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ABSTRACT

Aims. To determine the influence of bars in the building of galaxigbes through the analysis of ages and metallicities defired
stellar absorption line-strength indices.

Methods. Long-slit spectroscopy was obtained for a sample 20 egfdg-barred galaxies. Line strength indices were measuréd an
used to derive age and metallicity gradients in the bulg@srelgy comparing with stellar population models. The sanayeis was
carried out with similar data of unbarred galaxies takemftbe literature.

Results. The bulges of barred galaxies seem to be more metal rich, igera gelocity dispersiond), than the bulges of unbarred
galaxies, as measured by some metallicity sensitive isdidgere are indications that the ratio of relative abundarfialpha-elements
with respect to iron, [E-e], derived for the bulges of barred galaxies tend to lievattbe values of the unbarred galaxies at a given
The metallicity gradients for the majority of the bulges aegative, less metal rich towards the end of the bulge. Taéignt values
show a large scatter for galaxies withbelow 150 kmst. The age distribution is related to the presence of bulgetautiure such

as a nuclear ring or an inner disk. The metallicity of bothlibkge and the bar are very well correlated indicating a diogebetween

the enrichment histories of both components.

Conclusions. Bulges of barred early type galaxies might havfened a dferent chemical enrichment compared to the bulges of
unbarred galaxies of the same morphological type, sameatemtocity dispersion and low inclination angles. Thetbadstellar
populations dierences separating the bulges of barred and unbarred emkax the strong link existing between the metallicity of
the bulge and the presence of a bar points to scenarios werédih form simultaneously in processes leading to rapitnaassive
episodes of star formation, possibly linked to the bar fdroma In order to confirm and generalise the results founé Hewould be
useful to extend the data set to a larger number of unbariediga and a wider range of morphological types

Key words. Galaxies: abundances — Galaxies:bulges — Galaxies: steuctGalaxies: stellar content — Galaxies:evolution

1. Introduction served properties sometimes depend on the geometry chmsen t
. . . derive the bulge properties.
If we consider that galaxy bulges of disk galaxies are the ex- Much work has been done trying to characterise the influ-

cess of light from the exponential disk, excluding the bag.(e A : .
Freeman 1970; Fisher 2006; Peletier 2008), we can find t\{agce of the disk in the bulge evolution by comparing the stel-

types of bulges. In the standard picture, the two types ajésl ar populations of bulges and those of elliptical galaxied,aip

are separated between those formed through violent preme§8 date, there is not consensus in the final conclusions. Some

) . . thors (e.g. Thomas & Davies 2006; Goudfrooij, Gorgas &
(‘classical bulge$ and those formed slowly through internafY . . )
processes (i.e., through secular evolution) (e.g. Simkiale Jablonka 1999) have concluded that, galaxies with moriolo

: ; Al . : al types from E to as late as Shc, have stellar populatiop-pro
1980; Pfenniger & Friedii 1991; Hopkins et al. 2010) They ar%rties that are correlated to the central velocity dispergir)

expected to have veryfliérent structural properties; the bulgeand that. at a aiver. bulaes and elliptical aalaxies cannot be
formed via secular evolutionary processes are expectedue hdistin ui’shed e?s far'as t%eir stellar po ulzgtions are ;
more disk-like properties while the so called ‘classicallges indica%ing very little influence of the dﬁsgin the evolutiohthe

are expected to have properties more related to elliptaiabg )Zulge. Recent work by MacArthur, Gonzalez & Courteau (2009)

les (e.g. Fisher & Drory 2008; Gadotti 2009; Fisher & Dror erived the whole star formation histories for the bulges of

2010, for a detail discussion on the properties on both twe?ﬁgmple of eight galaxies, finding that the mass weightethstel

ages of the bulges are old and that, therefore, seculartewolu
effects only contribute minimally to the total bulge mass.

Send offprint requests to: 1. Pérez However, other authors (e.g.Falcén-Barroso et al. 2002;

* Based on observations obtained at Siding Spring Obsewvatdreletier et al. 2007; Ganda et al. 2007) find that the dge-

(RSAA, ANU, Australia) and the INT telescope at the ING, Larpa, lation for the bulges lies below that found for ellipticallge
Spain ies. Proctor & Sansom 2002 go further concluding that thie ste

bulges, see the review by Kormendy & Kennicutt 2004 and r
erencies therein). However, both bulges can coexist andtihe
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lar population trends greatly fiiér between early and late typegalaxies, being the only sample available in the literatvité

galaxies. similar characteristics to our data; namely, spectral oyeand
Part of the discrepancy betweerfdient studies can be dueresolution, morphological type and inclination valuese Tata

to the selection of the sample. For example, inclinatifinats have been re—analysed in the same way as for our samplesThis i

can make the contribution to the integrated spectra of the dihe first time that such study is done for a large sample otldarr

ferent galaxy components appear larger or smaller depgiodin galaxies, with a total of 31 barred galaxies combining batins

the inclination (see Peletier et al. 2007). Furthermore rtior- ples. Due to the low number of unbarred galaxies compared to

phological selection and the range in luminosities chosighim the barred galaxies in the total sample, we will extend tme-sa

bias the conclusions as kinematical studies indicate thai-s ple in the future to include a larger number of unbarred gakax

larly formed bulges are more important in late type spirald a and to cover a wider range in morphological types.

especially in low-luminous ones. In Secs[P[ B and]4 we give a brief introduction to the sam-
An alternative way to determine the influence of secular evple selection, observations and, data reduction and tieggth

lution in the growing of bulges is to compare similar spiralax- measurements. A more detailed explanation of these sedton

ies (in terms of luminosity, morphology and inclination)twi given in Paper |. An analysis of the central line—strengttidas

and without bars. Bars are expected to play an important réled a comparison between barred and unbarred galaxie®is giv

in the secular evolution of disk galaxies and they are olwioin Sect[5.1. The line—strength index distributions in tidgb

candidates to produce secular evolution and create a betge s region are presented in Selct.]5.3. The single stellar ptpola

larly in disk galaxies. The bar gravity torques make the gas | equivalent parameters are discussed in Se€iion 6. The age an

angular momentum which, in turn, provokes an inflow of gas t#aetallicity gradients are presented in Secfion 6.1, whitera-

wards the central parts (e.g. Pfenniger & Norman 1990; Cemkgarison between the stellar parameters in the bulge andebar r

et al. 1990; Friedli & Benz 1995). Star formation might beri gion is given in Sec{_6l2. The conclusions and discussien ar

gered and, possibly, the formation of a stellar bulge. Onéonls ~ presented in Sed] 7.

way to study the ficiency of this process is to compare the star

formation history of bulges in galaxies with and without far o

These type of studies have to be done in face-on galaxiesswhér Sample characterisation

it is easy to morphologically identify t.he bar. There havere \ye have selected barred galaxies from the Third Reference
only a handful of stu_dles charact_erlsmg the bulges from'sar@atalogue of bright galaxies (RC3) (de Vaucouleurs 1948) wi
ples of face-on galaxies. 39 galaxies were analysed by Mgorty,q o) 1owing criteria; to be classified as barred, with inations

