity dispersion for a given
age. One finds, however, an opposite effect when comparimg th
Sa galaxies with the elliptical galaxies in the Virgo clushé Ya-
mada et al. (2006), which for the same central velocity d&pa
are younger. We might tentatively conclude that the morqudiokl
type of the galaxy is less tightly correlated with the cengtel-

lar populations than the central velocity dispersion, fog types

of galaxies concerned (ellipticals, SOs and Sa galaxidgrélare
early-type galaxies with young central stellar populaticand also
Sa galaxies. In the same way there are Sa galaxies with otchten
stellar populations. We see that for a given velocity disjoer the
Virgo ellipticals are slightly older than our cluster Salghich in
turn are slightly older than our field Sa’s. The apparentdéhces

in age with the sample of Yamada et al. might also be partlytdue
the slightly different method used to derive ages. Inténgstlso is
that ages at’5from the centre on the minor axis are generally older
than central ages, strengthening our interpretation of.F5g6 and

7. If we use the central velocity dispersion as an indicatonass,
we find that our trend of galaxy mass with age is similar to the r
sult of Kauffmann et al. (2003), based on Sloan Digital Sky8wu
data, which says that there are two groups of galaxies, Witless
massive galaxies much younger than the massive ones, t&pata
about 3<10'° M. For the spirals galaxies as a whole we do not
have a clear mass - age relation. Using the inclinationected
21-cm velocity width (Table 1), a mass-indicator based ertia-
tion velocity of the gas in the outer disc regions, we seedtc¢ar
mass-age trend, as indicated by Kauffmann et al. (2003plsginly
not present (Fig. 9), although the oldest galaxies are thdeme of
the largest ones. It looks as if bulge mass is a much more tapior
parameter determining the central stellar populatiortherathan
total mass.

6.3 Sigma drops

Central velocity dispersion minima (i.e., sigma drops) @ier
common in our sample (Paper VII). In this paper we observe dis
tinct dispersion drops in 11 out of 24 galaxies (46%). Thisrib-
ably a lower limit considering the medium spatial resolnta$ our
SAURON data. In Table 1 we give the ratio of the velocity disper-
sion in the central aperture of radiu$2land the maximum stellar
velocity dispersion in th6&AURON field. For 14 of our 24 galaxies
this ratio is significantly lower than 1 (lower than 0.96).r Foree

of those, NGC 2844, 4245 and 4293, the scatter in the veldisty
persions in the individual bins is such that one discovegsstgma
drop only after a more careful analysis of the velocity disjm
map, and for that reason they were not mentioned in papettVIl.
later type galaxies this fraction is higher than 46%. In agpdyy
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Figure 8. Central SSP-age as a function of central velocity disper§io
km/s) for our 12 cluster (blue filled symbols) and field gaéex{open sym-
bols). For the galaxies with inclination larger thar6@e have also plot-
ted the age at’5from the centre along the minor axis (arrows). Red open
squares are ellipticals and SOs from Paper VI and Kuntscahet. (in
preparation). The black crosses are from Yamada et al. j20861g the
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Figure 9. Central SSP-age as a function of}{ya the inclination-corrected
velocity width of the 21cm profile (in km/s), a good mass irdias of the
galaxy. Note that Wi, is not available for all galaxies.

Ganda et al. (2006) we show that the velocity dispersion lpofi
of galaxies of morphological type Shc and later are generadt

ing across the wholSAURON field. As a comparison, Chung &
Bureau (2004) revealed a sigma drop frequency of about 40% in
a sample of 30 nearly edge-on S0-Sbc galaxies, which is gonsi
tent with our findings. The first observed cases of centralorsl
dispersion minima date back to the late 80s and early 90s Bot
tema 1989, 1993). However, this subject has started to ggiifis
cant attention in the last years. Emsellem et al. (2001)gseg that
these were the result of gas forming stars in central dises &0
Marquez et al. 2003, and Emsellem 2006 for a recent revi€hg.
first modeling of this effect was presented in Wozniak et200Q).
Here, the 2-dimensional data clearly confirm that éhdrops are
caused by central discs (Paper VII). Since sigma drops aedyra
seen in ellipticals, but common in spirals, this is one ofakpects

