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ABSTRACT

We present absorption line-strength maps for a sample ob18d5galaxies observed using
the integral-field spectrogra@AURON operating at the William Herschel Telescope on La
Palma, as part of a project devoted to the investigation @kthematics and stellar popula-
tions of late-type spirals, a relatively unexplored fieldle BAURON spectral range allows the
measurement of the Lick/IDS indices?HFe5015 and Mig, which can be used to estimate
the stellar population parameters. We present here thelimensional line-strength maps for
each galaxy. From the maps, we learn that late-type spitakigs tend to have high #Hand
low Fe5015 and Mg values, and that theHindex has often a positive gradient over the field,

while the metal indices peak in the central region.

We investigate the relations between the central lineagtreindices and their correlations
with morphological type and central velocity dispersiamj @ompare the observed behaviour
with that for ellipticals, lenticulars and early-type spg from theSAURON survey. We find
that our galaxies lie below the Mg~ relation determined for elliptical galaxies and that the

indices show a clear trend with morphological type.

From the line-strength maps we calculate age, metalligity abundance ratio maps via a
comparison with model predictions; we discuss the resuftsifa one-SSP (Single Stellar
Population) approach and from a two-SSP approach, coisigire galaxy as a superposi-
tion of an old & 13 Gyr) and a younger (agé 5 Gyr) population. We confirm that late-type
galaxies are generally younger and more metal poor thaptiedlis and have abundance ra-
tios closer to solar values. We also explore a continuousaetmation scenario, and try to
recover the star formation history using the evolutionaogels of Bruzual & Charlot (2003),
assuming constant or exponentially declining star foramatate (SFR). In this last case, fix-
ing the galaxy age to 10 Gyr, we find a correlation betweeretfadding time-scaler of the
starburst and the central velocity dispersion, in the sémsiemore massive galaxies tend to
have shorter, suggesting that the star formation happened long ago amddwa basically

ended, while for smaller objects with larger values dgfis still active now.
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1 INTRODUCTION

Over the last few decades, stellar population synthesisbleas
come one of the most popular and powerful techniques to study
the formation and evolution histories of galaxies too dista be
resolved into individual stars. In particular, the meament of
absorption line-strengths combined with stellar popatatmod-
els has been used to investigate the luminosity-weightez] ag
metallicity and abundance ratios in integrated stellarutatons.
Extensive work has been carried out on stellar populations i
early-type galaxies, mainly using long-slit spectra (saeekam-
ple |Carollo, Danziger, & Buson 1993, Davies, Sadler & Pefeti
1993, Fisher, Franx & lllingworth 1995, Fisher, Franx & mig-
worth 1996, Longhetti et al. 1998, Jgrgensen 1999, Kuntscthn
2000,/ Sanchez—Blazquez etlal. 2007) and recently alsgyriait
field spectroscopy (Kuntschner et al. 2006, hereafter Pépédc-
Dermid et al. 2006, hereafter Paper VIII). The main advamtag
brought by the integral-field observations is that one catainb
two-dimensional maps and easily identify extended strestulin
particular, the two-dimensional coverage gives the pdigilio
straightforwardly connect the stellar populations wite Kinemat-
ical structures and therefore represents a powerful taedhutds a
comprehensive understanding of the structure of the galaxy
Some literature is also available on absorption line-
strengths in early-type spiral galaxies, mainly SO and Saxga
ies; (see for example Jablonka, Martin & Arimoto 1996,
Idiart, de Freitas Pacheco & Casta 1996, Proctor & Sarnsor,200
Afanasiev & Sil’chenka 2005, and Peletier et al. 2007, hiteea
Paper Xl). In particular,_Paper Xl presents two-dimenslicata
sorption line-strength maps of 24 spiral galaxies, mostlyype
Sa, observed with the integral-field spectrogr&ttyrRON (Bacon
et al. 2001, hereafter Paper 1); these reveal young popukiin
Sa galaxies, possibly formed in mini-starbursts in stmggwsuch
as nuclear discs, circular star forming rings and bars. & Ineigi-
starbursts generate a large scatter in index - index diagrianger
than observed for elliptical galaxies. As a consequenceretis
a large range in luminosity-weighted ages. Different stamia-
tion modes -starbursts or quiescent- are also reflecteceimvitie
range observed in the abundance ratios. All the galaxiesapéiP
Xl lie on or below the M - o relation for ellipticals determined
by Jargensen, Franx & Kjaergaard (1996). The authors arggfth
one considers that relation as valid for old galaxies, therearly-
type spirals present a scatter in age, with the biggestesdattthe
smallest velocity dispersions.

Spiral galaxies towards the end of the Hubble sequence are,

on the other hand, still poorly-studied objects, due to fiffecdlty

of obtaining reliable measurements in these low-surfaéghbr
ness objects, full of dust and star forming regions, whosz-sp
tra can be dramatically contaminated by emission-linespdn
ticular, the study of their stellar populations is extreynebmpli-
cated. An approach based on broad-band colours is basinally
validated by the huge amount of dust, which is very difficalt t
take into account, especially when working with data fromwugd-
based telescopes. A spectroscopic approach, relying &mnpbe on
stellar absorption-strength indices, has instead to déhlthe al-
most ubiquitous presence of gas with consequent emissigichw
makes it necessary to accurately remove the emissiondinas
the spectra before performing any population analysisy Qml
the last decade several HST-based imaging surveys hawtddrg
these late-type galaxies. Particularly relevant are theerzaby
Carollo et al. [(1997), Carollo & Stiavelli 1998, Carollo,i&#elli

& Mack 1998,/ Carollo [(1999), Carollo etial. (2002), Bokemé&t

(2002)/ Laine et all (2002), where the authors reveal thegmee of

a variety of structures in the inner regions, such as bulgedear
star clusters, stellar discs, small bars, double bars andastming
rings whose formation and evolutionary pattern are not @rgp
understood yet. Carollo etlal. (2006) also performed a pzdjmud
analysis on nine late-type spiral galaxies (types betweesm8 Sc)

on the basis of HST ACS and NICMOS optical and near-infrared
colours. The high spatial resolution of their space-bassd dl-
lowed them to mask dust features and measure the propefrttes o
stellar populations from the colours; this method, togettieh the
high spatial resolution provided by HST, produced restig tlo
not suffer much from the effects of dust; only a smooth dust di
tribution would not be detected. From their analysis, thaynfl a
large range in the colour properties of bulges in late-typeats,
reflecting a large range in their stellar population prapsrtFrom

a comparison with population models, they concluded thabwut
half of their bulges the bulk of the stellar mass formed atyear
epochs (more than 50% of their mass was formed more than 9 Gyr
ago), and that in the other half a non-negligible fractiothef stel-

lar mass (up to 25%) was formed recently, in the fasg Gyr.

Until now, only little spectroscopic counterpart for theotged
imaging was available, due to the mentioned observatiaffadud-
ties. The published work (Matthews & Gallagher 2002, Z&yits
Kennicutt & Huchra 1994, Boker etial. 2001, Rossa el al. 2003
Walcher et al. 2005) mainly refers to the emission-line prtps,
to the characteristics of the HIl regions or to the naturehefin-
nermost component. In particular, no study has addresgdd ge
systematic way the stellar populations of late-type spiedhxies
with a two-dimensional coverage. Existing studies on abaods
concern topics such as elemental abundances in Hll regioths a
the distribution of oxygen within discs (Zaritsky at al. #99not
properties inferred from the integrated stellar absorpspectrum.
As for the absorption-lines properties, there is ongoingknay
MacArthur, Gonzalez & Courteau (2007), who analyse loriig-sl
spectra (Gemini GVOS) of eight spiral galaxies of type between
Sa and Scd on a wide spectral range, measuring many absorptio
indices out to 1-2 disc scale-lengths. Also, Moorthy & Hoitm
(2006) presented line-strengths in the bulges and innes di§
38 galaxies of morphological type between SO and Sc for which
they acquired long-slit spectra on a broad spectral rangjadimg
Balmer lines, Mg and Fe features. They concluded that the cen
tral regions of bulges span a wide range both in SSP metgllici
and age, confirming the results|of Carollo €t al. (2006). Talep
found that luminosity-weighted metallicities and aburckanatios
are sensitive to the value of the central velocity dispersind of
the maximum disc rotational velocity, and that red bulgedite:d
as those with B-K > 4) of all types are similar to luminous el-
lipticals and obey the same scaling relations; for the bluigds
(B—K < 4) they observed instead some differences. They also ad-
dressed the radial variations of the population parameiteraost
cases, they measured negative metallicity gradients witreas-
ing radius, in the bulge-dominated region; positive gratiién age
were found only in barred galaxies.

As mentioned, there is still a lack of work on populations
in late-type spirals on a full two-dimensional field: we thiere
started a project on a sample of 18 late-type spiral galawis the
purpose of investigating the nature of their inner regiaugress-
ing the bulge and disc formation and evolution, the intengmtion
between stellar and gaseous components and the star forrhit
tory. Given the high complexity in the inner regions of thede
jects, integral-field spectroscopy has to be preferred respect to
long-slit, providing a full picture of the kinematics andmqgations
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on a two-dimensional field of view. We observed our 18 lafeety
spiral galaxies usingAURON, an integral-field spectrograph that
was built for a representative census of ellipticals, mriérs and
early-type spiral galaxies, to which in the rest of this Rape will
refer as ‘theSAURON survey’. Our project can be regarded as an
extension of theSAURON survey towards later-type objects. First
results based on our data are presented by Gandalet al. @006)
focus on the stellar and gas kinematical maps. The main fisdin
of that Paper are that in many cases the stellar kinematggsests
the presence of a cold inner region, as visible from a cedtogd in
the velocity dispersion, detected in about one third of trade;
that the ionized gas is almost ubiquitous and often presante
irregularities in its kinematics than the stellar compdnand that
the line ratio [OIlI}/H3 assumes often low values over most of the
field, possible indication for wide-spread star formatiorgontrast

to early-type galaxies.

As a following step in our project, we subtracted the
emission-lines from ouBAURON spectra, measured as explained
in [Ganda et al.| (2006), and on the emission-cleaned speetra d
rived absorption line-strength indices in the Lick/IDS teys
(Faber et al. 1985, Gorgas etlal. 1993, Worthey et al.|199%ichw
allows an easier comparison with existing data and with rothe
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the present Paper. Observations of the 18 sample galaxiexae
ried out during 6 nights in January 2004, using the intefjedd
spectrograptBAURON attached to the 4.2-m WHT. The exposure
details are listed in Table 2 in Ganda et al. (2006).

We used the low spatial resolution mode $AURQON, giv-
ing a field-of view (FoV) of 38 x 41”. The spatial sampling of
individual exposures is determined by an array 6940 x 0’94
square lenses. This produces 1431 spectra per pointingtloger
SAURON FoV; another 146 lenses sample a regié® dway from
the main field in order to measure simultaneously the sky -back
ground.SAURON delivers a spectral resolution of 48 FWHM,
and its maximum spectral coverage is 4800-588the wavelength
interval common to all lenses is the narrow spectral rangz548
5275A (1.1 A per pixel). This wavelength range includes a num-
ber of important stellar absorption lines (e.g3H-e5015, Mdy),
and potential emission-lines as well @HOIII], [NI]). For a more
exhaustive description of the instrument, isee Paper I.

Data reduction was carried out using the dedicated software
XSAURON developed at Centre de Recherche Astronomique de
Lyon (CRAL). For details on the data reduction we refer theer
tolPaper!l and Ganda et al. (2006). For an explanation of the-sp
trophotometric calibration we recommend the reader toysRagper

classes of objects. Here we present and analyse the absorp¥VI, in particular its Section 3.1.

tion line-strength maps. The data and maps presented in this

Paper will be made available via th8AURON WEB page
http://wwv. strw. | el denuni v. nl/sauron/.

The Paper is structured as follows. Section 2 briefly dessrib
the sample selection, observations and data reductiornioBe
reviews the analysis methods. In Section 4 we present tlge lin
strength maps for all the galaxies in our sample. In Sectiore5
investigate the correlations between different indices lagtween
indices and other galactic parameters, such as the moighbalo
type and the central velocity dispersion, mainly focussingthe
central values. In Section 6 we present our estimates foagies
and metallicities, obtained by comparison of our obsenied-|
strength indices with model predictions; we also exploe star
formation history and give estimates for the time-segla an ex-
ponentially declining star formation rate scenario. Secl sum-
marises the main results. In Appendix A we deal with the dadia
variations of the indices and the stellar population patarmsepre-
senting azimuthally averaged radial profiles. Appendix Brti
describes the individual galaxies and their peculiarjtgiging a
brief summary of relevant literature information. For mditera-
ture reviews on these objects, we suggest the reader to Seark
tion 6.4 in.Ganda et al. (2006).