& Holtzman (2006) . From these, 19 have low inclination, anfatyeen 10and 70. and nearbydz < 4000 kmsZ). The sample

eleven are barred. They found that bars have smaje(ittli- s yiased towards earl ; ; :
. e X . y-type barred galaxies, which hayledni
cating older luminosity-weighted ages) that unbarredgesaat g4 ce prightness. This morphological criteria was sengure

a fixed central velocity dispersion and maximum rotatiorel Vi, o+ \ve could obtain data with enough signal-to-noise irbee
locity. They also analysed the distribution of the stellappla- oion (see Paper I). In the future, we plan to enlarge the sam
tions P]N'th rad|usi, f'nd'?g théi’.[' vt\)/hen (5)05||t|v¢ agggrz;dmﬂs ple towards later types to analyse the trends with morpliolog
ISts, they were always found in barred galaxies. On the aontr 5 type. Half of our galaxies have nuclear activity to asaly
studies focused only on edge-on galaxies attempting tsitjas ,,sgjpje trends between the nuclear activity, the bar cteia-
bars Suﬁh gisd\_lablqnlt)a et ?jl' (2307)bdo ngt fmld a.ﬁ?m”‘?ftge: tic of the bar and the bulge. Furthermore, eight of the gakxi
tweenlt elln icesn ﬁrre gf‘ unbarred galaxies, nefeel ,esent nuclear bars. Our final sample comprises 20 galaxies
central values nor in the gradients. _ . For commodity, we reproduce here the Table (Table 1), ayread
We have started a project to characterise the stellar fiéper shown in Paper I, with the main characteristics of the saragle
of _barred gaIa_X|es to understand the influence of bars mv:t_le €taken from the Hyperleda catalogue (Paturel et al. Zb0@)e
lution of the diferent galaxy components and to study their 055 strength shown in Tabl® has been taken from the litera-
mation. In Pérez, Sanchez-Blazquez & Zurita (2007) &8®®, 1o where strength is defined as the torque of a bar embedded
Sanchez-Blazquez & Zurita (2009, hereafter, Paper I)pvee i, jts disk (Combes & Sanders 1981), see Table 1 for the refer-
sented a detailed analysis of the stellar population paeISIe ances for the individual galaxies. The nuclear types haes be
along the bar of a sample of 20 galaxies. From the results Qfiained from Veron-Cetty & Verom (2006). The sample show
tained (kinematics and SSP derived stellar populationrpera 5 yide distribution of maximum rotational velocities (806
ters along the bar) we determined that the bulge klnemEEICSkh]S—l)_
closely linked to the presence of a bar. Some studies, haweve ag 5 working definition, we use a bulge size based on the
have not found any correlation between the presence of ablar ginematic and the line profile information. We consider the e

the bulge properties, probably due to an inclination biambee 4t ihe hulge region the radius at which thestarts decreasing af-
studies of more inclined objects will avoid the contribatiof o, 4 plateau or dip. In Paper I, we noticed that it also cdiesi

the inner disc-like components. To conclude whether bars&a i, 5 change in the slope of the line-strength profiles fbite

strong influence in the properties of bulges, a systematipao- jnqices. After analysing broad band images, as in Paperd, an
ison of bulges of barred and unbarred galaxies needs to & dafis the HST images published in the literature (e.g. Comer’
using gaIaX|e_s W'.th S|m_|lar inclination, m_orph_ologlcabtyand et al. 2010), we have also seen that this region coincidds wit
central velocity dispersion. We present, in this paperstiely  c)anges in the morphology. Therefore, the bulge end defised u
of the stellar population properties of the central regioht1e g he kinematics is almost always coincident with the efd o

20 barred galaxies analysed in Paper I. For an analysis difthe (1o nuclear structure: nuclear rina. double bar. innes&nitc:
ferences between the bulges of barred and unbarred gataxies ’ 9 ’ BPHC;

sample would need to be complemented with a similar sample nhitpy/leda.univ-lyon1.fr

of galaxies without bars. So, in addition to the bulges ofédr 2 Bar strength is shown here as bar—class; for assignmentref ba
galaxies, we present, in this paper, a comparison with Migortclass to a certain bar strength, see Buta & Block 2001, it ia snale

et al. (2006) data from a sample of both, barred and unbarifeti 0 to 6, 6 being the strongest bar




I. Pérez and P. Sanchez-Blazquez: Study of stellar pdipulks in the bulges of barred galaxies 3

found in the broad-band images. Table 2 shows the approgimaable 2. Bar and bulge sizes
bulge and bar sizes, the latter given by the minimum ellifytio

the bar region (see Paper | for a further explanation). Irief@b Object Bar semi-major axis  Bulge radius
we give the central structure and bar semi-major axis sike va (arcsec) (arcsec)
ues only for those galaxies for which we have good broad-band NGC1169 29 5
imaging, see Paper | for a more detailed explanation. Inakmees NGC1358 - S
paper, we present the line-of-sight position diagrams atalcv NGC1433 " 5
ity dispersion for the galaxies (figure 8). From a close exami Hggiggg 69 1?
tion of the stellar kinematics in the bulge region we showesd t NGG2217 _ 5
all the galaxies in the sample have disk-like structurehairt NGC2523 _ 10
centres. o _ NGC2665 - 5
Due to the presence of these disk-like structures in ouxgala NGC2681 23 8
ies, we have used, in this work, a maximum velocity dispersio NGC2273 21 5
instead of a central velocity dispersion. This velocitypaission NGC2859 48 7
is defined as the maximum velocity dispersion in the bulge re- NGC2935 - 7
gion. We have chosen this dispersion value to avoid being-dom NGC2950 44 10
nated in some galaxies by the low central velocity disperiat NGC2962 45 5
could be indicative of nuclear star formation (e.g nuclaak)3 Hggjgié gg g
Thereforg, thg maximum velocity dispersion should be clase NGG4314 92 8
the velocity dispersion of the bulge. NGC4394 56 5
NGC4643 67 10
NGC5101 - 7

3. Observations and reduction

We obtained long-slit spectra along the bar major-axis far o
sample of 20 barred galaxies. The bar position angles were denission, along the radius. The errors were calculated fham
rived using the Digital Sky Survey (DSS) images. The obsaincertainties caused by photon noise, wavelength cailiorat
vations were performed in two fiierent runs, with the Double and flux calibration.
Beam Spectrograph at Siding Spring Observatory (Ausjralia Line-strength indices depend on the broadening of the lines
and with the IDS spectrograph at the Isaac Newton Telescagised by instrumental resolution and by the internal matio
(La Palma, Spain), respectively. The observations were dfe stars. Before measuring the indices, we broadened ear sp
scribed in detail in Paper |. To summarise, in the first ruecsia  tra to the LickIDS wavelength dependent resolution following
for 6 galaxies were obtained, covering a wavelength rarma fr the prescriptions of Worthey & Ottaviani (1997). Afterwareve
3892-5815A and a spectral resolution of FHWRI2A. In the applied a correction due to the velocity dispersion of thexga
second run, spectra for 14 galaxies were obtained, coveringes using, for each spectrum, the template obtained in thieede
wavelength range of 3020-6665A and a spectral resolution tigin of the velocity dispersion, as described in Paperffs@s
~3A (FWHM). to transform into the LickDS spectrophotometric system using
The reduction of the two runs was carried out with the packtars in common with this library were derived (see Paper ).
age REDUCEME (Cardiel 1999). Standard data reduction prdowever, we only apply theftset to the indices when compar-
cedures (flat-fielding, cosmic ray removal, wavelengthbecali  ing with the Thomas et al. (2003) models based on the/Lxk
tion, sky subtraction and fluxing) were performed. Errorgrms fitting functions. To study the central and global propesriod
were created at the beginning of the reduction and were pibe bulges, we have also extracted the spectra ifi@ent aper-
cessed in parallel with the science images. For detailstaheu tures by averaging line-strength indices inside 1.2, 3@ Hn
reduction steps see Paper |. arcsec and a fourth one averaging the indices inside theewhol
In order to derive the index spatial distribution for theljul bulge, using the sizes given in Table 2. The processfisrént
reduced galaxy frames, a final frame was created by extrpctfiom adding the spectra inside those apertures and medsare t
spectra along the slit, binning in the spatial directionuagintee indices afterwards. We decided to proceed in this way, fiost,
a minimum signal-to-noise ratio of 20 per A in the spectral ré€ able to compare with other authors when only line-sttengt
gion of Mgb. This minimum 8\ ensures errors lower than 1504ndices were available but not the whole image and, secondly
in most of the LickIDS indices (Cardiel et al. 1998). A carefult0 magnify the diferences in the external parts of the bulges,
emission-line removal was performed WihNDALF (Sarzi etal. Which normally do not have much weight when a normal ex-
2006). The details of the procedure can be found in Papeig. THaction, necessarily weighted with the light, is perfodn&he
emission-line removal procedure fits simultaneously, tetas  €r7Or is calculated as the standard error of the mean whitteis
and the emission line spectra, by treating the emissiors ke standard deviation of the sampling distribution of the mean
additional Gaussian templates and iteratively searchonghie
best radial velocity and velocity dispersion. When the tabu
emission-line profiles are clearly asymmetric (i.e in thelaiof  5- Results
active galaxies) and cannot be fitted by a single Gaussiaileo