in which spirals and ellipticals differ. Sigma drops coukldaused
by stars forming in central gas discs later on in the evotutibthe
galaxy. These discs are formed as dynamically cold systantk,
slowly heat up. As long as they are cold, and are responsible f
a significant fraction of the light, they will produeedrops at any
inclination, if they are dominating the light. This integpation is
consistent with N-body and SPH simulations of, e.g., Wdzi&ia
Champavert (2006), who form discs from gas inflow towards the
central regions of the galaxy and subsequent star formatote

for example the central regions of NGC 4274. In the star ferma
tion ring the velocity dispersion is low, since the light mdinated

by a young, cold, disc, causing the central sigma-drop.érotiter
regions, where the velocity dispersion is higher, the liglatinly
comes from old stars.

Having determined the stellar population age, we invetiga
how long a central disc that causes-aip can survive. To quantify
the sigma drops we azimuthally averaged the velocity dssper
along isophotes (in the same way as was done in Ganda et &). 200
and used that to normalize the central velocity disperdidmthen
plot the square root of the quadratic difference betweemthri-
mum and central velocity dispersion in Fig. 10 (with numheis
ulated in Table 1). This is a measure of the size of the cedipal
If no dip is present this parameter is equal to zero. Here we se
an interesting effect. Although the fraction efdrops for young
galaxies is larger, very old central discs exist as well. dluest
galaxy with ac-drop is NGC 4235. This galaxy has a Seyfert 1
nucleus, which shows up as a lower Bgnd H3 value in the very
centre. So, itis likely that the stellar age calculatedehienot very
accurate. However, in the rest of the inner disc (Paper \ldlpges
are found (Figure 1). We conclude that central discs canigirv
long. This is consistent with the simulations of Wozniak &0
pavert (2006), who, however, stop their simulation at 2.1, Byt
report that the amplitude of the-drop had remained the same for
the last Gyr. Paper VIl shows the age distribution of kin&ozly-
decoupled cores (KDCs). All large-scale KDGs1( kpc), present
in slow-rotating galaxies, appear old, while most smadlls&XDCs
(< 300 pc), present in fast-rotating galaxies, appear youhgirT
interpretation is that they are also discs, which like aryiat pop-
ulation will slowly fade, until the surface brightness isvlenough
to be totally overcome by the main galaxy body. The sigmasirop
we see here are extended (siz&'), and mostly older than 1 Gyr.
They might be similar to objects such as the central discsantg
ellipticals (see a discussion in paper VIII).
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Figure 10. Relation between central SSP age (in Gyr) and the size of the
central sigma drop, indicated by the square root of the quiiaddifference
betweens,q. andocen, Whereo ., has been calculated in a central aper-
ature of radius 1.2 arcsec aag, . the maximum velocity dispersion in the
azimuthally averaged profile.

7 DISCUSSION
7.1 Star Formation Modes

In Section 5 we have found that stellar populations in theresrof
early-type spirals seem to consist of an underlying oldastelop-
ulation, together with localized younger stellar popula$, either
in central discs, rings or more irregular structures. Is tunsistent
with what we know from previous work?

Current wisdom in the literature is that there are two modes
of star formation (Kennicutt 1998). The first manifestslitby a
strong relation between the morphological type and the anofu
star formation, as measured fronaHT his causes the average star
formation rate to increase monotonically with morpholad)id-
type. There is however a real scatter in the star formatiogaexy
of about a factor 10. Several factors contribute to the tiana in
the Star Formation Rate (SFR), including variations in gagent,
nuclear emission, interactions, and possibly short-teanmations
in the SFR within individual objects.
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(1982), Keel (1983), Ho et al. (1997) investigated the ddpene
of nuclear Hv emission in star forming nuclei as a function of
galaxy type. They found that the detection frequency of Egion
nuclei is a strong monotonic function of type, increasiranfr0%

in elliptical galaxies to 8% in S0, 22% in Sa, 51% in Sb, and 80%
Sc - Im galaxies, although these fractions may be influencetes
what by AGN contamination. Among the galaxies with nuclgar s
formation, the Ky luminosities show the opposite trend; the aver-
age extinction-corrected luminosity of HIl region nuclkeiS0 - Sbc
galaxies is nine times higher than in Sc galaxies. Thus, tledf
the total nuclear star formation in galaxies is weightedaimithe
earlier Hubble types, even though the frequency of occarésc
higher in the late types. Kormendy & Kennicutt (2004) repbet
the central star formation accounts for 10 - 100% of the t8E&R

of spiral galaxies. The highest fractions occur in earlyetgpiral
galaxies, which typically have low SFRs in their outer difi€¢en-
nicutt & Kent 1983).