2 SAMPLE SELECTION, OBSERVATIONSAND DATA
REDUCTION

The galaxies were optically selected < 12.5, according to
the values given in de Vaucouleurs et al. 1991, hereaftern RG8
HST imaging available from WFPC2 and/or NICMOS. Their mor-
phological type ranges between Sb and Sd, following thesiflas
cation given in NEQ (from the RC3). Galaxies in close interac-
tion and Seyferts were discarded. The resulting sampleom18
nearby galaxies, whose main properties are listed andrilies! re-
spectively in Table 1 and Fig. 1 in Ganda et al. (2006). The NGC
numbers and some characteristics are reported also inkles ia

L http://Inedwww.ipac.caltech.edu

3 ANALYSISAND METHODS

The fully reduced and calibrated spectra were first spgatialined
using a Voronoi tessellation (Cappellari & Capin 2003) iderrto
reach a minimum signal-to-noise ratio of 60 per spectral reso-
lution element per bin. The kinematics of stars and gas wee t
extracted from the binned spectra via the pixel-fitting rodthex-
tensively described in Cappellari & Emsellem (2004), Eheselet
al. (2004, hereafter Paper Ill), and Sarzi et al. (2006, dfeze Pa-
per V), that we already applied to calculate the kinematicaps
shown irn.Ganda et al. (2006). The spectra were fitted using&te
models from Vazdekis (1999). We selected a library of 48 rfeode
evenly sampling a wide range in both age and metallicityQ &5
Age < 17.78 Gyr,—1.68< [Fe/H] < +0.20). We used this SSP [i-
brary and additional Gaussian templates reproducing thigsém-
lines to fit the observed spectra, separating the emissies-from
the underlying absorption line spectrum (see Paper V foaildet
on the procedure). We notice that for our objects this seijoarés
crucial if we want to measure absorption strengths, sincpiral
galaxies the gas is almost ubiquitous and emission in Ses@sas
dominates the spectrum, filling in completely the absorpfrea-
tures, as shown for example in the cases of some centraliapert
spectra in the top row of Fifl 1 (black lines); in the same Fégue
overplot the best-fit to the spectra obtained with our metfred
lines) and the emission-removed spectra (blue lines)stititting
the reliability of the applied gas-cleaning procedure. Dogom
row of Fig.[1 presents similar plots for bins locatedl0” from the
galaxy’s centre, showing that our fits and emission comectire
reliable also outside the central region, given the fact ghanini-
mum signal-to-noise of 60 is garanteed by the spatial bgniie
reader can find more examples of this in Fig. Lin Paper V, Fig. 3
in|Ganda et al. (2006), and Fig. 3 in Falcon-Barroso et #1062,
hereafter Paper VII.

We also notice that in two cases (namely, NGC 2964 and
NGC 4102) we detected regions of activity (see Gandalet 86 20
for a description), where the spectra are characterisehbbld-
peaked emission-lines due to the presence of multiple irgloc
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Figure 1. Top row: central aperture spectra of some representatikxiga in our sample: from left to right, we plot NGC 1042, 2%nd 4487. Along the
vertical axis, the flux is in units of 10'6 erg cnm2 s~1. The black lines -hardly distinguishable from the othersarrepresent the observed spectra; the red
ones the best-fit and the blue ones the spectra after emigsimval. Bottom row: as in the top row, but for bins located 0’ away from the galaxy’s centre.

components in the gas, because of the presence of a jet.da tho
regions our method of fitting the lines with single Gaussitails

to reproduce accurately the line profile, but since thisnstéd to
only a few spectra, we did not modify the method. In any case,
this does not have any impact on our following analysis, esthe
double-peaked emission-lines do not contaminate therspeefin-

ing the central aperture (see Secfidn 5) on which most ofthidy

is focused on.

3.1 Linestrengthsmeasurement and Fe5015 correction

On the emission-removed spectra we calculated line-stneing
dices on the Lick/IDS system. For details on the actual compu
tation of the line-strengths, we refer|to Paper VI. The calibbn

to the Lick/IDS system takes into account several effetis:dif-
ference in spectral resolution between the Lick/IDS systemd
the SAURON instrumental setup, the internal velocity broadening
of the observed galaxies and small systematic offsetsgrisom
differences in the shape of the continuum, due to the fadttkiga
original Lick/IDS spectra have not been flux calibrated. im ob-
serving run, we obtained spectra for 21 different stars immmon
with the Lick/IDS stellar library (Worthey et al. 1994), fartotal of

39 repeated observations. Hig. 2 shows the difference eatire
Lick/IDS measurements and ours (for stars with repeatedrohs
tions, we considered the average of the different valuetiaina).
We calculated the mean offsets to the Lick/IDS system anul the

dispersion using bi-square weighting in order to minimize in-
fluence of the outliers, after removing from the sample tveossof
spectral type M6IIl and M711l, whose measured metal indidis

fer more than 2 from the Lick measurements. The adopted offsets
that we applied to all our measurements ar6.06 A (+ 0.06A)

for HB, +0.32A (& 0.15A) for Fe5015 and +0.1% (+ 0.05A)

for Mgb.

From a visual inspection of our maps of the Fe5015 index, we
saw that our measurements tend to assume high values inttre ou
parts, especially in the bottom-right corner, revealingstematic
effect that makes the maps look asymmetric. The most strikin
manifestation of the problem is this ‘high-iron corner’ thibere
could be as well regions where the index is too low. A detaited
spection of the spectra showed that the cause is a wrong shiape
the continuum in the Fe5015 spectral region, as proved bfatite
that we are unable to fit our twilight spectra using our SSP-tem
plate library: the Fe5015 region is not matched by the tetapla
and the Fe5015 map calculated on the twilight spectra is abt fl
over the field, showing a range of about Adrom minimum to
maximum value. This continuum problem could be due to instru
mental instabilities, to the high sensitivity of the grismthe inci-
dence angle of the light, to the imperfect extraction of thectra,
to the misalignment of the spectra with respect to the cokinfn
the CCD (see Ganda et/al. 2006). We can exclude, insteatiprala
with problems in the gas removal, since the Fe5015 measutame
affected also in the twilight frame, where the spectra asefogee.
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Figure 2. Differences between the Lick/IDS and our measurementh21 stars in common, for the three indices. For two starsl@1B1 and HD114961,
spectral type respectively M6lll and M7I1l) our measurensesf the metal indices differ dramatically from the Lick&neasurements; therefore we excluded
them from the determination of the offsets and plotted thdth e different symbol (open triangles). The overplottedhda line shows the adopted offset,
derived by a bi-weight estimator. In the bottom right corwerplace a typical errorbar.

Fe 5015 (A)
*’rh o I

Fe 5015 corrected (A)

Figure 3. Maps of the Fe5015 index for the twilight frame, before artdratorrection, inA. The two maps are plotted with the same cuts, indicated ein th
side, together with the colour bar. In the corrected fraime spatial gradient is largely removed.

In addition to this, continuum problems should not influetioe
gas-cleaning procedure: in the fitting, a polynomial is tideld in
order to account for differences in the flux calibration begw the
observed spectra and the model ones.

Unfortunately, we could not take this effect into accourtpr
erly at the data reduction stage, and decided to apply aatmmneto
the affected spectra before measuring the Fe5015 indexolfigm
related to the shape of the continuum was experienced altbeo
early-type spirals of th8AURON survey and affected theHmea-
surements, due to the closeness of the spectral feature txdte
of the spectral range; despite the fact that the problenffisreit,
we worked out a correction similar to the one that was thepéiegh

in the case of i and described in Paper!VI (Section 3.1.2).
For each galaxy, we averaged the spectra within an apetfture o

10" radius, obtaining a ‘global spectrum’ for that galaxy. Werth
fitted this global spectrum using a linear combination of $S&-
plates, masking the spectral regions possibly affectedhtigsson
lines. In this way we obtained for each galaxy a ‘global optim
template’ that approximates very well the general spettailres
of that galaxy. Then we considered the two-dimensionalxyaa
datacube, spatially binned and cleaned from emission daiegd
in the previous Sections; for each bin, we fitted the cleaped-s
trum using the ‘global optimal template’ together with anthlor-
der multiplicative polynomial, over the whole spectralganThe
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Figure 4. Maps of the Fe5015 index for NGC 488, before and after caorctn A. The white asterisks in the right-hand map mark the pasitbthe
centroids of the bins to which we have applied the correct@verplotted on the maps are the isophotal contours. Therteyos are plotted with the same
cuts, indicated on their side, together with the colour Heegy are oriented with the horizontal and vertical axisraid, respectively, to the long- and to the

short- axis of theSAURON field.

fit determined the best-fitting polynomial continuum, frorhigh
we then removed the linear component (which does not chamgge t
line indices); we considered the residuals and calculdteid RMS
variation over the wavelength range of Fe5015. For bins rioge
four or more single-lens spectra and with an RMS greater@taih
we used the fitted polynomial as a correction to the spediaes
by dividing it through the emission-cleaned spectrum. Fase
bins, we finally measured the Fe5015 index on the corrected sp
trum.

This correction depends critically on the assumption that t
optimal template is an accurate representation of the talexyg
spectrum. Whilst this is generally true, in the central, stimes
bulge-dominated, regions of our galaxies, non-solar ahooel ra-
tios can create a fit residual similar in size to the systemett
fect we wish to remove. By correcting only bins containingrfor
more lenses, we avoid these central parts, since the damdte
unbinned. Correcting large bins is also important becafisieeir
larger contribution to the spatial appearance of the maps.

We verified the Fe5015 correction using exposures of the twi-
light sky. As we mentioned above, in the twilight maps of FERO
a spatial gradient was also visible, as is apparent in thexgalata.

In the uncorrected twilight, the field centre gave values eB@15
close~ 4 A, consistent with a typical G2V - G4V sun-like spec-
trum, showing that the field centre is not significantly aféecby
the problem. After applying our correction techniBane gradient
was reduced, and the global level remained aroudd We show
this in Fig.[3, where we display the Fe5015 map calculatedhen t
twilight frame, before and after applying the correctiomiarly,

in Fig.[4 we show the Fe5015 map for NGC 488 before and after
correction. White asterisks mark the centroids of the Hias ihave
been corrected. The correction clearly removes most of shma
metry, proving the usefulness of the method applied.

Figure[® presents for each galaxy the map of the RMS devia-
tions of the fitted continuum after removal of a linear slope.plot
in black the bins that do not meet the requirements for thescer
tion, for which we have artificially put the RMS to O (for plitty

2 applied in this case to all single-lens spectra with an RM&agr than
0.01: given the high signal-to-noise of the twilight frame,spatial binning
is necessary

purposes only); in these bins the Fe5015 index is calculatetie
original emission-cleaned spectra. The maps are orienitbdthe
horizontal and vertical axis aligned, respectively, toltmg- and to
the short- axis of th&€AURON field. The extension of the corrected
area is mainly related to the signal-to-noise of the dattaxigs
with poor signal-to-noise will require higher binning artketbig
bins will undergo the correction.

As for the uncertainties on the measured indices, the most
worrying factor is the separation of emission and absongiites.
Simulations presented in Appendix A of Paper V show that the a
curacy in recovering the emission-line fluxes does not dé:men
the A/N ratio between the line amplitude and the noise lemel i
the stellar continuum, but only on the signal-to-noise liéwehe
stellar continuum itself. These simulations were meantiesti-
gate the accuracy of emission-line fluxes measurementdlifati-e
cals and lenticulars. In the case of signal-to-noise = 69tyhical
uncertainties in the line fluxes obtained in Appendix A of &ap
V translates in errors in the equivalent width of the emisdine
of ~ 0.08 A, and in similar errors in the absorption line indices.
MI presents absorption line-strengths for earlg-tgpirals
observed witlFSAURQN,; in some of the galaxies studied there, the
emission lines are stronger by a factor up to 100, relatitheéab-
sorption lines, than in the ellipticals or lenticulars ofpaV with
the strongest emission-lines. Therefore, for the objecBaiper Xl
the situation is much closer to what happens in our spirdierd,
the authors report results of similar simulations of théi®lity of
the gas cleaning, exploring a range in A/N ranging up to 10@& T
results are such that the errors in the absorption line @sdito not
vary appreciably with increasing A/N. When coming to theadat
one has to consider that the spectra are packed close togethe
that the absorption lines are affected by neighbouringtspede-
spite the reduction tries to minimize this contaminatiberée might
be some residual effects, particularly in presence of gtemis-
sion lines. Additional errors can derive from template nasrh in
the fitting procedure and from the continuum correction dbed
above. Therefore, throughout the rest of the Paper we adopt-a
servative value of 0.2 for the uncertainties in H and Md and
0.3Ain Fe5015. The same figures were used in Paper XI.
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4 LINE-STRENGTH MAPSOF 18 LATE-TYPE
GALAXIES

Figured 6H-6i present the absorption line-strength mapgbeofl8
galaxies, ordered by increasing NGC number. For each galaxy
the first row we show the total intensity obtained by inteigigat
the full SAURON spectra in the wavelength direction, the galaxy
NGC number (and the UGC also, when available), and the two-
dimensional map of the characteristic time-scale of stané&bion