- X o ) In order to analyse the influence of bars in building bulges, i
Gaussians are use to fit the emission lines.

this section we compare the line-strength indices in thgdoof
barred and unbarred galaxies. We also analyse the spatial di
tribution of the indices, as fferences may be expected due to
the diferences in the gas dissipation processes and star forma-
Lick/IDS line-strength indices using the definition in Trager dton events in bulges built via mergers and via secular digiu

al. (1998) were measured in all the binned spectra, cleahedVde also compare our line-strength indices to stellar pdjmua

4. Line-strength indices
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Table 1. General properties of the sample

Object v(kmsl)  Type Bar-class Nuclear type Inner morph. B Vimaxgs (kms?)® i(deg)
NGC 1169 2387 SABb 3 — — 12.35 25947.3 57.1
NGC 1358 4028 SAB(R)O - Sy2 - 13.19 13610.6 62.8
NGC 1433 1075 (R)SB(rs)ab 4 Sy2 Double-Bar 10.81 85.1+2.4  68.1
NGC 1530 2461 SBb 6 - - 12.50 169:B.5 58.3
NGC 1832 1939 SB(r)bc 2 - - 12.50 12%9.0 71.8
NGC 2217 1619 (R)SB(rs)a - LINER? Double—bdr  11.36 183.49.2 307
NGC 2273 1840 SB(r)a 2 Sy2 - 12.62 192.3.5 57.3
NGC 2523 3471 SBbc — - - 12.64 21140.9 61.3
NGC 2665 1734 (R)SB(na - - - 12.47 139P1  32.8
NGC 268E 692 (R)SAB(rs)fa 1 Sy3 Triple—bd&r 11.15 87.56.7 15.9
NGC 2859 1687 (R)SB(r)0" 1 Sy Double-bar 11.86 238.513.3  33.0
NGC 2935 2271 (R)SAB(s)b - - - 12.26 188230 42.7
NGC 2950 1337 (R)SB(r)0"0 - - Double-Bar 11.93 - 62.0
NGC 2962 1966 (R)SAB(rs)0 - - Double-bar 12.91 202.99.9 72.7
NGC 3082 2391  (R)SAB()fa 3 Sy2 Double—bdr  12.89 99.94.0  60.1
NGC 4245 815 SB(nga 2 - 12.33 11355.4 56.1
NGC 4314 963 SB(rs)a 3 LINER Double-bar 11.42 253.224.6 16.2
NGC 4394 922  (R)SB()b 3 LINER - 11.59 21286.0  20.0
NGC 4643 1335 SB(rs)ix 3 LINER - 11.68 17147.2 42.9
NGC 510% 1868 (R)SB(r)fa 2 - - 11.59 19540.0 23.2

(1) : (@) Bar class derived from thié — band light distribution, | Block et al.[(2001)

(b) Bar class derived from thi€ — band light distribution/Block et al.[(2004)

(c) Bar class derived from thi€ — band light distribution, Buta et al/ (2006)

(d) Bar class derived from thid — band light distribution, Laurikainen et al. (2004)

(2) : (a)Buta (1985) £) Jungwiert et al. (1997 [Erwin (2004) ¢) Wozniak et al.|(1995)
(3) Rotational velocity corrected for inclination

models to derive SSP-equivalent ages and metallicitids, it by several authors in elliptical galaxies (see, e.g, CaldRese
central apertures and along the radius. & Concannon 2003; Nelan et al. 2005; Sanchez-Blazquek et a
2006; Ogando et al. 2006). There is a tendency in the metgllic
) ) sensitive indices for the barred galaxies to be larger thase
5.1. Comparison of the central line-strengths of bulges of derived for unbarred galaxies while the opposite is obskfoe
barred and unbarred galaxies the Balmer indices. We have performed a significance test (3

We have mainly compared throughout the paper our results wif) on the index d'Str.'bu.t'onS witr. For some of the |nd|ces, .
those obtained by Moorthy et al. (2006) since the galaxy mdt2mely, the Balmer indices, Fe4383 and Mgb there is a statis-
phologies are similar in both samples. We selected thosexgalliC@!ly significant diference between the bulges of barred and
ies, with ha between 0.70 and 1.00, and early type galaxigg'ba"ed g.aIaX|es at aI.I apertgre;_whlle for the other ieslite
with inclinations from the literature between©land 70, for diference is not statistically significant. _
which no ba was given in Morthy et al. (2006). NGC 2787 In Sed6 we compare the line-strength with stellar poputatio
and NGC 3945 inclinations from Erwin and Sparke (2003) af§odels to transform the fiérences in dierences in stellar pop-
the inclination of NGC 3384 from Busarello et al. (1996). ghjulation parameters (name it, age, metallicity/t{f) and relative
selection matches our inclination criteria. Their lowfination abundance o-elements ([Ee]).
sample contains 19 galaxies, eleven of which are barresigusi We have not seen that the AGN presenffeats the calcu-
these data we can also test, not only the consistency of thel@éed line-strength values after comparing the valuesétades
sults, but also we can search foffdiences between the barredvith and without an AGN nucleus.
and the un—barred sample. B. Moorthy kindly provided ushall t
”?dex values along _the_ radius for thelr_sample. This made PAs, Comparison of the central line-strengths of bulges and
sible to extract the indices measured in exactly the same way elliptical galaxies
same resolution (they broadened their spectra to the/ID&k
resolution as ourselves), and same apertures as in our dan ddue to the proposed continuation of properties betweenesulg
We subtract the fisets they applied to transform their indices tand elliptical galaxies (e.g. Kuntschner et al. 2006), weilo
Lick/IDS system. Because their study, as ours, measured theliike to compare our results with those obtained for ellitic
dices in flux-calibrated spectra at the LIS resolution, there galaxies. Figure[]2 shows the central Mghg, HFe5015 and
should not be additional fisets between their and our line-Mgb/F5015 values against the, together with the values pre-
strengths values. sented in Kuntschner et al. (2006) for a sample of ellipsieaid
Figure[1 shows the variation of three representative irsdic80’s. For reference, we have also plotted the values fortee |
inside an aperture of 1.2, 3.6 and 10.0 arcsewvsAs it can type galaxies in Ganda et al. (2007), which covers the same in
be seen all bulges wittr > 150 kms?! have almost the samedices and spectral resolution as Kuntschner et al. (2008) da
index values (except for Mgb and GN\hot shown in the figure), We have also plotted the sample by Moorthy et al. (2006) stud-
while there is a large scatter in the index-values for bulgiéls ied here. There is a tight correlation betweemnd Mgb. The
with o < 150 kms* This behaviour has already been noticettend of H3, Fe5015 indices withr for all the galaxies is almost
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Fig. 1. Distribution of three representative central averageiteslvs.o- for our galaxies and Moorthy et al galaxies; 1.2 arcsec
average (top panel), averaged 3.6 arcsec (middle paneéhvandged 10.0 arcsec (bottom panel). Empty symbols repnesbarred
galaxies, while filled symbols represent barred galaxigis thie crosses being our galaxies and the diamonds Mooshyiple.