Although the picture described above was derived primarily
from Ha images, we see exactly the behaviour described above in
our current sample. Our galaxies, all early-type spiraid,rmost of
them of type Sa, show a much larger range in age than elliptica
and SO0s, derived both from the index-index diagrams and fham
Mg (or Hj3 )- o diagram. Also spatially, one sees that the younger
stellar populations are concentrated near the centre onulissug-
gestive of resonance rings (e.g. Byrd et al. 1994). The mEcisl
consistent with all star formation taking place in the destd close
to the centre.

We find that 29+ 9 % of our galaxies shows younger stars in
rings. This number is compatible with Knapen et al. (200&)pw
find 30 £ 5%. The real fraction might be higher, since the detec-
tion rate also depends on the spatial resolution. The fatdlax-
ies form stars in rings is not new (see e.g. Benedict et al2 180
the beautiful case of NGC 4314 and Knapen et al. 1995 for NGC
4321). Gas surface densities often peak near the ILR (Inimekt- L
blad Resonance, Combes et al. 1992), lending support taléze i
that the inward flow of gas along the bar slows down and as &resu
the gas piles up between the OILR and the IILR (Outer and Inner
Inner Lindblad Resonance, Shlosman et al. 1989). Inneftiar
ing rings are seen in many, predominantly barred, galakiraggen
et al. 2006). They find that a large fraction of spiral galaxdbow
central or circumnuclear & emission, indicating the presence of
ionising O or B stars. The galaxies with rings are predontigan
found in galaxies of types Sa-Shc, while central star foiomain
later type galaxies is generally patchy.

We also find that the galaxies with lowervalues, or lower
values of Mg i.e. generally the smaller galaxies, show a larger
range in age than the larger ones. This is not just the cased@a
galaxies, but also for the earlier types, mostly SO galaxeg can
find evidence for this effect in several places in the literat Ya-

The second mode can be found in the circumnuclear regions mada et al. (2006), from a study of elliptical galaxies in Yo

of many spiral galaxies, which harbor luminous star-forgnie-
gions. They have properties that are largely decoupled frase
of the more extended star-forming discs (Morgan 1958,i8&s
Pastoriza 1967). The physical conditions in the circumgarcttar-
forming discs are distinct in many respects from the morereded
star-forming discs of spiral galaxies. The circumnucldar $or-
mation is especially distinctive in terms of the absolutegein
SFRs, the much higher spatial concentrations of gas ansl stadl
its burst-like nature (in luminous systems) (Kennicutt 899
In contrast to the extended star formation in discs, which

varies dramatically along the Hubble sequence, circuneaudtar
formation occurs mostly in early-type spiral galaxies. uffex

cluster, find that the scatter in age is much larger at dothan

for the most massive galaxies. SDSS results for early-tgtexees
(Gallazzi et al. 2006) show the same result. Gavazzi & Saogideg
(1996) and Gavazzi et al (1996) compiled UV, visible, andrnea
IR photometry for over 900 nearby galaxies. They found ait ant
correlation between the SFR per unit mass and the galaxybsni
ity, as indicated by broadband colors and BWSs. At least part of
this trend seems to reflect the same dependence of SFR on Hub-
ble type discussed above, but a mass dependence is alswasbser
among galaxies of the same Hubble type. Also, a similar effec
seen in early-type galaxies. Kuntschner (2000) finds faptethl
and SO0 galaxies in the Fornax cluster that the range in agéasifio
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galaxies is much larger than for the large galaxies, whikhegdpen
to be old. The fainter galaxies also seem to have a diffetanfar-
mation mode. NGC 4369, 4383 or 4405, all fainter thagp#419,
have star formation concentrated in a large central regind,not
in rings, as is much more common is brighter galaxies. Foakpi
Bell & de Jong (2000) find a highly significant correlationyween
the K-band absolute magnitude and age, and also betweemashe g
fraction and age, in the sense that fainter galaxies areggyuemd
have a larger gas fraction (see also Kauffmann et al. 2008y T
also find that there is a kind of 'saturation’ in the stellartatiéci-
ties: the metallicity of galaxies with an absolute K-bandgmigude
of —22 is very similar to the metallicity of galaxies with aosalute
K-band magnitude of —26. The metallicity of galaxies fairttean
an absolute K-band magnitude of —22 can be much lower.