7, in Gyr (see Sectiofh 6.3). Overlapped in pink on the intgnsit
map are the contours delimiting the outer limits of the siteda
‘bulge’ and ‘disc regions’, defined in Sectibh 5. In the setoow

we present the two-dimensional maps of,H-e5015 and Mg,
where the measured indices have been calibrated to thelDEBk/
system and are expressed in equivalent widths and measuded i
The maps of Fe5015 have been corrected as explained in Sectio
[BT; the corrected bins are marked with a white dot. In thedthi
row, we present the maps of age (expressed in units of decimal
logarithm and measured in Gyr), metallicity (in units of oheal
logarithm, with the solar metallicity as zero point) and athance
ratios obtained with the one-SSP approach (see Séctibn(®vit)-
plotted on each map are the isophotal contours. The mapdlare a
plotted with the same spatial scale, and oriented with thiztw-

tal and vertical axis aligned, respectively, to the longd &m the
short- axis of theSAURON field for presentation purposes; the ori-
entation is the same aslin Ganda etlal. (2006) and as in Fidures
and® in this Paper. The relative directions of North and Bestn-
dicated by the arrow above the galaxy’s name. The maximum and
minimum of the plotting ranges and the colour table are ginehe

tab attached to each map. To make the comparison amonggediffer
objects more immediate, we adopted the same plotting rafioges
all of the galaxies, but in Appendix B we will enlighten theasipl
structures within the single maps, when noticeable, bydotpg

the maps plotted on a ‘galaxy-by-galaxy range’.
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5 CORRELATIONSBETWEEN LINE-STRENGTH

INDICESAND OTHER GALACTIC PARAMETERS NGC  Type T o #Ac
In this Section we analyse the dependence between the line- ggg 2252)2 ‘2% 15?27 g
strength |nd|ce§ and other galactic parametgrs; we maielysfon 772 SA(s)b 30 120 4
central properties. For each galaxy we defined three regthas 864 SAB(rs)c 50 65 20
central circular aperture of’5 radius (corresponding to the inner- 1042 SAB(rs)ed 6.0 55 13
most nine single-lens spectra); a so-called ‘bulge regidefined 2805 SAB(s)d 7.0 46 18
as the region within which the light due to the fitted expoiant 2964 SAB(nbc 4.0 102 11
disc falls below 50% of the total light, with the exclusion tbie 3346  SB(rs)cd 6.0 48 23
central aperture; and a so-called ‘disc region’,’atBick elliptical 3423 SA(s)cd 6.0 48 20
annulus external to the ‘bulge regiBin'we averaged the spectra 3949 SA(s)bc 40 60 10

4030 SA(s)bc 40 100 2
4102 SAB(s)b? 3.0 153 8
4254  SA(s)c 50 72 13
4487 SAB(rs)ed 6.0 51 21

in these regions before spatial binning, and on the regu#pec-
trum calculated the line-strength indices, after emissenovall.
The actual numbers for the definition of the bulge and disorey

(semi-major axis of the ellipses, position angles and tidiijies) 4775  SA(s)d 70 41 21
were taken from our own photometric analysis and bulge-désc 5585  SAB(s)d 70 37 23
composition based on archival NIR images (Ganda et al.,.d@papr 5668 SA(s)d 70 52 22
ration). There we model the galaxies as an exponential didaa 5678 SAB(rs)b 3.0 102 9

Seérsic (1968) bulge (which often turns out to be very tinighvef-
fective radius smaller thasy 5”) and apply a two-dimensional de-  Table 1. Hubble type (RC3 through NED); numerical morphologicaletyp
composition from which we can estimate the bulge extensifm ( (from RC3, indicated as ‘T-type’ in some of the following fices); stellar
Noordermeér 2006 for the method and Ganda et al., in prépayat  Velocity dispersion (in kms') and its associated error, also in km's
for the actual analysis of the profiles). For clarity, in thp teft map measured on the central aperture spectrum, for all galaxies
in Figured GR-6i we overplot in pink the elliptical contodiesfining
the outer limits of the ‘bulge region’ and of the ‘disc regidn any
case, we want to warn the reader that the ‘bulge’ and ‘diggibres
here introduced are mainly a tool for us to investigate fladia-
ations, and do not refer to distinct components, since thealied
‘bulge’ is affected by a huge contamination from the disa] an
accurate decomposition is beyond the scopes of the preapet,P
and will be addressed in detail in the mentioned paper ingreep
tion.

In Table[1 we list the morphological type (from the RC3) and
the stellar velocity dispersion, with its associated emoeasured

on the central aperture spectra, since we will make use skthe L

guantities in the following Sections and Figures; the eri@r the @ E

velocity dispersion are based on the scatter of the velaligyer- T

sion values that we measure for the single-lens spectrante E

central aperture, and do not take into account template atdm

Table[2 lists the index values calculated, galaxy by galarythe

central aperture and on the bulge and disc regions. E

5.1 Index-index relations 0 1 2 3 4 5 6

In order to derive ‘zero-order’ estimates on the luminosigighted [MgFe50] (A)

ages and metallicities of our galaxies, we show in [Fig. 7 an .

age/metallicity diagnostic diagram. Here we use the alnrelaa- Figure 7. H3 index against [MgFe50] (i), for three samples of galaxies

tio insensitive index observed withSAURON: the black symbols represent the central apertures
b+ Fe5015 of our late-type spirals, the red symbols are the E and S@r@deperture of

[MgFe50] = 0.69 x Mgb + Fe 1) 1335 radius) and the blue ones the Sa galaxies (central agerfine solid
2 lines represent SSP models from Thomas ket al. (2003), tihtdemodels

with solar abundance ratios; ages of the models vary fromd¥ Gyr
(top to bottom); metallicity (in decimal logarithm) from2.25 to +0.35
(left to right). Representative error bars are added at ¢iim right of the
panel; the black one refers to both the early- and late-tprals samples,
while the red one, smaller, refers to the E/SO galaxies.

3 The inner semimajor axis of the ‘disc region’ correspondshis outer

semimajor axis of the ‘bulge region’ plug' 2A slightly different definition

of the disc region has been adopted in the case of NGC 628]én tw avoid

contamination from a foreground star situated. 3 south of the centre.

4 For the aperture measurements, we never applied the contigorrec-

tion to the Fe5015 index described in Secfion 3.1: in seweasés, even
the disc region is affected only partially by the correctionaddition to

this, the bulge and disc region measurements are obtairezdgang spec-
tra from spatially separated areas, which helps in minmgishe impact of
the continuum problem in the Fe5015 spectral region.
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NGC Hﬁcentre Hﬁbulge Hﬁdisc Fe501%entre Fesoj-%ulge Fe5015isc Mgbcentre Mgbbulg;e Mgbdisc

488 1.961 1.966 1.961 6.122 5.635 5.615 4.387 4.112 4.042
628 2.713 2.604 2.486 5.247 4.556 3.936 2.561 2.424 2.274
772 2.316 2.355 2.765 5.495 4.746 4.506 3.285 3.028 2.558
864 2.167 2.380 2.404 2.697 3.115 3.686 1.564 1.859 2.378
1042 3.327 2.533 2.172 4.570 4.046 3.767 2.200 2.498 2.356
2805 3.324 2.878 3.013 3.975 3.400 3.303 2.343 2.121 2.058
2964 3.033 2.957 2.808 3.313 3.476 4.025 1.736 2.049 2.264
3346 3.488 3.289 2.838 3.732 3.643 3.915 1.939 2.002 2.247
3423 2.846 2.935 3.299 4.334 3.528 3.092 2.137 1.869 1.692
3949 3.944 3.846 3.726 3.760 3.623 3.175 1.744 1.772 1.505
4030 2.769 3.086 3.343 5.287 4512 3.886 2.996 2.524 2.144
4102 3.283 3.257 3.173 4.083 3.950 3.736 1.904 2.143 2.121
4254 2.676 2.955 3.177 4121 3.954 3.699 2.470 2.149 1.864
4487 3.167 3.452 3.275 2.410 2.692 3.175 1.319 1.487 1.666
4775 3.560 3.482 3.465 3.071 2.980 2.376 1.609 1.564 1.412
5585 3.816 3.490 3.236 2.643 2.453 2.354 1.198 1.201 1.351
5668 3.661 3.584 3.825 3.756 3.037 2.546 1.717 1.464 1.265
5678 3.015 2.617 2.881 4.566 4.328 4112 2.367 2.484 2.380

Table 2. Line-strength indices calculated on the central apertangisbulge and disc regions, defined as explained in Sédtiontbd 18 galaxies. The indices

are intended as equivalent widths and expresséd in

centre

A RERaRanRARARARARY [ARARRRARRRRRRRRRARS

Fe5015 (A)

Figure 8. Left panel: index - index diagram showing Fe5015 againsbftg the central aperture of our late-type spirals (black gls), while the red
symbols are the E and SO (within 8335 central aperture) and the blue ones the Sa (centraliagerbbserved witlBAURON. The solid lines represent the
SSP models from Thomas et al. (2003), limited to models wotarsabundance ratios; the dashed lines correspond insiehd models with [Mg/Fe]=0.5.
Middle panel: same as the previous, for the ‘bulge regioerapes of the 18 late-type spirals only. Right panel: sasthe previous, for the ‘disc region’
apertures of the 18 late-type spirals only; in the middle agick panels we only plot the model grid for solar abundarati®s. All the indices are expressed
as equivalent width and measurediinthe three panels share the same vertical axis. Repréisergaror bars are added at the bottom right of each parel; th
black one refers to both the early- and late-type spiralsogssnwhile the red one refers to the E/S0O galaxies.

(for details on the index definition see Kuntschner et alpriepa-
ration) as metallicity indicator and Has age indicator. In Fig] 7
we plot the indices calculated on the centrab laperture of our
galaxies (black symbols). We overplot with red symbols ttip-e
tical and lenticular galaxies from th@AURON survey (based on
the data presented in _Paper VI), with reference to measuntsme
within apertures of radius’B35, that the authors of that paper ex-
tracted in order to match the Lick aperture (see Paper VI ér d
tails); the blue symbols represent central aperture§ ®fddius for
the early-type spirals from the same survey (Paper Xl). gloged

there is a smooth transition between the ellipticals/tergirs and
the early-type spirals, with most E/SO populating the regibthe
old, metal-rich models, and the Sa spanning a larger ranggen
and reaching lower metallicities. Our 18 later-type sgiratcupy

a region of the diagram that has little intersection with Ei80s,
having generally younger ages and being clearly more metal p
We also notice that the parameter region occupied by ouxigala
is completely included in the one spanned by the Sa galawes.
warn the reader that the interpretation in terms of ages astdlm
licities is here done on the basis of SSP models, which might n

in the Figure are also the models of Thomas, Maraston & Bender provide a good description of spiral galaxies, for whichgta for-

(2003), limited to the models with [Mg/Fe]=0; they are ldbdl
with the corresponding age and metallicity. As noted in PXbe

mation history could be characterised by several burstsaspover
time or by a constant star formation rate. A more detailedyais
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of the age, metallicities and the star formation historyrisspnted
in Sectior{ 6.

indices the range is larger for the early-type spirals; intaiee in-
dices, the Sb-Sd galaxies span a narrower range than the ha. |

In Fig.[8 the left panel shows the line index Fe5015 against same table, we also list the average value of the indicesithtiee

Mgb for the central aperture of our 18 galaxies (black symbols);

samples, together with their standard deviation and timelatal de-

as in Fig[¥, we show also the points corresponding to the E/SO viation after subtraction of the observational errors,chhindicates

(red symbols) and Sa (blue) of tH®AURON survey. The solid
lines represent the SSP model grid from Thomas et al. (2068) w
[Mg/Fe]=0; the dashed lines correspond instead to the Teoma
models with [Mg/Fe]=0.5. As also shownlin Paper XI with a simi
lar figure, itis clear that most of the ellipticals can be @tbetter by
models over-enhanced irelements, while the Sa bulges present a
range in enhancement. Our later-type spirals instead aledases
compatible with models with solar-abundance ratios. Imtingdle
and left panels we show, only for our sample of late-typesdpithe
measurements for the previously defined bulge and discnege
spectively in the (Mg, Fe5015) plane, along with the models from
Thomas et al! (2003), drawn only in the case of solar aburedeaic
tios. We see that our spirals are compatible with solar atocel
ratios, within the uncertainties; we do not detect relewglnbal
variations in the appearance of the diagram when consigi¢hia
different regions (central aperture, bulge and disc régithe sin-
gle galaxies move in the diagram, but they remain in the regio
of the models with solar abundance ratios. This differs frehat
seen in the early-type spirals of tSEAURON survey: there, away
from the centres 10" from the centre) the galaxies have generally
higher [Mg/Fe] than in the centre. Super-solar abundartoesrare
possibly caused by the presence of populations with seaged.
An increase of [Mg/Fe] when moving outwards is detected hiso
Jablonkal(2007) and hy Moorthy & Holtzman (2006) for samples
of galaxies of type varying between S0 and Sc. This might l&e du
to a change from SSP-like stellar populations in the centgop-
ulations with a large range in age outside. In particulaplalka
(2007) measures small increments in abundance ratio frerceth-
tral region to the bulge effective radius; these gradietatg mther
constant among bulges; Moorthy & Holtzman (2006) find thasimo
of their galaxies have positive or zero gradient in [Mg/Feéfnn

the bulge-dominated region; as mentioned in the Introdacthey
divide their sample in red (BK > 4) and blue bulges, and, ac-
cording to their analysis, the red bulges are overabunduaitite
centre, while the blue bulges have solar abundance rattbs icen-
tre, and the disc-dominated regions also have approxignatgar
abundance ratios. Therefore, our results are not neclysisacon-
tradiction with theirs, as we will also see in Appentdik A, wbeve
briefly discuss the radial profiles of the indices and the faimn
parameters.