flat, showing a large dispersion for galaxies with maximum vélost galaxies show negative or no gradients in their metsfli
locity dispersion below 150knTs. The spread is also larger forsensitive indices and positive or null gradients in theiiniar in-

the galaxies classified as barred. The central Fe5015 irfdbg 0 dices. NGC 2273 and NGC 2665 show a small positive gradient
unbarred galaxies seems to follow more closely the value$ of in their metallicity sensitive indices. NGC 1832 and NGC 221
lipticals while the Mgb follows the opposite trend, with bed  also show this trend in their metallicity sensitive indites it is
galaxies showing values more similar to those of elliptgzdhx- likely due to the presence of an nuclear ring in the outer iart
ies. This results in a MgpFe5015 ratio where the central valthe bulge. In the case of a long—lasting ring we would expect a
ues of unbarred galaxies follow more closely those of éllgls enrichment of the ring area due to a continuous star formatio
while the barred galaxies tend to lie above those valueshior tactivity.

larger central velocity dispersion galaxies. Those gaaghow- Previous studies of line-strength gradients in bulges
ing the lower Mgb values are also the ones with lower Balmévoorthy et al. 2006; Jablonka et al. 2007; Morelli et al. 80
indices. also find that most galaxies show negative gradients in thalme

It is interesting to notice that although Thomas & Davielicity sensitive indices. With respect to the age sensigvedi-
(2006) found that, at fixed, ellipticals and the bulges of early—ents (i.e. Balmer indices), Moorthy et al. find that in theesas
type galaxies are indistinguishable, their sample did patain that a positive age gradient is present it is always in a darre
any barred galaxies. However, Moorthy et al. (2006) fourad thgalaxy. In our case, where only barred galaxies are anakeed
for a giveno the bulges of barred and unbarred galaxies shdid galaxies with a variety of index distribution with neyat
differences similar to those found by us with a larger sampRositive or null Balmer indices gradients. The galaxiesalhi

The implications of these results will be discussed in ®e€H. S?OW a r|1egat_ive gradient seems to be associated to the peesen
of a nuclear ring.

5.3. Line-strength distribution gradients .
6. Ages and metallicities

The variation of the indices with radius in the bulge regicasw
presented in Paper I. The distribution of the indices in thigd population equivalent parameters, we use twiedént set of

regions is, in some of the cases, far from a linear one. ThEi—dismOOIeIS The first one, from Vazdekis et al. (2.3 built us-
bution of the Balmer index is generally characterised by a—mamg the .MILES Iibrary,(Cenarro et al 2007’. Sanchez-Blaez
imum in the bulge region, close to the bulge end. These psofilg 7, 2006). The second set of models we use is that of Thomas
are due to the presence of central structures such as ntolgar - - 2 Bander (2003) which are based on the Il fit- '

Chactetise s gracionte. we have perfomed & ot tiko 110 functions (Gorgas et al. 1993; Worthey 1994). These two
data in the bulge region. Tables in Apper@xIA.1 show theigrat?et of models use fierent isochrones and stellar libraries and

ents resulting from the fit to the indices for each of the gialax 2 The models are publicly available/at hffmiles.iac.es

In order to transform our measured indices into single atell
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Fig.3. Central index vs. central Mgb From top to bottom and from teftight; CN1, CN2, Ca4227, G4300, Fe4383, Ca4455,
Fe4531, C4668, Bl Fe5015,H, H,, Mg1, Mg2, Fe5270, Fe5335. Over-plotted are the models lzgidkis et al. (2010) for a range
of ages (0.5 to 18 Gyr) and metallicities (-1.68 to 0.0)

the comparison between the results obtained with them cantbe models except for some well-known exceptions. In partic
used as an estimation of the erroffeating the predictions. The lar, some galaxies show values of CN, Mgb, G4300 and C4668
details about the uncertainties are carefully discussd@hjmer that are larger than the models while this is not true for the
I. It is clear that the true star formation history in thesgeols Fe-sensitive indices. This can be reflecting and overamoela
will be more complicated than a simple SSP. However, very usef Mg/Fe and probably e and MFe with respect to the so-
ful information can still be retrieved from the SSP analyiis lar neighbourhood, as suggested by many authors (e.g. &orth
they are properly interpreted. Roughly, the SSP-equivalge 1998; Tantalo et al 1998; Trager et al. 2000; Sanchezepiéz

of a composite stellar population (CSP) is dominated primaet al. 2003; Graves & Schiavon 2008). Similarly to Paper |, to
ily by the age of the youngest component and the mass fractiotain stellar population parameters we use 4 indices, lyame
of the diterent populations. The SSP-equivalent metallicity iH6A, HyA, Fe4383 and Mgb and follow a multi-index approach
very similar to av — band luminosity weighted chemical com- as described in Proctor & Samson (2002), a detailed exptanat
position (Serra &Trager 2007). Figl 3 shows the centraliime of the error calculation is given in Paper .

dices vs. the central Mgb, with the Vazdekis et al. (2010) el®d The SSP val d llicity distributi |
overplotted. The plot shows a tight correlation among tliedi e -equivalent age and metaliicity distributions glon

ent indices for the central region and very good agreemetht w1 radius are shown in Figl 4. As well as for our data, we have
also derived the ages and metallicities in the way explained
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Fig. 4. SSP-equivalent age and metallicity along the radius. Dhlines indicate the end of the bulge and the bar region reéispgc

A linear fit to the bulge region is also plotted.

Paper | for the data published by Moorthy et al. (2006). Froof statistical significance, this apparent trend on th&§E val-

Fig.[3 it can be seen that the metallicity and ages in bothebariues should be confirmed in the future with a larger set of data.

and unbarred galaxies seem to cover the same range of valiég results on the bulge metallicity confirm the bulge sggctr

but barred galaxies tend to have higher metallicities than undices trends (see Sett.b.1) where we found that the ricetall

barred galaxies at a givan. No clear diference is found for ity sensitive indices of barred galaxies are larger thaisehaf

the central ages. The [Ee] values for unbarred galaxies tendinbarred galaxies.

to lie below the values of barred galaxies at a givenWhen

we open the aperture, to include the whole bulge, the treads b

come clearer, with the metallicities of the unbarred gasdy- 6.1. Age and metallicity gradients

ing below those of the barred galaxies at a givenAlso the

[E/Fe] is still remains lower for the unbarred galaxies when tHenear fits have been performed on the derived ages, métallic

aperture is as large as the whole bulge region. Similar tesuies and [EFe] values vs. radius (see Table 3). Figure 4 shows

are found when comparing with elliptical galaxies (see Big. the radial distribution of ages and metallicities for ak talax-

and Sect_5]1) although in that case, we have just compaeedits. Fig[6 shows that, on average, galaxies with lowégnd to

Mgb / Fe5015 ratio. However, these trends are week, and a digive negative age gradients while larger central veloé#yedt-

nificance test applied on the stellar parameters does nealewsion galaxies show positive age gradients. The relationwdst

any statistically significant ierence. Although the low number[Z/H] gradient and the central velocity dispersion is shown in

of unbarred galaxies might be driving the significance tast. Fig.[8. Most galaxies show a negative/lff gradient. The mean

this point, due to the large dispersion of the values, andaitle metallicity gradient is -0.19 0.07 dex for the barred galaxies
and -0.3 0.1 for the non-barred ones (notice that these gradi-
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ents are calculated using log scale for the radius to be abledients are distributed similarly to their gradients and¢fere,

compare with the literature, while the gradients given ibl&E

there is no systematidiect dfecting our results. Very high/N

and Fig[6 have been derived using a linear scale). Both salutata might help to answer whether there is a real correlaisn
are within the values obtained by other authors for the bafge tween metallicity gradients and velocity dispersioryH&] gra-
galaxies. For example, Morelli et al. found a mean value of ¢ients are shown in Figl 6. The fEe] gradients are very small,
0.15 dex) and Jablonka et al. (2007), {iZ/dr=-0.2 dex for a almost compatible with being null, although they take baihip

sample containing both, barred and non-barred galaxies.