7.2 Star Formation, Bars and Bulge Formation

In Section 6.1 we found that stellar populations in the ant-
gions of highly-inclined galaxies behave differently frahose in
more face-on galaxies. From that we concluded that young sta
must form in the plane of the galaxy, with a small scale height
rather than in the whole bulge. For these Sa galaxies, fiesin
the basis of their large bulge, this can only mean that in ddéat
region in which the central disc stars dominate, they angaesible

for much, or most of the light that is usually attributed te thulge
(e.g. when doing a bulge-disc decomposition, e.g. Andrisdztlal.
1995, de Jong 1996, McArthur et al. 2003).

An instructive example is the galaxy NGC 3623, which has a
bright thin inner disc (see e.g. Paper VII), dominating the central
stellar populations. The stellar kinematics show fasttimtaand
low velocity dispersion in this disc, i.e. disc-like kinetita. Out-
side the disc, the rotation drops and the velocity dispargaes up.
Obviously the central component, when doing the decomipasit
is part of the bulge. Its appearance and kinematics howedardte
that it is a disc. Our sample contains more cases like this.

Kormendy & Kennicutt (2004) repeatedly note that the céntra
light distributions of some galaxies are very flat, basedlmseoved
axial ratios or spiral structure (see also Kormendy et &)620Fig-
ure 8 in Kormendy (1993) shows that a majority of bulges appea
rounder than their associated discs. These include theknweln
classical bulges in M31, M81, NGC 2841, NGC 3115, and NGC
4594 (the Sombrero galaxy). Some bulges have apparenhitajte
that are similar to those of their associated discs, as KEIRK)
noted. Some bulges, however, appear more flattened tharatiei
sociated discs; these may be inner bars. Fathi & Peleti€3)20
show that there is tentative evidence that in late-typeatpithe
flattening of bulges is larger than in early-type spirals.

When one considers the nuclear and circumnuclear star forma
tion, one finds a strong correlation with bar structure, &edsrtual
absence of any other dependence on morphological type {&&hn
1998). This implies that the evolution of the circumnuclesgion
is largely decoupled from that of the disc at larger radiie Bkrong
distinctions between early-type and late-type barredxigdaap-
pear to be associated with the structural and dynamicaleptieg
of the bars. Bars in bulge-dominated, early-type spirais te be
very strong and efficient at transporting gas from the diso the
central regions, while bars in late-type galaxies are muebker
and are predicted to be much less efficient in transportisg@a.
Athanassoula 1992, Friedli & Benz 1995). All of the results a
consistent with a general picture in which the circumnuci#aRs
of galaxies are determined largely by the rate of gas trah&po
the inner regions. Kormendy & Kennicutt (2004) claim thathis

way so called pseudo-bulges are formed, components that dom
nate the light in the centre, but have disc-like properfid®y es-
timate a typical formation timescale for the central dist& &Gyr.
Since circumnuclear star-forming rings of this type areseel0%

of intermediate-type spiral galaxies (Sérsic 1973, Mda#.€1.996)
they suggest that about half of unbarred spirals and nelhbisraed
spirals may have formed central disks in this mass range.