5.2 Index - Hubbletyperelations

The three panels in Fif] 9 present the relation between thteate
line indices (respectively, Bl Fe5015 and Mig) and the morpho-
logical type (see Tablg 1). Again, we use black symbols feri&
late-type spirals under investigation, red ones for thptathls and
lenticulars and blue for the early-type spirals of 8&URON sur-
vey. We see an overall increase offtdnd a decrease of Fe5015
and Mg going towards later types. We also see that for ellipticals
the range spanned in equivalent width is in general quitdlsina
becomes larger for lenticulars and Sa galaxies and smajéén &
the later-type spirals. This result is illustrated quatiiely in Ta-
ble[3, where we list for each index the range in equivalenttwid
spanned in the three samples, together with the minimum axd m

the amount of scatter that cannot be explained by the errors.

5.3 Index - velocity dispersion relation

Figure[1I0 shows the central Ma@nd H3 indices against the cen-
tral velocity dispersion of the stars (see Tadllle 1), in tiftealed right
panels respectively. As in the previous Figures, the blgoki®ls
represent the late-type galaxies, the red the ellipticadslanticu-
lars and the blue the Sa observed vVB#URON (central apertures).
In these plots we express the indices in magnitudes, as ftéa o
done in the literature, using the definition:

index’ = —2.5 x log (1 — mdex)’

AN @)

where index and indéxare measured respectively R and
magnitudes andA) is the width of the index bandpass (cfr.
Paper VI for the full index definition).

A tight and well known relation between magne-
sium indices (M@/ or Mg:;) and o holds for ellipti-
cals (see for example Terlevich et al. 1981, Bursteinlet al.
1988, | Bender, Burstein & Faber 1993, Jgrgensen/etal. | 1996,
Colless et al| 1999, Falcon-Barroso, Peletier & Balcel302
Bernardi et al. 2003 Worthey & Collobert 2003, Denicol@kt
2005). In Fig[ID (left panel) we overplot with a black solidd
the relation obtained hy Jgrgensen etlal. (1996) for a saofi@@7
E and SO galaxies in 10 clusters:

Mgz = 0.196 x log(o) — 0.155, ?3)

after having converted the Mdndex to Mg), using a least-squares
fit to all the models from Vazdekis etlal. (1996) with Mg 0.10,
holding the relation:

Mgb = 0.489 x Mgs + 0.014. @)

One could think that this transformation, using models tlahot
take into account differences in abundance ratios, coulchise
leading. But in practice the Mlj - Mg. relation has very little
scatter, even for different [Mg/Fe]. In any case, we also gama
the position of our spirals in thddg (o), Mgb/) plane with the
relations determined by Sanchez—Blazquez let al. (2G086)fully
empirical way for a sample of 98 early-type galaxies dravamfr
different environments (the field, poor groups, Virgo, Coamal
some Abell clusters). The black dotted and dash-dotted liver-
plotted in Fig[ID represent their fitted M’g- o relation for low-
and high-density environments, respectively, and lie betly close
to the relation of Jgrgensen et al. (1996), especially fgh hie-
locity dispersions; similarly, in the right panel we overptheir
HB - o relations. The relations of Jgrgensen etal. (1996) and
Sanchez—Blazquez etlal. (2006) are both determined npeirfg
a fit down to velocity dispersions below 100 kmi's(x 40 km
s !in the case of Sanchez—Blazquez et al. 2006), theref@ierx
ing the range of velocity dispersions that we test with ote-la
type spirals. The small differences between these regtmight
be due to the different statistics and to the different eminents:
Jargensen et al. (1996) themselves noticed that the neldifi@rs

imum values assumed by the indices: as one can see, the range islightly from cluster to cluster, in the sense that galakiedusters

Hg is larger for the E/SO than for the Sa sample, while for theoth

with lower o have systematically lower Mg We also performed a
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Figure 9. Line-strength indices (inf\) as function of morphological type. Black symbols are oample galaxies (central aperture), red are the E and SO
(central 1335 aperture) and blue the Sa galaxies (central apertutbg 8AURON survey. The left panel refers todithe middle one to Fe5015 and the right
one to M. Representative error bars are added at the bottom rigtetabf ganel; the black one refers to both the early- and Igte-$pirals samples, while
the red one refers to the E/SO galaxies.

index E/SO Sa Sbh-Sd
HBrange 3.78 [1.13-4.90] 3.10[1.27-4.37] 1.98 [1.96-3.94]
Fe5015ange 2.50 [3.66-6.15] 5.65 [0.31-5.96] 3.71[2.41-6.12]
Mgbrange 3.75[1.51-5.26] 4.05[0.89-4.94] 3.19[1.20-4.39]
(HB) £ o 1.79+ 0.75 (0.67) 2.39%t 0.77 (0.57)  3.06t 0.56 (0.36)
(Fe5015 + 0 5.45+0.56 (0.41) 4.5H 1.40(1.10) 4.06t 1.04 (0.74)
(Mgb) + o 4.334+0.87 (0.77) 2.99 1.07 (0.87) 2.19-0.77 (0.57)

Table 3. Upper part: ranges spanned in equivalent widhlfy the three indices, for the three samples represent&jifl; between brackets are indicated
the minimum and maximum values. Lower part: average valfigheoindices in the three samples, with the relative stathdiviations; the numbers in
parenthesis indicate the standard deviation after sulmnacf the observational error.

linear fit to our own data: the green solid line overplottedath

panels represents the corresponding relation.

In Table[4 we list the coefficients defining the relations take
from the literature, together with the coefficients deteraai for our

own sample, in the form:

. ’
index’ = ajndex’ + Dindexs X log(o).

As already pointed out by Paper XI for the Sa galaxies of the

©)

SAURON survey (blue symbols in the Figure), it is clear from Fig.
[10 and from Tablgl4 that the l\b@ o relation for ellipticals repre-
sents an upper envelope for the spirals; some of the spotdsvf
the relation (particularly if we consider the Sa), but thgarity of
them lie below it; in particular, the linear fit to our own dditeeen
line) runs almost parallel to the line from Jgrgensen etl#96),
but significantly below it. Similarly, in the case of theBH- o
relation, the ellipticals represent a lower envelape (Pxiheand
many spirals lie above the relation. Deviations from thatiehs
for early-type galaxies may be driven by stochastic praeetike
star formation: as argumented by Schweizer & Seilzer (1,982)
line defined by the galaxies of Jargensen el al. (1996) quores
to old stellar populations, while the deviations would be= da
younger stars. For our objects (black dots) the effect ofngou
populations as deviation from the line defined by E/SOs gedais

evident.

REF aMgb/ b]\/,{gb/ aHﬁ/ bH,BI
Jor —0.062 0.096 — —
Sary,p —0.073 0.1 0.130 —-0.030
Sangyp —0.050 0.091 0.087 —0.012
KG —0.093 0.092 0.247 —-0.068
Table 4. Coefficients of the index - o relation, in the form: index

= 8ndes’ T Dinderr X log(o); the first column lists the references
(Jor=Jgrgensen etlal. 1996; $asrSanchez—Blazquez et al. 2006, low-
density environment; Sappa3Sanchez—Blazquez et al. 2006, high-density
environment; KG= this work), the second and third the coeffits for the
relation with Mg),, the fourth and fifth the coefficients for the relation with

HA .

6 AGE,METALLICITY,STAR FORMATION HISTORY

The ultimate aim of measuring line-strengths is to undedsthe
distribution of stellar ages, metallicities and abundarat®s, and

to get hints on the star formation histories. Using a continna

of line-strength indices, one can constrain stellar pdpriamod-

els, which allow to translate the line-strengths values measure-
ments of age, metallicity and abundance ratio.

Trying to address this issue, we investigated two main ap-

proaches: from one side, one can assume that a galaxy can be
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Figure 10. Left panel: central Mg’, expressed in magnitudes, against central velocity dssmerin units of decimal logarithm. The black symbols repra
our own sample (central aperture), the red the E and SO arzlitb¢he Sa galaxies of tHBRAURON survey. Right panel: centraI/B-1, expressed in magnitudes,
against central velocity dispersion, in units of decimadothm; the colour code for the symbols is the same as in tbeéqus case. The black solid line
overplotted in the left panel represents the relation fdwyidagrgensen et ial. (1996) for early-type galaxies in 1@@iu$he dotted and dash-dotted black lines
overplotted in both panels are the relations obtained mclséz—Blazguez etlal. (2006) for low- and high-densityirenments, respectively, and the green
solid lines are the relations determined using our own sansgle text in Sectidn 3.3 for details. Representative bawr are added at the bottom right of each
panel; the black one refers to both the early- and late-tpjrals samples, while the red one refers to the E/SO galaxies

viewed as a Single Stellar Populations (SSPs), and compsager-0
vations with theoretical SSPs in order to determine the-fiiistg
population; this is a ‘classical’ approach to stellar papioin stud-
ies. From the other side, one can view a galaxy’s populataiha
time evolution of an initial SSP; making some assumptionghen
initial metallicity and the metal enrichment history, byngparison
of observations and models one can retrieve informatiomerstar
formation history. Nowadays, this is a topic of greatestriest: re-
cently, several groups have been working on it and develtpss.
Here we mention noticeable examples suctSaECMAP and its
extensionSTECKMAP[ and MOPED. STECMAP and STECKMAP
have been developed by Ocvirk and collaborators (for a gescr
tion, see_Ocvirk et al. 2006a, Ocvirk et al. 2006b), and tryde
cover the star formation history via spectral fitting, with@ny a
priori assumption on the star formation history; the only conditio
imposed is that the star formation history is a smooth fumctf
time; MOPED, developed by Panter and collaborators, is a method
that allows to analyse huge quantities of spectra using rttiece
spectral range, and assumes that a galaxy can be viewedexrs sup
position of single bursts (for details see Panter, Heavedisn&nez
2003).

In this Section we will follow these two roads (SSP and recov-
ery of star formation history), on the basis of our measurist L
indices.

6.1 Singlestellar population analysis

Following the examples of Paper VIII and Paper XI, we used the
single-burst stellar population models|of Thomas et al0&Go

5 http://astro.u-strasbg.fr/fObs/GALAXIES/stecrnapg.html

compare with our observations and estimate the ages, mitied
and abundance ratios of our galaxies. To avoid strong disat®n
effects on the derived parameters, we interpolated thénatigrid
of model indices, obtaining a cube &f225000 individual models,
with —2.25< Z < +0.67, 0.1< age< 15 Gyr and-0.2< [Mg/Fe]
< 0.5. We then determined the model closest to our obsergtion
(the set of three indices) for each Voronoi bin in our galaxiga
ax? minimisation technique, consisting in minimising contemp
raneously the distance between all of the observed and tidelmo
indices, weighted with the observational error on the Btrengths
(see Sectioh 31 for the actual figures). We attributed t@étaxy
bin the age, metallicity and abundance ratio of the selettedel.
The third row in FigureE 8a56i shows the age, metallicity abdn-
dance ratio maps obtained in this way. We are aware that it is a
over-simplification to represent a galaxy’s populatiomgsa SSP,
however, we want to apply this method as a ‘zero-order’ esttmn
before moving to somewhat more sophisticated ones[Figldt& p
against each other the age, metallicity and abundancevaties
calculated over the central aperture spectrum. Our sangdeigs
are represented with black symbols. Overplotted with redtsys
are the ellipticals and lenticular galaxies of t8BAURON survey
(Kuntschner et al., in preparation), while the blue symbelsre-
sent the early-type spirals of tf8&AURON survey (Paper XI). De-
spite the problems intrinsic to this approach, from thig ple can
see that, as expected, our galaxies are on average younecaa
metal poor than early-type galaxies, and have on averagei@ oh
[Mg/Fe] closer to zero, ranging from slightly sub-solar tiglstly
over-abundant. This confirms what we saw in Eig. 8, where we no
ticed that the late-type spirals were compatible with medeth
[Mg/Fe]=0.