tive and negative values. Bulges with low velocity dispendp-

The diferences between the metallicity gradient of barred 100kms?) tend to have systematically positive values, while
and non-barred galaxies are not statistically significéftalso the same is nottrue for more massive bulges. In any caseathe v
do not find a correlation between the metallicity gradient afes of the gradients are, as said above, very small. Thisiis co
barred galaxies and the central velocity dispersion. Ityagpe patible with what is found in elliptical galaxies, whereatsie
galaxies, a possible correlation between the metalligiéglipnt [E/Fe] is found to be compatible with zero in most cases (e.g.,
and the mass for elliptical galaxies with central signi®0-175 Mehlert et al. 2003; Sanchez-Blazquez et al. 2006, 2007)rand
km/s has been claimed (Sanchez-Blazquez et al. 2007; Spolaihver studies of bulges (e.g., Jablonka et al. 2007; Mac#rth
et al. 2009; Kuntschner et al. 2010). Other studies, for botét al. 2009). For comparison, we have also derived, in a aimil
early-type galaxies (Ogando et al. 2005 ) and bulges (J&hlorway, age, metallicity and [fEe] gradients for Moorthy’s sam-
et al. 2007) found a lower boundary instead of a correlation ple. The values of the barred galaxies in this sample coencid
the sense that massive galaxies do not show strong gradigntswith those of our galaxies and we do not findfeience between
less massive galaxies show a larger scatter. In our sampiilmwehe values of barred and unbarred galaxies. The interpoetat
not observe neither a correlation or a lower boundary artey afof the gradients is complicated as their value may change due
comparison with the data from Jablonka et al. 2007, our grta-many diferent physical processes and also because substruc-
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Fig. 4. continued.

tures inside the galaxy, as rings, disks, etc, which are comm  Although the mean values of both bars and bulges are corre-

in our sample, change the value of the slope which is intittsi lated, the bulge gradients do not show any correlation wigh t

the spheroid. bar gradients, being the bulge gradients more indicativia®f
presence of morphological substructures in the bulge.

6.2. Comparison between 'the SSP stellar parameters in the 7. Summary and discussion
bulge and the bar region

Following the results from Pérez et al. (2009) for the ardihe-
It is interesting to relate the bulge mean age and metgliigid- strength indices and the ages and metallicities distobugiong
dients to the gradients and mean values in the bar region bee bars of a sample of 20 galaxies, we have carried out a de-
cause in Paper |, we found seven galaxies with metalliciylgr tailed study of the populations of the central regions ofstho
ents in the bar region significantly (more thaw-Zignificance) galaxies. We have compared the results with the bulge pieper
different from zero: NGC 1169, NGC 2217, NGC 4394, andf a similar sample of unbarred galaxies (Moorthy et al. 2006
NGC 5101 (positive) NGC 2665, NGC 2681, NGC 4245 (negleriving the SSP equivalent stellar parameters in the saaye w
ative), we excluded from this analysis NGC 1530, NGC 308as for our sample. We have foundtdrences in the bulge stellar
NGC 4314 and NGC 2935 due to the large fitting errors in th@opulation properties between barred and unbarred galaxie
bar region. In Fig[]7 we can see the relation between the mdamt that some of the metallicity sensitive indices of thegasl
metallicities in the bulge and the bar region. It is striking of barred galaxies lie above those of unbarred galaxiestznd t
good correlation between the metallicities in both the bad aBalmer indices tend to follow the opposite trend, as wasadlye
the bulge. This results points to a bulge enrichment linkeed hinted by Moorthy et al. (2006). It is interesting to notettak
that of the bar. though one could say that there is a good correlation between
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Table 3. Linear fit age and metallicity gradients to the bulge region
Name  Age grad err [FEl] grad err  [HFe] err [ZH] err
N1169 0017 0.005 -0.064 0.013 -0.007 0.008 -0.069 0.015
N1358 0041 0.034 -0.105 0.013 @02 0.004 -0.106 0.013
N1433 -0.013 0.007 -0.001 0.009 010 0.005 -0.004 0.011
N1832 0071 0.025 -0.061 0.020 @17 0.008 -0.059 0.014
N2217 -0.019 0.017 -0.030 0.019 -0.024 0.008 -0.010 0.033
N2523 -0.026 0.009 @10 0.006 -0.005 0.003 -0.010 0.013
N2665 -0.016 0.013 21 0.028 -0.020 0.010 ao7 0.017
N2681 0030 0.011 -0.021 0.014 @01 0.006 -0.012 0.018
N2273 -0.019 0.012 ®70 0.018 -0.010 0.010 ®6e5 0.015
N2859 0018 0.015 -0.037 0.006 -0.037 0.006 -0.030 0.006
N2935 0098 0.022 -0.121 0.021 -0.022 0.010 -0.136 0.025
N2950 0025 0.009 -0.069 0.004 -0.004 0.004 -0.065 0.008
N2962 0057 0.015 -0.105 0.009 ®01 0.006 -0.119 0.011
N4245 -0.117 0.023 -0.025 0.022 @04 0.008 -0.056 0.013
N4314  -0.089 0.015 -0.057 0.020 010 0.008 -0.079 0.017
N4394 -0.085 0.017 -0.087 0.011 ®M23 0.006 -0.079 0.009
N4643 0039 0.007 —-0.043 0.006 -0.003 0.002 -0.048 0.006
N5101 —-0.007 0.005 -0.026 0.013 @07 0.005 -0.016 0.014
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line-strength indices and, it would be a better description of as disks or rings, which are very common in our sample, makes
the index distribution withr to say that there is a almost convery difficult to measure the real gradient of the spheroid.
stant value of the indices wittr plus a tail in the distribution
for the smalleror galaxies (belows150km st). Most galaxies The fact that barred galaxies show a similar age and a lower
show negative gradients for metal-sensitive indices whideop- [E/F€] is, in principle, a puzzling result. In a classical sce-
posite is true for Balmer line indices, although NGC 1832 arftfrio of secular building of the bulge, the star formation ex
NGC 2665 show clearly the opposite trend. The index disti@nds for much longer timescales than in a merger built sce-
butions are closely linked to morphological substructimetge nario, where star formation happens veflyagently and in short
bulge region such as nuclear rings. period of times. On the contrary, we are finding (in agreement
with Moorthy et al. 2006), completely the opposite resuleO
possible bias to this study is that our sample contains, Igpost
We have derived the ages, metallicities angH values us- early-type spirals. We showed, in Paper |, that the barsesgh
ing two different set of models. The central parts of barred galagalaxies are old and have high values @& (see also Gadotti
ies tend to be more metal rich than the unbarred counterpa&gle Souza 2006). The epoch of formation of these bars is prob-
Interestingly, [FFe] seems to be enhanced for the barred galaably associated with the epoch of formation of the bulge cWwhi
ies over the unbarred central regions. Although, due perl@ap would be compatible with the strong correlation we find in the
the low number of unbarred galaxies in the sample, thesddrestellar parameters of both components. Some proposed mech-
are not statistically significant and would need to be folbdw anisms to form bars are, e.g., mergers and interactionseThe
up with a larger sample of unbarred galaxies. The age gresdieprocesses can create both, the bar and the bulge, in particu-
follow the index trend withr, most galaxies show no gradientiar in those galaxies with early type morphologies (see,, e.g
or slightly positive gradient; however, the distributiohgradi- Walker et al. 1996; Berentzen et al. 2004; Peirani et al. 2009
ents for galaxies witlr below~ 150km s shows a larger dis- In this scenario, it could well happen that this mechanisea cr
persion. The same behaviour is found for the metallicitpdie  ated both, the bar and the bulge, in some galaxies, in particu
with most values being negative, with gradfHgaround -0.05, lar those with early-type morphologies. During the forroatof
the only outliers are found in galaxies withbelow 150km s!  the bulge, the star formation could have been enhanced by the
. Galaxies witho- above 150km< show a null [FFe] gradient presence of this bar, increasing the metallicity and th&¢E
while galaxies with central velocity dispersion below thédue values of the bulge with respect to those bulges lacking this
show a positive [A-e] gradient. We have calculated the gradistructure (e.g. Pérez & Freeman 2006). Later accretiorasf g
ents also in Moorthy’s data. There is a very good agreementdan then be funneled towards the center forming nucleasdisc
the values of both samples and we do not find arffedénce and rings (Emsellem et al. 2001; Wozniak et al. 2003, Wozniak
between barred and unbarred galaxies. The interpretatittreo & Champavert 2006), producing substructures with low level
gradients is dficult as there are too many processes that cafi star formation, i.e. slightly younger (showing a lowerFsS
modify their shape. Furthermore, the presence of substrest equivalent age in our data), but that would not contain ehoug
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stars to produce a change in the SSP-equivalent meta&ictid