According to the current literature there are several kiofds
bulges. Bulges that photometrically'( surface brightness law)
and kinematically (slowly rotating, but with highr, Emsellem
et al. 2007) resemble elliptical galaxies are often callledsical
bulges (Kormendy & Kennicutt 2004). A bulge consisting oafy
the fast-rotating component is called a pseudo-bulge mrefer-
ence. In making this classification Kormendy & Kennicuttheat
simplify things, since e.g. Balcells et al. (2003) show thaty
few bulges have real * surface brightness profiles. Athanassoula
(2005) claims that there are three types of bulges: theickdss
bulges, which form by collapse or merging, disc-like bulgelsich
result from the inflow of (mainly) gas to the centre-most paand
subsequent star formation, and boxy and peanut bulgeshvainéc
seen in near-to-edge-on galaxies and which are in fact jpsiria
of the bar seen edge-on, and therefore not part of the bultiein
definition of this paper (Section 1). Here we add anotherepiEc
the puzzle. From the stellar population distribution, bynparing
a sample uniformly distributed in inclination with a same
ased towards high inclination we infer that galactic bulpase
more than one physical component: generally they have dyslow
rotating, elliptical-like component, and one or more fadating
components in the plane of the galaxy. This picture alsdyee
plains the fact that bulge populations in general are vamjlar
to those in the disc (e.g. Peletier & Balcells 1996, Terndstipl.
1994). Fisher (2006) finds one more piece of evidence. Inxgala
ies which he classifies as having a disc-like bulge the cestiaa
formation rate, as obtained from the Spitzer 3.6 - @®colour, is
higher than in galaxies with classical bulges. This shoves the
Spitzer colour measures similar things as our optical limkces.
Our conclusions here is that we see classical and disc-lilgeb,
which in many cases co-exist in the same galaxy.

The Galactic Bulge also fits well into this picture. Zoccdli e
al. (2003) find that stars in the Galactic Bulge, measuredybeds
above the Galactic plane, are as old as Galactic globulaterky
at least 10 Gyr. This indicates that our Galaxy probably mesld
central bulge component, maybe similar to a classical biigedo
not know of a component with disc-like kinematics in our Ggla
but near the Galactic centre stars are currently being fdahe fast
rate. The Galaxy has a significant bar, though (Binney etat11
Weiland et al. 1994). Also, the Galaxy has a prominent melecu
lar ring, and the radial velocity dispersion of the bulge amaker
disc are the same ( 100 km/s; Lewis & Freeman 1989; Spaenhauer
Jones & Whitford 1992).

In the centres of almost all nearby early-type spirals, evi-
dence is also seen for the presence of an inner disc-like @omp
nent (Peletier et al. 1999). Dust extinction is detected5#of
their sample, sometimes associated with blue light, ingfigastar
formation. Itis possible that many galaxies contain sitatl ®rm-
ing discs with diameters of about 100 pc in their centre, gnab
central star clusters (e.g. Boker et al. 2002, Carollo.€t398, Bal-
cells et al. 2003). These components are also disc-like ooergs,
photometrically belonging to the bulge. Bulges often haswesal
dynamical components (see e.g. Paper VI, Falcon-Barevsa.
2003), with different kinematics, so it looks as if bulges aot just
disc-like or elliptical-like, but consist of several conmamts. The



current sample indicates that, at least in Sa galaxies,disthlike
and elliptical-like or classical bulges often coexist.

Coming back to the definition of bulges: if one would define a
bulge as a kinematically slowly rotating system, one would that
in the central regions of many Sa galaxies the light woulddmiel
nated by another component, with disk-like propertiemydpéitter,
and rotating faster. If one would adopt a morphology-basdihd
tion, and take as the bulge the component that is boxy or peanu
shaped, one would get a component that also includes thegtait
of an inner bar, i.e. a fast rotating disk component (Kuij&eMler-
rifield 1995, Chung & Bureau 2004, Bureau & Athanassoula 2005
Itis therefore important to understand what definition isdigrhen
discussing bulge properties.

8 CONCLUSIONS

The main conclusions of this paper are:

We have presented absorption line strength mapsgn fFé
5015, and Mg of a sample o4 representative early-type spiral
galaxies, mostly of type Sa. This paper constitutes the lrge
sample of spirals with spatially resolved absorption litrergyths.

(i) The absorption line maps show that many galaxies contain
some younger populations, formed in mini-starbursts inlsora
large inner discs (100-1000 pc), or in circumnuclear stamfog
rings, often related to bars. These mini-starburst causmsiaer-
able scatter in index-index diagrams such asbMgH3 and Mgb

— Fe 5015 , more than is measured for early-type galaxies. As a

result, there is not only a wide range in ages, even withirgtiax-
ies, but also in abundance ratio Mg/Fe. The different stamé&ion
modes (starbursting and more quiescent) are also reflectdbi
large range of Mg/Fe that is observed.