In order to assess the dependence of our results on the set of
models used, we performed the following exercise. We toek th
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Figure 12. Comparison between the ages (left panel, in Gyr) and m@t&s (right panel) obtained from our one-SSP approachgutfie models of
Thomas et al. 2003 (horizontal axis, limitately to neadjas abundance ratios) and Vazdekis 1999 (vertical axibg 3olid lines overplotted represent

the 1:1 relation.

model spectra from the SSP library lof Vazdzkis (1999) and cal the Vazdekis models.

culated the line-strength indices on them, obtaining a gfi@22
model indices. Then we determined, galaxy by galaxy, theehod
that best matched our observations, deriving age and rcétads-
timates. Abundance ratios are fixed to solar values in tmarljtof
Vazdekis|(1999). In Fig. 12 we plot against each other the agd
metallicities obtained for the central’3 apertures of our galax-
ies using the Thomas (horizontal axis) and the Vazdekidi¢atr
axis) models. Overplotted with solid lines are the 1:1 ietat. We
see that there are no dramatic differences between the tv@ke
measurements, though the Vazdekis models tend in sevesas ca
to predict slightly older ages and lower metallicities wittspect
to the Thomas ones. The small residual differences do natrdep
on the fixed abundance ratios of the Vazdekis models: theagks
metallicities on the horizontal axis in Fig.]12 are obtaifiedthis
test considering only the Thomas models closest to solardznce
ratios. The differences in the metallicity could be insteadeast
partially due to the coarseness in Z of the model grid obthfrem

As also noticed in_ Paper XI, in some cases an unconstrained
SSP fit cannot provide a suitable representation of a galaxie
case of a complex star formation history, not approximahité w
a single, instantaneous burst, the SSP-equivalent pagesnaist
be interpreted with caution, as a ‘zero-order’ estimateywasal-
ready stressed. As an example, we remind the reader thefdhse o
star formation ring in NGC 4321 discussed| by Allard et|al.0g20
They show that in the ring the line-strength indices sugtiessu-
perposition of two components: a young stellar populatioa an
old and metal-rich one. When they force a single SSP, thegirobt
low metallicity and old age. But it is known (Zaritsky at aB)
that the HIl regions of this galaxy have super-solar mediafli the
one-SSP solution obtained by Allard et al. (2006) represtare-
fore an inconsistent description. As clearly visible frone ffirst
panel in Fig[IlL, some of our galaxies also populate the negfo
the (metallicity, age) plane characterised by low metikis (be-
low —1.0) and old ages (above 10 Gyr). This is the case for the
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central aperture of NGC 864, for which oyf technique selects a
model with Z=~ —1.14 and agez 11 Gyr. The line-strength maps
for this object (see Fif_6b) show that in the very center th&0R25
and Mg indices assume low values, and so dogs bin a large
inner region. The low indices drive the metal poor old popatg
but a SSP description might be too unrealistic for this dbjec

More generally, if for example a galaxy has undergone two
separate bursts of star formation, the SSP-equivalent digsevii-
ased towards the age of the youngest stars, and the SSRleqtiv
metallicity will be biased towards the metallicity of thedlgdopula-
tion, as studied and described in detail by Serra & Traged7P0

In order to put some physically motivated constraints to our
one-SSP analysis, we decided to constrain the metalli¢iguo
objects in a narrow range around the value in the model gostcl
est to the one determined from a relation between centriéste
velocity dispersion and metallicity for early-type galesi In prac-
tice, we aim to apply a scaling relation obtained for sptasdel-
lipticals and lenticulars). Our late-type galaxies do nosthrele-
vant bulge components (Ganda et al., in preparation), saethe
gions that we probe with our data do not fall under this catggo
Also, unlike for spheroidsg is not a good mass indicator in disc
galaxies. But in any case, using a felation’ for spheroids is a
‘zero-order’ approach to extrapolate the metal contenthefdld
stars in low-mass galaxies. We investigated several pibgsibfor
a metallicity-sigma relation for early-type galaxies. Tiesulting
relations can differ from each other significantly, partécly at the

low-o end, because of differences in the methods, in the models

used, and in the underlying assumptions.

A possible and common way is to go through stellar popula-
tion models, estimate the ages and metallicities by corapardf
observations and SSP models, and then fit a relation avitfhis
approach has been extensively investigated in the literatee will
refer to it as ‘ the model approach’. As a prototype, we refehe
work of|Thomas et al. (2005), who studied 124 early-type x3ala
ies in high- and low-density environments and derived thgis,
metallicities and element ratios. For the galaxies in highsity
environments, they retrieved the following relation:

Z = 0.55 x log(c) — 1.06. (6)
See also Kuntschner (2000) for a similar result.

Another possibility, to which we will refer as ‘the indexo-
approach’, is to assume a set of index relations for early-type
galaxies, extrapolate them to the rangesofinder investigation,
from the measured infer the indices and from these, via a com-
parison with models, an estimate for the metallicity. Ingbice, we
used the IfB/ - o, Fe5015 - o , Mgb/ - o relations published in
Paper VI for the 48 ellipticals and lenticulars of the m&#tURON
survey. Using these relations and the measured valuesdaretin
tral aperture velocity dispersions of our galaxies, we ioleid a
set of index values. We then compared them with the models of
Thomas et all (2003) via the previously descrilg@dninimisation,
but choosing only among models with solar abundance ratids a
age= 12.6 Gyr. In this way we come to the estimate of the metal-
licity of an old spheroid at the observed velocity dispensid/e
will adopt the estimates obtained in this way to put a coigtien
the metallicity.

Another approach, which does not involve any stellar popula
tion modeling, relies on empirical calibrations and tighserved
scaling relations between metal indices and velocity dispe.
Consider the Mg - o relation for elliptical and lenticular galax-
ies given by Jgrgensen eflal, 1996 (Equdtion 3). If we comibiise

P RN BRe B R
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2.2 2.4
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Figure 13. Relation between central metallicity and central velodigper-
sion (in decimal logarithm and units of knT'$) for the E and SO galax-
ies (Kuntschner et al., in preparation, red symbols) andSthé¢Paper XI,
blue symbols) of theSAURON survey and for our late-type spirals (black
dots), from our one-SSP analysis. The overplotted lineeesgmt the rela-
tion metallicity - velocity dispersion obtained in diffeteways, drawn on
the o range of our data only: the dotted line reproduces Equptiomédel
approach’), the dashed line Equatidn 8 (*empirical appn9aand the solid
lines represents a relation based on the assumption of & selex - o
relations. See text for a more complete description.

relation with the Mg - metallicity calibration from Buzzoni, Gari-
boldi & Mantegazza (1995)

Mg, = 0.135 x Z + 0.28, @)

we obtain a relation between metallicity and velocity drspen,
holding for early-type galaxié}:

Z = 1.452 x log(o) — 3.222. (®)

We call this last approach ‘the empirical approach’.

In Fig.[13 we show in thel¢g (c), Z) plane the distribu-
tion of the elliptical and lenticular galaxies in tIf@AURON sur-
vey (red symbols, from Kuntschner et al., in preparationg, $a
galaxies from the same survey (blue symbols, from Papertid),
gether with our own galaxies (black dots). All the valuesreb
the central apertures, and the metallicities are obtainem the
one-SSP analysis. The lines overplotted in the Figure sepitehe
various metallicity-velocity dispersion relations for3 galaxies
described above. The dotted line reproduces Equition & (tee
model approach’), the dashed line Equafibn 8 (from ‘the eicadi
approach’) and the solid line connects the points repraggour
galaxies in thelpg (o), Z) plane according to ‘the indexs' ap-
proach, the second one we presented.

We re-evaluated our age estimates by imposing a constraint

on the metallicity, allowing it to vary only in a narrow ranfe 0.1
dex) around the metallicity given, galaxy by galaxy, by tlodds

6 These authors calibrate the dependence of fgm stellar parameters
using an observed stellar library and find a general relatioat reduces
to the one reported here (Equatich 7) in the parameter rapayensed by
elliptical galaxies.

7 We warn the reader about the fact that thesMiagdex has a slightly dif-
ferent definition in the papers of Jgrgensen &1 al. (1996)Bamtoni et al.
(1992), and that we have not taken this difference into atcouderiving
Equatior 8.
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Figure 14. Same plots as in Figufe1L1, but referring to the case withtcained metallicity (see text in Sectibn b.1 for more dejaifor our late-type spirals

(black symbols); for the E/SO (red symbols) and the Sa (bjugbsls) galaxies no constraint on metallicity is applied.

NGC age age Z Ze [Mg/Fe] [Mg/Fel.
488  3.162 8.913 0.489 0.187 0.191 0.191

127 628 1585 7.943  0.207 —0.498 —0.118 0.006
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Figure 15. Constrained (y-axis) vs unconstrained (x-axis) age (in)Gyr
measured on the central apertures of our galaxies with teeS&P ap-
proach.

black line in Fig[I3 (‘the index ¢ approach’ discussed above).

We preferred this approach to the other two because it isdbase

on empirical relations, and does not rely exclusively on eted

unlike ‘the model approach’, and because it uses more th&n ju

magnesium to establish the metallicity of the old populaticon-
trary to 'the empirical approach’. Fif. 114 is equivalent fg.[EL1,
but with the constraints on metallicity. In Fig.]15 we plogetbon-
strained ages against the unconstrained ones: we can tiattder
very young ages the values are close, and differ more and goere
ing to older ages. The fact that in some cases the constraimed
differs from the unconstrained might indicate either tha tm-
posed metallicity is inappropriate or that the one-SSPrapson is
wrong, and the galaxy’s star formation history is not apprable
with an instantaneous burst.

Table 5. Population parameters from our one-SSP analysis. The ipisc
‘¢’ refers to the quantities obtained in the case where we m@inghe metal-
licity within a narrow range+ 0.1 dex) around the metallicity given by the
Z - o relation. Age is in Gyr and metallicity in decimal logarithmith solar
metallicity as zero point.

In Table[® we list the population parameters measured, both i
the unconstrained and in the constrained case, on the tapéa
ture of our galaxies.

6.2 Two-population analysis

A galaxy is most likely characterised by stellar populasitimat are

more complex than SSPs; therefore, in order to try to builcbeem
realistic picture of our galaxies, we investigated morehsstirated

approaches. As an attempt, we explored a two-SSP scenario, d
scribing the galaxy as the superposition of an old popuiatiod a
younger one. In practice, we want to describe the galaxy lptipn

as:

pop-tot = (1 — f) X pop-old + f x pop_young, 9)
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Figure 16. Fitted parameters from our two-SSP analysis, measuredeocettitral apertures. In the left panel we have the age (in &ainst the metallicity
(in decimal logarithm, with the solar metallicity as zeranipof the young componeniop_young; in the middle its mass fraction against its metallicity; in

the right panel, the mass fraction of the young componerihagis age.

wherepop_old is a~ 12.6 Gyr old SSP with metallicity fixed to
the value close to the one obtained from the&relation (on the
basis of what we called ‘the indexs- approach’) anghop_young
is a SSP with age below 5 Gyr and free metallicity; the limiGof

discriminate the effects of age and mass fraction of the gamam-
ponent. Fig 1B shows the projection of the,? space (metallicity,
age and mass fraction of the young component) on the (age, fra
tion) plane and the contours representing the 1g2@nfidence

Gyr was chosen in order to have a population younger than the level, based on thé x? for two degree of freedom, for the central

old component, but at the same time not limited to very young

ages;f is the mass-fraction of the young component and varies be-

tween 0 and 1. To do this, we take the model spectra from Vaszdek
(1999) and select, galaxy by galaxy, the 12.6 Gyr old modéh wi
the metallicity closest to the one given by the solid line ig. L3,
among those available in the model grid, and combine it with a
the other SSP models in the library, with varying mass foaxti In
this way we obtain for each galaxy a set of 6762 ‘compositeehod
spectra’, with varying age and metallicity of the young cament
and relative mass fraction. On these spectra we computenise |
strength indices, obtaining for each galaxy a grid of ‘cosifgo
model indices’. Since we use the model library of Vazdek89¢),
the abundance ratio is fixed to solar values, which for oueabj

is a quite fair approximation, as we saw in the previous $acti
We then use the sam¢ technique as for the one-SSP analysis and
determine, spectrum by spectrum, the composite modelstltse
our observed line-strengths. This gives us an estimatehtoage
and metallicity of the young component and its mass fraction

Figure[16 plots against each other the parameters fittedeon th
spectrum averaged in a central aperture’d fadius. We see that
the young component spans a range in age from below~1 46
Gyr, arange in Z from-1.38 to +0.2 and that its mass contribution
to the global galaxy populatiofi varies froma 10% (NGC 2805)
to ~ 95% (NGC 1042, 2964, 3949, 4487).