[E/Fe] as the metallicity and [Ee] values reflect more the val-
ues of the dominant (in mass) stellar population (see Serra

Trager 2007), while the SSP-equivalent age are very bias
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Table A.1. Linear fit parameters (¥a+bx) in the bulge region Table A.3. Linear fit parameters (¥a+bx) in the bulge region

of NGC 1169 of NGC 1433

Index a erra b errb Index a erra b errb
Hoa -3.005 0.180 28 0.090 HdA 0.084 0.210 0.295 0.057
Hée -0.088 0.124 (@®M140 0.063 HdF 1.188 0.117 0.171 0.032
CN, 0.088 0.008 -0.004 0.004 CN1 0.067 0.004 -0.008 0.001
CN, 0120 0.009 -0.002 0.004 CN2 0.093 0.005 -0.007 0.001
Ca4227 1271 0.069 m17 0.034 Cad4227 0.771 0.038 -0.017 0.010
G4300 5179 0.163 a97 0.080 G4300 4.00 0.103 -0.099 0.028
Hya -6.385 0.210 -0.186 0.103 HgA -3.378 0.148 0.307 0.045
Hye -2.036 0.099 @87 0.048 HgF -0.165 0.066 0.197 0.023
Fe4383 %80 0.163 m59 0.078 Fe4383 4.531 0.126 -0.149 0.035
Cad455 1308 0.083 -0.078 0.040 Cad455 1.077 0.036 -0.020 0.010
Fe4531 $H07 0.100 -0171 0.051 Fe4531 3.169 0.048 -0.127 0.016
C4668 7685 0.302 -0.508 0.146 Fe4668 6.374 0.128 -0.161 0.035
HpB 1.621 0.112 @m6e5 0.054 Hbeta 2.059 0.075 0.062 0.021
Fe5015 %71 0.151 -0.247 0.073 Fe5015 5.601 0.136 -0.074 0.036
Mg, 0.128 0.003 -0.004 0.001 Mgl 0.083 0.002 0.004 0.001
Mag. 0.287 0.003 -0.009 0.001 Mg2 0.208 0.002 0.004 0.001
Mgb 4484 0.073 -0.133 0.036 Mgb 2.921 0.071 -0.029 0.018
Fe5270 221 0.108 -0.161 0.053 Fe5270 2.741 0.064 -0.008 0.017
Fe5335 P65 0.083 -0.217 0.040 Fe5335 2.613 0.072 -0.088 0.019

Table A.2. Linear fit parameters (¥a+bx) in the bulge region Table A.4. Linear fit parameters (¥a+bx) in the bulge region

of NGC 1358 of NGC 1530

Index a erra b errb Index a erra b errb
HdA -1.890 0.188 0.029 0.093 HdA 2.173 0.210 0.229 0.095
HdF 0.246 0.100 0.142 0.049 HdF 2.251 0.189 0.105 0.086
CN1 0.082 0.002 -0.012 0.001 CN1 -0.044 0.006 -0.005 0.003
CN2 0.118 0.004 -0.014 0.002 CN2 -0.010 0.007 -0.004 0.003
Ca4227 1.101 0.065 0.009 0.033 Cad227 0.548 0.081 -0.073 0.037
G4300 5.174 0.115 -0.132 0.061 G4300 2.666 0.151 -0.290 0.068
HoA -6.013 0.161 0.239 0.079 HgA -1.030 0.441 0.594 0.202
HgF -1.370 0.067 0.041 0.033 HgF 1.395 0.195 0.223 0.092
Fe4383 5.563 0.184 -0.213 0.092 Fe4383 3.488 0.301 -0.251 0.140
Cad4455 1.247 0.045 -0.097 0.024 Ca4455 0.892 0.074 -0.004 0.036
Fe4531 3.500 0.118 -0.051 0.058 Fe4531 2.049 0.395 -0.123 0.184
C4668 8.302 0.229 -0.818 0.121 Fe4668 6.299 0.242 -0.814 0.115
Hbeta 1.844 0.064 -0.044 0.033 Hbeta 3.297 0.209 0.084 0.112
Fe5015 3.857 0.308 -0.069 0.153 Fe5015 5.232 0.255 -0.748 0.124
Mgl 0.149 0.004 -0.006 0.002 Mgl 0.076 0.002 -0.007 0.001
Mg2 0.293 0.0023 -0.012 0.001 Mg2 0.186 0.006 -0.021 0.003
Mgb 4.561 0.074 -0.143 0.038 Mgb 2.732 0.166 -0.197 0.079
Fe5270 3.0222 0.091 -0.107 0.047 Fe5270 2.613 0.091 -0.319 0.044

Fe5335 2.750 0.101 -0.073  0.052 Fe5335 2501 0.070 -0.321 0.035
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Table A.5. Linear fit parameters (¥a+bx) in the bulge region Table A.7. Linear fit parameters (¥a+bx) in the bulge region

of NGC 1832

Index a erra b errb
HdA 3.966 0.226 -1.000 0.131
HdF 3.322 0.168 -0.536 0.096
CN1 -0.081 0.004 0.018 0.002
CN2 -0.047 0.005 0.016 0.003
Ca4227 0.610 0.073 0.059 0.040
G4300 1.769 0.247 0.642 0.130
HgA 1.700 0.436 -1.281 0.242
HgF 2.815 0.238 -0.737 0.131
Fe4383 2.490 0.222 0.4223 0.114
Cad455 0.792 0.064 0.042 0.034
Fe4531 2.432 0.168 0.133 0.086
C4668 4.478 0.240 0.108 0.120
Hbeta 4.025 0.150 -0.382 0.074
Fe5015 4.398 0.212 0.101 0.106
Mgl 0.044 0.002 0.004 0.001
Mg2 0.1340 0.005 0.009 0.002
Mgb 2.148 0.092 0.206 0.048
Fe5270 2.247 0.101 0.046 0.051
Fe5335 2.058 0.090 0.056 0.045

of NGC 2273

Index a err a b errb
HdA 4.650 0.338 -0.567 0.215
HdF 3.604 0.197 -0.285 0.125
CN1 -0.071 0.008 0.006 0.004
CN2 -0.035 0.008 0.005 0.005
Cad4227 0.271 0.047 0.095 0.031
G4300 1.456 0.210 0.343 0.126
HgA 1.813 0.424 -0.656 0.254
HgF 2.565 0.262 -0.315 0.155
Fe4383 2.4027 0.166 0.384 0.098
Ca4455 0.405 0.063 0.120 0.037
Fe4531 2.292 0.173 0.032 0.098
C4668 3.129 0.246 0.057 0.135
Hbeta 2.930 0.191 0.012 0.096
Fe5015 -0.448 0.588 1.139 0.296
Mgl 0.101 0.008 -0.011 0.003
Mg2 0.141 0.006 0.006 0.002
Mgb 2.150 0.099 0.143 0.056
Fe5270 1.716 0.089 0.169 0.048
Fe5335 1.909 0.081 0.060 0.043