(ii) All of our galaxies lie on or below the My — o relation for
elliptical galaxies in the Coma cluster by Jargensen ei8pg). If
that relation is considered to be a relation for old galaxvessee
that our sample of spirals has a considerable scatter inatethe
highest scatter at the lowest i.e. for the faintest galaxies.

(iif) To explain this result, and also the result from thetature
that stellar populations on the dustfree minor axis of e spi-
rals are generally old, we conclude that star formation @itimer
regions only occurs in a thin disc. Since this inner disc dwatds
the light in many cases, it dominates the light of the bulgieove
the plane, the light is dominated by another galaxy comppmen
sembling an elliptical galaxy, consisting of old stars. histway
one can explain in a natural way the different types of butgesn
by Kormendy & Kennicutt (2004) and Athanassoula (2005).

(iv) Sigma drops are found in about half our sample and
probably caused by these fast rotating flat central discs.stdllar
populations in these inner components are not significgotiynger
than those in galaxies without them, indicating that theslsaus-
ing the velocity dispersion drops can be long-lived.

are
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APPENDIX A: DESCRIPTION OF INDIVIDUAL
GALAXIES

Here, we briefly comment on the structures observed and geovi
some relevant references in the literature for the gald®ieshich

we have been able to find relevant information. These consnent
are additions to the contents of Appendix A of Paper VI, vehge
focused on the stellar and gas kinematics, as well as thesiemis
line strengths.We only discuss earlier work in which theageds
are treated as resolved objects.

NGC 1056 is a rather faint galaxy, classified in NED as Sy 2. It
is part of the list of Markarian et al. (1989). Central lineesigth
measurements are also available from Prugniel et al. (20019
have similar conclusions from Mgand (Fe). The young central
ages are confirmed by low [OlIll}/H values. Surface photometry
in V and | is given by Heraudeau et al. (1996).

NGC 2273 is a double-barred active (Sy 2) galaxy. Its emission
line distribution has been studied by Ferruit et al. (2008)the
inner regions the galaxy has a very dusty zone occupied bgg/ou
stellar populations in a central disc.

NGC 2844 is an HilI galaxy (NED) showing ongoing star forma-
tion, accompanied by dust extinction, in a rather highlylired
ring. The galaxy is also part of the sample of Prugniel et240().

NGC 3623 is a large member (M 65) of the Leo triplet. Its stellar
populations are generally old, with its central disc, deaeen in
the stellar kinematics. Afanasiev & Sil’chenko (2005) usaddata
for this galaxy, together with line strength maps from the A&P
instrument. They observe a central drop in d@nd also central
drops in Fe 5270 and . We do not reproduce their result, and
find relatively small radial gradients. Also, decreases igthdre
usually coupled with increases inAlt is possible that Afanasiev
& Silchenko applied a much lower emission line correctiothea
middle (see Fig. 1). Line indices are also published by Proet
al. (2002 and 2000). For a comparison see Section 4. An ettetr
spectrum is given in Kennicutt (1992).

NGC 4220 displays a prominent dust lane at a distance ‘6f 5
north-east of the centre, with younger stellar populatioribe dust
lane.

NGC 4235 is a nearly edge-on Seyfert 1.2 galaxy. In the line
strength maps one can see the continuum emission of theatentr
AGN in the very centre. Jiménez-Benito et al. (2000) presen
Mg and Ca absorption line strengths and find that the Ca triple
lines are stronger than expected from the other lines. FHikaly
to be due to the non-stellar continuum.

NGC 4245 is a barred galaxy with a prominent dust and star for-
mation ring in the centre (Erwin & Sparke 2003). Its central$
spectrum was analysed by Sarzi et al. (2005b), who foundtleat
galaxy has an old stellar population together with a smaltitfon
of stars of age 10° years old. Mdllenhoff & Heidt (2001) perform
B/D decompositions for this galaxy in many passbands.