The main problem of this approach is the degeneracy of the
parameter space, which must act as a warning for the readiisag
the robustness of the ages and mass fraction estimate® fpotimg
component presented in FIg.]16. This degeneracy is illiestrim
Figured IV anf18. In Fif_1L7 we plot, for different choiceshaf
metallicity of the old component and solar metallicity foetyoung
one, the points representing the models in the ([MgFe5@), di-
agram. Different colours represent different weights @ yioung
component in the composite models, from 0.1 (black) to Cofdig
From these plots it is evident that it is not possible to gigantly

aperture of some of the galaxies. We see that very largenegib
the parameter space are equivalent in termg®fand that even
in cases where the age is rather well constrained (see NG§},280
the mass fraction is badly determined. Therefore, we sdenba
cannot extract solid conclusions from this method, desgitater-
esting principle, and we decided not to push it further andtoao
present the two-dimensional maps of the inferred parameter

6.3 Continuousstar formation

‘The star formation history of galaxies is imprinted in theite-
grated light', state Bruzual & Charlot in a paper where they present
a new model for the spectral evolution of stellar populati@t
ages between x 10* and2 x 10*° yr for a range of metallici-
ties (Bruzual & Charlot 2003). In practice, they use thachrone
synthesisechnique to compute the spectral evolution of stellar pop-
ulations. This technique relies on the fact that any steligulation
can be expanded in a series of instantaneous starburst®er S&,
the spectral energy distribution at timef a stellar population can
be written as in Equation 1 in Bruzual & Charlot (2003):

t
Fi(t) :/ Pt —t') x Sy [t ¢t —t)] at’, (10)
0

wherey(t) and((t) are respectively the star formation rate and the
metal-enrichment law, as a function of time, a$id[¢’, (¢t — t')]
is the power radiated by an SSP of agend metallicity¢ (¢ — t’)
per unit wavelength and unit initial mass. Bruzual & Cha(f03)
compute their models with various choices for the initiabstunc-
tion IMF, the metallicity of the initial SSP and the stellarotu-
tion prescription. They also provide as online material sdools
that allow the user to compute the spectral evolution -iretiof a
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Figure 17. Composite models for different choices of the metallicifythee old component (indicated at the top of each panel) atat soetallicity of the
young one represented by points in the ([MgFe5Q3) idlane. Different colours refer to different values of thass fraction of the young component in the
composite model. The effects of age and fraction of the yamamyponent on the line-strength indices of the compositeaiscate degenerate.
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Figure 18. Contours of Ax? projected on the plane (age, fraction) of the young compoaethe 1,2,3s confidence level, for the central apertures of
NGC 772, NGC 2805, NGC 4254; the red symbol marks the beisigfithodel. These plots clearly show that the two-SSP appragnable to constrain the
fitted parameters, and that age and mass fraction of the ymnmgonent are degenerate.

SSP for different star formation history scendiids/e chose to use tory has long been considered as a suitable scenario falspir
these tools in order to apply an evolutionary analysis todaia. ‘star formation has proceeded at relatively constant raterothe
Starting from the SSP models fram Bruzual & Charlot (2003) ob lifetimes of most late-type spiral galaxig&gennicutt 1983), while
tained using the Chabrier (2003) IMF, for different choicéshe the exponentially declining star formation describes theation of
initial metallicity (namely, Z =—1.69, —0.69, —0.39, 0.0, 0.39), a starburst of duratiom; we notice that the case — oo approx-
we computed the time evolution with constant and with expene  imates the constant star formation scenario, while the case0

tially declining star formation rate: respectively(t) = const reproduces an instantaneous burst or SSP. We computeddtie sp
andy(t) = [IMg + eMpg(t)] 7~ 'exp(—t/7), wherer is the tral evolution for the chosen metallicities, for both cases 0 and
e-folding time-scale and/p¢(t) is the mass of gas processed into ¢ = 1 and for several choices ef ~ = 0.5, 1.0, 3.0, 5.0, 7.0, 10.0,
stars and re-ejected into the interstellar medium at the tinthe 12.0 and 15.0 Gyr. The tools provided by Bruzual & Charlobals
parameter sets the fraction of the ejected gas that is re-used in include an option for computing the effect of attenuationdogt,
new star formation episodes; we only explored the case$) (no but we decided not to use this possibility, in order not taHer
recycling) ande = 1 (all of the ejecta go into new stars). In any increase the number of parameters at play.

case, the actual value efloes not change our results significantly. For all of the selected cases we calculated the time evolutio
These are both plausible scenarios: the constant star fiomtas- of the Lick indices using the programs from Bruzual & Chadnotl

focussed on the situation at= 10 Gyr, building a model grid of

Lick indices for different metallicities; ande (0 or 1) and age fixed
8 The program we used are available from the web page at10 Gyrand then compared them with the line-strength esdid
http://www.cida.vet-bruzual/bc20083 .
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Figure 19. Central aperture values for thefolding time-scaler against central velocity dispersien(both in units of decimal logarithm), in an exponentially
declining star formation scenario; thevalues are obtained selecting among models with age = 101@l a 1; the error bars come from a rough estimate
on the basis of the &-contour plots of the projection aky? on the ¢-metallicity) plane.

the SAURON spectra, via the,2 minimisation technique used also

in the previous Sections. In this way, we come to an estimate f NGC T NGC T NGC 7
the time-scale-, ¢ and the metallicity. Fixing the age to 10 Gyr is 488 1 2964 5 4254 3
equivalent to assume that the galaxy existed for 10 Gyr, autig/t 628 3 3346 7 4487 7
to describe how stars were formed over that time. We testadth 7721 3423 3 475 7
fitted parameters(and metallicity) had negligible variations when 864 3 3949 10 5585 15
fixing the value ofe, therefore we repeated our estimates allowing 1042 5 4030 3 5668 7
2805 5 4102 5 5678 3

only models withe = 1 and will refer to this case from now on.

In Figured 6H-6i the top right panel shows, galaxy by galaxy,
the two-dimensional maps of, obtained for the exponentially de-  Taple 6. Best-fitting values for the star formation time-scalg(in Gyr)
clining SFR, for age fixed to 10 Gyr anrd= 1. Interesting features ~ measured on the central apertures of our galaxies, obtfinéde choices
of the individualr maps, whenever present, are highlighted in Ap- age = 10 Gyr and =1, in an exponentially declining star formation rate
pendix[B. As for the metallicity maps, obtained in th& minimi- scenario.
sation and not shown in this Paper, we can state that in therityaj
of cases they resemble in their structure the metallicitpsnab- ) ) ) ]
tained in the one-SSP approach: the actual numbers areetiffe tion hls_tory spread_ over time. Therefore, the tlm_e-sa:am)reser!ts
since the models used in the two approaches are differeralaad & Physically meaningful parameter, parametrizing a smuatfsi-

the metallicity ranges and values explored by the modekgitt tion from SSP-like to constant SFR. _ )
fer, but the spatial structure is generally similar. Figure[20 shows that rather tight correlations exist also be

If we focus on the values obtained for the central apertures tween the centrat- and the central line-strength indices. These
we find a correlation between the best-fittingnd the central ve-  Plots tell us that old, metal-rich galaxies (lowsHhigh Fe5015 and

locity dispersion, as shown in Fig119 where we plot lggdgainst Mgb values) have shorter s_tar fqrmation time-scales, whilengou
log(c). We see that higher galaxies, which are larger and more ~ nd more metal poor galaxies (highef Hower Fe5015 and My
massive, tend to have shorter star formation time-scalege on- have a star formation history more extended in time: we firarag
sistent with an instantaneous burst scenario, while atther end asmooth transition between a SSP-like and constant staafam.
the smaller galaxies tend to have largeindicating a star forma- 1 he central aperture valuesofised in Figures 19 andP0 are listed

in Table®.
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Figure 20. Central aperture values for tlefolding time-scaler (in Gyr) of an exponentially declining star formation higtoagainst the central line-strength
indices (expressed iA): HA in the left panel, Fe5015 in the middle and Mig the right one; ther values are obtained selecting, in the fit, among models

with age = 10 Gyr and = 1 (see text for details).

We also investigated the constant star formation histoey sc
nario, by selecting the corresponding option when usingptioe
grams from Bruzual & Charlot, building a grid with the mode i
dices for the exponentially declining star formation ratd adding
those for constant star formation rate, for the various Higts
values selected and fer= 1 and age fixed to 10 Gyr. When ap-

scaler (closer to an instantaneous burst than to a constant SFR).
This is illustrated in the first column in Fig._21a. Similants for

the star formation history of other galaxies will be givememever
possible, in AppendikB, dedicated to the description ofdingle
galaxies individually. For all galaxies, th&y? contours for the fit

at different fixed ages and with free age are presented inr€sgu

plying our x> minimisation procedure, we found that the constant 2TIaF21t.

star formation was preferred in the regions where the fit With
exponential star formation only had selected the highdsesgaal-
lowed for the time-scale. This confirms our interpretation efas
a parameter describing a continuous transition from cohS&R
to SSP.

We then repeated the analysis for different values of thelfixe
age of the evolved models, spanning the range 1-18 Gyr amdifou
that ther values depend on the fixed age, given the existence of a
strong degeneracy between age andvhile the metallicities are
more robust.

The main interpretative difficulty of this method is indeaded
to the degeneracies in the parameter space, which are Hifficu
break with the few observed Lick indices that we measure.-Nev
ertheless, by inspecting the contours/of? in the ¢--metallicity)
plane, for several choices of the fixed age of the evolved spde
can in some cases exclude certain star formation scenarfasdur
of others, even though we cannot give a precise, quangtatti-
mate of the fitted parameters. For example, in the case of NS8C 4
if we look at the two-dimensionahy? space (metallicityy), for
a fixed age of the evolved models), and look at the contoursan t
(7-metallicity) plane representing thed3eonfidence level, based
on theAyx? for one degree of freedom, we notice that it lies in a
region far from the high= end, and this happens independently on
the chosen values of the fixed age. Even if we perform the min-
imisation by allowing free age; and metallicity, and examine the
projection of theAx? contours in thef-age) plane, we see that for
all ages we can exclude largevalues at a high confidence level.
This must be regarded as an exercise, since we are not teiggres
in fitting simultaneously age and, but it gives us insight on the
impact of the degeneracies and of our assumptions on thetrobu
ness of our conclusions. Thus, for NGC 488 we can safely state
that we can exclude a constant star formation scenario oufanf
an exponentially declining star formation rate, with a s$hione-

7 SUMMARY

In this Paper we presented the first integral-field measunesyaf
line-strength indices and stellar population parametersafsam-
ple of late-type spiral galaxies. This work is based on d&th8o
spirals spanning a range in type between Sb and Sd, obseitred w
SAURQON, which provides measurements of the Lick indices, H
Fe5015 and Mig over a field of view covering the nuclear region
of our objects.

Here we summarise the main achievements of the Paper:

e We presented the two-dimensional maps of the line-strength
indices and analysed the values extracted on a centrauapearf
1”5 radius.

e We looked at the relations with morphological type: we found
that late-type spirals do differ from earlier-type galaxia terms
of their populations, having globally higherdHvalues and lower
metal indices than ellipticals, lenticulars and earlyetygpirals.
This suggests younger ages and lower metallicities.

e We investigated the relations between indices and cengral v
locity dispersion: late-type spirals do not obey the indexrela-
tions found for early-type galaxies: our galaxies lie abthe H3
- o and below the Mf - ¢ relations determined for the elliptical
galaxies, that correspond to old populations.

e We determined SSP-equivalent ages, metallicities and-abun
dance ratios by comparison of our observed indices with tsode
ages are mainly young, metallicities low and abundancesatose
to solar; the range spanned in the parameters is narrowerfaha
early-type spirals.

e We investigated the possibility of recovering the star farm
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Figure 21a. First column projections of the 1-, 2- and 3-Ax2 contours on ther-metallicity) plane for the central aperture of NGC 488, different fixed
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Figure 21b. As in Figure 2Th, for NGC 2964, 3346, 3423, 3949, 4030 and 4102
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Figure 21c. As in Figurd2Th, for NGC 4254, 4487, 4775, 5585, 5668 and 5678
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tion history: we assumed that the galaxies formed 10 Gyr ago,
and that they experienced an exponentially declining ostzor
star formation rate since then, and compared our indicds tivé
evolved models of Bruzual & Charlot (2003); the fit returnad a
estimate for thee-folding time-scale for star formation, which
parametrizes a smooth transition from a SSP-like star fooma
history to a constant SFR: smallapproximate an instantaneous
burst and very large reproduce a constant SFR; for the central
apertures of our galaxies, we found a large rangevalues, from
1 to 15 Gyr, covering basically the whole parameter intethiat
we explored.

e Interestingly, we found a trend between the fittednd the
central velocity dispersion, in the sense that galaxieb \gitgeo
tend to have smalt and galaxies with lows tend to have large.