Table A.6. Linear fit parameters (¥a+bx) in the bulge region Table A.8. Linear fit parameters (¥a+bx) in the bulge region

of NGC 2217

Index a err a b errb
HdA -3.350 0.123 0.100 0.048
HdF -0.399 0.057 0.006 0.023
CN1 0.203 0.004 -0.010 0.002
CN2 0.234 0.004 -0.010 0.002
Cad227 1.260 0.030 0.015 0.013
G4300 5,542 0.071 -0.034 0.029
HgA -8.555 0.123 0.308 0.050
HgF -2.994 0.075 0.159 0.030
Fe4383 6.391 0.161 -0.045 0.067
Ca4455 1.282 0.060 0.005 0.025
Fe4531 3.551 0.137 -0.010 0.057
C4668 9.621 0.160 -0.372 0.066
Hbeta 2.093 0.079 -0.141 0.032
Fe5015 6.554 0.117 0.018 0.048
Mgl 0.165 0.002 0.005 0.001
Mg2 0.334 0.002 0.004 0.001
Mgb 5.651 0.057 -0.194 0.023
Fe5270 3.178 0.086 0.075 0.034
Fe5335 3.197 0.064 -0.067 0.026

of NGC 2523

Index a erra b errb
HdA -1.350 0.205 0.052 0.055
HdF 0.588 0.106 0.040 0.029
CN1 0.029 0.006 -0.003 0.002
CN2 0.058 0.006 -0.002 0.002
Ca4227 1.158 0.073 -0.013 0.020
G4300 5.034 0.129 -0.072 0.035
HgA -4.973 0.187 0.072 0.049
HgF -0.870 0.076 0.032 0.020
Fe4383 4.684 0.134 0.114 0.034
Ca4455 0.914 0.089 0.049 0.022
Fe4531 3.104 0.133 0.023 0.033
C4668 6.484 0.286 -0.017 0.070
Hbeta 1.918 0.087 0.007 0.021
Fe5015 5.203 0.183 -0.028 0.044
Mgl 0.087 0.003 -0.000 0.001
Mg2 0.227 0.003 -0.001 0.001
Mgb 3.825 0.085 -0.040 0.021
Fe5270 2.870 0.090 -0.038 0.022
Fe5335 2.581 0.100 -0.031 0.024
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Table A.9. Linear fit parameters (¥a+bx) in the bulge region Table A.11. Linear fit parameters (¥a+bx) in the bulge region

of NGC 2665 of NGC 2859

Index a erra b errb Index a erra b errb
HdA 3.632 0.243 -0.062 0.095 HdA -2.297 0.105 0.147 0.042
HdF 2.590 0.197 0.059 0.077 HdF 0.214 0.073 0.057 0.030
CN1 -0.027 0.005 0.002 0.002 CN1 0.094 0.002 -0.009 0.001
CN2 -0.012 0.006 0.006 0.002 CN2 0.128 0.003 -0.010 0.001
Ca4227 0.289 0.044 0.022 0.017 Ca4227 1.087 0.027 -0.019 0.011
G4300 0.850 0.140 0.318 0.055 G4300 5.426 0.090 -0.0588 0.038
HgA 2.402 0.283 -0.421 0.113 HgA -6.286 0.127 0.163 0.049
HgF 2.647 0.180 -0.216 0.071 HgF -1.579 0.054 0.042 0.021
Fe4383 2.010 0.248 0.159 0.097 Fe4383 5.583 0.099 -0.178 0.040
Cad4455 0.397 0.095 0.075 0.037 Cad4455 1.327 0.034 -0.022 0.014
Fe4531 1.417 0.101 0.146 0.040 Fe4531 3.450 0.078 -0.077 0.032
C4668 2.514 0.217 0.259 0.083 C4668 7.345 0.109 -0.221 0.043
Hbeta 3.728 0.153 -0.246 0.056 Hbeta 2.000 0.047 -0.022 0.019
Fe5015 2.998 0.120 0.115 0.047 Fe5015 5.918 0.090 -0.159 0.035
Mgl 0.0426 0.006 0.011 0.002 Mgl 0.121 0.003 -0.004 0.001
Mg2 0.107 0.006 0.016 0.002 Mg2 0.274 0.002 -0.006 0.001
Mgb 2.079 0.085 0.034 0.032 Mgb 4.252 0.039 -0.052 0.016
Fe5270 1.503 0.097 0.123 0.035 Fe5270 3.070 0.0411 -0.032 0.017
Fe5335 1.448 0.122 0.079 0.043 Fe5335 2.916 0.037 -0.082 0.015

Table A.10. Linear fit parameters (¥a+bx) in the bulge region Table A.12. Linear fit parameters (¥a+bx) in the bulge region

of NGC 2681 of NGC 2935

Index a erra b errb Index a erra b errb
HdA 5.205 0.102 -0.390 0.048 HdA 1.001 0.228 0.092 0.080
HdF 3.830 0.062 -0.202 0.030 HdF 1.411 0.123 0.104 0.043
CN1 -0.082 0.002 0.003 0.001 CN1 0.045 0.005 -0.004 0.002
CN2 -0.0439 0.002 0.003 0.001 CN2 0.069 0.005 -0.002 0.002
Cad227 0.617 0.019 -0.006 0.010 Ca4227 0.705 0.053 -0.009 0.018
G4300 1.922 0.065 0.196 0.034 G4300 3.402 0.119 -0.048 0.044
HgA 2.535 0.102 -0.446 0.051 HgA -2.848 0.295 0.207 0.104
HgF 3.289 0.045 -0.243 0.024 HgF -0.128 0.184 0.145 0.065
Fe4383 2.736 0.075 -0.009 0.036 Fe4383 4.245 0.112 -0.143 0.041
Ca4455 0.851 0.020 -0.014 0.010 Ca4455 1.009 0.064 -0.055 0.023
Fe4531 2.931 0.041 -0.067 0.021 Fe4531 2.725 0.089 -0.067 0.034
C4668  4.825 0.0806 -0.214 0.041 C4668 5.757 0.172 -0.248 0.063
Hbeta 4.230 0.040 -0.190 0.021 Hbeta 2.196 0.089 -0.017 0.032
Fe5015 5.504 0.076 -0.211 0.038 Fe5015 5.622 0.210 -0.209 0.073
Mgl 0.034 0.002 -0.001 0.001 Mgl 0.080 0.003 0.006 0.001
Mg2 0.133 0.002 -0.001 0.001 Mg2 0.199 0.004 0.005 0.001
Mgb 2.204 0.022 -0.028 0.012 Mgb 2.807 0.141 -0.051 0.049
Fe5270 2.386 0.039 -0.047 0.020 Fe5270 2.632 0.122 -0.052 0.042