NGC 4274 is a double barred galaxy (Erwin 2004) with signif-
icant amounts of dust in the inner parts. The kinematics kere
dominated by an inner disc, which is also prominent in mdkscu
CO (Koda et al. 2005). Young stars are formed mainly in a ring
around this disc.

NGC 4293 is a relatively highly-inclined galaxy with a strong
dust lane passing close to the nucleus and another dustibané a

mainly known for a inner star-forming ring in the inner.Bene-
dict et al. analyse ground-based (1992) and HST-images3{1#9
this object. They detect a inner star forming ring in optiaad
near-IR colors, together with a inner spiral just exteribthe ring.
They conclude from the optical and near-infrared photoyntat

a pattern of younger stars exist, stronger at the ring, andstldis-
appearing at the linear dust lanes. Other surface photprmets
presented by Friedli et al. (1996) and Wozniak et al. (1995)zi
et al. (2005b) analyse blue HST STIS-spectra of the centtei®f
galaxy. They find that the stellar populations are consistéth an
old age (1&° years). Gonzalez-Delgado et al. (2004) measure ab-
sorption line indices from central STIS spectra, and classas a
galaxy with old stellar populations and weak [Ol]. The gglboks
very similar to NGC 4321 (M100), for which a detailed steltap-
ulation analysis based @AURON data is presented by Allard et al.
(2006).

NGC 4369 is a faint low-inclination galaxy. The central regions
are strongly affected by dust (Falcon-Barroso et al. 2086)et al.
(1997) classify the nuclear spectrum as an HIl nucleuscatitig a
circumnuclear region with star formation activity but wotit AGN.
Koda et al. (2005) show that a significant amount of moleogéer
(about 18 M,) is found in the central regions of this galaxy.

NGC 4383 is another starburst galaxy in the Virgo cluster (Rubin
etal. 1999). Rubin et al. state that this galaxy has an utiysel-
low nuclear velocity rise, confirmed in Paper VII. ThexH [N [1]
image of NGC 4383 shows filaments of ionised gas, suggesting
significant noncircular gas motions due to the starbursofiteann
etal. 2004). Th&AURON ionised gas velocity field is also possibly
suggestive of a starburst outflow. The [Olll] emission irsthalaxy
is so large that we have some difficulty removing all of ituléag
in very low Fe 5015 absorption line indices. Despite of tlis t
light in the inner regions is dominated by young stellar gapons.

NGC 4405 is another faint galaxy with an HIl nucleus. This
galaxy also has a considerable amount of extinction in tiérale
regions, although less than NGC 4369 or NGC 4383. Thegls
map displays severalumpsaround the centre indicating the star-
bursting nature of the star formation in this galaxy. The lindices
show generally young stellar populations in the centraibres

NGC 4425 is a highly inclined galaxy without much dust with
a boxy bulge component (Paper VII). The ionised-gas maps sho
only patchy traces of emission. The absorption line mapsvsho
that the stellar populations are mainly old.

NGC 4596 is a non-interacting, strongly barred, galaxy (Gerssen
et al. 1999). TheSAURON stellar velocity field displays regular
rotation along an axis misaligned with respect to the phetoim
major axis, due to the presence of a strong bar. The galaxgmas
inner disc which dominates the innef $Paper VII). The galaxy
has little ionised gas, and its stellar populations from3A&IRON
absorption lines are predominantly old. Gonzalez-Dedgeat al.
(2004), from central STIS absorption line spectra, clgstiis
galaxy as a galaxy with strong [Ol] lines and old stellar dafians.
Sarzi et al. (2005b), from the same spectra, confirm thidtresu

NGC 4698 might be considered the example of the early-to-
intermediate Sa galaxy (Sandage & Bedke 1994). It contains a
low-luminosity Seyfert 2 nucleus (Ho et al. 1997). The stell
kinematics is rather unusual (Paper VII), for example bseaaf
the presence of a kinematically decoupled central dischicthe

7" south of the centre. Young stars are seen in the dust lane clos stars rotate perpendicularly to the stars elsewhere ingheal re-

est to the nucleus. As for several of the galaxies of this samp
driftscan spectra are presented by Gavazzi et al. (2003).