Our observations and results nicely fit in the scenario surnsed
by IKennicuit (1998): there are two modes of star formatiame o
takes place in the extended discs of spiral and irregulaxgss,
the other in compact gas discs in the nuclear regions of gaax
The first has been detected mainly via Burveys and it is strongly
dependent on the morphological type: the star formatioa irat
creases by a factor ef 20 going from Sa to Sc galaxies. Similar
information is derived from observations of the UV continuand
broadband visible colours. The second mode of star formaim
be found in the circumnuclear regions; the physical coodgiin
these regions are in many cases distinct from the more extiester
forming discs. The circumnuclear star formation is chaased
by the absolute range in SFR, much higher spatial concentrat
gas and stars and its burst-like nature (Kennicutt 1998¢u@inu-
clear star formation is largely decoupled from Hubble ty®teidies
on the dependence of nucleanvkdmission in star forming nuclei
as a function of galaxy type (Stauffer 1982, Keel 1983, Hd, Fi
ippenko, & Sargent 1997) showed that the detection frequehc
HIl region nuclei is a monotonic function of type, increagiinom
0% in elliptical galaxies to 8% in S0, 22% in Sa, 51% in Sh, and
80% in Sc - Im galaxies. Among the galaxies with nuclear siar f
mation, the ki luminosities show the opposite trend; the average
extinction-corrected luminosity of HIl region nuclei in SGSbhc
galaxies is nine times higher than in Sc galaxies. The csiaiuwof
these studies, as summarised by Kennicutt (1998), is teabutk
of the total nuclear star formation in galaxies is weighteaards
the earlier Hubble types, even though the frequency of eeoae

is higher in the late types. According to Kormendy & Kennicut
(2004), the central star formation accounts for 10 - 100%hef t
total SFR of spiral galaxies. The highest fractions occueany-
type spiral galaxies, which typically have low SFRs in thaiter
discs (Kennicutt & Kent 1983).

The work presented in this Paper supports this picture: if we
put together the information gathered from the sample c0E(S
Paper VI, the sample of Sa galaxies of Paper XI and our own sam-
ple, and look at the behaviour along the Hubble sequence nde fi
that early-type spirals show a larger range in age than bg0<&
and late-type spirals; this is consistent with a scenarieraitthe
star formation in elliptical and lenticular galaxies is natry im-
portant, in early-type spirals it is dominated by short liend in
late-type galaxies it is more quiescent. This is also suppoby
our finding that big spirals tend to have an SSP-like star &vion
history, while for smaller ones the star formation histaybetter
approximated by a constant over time.

The following steps in the analysis of tIBAURON data here
presented and discussed will be a full investigation of thetial
information, with a more detailed study of the radial prafi(bere
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shown in AppendiX’®) and the gradients, and an interpratadio
the connection between features in the line-strengths rmagpsn
the morphological appearance. The interdependenciesbatthe
populations and the kinematical structures (Gandal et 86 Wil
also be examined.

The main limitation of our work is the degeneracy in the
parameter space in the different approaches we investig@uar
analysis relies on three data-points only (the line-stitemgdices
within the SAURON spectral range), which are too few to break
the degeneracies and constrain the fitted parameters.fotegri
is urgent to complement the data presented here with speittra
a broader spectral coverage. Observations at other wathken
both shorter and longer- would help building a completeypit
both the UV and the NIR spectral regions can provide popula-
tion indicators much less affected by the model degenesdoiend
in the optical. In addition, different sub-populations trésute to
the integrated light in different spectral ranges, theef multi-
wavelength study would be a step forward towards a full under
standing of the formation and evolution of our objects.
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APPENDIX A: RADIAL BEHAVIOUR

We briefly investigated the radial variations of the lineeagth in-
dices and age, metallicity and abundance ratios. From the-co
sponding maps, we calculated radial profiles ¢f, IFe5015, Mo
and age, Z and [Mg/Fe] from the one-SSP approach, by averagin
the maps on concentric annuli df®width. We present these pro-
files in Figure§ ATl-Allc. These plots show that there is a wide
riety of radial behaviours among late-type spirals: the4strength
indices can be roughly constant in radiugi(ptofile for NGC 488),
rising outwards (even very steeply, see for example tBepkbfile

for NGC 5678), rising inwards (many Fe5015 and bMgrofiles).

In some cases there are also complicated structures, wsthil-'o
lating’ profiles: see for example the Fe5015 profile for NG& 86
or NGC 2805 and several others. Some of the ‘oscillatingfile®
might just reflect the noisy nature of the data for some loviase
brightness objects (for example: the Fe5015 profile for NGT52,

but others are probably related to real variations of theécex
within the galaxy. Despite all this variety, we conclude ttira
most cases the Habsorption strength increases with radius, while

galaxy in the sample (the central metallicity from the or&PS
approach isx 0.49, then it decreases outwards). This galaxy is
well described by a one-SSP: as shown in Eigl 21a (first column
on the basis of our continuous star formation analysis, N&&C 4
is very unlikely to have experienced a constant star foronati
over time; the observed indices are instead reproduced bgra s
starburst, approximating a SSP. The time-scale of stardtomr

is short over the whole field. From the profile in Hig._Ala we can
see that the [Mg/Fe] profile is approximatively constanuacbthe
value~ 0.2: abundance ratios are slightly super-solar, confirming
the fact that this galaxy resembles an elliptical more ttmanlater
objects in our sample. Other suggestions in this sense came f
the position it occupies in the diagrams in FigureEl T8, 1Hene

it lies in the region occupied by the ellipticals.

NGC 628

NGC 628, known also as M74, is a grand-design Sc galaxy.
Cornett et al.|(1994) concluded that the star formationohysof

Fe5015 and Mg decrease. The fact that the metal lines show most NGC 628 varies with galactocentric distance; Natali, Peidic&

often negative gradients was already known for early-typlebg
ies, while in the case of Bifor elliptical galaxies the gradients are
consistent with a flat relation with radius, or present a mpaditive
outwards radial gradient (see Paper VI and referencesithere

Righini (1992) suggested that the galaxy could be seen asnen i
and an outer disc characterised by different stellar pojons;
according to them, the transition between the two regiolsated

at ~ 8-10 kpc from the centre. Our observations of NGC 628 are

The stellar population parameters show the same heteroge-disturbed by the presence of a foreground star which fatisecto
neous behaviours. Roughly, the age shows most often a cemple the centre4 13" southern). The stellar kinematics is characterised

behaviour with radius, reflecting features recognizabliaémaps
in Figures 6R-6i, while the metallicity in many cases is dasr
ing, in agreement with Moorthy & Holtzman (2006), who measur
mostly negative metallicity gradients for a sample of S38kax-
ies; in the majority of the galaxies, the metallicity profilesem-
bles closely the aspect of the Fe5015 profile. Looking at thma
dance ratio profiles in more detail, we see that the centlaksa
are usually very close to solar; many of the profiles stay @ppr
mately constant with radius, after an initial increase ia tthilge-
dominated region, which can be very tiny (for a quantitatiee
scription of the bulges in these galaxies, we refer the retwe
Ganda et al., in preparation). This is also consistent vhighfind-
ings of Moorthy & Holtzman|(2006), that we briefly summarised
Section 5.1: they suggest that the bulges have positivelbgradli-
ents in abundance ratio with increasing radius, while teesdhave
solar abundance ratios. In early-type galaxies, instdaradial
profiles of abundance ratios are rather flat, as found by Khner
et al. (paper in preparation) for tIfBAURON E/SO galaxies and by
Sanchez—Blazquez etlal. (2007) for a sample of 11 E/SKXigata
the latter authors do find radial abundance ratio gradieots, pos-
itive and negative, but rather shallow.

APPENDIX B: INDIVIDUAL GALAXIES
NGC 488
NGC 488 is an unbarred Sb galaxy and it is the most elliptikal-

by slow projected rotation, and velocity dispersion desirgg in
the central zones, indicating a cold central region, maybmmaer
disc (Ganda et al. 2006). This galaxy is part of the ‘contashple’
of non-active objects studied by Cid-Fernandes etlal. (004
Gonzalez Delgado et al. (2004), Cid-Fernandes|et al. (20059
analyse the nuclear spectrum, describing it as a mixtui@%f 0°
yr-old and older stars.

As can be seen from the profiles reported in Hig. ]JAla,
NGC 628 has ages (one-SSP approach) below 3 Gyr cut1§’,
and becomes older at larger radius; the features are rotghly
agreement with the above mentioned findings of Cid-Ferrende
and collaborators; the same trend in age is observed, on the
common radial range, also by MacArthur et al. (2007), on e
of GMOS data independently analysed. The metallicity decreases
outwards. The ‘bumps’ recognizable in the Fe5015bMgd (but
less pronounced) metallicity profilesat13” from the centre are
due to the foreground star. From our continuous star foonati
analysis, as shown in Fig.21a (second column), we can state t
this galaxy is not described by a constant star formationaste.

NGC 772

NGC 772, also called Arp78, is an Sb galaxy characterised by a
particularly strong spiral arm; it forms a pair at33with the E3
galaxy NGC 770. From the kinematical point of view, NGC 772 is
characterised by a clear drop of the stellar velocity disiperin the
central zones, possibly corresponding to an inner disqyggested

(featureless) object within our sample. NGC488 has regular also by the anticorrelation between velocity and the Galexsnite

stellar and gaseous kinematics, with regular rotation aidcity
dispersion smoothly decreasing outwartds (Ganda et al|)2066&
line-strength maps present high values for Fe5015 ant Myl
low values for H3 over the central regions. As one can notice from
the values reported in Tallé 2, this galaxy has the highesd e
and Mg in the sample, and the lowest3 The ages are mainly
old and the metallicities high. This is indeed the most metd

moment 13 (Ganda et al. 2006). In the line-strength maps we can
clearly see an extended central region with high Fe5015 agiol M
and low H3; indeed, from the central aperture values reported in
Table2 we can see that this galaxy is one of those with theskigh
metal indices, surpassed only by NGC488. In the idap it is
possible to see, surrounding the central depression, regidth
higher values corresponding to the spiral arms. A simil&aabeur
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Figure Ala. Azimuthally averaged radial profiles of the line-strengtdices H3, Fe5015, M, (expressed as equivalent widths and measurefh) iand
of the one-SSP analysis parameters age (in Gyr), metalbcitl abundance ratio against galactocentric distanceggsgd in arcsec); every row presents a
different galaxy. See text in AppendiX A for a more detailegctiption. Here we show NGC 488, NGC 628, NGC 772, NGC 864CNC42 and NGC 2805.

can be seen in the [Olll}/Amap presented by Ganda et al. (2006),
which shows a structure resembling the spiral patternnizging
ages and metallicity by comparison with SSP models, we infer
that ages are mainly young-intermediate and the centrallhogty

is among the highest in our sample. The age and abundanoe rati
maps display the spiral arms structure as well, like thexnmdaps.
Fig.[21a (third column) demonstrates that for this galaxystant
star formation can be ruled out at a high confidence leveh hig
values are never likely. Themap shown in Fid. 8b (for age fixed to
10 Gyr in the fitting procedure) presents a spatial struchaepar-
tially resembles the H map and the spiral arms pattern. NGC 772
is part of the sample studied in the series of papers by Cid Fer
nandes et al. (Cid-Fernandes etlal. 2004, Gonzalez Deldado e
2004, Cid-Fernandes et al. 2005), who are engaged in a ptojec
examine the stellar populations of low-luminosity activeagtic
nuclei. They classify this object as ‘young-TO’, i.e. a s#ion
object between a LINER and an HIl nucleus, with weak [O 1]
A6300 emission; they find that the nuclear spectrum is dominated
by 10%-10° yr-old stellar populations, with a contribution up4o
32% from populations younger tha)” yr and a similar contri-
bution also from older stellar populations (10° yr). Their data
probe distances up to several hundred parsecs from theusucle
they measure in NGC 772 significant radial variations of tefa

populations, with absorption line-strengths increasimghie inner
3" indicating a younger population in the very centre, esplgcia
referring to the Ca Il K line; the Mg | absorption strength ggats
instead less prominent variations over the spatial rangtheif
data. Our data cover a different spectral range and a differe
spatial extension, but we also concluded that the popuistio
the inner parts have intermediate ages, and that the age {fre
one-SSP analysis) increases in the ineed” (see FigCATR).

NGC 864

This is a barred Sc galaxy where a nuclear radio source with th
linear size of~ 300 pc has been detected (Ulvestad &/Ho 2002);
according td_Espada etlal. (2005) its HI profile is symmetnic i
velocity but asymmetric in intensity; they also measurgdascale
asymmetries in the two-dimensional kinematics, such asrp.wa
The mentioned asymmetries occur in the outer parts, webidy
the extent of thesAURON field. The asymmetries could have been
induced by a past encounter with a companion, passing eutsid
the optical disc but within the HI disc; the companion woulé
dispersed its stars and dark matter after the merging, stemsi
with the fact that NGC 864 appears to be remarkably isolated.
Our line-strength maps show a very sharp central dip in both
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Figure Alb. Same as Figufe Ala for NGC 2964, NGC 3346, NGC 3423, NGC 398&%; 8030 and NGC 4102.

Fe5015 and Mig; in the region surrounding the dip, the Fe5015
and Mg values rise. The H absorption also takes on low values

The metallicity is everywhere low, and peaks in the centre.
The analysis of the\x? contours for the central aperture, in

over an extended central region; as seen also in Table 2, thethe continuous star formation approach, shows that thiasxgdk

indices measured on the central aperture of this galaxyraomg
the lowest in the sample. From the one-SSP analysis, given th
structure of the line-strength maps, we derive very low ftieity

and old & 11.22 Gyr) ages for the central aperture.