Fe5335 2.294 0.021 -0.101 0.012 Fe5335 2.243 0.097 -0.010 0.034
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Table A.13. Linear fit parameters (¥a+bx) in the bulge region Table A.15. Linear fit parameters (¥a+bx) in the bulge region

of NGC 2950

Index a err a b errb
HdA -1.959 0.074 0.178 0.024
HdF 0.397 0.036 0.052 0.012
CN1 0.112 0.005 -0.015 0.001
CN2 0.149 0.005 -0.016 0.001
Ca4227 0.967 0.029 -0.009 0.010
G4300 5.091 0.067 -0.051 0.024
HgA -5.495 0.061 0.126 0.020
HgF -1.193 0.027 0.053 0.009
Fe4383 5.336 0.061 -0.147 0.021
Ca4455 1.430 0.038 -0.061 0.013
Fe4531 3559 0.054 -0.087 0.019
C4668 9.607 0.175 -0.662 0.059
Hbeta 2.150 0.031 -0.007 0.011
Fe5015 6.422 0.070 -0.263 0.025
Mgl 0.121 0.002 -0.005 0.001
Mg2 0.272 0.003 -0.009 0.001
Mgb 4,199 0.038 -0.122 0.013
Fe5270 3.271 0.049 -0.109 0.017
Fe5335 3.055 0.055 -0.103 0.019

of NGC 3081

Index a erra b errb
HdA -4.618 0.232 0.994 0.103
HdF -2.286 0.164 0.632 0.072
CN1 0.214 0.007 -0.034 0.003
CN2 0.214 0.007 -0.029 0.003
Ca4227 0.121 0.140 0.190 0.065
G4300 1.446 1.056 0.922 0.512
HgA -2.770 1.726 -0.799 0.765
HgF -3.906 0.120 0.893 0.055
Fe4383 8.173 0.179 -1.012 0.100
Ca4455 0.525 0.108 0.150 0.055
Fe4531 3.132 0.375 -0.135 0.184
C4668 4.697 0.301 0.212 0.148
Hbeta 0.233 0.181 0.308 0.076
Fe5015 0.233 0.181 0.308 0.076
Mgl 0.293 0.023 -0.044 0.009
Mg2 0.357 0.010 -0.028 0.005
Mgb 3.993 0.096 -0.340 0.052
Fe5270 2.927 0.102 -0.071 0.051
Fe5335 3.083 0.096 -0.229 0.049

Table A.14. Linear fit parameters (¥a+bx) in the bulge region Table A.16. Linear fit parameters (¥a+bx) in the bulge region

of NGC 2962

Index a err a b errb
HdA -3.122 0.126 0.405 0.067
HdF -0.068 0.076 0.111 0.039
CN1 0.138 0.005 -0.026 0.002
CN2 0.173  0.006 -0.028 0.003
Cad227 1.308 0.056 -0.053 0.030
G4300 5.264 0.109 0.056 0.057
HgA -6.730 0.134 0.176 0.068
HgF -1.920 0.093 0.093 0.048
Fe4383 5.969 0.1076 -0.303 0.057
Ca4455 1575 0.058 -0.128 0.030
Fe4531 3.738 0.102 -0.186 0.052
C4668 8.918 0.221 -0.655 0.113
Hbeta 1.615 0.057 0.072 0.029
Fe5015 6.271 0.143 -0.321 0.073
Mgl 0.146 0.003 -0.009 0.001
Mg2 0.314 0.003 -0.017 0.001
Mgb 4.895 0.055 -0.228 0.029
Fe5270 3.373 0.076 -0.128 0.040
Fe5335 3.258 0.074 -0.127 0.041

of NGC 4245

Index a erra b errb
HdA -3.068 0.184 0.928 0.072
HdF -0.1189 0.079 0.439 0.031
CN1 0.095 0.006 -0.026 0.002
CN2 0.130 0.005 -0.029 0.002
Ca4227 1.369 0.055 -0.103 0.022
G4300 5.493 0.149 -0.460 0.06
HgA -6.673 0.236 0.969 0.091
HgF -1.642 0.135 0.489 0.052
Fe4383 5.936 0.153 -0.393 0.062
Ca4455 1.498 0.057 -0.083 0.023
Fe4531 3.608 0.112 -0.143 0.046
C4668 8.931 0.217 -0.823 0.089
Hbeta 1.973 0.072 0.121 0.029
Fe5015 6.406 0.152 -0.469 0.062
Mgl 0.118 0.003 -0.011 0.001
Mg2 0.280 0.004 -0.021 0.001
Mgb 4.444 0.059 -0.302 0.024
Fe5270 3.445 0.074 -0.176 0.031
Fe5335 3.327 0.150 -0.145 0.061
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Table A.17. Linear fit parameters (¥a+bx) in the bulge region Table A.19. Linear fit parameters (¥a+bx) in the bulge region

of NGC 4314 of NGC 5101

Index a err a b errb Index a err a b errb
HdA -3.065 0.162 0.733 0.042 HdA -3.675 0.146 0.173 0.048
HdF -0.078 0.104 0.310 0.027 HdF -0.393 0.053 0.059 0.017
CN1 0.085 0.003 -0.020 0.001 CN1 0.178 0.003 -0.008 0.001
CN2 0.118 0.004 -0.021 0.001 CN2 0.209 0.004 -0.008 0.001
Cad227 1.462 0.041 -0.125 0.012 Ca4227 1.1481 0.052 -0.013 0.018
G4300 5.706 0.194 -0.491 0.057 G4300 5.586 0.052 -0.039 0.018
HgA -7.428 0.300 1.027 0.081 HgA -7.671 0.075 0.137 0.025
HgF -2.046 0.165 0.506 0.046 HgF -2.466 0.063 0.059 0.021
Fe4383 6.378 0.162 -0.514 0.050 Fe4383 6.326 0.120 -0.170 0.042
Ca4455 1.490 0.060 -0.105 0.019 Cad455 1.394 0.046 -0.021 0.016
Fe4531 3.651 0.130 -0.200 0.040 Fe4531 3.446 0.087 -0.031 0.030
C4668 7.769 0.213 -0.593 0.067 C4668 8.434 0.098 -0.202 0.034
Hbeta 1.786 0.075 0.091 0.027 Hbeta 1.891 0.053 -0.107 0.019
Fe5015 6.143 0.150 -0.367 0.048 Fe5015 6.762 0.146 -0.182 0.051
Mgl 0.122 0.002 -0.010 0.001 Mgl 0.139 0.001 0.005 0.001
Mg2 0.289 0.004 -0.020 0.001 Mg2 0.308 0.002 0.003 0.001
Mgb 4,541 0.097 -0.265 0.031 Mgb 4.168 0.087 -0.041 0.030
Fe5270 3.276 0.086 -0.133 0.030 Fe5270 3.331 0.059 -0.038 0.020
Fe5335 3.134 0.089 -0.171 0.029 Fe5335 3.069 0.062 -0.075 0.022

Table A.18. Linear fit parameters (¥a+bx) in the bulge region

of NGC 4394
Index a err a b errb
HdA -1.694 0.167 0.985 0.072

HdF 0.580 0.116 0.451 0.050
CN1 0.051 0.004 -0.027 0.002
CN2 0.084 0.004 -0.028 0.002
Ca4227 1.017 0.036 -0.041 0.016
G4300 5.051 0.114 -0.440 0.054
HoA -5.368 0.230 1.102 0.105
HgF; -1.051 0.109 0.547 0.050
Fe4383 5.381 0.098 -0.482 0.044
Cad4455 1.404 0.049 -0.150 0.023
Fe4531 3.557 0.070 -0.228 0.033
C4668  7.653 0.142 -0.851 0.068
Hbeta 2.214 0.069 0.161 0.031
Fe5015 5.530 0.124 -0.202 0.058
Mgl 0.090 0.004 -0.010 o0.001
Mg2 0.238 0.004 -0.017 0.001
Mgb 3.918 0.077 -0.276 0.036
Fe5270 3.216 0.059 -0.210 0.028
Fe5335 2.953 0.070 -0.200 0.033




	1 Introduction
	2 Sample characterisation
	3 Observations and reduction
	4 Line-strength indices
	5 Results
	5.1 Comparison of the central line-strengths of bulges of barred and unbarred galaxies 
	5.2 Comparison of the central line-strengths of bulges and elliptical galaxies
	5.3 Line-strength distribution gradients

	6 Ages and metallicities
	6.1 Age and metallicity gradients 
	6.2 Comparison between the SSP stellar parameters in the bulge and the bar region 

	7 Summary and discussion
	A Linear fits to the line–strength distribution in the bulge region