NGC 4314 is a low-inclined, well studied barred galaxy in the
Virgo cluster (Benedict et al. 1996, Pérez-Ramirez e2a00),

gions ( Pizzella et al. 2002, Sarzi et al. 2000). The galaxsylitide
ionised gas, and its stellar populations from 8&JRON absorp-
tion lines are predominantly old. A stellar population gsé& from
STIS spectra also shows that the central stellar popuatosold.
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NGC 4772 is a an intermediate size galaxy showing regular find that the stellar populations are fairly old, somethingfemed
rotation along the major axis. The unsharp-masked imagatea by the line strength analysis of Cid-Fernandes et al. (2208@5).
small dusty disc in the centre of the galaxy, the orientatiorhich
seems consistent with that of the ionised gas in the cerltrdbi&
rotating almost in the opposite sense of the stars, in agreewith
Haynes et al. (2000). The absorption lines show that théastel
populations are predominantly old in tBAURON field.

NGC 5448 is an active barred galaxy (L2; Ho et al. 1997) with
a dusty central region. The stellar kinematics display aileeg
disc, and signatures of an inner fast rotating componentién t
central ~5”. The ionised-gas kinematics features an 'S-shaped’
zero-velocity curve, suggestive of gas radial motions. @ferrthe
reader to Fathi et al. (2005) for a detailed study of thisxgalesing
SAURON. In the absorption line maps one sees an increasedin H
and a decrease in Mgin the central 8. This is exactly the region
of the central disc, and the excess of dust extinction.

NGC 5475 is an isolated, nearly edge-on galaxy (Balcells &
Peletier 1994). Colour profiles in optical and near-infdarave
been presented in Peletier & Balcells (1996, 1997). The[O
emission extends out mainly along the galaxy minor axissibbs
in a polar ring.

NGC 5636 is a faint, strongly barred galaxy in a non-interacting
pair with NGC 5638 at 2 with a stellar velocity dispersion that is
one of the lowest in the sample. Our line strength maps aherrat
noisy, indicating overall old stellar populations with ymer stars
near the centre. This agrees with the ionised gas maps, whah
very low [OI]/Hg3 values, suggesting ongoing star formation
there.

NGC 5689 is an almost edge-on barred galaxy with a box-shaped
bulge (Lutticke et al. 2000). A strong dust lane is founckdt’
South of the nucleus. Colour maps of Peletier & Balcells )99
show that this dust lane is also obscuring the centre of tlexga
Carollo et al. (1997) present an optical HST-image of thisuga
although no bulge-disc decomposition is done because of the
large amount of dust obscuration. Star formation assatiat¢his
central dust lane could be responsible for the lower agesese s
from the absorption line maps. Line strength values of thisxy
were presented by Proctor et al. (2000).

NGC 5953 is a Liner Seyfert 2 galaxy (NED) closely interacting
with NGC 5954 (Reshetnikov 1993, Gonzalez-Delgado & Pére
1996). This interactions manifests itself in a kinematicdecou-
pled stellar core, and ionised gas following the motions hi$ t
KDC, but rotating perpendicular to the stars in the outeioesg
of the SAURON field. The galaxy shows a ring of low [@]/HS
(Paper VII, Yoshida et al. 1993). The stellar absorptioe linaps
confirm that this is a star formation ring, with low Mgand Fe
5015 values and high B A more detailed discussion of this
galaxy is given in Falcon-Barroso et al. (2006b).

NGC 6501 is part of a group together with NGC 6467,
NGC 6495, PGC 61102 and NGC 6500 (Giuricin et al. 2000). It is
a massive galaxy, the most distant of our sample, showingaeg
rotation and no detection of ionised gas (Paper VII). Thegii®n
line indices are consistent with old stellar populatiormfming
the results of Cid-Fernandes et al. (2004, 2005), which asedb
on an absorption line study using a larger wavelength range.

NGC 7742 is a well-known face-on galaxy (classification T2/L2,
Ho et al. 97) hosting a prominent star-forming ring surrdngd
a bright nucleus (see Paper Il), and with the ionised gasteoun
rotating w.r.t. the stars (see also Paper VII). The absmmpline
strength maps show a strong star forming ring, also coingdiaiith
a low [O1]/HB emission line ratio. In the centre, however, we
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