The analysis of theAx? contours, in the continuous star
formation approach, shows that this galaxy is unlikely toeha
experienced a constant star formation over time (see[Fid, 21
fourth column).

NGC 1042

NGC 1042 is an Scd galaxy forming a pair with NGC 1035 at a
separation of 22(corresponding to 177 kpc). It has a bright, small
nucleus and otherwise low surface brightness. Our lirength
maps are quite patchy, due to poor S/N in the data and consieque
heavy binning of the spectra. The Kgndex takes on low values

in the very centre, and higher ones around ii K4 high in the
centre and low outside it, being flat over most of the map; as
can be seen also from the line-strength profiles in [Fig.] Alia, t
line-strength indices stay approximately constant ovestrnbthe
field, outside a central zone of radies3”. The age of the stellar
populations (one-SSP analysis) reaches a minimum in thieecen

not well described by an SSP (see Fig.]21a, fifth column). The
map for age fixed to 10 Gyr (see Figl 6¢) shows a peak in the very
centre, corresponding to the peak in thé &hd to the minimum in

the Mgb maps.

NGC 2805

NGC 2805 is an Sd galaxy seen nearly face-on and it is thetiesgh
member of a multiple interacting system containing also Na8T4
(Sh), NGC 2820 (Sc) at 1&nd 1C2458 (10). HI has been detected
(Reakes 1979, Bosma et al. 1980) and there are claims that the
outer HI layers are warped (see for example Bosmalet al. 1980)
The galaxy seems to be also optically disturbed, since thalsp
arms appear to be broken up into straight segments.

The line-strength maps are rather patchy, displaying thoug
a central peak in all three lines. By comparison of our messur
indices with SSP models, we can state that the ages are young-
intermediate over most of the field; that the metallicity ke the
centre and that abundance ratios are super-solar.

The analysis of theAx? contours, in the continuous star
formation approach, shows that this galaxy is not very well
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Figure Alc. Same as Figufe Ala for NGC 4254, NGC 4487, NGC 4775, NGC 556%&; 5668 and NGC 5678.

described by an SSP, and that even a constant star formation r  star formation approach, we cannot exclude at all ages tbe ca

cannot be excluded at all ages (see Figl 21a, sixth column). of constant star formation, but themap for age fixed to 10 Gyr
(in the fitting procedure) presents a large central regicth Voiw
values, possibly suggestingsa5 Gyr long starburst.

NGC 2964

NGC 2964, classified as Sbc, forms a non-interacting palr thi¢

10 galaxy NGC 2968 at 8. As discussed by Ganda et al. (2006),

the SAURON data reveal that this barred Sbc galaxy hosts an active NGC 3346

galactic nucleus. When we calculate the line-strengths fimge . ) o )

that the Mg index assumes low values in an elongated central 1his Scd galaxy is very poorly studied in the literature. Age
region, higher values around it, and low values again tosard € Stellar populations (one-SSP approach) are youngrietiate
the edges of the field; the Fe5015 index presents a very simila and metalll_cny low over most of the field. From the continsou
behaviour: the 4 map has instead an opposite appearance, with Star formation approach, we cannot exclude at all ages teafa
an extended inner region with low index values and a surriognd constant star formation (see Fig. 21b, second column).

area with higher values; in the very centre a shallow peakbiig

recognized. These features are recognizable also in tHiéeprm

Fig.[ATIB. We notice also that the central region with low FES0

and Mg corresponds to the central depression in the emission-line NGC 3423

[OlN)/H 8 map (see Fig. 5 in_Ganda et al. 2006), possibly indi-

cating ongoing star formation. Converting the line-sttenmgaps This Sbc galaxy is also poorly known. Both the Fe5015 and Mg
to age and metallicity via our comparison with the SSP mqdels indices peak in an extended central region and decreased®tiee
we find young-intermediate ages over most of the field, with a edge of the field; the H map presents opposite behaviour. Fhe
peak in the central region, and low metallicity everywhevith a map (for age fixed to 10 Gyr in the fitting procedure) displays |
minimum in the central region, a positive gradient outt&”, and values over a large central area, possibly indicating aregihere
then a rather constant behaviour outtd5”. From the continuous the bulk of star formation happened in a quite short statburs
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NGC 3949

NGC 3949 is an Sc galaxy belonging to the Ursa Major cluster.
NGC 3949 presents quite regular Fe5015 andoNge-strength
maps, peaking in an extended central region and decrezstimer r
smoothly moving outwards. TheMHindex is low in the central
region and higher in the surroundings; interestingly, éctees a

NGC 4254

Also known as M99, NGC 4254 is a bright Sc galaxy located on
the periphery of the Virgo cluster, at a projected distarfc8.’

(=~ 1 Mpc) from the centre of the cluster. Its optical appearasce
dominated by a peculiar one-arm structure: the arms to théno
west are much less defined than the southern arm. This kind of

minimum in a zone south of the centre where the emission-line spiral structure could be related to an external driving mecsm,

ratio [Olll)/H 3 is particularly depressed (see relative Figure in
Ganda et al. 2006). The values measured for tfardiex are the

but for NGC 4254 there are no close companions. Phookun,|Voge
& Mundy (1993) carried out deep HI observations of NGC 4254,

highest in the sample, as one can see from Table 2 and from Fig.detecting non-disc HI clouds, with velocities not followithe disc

[ATD. Ages (from the one-SSP approach) are youad.(0 Gyr) in
the central region, somewhat higher around it and decrgasjain
towards the edge of the field. The metallicity is everywheng, |
and decreasing outwards.

Constant star formation cannot be ruled out; it is likely to
characterise the star formation mode over most of the fiedd (s
the 7 map for age fixed to 10 Gyr in Fi§. be: assumes high
values). Actually, when performing the fit allowing the cotte
choose among exponentially declining and constant starétion,
constant is selected over most of the field.

NGC 4030

This Shc galaxy is characterised by very regular kineméicisoth
the stellar and gaseous components (Ganda let al. 2006)irnEae |

velocity pattern and an extended low surface density tathmeest

of the galaxy; they interpreted these observational resaf
infall of a disintegrating gas cloud. They also noticed ttrare

is an hole in the HI emission at the centre of the galaxy, with a
diameter ofx~ 3 kpc. Vollmer, Huchtmeier & van Driel (2005)
propose instead a scenario where NGC 4254 had a close and rapi
encounter with another massive galaxy when entering thgoVir
cluster: the tidal interaction caused the one-arm straecamd the

HI distribution and kinematics is due to ram pressure stnigp
Recently, Soria & Worig 2006 studied the X-ray properties 60M
noticing that a phenomenon often associated with tidatéctéeons
and active star formation -both documented- is the preseifice
ultraluminous X-ray sources (ULXs). The X-ray emission equs
approximatively uniformly diffused across the inmer5 kpc from

the nucleus. They do find a ULX, amongst the brightest observe
located at~ 8 kpc southeast of the nucleus, close to the position

strength maps also have a smooth appearance, with Fe5015 angyhere a large HI cloud seems to join the gas disc. From observa

Mgb decreasing at larger radius angB lthcreasing. The B map
seems to be asymmetric with respect to the centre, sincecdsiem
side displays higher values than the eastern one. Thergiefala-
tions are young over the whole field and the metallicity, aghtire
highest in our sample (the third after NGC 488 and 772), deme
moving outwards; the abundance ratio is approximativelarso
The map for age fixed to 10 Gyr in Fif.J6f shows a large central
depression. The analysis of theyx? contours, in the continuous
star formation approach, shows that this galaxy is probabtyery
well described by an SSP, nor by a constant star formatien rat

NGC 4102

NGC 4102 is an Sb galaxy, classified as a LINER in the NED
database; it is known to be a powerful far-infrared galaxy
(Young et all 1989) and also to have a strong nuclear radieou
(Condon et al. 1982). Devereux (1989) classified it as ondef t
most powerful nearby starburst galaxies. The signs of iagtiv
are detectable also in tH®AURON data: as noted by Ganda et al.
(2006), the [Olll] maps trace the outflowing gas, with a regad
very high gas velocity dispersion corresponding also th hiejues

in the [OIII}/HS line ratio map, as expected for an active object.
In that same region, we observe double-peaked line profitathé
[Oll1] emission-lines, pointing towards the presence dfedent
components in the emitting material. As for the line-stiténg
indices, M@ is low in an inner region, increases around it, and
decreases again in the outer parts. The Fe5015 map is imatead
centrally concentrated. The map ofgHabsorption looks more

complex and not symmetric. Ages (from our one-SSP analysis)

are young all over the field and metallicity is low. Neithertire
line-strength nor in the age and metallicity map is thereearcl
connection with the mentioned region of activity. On theibad
our continuous star formation analysis, this galaxy is pbi{p not
very well described by an SSP.

tions of the radial velocities, they suggest that the clauthiling
onto the galactic disc and try to build a link between thidisiinal
event and the formation of the bright ULX. Our data cover aimuc
smaller spatial extent than the mentioned observatiossetbre a
comparison is not possible; within our field, both the Fe5ah8
Mgb maps show a regular structure with a central concentration;
at the northern edge of the field, both Fe5015 andMgem to
increase again; the HHmap has opposite behaviour, presenting a
central depression. The ages (from our one-SSP approacbgar
erally young and the metallicity, quite low everywhere, @ases
slightly moving outwards and shows the same enhancemehe at t
northern edge of the field that we noticed for the Fe5015 and Mg
line-strength. The- map (see Fid. §g) shows a central depression.
The analysis of the\y? contours, in the continuous star forma-
tion approach, shows that NGC 4254 is probably not very well
described by an SSP, nor by a constant star formation rate.

NGC 4487

This Scd galaxy forms a pair with the Scd galaxy NGC 4504, at a
separation of 35(corresponding tax 165 kpc). The Fe5015 and
Mgb maps seem to be low in the very centre and higher outside
it; from the profiles in FigCATk one can see that outside tmein
circle of ~ 3" radius, the line-strengths keep an approximately
constant value, out tex 13’. Ages (one-SSP approach) are
intermediate-young and metallicities very low, with respely a
maximum and a minimum in the centre. Constant star formation
cannot be ruled out.

NGC 4775

NGC 4775 is an Sd galaxy, for which very little is known from
previous studies. The metal lines (Fe5015 andoMgeem to be
centrally concentrated, while #His low over an extended central
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area, and higher in the surrounding region. The maps are not
symmetric with respect to the centre. The galaxy is youndén t
nucleus and has older ages in an annular (extended) regiandr
the centre; the metal content is everywhere low, and pealfsein
centre. Constant star formation cannot be ruled out, arelésted
over a large part of the field when allowing to choose among
constant and exponentially declining star formation.

NGC 5585

NGC5585 is a barred Sd galaxy; together with NGC 5204 (Sm),
NGC 5474 (Scd), NGC 5477 (Sm) , HolV (Im) and M101 (Scd) it
forms the M101 group. The Fe5015 and bigdices assume val-
ues among the lowest in the sample} Has instead a value among
the highest ones (see Table 2). The metallicity retrievethfthe
one-SSP analysis is everywhere very low. In the continudals s
formation approach, constant star formation cannot bel i; in-
deed, when allowing to choose among exponentially dediaimd
constant star formation, in tbé minimisation, for age fixed to 10
Gyr the constant star formation is selected (for the ceafratture).

NGC 5668

NGC 5668 is another Sd galaxy, which has a high rate of star for
mation, as indicated by its large far-infrared and KHiminosities
(Schulman et al. 1996, and references therein). The metas li
(Fe5015 and Mig) appear to be centrally concentrated, whilg H
has a more complex appearance. The stellar population®angy
and metal poor all over the field; the age rises outt@” and
then decreases (see Hid. 6i for a full view of the spatiacstine of

the age map and Fif_Allc for the azimuthally averaged prfiles
Constant star formation cannot be ruled out at all ages, and i
selected over a large part of the field when allowing to choose
among constant and exponentially declining star formation

NGC 5678

This is a barred and very dusty Sb galaxy. Fe5015 and Mg
have a quite regular and centrally concentrated appear&figce

is depressed in the inner region and increases in a annkéus-|
structure around it. In the very centre3thas a local maximum,
as shown also in the azimuthally-averaged profile in Eig.lAlc
Ages (one-SSP approach) are young over most of the field &d th
metallicity, rather low everywhere, decreases moving aunds.
The 7 map at age fixed to 10 Gyr (see FIg] 6i) shows a large
central depression. The analysis of thg? contours shows that
NGC5678 is probably not very well described by an SSP, nor
by a constant star formation rate. Like NGC 628 and 772, this
galaxy is part of the sample studied in the Cid Fernandes et al
papers |(Cid-Fernandes et al. 2004, Gonzalez Delgadoled@d:, 2
Cid-Fernandes et al. 2005); following their classification is

a ‘'young-TO’ galaxy, with weak emission in the [O §6300
line; according to those authors, the nuclear spectrum asilye
dominated by108-10° yr old stellar populations, with negligible
contribution from stars younger thard” yr. They detect radial
variations of the absorption indices, particularly in treelCK line,

but less clearly evident than in the case of NGC 772.
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